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ABBREVIATIONS  

 

BP – Blood pressure  

 

SBP – Systolic Blood Pressure  

 

DBP – Diastolic Blood Pressure 

 

PR – Pulse Rate 

 

JNC-7 – The Seventh Report on joint national committee guidelines. 
 

mmHg- millimeter of mercury 

 

beats/min- Beats per minute   

 

mins- Minutes 

 

OPD – Out Patient Department 

 

i.e. – that is 
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INTRODUCTION 

        Blood pressure (BP) is the force exerted by circulating blood against the walls of 

arteries. Hypertension is when the blood pressure is elevated or too high.1 

Hypertension is a serious medical condition and a common lifestyle disorder, which is 

a strong risk factor for cardio-vascular disease and also increases the risk of brain, 

kidney and other diseases. Hence, it is known as silent killer, and is a global disease.1,2  

 

       International guidelines classify optimal Blood Pressure as systolic BP less than 120 

mmHg and diastolic BP less than 80 mmHg; pre-hypertension as systolic BP of 120 to 

139mmHg and diastolic BP of 80 to 89mmHg; stage one hypertension as systolic BP of 

140 to 159mmHg and diastolic BP of 90-99mmHg and lastly stage two hypertension as 

systolic BP ≥ 160 mmHg and diastolic BP ≥100mmHg.3 

 

        Around 1.13 billion people worldwide have hypertension and very few people 

have their hypertension under control.1 Pre-hypertension is when the SBP is 120-

139mmHg and DBP is 80-89mmHg.3 Pre-hypertension are at twice the risk of 

developing hypertension when compared to normotensives.2 

 

           A meta-analysis conducted in the South Asian region found the prevalence of pre-

hypertension to be 29.6% and in India to be 17%. It also found that pre-hypertension 

is more prevalent in urban areas that is 32% as compared to the rural areas 23%.4
 

 

 

         A study conducted by Sanjeet Panesar et al in 2013, in New Delhi India found that 

the overall prevalence of Pre-hypertension was 35% and was slightly higher in men 

than in women.5
 

A study conducted in rural area of Amravati district of Maharashtra, 

in 2016, found prevalence of pre-hypertension to be 55.8%.6
 

Therefore this study is 

focused on pre-hypertension as the prevalence of pre-hypertension is found to be high 

according to the recent studies. 5,6 

 

       The risk for developing cardiovascular disease doubles for each 20mmHg of 

systolic BP and 10mmHg of diastolic BP increase in blood pressure above optimal 
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value.3 Pre-hypertensive population exceeds the total morbidity, mortality and 

economic loss caused by cardio-vascular events when compared to hypertensives. 2 

Therefore, the management of prehypertension plays a key role. If not managed 

properly, pre-hypertension in the course of time may lead to hypertension.  

 

        In individuals with pre-hypertension, non-pharmacological interventions and 

health promoting lifestyle modifications are strongly recommended for lowering and 

maintaining the blood pressure to normal levels for long term.3,7,8 

 

         Lifestyle modifications include physical activity as physical inactivity is linked to 

higher risk of heart diseases and physical fitness is inversely related to blood pressure. 

Physically active individuals have demonstrated a decreased rise in systolic blood 

pressure and delay the onset of hypertension. Physical activity includes exercise 

training interventions which offer significant blood pressure reductions. Engaging in 

regular physical activity in the form of aerobic exercises, dynamic resistance exercises 

and isometric resistance exercises have shown reductions in systolic blood pressure of 

approx. 5-8 mmHg, 4 mmHg and 5 mmHg respectively. 3,7,8   

 

          In this study, physical activity is considered for the management of pre-

hypertension. Physical activity includes exercise training interventions which offer 

significant BP reductions. Exercise interventions may include aerobic, endurance, 

dynamic, resistance training either in combination or separately.3,7.  

 

           Any form of physical activity produces different type of muscle contractions. In 

Isometric muscle contraction force for exercise performance is generated without any 

change in the length of the muscle. In Isotonic muscle contraction force for exercise 

performance is generated by change in the length of muscle. 9 

 

         Exercise training with Isometric and isotonic exercises can also be utilized as 

exercise interventions. Isometric exercises are a static form of exercise in which a 

muscle contracts and produces force without an appreciable change in the length of 
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muscle and without visible joint motion. Isotonic exercises are a form of resistance 

exercise in which a limb moves through a range of motion against a constant load.10  

 

          The current study is focused on understanding the effects of isometric and 

isotonic exercises on pre-hypertensive patients. It is practically difficult to train the 

whole body with a particular exercise and document the changes for knowing the 

effectivity. Hence, lower limb would be the area of focus.  

 

            In lower limb, calf pump is the most important veno-muscular pump and is also 

known as the peripheral heart of the body.11 The calf pump is activated by active 

contractions of the muscle in the form of ankle plantar flexion. There are various types 

of isometric and isotonic exercises for calf muscle group of which some are:              

               i) Isometric: resisted ankle planter flexion, leg press, etc. 

              ii) Isotonic: sitting heel raise, standing heel raise, resistance band calf exercise, etc. 10  

In the current study isometric exercise will be performed in the form of resisted ankle 

plantar flexion in standing on a wedge and isotonic exercise will be performed in the 

form of standing heel raise. 

 

          Studies have shown improved cardiovascular adaptations after training of the 

calf muscle included in a set of exercises12,13. Thus, the study will be carried out to 

understand the short term (5 sessions) effects of isometric and isotonic calf muscle 

exercises on cardiovascular parameters in terms of systolic BP, diastolic BP and heart 

rate in pre-hypertensive patients and to see which among the two exercises has better 

effects for pre hypertensives  
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RATIONAL FOR STUDY/NEED FOR STUDY 

       Recent studies have found a growing trend of development of prehypertension 

affecting the population.2,3,4 The population affected by prehypertension are 

mostly not aware of the condition. Pre hypertension is managed mainly by lifestyle 

modifications, but there is a lack of a well described exercise prescription for its 

management.2 

 

       However, there are many studies which have examined effects of either 

isometric or/and isotonic exercises in hypertensive population14,15 but to the best 

of the available knowledge no studies have assessed the short-term effects of 

isometric and isotonic calf muscle exercises on cardiovascular parameters, 

especially in pre-hypertensives.  

 

       Hence, this study would be carried out to know which among the two exercises 

i.e., isometric or isotonic calf muscle exercises is more beneficial in pre-

hypertensive patients in improving cardiovascular parameters in terms of systolic 

BP, diastolic BP and pulse rate, after short term (5 sessions) exercise intervention. 
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AIM 

“To study the pre and post effects of isometric and isotonic calf muscle exercises on 

cardiovascular parameters in terms of systolic BP, diastolic BP and pulse rate in pre-

hypertensive patients, after short term (5 sessions) exercise intervention.” 
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REASEARCH QUESTION 

Primary research question: -  

     What are the effects of isometric and isotonic calf muscle exercises on cardiovascular 

parameters in terms of systolic BP, diastolic BP and pulse rate in pre-hypertensives 

after short term (5 sessions) exercise intervention? 

 

Other research question 1: – Not applicable. 

 

Other research question 2: – Not applicable. 
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HYPOTHESIS 

 

PRIMARY HYPOTHESIS 

 

•  Null hypothesis:  

“Isometric calf muscle exercises have no significant effects than isotonic calf muscle 

exercises on cardiovascular parameters after short term (5 sessions) exercise intervention in 

pre-hypertensive patients.” 

 

• Alternative hypothesis: 

 “Isometric calf muscle exercises have significant effects than isotonic calf muscle exercises 

on cardiovascular parameters after short term (5 sessions) exercise intervention in pre-

hypertensive patients.” 

 

 

OTHER HYPOTHESIS 1: Not applicable. 

 

OTHER HYPOTHESIS 2: Not applicable. 
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OBJECTIVES 

• PRIMARY OBJECTIVE: 

1. “To compare the effects of isometric versus isotonic calf muscle exercises on 

cardiovascular parameters in terms of systolic BP, diastolic BP and pulse rate, in pre-

hypertensives, after pre and post exercise intervention for short term (5 sessions).” 

2. “To understand the effects of isometric calf muscle exercises on cardiovascular 

parameters in terms of systolic BP, diastolic BP and pulse rate in pre- hypertensives, 

after pre and post exercise intervention for short term (5 sessions).” 

3. “To understand the effects of isotonic calf muscle exercises on cardiovascular 

parameters in terms of systolic BP, diastolic BP and pulse rate in pre-hypertensives, 

after pre and post exercise intervention for short term (5 sessions).” 

 

• Other objectives 1: Not applicable. 

• Other objectives 2: Not applicable. 
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REVIEW OF LITERATURE 

Literatures were reviewed from various sources that is internet, books, journals and the 

articles which were applicable for the current study were from 1973 till 2020. The literatures 

were thoroughly studied and the applicable ones are listed below. 

 

Various studies have reported that prehypertension in course of time develops into 

hypertension and have high risk of cardiovascular diseases compared to those with optimal 

blood pressure16,17,18,19,20. In view of this, prehypertensive is the area of focus in the current 

study. 

 

In a study “Blood pressure variability and classification of prehypertension and hypertension 

in adolescence” conducted by Bonita Falkner et. Al (2008) had concluded that 

prehypertension in a course of 2 to 4 years may lead to hypertension and lifestyle changes in 

the form of increased physical activity can help in controlling blood pressure in long term. 

Therefore, this study was undertaken by including the life style changes in the form of exercise 

intervention in short term in the management of prehypertension and study its effects on 

cardio vascular parameters. 21 

  

Moreover, Sanjeet Panesar et al (2013) conducted a study titled prevalence and predictors 

of hypertension among residents age 20–59 years in Delhi India 5, and he commented that 

many participants of his study were diagnosed with pre-hypertension and were at a risk of 

developing hypertension, thus immediate public health interventions are indicated. 

The same cannot be ruled out in other cities of India.22,23,24,25 Therefore, the pre-

hypertension is the area of interest in current research and for which the pre hypertensives 

were enrolled for the study. 

 

Earlier studies on pre-hypertension among young adult females in Dammam, Saudi Arabia, 

in 2012, found 13.5% of 370 students to be pre-hypertensive and the most prevalent risk 

factor for cardiovascular diseases was physical inactivity (53.2%), followed by 
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overweight/obesity (29.1%). 26  Based on this finding physical activity intervention in pre-

hypertensives is going to be studied in this study. 

 

It has been quoted in textbooks of medicine 2, that prehypertension needs to be intervened 

by healthy lifestyle and also stated that “pre-hypertensives are not candidates for drug 

therapy on the basis of their level of blood pressure and should firmly and unambiguously 

advised to follow healthy lifestyle”. In view of this, pre-hypertensives are being considered 

for lifestyle modification in the form of exercise intervention. 

 

A prospective study of Wiley et al (1992) 27 and Barros et al (2012) 28 have examined the 

effects of isomeric exercise training on resting blood pressure in pre-hypertensives by 

exercising the individuals for 8 weeks. In the current study, exercises would be implemented 

for short term as the idea was to see the changes in short term, i.e. after 5 sessions and 

observe if the same trend is repeated. Moreover, Sarvanan Murugan and Singh SK (2018) in 

their study have discussed that, small reduction of blood pressure in pre-hypertensives 

could translate to significant health benefits. 29 

 

 

Phillip J. Millar, Cheri L. McGowan, Véronique A. Cornelissen, Claudio G. Araujo, Ian L. 

Swaine (2014), in their review article have commented that “Over the last 20 years, a 

number of randomized, controlled and uncontrolled, proof-of-concept studies have 

investigated a role for isometric hand and leg exercise training to reduce blood pressure in 

individuals with and without hypertension”. 30 

 

 

In the current study, the focus will be on exercise training of legs especially on the calf 

muscle in particular which would be undertaken by two different exercises i.e, isometric and 

isotonic, and observe which among the two is helpful in reducing the blood pressure in pre-

hypertensives. 
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Steven G.C (2010) review paper on “Current evidence on the haemodynamic and blood 

pressure effects of isometric exercise in normotensive and hypertensive persons” suggested 

that, isometric exercises if performed repeatedly leads to resettlement of Baroreceptors, 

which in turn leads to lowering of blood pressure in the long term. 31 

 

Moreover, a study by Howland L in 2016 titled, the effect of isometric exercise training on 

resting blood pressure with specific reference to peripheral vascular function and structure, 

had concluded that, blood pressure is effectively lowered by isometric exercise training of 

bilateral leg. 32 

 

A study on, the acute and chronic effects of isometric exercises on haemodynamic, 

autonomic and cardiac function in pre-hypertensive population, utilized isometric exercise 

training as a lifestyle modification intervention and found reductions in blood pressure, 

which may reduce future risks of cardio-vascular diseases. 33 Whether the same trends are 

seen in short term has to be studied. Hence, the current study will be carried out. 

 

Furthermore, studies by Debra J. C. et al (2014) and Chester A. Ray et al (2000) have also 

concluded that isometric exercises have potential to produce significant blood pressure 

reductions, and these types of exercises should be used along with current dynamic exercise 

recommendations. 34,35  

 

In earlier study titled “Markers of isometric training intensity and reductions in resting blood 

pressure” by Gavin R. Devereux et. Al in 2011, found reductions in resting blood pressure 

post bilateral Isometric leg exercise training at different exercise intensities in normotensive 

males in a 4-week training programme.36 Whether such effects are produced in short term 

(5 sessions) post Isometric calf muscle exercise in prehypertensive patients have to be 

understood. Hence, this research was undertaken.  

 



16 
 

Ferdinando Iellamo et. Al in their study on “Effects of isokinetic, isotonic and isometric 

submaximal exercises on heart rate and blood pressure” (1997) found a marked decrease in 

blood pressure under the resting level in immediate recovery phase post isokinetic and 

isotonic exercises, but the isometric exercise showed lesser fall in blood pressure in the 

same recovery phase. Their study also demonstrated a 50% lesser rise in heart rate during 

exercise in isometric group as compared to isokinetic and isotonic group. Due to variations 

produced by these type of exercises on cardiovascular parameters, the current study is 

aimed at assessing the short term effects of isometric and isotonic exercises on 

cardiovascular parameters. 37 

 

In earlier study by Sam E. James (1973) on “The effects of isotonic and isometric exercises 

on heart rate and blood pressure and their relationships to physical work capacity in college 

men” found that isotonic exercises produce greater rise in systolic blood pressure when 

compared to isometric exercises and that isometric exercises produce better diastolic blood 

pressure reductions when compared to isotonic exercises, but both the exercises did not 

produce significant difference in pulse rate.38  Whether such effects are produced in 

prehypertensive patients after isometric and isotonic exercises would be assessed in the 

current study.  

 

It is also to note that various studies have demonstrated blood pressure reductions 

following administration of isotonic exercise. 39,40 Ashwani Sharma, Rajesh Misra, Kiran Singh 

(2016) assessed cardiac autonomic activity before and after isotonic exercise training and 

found improved vagal tone following regular short duration exercise training for 3 months. 

Regular isotonic exercise training can also prevent development of hypertension. 41 

Therefore, in the current study effect of isotonic exercise on cardiovascular parameters 

would be studied. 

 

Tiwari Sushma et. Al in their study on “Effect of isotonic exercise (walking) on various 

physiological parameters in hypertension” conducted in the year 2011 commented that 

“Systolic and diastolic blood pressure significantly decreases by isotonic exercise”. They also 
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concluded that some life-threatening diseases can be prevented by regular exercising and 

that risk for developing hypertension in males is significantly reduced by 30 minutes of 

walking daily. 42 Hence, in this study isotonic exercises will be carried out on lower limb to 

study its effects produced on the cardiovascular parameters in short term.  

 

 
Among various leg exercises, the most important muscle is considered to be the calf muscle. 

Jean-Francois Uhl and Claude Gillot (2014) studied, “Anatomy of the veno-muscular pumps 

of the lower limb” and concluded that at the leg level, soleus leg pump is the most 

important veno-muscular draining pumps.11 If the veno-muscular pumps are accurately 

worked upon, then chances for improving the venous return increases, and thereby 

improves the arterial circulation. In view of this the calf muscle is the targeted muscle for 

exercise intervention. In standing position, contraction of the calf muscle majorly promotes 

in the venous return.43 Hence, in the current study the interventions will be carried out in 

upright standing position. 

 

Earlier study by Andrew Lalchhuanawma and Divya Sanghi (2020) assessed the effect of 

strength training of the calf muscle pump on cardiovascular parameters, and found 

improvement in the cardiovascular fitness after the strength training of calf muscles for 8 

weeks. The cardiovascular parameters which showed improvement were heart rate and 

systolic blood pressure, but diastolic blood pressure and VO2 max remained unaltered with 

no significant effects. 44 Hence, in this study calf muscle exercise is utilised to assess it’s 

effects on cardiovascular parameters in short term that is for 5 sessions in prehypertensive 

group. 

 

In all [2,5,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41, 

42,43,44] 31 references have been utilized for literature review which is forming the 

theoretical background for the current study. 

 

 



18 
 

METHODOLOGY 

STUDY DESIGN: A Randomized Controlled Trial. 45   as this study  intends to evaluate the 

cause-effect relation of the Isometric calf muscle exercise on the cardiovascular 

parameters and Isotonic calf muscle exercise on the cardiovascular parameters in a 

common population of Pre-hypertensives for short term duration (5 days) and will try to 

establish which among the two interventions has better therapeutic effects on systolic 

blood pressure, diastolic blood pressure and heart rate of pre-hypertensive patients so 

as to design better exercise protocol in prehypertensive patients undergoing 

physiotherapy treatment. 46,47 

 

STUDY SETTING: Pre-hypertensive patients referred from Medicine department and 

OPD to Physiotherapy OPD of a tertiary care hospital for exercise intervention. 

 

STUDY POPULATION: Pre-hypertensive patients as diagnosed by a physician from the 

department of medicine who were referred to physiotherapy OPD. 

 

STUDY DURATION: The study duration was 18 months. 

 

SAMPLE SIZE:  

Ⅰ.  SAMPLE SIZE ESTIMATION: The sample size estimation is based on the following 

criteria  

a) The sample size is estimated based on the findings of the pilot study. 

b) Sample size is determined considering the mean difference in systolic BP as the main 

outcome measure. 

c) Following assumptions are made from the pilot study done in the study setting on 12 

patients who were excluded from the main study. 

i. Mean (± SD) SBP pre and post exercise in group A= 5.67 ± 2.63 mmHg. 

ii. Mean (± SD) SBP pre and post exercise in group B = 3 ± 4.13 mmHg. 
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iii. Effect size (mean difference) = 2.67mmHg 

iv. α error = 5% ( two sided) 

v. Power (1-β) = 90% 

 

d) Formula for estimation of sample size. 

N=   4 x ( Zα  + Zβ)2 SD2 

                  (Ⴟ1 - Ⴟ2)2   

Where, X1= average pre-test SBP on day 1 and day 5 in group A. 

            X2= average pre-test SBP on day 1 and day 5 in group B. 

           Zα = Standard normal variant at α level. 

           Zβ = Standard normal variant at β level. 

e) Required sample size, n= 70. These will be divided equally into two groups. 

 

f) Assuming 5% dropout, effective sample size will be n=35+2= 37 per group. 

Rounding off n=40 per group. 

Ⅱ.  SAMPLE SIZE: n=40 per group will be the desired sample for the study based on 

the above estimation and calculation. 

In Isometric group 40 participants and in Isotonic group 40 participants, therefore 

n=80 will be the total sample for the study. 

 

SAMPLING TECHNIQUE: 

A consecutive sample of eligible subjects will be selected from the population of patients 

attending study setting of medicine department and OPD by convenience sampling method. 
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METHOD OF SELECTION OF STUDY SUBJECTS (ELIGIBILITY CRITERIA):  

The study subjects who participated for the study had to fulfil the following eligibility 

criteria. 

 

1) Inclusion criteria for both the groups (Isometric & Isotonic): - 

A. Pre-hypertensive patients as diagnosed by physician and as per The Seventh Report on 

joint national committee (JNC-7) guidelines. 

- Systolic Blood Pressure – 120– 139mmHg. 

- Diastolic Blood Pressure – 80–89mmHg. 

-  Both that is Patients having both systolic blood pressure-120 to 139mmHg and diastolic 

blood pressure- 80 to 89mmHg. 

B. Both males and females will be included. 

 

2) Exclusion criteria for both the groups (Isometric & Isotonic): – 

A. Other stages of hypertension. 

B. Patients newly diagnosed with or suffering from Type-2 diabetes mellitus. 

C. Previously or newly diagnosed patients with Coronary Artery Diseases. 

D. Patients with congenital heart diseases.  

E. Postural hypotension. 

F. Peripheral vascular diseases. 

G. Pregnancy induced hypertension. 

H. Smokers.  

  

3) Subject withdrawal criteria for both the groups (Isometric & Isotonic): - 

A. Patients unable to complete the test protocol. 

B. Patients wanting to discontinue due to discomfort during exercise performance. 
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METHOD OF SELECTION OF PARTICIPANTS: 

Patients were selected from the Medicine OPD once they are clinically diagnosed  

by physician as pre-hypertensive who were referred to physiotherapy OPD  

for exercises. The pre-hypertensive patients were further selected according to  

inclusion criteria and later assigned to intervention groups by block randomization. 

 

MATCHING CRITERIA: 

The study being Randomized controlled trial hence does not require matching criteria. 

 

VARIABLES 

Ⅰ) INDEPENDENT VARIABLES: 

a) Isometric calf muscle exercises. 

b) Isotonic calf muscle exercises. 

 

Ⅱ) DEPENDENT VARIABLES: 

a) Systolic blood pressure. 

b) Diastolic blood pressure. 

c) Pulse rate. 

 

 

OUTCOME MEASURES: 

Changes in cardiovascular parameters in terms of Systolic Blood Pressure, Diastolic Blood 

Pressure and Pulse rate based on day 1 and day 5 measures pre and post intervention. 
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OPERATIONAL DEFINITIONS 

1. Pre-hypertension is defined as a condition in which the systolic blood pressure is in 

the range of 120-139mmHg and diastolic blood pressure is in the range of 80-

89mmHg. 3 In this study on the pre-hypertensive patients, participants would be 

enrolled by the same measure.   

 

2. Cardiovascular parameters are measures used to diagnose disease in the 

cardiovascular system which includes the heart and vessels i.e., arteries, veins and 

capillaries. 48,49,50 In this study, cardiovascular parameters which was used for 

assessment refer to blood pressure including both systolic blood pressure and 

diastolic blood pressure, and pulse rate.  

 
 

3. Isometric exercises are a static form of exercise in which a muscle contracts and 

produces force without an appreciable change in the length of muscle and without 

visible joint motion. 10 In this study, Isometric exercise refers to isometric calf muscle 

exercises in the form of active contraction of calf muscle in standing position on a 

wedge. This exercise will be utilized for group A as exercise intervention  

 

4. Isotonic exercises are a form of resistance exercise in which a limb moves through a 

range of motion against a constant load. Isotonic means equal tension. 10 In this 

study, Isotonic exercise refers to isotonic calf muscle exercises in the form of active 

heel raise in standing position in parallel bars. This exercise will be utilized for group 

B as exercise intervention. 
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PHOTOGRAPHS OF STUDY INSTRUMENTS: 

 

 

   

 

 

 

                                                 

 

 

 

 

 

 

Photo (1) 

Stopwatch 

Photo (2) 

Sphygmomanometer 

Photo (3) 

Stethoscope 
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Photo (4) 
Pulse Oximeter 

Photo (5) 

Wedge 

Photo (6) 

Parallel Bars 

Photo (7) 

Chair 
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PHOTOGRAPHS OF DATA COLLECTION: 

 

Photo 1 - Measurement of blood pressure with mercury sphygmomanometer and 

stethoscope: 

 

 

 

 

Photo 2 - Measurement of Pulse rate with pulse oximeter: 
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Photo 3 - Performance of Isometric exercise (group A):  

 

 

 

Photo 4 - Performance of Isotonic exercise (group B): 
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METHODS OF MEASUREMENT 

MEASURES: 

1. Cardiovascular measures: It will include the following measures- 

 a) Measurement of systolic blood pressure and diastolic blood pressure on day 1 (pre & 

post exercise) and day 5 (pre and post exercise intervention) using mercury 

sphygmomanometer: In mmHg. 

 b) Measurement of pulse rate on day 1 and day 5 pre and post exercise intervention using 

pulse oximeter: In beats/min. 

2.  Time measurement: Measurement of exercise duration as well as various phases of 

exercises (rest phase and exercise phase), In minutes. 

 

SPECIFICATIONS OF STUDY INSTRUMENTS/DATA COLLECTION TOOLS: 

i. Stopwatch will be used to record time. [ANNEXURE Ⅰ (a)] 

ii. Mercury sphygmomanometer will be used to measure blood pressure. [ANNEXURE Ⅰ 

(b)] 

iii. Stethoscope will be used to measure blood pressure. [ANNEXURE Ⅰ (c)] 

iv. Pulse oximeter will be used to measure pule rate. [ANNEXURE Ⅰ (d)] 

v. Wedge for performing isometric calf muscle exercise. [ANNEXURE Ⅰ (e)] 

vi. Parallel bars for performing isotonic calf muscle exercise. [ANNEXURE Ⅰ (f)] 

vii. A chair for sitting while measuring blood pressure and during rest phase of exercise. 

[ANNEXURE Ⅰ(g)] 

viii. Isometric calf muscle exercise: Patient will be in standing position with feet on 

wedge and back rested on wall. Foot plantarflexion with maximum voluntary 

contraction will be performed, with a 10 second contraction period and a quick 

release for 1 second for 2 minutes. Exercise will be performed for 2 minutes for 4 

sets with a 2 minutes rest period in between each set. [ANNEXURE Ⅱ(A)] 

ix. Isotonic calf muscle exercise: Patient will be in standing position holding parallel bar. 

Heel raises will be performed. Exercise will be performed for 2 minutes for 4 sets 
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with a 2 minutes rest period in between each set. Total duration of exercise is 16 

minutes. [ ANNEXURE Ⅱ (B)] 

 

 

PILOT STUDY: 

A pilot study was conducted to determine the sample size as well as for understanding the 

problems which could impact the study. 

The pilot study was conducted on 12 participants who are excluded from the main study. 

The following problems were encountered: 

1) Measuring blood pressure and pulse rate simultaneously was difficult. 

2) Isometric exercise required more explanation than Isotonic exercise. 

3) Difficult to convince to follow up/adherence for exercise intervention for 5 days.  

 

The following measures were in-cooperated to overcome the above difficulties. 

1) A pulse oximeter was used to measure pulse rate and blood pressure was measured 

manually by sphygmomanometer. 

 

 

ADDITIONAL POINTS FOR RANDOMIZED CONTROLLED TRIAL 

i. Randomization: Total 80 subjects will be randomized equally into two groups- A and 

B using a predetermined, computer-generated random allocation plan, using RALLOC 

Software-3.7.6(2018). 

ii. Masking: Simple block randomization with block size of 4 will be used which will  

prevent the prediction of intervention assignment sequence. 

iii. Blinding: This is a double blind randomized controlled trail where both patient and 

researcher would be blinded to treatment allocation. 
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Flowchart for Randomized controlled trial: 

 

 

1. ENROLLMENT: The patients diagnosed by physician and referred to physiotherapy 

OPD were enrolled for the study provided they fulfil the inclusion criteria. 

2. ALLOCATION:  

      -  The eligible prehypertensive patients were allocated to intervention groups by simple 

block randomization. 

- Group A is isometric calf muscle exercise group. 
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- Group B is isotonic calf muscle exercise group. 

- The duration of the exercise intervention was 16 minutes for each group. 

      3. FOLLOW UP: The follow up of the patients was done on all 5 days for exercise 

intervention, but the recording of cardiovascular parameters was done on day 1 and day 5 

pre and post exercise intervention. 

4. ANALYSIS: The obtained results were analysed statistically by paired and unpaired t test. 

 

 

EXERCISE INTERVENTION 

The intervention was in the form of exercises. The following exercise intervention was 

given to group A and group B as follows: 

GROUP A EXERCISE INTERVENTION: 

Isometric calf muscle exercise: 

- Patient position: Standing against wall. 

- Type of exercise: Resistance exercise program. 

- Form of resistance: Mechanical resistance in the form of wedge.  

- Type of muscle contraction: Isometric muscle contraction. 

- Target muscle group: Calf muscles (soleus and gastrocnemius). 

- Intensity of exercise: Maximal voluntary contraction. 

- Instruction to patient: Press the feet down and do not to do any other movement. 

- Duration of exercise:  a) Total duration – 16 minutes. 

                                              b) Exercise phase – 8 minutes 

                                              c) Rest phase – 8 minutes.  

- Frequency of exercise sessions: 1 session per day for 5 days. 
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- Number of sets: 4 sets. 

- Timing for each exercise set: 2 minutes. 

- Timing for each rest set: 2 minutes.  

- Repetition of exercise: 4 sets × 2 mins of exercise phase, with 2 mins of rest phase 

intermittently after each exercise set. 

Sr.no  Set no. Time  

(in min)  

Exercise phase time 

(in min)  

Rest phase time 

(in min)  

1 1 4 2 2 

2 2 4 2 2 

3 3 4 2 2 

4 4 4 2 2 

Grand Total  4 sets  16 8 8 

 

- Exercise procedure:  

a) Exercise phase: The patient will be asked to press the feet down on the wedge with 

maximum voluntary contraction for 10 seconds with 1 second rest repeatedly for 2 

minutes. 

b) Rest phase: At completion of 2 minutes patient will be told and instructed to sit 

down on a chair with back supported and feet flat on the ground. Rest phase will last 

for 2 minutes in which the patient will be instructed to perform normal breathing.  

c) At the completion of rest phase, the patient will be told to resume the exercise 

position and start with the next set of exercise. 

d) The same procedure will be performed for 4 sets of exercises. 

e) Patients will be asked and also instructed to report any discomfort during performing 

the exercise.  
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GROUP B EXERCISE INTERVENTION: 

  Isotonic calf muscle exercise: 

- Patient position: Standing holding parallel bars. 

- Type of exercise: Resistance exercise program. 

- Form of resistance: Body weight.  

- Type of muscle contraction: Isotonic muscle contraction. 

- Target muscle group: Calf muscles (soleus and gastrocnemius). 

- Intensity of exercise: 

- Instruction to patient: Raise up and down on your toes. 

- Duration of exercise:  a) Total duration – 16 minutes. 

                                         b) Exercise phase – 8 minutes 

                                         c) Rest phase – 8 minutes.  

- Frequency of exercise sessions: 1 session per day for 5 days. 

- Number of sets: 4 sets. 

- Timing for each exercise set: 2 minutes. 

- Timing for each rest set: 2 minutes.  

- Repetition of exercise: 4 sets × 2 mins of exercise phase, with 2 mins of rest phase 

intermittently after each exercise set. 

Sr.no  Set no. Time  

(in min)  

Exercise phase time 

(in min)  

Rest phase time 

(in min)  

1 1 4 2 2 

2 2 4 2 2 

3 3 4 2 2 

4 4 4 2 2 

Grand Total  4 sets  16 8 8 
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- Exercise procedure:  

a) Exercise phase: The patient will be instructed to raise heel and come down 

repeatedly for 2 minutes. 

b) Rest phase: At completion of 2 minutes patient will be told and instructed to sit 

down on a chair with back supported and feet flat on the ground. Rest phase will last 

for 2 minutes in which the patient will be instructed to perform normal breathing.  

c) At the completion of rest phase, the patient will be told to resume the exercise 

position and start with the next set of exercise. 

d) The same procedure will be performed for 4 sets of exercises. 

Patients will be asked and also instructed to report any discomfort during performing the 

exercise. 
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GENERAL PROCEDURE 

Before commencement of the study permission from the Head of Institution & Head of 

the department medicine was obtained. Later, ethics committee clearance and BORS 

approval was obtained. [Annexure Ⅲ (a), Ⅲ (b), Ⅲ (c)]     

Initially the patients who were diagnosed as prehypertensive by the physicians were 

referred to physiotherapy OPD. After referral, patients who reported to Physiotherapy 

OPD were enrolled according to inclusion criteria and explained about the nature of the 

study [Annexure Ⅳ(a), Ⅳ(b), Ⅳ(c)]. Patients who were fulfilling the criteria and were 

willing to be the part of the study were explained about the written consent form. A 

written consent [Annexure Ⅴ(a), Ⅴ(b), Ⅴ(c)] was taken from the participants and followed 

by demographic data collection [Annexure Ⅵ]. 

 Participants were than assigned into Group A and Group B by block randomisation using 

RALLOC Software-3.7.6(2018). Later the exercise to be performed was explained and 

demonstrated to the participants. This was followed by taking the day 1 pre exercises 

cardiovascular measurements. Once the participants understood the way the exercises 

were to be performed, they were asked to perform the exercise according to the exercise 

protocol [Annexure Ⅱ (a), Ⅱ(b)] designed for the study as described below.   

 

Group A will perform Isometric calf muscle exercises. 

EXERCISE PROTOCOL 

Isometric calf muscle exercise: 

• Patient will be in standing position with feet on wedge and back rested on wall. 

• Foot plantarflexion with maximum voluntary contraction will be performed, with a 

10 second contraction period and a quick release for 1 second for 2 minutes. 

• Exercise will be performed for 2 minutes with a 2 minutes rest period in between 

each set for 4 sets. 

• Total duration of exercise is 16 minutes. 
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 Group B will perform Isotonic calf muscle exercises. 

EXERCISE PROTOCOL 

Isotonic calf muscle exercise: 

• Patient will be in standing position holding parallel bar. 

• Heel raises will be performed. 

• Exercise will be performed for 2 minutes with a 2 minutes rest period in between 

each set for 4 sets. 

• Total duration of exercise is 16 minutes. 

Exercises will be performed in accordance to reference 8,12 

Soon after completion of exercises cardiovascular measures were taken which formed the 

post-test measurements of day 1. Exercises were then performed by the participants for 

5 continuous days with a frequency of one session per day. On the 5th day before the 

commencement of exercise the cardiovascular measures were taken which formed the 

pre- test measurements of day 5. This was followed by exercise session of day 5. On 

completion of exercise session of day 5 cardio vascular parameters were measured which 

formed the post- test measurement of day 5. 

The demographic data, and the data obtained on day 1 (pre-test and post-test) and day 5 

(pre-test and post-test) was entered in the proforma (Annexure Ⅵ) which formed the raw 

data. The data from the proforma (Annexure Ⅵ) was later entered in Microsoft excel 

sheet 2011 [Master chart: Annexure Ⅶ (A), Annexure Ⅶ (B)] for further data analysis. 

It was ensured that data was collected from each of the patients enrolled for the study.    
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The flow chart of general procedure is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVES  

 

 

                         

Permission from the head of the institution was taken. 

Permission from the medicine OPD was taken. 

Explanation about the protocol and written consent from the patients was taken 

The demographic data taken and cardiovascular parameters were recorded on day 1 before 

commencing of the exercise 

Group A  performed isometric calf muscle 
exercise for 5 sessions ( in 5 days) 

Cardiovascular parameters were recorded on last day (day 5)pre and post exercise.  

Data was recorded and statistically analysed 

Result  

Group b performed isotonic calf muscle 

exercises for 5 sessions (in 5 days) 

Ethics committee clearance and BORS approval. 

Patients randomised using block randomisation 
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       METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVES  

The quantitative data for the study was Blood Pressure and Pulse Rate. The data was 

collected from each of the patients enrolled for the study. 

Data was recorded by the readings obtained on the mercury sphygmomanometer for 

blood pressure and on pulse oximeter for pulse rate for each of the patients on day 1 

pre and post exercise and on day 5 pre and post exercise. 

 

DATA MANAGEMENT AND ANALYSIS PROCEDURE 

The obtained data was processed into Microsoft excel spreadsheet. Utmost care was 

taken to keep patient identity and information confidential. Before undertaking the 

testing, the raw data was cleaned by Epi info software before final analysis. 

The changes in cardiovascular parameters pre and post exercise intervention in both the 

group was recorded and the hypothesis tested. Final analysis of cleaned up data was 

undertaken by STATA version 10.1, year 2011 computer application was utilised for this 

process. 

 

DATA ANALYSIS PLAN AND METHODS 

The data collected from Pre-Hypertensive patients in both the groups before and after 

exercise intervention was entered in Microsoft Excel sheet (2010) and analysed for 

changes in before and after exercise intervention. 

Descriptive statistics like mean and standard deviation was calculated to summarize 

quantitative variables (BP and Pulse rate). 

Inferential statistical procedure was used to test significance of Pre and Post intervention 

for change in Cardiac parameters in both groups.  
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DATA COMPARISION 

Data comparison was as follows: 

A. Within the Group comparison – 

Isometric exercise group: Pre exercise with post exercise cardiovascular 

parameters. 

Isotonic exercise group:  Pre exercise with post exercise cardiovascular 

parameters. 

B. Between Group comparison – 

Isometric Pre exercise Vs. Isotonic Pre exercise cardiovascular parameters. 

Isometric Post exercise Vs. Isotonic Post exercise cardiovascular 

parameters. 

 

STATISTICAL TESTS 

Data was entered in MS Excel worksheet, coded and then analysed with the statistical 

software, STATA, version 10.1, 2011. 

Descriptive and Inferential Statistics procedures were used: 

Descriptive statistics included summary measures like Mean, Standard Deviation (SD) for the 

quantitative variables while frequency and percentages were used to summarize the 

qualitative (Categorical) variables. 

Inferential statistics included P-values from hypothesis testing procedures.  

Chi-square test was performed for comparing difference in proportions in two independent, 

treatment groups for qualitative/categorical parameters.  

Between-the - groups comparison of mean difference across 2 independent treatment groups 

were evaluated with two-independent samples (unpaired) t-test assuming equal variances.   

Within-the-group comparison of means in each treatment group was separately performed 

using paired t-test for assessing pre-test and post-test change in the quantitative outcome at 

each time interval (Day 1 and Day 5). 

A P-value less than 0.05 was considered statistically significant for all the comparisons. 
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RESULT: 

The study was focused on knowing the “SHORT TERM EFFECTS OF ISOMETRIC VERSUS 

ISOTONIC CALF MUSCLE EXERCISES ON CARDIOVASCULAR PARAMETERS IN 

PREHYPERTENSIVE PATIENTS: A RANDOMIZED CONTROL TRIAL”.  

The following results were obtained: 

a) The mean age of Isometric group was 43.68 with a Standard Deviation of ±7.53 and 

that for the Isotonic group was 43.43 with a Standard Deviation of ±6.28. (Refer 

Table no. 1 and Graph no. 1) 

b) Among the 40 participants in Isometric group 20 were males and 20 were females, 

whereas in the Isotonic group 19 participants were males and 21 were females. 

(Refer Table no. 2 and Graph no. 2) 

c) Cardiac Parameters: - 

The cardiac parameters in the study were Systolic blood pressure, Diastolic blood 

pressure and Pulse rate. 

 

I. Systolic blood pressure: 

• Day 1 comparisons: -  

Between group: The pre-test systolic blood pressure of Isometric group was 

compared with Isotonic group and the result obtained was not significant. 

Whereas comparison of the post-test systolic blood pressure was statistically 

significant between the groups with p value= 0.0001 by unpaired t-test. 

 

Within group: Within group comparison in Isometric group i.e., when systolic 

blood pressure of pre-test was compared with systolic blood pressure of 

post-test, as well as with in the Isotonic group, were both statistically 

significant p= 0.0001 when analysed with paired t test. (Table no. 3 and 

Graph no. 3) 
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• Day 5 comparisons: - 

Between group: Pre-test systolic blood pressure comparisons between the 

groups were statistically not significant. Whereas post-test comparisons 

between Isometric and Isotonic group was statistically significant p value= 

0.0001 by Unpaired t test. 

 

Within group: But within the group comparison of Isometric and Isotonic 

groups i.e, pre-test versus post-test were statistically significant p value= 

0.0001, which was analysed by paired t test. (Table no. 4 and Graph no. 4) 

 

• Comparison from Day 1 to Day 5:- 

Between group: Day 1 and day 5 systolic blood pressure when compared 

between the group, i.e values compared between Isometric group and 

Isotonic group was statistically not significant.  

 

Within group: When the systolic blood pressure values of day 1 were 

compared to the values of day 5 within the Isometric group, it was found to 

be statistically significant with p value= 0.0041. But in the Isotonic group it 

was not statistically significant when analysed with paired t-test. (Table no. 5 

and Graph no. 5) 

 

              II. Diastolic Blood Pressure:  

• Day 1 comparison: - 

Between group: Pre-test diastolic blood pressure on day 1 when compared 

between the two groups i.e. Isometric and Isotonic groups was statistically 

significant with p value= 0.0178. The post-test diastolic blood pressure 

between the two groups was also statistically significant with p value= 0.0013 

when analysed by unpaired t test. 

 

Within group: Diastolic blood pressure value pre-test and post-test on day 1 

when compared within-the-group in Isometric group came statistically 
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significant with p value= 0.0001 and in Isotonic group was also found to be 

statistically significant p value= 0.0001 which was analysed using paired t 

test. (Refer Table no. 6 and Graph no. 6) 

 

• Day 5 comparison: - 

Between group: The post-test diastolic blood pressure of Isometric group 

when compared to post-test diastolic blood pressure of Isotonic group was 

found to be statistically significant p value=0.0001 (Unpaired t-test). But pre-

test diastolic blood pressure comparison between the groups was not 

significant statistically.  

 

Within group: Pre-test diastolic blood pressure when compared to post-test 

diastolic blood pressure within-the-group i.e, pre-test diastolic blood 

pressure in isometric group compared to post-test diastolic blood pressure 

with-in the same group was statistically significant with p value= 0.0001. 

Similar results were obtained when compared in the Isotonic group p value= 

0.0001 (Paired t-test). (Table no. 7 and Graph no. 7)   

 

• Comparison from Day 1 to Day 5:- 

Between group: Between the group comparison using Unpaired t-test, i.e 

DBP compared from day 1 to day 5 of Isometric group was statistically 

significant p value= 0.0425 and in Isotonic group was not significant 

statistically.  

 

Within group: When the DBP of day 1 to day 5 was compared in the Isometric 

group, it was found to be non-significant. But when DBP was compared in 

Isotonic group this value was statistically significant p value= 0.0010 by Paired 

t-test. (Table no. 8 and Graph no. 8) 
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 III. Pulse rate: 

• Day 1 comparison: - 

Between group: Non significant result was obtained when pulse rate was 

compared pre-test and post-test in between the two groups.  

 

Within Group: The pulse rate in Isometric group pre-test and post-test were 

compared on day 1 and was statistically significant, p value= 0.0001. 

In the Isotonic group, when the pre-test pulse rate was compared to post-test 

pulse rate, a statistical significance (p value= 0.0001) was obtained using 

Paired t-test. (Table no. 9 and Graph no. 9) 

 

• Day 5 comparison: - 

Between group: Pre-test pulse rate and post-test pulse rate when compared 

between the groups was non-significant.  

 

Within Group: On day 5 when pre-test pulse rate was compared to post-test 

pulse rate within-the-groups, Isometric as well as Isotonic group individually, 

was statistically significant for both the groups, p value= 0.0001 by Paired t-

test. (Table no. 10 and Graph no. 10) 

 

• Comparison from Day 1 to Day 5: - 

Between group: Moreover, statistical non significance was also obtained 

between the groups (Unpaired t-test).  

 

Within Group: The mean change in pulse rate from day 1 when compared to 

day 5 with-in Isometric group as well as Isotonic group was found to be 

statistically non-significant for both the groups (Paired t-test). Although, 

variations existed in p values of the two groups. (Refer Table no. 11 and 

Graph no. 11)    
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DISCUSSION: 

Based on the results obtained from the study “SHORT TERM EFFECTS OF ISOMETRIC VERSUS 

ISOTONIC CALF MUSCLE EXERCISES ON CARDIOVASCULAR PARAMETERS IN 

PREHYPERTENSIVE PATIENTS: A RANDOMIZED CONTROL TRIAL”, it is found that both the 

exercises were imparting different effects on the cardiovascular parameters and variations 

existed between the exercise groups. 

 

ISOMETRIC EXERCISE GROUP:  

SBP: In this study it is found that there is a statistically significant effect of Isometric calf 

muscle exercises on the cardiovascular parameters, especially on the systolic blood 

pressure. A drop in the mean SBP by 6 units on day 1, 4.97 units on day 5 and a mean 

change of 1.03 units from day 1 to day 5 was observed when pre to post-test comparisons 

were carried out. 

 

DBP : The changes observed in Diastolic blood pressure were similar to SBP and mean DBP 

values also witnessed a drop. Day 1 a drop of 1.45 units, on day 5 ,1.68 units and a mean 

drop of 0.23 units from day 1 to day 5 pre & post-test comparisons. The drop in the values 

were less than the drop in SBP values during the same period.  

 

Earlier study which utilized Isometric exercises to study the effect of exercise on blood 

pressure & the current study in terms of SBP and DBP are documented below in the tabular 

column.12,34,51 
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Table no.1: Comparison of systolic and diastolic blood pressure of earlier study and current 

study based on Isometric exercises. 

 

In the current scenario there were mild reductions in blood pressure both systolic and 

diastolic and the studied population were pre-hypertension and were aged 43.68 ± 7.53 

with a minimum of 28 years and a maximum of 55 years. 

 

Moreover, a review paper on “Current Evidence on the hemodynamic and blood pressure 

effects of isometric exercise in Normotensive and Hypertensive persons” by Steven G. 

Chrysant has suggested that isometric exercise resets the baroreceptors thereby lowering 

blood pressure and may complement in enhancing the antihypertensive drug actions. 31 

 

Sr. 

no. 

Study 

Population 

Author Type & Duration of 

exercise 

SBP DBP 

1 Hypertensive P.J. Millar et. 

Al 12 

Isometric hand grip 

training. 

3 days/week for 8 

weeks. 

Before- 125±3 

mmHg 

After- 120±2 

mmHg 

Before- 73±2 

mmHg 

After- 70±3 

mmHg 

 

2 Normotensive & 

hypertensive  

Debra J. 

Carlson et. 

Al34 

Isometric exercise 

training. 

≥4 weeks. 

Mean change -   

-6.77 mmHg 

Mean change-         

-3.96 mmHg 

3 Hypertensive  A Owen et. 

Al51 

Isometric exercise 

(Handgrip or Lower 

limb extension) 

3 days/week for <10 

weeks. 

Mean change - 

10 mmHg 

Mean change - 7 

mmHg 

 

4 Pre-

hypertensive 

Current 

study  

Isometric calf muscle 

exercise 

5 days 

Mean change- 

1.03±1.86 

mmHg 

 

Mean change- 

0.23±1.70 mmHg 
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In the current study also, even in the short term of 5-days the exercise has been proved to 

be beneficial in lowering the blood pressure and therefore this type of exercise can be a part 

of exercise protocol in pre-hypertension population. 

 

Drop or decrease in the blood pressure caused by Isometric exercise training maybe due to 

a number of mechanisms one such mechanism is reduction in total peripheral resistance, 

second one is vascular adaptations (increase in diameter of vessel, increase in blood flow 

and velocity), third is peripheral sympathetic vasoconstrictor activity, lastly the cardiac 

autonomic regulation etc. as depicted in the flow chart number 1. 30  

 

PULSE RATE: A modest increase in the Pulse rate was observed pre to post test on day 1 

(4.50 units), day 5 (5.57 units) and from day 1 to day 5 (1.07 units) brought about by 

Isometric calf muscle exercises. 
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FLOWCHART 1: Physiological mechanisms in Isometric exercises. 30,33 
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ISOTONIC EXERCISE GROUP: 

Isotonic calf muscle exercises brought about opposite effects on the cardiovascular 

parameters in the current scenario as compared to the Isometric exercises on pre-

hypertensive patients in SBP & DBP. There was an overall increase in the cardiovascular 

parameters in the post exercise intervention values when compared to the resting values of 

SBP, DPB and Pulse rate.  

 

SBP: An increase in the SBP by 5 units on day 1, by 4.68 units on day 5 and a mean change of 

0.32 units from day 1 to day 5 was observed when compared pre to post test.  

DBP: Diastolic blood pressure variations were similarly increasing pre to post test on day 1 

by 2.20 units, on day 5 by 1.42 units and from day 1 to day 5 by 0.78 units. 

PULSE RATE: An increase in the Pulse rate was observed pre to post test on day 1 (5.40 

units), day 5 (5.29 units) and from day 1 to day 5 (0.11 units) brought about by Isotonic calf 

muscle exercises. 

 

Previous study which focused on finding the differential response of central blood pressure 

to such exercises conducted in Japan has shown results in line with the current study as 

depicted in the table below. 15  

Table no. 2: Comparison of systolic and diastolic blood pressure of earlier study and current 

study based on Isotonic exercises. 

Sr 

no. 

Population studied Author  Type & 

Duration of 

exercise 

Systolic Blood 

Pressure 

Diastolic Blood 

Pressure 

1 Normotensive  

Essential 

hypertensive 

(<140/90 mmHg) 

Satoru 

Tanaka et. 

Al15 

Isotonic cycle 

ergometer 

 

SBP Before - 

119±10 mmHg 

SBP After - 

172±16 mmHg 

DBP Before - 

68±10 mmHg 

DBP After - 

73±13 mmHg 
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2 Pre-hypertensive Current 

study 

Isotonic calf 

muscle 

exercise 

5 days 

SBP Mean 

Change- 

0.32±1.88 

mmHg 

 

DBP Mean 

change- 

1.42±1.22 

mmHg 

 

 

Contrary to the findings of the current study, Saravanan Murugan & Singh SK in their study 

found reductions in the cardiovascular parameters when they implemented isotonic 

exercise which is shown in the table below. 29 

Table no. 3: Comparison of cardiovascular parameters of current study with earlier study by 

Saravanan Murugan et. Al based on Isotonic exercises.  

CURRENT STUDY EARLIER STUDY BY SARAVANAN MURUGAN ET. 

AL 29 

Sr 
no. 

Variable Before  After   Variable   Before  After  

1 SBP Day 1- 

129.9±3.65 

mmHg 

 

Day 5- 

130.42±3.52 

mmHg 

Day 1- 

134.9±3.95 

mmHg 

 

Day 5- 

135.11±3.62 

mmHg 

SBP Females- 

122.13±2.76 

mmHg 

 

Males- 

123.30±1.80 

mmHg 

Females- 

121.80±4.80 

mmHg 

 

Males- 

121.37±4.61 

2 DBP Day 1- 

79.85±2.62 

mmHg 

 

Day 5- 

80.05±2.30 

mmHg 

 

 

Day 1- 

82.05±3.12 

mmHg 

 

Day 5- 

81.47±2.53 

mmHg 

DBP Females- 

82.80±3.66 

mmHg 

 

Males- 

79.97±2.73 

mmHg 

Females- 

83.33±5.62 

mmHg 

 

Males- 

79.70±5.19 

mmHg 
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3 PULSE 

RATE 

Day 1- 

75.20±3.60 

BPM 

 

Day 5- 

75.76±3.66 

BPM 

Day 1- 

80.60±4.59 

BPM 

 

Day 5- 

81.05±4.88 

BPM 

 

PULSE RATE Females- 

85.07±7.15 

BPM 

 

Males- 

78.63±5.63 

BPM 

Females- 

84.70±7.66 

BPM 

 

Males- 

80.83±4.97 

BPM 

 

Possible mechanisms which can bring about changes in the cardiovascular parameters in 

terms of blood pressure after performing Isotonic exercises are depicted in flowchart no. 2. 

FLOWCHART 2: Physiological mechanisms in Isotonic exercises. 52 
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Although the exercise that is isometric and isotonic calf muscle exercise for a period of 16 

minutes per session per day for 5 days in pre-hypertension have bought about cardio 

vascular changes in terms of SBP, DBP, PR. It is to note that the isometric exercise in this 

study have been proved to bring about reductions in blood pressure than the isotonic 

group. Moreover, the increase in pulse rate in the isometric group is lesser than the isotonic 

group.  

 

Therefore, in view of the effect bought about by these exercises, Isometric exercises in the 

current study have been proven to be more beneficial in pre-hypertension population. 

Hence this type of exercise can be implemented in the pre-hypertension group in controlling 

the blood pressure. 

 

Although a few contradictory findings have been published in regards with isometric 

exercise training in hypertension, but based on the results and findings of the current study 

isometric calf muscle exercise are helpful in blood pressure reduction in pre-hypertension 

population. Therefore, initially isometric exercise for 5 days in pre-hypertension group can 

be initiated with calf muscle group in pre-hypertension population. 

 

Some of the documented beneficial effects reported with isometric exercise are lowering 

blood pressure, improving muscle strength, range of motion, & bone density. Isometric 

exercises are also easy to perform and time efficient. 53 

 

Keeping the benefits in mind, isometric exercise can be initiated in the initial stages of 

exercising the pre-hypertension patients for a period of 5 days and compliment it with other 

type of the exercise based on requirements and needs of patients.  
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STRENGTH: 

- The study was in a position to elicit the short- term effect of exercise even after 5 

days for both the groups. 

- Calf muscle exercise of Foot plantar flexion 1 session per day for 5 days for 16 

minutes in Isometric group and Heel raises 1 session per day for 5 days for 16 

minutes in Isotonic group was adequate to bring about the cardiovascular changes. 

- Isometric calf muscle exercise for 5 continuous days for 16 minutes was found to be 

effective in reducing Systolic and Diastolic blood pressure in pre-hypertensive 

patients. 

 

WEAKNESS: 

Monitoring of cardiovascular parameters was not done on different time of day and holter 

monitoring was also not done as it was not in the protocol of the study. 

 

LIMITATIONS: 

The study is limited to the Pre-Hypertensive patients who have performed calf muscle 

exercises. 
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CONCLUSIONS: 

It is concluded from the study that isometric & isotonic calf muscle exercise on 

cardiovascular parameters in terms of systolic blood pressure, diastolic blood pressure and 

pulse rate in pre-hypertensive patients even for short term of 5 sessions has shown the 

changes. 

Isometric calf muscle exercises implemented in this study have brought about reductions in 

systolic blood pressure & diastolic blood pressure. There was increase in pulse rate in both 

the groups but in Isometric group the raise was lesser when compared to Isotonic group. 

Therefore, Isometric calf muscle exercises for a duration of 5 days, 1 session per day for 16 

minutes is sufficient to bring about reductions in systolic blood pressure & diastolic blood 

pressure in pre-hypertensive group. Hence, Isometric exercise interventions utilized in this 

study can be implemented in pre-hypertensive patients for bringing about reductions in 

blood pressure in short term.  

 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

RECOMMENDATIONS: 

It is recommended that further studies with same protocol in different geographical 

locations could help in consolidating the findings of the study. Furthermore, multicentric 

studies with same Isometric protocol would help in strengthening the evidence of the 

findings. 
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CLINICAL IMPLICATION AND SUGGESTION 

 

CLINICAL IMPLICATION: 

These types of protocols are helpful in Pre-Hypertensive populations and can be 

recommended for short term duration for 5 days. 

 

SUGGESTIONS: 

It is suggested that different Isometric and Isotonic protocols utilising different muscle 

groups in different stages of hypertension such as Pre-Hypertension, Stage 1 Hypertension, 

stage 2 Hypertension and Stage 3 Hypertension would help in providing the base for 

developing newer protocols for managing the hypertensives in various stages of the disease 

process. 
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SUMMARY: 

BACKGROUND: Around 1.13 billion people worldwide have hypertension and very few 

people have their hypertension under control.1 Pre-hypertension are at twice the risk of 

developing hypertension when compared to normotensives.2 A meta-analysis conducted in 

the South Asian region found the prevalence of pre-hypertension to be 29.6% and in India to 

be 17%. It also found that pre-hypertension is more prevalent in urban areas that is 32% as 

compared to the rural areas 23%.4 A study conducted by Sanjeet P. et al in 2013, in New 

Delhi India found that the overall prevalence of Pre-hypertension was 35% and was slightly 

higher i0n men than in women. 5 A study conducted in rural area of Amravati district of 

Maharashtra, in 2016, found prevalence of pre-hypertension to be 55.8%. 6 Therefore the 

study is focused on pre-hypertension as the prevalence of pre-hypertension is found to be 

high according to the recent studies. 

In individuals with pre-hypertension, health promoting lifestyle modifications are 

considered as the main intervention.3 In this study, physical activity is considered for the 

management of pre-hypertension. Physical activity includes exercise training interventions 

which offer significant BP reductions.3 In lower limb, calf pump is the most important veno-

muscular pump and is also known as the peripheral heart of the body. The calf pump is 

activated by active contractions of the muscle in the form of ankle plantar flexion9.  In the 

current study isometric exercise will be performed in the form of resisted ankle plantar 

flexion in standing on a wedge and isotonic exercise will be performed in the form of 

standing heel raise. 

 Thus, the study will be carried out to understand the short term (5 sessions) effects of 

isometric and isotonic calf muscle exercises on cardiovascular parameters in terms of 

systolic BP, diastolic BP and heart rate in pre-hypertensive patients and to see which among 

the two exercises has better effects in pre hypertensive patients. 

AIM: “To study the pre and post effects of isometric and isotonic calf muscle exercises on 

cardiovascular parameters in terms of systolic BP, diastolic BP and pulse rate in pre-

hypertensive patients, after short term (5 sessions) exercise intervention.” 
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OBJECTIVE: 

PRIMARY OBJECTIVES: 

“To compare the effects of isometric versus isotonic calf muscle exercises on cardiovascular 

parameters in terms of systolic BP, diastolic BP and pulse rate, in pre-hypertensives, after 

pre and post exercise intervention for short term (5 sessions).” 

 “To understand the effects of isometric calf muscle exercises on cardiovascular parameters 

in terms of systolic BP, diastolic BP and pulse rate in pre- hypertensives, after pre and post 

exercise intervention for short term (5 sessions).” 

 “To understand the effects of isotonic calf muscle exercises on cardiovascular parameters in 

terms of systolic BP, diastolic BP and pulse rate in pre-hypertensives, after pre and post 

exercise intervention for short term (5 sessions).” 

MATERIAL AND METHODS: - A Randomized controlled trial was undertaken on 80 Pre-

hypertensive patients by convenient sampling method. Randomization was performed by 

block randomization using predetermined computer-generated random allocation plan 

using RALLOC Software-3.7.6(2018) into group A and B. Participants in group A were 

subjected with Isometric calf muscle exercise performed for 5 consecutive days, 1 session 

per day lasting for 16 minutes and group B with Isotonic calf muscle exercise 5 consecutive 

days, 1 session per day lasting for 16 minutes respectively. Monitoring of the changes in 

Systolic blood pressure, Diastolic blood pressure and Pulse rate was carried out pre and post 

exercise intervention. 

RESULT:  Among the 80 sample for the study, the mean age of group A (Isometric) was 

43.68±7.53 ( 20 males & 20 females) and that of group B(Isotonic) was 43.43±6.28 (19 males 

& 21 females).In the course of the study, in Isometric group there were 3 dropouts and in 

Isotonic group there were 2 dropouts. Hence, on day 1, 80 participants were statistically 

analysed and on day 5 only 75 participants were statistically analysed.   

Both exercise interventions bought about changes in the cardiovascular parameters. In 

Isometric group there was a fall by 6 units(SD±1.75) in SBP, 1.45 units (SD±1.57) in DBP and 

an increase by 4.5 units (SD±3.05) in Pulse rate on day 1. On the day 5 there was a decrease 

in SBP by 4.97 units (SD±1.86), in DBP by 1.68 units (SD±2.08) and Pulse rate was increased 
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by 5.57 units (SD±2.57). The mean change observed from day 1 to day 5 in SBP was 1.03 

(SD±1.86), DBP was 0.23 (SD±1.70) and Pulse rate was 1.07 (SD±2.75). 

In Isotonic group there was an increase by 5 units(SD±2.31) in SBP, 2.20 units (SD±1.68) in 

DBP and 5.40 units (SD±2.63) in Pulse rate on day 1. On the day 5 there was also a rise in 

SBP by 4.68 units(SD±2.14), in DBP by 1.42 units (SD±1.22) and Pulse rate was increased by 

5.29 (SD±2.56). The mean change observed from day 1 to day 5 in SBP was 0.32 (SD±1.88), 

DBP was 0.78 (SD±1.36) and Pulse rate was 0.11 (SD±2.58). 

CONCLUSION: It is concluded from the study that isometric calf muscle exercises 

implemented in this study have brought about reductions in systolic blood pressure & 

diastolic blood pressure when compared to isotonic group which showed elevations. There 

was increase in pulse rate in both the groups but in Isometric group the raise was lesser 

when compared to Isotonic group. Hence, Isometric exercise interventions utilized in this 

study can be implemented in pre-hypertensive patients for bringing about reductions in 

blood pressure in short term.  
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Tables and Graphs: 

 

Table 1: Age-distribution of subjects in two groups 

 

 
Age-group  

(years) 

Group A 
(Isometric) 

Group B 
(Isotonic) 

No. % No. % 

Up to 30 4 10.00 1 2.50 

30- 35 2 5.00 4 10.00 

35 -40 7 17.50 9 22.50 

40 -45 8 20.00 10 25.00 

45- 50 11 27.50 10 25.00 

Above 50 8 20.00 6 15.00 

Total 40 100.00 40 100.00 

Mean ± SD 43.68 ± 7.53 43.43 ± 6.28 
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Table 2: Gender-distribution of subjects in two groups 

 

Gender Group A 
(Isometric) 

Group B 
(Isotonic) 

No. % No. % 

Male 20 50.00 19 47.50 

Female 20 50.00 21 52.50 

Total 40 100.00 40 100.00 
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Table 3: Comparison of Pre-test and Post-test SBP (mmHg) of subjects in two 

groups on day 1  

 

Status 
(on Day 1) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Mean 
difference 

(A –B) 

P 
Value 

(Between-
the-group) 

Mean SD Mean SD 

Pre-test 132.45 4.47 129.9 3.65 2.55 0.0065 

Post-test 126.45 4.95 134.9 3.95  -8.45 0.0001* 

Change 
(Post –Pre) 

- 6 1.75 5 2.31 - 1 0.0393 

P value 
(within-the-

group) 

0.0001* 0.0001* 

*show statistically significant values by Paired t-test (with-in group) and Unpaired t-test (between-

the group) 
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Table 4: Comparison of Pre-test and Post-test SBP (mmHg) of subjects in two 

groups on day 5  

 

Status 
(on Day 5) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Mean 
difference 

(A –B) 

P 
Value 

(Between
-the-

group) 

Mean SD Mean SD 

Pre-test 130.38 5.03 130.42 3.52 - 0.04 0.9661 

Post-test 125.41 5.31 135.11 3.62  - 9.70 0.0001* 

Change 
(Post –Pre) 

 - 4.97 1.86  4.68 2.14 - 0.29 0.4368 

P value 
(within-the-

group) 

0.0001* 0.0001* 

*show statistically significant values by Paired t-test (with-in group) and Unpaired t-test (between-

the group) 
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Table 5: Comparison of Pre-test and Post-test change in SBP (mmHg)  

from day 1 to day 5 in two groups 

 

Status 
(on Day 5) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Difference 
in mean 
change 
(A –B) 

P 
Value 

(Between-the-
group) 

Mean 
Change 

(Post –Pre) 

SD Mean 
Change 
(Post –

Pre) 

SD 

Day 1 6.0 1.75 5.0 2.31 1.0 0.0321 

Day 5 4.97 1.86 4.68 2.14        0.29 0.5358 

Change 

from day 1 

to day 5 

1.03 1.86 0.32 1.88 0.60 0.0935 

P value 
(with-in the-

group) 

0.0041* 0.1097 

*show statistically significant values by Paired t-test (with-in group). 

 

 

 

 

 

 

 

 

6

4.97

5
4.68

0

1

2

3

4

5

6

7

Day 1 Day 5

Mean
change
mmHg

Graph 5: Mean Pre-Post change in SBP from 
day 1 to day 5 in 2 groups

Group A

Group B



63 
 

Table 6: Comparison of Pre-test and Post-test DBP (mmHg) of subjects in two 

groups on day 1  

 

Status 
(on Day 1) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Mean 
difference 

(A –B) 

P 
Value 

(Between-
the-group) 

Mean SD Mean SD 

Pre-test 81.30 2.74 79.85 2.62 1.45 0.0178* 

Post-test 79.85 2.77 82.05 3.12      -2.20 0.0013* 

Change 
(Post –Pre) 

-1.45 1.57 2.20 1.68 -0.75 0.0511 

P value 
(within-the-

group) 

0.0001* 0.0001* 

*show statistically significant values by Paired t-test (with-in group) and Unpaired t-test (between-

the group).  
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Table 7: Comparison of Pre-test and Post-test DBP (mmHg) of subjects in two 

groups on day 5  

 

Status 
(on Day 5) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Mean 
difference 

(A –B) 

P 
Value 

(Between-
the-group) 

Mean SD Mean SD 

Pre-test 80.65 2.11 80.05 2.30 0.60 0.2466 

Post-test 78.97 2.52 81.47 2.53      -2.50 0.0001* 

Change 
(Post –Pre) 

-1.68 2.08 1.42 1.22 -0.26 0.5140 

P value 
(within-the-

group) 

0.0001* 0.0001* 

*show statistically significant values by Paired t-test (with-in group) and Unpaired t-test (between-

the group). 
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Table 8: Comparison of Pre-test and Post-test change in DBP (mmHg)  

from day 1 to day 5 in two groups 

 

Status 
(on Day 5) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Difference 
in mean 
change 
(A –B) 

P 
Value 

(Between-
the-group) Mean 

Change 
(Post –

Pre) 

SD Mean 
Change 
(Post –

Pre) 

SD 

Day 1 1.45 1.57 2.20 1.68  0.75 0.0425* 

Day 5 1.68 2.08 1.42 1.22       0.26 0.5140 

Change from day 1 

to day 5 
0.23 1.70 0.78 1.36 0.55 0.1141 

P value 
(within-the-

group) 

0.7005 0.0010* 

*show statistically significant values by Paired t-test (with-in group) and Unpaired t-test (between-

the group). 
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Table 9: Comparison of Pre-test and Post-test Pulse (bpm) of subjects in two 

groups on day 1  

 

Status 
(on Day 1) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Mean 
difference 

(A –B) 

P 
Value 

(Between-
the-

group) 

Mean SD Mean SD 

Pre-test 75.62 4.26 75.20 3.60 0.42 0.6310 

Post-test 80.12 4.36 80.60 4.59      -0.48 0.6365 

Change 
(Post –Pre) 

4.50 3.05 5.40 2.63 -0.90 0.1783 

P value 
(within-the-

group) 

0.0001* 0.0001* 

*show statistically significant values by Paired t-test (with-in group). 
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Table 10: Comparison of Pre-test and Post-test Pulse (bpm) of subjects in two 

groups on day 5  

 

Status 
(on Day 5) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Mean 
differenc

e 
(A –B) 

P 
Value 

(Between-
the-group) 

Mean SD Mean SD 

Pre-test 75.84 3.97 75.76 3.66 0.08 0.9327 

Post-test 81.41 4.52 81.05 4.88      0.36 0.7463 

Change 
(Post –Pre) 

5.57 2.57 5.29 2.56 -0.90 0.6401 

P value 
(within-the-

group) 

0.0001* 0.0001* 

*show statistically significant values by Paired t-test (with-in group). 
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Table 11: Comparison of Pre-test and Post-test change in Pulse (bpm)  

from day 1 to day 5 in two groups 

 

Status 
(on Day 5) 

 

Group A 
(Isometric) 

Group B 
(Isotonic) 

Difference 
in mean 
change 
(A –B) 

P 
Value 

(Between-
the-group) Mean 

Change 
(Post –

Pre) 

SD Mean 
Change 
(Post –

Pre) 

SD 

Day 1 4.50 3.05 5.40 2.63 0.90 0.2313 

Day 5 5.57 2.57 5.29 2.56 0.28 0.6515 

Change from day 

1 to day 5 
1.07 2.75 0.11 2.58 0.96 0.1114 

P value 
(within-the-

group) 

0.1252 0.4571 
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ANNEXURE Ⅰ- STUDY INSTRUMENTS 

ANNEXURE Ⅰ- (a) 

STOPWATCH 

 

      

 

Product description: Digital Clock in iPhone 7 ios13.3.1. 

This product will be used to measure time. 
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ANNEXURE Ⅰ (b) 

SPHYGMOMANOMETER 

 

 

 

Product Description: Diamond Mercury Sphygmomanometer. 

This product will be used to measure blood pressure. 

    

Blood pressure will be measured from left arm brachial artery in sitting position. 
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ANNEXURE Ⅰ (c) 

 

SETHOSCOPE 

 

 

 

 

Product Description: Microtone stethoscope. 

This product will be used to measure blood pressure. 
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ANNEXURE Ⅰ (d) 

 

PULSE OXIMETER 

 

 

     

Product Description: GIBSON Fingertip Pulse Oximeter. 

This product will be used to measure pulse rate. 

The device will be attached to the index finger of right hand. 
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ANNEXURE Ⅰ (e)  

 

ISOMETRIC EXERCISE INSTRUMENT 

 

   

 

Instrument Name: WEDGE 

Instrument dimension: 107cm(length) × 17cm(height) × 41cm(width) 

This instrument will be used to perform Isometric calf muscle exercise. 
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ANNEXURE Ⅰ (f) 

 

ISOTONIC EXERCISE INSTRUMENT 

 

     

 

Instrument description: PARALLEL BARS 

Instrument dimensions: 199cm(length) × 92cm(height) × 56cm (width) 

This instrument will be used to perform isotonic calf muscle exercise. 
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ANNEXURE Ⅰ (g) 

CHAIR 

 

 

 

 

Product Name: Plastic Chair with back and arm support. 

The chair will be used for sitting in rest phase during exercise intervention. 
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ANNEXURE Ⅱ(A) 

ISOMETRIC CALF MUSCLE EXERCISE INTERVENTION 

 

- Patient position: Standing against wall. 

- Type of exercise: Resistance exercise program. 

- Form of resistance: Mechanical resistance in the form of wedge.  

- Type of muscle contraction: Isometric muscle contraction. 

- Target muscle group: Calf muscles (soleus and gastrocnemius). 

- Intensity of exercise: Maximal voluntary contraction. 

- Instruction to patient: Press the feet down and do not to do any other movement. 

- Duration of exercise:  a) Total duration – 16 minutes. 

                                              b) Exercise phase – 8 minutes 

                                              c) Rest phase – 8 minutes.  

- Frequency of exercise sessions: 1 session per day for 5 days. 

- Number of sets: 4 sets. 

- Timing for each exercise set: 2 minutes. 

- Timing for each rest set: 2 minutes.  

- Repetition of exercise: 4 sets × 2 mins of exercise phase, with 2 mins of rest phase 

intermittently after each exercise set. 

 

- Exercise procedure:  

f) Exercise phase: The patient will be asked to press the feet down on the wedge with 

maximum voluntary contraction for 10 seconds with 1 second rest repeatedly for 2 

minutes. 
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g) Rest phase: At completion of 2 minutes patient will be told and instructed to sit 

down on a chair with back supported and feet flat on the ground. Rest phase will last 

for 2 minutes in which the patient will be instructed to perform normal breathing.  

h) At the completion of rest phase, the patient will be told to resume the exercise 

position and start with the next set of exercise. 

i) The same procedure will be performed for 4 sets of exercises. 

j) Patients will be asked and also instructed to report any discomfort during performing 

the exercise.  
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ANNEXURE Ⅱ(B) 

ISOTONIC CALF MUSCLE EXERCISE PROTOCOL 

- Patient position: Standing holding parallel bars. 

- Type of exercise: Resistance exercise program. 

- Form of resistance: Body weight.  

- Type of muscle contraction: Isotonic muscle contraction. 

- Target muscle group: Calf muscles (soleus and gastrocnemius). 

- Intensity of exercise: 

- Instruction to patient: Raise up and down on your toes. 

- Duration of exercise:  a) Total duration – 16 minutes. 

                                         b) Exercise phase – 8 minutes 

                                         c) Rest phase – 8 minutes.  

- Frequency of exercise sessions: 1 session per day for 5 days. 

- Number of sets: 4 sets. 

- Timing for each exercise set: 2 minutes. 

- Timing for each rest set: 2 minutes.  

- Repetition of exercise: 4 sets × 2 mins of exercise phase, with 2 mins of rest phase 

intermittently after each exercise set. 

- Exercise procedure:  

e) Exercise phase: The patient will be instructed to raise heel and come down 

repeatedly for 2 minutes. 

f) Rest phase: At completion of 2 minutes patient will be told and instructed to sit 

down on a chair with back supported and feet flat on the ground. Rest phase will last 

for 2 minutes in which the patient will be instructed to perform normal breathing.  
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g) At the completion of rest phase, the patient will be told to resume the exercise 

position and start with the next set of exercise. 

h) The same procedure will be performed for 4 sets of exercises. 

i) Patients will be asked and also instructed to report any discomfort during performing 

the exercise.  
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ANNEXURE Ⅲ (a) 

PERMISSION LETTER 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Miss___________________, student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work on pre-hypertensive patients.  

      My research topic is “Short Term Effects of Isometric vs. Isotonic Calf muscle Exercises on 

Cardiovascular parameters in Pre-hypertensive patients: A Randomized Controlled Trial”. 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

 

Yours sincerely,  

Research student  

 

 

 

Date:  

Place:  

 

Guide:                                                                       

Head of Institute 
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ANNEXURE Ⅲ (b) 

PERMISSION LETTER 

 

To, 

The Head of the Department, 

Medicine department. 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Miss________ Student of master of physiotherapy, would request you to grant me 

permission to carry out my research work in your esteemed work place. My research topic is 

“Short Term Effects of Isometric vs. Isotonic Calf muscle Exercises on Cardiovascular 

parameters in Pre-hypertensive patients: A Randomized Controlled Trial”. For this purpose, I 

have to take subjects from your medicine OPD. I kindly request you to do the needful in this 

regard.  

Thanking you in anticipation. 

 

 

Yours sincerely, 

Research student 

 

 

Date: 

Place: 
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ANNEXURE Ⅲ(c) 

PERMISSION LETTER 

 

To,  

The Chairman,  

Ethics Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Miss_____________ , student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work.  

      My research topic is, “Short Term Effects of Isometric vs. Isotonic Calf muscle Exercises 

on Cardiovascular parameters in Pre-hypertensive patients: A Randomized Controlled Trial”. 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

 

 

Yours sincerely,  

Research student  

 

 

 

Date:  

Place: 
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ANNEXURE Ⅳ 

PATIENTS INFORMATION SHEET (In English, Marathi, Hindi) 

   

ANNEXURE Ⅳ (a) - PATIENT INFORMATION SHEET (ENGLISH) 

Purpose:  

To ensure that written informed consent is obtained from patients according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

This standard operational procedure includes both male and female who are pre-

hypertensives and are voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the patients who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the patients who are pre-hypertensives. 

 

2. The investigator will explain the experimental protocol to allay apprehension and answer 

all the queries of the patients. 

 

3. If the patient decides to participate then they would be consented according to the 

standard operational procedure. 

 

4. If the patient expresses interest but has some doubts in that case they would be solved.  

 

5. If the patients are comfortable with the explanation, then they will fill the informed 

consent according to standard operational procedure.  

 

6. Study procedures will begin after the patient’s consent.  
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7. Detailed medical and any other physical problem history will be obtained from the 

patients so as to verify the inclusion and exclusion criteria.  

 

8. If patient wants to discuss this information to their family members then they are entitled 

to do so before giving the consent. 

 

General information to research patients:  

1. Name:  

    Age:  

    Gender:  

    Date: 

2. You would be required to fill the Performa and the purpose of the research is to study 

“Short Term Effects of Isometric vs. Isotonic Calf muscle Exercises on Cardiovascular 

parameters in Pre-hypertensive patients: A Randomized Controlled Trial.” 

3. If you are willing to voluntarily participate in the study then you are expected to enroll 

with us right from the moment of filling Performa till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation. 

 

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  
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8. The data obtained from this study would be confidentially protected and maintained and 

if the photograph is used then your identity would not be revealed. If the photograph is 

published then permission would be obtained.  

 

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences.  

 

12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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ANNEXURE Ⅳ (b) - PATIENT INFORMATION SHEET (MARATHI) 

 

रुग्णांची मणहिती पत्रक 
उदे्दशः  

आयसीएमआरच्यण हियणमक आवश्यकतण आहि आयईसीिे मणन्यतण हिलेल्यण मणहितीिुसणर हलखित 

मणहिती हिली आिे. 

व्यणप्ती: 

यण मणिक ऑपरेशिल पद्धतीत प्री-हायपरटेन्सिव्ह पुरुष आहि महिलणांचण समणवेश आिे आहि ह्यण 

अभ्यणसणत सिभणगी िोण्यणस से्वचे्छिे इचु्छक असतणत. 

जबणबिणरी: 

सांशोधक यण अभ्यणसणचण भणगिोण्यणसणठी स्वयांसेवण करिणयणा सवा सिभणगी ांचे लेिी ज्ञणत सिमतीप्रणप्त 

करतील. 

कणयापद्धती: 

1. संशोधक प्री-हायपरटेन्सिव्ह  सहभागीचंी निवड करेल. 

2.तपणसिीस आके्षप िूर करण्यणसणठी आहि सिभणगी ांच्यण सवा प्रश्िणांची उत्तरे िेण्यणसणठी प्रणयोहगक 

प्रोटोकॉलचे स्पष्टीकरि करेल. 

3. सिभणगीिे सिभणगी िोण्यणचण हििाय घेतलण तर ते मणिक सांचणलि प्रहियिुसणर सांमती िेईल. 

4. जर सिभणगीिे रूची व्यक्त केली परां तु त्यणत कणिी शांकण असतील तर ते सोडवतील. 

5.सिभणगी जर स्पष्टीकरि सोयीस्कर असतील तर ते मणिक सांचणलि प्रहियेिुसणर सूहचत सांमती 

भरतील. 

6. सिभणगी ांच्यण हचांतेच्यण िांतर अभ्यणस प्रहियण सुरू िोईल. 

7.समणहवष्ट आहि बहिष्कणर हिकष सत्यणहपत करण्यणसणठी म्हिूि तपशीलवणर वैद्यकीय आहि इतर 

कोित्यणिी शणरीररक समस्यण इहतिणस प्रणप्त केले जणईल. 

8.जर सिभणग्यणिे आपल्यण कुटुांबीयणांिण यण मणहितीवर चचणा करणयची असेल तर त्यणांिण सांमती िेण्यणपूवी 

असे करण्यणचे अहधकणर आिेत. 

सिभणगी ांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 

1. िणव: 

   वय: 

   हलां ग: 
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   तणरीि: 

2.आपल्यणलण परफॉर्म्णा भरिे आवश्यक आिे आहि सांशोधिणचण िेतू “प्री-हायपरटेन्सिव्ह रूग्ांमधे्य 

हृदय व रक्तवानहन्यासंबंधी मापदंडांवर आयसोमेनटि क नवरूद्ध आयसोटोनिक वासराच्या स्नायू 

व्यायामाचा अल्पकालीि पररणामः  एक यादृन्सिक नियंनित चाचणी” िण अभ्यणसकरिे आवश्यक आिे. 

3.जर आपि से्वचे्छिे अभ्यणसणत सिभणगी िोऊ इखच्छत असणल तर चणचिीपूिा िोईपयंत आपि 

कणयाप्रिशाि भरण्यणपणसूिच आपल्यणकडूि िोांििी करिे अपेहक्षत आिे. 

4.यण कणळणत तुम्ही अस्वस्थ आिणत तर मग कृपयण आम्हणलण कळूद्यण जेिे करूि आम्ही आल्यणस 

मित करू आहि आपल्यण समसे्यवर कोित्यणिी अयोग्य प्रभणवणहशवणय मणत करू शकू. 

5. आपल्यणलण कोितेिी परतणवण आहि िुकसणि भरपणई हिली जणिणर िणिी. 

6.कोित्यणिी क्षिी जर आपियण सांशोधि अभ्यणसणतूि थणांबू इखच्छत असणलतर आपि तसे करण्यणस 

मुक्त आिणत आहि आपल्यणबणजूिे कोितीिी अडथळणिसतण. 

7. सांमती पत्र प्रणप्त करण्यणपूवी अभ्यणसणची जोिीम,अस्वस्थतण, फणयिे आहि तोटे यणांचण तपशील 

आपल्यणलण स्पष्टकेलण जणईल. 

8.यण अभ्यणसणतूि प्रणप्त झणलेलण डेटण गुप्तपिे सांरहक्षत आहि िेिरेिकेलण जणईल आहि जर 

छणयणहचत्रवणपरले असेल तर आपली ओळि प्रगट िोिणर िणिी. छणयणहचत्र प्रकणहशत झणल्यणस 

परवणिगी प्रणप्त िोईल. 

9.यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचिी प्रहियेचे सवा जोडूि आपल्यणलण स्पष्ट केले 

जणईल आहि त्यणिुसणर सांमती हिली जणईल. 

10.आपि थकल्यणसणरिे हकां वण आपि पूिा कणळजी घेण्यणस असमथा वणटत असल्यणस आपल्यणलण 

कणळजी करण्यणची गरज िणिी आहि आवश्यकती पणवले उचलतण येतील यणची आम्हणलण मणहितीद्यण. 

11.आपि कोित्यणिी क्षिी समणधणिी िसल्यणस आपि कोित्यणिी पररिणमणां हशवणय कधीिी कणढू 

शकतण. 

12. सांशोधकणचे िणव: 

    फोििांबर: 

    पत्तण: 

13. मणगािशाकणांचे िणव: 

      फोि िांबर: 

      पत्तण: 

14. सांस्थेचे िणव: 



93 
 

ANNEXURE Ⅳ (c)- PATIENT INFORMATION SHEET (HINDI) 

 

रोगी सूचिा पि 

उदे्दशः  

जािकारी ICMR की नियामक आवश्यकताओ ंऔर IEC द्वारा अिुमोनदत जािकारी के अिुसार प्रदाि 

की जाती है। 

स्कोप: 

इस मािक पररचालि प्रनिया में प्री-हायपरटेन्सिव्ह पुरुष और मनहलाएं शानमल हैं और इस अध्ययि में 

भाग लेिे के इिुक हैं। 

नजमे्मदारी: 

शोधकताा उि सभी प्रनतभानगयो ंकी नलन्सित सहमनत प्राप्त करें गे नजन्ोिें इस अध्ययि में भाग लेिे के 

नलए से्विा से भाग नलया था। 

प्रनियाओ:ं 

1. शोधकताा प्री-हायपरटेन्सिव्ह रोनगयो ंका चयि करेगा  

2. जांचकताा आपनियो ंको दूर करिे के नलए प्रयोगात्मक प्रोटोकॉल की व्याख्या करेगा और सभी 

प्रनतभानगयो ंके सवालो ंका जवाब देगा। 

3. यनद प्रनतभागी भाग लेिे का फैसला करता है, तो वह मािक संचालि प्रनिया के नलए सहमनत देगा। 

4. यनद प्रनतभागी रुनच व्यक्त करता है, लेनकि इसमें कोई संदेह है, तो वे इसे हल करें गे। 

5. इस न्सथथनत में नक स्पष्टीकरण सुनवधाजिक हैं, वे मािक संचालि प्रनियाओ ंके अिुसार सूनचत 

सहमनत दें गे। 

6. प्रनतभानगयो ंकी नचंताओ ंके बाद अध्ययि प्रनिया शुरू होगी। 

7. समावेशी और बनहष्करण मािदंडो ंको सत्यानपत करिे के नलए नवसृ्तत नचनकत्सा और नकसी भी 

अन्य शारीररक समस्या का इनतहास प्राप्त नकया जाएगा। 

8. यनद कोई प्रनतभागी अपिे पररवार के साथ इस जािकारी पर चचाा करिा चाहता है, तो उन्ें सहमनत 

से पहले ऐसा करिे का अनधकार है। 

प्रनतभानगयो ंको अिुसंधाि के नलए सामान्य जािकारी: 

1. िाम: 

   आयु: 

   सेक्स: 

   तारीि: 
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2. आपको प्रदशाि को भरिा होगा और अिुसंधाि का उदे्दश्य " प्री-हायपरटेन्सिव्ह रोनगयो ंमें 

कानडायोवासु्कलर मापदंडो ंपर आइसोमेनटि क बिाम आइसोटोनिक नपंडली की मांसपेनशयो ंके व्यायाम 

के अल्पकानलक प्रभाव: एक यादृन्सिक नियंनित परीक्षण” करिा है। 

3. यनद आप से्विा से अध्ययि में भाग लेिा चाहते हैं, तो आपसे अपेक्षा है नक जैसे ही आप परीक्षा में 

प्रदशाि पूरा करें गे, िामांकि कर लेंगे। 

4. यनद आप इस समय के दौराि असहज हैं, तो कृपया हमें बताएं तानक हम नबिा नकसी अिुनचत 

प्रभाव के आपकी समस्या को दूर कर सकें । 

5. आपको कोई ररफंड और हजाािा िही ंनदया जाएगा। 

6. यनद आप नकसी भी नबंदु पर इस शोध अध्ययि को रोकिा चाहते हैं, तो आप ऐसा करिे के नलए 

स्वतंि हैं और आपके पक्ष में कोई बाधा िही ंहै। 

7. सहमनत पि प्राप्त करिे से पहले, आपको अध्ययि के जोन्सिम, असुनवधा, लाभ और िुकसाि का 

नववरण नदया जाएगा। 

8. इस अध्ययि से प्राप्त आंकडो ंको गुप्त रिा जाएगा और बिाए रिा जाएगा और यनद तस्वीर का 

उपयोग नकया जाता है तो आपकी पहचाि का िुलासा िही ंनकया जाएगा। फोटो प्रकानशत होिे पर 

अिुमनत नमल जाएगी। 

9. इस अध्ययि के नलए आवश्यक नवनभन्न परीक्षण प्रनियाओ ंमें से सभी को आपको समझाया जाएगा 

और तदिुसार सहमनत दी जाएगी। 

10. यनद आप थके हुए हैं या पूरी देिभाल करिे में असमथा हैं, तो हमें नचंता करिे की आवश्यकता 

िही ंहै और हम आवश्यक कदम उठा सकते हैं। 

11. यनद आप नकसी भी क्षण संतुष्ट िही ंहैं, तो आप इसे नबिा नकसी पररणाम के नकसी भी समय 

निकाल सकते हैं। 

12. शोधकताा का िाम: 

    फोििंबर: 

    पता: 

13. गाइड का िाम: 

      फोि िंबर: 

      पता: 

14. संगठि का िाम  
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ANNEXURE Ⅴ 

LETTER OF CONSENT (IN ENGLISH, MARATHI, HINDI) 

 

ANNEXURE Ⅴ (a)- LETTER OF CONSENT ( in English ) 

 

I am willing to participate voluntarily as a participant for the dissertation “Short Term Effects 

of Isometric versus Isotonic Calf muscle Exercises on Cardiovascular parameters in Pre-

hypertensive patients: A Randomized Controlled Trial” conducted by____________.  

I have been informed regarding the nature of study and the duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedures 

pertaining to the study.  

The researcher has already assured me, that I would be treated well without any untoward 

effects and the rights of confidentiality protected.  

 

 

 

                                    Signature of the Participants/  

                                                                                              Thumb Impression of participants    

 

Place: 

Date:  
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ANNEXURE Ⅴ (b)- LETTER OF CONSENT (in Marathi) 

संमेलिाचे पि 

 

“प्री-हायपरटेन्सिव्ह रूग्ांमधे्य हृदय व रक्तवानहन्यासंबंधी मापदंडांवर आयसोमेनटि क नवरूद्ध  

आयसोटोनिक वासराच्या स्नायंूचा व्यायाम: एक यादृन्सिक नियंनित चाचणी” या प्रबंधातील प्रबंध म्हणूि 

मी से्विेिे सहभागी होण्यास तयार आहे. 

अभ्यासाचे स्वरूप आनण कामाच्या कालावधीबद्दल मला मानहती देण्यात आली आहे. मला आवश्यक 

प्रनिया करण्याची आनण अभ्यासाशी संबंनधत नवनवध चाचणी प्रनिया पार पाडण्यास हरकत िाही. 

संशोधकािे मला आधीच आश्वासि नदले आहे की माझे कोणतेही अिुनचत पररणाम आनण गोपिीयतेचे 

हक्क संरनक्षत ि करता माझ्याशी चांगले वागले जाईल. 

 

 

 

                                                                                                                                       

सहभागीचंी स्वाक्षरी / 

                                                                                                             सहभागीचंा थंब 

इमे्प्रशि 

 

नठकाणः  

तारीि: 
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ANNEXURE Ⅴ (c)- LETTER OF CONSENT ( in Hindi ) 

                                                             सहमनत - पि 

 

मैं सै्वन्सिक रूप से शोध के नलए एक प्रनतभागी के रूप में भाग लेिे के नलए तैयार हूँ “प्री-

हायपरटेन्सिव्ह रोनगयो ंमें कानडायोवासु्कलर मापदंडो ंपर आइसोमेनटि क बिाम आइसोटोनिक नपंडली की 

मांसपेनशयो ंके व्यायाम के अल्पकानलक प्रभाव: एक यादृन्सिक नियंनित परीक्षण” ____________ द्वारा 

आयोनजत एक । 

मुझे अध्ययि की प्रकृनत और काम की अवनध के बारे में सूनचत नकया गया है। मुझे आवश्यक प्रनिया 

शुरू करिे और अध्ययि से संबंनधत नवनभन्न परीक्षण प्रनियाओ ंसे गुजरिे में कोई आपनि िही ंहै। 

शोधकताा िे मुझे पहले ही आश्वस्त कर नदया है, नक नबिा नकसी अनप्रय प्रभाव के मेरे साथ अिा 

व्यवहार नकया जाएगा और गोपिीयता के अनधकारो ंकी रक्षा की जाएगी। 

 

 

 

                                                                                                                                 प्रनत

भानगयो ंके हस्ताक्षर / 

                                                                                                         प्रनतभानगयो ंका अंगूठा 

छाप 

 

थथाि: 

नदिांक: 
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ANNEXURE Ⅵ 

 

PROFORMA 

UID (Unique Identity Number) 

1. NAME: 

2. AGE: 

3. GENDER: 

4. CONTACT DETAILS: 

5. ADDRESS: 

6. OCCUPATION: 

7. DATE OF DIAGNOSIS: 

8. STAGE OF DIAGNOSIS: 

 

PARAMETERS  (Day 1) (Day 5) 

BEFORE 

INTERVENTION 

 

AFTER 

INTERVENTION 

 

BEFORE 

INTERVENTION  

AFTER 

INTERVENTION 

 

Systolic BP in 

mmHg 

    

Diastolic BP in 

mmHg 

    

Pulse rate in 

b/min 
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ANNEXURE Ⅶ 

MASTER CHARTS 

ANNEXURE Ⅶ (a) - ISOMETRIC Group (group A) Demographic data master chart 

MASTER CHART 

ISOMETRIC GROUP : GROUP A 

sr.no  
Age 
In years Gender (male=1; female = 2) Stage  

1 48 1 PERHYPERTENSION  

2 52 1 PERHYPERTENSION  

3 45 2 PERHYPERTENSION  

4 42 1 PERHYPERTENSION  

5 38 2 PERHYPERTENSION  

6 40 1 PERHYPERTENSION  

7 38 2 PERHYPERTENSION  

8 41 1 PERHYPERTENSION  

9 36 1 PERHYPERTENSION  

10 37 2 PERHYPERTENSION  

11 50 2 PERHYPERTENSION  

12 52 1 PERHYPERTENSION  

13 43 2 PERHYPERTENSION  

14 49 1 PERHYPERTENSION  

15 52 2 PERHYPERTENSION  

16 50 2 PERHYPERTENSION  

17 38 1 PERHYPERTENSION  

18 29 2 PERHYPERTENSION  

19 48 2 PERHYPERTENSION  

20 34 1 PERHYPERTENSION  

21 48 1 PERHYPERTENSION  

22 45 2 PERHYPERTENSION  

23 54 1 PERHYPERTENSION  

24 52 2 PERHYPERTENSION  

25 46 1 PERHYPERTENSION  

26 43 2 PERHYPERTENSION  

27 55 1 PERHYPERTENSION  

28 35 1 PERHYPERTENSION  

29 50 2 PERHYPERTENSION  

30 48 1 PERHYPERTENSION  

31 45 2 PERHYPERTENSION  

32 52 2 PERHYPERTENSION  

33 30 2 PERHYPERTENSION  

34 28 1 PERHYPERTENSION  

35 51 1 PERHYPERTENSION  

36 48 2 PERHYPERTENSION  

37 46 1 PERHYPERTENSION  

38 38 2 PERHYPERTENSION  

39 43 2 PERHYPERTENSION  

40 28 1 PERHYPERTENSION  
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ANNEXURE Ⅶ (b) - ISOMETRIC Group (group A) Parameter master chart 

 

MASTER CHART  

ISOMETRIC GROUP : GROUP A 

 DAY 1  DAY 5  

 BEFORE  AFTER BEFORE  AFTER 
Sr. 
No 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

1 130 80 78 126 80 81 128 80 80 120 74 84 

2 138 90 82 128 86 86 134 80 80 128 72 86 

3 128 80 78 120 78 82 124 80 77 116 76 80 

4 134 88 80 128 80 88 134 88 82 128 80 86 

5 128 80 70 120 78 74 122 80 72 116 78 75 

6 130 86 74 122 88 76 
drop 
out 

drop 
out 

Drop 
out 

Drop 
Out 

Drop 
out 

drop 
out 

7 128 80 70 120 80 74 122 80 72 118 78 76 

8 134 82 74 130 80 75 130 80 75 128 78 77 

9 126 80 70 120 78 76 122 80 70 118 80 72 

10 128 80 74 122 78 77 
drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

11 138 88 78 130 88 83 134 88 76 130 86 80 

12 134 84 81 128 84 83 132 82 83 124 82 88 

13 128 80 78 120 80 79 
drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

14 126 82 70 120 82 73 124 80 70 118 80 76 

15 132 80 78 130 80 80 130 80 78 128 80 80 

16 138 80 79 132 80 82 138 80 81 130 80 84 

17 128 82 74 124 80 74 124 80 74 120 80 75 

18 134 88 86 132 86 91 132 86 87 130 86 91 

19 132 80 76 128 80 79 130 78 77 126 80 80 

20 126 80 68 120 78 72 124 80 72 120 80 76 

21 140 80 79 136 80 82 140 80 78 136 80 83 

22 130 80 73 124 78 78 128 80 76 124 80 83 

23 140 80 78 136 78 83 138 80 76 134 78 83 

24 130 80 74 122 80 81 130 80 74 124 80 80 

25 140 80 78 136 80 85 138 80 78 134 78 88 

26 130 80 68 124 78 76 128 80 68 124 78 78 

27 140 82 86 134 80 78 140 82 78 134 82 88 

28 130 80 74 124 78 80 128 80 73 124 78 81 

29 136 80 76 130 78 84 134 80 76 130 78 84 

30 138 80 73 130 78 80 134 80 74 130 78 81 

31 130 80 74 124 78 79 128 80 75 122 78 82 

32 136 80 76 130 78 84 134 80 75 130 78 83 

33 138 80 78 130 78 86 134 80 77 128 78 88 

34 134 80 73 128 78 81 132 80 74 128 78 81 

35 136 80 78 130 78 87 130 80 80 126 80 88 
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36 130 80 70 126 78 77 130 80 70 126 78 77 

37 130 80 76 122 78 82 130 80 75 120 78 82 

38 134 80 73 128 78 79 132 80 74 124 78 80 

39 130 80 77 124 78 81 128 80 77 124 78 80 

40 126 80 73 120 80 77 124 80 72 120 78 76 

 

*Drop out data was excluded from statistical analysis. 
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ANNEXURE Ⅶ(c) - ISOTONIC Group (group B) Demographic data master chart 

MASTER CHART 

ISOTONIC GROUP : GROUP B 

sr.no  

Age 
In 
years  Gender (male=1; female = 2) Stage  

1 45 2 PERHYPERTENSION  

2 48 2 PERHYPERTENSION  

3 51 1 PERHYPERTENSION  

4 40 1 PERHYPERTENSION  

5 44 1 PERHYPERTENSION  

6 53 2 PERHYPERTENSION  

7 34 2 PERHYPERTENSION  

8 47 1 PERHYPERTENSION  

9 42 2 PERHYPERTENSION  

10 48 1 PERHYPERTENSION  

11 49 1 PERHYPERTENSION  

12 45 2 PERHYPERTENSION  

13 45 1 PERHYPERTENSION  

14 35 2 PERHYPERTENSION  

15 36 2 PERHYPERTENSION  

16 42 1 PERHYPERTENSION  

17 38 1 PERHYPERTENSION  

18 38 2 PERHYPERTENSION  

19 36 1 PERHYPERTENSION  

20 36 2 PERHYPERTENSION  

21 40 1 PERHYPERTENSION  

22 52 2 PERHYPERTENSION  

23 51 2 PERHYPERTENSION  

24 53 1 PERHYPERTENSION  

25 48 2 PERHYPERTENSION  

26 51 1 PERHYPERTENSION  

27 48 1 PERHYPERTENSION  

28 45 2 PERHYPERTENSION  

29 33 2 PERHYPERTENSION  

30 30 2 PERHYPERTENSION  

31 46 1 PERHYPERTENSION  

32 45 2 PERHYPERTENSION  

33 44 2 PERHYPERTENSION  

34 48 1 PERHYPERTENSION  

35 37 2 PERHYPERTENSION  

36 45 1 PERHYPERTENSION  

37 40 1 PERHYPERTENSION  

38 32 2 PERHYPERTENSION  

39 47 2 PERHYPERTENSION  

40 50 1 PERHYPERTENSION  
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ANNEXURE Ⅶ(d)- ISOTONIC Group (group B) Parameter data master chart 

 

MASTER CHART  

ISOTONIC GROUP : GROUP B 

 DAY 1  DAY 5  

 BEFORE  AFTER BEFORE  AFTER 

Sr.no 
SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

SBP 
mmHg 

DBP 
mmHg 

PR 
bpm 

1 124 80 67 126 84 68 126 80 67 128 82 69 

2 128 78 71 130 80 73 130 80 71 130 80 71 

3 136 80 78 140 80 81 136 80 77 140 82 79 

4 130 78 74 132 80 78 130 80 76 132 80 78 

5 140 80 81 144 80 86 140 80 81 144 80 87 

6 132 76 74 132 80 79 132 78 74 134 80 79 

7 128 78 73 130 78 76 128 80 74 130 80 79 

8 140 80 76 142 80 78 142 80 76 144 80 78 

9 130 80 78 134 80 80 130 80 78 134 80 80 

10 132 80 74 134 80 76 132 80 73 134 80 76 

11 134 80 76 136 80 78 134 80 76 136 80 78 

12 130 80 74 136 82 78 130 80 76 136 80 78 

13 128 80 76 130 80 78 130 80 77 132 80 79 

14 128 80 73 130 80 76 130 80 76 134 80 78 

15 124 76 70 130 78 74 128 76 72 130 76 74 

16 130 80 78 134 82 79 
drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

17 130 80 74 138 82 81 130 80 72 136 80 79 

18 128 70 70 134 74 76 128 72 70 134 76 76 

19 130 80 74 136 84 82 130 80 74 136 84 82 

20 128 80 73 132 84 80 130 80 76 136 82 84 

21 130 80 78 136 82 84 
drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

drop 
out 

22 130 90 84 136 94 90 130 90 84 134 92 91 

23 130 80 77 134 82 84 130 80 76 134 80 85 

24 136 82 83 142 84 90 136 82 84 140 84 91 

25 126 80 78 132 82 86 126 80 79 132 82 86 

26 130 80 81 138 84 88 130 80 83 138 84 88 

27 132 80 74 140 84 82 132 82 78 140 84 86 

28 130 80 68 138 84 79 130 80 69 138 82 77 

29 126 84 76 134 88 88 126 82 78 132 84 84 

30 128 80 74 134 82 80 128 80 75 134 82 82 

31 130 80 76 134 80 80 130 80 77 134 82 84 

32 126 80 72 130 80 78 128 80 74 132 82 79 

33 130 80 73 136 84 80 130 80 74 136 82 80 

34 126 80 74 134 84 80 126 80 73 134 82 80 
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35 130 80 75 138 84 84 130 80 77 138 82 84 

36 128 80 77 136 84 83 128 80 77 134 82 82 

37 124 82 77 130 82 83 126 80 76 132 82 84 

38 130 80 78 138 84 86 130 80 78 136 82 86 

39 130 80 73 136 82 80 130 80 74 136 82 81 

40 134 80 76 140 84 82 134 80 77 140 82 86 

 

*Drop out data was excluded from statistical analysis. 
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GANTT CHART FOR DISSERTATION 
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Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  SHORT TERM EFFECTS OF ISOMETRIC VERSUS ISOTONIC CALF 

MUSCLE EXERCISES ON CARDIOVASCULAR PARAMETERS IN 

PREHYPERTENSIVE PATIENTS: A RANDOMIZED CONTROLLED TRIAL. 

02) Introduction :- Blood pressure (BP) is the force exerted by circulating blood against 

the walls of arteries. Hypertension is when the blood pressure is 

elevated or too high.1 Hypertension is a serious medical condition and 

a common lifestyle disorder, which is a strong risk factor for 

cardio-vascular disease and also increases the risk of brain, kidney 

and other diseases. Hence, it is known as silent killer, and is a global 

disease.1,2  

International guidelines classify optimal Blood Pressure as systolic BP 

less than 120 mmHg and diastolic BP less than 80 mmHg; 

pre-hypertension as systolic BP of 120 to 139mmHg and diastolic BP 

of 80 to 89mmHg; stage one hypertension as systolic BP of 140 to 

159mmHg and diastolic BP of 90-99mmHg and lastly stage two 

hypertension as systolic BP ≥ 160 mmHg and diastolic BP  

≥100mmHg.3 

Around 1.13 billion people worldwide have hypertension and very 

few people have their hypertension under control.1 Pre-hypertension 

is when the SBP is 120-139mmHg and DBP is 80-89mmHg.3 

Pre-hypertension are at twice the risk of developing hypertension 

when compared to normotensives.2 A meta-analysis conducted in the 

South Asian region found the prevalence of pre-hypertension to be 

29.6% and in India to be 17%. It also found that pre-hypertension is 

more prevalent in urban areas that is 32% as compared to the rural 

areas 23%.4
 

 

A study conducted by Sanjeet P. et al in 2013, in New Delhi India 

found that the overall prevalence of Pre-hypertension was 35% and 

was slightly higher in men than in women.5
 

A study conducted in rural 
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area of Amravati district of Maharashtra, in 2016, found prevalence of 

pre-hypertension to be 55.8%.6
 

This study is focused on 

pre-hypertension as the prevalence of pre-hypertension is found to 

be high according to the recent studies. 

The risk for developing cardiovascular disease doubles for each 

20mmHg of systolic BP and 10mmHg of diastolic BP increase in blood 

pressure above optimal value.3 

Pre-hypertensive population exceeds the total morbidity, mortality 

and economic loss caused by cardio-vascular events when compared 

to hypertensives. 2 Therefore, the management of prehypertension 

plays a key role. If not managed properly, pre-hypertension in the 

course of time may lead to hypertension.  

In individuals with pre-hypertension, health promoting lifestyle 

modifications are considered as the main intervention. These various 

lifestyle modifications include weight reduction, regular physical 

activity, adopting DASH eating plan, dietary sodium reduction and 

moderation of alcohol consumption.3 
In this study, physical activity is 

considered for the management of pre-hypertension. 

Physical activity includes exercise training interventions which offer 

significant BP reductions. Exercise interventions may include aerobic, 

endurance, dynamic, resistance training either in combination or 

separately.3,7 

Isometric and isotonic exercises fall under these exercise 

interventions. Isometric exercises are a static form of exercise in 

which a muscle contracts and produces force without an appreciable 

change in the length of muscle and without visible joint motion. 

Isotonic exercises are a form of resistance exercise in which a limb 

moves through a range of motion against a constant load.8  

In lower limb, calf pump is the most important veno-muscular pump 

and is also known as the peripheral heart of the body. The calf pump 

is activated by active contractions of the muscle in the form of ankle 

plantar flexion9. There are various types of isometric and isotonic 
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exercises for calf muscle group of which some are:              

i) Isometric: resisted ankle planter flexion, leg press, etc. 

ii) Isotonic: sitting heel raise, standing heel raise, resistance band calf 

exercise, etc. 8  

In the current study isometric exercise will be performed in the form 

of resisted ankle plantar flexion in standing on a wedge and isotonic 

exercise will be performed in the form of standing heel raise. 

Studies carried out on peripheral heart action training, which 

included 6 exercises in strict circuit training sequence, out of which 

one exercise was performed for calf muscles, found improved 

cardiovascular adaptaions.10 11 But isolated effect of training of calf 

muscles on cardiovascular parameters is not studied, especially in 

pre-hypertensive patients. Thus, the study will be carried out to 

understand the short term (5 sessions) effects of isometric and 

isotonic calf muscle exercises on cardiovascular parameters in terms 

of systolic BP, diastolic BP and heart rate in pre-hypertensive patients 

and to see which among the two exercises has better effects in pre 

hypertensives patients. 

 

RATIONAL FOR STUDY/NEED FOR STUDY 

Recent studies have found a growing trend of development of 

prehypertension affecting the population.2,3,4 The population affected 

by prehypertension are mostly not aware of the condition. Pre 

hypertension is managed mainly by lifestyle modifications, but there 

is a lack of a well described exercise prescription for its management.2 

 

However, there are many studies which have examined effects of 

either isometric or isotonic exercises in hypertensive population12,13 

but to the best of the available knowledge no studies have assessed 

the short-term effects of isometric and isotonic calf muscle exercises 

on cardiovascular parameters, especially in pre-hypertensives.  

 

Hence, this study would be carried out to know which among the two 
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exercises i.e., isometric or isotonic calf muscle exercises is more 

beneficial in pre-hypertensive patients in improving cardiovascular 

parameters in terms of systolic BP, diastolic BP and pulse rate, after 

short term (5 sessions) exercise intervention. 

 

 

3.1) Primary Research 
Question :- 

What are the effects of isometric and isotonic calf muscle exercises on 

cardiovascular parameters in terms of systolic BP, diastolic BP and 

pulse rate in pre-hypertensives after short term (5 sessions) exercise 

intervention? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not applicable. 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not applicable. 

4.1) Primary 
Hypothesis :- 

 Null hypothesis: 

Isometric calf muscle exercises have no significant effects than 

isotonic calf muscle exercises on cardiovascular parameters after 

short term (5 sessions) exercise intervention in pre-hypertensive 

patients. 

Alternative hypothesis: 

Isometric calf muscle exercises have significant effects than isotonic 

calf muscle exercises on cardiovascular parameters after short term (5 

sessions) exercise intervention in pre-hypertensive patients. 

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not applicable. 



C:\Program Files (x86)\pdfconverter\temp\NVDC\64CB4021-C26D-4ED1-8B60-7BCC37F81FEA\e5d70beb-4662-48ce-89d1-5f0692eaca14.doc [Page : 5] 
   

4.3) Other Hypothesis 
2 :- 

(if any) 

Not applicable. 

05) Review of 
Literature :- 

Literatures were reviewed from various sources that is internet, 

books, journals and the articles which are applicable for the current 

study dates back from 1991 till 2018. 

 

Various studies have reported that prehypertension in course of time 

develops into hypertension and have high risk of cardiovascular 

diseases compared to those with optimal blood pressure14,15,16,17,18. In 

view of this, prehypertensive is the area of focus in the current study. 

  

Moreover, Sanjeet et al (2013) conducted a study entitled prevalence 

and predictors of hypertension among residents age 20–59 years in 

Delhi India 4, and he commented that many participants of his study 

were diagnosed with pre-hypertension and were at a risk of 

developing hypertension, thus immediate public health interventions 

are indicated. The same cannot be ruled out in other cities of India. 

Therefore, the pre-hypertensives would be enrolled for the study in 

the current scenario. 

 

Earlier studies on pre-hypertension among young adult females in 

Dammam, Saudi Arabia, in 2012, found 13.5% of 370 students to be 

pre-hypertensive and the most prevalent risk factor for cardiovascular 

diseases was physical inactivity (53.2%), followed by 

overweight/obesity (29.1%). 19 Hence physical activity intervention in 

pre-hypertensives is going to be studied in this study. 

 

It has been quoted in textbooks of medicine 2, that prehypertension 

needs to be intervened by healthy lifestyle and also stated that 

“pre-hypertensives are not candidates for drug therapy on the basis 

of their level of blood pressure and should firmly and unambiguously 

advised to follow healthy lifestyle”. In view of this, pre-hypertensives 
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are being considered for lifestyle modification in the form of exercise 

intervention. 

 

Earlier prospective study of Wiley et al (1992)20 and Barros et al 

(2012)21 have examined the effects of isomeric exercise training on 

resting blood pressure in pre-hypertensives by exercising the 

individuals for 8 weeks. In the current study, we would like to see the 

changes in short term, i.e. after 5 sessions and observe if the same 

trend is obtained. Moreover, Sarvanan Murugan and Singh SK (2018) 

in their study have discussed that, small reduction of blood pressure 

in pre-hypertensives could translate to significant health benefits. 22 

 

Phillip J. Millar, Cheri L. McGowan, Véronique A. Cornelissen, Claudio 

G. Araujo, Ian L. Swaine (2014), in their review article have 

commented that “ Over the last 20 years, a number of randomized , 

controlled and uncontrolled, proof-of-concept studies have 

investigated a role for isometric hand and leg exercise training to 

reduce blood pressure in individuals with and without hypertension”. 

23 

 

In the current study, the focus will be on leg exercise training and leg 

exercise training would be undertaken by two different exercises i.e. 

isometric and isotonic, especially on pre-hypertensive and observe 

which among the two is helpful in reducing the blood pressure. 

 

Steven G.C (2010) review paper on “Current evidence on the 

haemodynamic and blood pressure effects of isometric exercise in 

normotensive and hypertensive persons” suggests that, isometric 

exercises if performed repeatedly leads to resettlement of 

Baroreceptors, which in turn leads to lower blood pressure in the long 

term. 24  

 

A study by Howland L in 2016 titled, the effect of isometric exercise 

training on resting blood pressure with specific reference to 
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peripheral vascular function and structure, he concluded that, blood 

pressure is effectively lowered by isometric exercise training of 

bilateral leg. 25 

 

A study on, the acute and chronic effects of isometric exercises on 

haemodynamic, autonomic and cardiac function in pre-hypertensive 

population, utilized isometric exercise training as a lifestyle 

modification intervention and found reductions in blood pressure, 

which may reduce future risks of cardio-vascular diseases.26  Whether 

the same trends are seen in short term has to be studied. Hence, the 

current study will be carried out. 

 

Furthermore, study by Debra J. C. et al (2014) have also concluded 

that isometric exercises have potential to produce significant blood 

pressure reductions, and these types of exercises should be used 

along with current dynamic exercise recommendations. 27 

 

It is also to note that various studies have demonstrated blood 

pressure reductions following administration of isotonic exercise.28,29 

Ashwani Sharma, Rajesh Misra, Kiran Singh (2016) assessed cardiac 

autonomic activity before and after isotonic exercise training and 

found improved vagal tone following regular short duration exercise 

training for 3 months. Regular isotonic exercise training can also 

prevent development of hypertension.30 Therefore, in the current 

study effect of isotonic exercise on cardiovascular parameters will also 

be observed. 

 

Among various leg exercises, the most important muscle is considered 

to be the calf muscle. Jean-Francois Uhl and Claude Gillot (2014) 

studied, “Anatomy of the veno-muscular pumps of the lower limb” 

and concluded that at the leg level, soleus leg pump is the most 

important veno-muscular draining pumps.9 If the veno-muscular 

pumps are accurately worked upon, then chances for improving the 

venous return increases, and thereby improves the arterial 
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circulation. In view of this the calf muscle is the targeted muscle for 

exercise intervention. In standing position, contraction of the calf 

muscle majorly promotes in the venous return.31 Hence, in the 

current study the interventions will be carried out in upright standing 

position. 

 

In all [2,4,9,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31] 

21 references have been utilized for literature review. 

 

6.1) Primary 
Objectives :-  

1. To compare the effects of isometric versus isotonic calf muscle 

exercises on cardiovascular parameters in terms of systolic BP, 

diastolic BP and pulse rate, in pre-hypertensives, after pre and 

post exercise intervention for short term (5 sessions). 

2. To understand the effects of isometric calf muscle exercises on 

cardiovascular parameters in terms of systolic BP, diastolic BP 

and pulse rate in pre- hypertensives, after pre and post 

exercise intervention for short term (5 sessions). 

3. To understand the effects of isotonic calf muscle exercises on 

cardiovascular parameters in terms of systolic BP, diastolic BP 

and pulse rate in pre-hypertensives, after pre and post 

exercise intervention for short term (5 sessions). 

 

6.2) Other Objectives 1:- 

(if any)  

Not applicable. 

6.3) Other Objectives 2:- 

(if any) 

Not applicable. 
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07) Methodology :- •  STUDY DESIGN: A Randomized Controlled Trial. 32 

 

• STUDY SETTING: Patients referred from Medicine department 

and OPD to Physiotherapy OPD of a tertiary care hospital. 

 

• STUDY POPULATION: Pre-hypertensive patients as diagnosed 

by a physician from the department of medicine. 

 

• STUDY DURATION: 18 months. 

 

• SAMPLE SIZE:  

a) The sample size is estimated based on the findings of pilot 

study. 

b) Sample size is determined considering the mean difference in 

systolic BP as the main outcome measure. 

c) Following assumptions are made from the pilot study done in 

the study setting on 12 patients. 

 Mean (± SD) SBP pre and post exercise in group A= 5.67 ± 2.63 

mmHg. 

 Mean (± SD) SBP pre and post exercise in group B = 3 ± 4.13 

mmHg. 

 Effect size (mean difference) = 2.67mmHg 

 α error = 5% ( two sided) 

 Power (1-β) = 90% 

 N=   4 x (Zα + Zβ)2 SD2 

           (Ⴟ1 - Ⴟ2)2   

Where, X1= average pre-test SBP on day 1 and day 5 in group A. 

       X2= average pre-test SBP on day 1 and day 5 in group B. 

       Zα = Standard normal variant at α level. 
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       Zβ = Standard normal variant at β level. 

d) Required sample size, n= 70. These will be divided equally into 

two groups. 

e) Assuming 5% dropout, effective sample size will be n=35+2= 

37 per group. 

f) Rounding off n=40 per group. 

g) Therefore, n=80 would form the sample for the study. 

 

• SAMPLING TECHNIQUE: 

A consecutive sample of eligible subjects will be selected from the 

population of patients attending study setting of medicine 

department and OPD by convenience sampling method. 

 

 

• METHOD OF SELECTION:  

 

1) Inclusion criteria: - 

   A. Pre-hypertensive patients as diagnosed by physician and as per 

The Seventh Report on joint national committee (JNC-7) guidelines. 

- Systolic Blood Pressure = 120– 139mmHg. 

- Diastolic Blood Pressure =80–89mmHg. 

-Or Patients having both systolic blood pressure-120 to 139mmHg and 

diastolic blood pressure- 80 to 89mmHg. 

   B. Both males and females will be included. 

 

2) Exclusion criteria: – 

A. Other stages of hypertension. 

B. Patients newly diagnosed with or suffering from Type-2 

diabetes mellitus. 

C. Previously or newly diagnosed patients with Coronary Artery 

Diseases. 
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D. Patients with congenital heart diseases.  

E. Postural hypotension. 

F. Peripheral vascular diseases. 

G. Pregnancy induced hypertension. 

H. Smokers.  

  

3) Subject withdrawal criteria: - 

A. Patients unable to complete the test protocol. 

B. Patients wanting to discontinue due to discomfort during 

performing exercise. 

 

 

OPERATIONAL DEFINITIONS 

Pre-hypertension is defined as a condition in which the systolic 

blood pressure is in the range of 120-139mmHg and diastolic 

blood pressure is in the range of 80-89mmHg. 3 

Isometric exercises are a static form of exercise in which a muscle 

contracts and produces force without an appreciable change in 

the length of muscle and without visible joint motion. 8 

Isotonic exercises are a form of resistance exercise in which a limb 

moves through a range of motion against a constant load. Isotonic 

means equal tension. 8 

 

METHODS OF MEASUREMENT 

 

MEASURES: 

1. Height: In cm. 

2. Weight: In kgs. 

3. Cardiovascular measures:  

 a) Measurement of systolic blood pressure and diastolic blood 

pressure: In mmHg. 

 b) Measurement of heart rate: In beats/min. 

4.  Time measurement: Measurement of exercise duration as well as 
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Measuring Tape Digital weighing machine 

Stopwatch 

various phases of exercises (rest phase and exercise phase), In 

minutes. 

 

STUDY INSTRUMENTS/DATA COLLECTION TOOLS: 

i. Measuring tape will be used to measure height. 

ii. Electronic weighing machine will be used to measure weight. 

iii. Stopwatch will be used to record time. 

iv. Mercury sphygmomanometer will be used to measure blood 

pressure. 

v. Stethoscope will be used to measure blood pressure.  

vi. Pulse oximeter will be used to measure pule rate. 

vii. Wedge for performing isometric calf muscle exercise. 

viii. Parallel bars for performing isotonic calf muscle exercise. 

ix. A chair.  
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Stethoscope  

Parallel Bars Chair  

Sphygmomanometer  

                      
 
 

 
 
 
 
 
 
 
 
 

 
                     
    

 
 
 
 
 
 
 
                           

 
 
 

 
 
 
 
 
 
 
 
 
                                    

 
 
 
 

METHOD OF DATA COLLECTION  

The quantitative data for the study would be Blood Pressure and 

Pulse Rate. Data will be recorded by the readings obtained on the 

mercury sphygmomanometer for blood pressure and on pulse 

oximeter for pulse rate for each of the patients on day 1 pre and 

post exercise and on day 5 pre and post exercise. 

The data would be collected from each of the patients enrolled for 

the study. 

Pulse Oximeter Wedge 
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GENERAL PROCEDURE 

 
 

 

 

PR0FORMA 

1. NAME: 

2. AGE: 

3. GENDER: 

4. CONTACT DETAILS: 

5. ADDRESS: 

6. OCCUPATION: 

7. HEIGHT: 

8. WEIGHT: 

9. DATE OF DIAGNOSIS: 

10. STAGE OF DIAGNOSIS: 
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EXERCISE PROTOCOL 

A. Isometric calf muscle exercise: 

• Patient will be in standing position with feet on wedge and 

back rested on wall. 

• Foot plantarflexion with maximum voluntary contraction will 

be performed, with a 10 second contraction period and a 

quick release for 1 second, performed in this pattern for 2 

minutes. 

• Exercise will be performed for 2 minutes for 4 sets with a 2 

minutes rest period in between each set. 

• Total duration of exercise is 16 minutes.   

B. Isotonic calf muscle exercise: 

• Patient will be in standing position holding parallel bar. 

• Heel raises will be performed. 

• Exercise will be performed for 2 minutes for 4 sets with a 2 

minutes rest period in between each set. 

• Total duration of exercise is 16 minutes. 

Exercises will be performed in accordance to reference 8,12  

 

 

DATA MANAGEMENT 

The raw data collected will be entered in Microsoft excel sheet 

2010. 

Data will be kept confidential by allocation of UID Numbers. 

Data cleaning would be undertaken by EPI info software if and 

when required. 

 

STATISTICAL ANALYSIS 

Data will be entered in MS Excel, coded and analysed in statistical 

software STATA, version 10.1, 2011. 
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Data analysis will include both Descriptive and Inferential 

statistics. 

Descriptive statistics will be used to summarize quantitative 

variables with mean and standard deviation while frequency and 

percentages will be used to summarize categorical (qualitative) 

variables. 

Inferential statistics included will include tests of significance and 

P values. 

Significance of Mean difference in two groups will be tested by 

two-independent sample t-test with equal variances. 

Paired t test will be used for assessing significance of difference in 

mean pre – post difference with each group. 

A P-value <0.05 was considered statistically significant. 

 

ADDITIONAL POINTS FOR RANDOMIZED CONTROLLED TRIAL 

 

i. Randomization: Total 80 subjects will be randomized equally into 

two groups- A and B using a predetermined, computer 

generated random allocation plan, using RALLOC 

Software-3.7.6(2018). 

 

ii. Allocation concealment proposed/Masking: Simple block 

randomization with block size of 4 will be used which will 

prevent the prediction of intervention assignment sequence. 

 

iii. Blinding proposed: This will be a double blind randomized 

controlled trail where both patient and researcher would be 

blinded to treatment allocation. 
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1. ENROLLMENT: The patients diagnosed by physician and 

referred to physiotherapy OPD would be enrolled for the study 

provided they fulfil the inclusion criteria. 

2. ALLOCATION: 

- The eligible prehypertensive patients would be allocated to 

intervention groups by simple block randomization. 

- Group A is isometric exercise group. 

- Group B is isotonic exercise group. 

- The duration of the exercise intervention would be 16 minutes 

for each group. 

3. FOLLOW UP: The follow up of the patients would be done on 

all 5 days for exercise intervention, but the recording of 

cardiovascular parameters will be done on day 1 and day 5. 

 

4. ANALYSIS: The obtained results will be analysed statistically by 

paired and unpaired t test. 
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ADDITIONAL POINTS FOR ALL EXPERIMENTAL STUDIES 

 

EXERCISE INTERVENTION 

A. Isometric calf muscle exercise: 

- Patient position: Standing against wall. 

- Type of exercise: Resistance exercise program. 

- Form of resistance: Mechanical resistance in the form of 

wedge.  

- Type of muscle contraction: Isometric muscle contraction. 

- Target muscle group: Calf muscles (soleus and gastrocnemius). 

- Intensity of exercise: Maximal voluntary contraction. 

- Instruction to patient: Press the feet down and do not to do 

any other movement. 

- Duration of exercise:  a) Total duration – 16 minutes 

                   b) Exercise phase – 8 minutes 

                         c) Rest phase – 8 minutes.  

- Frequency of exercise sessions: 1 session per day for 5 days. 

- Number of sets: 4 sets. 

- Timing for each exercise set: 2 minutes. 

- Timing for each rest set: 2 minutes.  

- Repetition of exercise: 4 sets × 2 mins of exercise phase, with 

2 mins of rest phase intermittently after each exercise set. 

- Exercise procedure:  

a) Exercise phase: The patient will be asked to press the feet 

down on the wedge with maximum voluntary contraction for 

10 seconds with 1 second relaxation repeatedly for 2 minutes. 

b) Rest phase: At completion of 2 minutes patient will be told 
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and instructed to sit down on a chair with back supported and 

feet flat on the ground. Rest phase will last for 2 minutes in 

which the patient will be instructed to perform normal 

breathing.  

c) At the completion of rest phase, the patient will be told to 

resume the exercise position and start with the next set of 

exercise. 

d) The same procedure will be performed for 4 sets of exercises. 

e) Patients will be asked and also instructed to report any 

discomfort during performing the exercise.  

 

B.  Isotonic calf muscle exercise: 

- Patient position: Standing holding parallel bars. 

- Type of exercise: Resistance exercise program. 

- Form of resistance: Body weight.  

- Type of muscle contraction: Isotonic muscle contraction. 

- Target muscle group: Calf muscles (soleus and gastrocnemius). 

- Intensity of exercise: 

- Instruction to patient: Raise up and down on your toes. 

- Duration of exercise:  a) Total duration – 16 minutes. 

                   b) Exercise phase – 8 minutes 

                         c) Rest phase – 8 minutes.  

- Frequency of exercise sessions: 1 session per day for 5 days. 

- Number of sets: 4 sets. 

- Timing for each exercise set: 2 minutes. 

- Timing for each rest set: 2 minutes.  

- Repetition of exercise: 4 sets × 2 mins of exercise phase, with 

2 mins of rest phase intermittently after each exercise set. 
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- Exercise procedure:  

a) Exercise phase: The patient will be instructed to raise heel and 

come down repeatedly for 2 minutes. 

b) Rest phase: At completion of 2 minutes patient will be told 

and instructed to sit down on a chair with back supported and 

feet flat on the ground. Rest phase will last for 2 minutes in 

which the patient will be instructed to perform normal 

breathing.  

c) At the completion of rest phase, the patient will be told to 

resume the exercise position and start with the next set of 

exercise. 

d) The same procedure will be performed for 4 sets of exercises. 

e) Patients will be asked and also instructed to report any 

discomfort during performing the exercise.  

 

 

RESULT: 

The result will be discussed in the final copy of dissertation. 

 

8) Reference Style :-  
Vancouver. 
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9) Timeline/Gantt 
Chart :- 

GANTT CHART FOR SYNOPSIS 
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GANTT CHART FOR DISSERTATION 
 

 
 

 

10) Annexures :-  

ANNEXURE Ⅰ 
 

PROFORMA 

UID (Unique Identity Number) 

1. NAME: 

2. AGE: 

3. GENDER: 

4. CONTACT DETAILS: 

5. ADDRESS: 

6. OCCUPATION: 

7. HEIGHT: 
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8. WEIGHT: 

9. DATE OF DIAGNOSIS: 

10. STAGE OF DIAGNOSIS: 

 

 
 
 
 
 
 

 
 
 

 
 
 

ANNEXURE Ⅱ(a) 
 

MEASURING TAPE 
 

     
 

Product description: Stanley STHT36125-812 Plastic Short Measuring 
Tape (3m) 
Item Dimensions: 3 m long/ 70mm× 28mm × 57mm. 
This product will be used to measure height in centimetres. 
Height will be measured in standing position against a wall. 
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ANNEXURE Ⅱ (b) 
 

ELECTRONIC WEIGHING MACHINE 
 

   
 

Product description: Sansui electronic weighing machine.  
Weighing range: 200gms to 150kgs. 
 

 
 
 
 
 
 
 

ANNEXURE Ⅱ (c) 
SPHYGMOMANOMETER 

 

 
 

Product Description: Diamond Mercury Sphygmomanometer. 
This product will be used to measure blood pressure. 
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Blood pressure will be measured from left arm brachial artery in 
sitting position. 
 

 
 
 
 
 
 
 
 
 

ANNEXURE Ⅱ(d) 
 

SETHOSCOPE 
 
 

 
 

Product Description: Microtone stethoscope. 
This product will be used to measure blood pressure. 
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ANNEXURE Ⅱ(e) 
 

PULSE OXIMETER 
 

 
     

Product Description: GIBSON Fingertip Pulse Oximeter. 
This product will be used to measure pulse rate. 
The device will be attached to the index finger of right hand. 
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ANNEXURE Ⅱ(f)  
 

ISOMETRIC EXERCISE INSTRUMENT 
 

   
 

Instrument Name: WEDGE 
Instrument dimension: 107cm(length) × 17cm(height) × 41cm(width) 
This instrument will be used to perform Isometric calf muscle 
exercise. 
 
 
 
 
 
 
 

ANNEXURE Ⅱ (g) 
 

ISOTONIC EXERCISE INSTRUMENT 
 

     
 

Instrument description: PARALLEL BARS 
Instrument dimensions: 199cm(length) × 92cm(height) × 56cm 
(width) 
This instrument will be used to perform isotonic calf muscle exercise. 
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ANNEXURE Ⅱ(h) 
CHAIR 

 
 
 
 

Product Name: Plastic Chair with back and arm support. 
The chair will be used for sitting in rest phase during exercise 
intervention. 

 
 
 
 
 

 

ANNEXURE Ⅱ(i) 
 

STOPWATCH 
 

      
 

Product description: Digital Clock in iPhone 7 ios13.3.1. 
This product will be used to measure time. 
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ANNEXURE Ⅲ(a) 
PATIENTS INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from patients 

according to the regulatory requirements of ICMR and approved by 

IEC. 

 

Scope:  

This standard operational procedure includes both male and female 

who are pre-hypertensives and are voluntarily willing to participate in 

this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the 

patients who are volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the patients who are pre-hypertensives. 
 
2. The investigator will explain the experimental protocol to allay 

apprehension and answer all the queries of the patients. 

 

3. If the patient decides to participate then they would be consented 

according to the standard operational procedure. 

 

4. If the patient expresses interest but has some doubts in that case 

they would be solved.  

 

5. If the patients are comfortable with the explanation then they will 

fill the informed consent according to standard operational 

procedure.  

 

6. Study procedures will begin after the patient’s consent.  
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7. Detailed medical and any other physical problem history will be 

obtained from the patients so as to verify the inclusion and exclusion 

criteria.  

 

8. If patient wants to discuss this information to their family members 

then they are entitled to do so before giving the consent. 

 

General information to research patients:  

1. Name:  

    Age:  

    Gender:  

    Date: 

2. You would be required to fill the Performa and the purpose of the 

research is to study “Short Term Effects of Isometric versus Isotonic 

Calf muscle Exercises on Cardiovascular parameters in 

Prehypertensive patients: A Randomized Controlled Trial.” 

3. If you are willing to voluntarily participate in the study then you are 

expected to enroll with us right from the moment of filling Performa 

till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know 

so that we can help you and overcome your problems without any 

untoward effect.  

 

5. You will not be given any reimbursement and compensation. 

 

6. If at any moment you want to discontinue from this research study 

then you are free to do so and there would not be any hindrance 

from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages 

of the study will be explained to you before obtaining the letter of 

consent.  
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8. The data obtained from this study would be confidentially 

protected and maintained and if the photograph is used then your 

identity would not be revealed. If the photograph is published then 

permission would be obtained.  

 

9. All the risk of various test procedures required for this study will be 

explained to you and accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the test you need not 

worry and let us know so that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at 

any time without any consequences.  

 

12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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ANNEXURE Ⅲ(b) 
रुग्णांची मणहिती पत्रक 

उद्देशः 

आयसीएमआरच्यण नियणमक आवश्यकतण आण् आयईसीिे मणन्यतण हदलले्यण 

मणहितीिसुणर ललणित मणहिती हदली आिे. 

व्यणप्ती: 

यण मणिक ऑपरेशिल पद्धतीत प्री-िणयपरटेन्न्सव्ि परुुष आण् महिलणांचण समणवेश 

आिे आण् ह्यण अभ्यणसणत सिभणगी िोण्यणस स्वेच्छेिे इच्छुक असतणत. 

जबणबदणरी: 

सांशोधक यण अभ्यणसणचण भणगिोण्यणसणठी स्वयांसेवण कर्णयणा सवा सिभणगीांचे लिेी 

ज्ञणत सिमतीप्रणप्त करतील. 

कणयापद्धती: 

1. सांशोधक प्री-िणयपरटेन्न्सव्ि सिभणगीांची निवड करेल. 

2.तपणसिीस आक्षेप दरू करण्यणसणठी आण् सिभणगीांच्यण सवा प्रश्िणांची उत्तरे 

देण्यणसणठी प्रणयोगगक प्रोटोकॉलचे स्पष्टीकर् करेल. 

3. सिभणगीिे सिभणगी िोण्यणचण नि्ाय घेतलण तर त ेमणिक सांचणलि प्रक्रियिसुणर 

सांमती देईल. 

4. जर सिभणगीिे रूची व्यक्त केली परांत ुत्यणत कणिी शांकण असतील तर त े

सोडवतील. 

5.सिभणगी जर स्पष्टीकर् सोयीस्कर असतील तर त ेमणिक सांचणलि 

प्रक्रियेिसुणर सगूचत सांमती भरतील. 

6. सिभणगीांच्यण गचांतचे्यण िांतर अभ्यणस प्रक्रियण सरुू िोईल. 

7.समणववष्ट आण् बहिष्कणर निकष सत्यणवपत करण्यणसणठी म्ि्ूि तपशीलवणर 

वदै्यकीय आण् इतर को्त्यणिी शणरीररक समस्यण इनतिणस प्रणप्त केले जणईल. 

8.जर सिभणगयणिे आपल्यण कुटुांबीयणांिण यण मणहितीवर चचणा करणयची असेल तर 

त्यणांिण सांमती देण्यणपवूी असे करण्यणचे अगधकणर आिेत. 

सिभणगीांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 

1. िणव: 
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   वय: 

   लल ांग: 

   तणरीि: 

2.आपल्यणलण परफॉम्यणा भर्े आवश्यक आिे आण् सांशोधिणचण िेत ू

“प्री-िणयपरटेन्न्सव्ि रूग्णांमध्ये हृदय व रक्तवणहिन्यणसांबांधी मणपदांडणांवर 

आयसोमेहिक ववरूद्ध आयसोटोनिक वणसरणच्यण स्िणय ूव्यणयणमणचण अल्पकणलीि 

परर्णमः एक यणदृन्च्छक नियांत्रत्रत चणच्ी” िण अभ्यणसकर्े आवश्यक आिे. 

3.जर आप् स्वेच्छेिे अभ्यणसणत सिभणगी िोऊ इन्च्छत असणल तर चणच्ीपू् ा 

िोईपयतं आप् कणयाप्रदशाि भरण्यणपणसिूच आपल्यणकडूि िोंद्ी कर्े अपेक्षक्षत 

आिे. 

4.यण कणळणत तमु्िी अस्वस्थ आिणत तर मग कृपयण आम्िणलण कळूद्यण जे् े करूि 

आम्िी आल्यणस मदत करू आण् आपल्यण समस्येवर को्त्यणिी अयोगय 

प्रभणवणलशवणय मणत करू शकू. 

5. आपल्यणलण को्तिेी परतणवण आण् िकुसणि भरपणई हदली जण्णर िणिी. 

6.को्त्यणिी क्ष्ी जर आप्यण सांशोधि अभ्यणसणतिू थणांब ूइन्च्छत असणलतर 

आप् तसे करण्यणस मकु्त आिणत आण् आपल्यणबणजिेू को्तीिी 

अडथळणिसतण. 

7. सांमती पत्र प्रणप्त करण्यणपवूी अभ्यणसणची जोिीम,अस्वस्थतण, फणयदे आण् 

तोटे यणांचण तपशील आपल्यणलण स्पष्टकेलण जणईल. 

8.यण अभ्यणसणतिू प्रणप्त झणलेलण डटेण गपु्तप्े सांरक्षक्षत आण् देिरेिकेलण जणईल 

आण् जर छणयणगचत्रवणपरले असेल तर आपली ओळि प्रगट िो्णर िणिी. 

छणयणगचत्र प्रकणलशत झणल्यणस परवणिगी प्रणप्त िोईल. 

9.यण अभ्यणसणसणठी आवश्यक असलेल्यण ववववध चणच्ी प्रक्रियेचे सवा जोडूि 

आपल्यणलण स्पष्ट केले जणईल आण् त्यणिसुणर सांमती हदली जणईल. 

10.आप् थकल्यणसणरि ेक्रकां वण आप् पू् ा कणळजी घेण्यणस असमथा वणटत 

असल्यणस आपल्यणलण कणळजी करण्यणची गरज िणिी आण् आवश्यकती पणवल े

उचलतण येतील यणची आम्िणलण मणहितीद्यण. 
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11.आप् को्त्यणिी क्ष्ी समणधणिी िसल्यणस आप् को्त्यणिी परर्णमणां 

लशवणय कधीिी कणढू शकतण. 

12. सांशोधकणचे िणव: 

    फोििांबर: 

    पत्तण: 

13. मणगादशाकणांचे िणव: 

      फोि िांबर: 

      पत्तण: 

14. सांस्थचेे िणव: 
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ANNEXURE Ⅲ(c) 

रोगी सचूिण पत्र 

उद्देशः 

जणिकणरी ICMR की नियणमक आवश्यकतणओां और IEC द्वणरण अिमुोहदत 

जणिकणरी के अिसुणर प्रदणि की जणती िै। 

स्कोप: 

इस मणिक पररचणलि प्रक्रियण में प्री-िणयपरटेन्न्सव्ि परुुष और महिलणएां शणलमल 

िैं और इस अध्ययि में भणग लेिे के इच्छुक िैं। 

न्जम्मेदणरी: 

शोधकतणा उि सभी प्रनतभणगगयों की ललणित सिमनत प्रणप्त करेंग ेन्जन्िोंिे इस 

अध्ययि में भणग लेिे के ललए स्वेच्छण से भणग ललयण थण। 

प्रक्रियणओां: 

1. शोधकतणा प्री-िणयपरटेन्न्सव्ि रोगगयों कण चयि करेगण   

2. जणांचकतणा आपवत्तयों को दरू करिे के ललए प्रयोगणत्मक प्रोटोकॉल की व्यणख्यण 

करेगण और सभी प्रनतभणगगयों के सवणलों कण जवणब देगण। 

3. यहद प्रनतभणगी भणग लेिे कण फैसलण करतण िै, तो वि मणिक सांचणलि प्रक्रियण 

के ललए सिमनत देगण। 

4. यहद प्रनतभणगी रुगच व्यक्त करतण िै, लेक्रकि इसमें कोई सांदेि िै, तो वे इस े

िल करेंगे। 

5. इस न्स्थनत में क्रक स्पष्टीकर् सवुवधणजिक िैं, वे मणिक सांचणलि प्रक्रियणओां 

के अिसुणर सगूचत सिमनत देंगे। 

6. प्रनतभणगगयों की गच ांतणओां के बणद अध्ययि प्रक्रियण शरुू िोगी। 

7. समणवेशी और बहिष्कर् मणिदांडों को सत्यणवपत करिे के ललए ववस्ततृ गचक्रकत्सण 

और क्रकसी भी अन्य शणरीररक समस्यण कण इनतिणस प्रणप्त क्रकयण जणएगण। 

8. यहद कोई प्रनतभणगी अपिे पररवणर के सणथ इस जणिकणरी पर चचणा करिण चणितण 

िै, तो उन्िें सिमनत से पिल ेऐसण करिे कण अगधकणर िै। 

प्रनतभणगगयों को अिसुांधणि के ललए सणमणन्य जणिकणरी: 
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1. िणम: 

   आय:ु 

   सेक्स: 

   तणरीि: 

2. आपको प्रदशाि को भरिण िोगण और अिसुांधणि कण उद्देश्य "प्री-िणयपरटेन्न्सव्ि 

रोगगयों में कणर्ड ायोवणस्कुलर मणपदांडों पर आइसोमेहिक बिणम आइसोटोनिक वप ांडली 

की मणांसपेलशयों के व्यणयणम के अल्पकणललक प्रभणव: एक यणदृन्च्छक नियांत्रत्रत 

परीक्ष्” करिण िै। 

3. यहद आप स्वेच्छण से अध्ययि में भणग लेिण चणित ेिैं, तो आपसे अपेक्षण िै 

क्रक जैस ेिी आप परीक्षण में प्रदशाि परूण करेंगे, िणमणांकि कर लेंगे। 

4. यहद आप इस समय के दौरणि असिज िैं, तो कृपयण िमें बतणएां तणक्रक िम 

त्रबिण क्रकसी अिगुचत प्रभणव के आपकी समस्यण को दरू कर सकें । 

5. आपको कोई ररफां ड और िजणािण ििीां हदयण जणएगण। 

6. यहद आप क्रकसी भी त्रब ांद ुपर इस शोध अध्ययि को रोकिण चणित ेिैं, तो आप 

ऐसण करिे के ललए स्वतांत्र िैं और आपके पक्ष में कोई बणधण ििीां िै। 

7. सिमनत पत्र प्रणप्त करिे से पिल,े आपको अध्ययि के जोणिम, असवुवधण, 

लणभ और िकुसणि कण वववर् हदयण जणएगण। 

8. इस अध्ययि से प्रणप्त आांकडों को गपु्त रिण जणएगण और बिणए रिण जणएगण 

और यहद तस्वीर कण उपयोग क्रकयण जणतण िै तो आपकी पिचणि कण िुलणसण ििीां 

क्रकयण जणएगण। फोटो प्रकणलशत िोिे पर अिमुनत लमल जणएगी। 

9. इस अध्ययि के ललए आवश्यक ववलभन्ि परीक्ष् प्रक्रियणओां में से सभी को 

आपको समझणयण जणएगण और तदिसुणर सिमनत दी जणएगी। 

10. यहद आप थके िुए िैं यण परूी देिभणल करिे में असमथा िैं, तो िमें गच ांतण 

करिे की आवश्यकतण ििीां िै और िम आवश्यक कदम उठण सकत ेिैं। 

11. यहद आप क्रकसी भी क्ष् सांतषु्ट ििीां िैं, तो आप इस ेत्रबिण क्रकसी परर्णम 

के क्रकसी भी समय निकणल सकत ेिैं। 

12. शोधकतणा कण िणम: 
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    फोििांबर: 

    पतण: 

13. गणइड कण िणम: 

      फोि िांबर: 

      पतण: 

14. सांगठि कण िणम 
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ANNEXURE Ⅳ(a) 
 

LETTER OF CONSENT 

 

I am willing to participate voluntarily as a participant for the 

dissertation “Short Term Effects of Isometric versus Isotonic Calf 

muscle Exercises on Cardiovascular parameters in Prehypertensive 

patients: A Randomized Controlled Trial” conducted by____________.  

I have been informed regarding the nature of study and the duration 

of work. I have no objection to undertake the required procedure and 

to undergo various testing procedures pertaining to the study.  

The researcher has already assured me, that I would be treated well 

without any untoward effects and the rights of confidentiality 

protected.  

 

 

 

                                    Signature of the 

Participants/  

                                                                                               
 
 
 

Thumb Impression of participants    
 
 

Place: 
Date:  

 

 

 

 

 

 

 

 

 

 

 



C:\Program Files (x86)\pdfconverter\temp\NVDC\64CB4021-C26D-4ED1-8B60-7BCC37F81FEA\e5d70beb-4662-48ce-89d1-5f0692eaca14.doc [Page : 41] 
   

 

 

 

 
 
 

ANNEXURE Ⅳ(b) 

 
सांमेलिणचे पत्र 

 
“प्री-िणयपरटेन्न्सव्ि रूग्णांमध्ये हृदय व रक्तवणहिन्यणसांबांधी मणपदांडणांवर 
आयसोमेहिक ववरूद्ध आयसोटोनिक वणसरणच्यण स्िणयूांचण व्यणयणम: एक यणदृन्च्छक 
नियांत्रत्रत चणच्ी” यण प्रबांधणतील प्रबांध म्ि्ूि मी स्वेच्छेिे सिभणगी िोण्यणस तयणर 
आिे. 
अभ्यणसणचे स्वरूप आण् कणमणच्यण कणलणवधीबद्दल मलण मणहिती देण्यणत आली 
आिे. मलण आवश्यक प्रक्रियण करण्यणची आण् अभ्यणसणशी सांबांगधत ववववध चणच्ी 
प्रक्रियण पणर पणडण्यणस िरकत िणिी. 
सांशोधकणि ेमलण आधीच आश्वणसि हदल ेआिे की मणझे को्तिेी अिगुचत परर्णम 
आण् गोपिीयतचे ेिक्क सांरक्षक्षत ि करतण मणझ्यणशी चणांगल ेवणगले जणईल. 
                                                                                                                                       
सिभणगीांची स्वणक्षरी / 
                                                                                                        
सिभणगीांचण थांब इम्प्रेशि 
 
 
 
हठकण्ः 
तणरीि: 
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ANNEXURE Ⅳ(c) 

सिमनत - पत्र 
 
मैं स्वनै्च्छक रूप से शोध के ललए एक प्रनतभणगी के रूप में भणग लेिे के ललए 
तयैणर िूूँ “प्री-िणयपरटेन्न्सव्ि रोगगयों में कणर्ड ायोवणस्कुलर मणपदांडों पर आइसोमेहिक 
बिणम आइसोटोनिक वप ांडली की मणांसपलेशयों के व्यणयणम के अल्पकणललक प्रभणव: 
एक यणदृन्च्छक नियांत्रत्रत परीक्ष्” ____________ द्वणरण आयोन्जत एक । 
मझु ेअध्ययि की प्रकृनत और कणम की अवगध के बणरे में सगूचत क्रकयण गयण िै। 
मझु ेआवश्यक प्रक्रियण शरुू करिे और अध्ययि से सांबांगधत ववलभन्ि परीक्ष् 
प्रक्रियणओां से गजुरिे में कोई आपवत्त ििीां िै। 
शोधकतणा िे मझु ेपिल ेिी आश्वस्त कर हदयण िै, क्रक त्रबिण क्रकसी अवप्रय प्रभणव 
के मेरे सणथ अच्छण व्यविणर क्रकयण जणएगण और गोपिीयतण के अगधकणरों की रक्षण 
की जणएगी। 
 
 
 
                                                             
                                                                    
प्रनतभणगगयों के िस्तणक्षर / 
                                                                                                         
प्रनतभणगगयों कण अांगठूण छणप 
 
 
 
 
 
स्थणि: 
हदिणांक: 

 

 

 

 

 

 



C:\Program Files (x86)\pdfconverter\temp\NVDC\64CB4021-C26D-4ED1-8B60-7BCC37F81FEA\e5d70beb-4662-48ce-89d1-5f0692eaca14.doc [Page : 43] 
   

 

 

 

ANNEXURE Ⅴ 
 

GANTT CHART FOR DISSERTATION 
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ANNEXURE Ⅵ (a) 
PERMISSION LETTER 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of 

Physiotherapy, would request you to grant me permission to carry 

out my research work on pre-hypertensive patients.  

      My research topic is “Short Term Effects of Isometric versus 

Isotonic Calf muscle Exercises on Cardiovascular parameters in 

Prehypertensive patients: A Randomized Controlled Trial”. 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

 

 

Yours sincerely,  

Research student  

 

 

Date:  

Place:  

 

 

Guide:                                                                        

Head of Institute: 
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ANNEXURE Ⅵ(b) 

PERMISSION LETTER 

 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of 

Physiotherapy, would request you to grant me permission to carry 

out my research work.  

      My research topic is, “Short Term Effects of Isometric versus 

Isotonic Calf muscle Exercises on Cardiovascular parameters in 

Prehypertensive patients: A Randomized Controlled Trial”. 

      I promise that the ethics as well as participants care shall be 

duly complied.  

      I kindly request you to do the needful in this regard.  

 

 

Yours sincerely,  

Research student  

 

 

 

 

Date:  

Place: 
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ANNEXURE Ⅵ (c) 

PERMISSION LETTER 

 

To, 

The medicine department 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr / Miss________ Student of master of physiotherapy, 

would request you to grant me permission to carry out my research 

work in your esteemed work place. My research topic is “Short Term 

Effects of Isometric versus Isotonic Calf muscle Exercises on 

Cardiovascular parameters in Prehypertensive patients: A 

Randomized Controlled Trial”. For this purpose, I have to take subjects 

from your medicine OPD. I kindly request you to do the needful in this 

regard. 

Thanking you in anticipation. 

 

 

 

Yours sincerely, 

Research student 

 

 

 

Date: 

Place: 
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ANNEXURE Ⅴ 
ABBREVATIONS 

 
BP – Blood pressure  

 

SBP – Systolic Blood Pressure  

 

DBP – Diastolic Blood Pressure 

 

PR – Pulse Rate 

 

JNC-7 – The Seventh Report on joint national committee guidelines. 
 

mmHg- millimeter of mercury 

 

beats/min- Beats per minute   

 
mins- Minutes 
 
cm- Centimeters  
 
kg- Kilograms 
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ABBREVATIONS: 

1. VO2:-Maximum Oxygen Consumption. 

2. ACSM:-American Council Of Sports Medicine.  

3. GXT:-Graded Exercise Test. 

 4. PAR:-Physical Activity Rating Scale.  

5. BMI:-Body Mass Index. 

 6. QCT:-Queens College Step Test. 
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INTRODUCTION 

VO2 max is a health related fitness parameter that indicates the capacity of cardiovascular and 

respiratory systems to perform any physical activity or work.1 

The widely accepted criterion of measurement of Cardio respiratory fitness is maximal amount 

of oxygen that can be utilized by the body during strenuous exercise termed as VO2 max (ACSM, 

2010).2 

Cardio respiratory fitness is an important component of health-related physical  fitness  

because  it  enhance  the  ability  to  sustain  large muscle , dynamic , moderate  to high 

intensity exercise for prolonged periods.(ACSM,2006). 

The assessment of cardio respiratory fitness is valuable when educating individuals about their 

overall fitness status, developing exercise programs, and stratifying cardiovascular risk. (ACSM)2 

VO2 max depends on the body composition, age, sex as well as ethnicity of an individual.3 

VO2 max is measured by direct as well as indirect methods using various exercise protocols.4 

By direct method V02 max is commonly measured by computerized maximal graded exercise 

stress test (GxT) performed on a treadmill or bicycle ergometer with gas analysis, when the use 

of such laboratory methods is not feasible, the following indirect methods such as non exercise 

method and exercise method (submaximal field tests) is used to measure VO2 max by using 

prediction equations.5 

NON EXERCISE EQUATION:- 

 The NASA/Johnson space centre physical activity rating scale is used for non exercise protocol.4 

Non exercise equation developed from self-reported physical activity rating scale to estimate 

VO2 max.4 

This equation is also used to estimate VO2 max without the need to perform the exercise test. 
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Non exercise equation is simple to apply and cost effective especially in low infrastructure site 

as well as it is feasible to assess cardio respiratory fitness in epidemiological studies.6,7 

VO2 max will be calculated using subjects PAR score, BMI and gender.4 

Jackson and colleagues (1990) developed a Non exercise prediction model based on 2,009 

individuals between 18 and 70 years old. The predictor variable included self-reported PAR, 

age, body composition and gender. The study confirmed that the non-exercise model including 

self-reported PAR, age, BMI, gender provided a valid estimate of VO2 max.8 

 

EXERCISE EQUATION: - 

 Exercise equation developed from Queen’s college step test to estimate VO2 max.9 

Exercise test by Queen College step test is the submaximal test to measure maximum oxygen 

consumption (VO2max).9 

Queen college step test consist of 3min of stepping up and down on a step at a set rate.4 

Carotid Pulse rate is used to estimate VO2 max in exercise equation4 

 Performing exercise test requires less equipment’s small space and one metronome.4 

The Queen college step test is a valid measure of VO2 max, its validity in young women has 

been proven. (Chatterjee2003) 1 

Based on the previous studies, estimated models are valid and can be used for a larger 

population. Accuracy and validation of these models are related to demographic and socio-

environmental factors, including age, gender, race, culture, geographical region, and living 

environment. 8 

 The academic studies of physiotherapy students require prolonged activities during practical 

learning sessions and clinical postings.11,12 
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 The Physiotherapy profession has high work demands, it is necessary to understand their 

current fitness levels. 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



9 
 

RATIONALE OF STUDY: 

Study has been conducted to estimate VO2 max using non exercise and exercise equation in 

medical students and result are accurately significant.4  

Physiotherapists are a health professional, who requires good/high levels of physical fitness 

that should adequate enough to meet their job demands. 13 

 Hence it is necessary to understand their fitness levels. 

 Studies indicate non exercise equation can be used as an effective tool to estimate V02 max. 14 

 Studies have reported that VO2 max by non exercise protocol to be as accurate as its 

estimation by exercise protocol.4 

So non exercise protocol can be used for estimation in population who may not be able to 

undergo exercise protocol. 

 Therefore, the need for study is comparison of estimated VO2 max using non exercise equation 

and exercise equation in physiotherapy students. 
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RESEARCH QUESTION: 

Is there any difference of estimated VO2 max by non exercise equation and exercise equation in 

physiotherapy student? 

HYPOTHESIS: 

Hypothesis: - There is significant difference between non exercise equation and exercise 

equation in estimation of VO2 max in physiotherapy students. 

 Null Hypothesis: - There is no significant difference between non exercise equation and 

exercise equation in estimation of VO2 max in physiotherapy students. 
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AIM: 

To study the comparison between non exercise equation and exercise equation in 

physiotherapy students. 

 

Objective: 

To estimate VO2 max using non exercise equation by NASA/Johnson and exercise equation by 

Queens College step test in physiotherapy student. 

 To compare VO2 max estimated using non exercise equation by NASA/Johnson and exercise 

equation by Queens’s college step test in physiotherapy student. 
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LITERATURE REVIEW: 

1-Anita V Rao, Asmita V Phadke, Poonam B Patil, Aniruddha R Joshi 2014 study title 

’’Comparison of non-exercise test and step test in estimation of aerobic capacity(VO2max) in 

young adults ’’found that estimation of VO2 max by non-exercise protocol to be as accurate as 

sits estimation by exercise protocol.4 

 2-Rucha Vinay Rayas ,Jaimala Vijay Shetye and Amita Anil Mehta 2019 study title ’’Agreement 

between estimated VO2 max by 6min walk test and non-exercise equation in physiotherapy 

students ’’concluded that VO2 max estimated from 6minute walk test and VO2 max estimated 

from non-exercise equation show no agreement with each other.13 

 3-ACSM’s Guideline for exercise testing and prescription (10th edition) stated that, when direct 

measurement of VO2 is not feasible, a variety of maximal submaximal exercise test can be used 

to estimate VO2max.15 

4-Mcardle essentials of exercise of physiology 4th edition stated that accuracy of non-exercise 

equation and suggest that they provide a quick and useful prediction of VO2 max.5 

5-Wilmore physiology of sport and exercise 5th edition stated that VO2 max is the maximum 

amount of oxygen used by the person during maximal or submaximal exercise.16 

 6-Liliana Pereira Lima ,Hercules Ribeiro Leita, Mariana Aguiar de Matos et.al 2019 study title 

’’Cardiorespiratory fitness assessment and prediction of peak oxygen consumption by 

incremental shuttle walking test in healthy women ’’concluded that ISWT is a maximal test 

showing similar results compared to CEPT ,and the predicted equation was valid and applicable 

for VO2 peak assessing in young adult healthy women.17  

7-Nabi T,Rafiq N,Qayoom 2015.Assessment of cardiovascular fitness (VO2max) among medical 

students by Queens College step test. Concluded that VO2 max evaluated among medical 

students had shown the fitness level in fair category as compared with standard VO2 max 

classification.18  
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8-Jackson AS, Blair SN, MaharMT.Wier LT,Ross RM,Stuteville JE.Prediction of functional aerobic 

capacity without exercise testing 1990;22 estimation of VO2 max by non exercise protocol. 8 

 9-Chatterjee S,Chatterjee P,Bandopadhyay A.2005.’’Validity of Queens college step test for 

estimation of maximal oxygen uptake in female students’’ concluded that QCT in its original 

form cannot be applied due to its poor agreement with direct method but can be applied with 

the modified equation in this population to evaluate maximum oxygen uptake,especially when 

large number of partcipants are to be tested in absence of a well equipped laboratory.19 

 10-Bello,A,Bonney,E,&Opoku,B.,2016.Physical fitness of Ghanian physiotherapists and its 

correlation with age and exercise engagement:a pilot study.Concluded that the sampled 

physiotherapist had relatively low physical fitness compared to the age adjusted values age and 

sex are therefore crucial determinants whilst designing programmes aimed at promoting 

physical fitness in this group.20 

11-Dabholkar,A,Valanju,N.;Dabholkar,T.&,2018.Assessment of level of physical activity in 

Physiotherapy students. Concluded 39% Physiotherapy student were inactive,50% 

Physiotherapy student were moderately active,11% Physiotherapy student were termed as 

HEPA active.21 

 12-Zar Abdossaleh, Fatemeh Ahmadi 2013.Assessment of the validity of Queenstep test for 

estimation maximum oxygen uptake (VO2 max) Concluded Queen step test can be applied in 

the studied population to produce a good estimation of maximum oxygen uptake, especially in 

the field where large number of participants is to be evaluated without a well-equipped 

laboratory.19  

13-Aaron Newland, Kevin Nguyen .Queens College Step Test and its Validity of VO2 max 

prediction on young healthy females concluded that QCT might be a reliable predictor of VO2 

max. 9 

 14-Multiple studies have demonstrated majority physical therapy students to have good to 

average of poor aerobic fitness levels .A study on 250 students from Punjab and Haryana 

(Multani,et,al,2013) found 66.8% subjects to have poor levels of CRF.Similarly,92% of a sample 
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of 50 students from school of physiotherapy R.K university (Bhansali and Bharmal,(2015) were 

classified as having “poor” fitness level.22 

 15-Jaun Marcelo Simoes Caceres, Anderson Zampler Ulbrich,Tiago Facchini Panigas, Magnus 

Benetti 2011 A Non exercise prediction model for estimation of cardiorespiratory fitness in 

adults. Concluded that the model developed for prediction of cardiorespiratory fitness is 

feasible and practical for prediction of VO2 max in epidemiological studies when CPET cannot be 

performed.23 

16-Heil, Freedson, Ahlquist, Price, and Rippe (1995) developed a non exercise model and 

conducted a study to compare it with the model presented by Jackson et.al. (1990).The study 

included 439 participants between the ages of 20&79 years. Each participants performed a 

maximal treadmill test to determine VO2 peak. Independent Variables included both age and 

age-squared, percent body fat, gender, and the same self reported rating used Jackson 

et.al.(1990).They concluded that their N-EX model was  stable and generalizable. 24 

17-J D George ,W J Stone,et. al. in 1997,’’Non-exercise VO2 max estimation for physically active 

college students’’ said that The questionnaire based N-Ex equation developed in this study 

exceeded the accuracy of exercise based equation .This results suggest that questionnaire 

based N-ex provides valid and convinent method for predicting VO2 max in physically active 

college student.25 

18- H.Reza Ahmadian,1 Joseph J.Sclafani,1 et.al.  in 2013,’’Comparision of predicted exercise 

capacity equations and the effect of actual versus ideal body weight among subjects 

undergoing cardiopulmonary exercise testing ,concluded that wide variations in predicted 

versus measured VO2 max  based on varying prediction equations and showed the potential 

advantage of using ideal body weight as opposed to actual body weight in order to further 

standardize reference norms.26 

19- P.R.Narkhede,S.Jaimala et.al.in 2014,’’Comparision of maximal oxygen consumption values 

estimated from six minute walk test and Queens college step test,’’concluded that Queens 
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Protocol is safe as it is submaximal test and can be a useful tool in predicting VO2 max while 

calculating training intensity.27 

20-Mohammad Shoebuddin,Sayed Badar Daimi.In 2019.”Correlation of percentage body fat 

with physical efficiency index and maximal oxygen uptake”concluded that physical fitness index 

scores were found to be much better in subjects who had less body fat percentage as compared 

to subjects who had body fat percentage>25%.28 
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METHODOLOGY: 

 Study design: An Analytical Cross Sectional Study. 

 Study setting: College of Physiotherapy. 

 Duration of study:-18 months 

 Study population: Physiotherapy Students. 

 Type of sampling: Universal sampling was used for the study. All the physiotherapy 

student aged 18-25 years (excluding male) enrolled in institution was selected. 

 Sample size estimation: Sample size is determined considering mean difference in VO2 

max values as the main outcome measures.  

Following assumptions are made from the article by: Anniruddha R Joshi et.al.(2014) 

Assumptions: 

1-Mean by non exercise equation is 36.80 Standard deviation by non exercise equation is=5.59 

 2-Mean by exercise equation is 37.68 Standard deviation by exercise equation is=6.80 

 3-Effect size(Mean difference)=0.88 

 4-Power (1-beta)=80%  

5-Alpha Error=5% (2sided) 

 6-Required sample size n=391. 

 Therefore Total 391 subject was included in this study 
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METHOD OF SELECTION OF STUDY: 

INCLUSION CRITERIA:  

Physiotherapy students: 

Age 18-25 year 

Female 

 Individuals are willing to participate. 

 EXCLUSION CRITERIA: 

Any addictions:-History of smoking, 

Tobacco chewing,  

Alcohol consumption. 

Any acute or chronic illness. 

 Any physical disability.4 

SUBJECT WITHDRAWAL CRITERIA: 

Subject not willing to participate. 

Those who are not completing all components of a questionnaire. 

Those who are not able to perform both the methods. 
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VARIABLES: 

 INDEPENDENT: 

Age. 

Weight. 

Height. 

Gender. 

DEPENDENT:  

BMI. 

Carotid pulse rate. 

Nasa/Johnson PAR Scale. 
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OUTCOME MEASURES 

 Queens College step test. 

 Physical Activity Rating Scale. 

 

OPERATIONAL DEFINATIONS 

Estimated VO2 max- It is the maximum amount of oxygen used by the person during maximal 

or sub maximal exercise.15 

PAR Scale: Physical Activity Rating (PAR) Scale was used for non-exercise protocol. This scale is 

developed to provide on assessment score of 0-7 depending upon the person’s level of routine 

physical activity.4 

Queen College Step test (QCT): Is a submaximal exercise test that is used to measure 

cardiorespiratory fitness. Test consists of 3min of stepping up and down on a step at a set rate.9 

Non exercise equation: Equation developed from self-reported physical activity to estimate 

VO2max.14 

 

 

 

 

 

 

 

 



20 
 

MATERIALS USED (DATA COLLECTION TOOLS/STUDY INSTRUMENTS): 

Physical activity rating scale questionnaire. 

Pen for filling the questionnaires. 

Note pad. 

  

 

STEPPER 

(Photo 1) 
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METRONOME 

(Photo 2) 

 

 

 

 

STOPWATCH 

(Photo 3) 
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METHODS OF MEASUREMENTS 

Estimation of VO2max by Non Exercise Protocol 

Step1:-The NASA/Johnson Space Centre Physical Activity Rating (PAR) scale was used for non-

exercise protocol. 

 -An assessment score of 0-7 depending upon the person's level of routine physical activity.  

-There are a series of eight statements about routine physical activity. Subject is required to 

select that best describes their physical activity level. Each statement is given a numerical value 

which is described as his PAR Score. 

 -VO2max was calculated taking into account subjects PAR Score, his BMI and his gender. 

STEP 2 : Non Exercise Equation: VO2max (ml/kg/min) = 56.363 – (0.381 x age (yrs.)) – (0.754 x 

BMI) + (1.951 x PAR) 

Estimation of VO2max by Exercise Protocol: 

Step1:- Queens College Step test was performed using a 16.25 inches (41.30cms) height stool. 

 -Stepping was done for a total duration of 3 minutes at the rate of 24 cycles per minute. 

-Metronome was used to guide the subjects for required rate of step cycles. After completion 

of the exercise the subjects were asked to remain standing comfortably and the carotid pulse 

rate was measured from the 5th to 20th second of recovery period.  

-This 15 second pulse rate was converted into beats per minute and the following equation was 

be used to predict VO2 max. 

Step2: Exercise Equation : VO2max (ml/kg/min) =65.81 - (0.1847 pulse rate in beats per min) 
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METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE  

-Permission from the head of institution and approval from the ethical committee was 

obtained. 

 - Physiotherapy student were selected for the study. 

 - Participants who meet the inclusion criteria were briefed about the study in the language best 

understood by them and informed written consent was taken. 

- Demographic data was documented. 

- Participants PAR Score was obtained using PAR scale. And Carotid pulse rate was measured 

using Queen College Step Test. 

 - Participants PAR Score was document in non-exercise equation and Carotid pulse rate was 

document in exercise equation. 

 - The data was documented, analysed and results was obtained. 
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GENERAL PROCEDURE PARA AND FLOW CHART 

Permission from the Head of the Institution and the Ethics Committee clearance and BORS 

approval was taken. 

Explanation about the procedure and written consent from the Participants was  taken. 

Physiotherapy students were recruited for the study. 

Participants were evaluated as per case record form and anthropometric data was taken. 

NASA/Johnson space centre PAR scale was administered to participant. 

Queens College Step Test was carried out. 

Scores was calculated. 

Data was collected in format given in annexure. 

Data was analysed. 
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DATA MANAGEMENT AND ANALYSIS PROCEDURE 

Data was entered in MS Excel, coded and analysed in statistical software STATA, version 

10.1,2011 

Data analysis  include both Descriptive and Inferential statistics. 

Descriptive Statistics were used to summarize quantitative variables with mean and standard 

deviation while frequency and percentages was used to summarize categorical (qualitative) 

variables. 

Inferential statistics were include paired t-test for assessing significance of difference in mean 

of VO2 max estimated by two methods on the same subjects (paired observation). 

A p-value<0.05 was considered statiscally significant for all paired comparisons. 
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RESULTS: 

In our study, we tried to find out VO2 max by exercise and non ex method . The sample size  was 

391 Physiotherapy subjects aged 20-25years who  participated in the study.The mean age of 

the population was 23.08±0.738.The mean BMI of the participants was 21.873±2.9316.VO2 max 

obtained by non exercise equation using NASA/JOHNSON space  centre  Physical Activity Rating 

( PA-R) scale, and the mean of this equation was 37.964±3.220.VO2 max obtained by exercise 

equation using Queens college step test, And the mean of this equation was 

38.269±2.928.There is  statistically  significant values of VO2 max  obtained by exercise equation 

using Queens college step test and non exercise equation using NASA/JOHNSON space centre  

Physical Activity Rating (PA-R) scale.  
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DISCUSSION  

- The aim of our study was to compare between two methods of estimating VO2 max. First 

method was  using exercise equation derived after  Queens college step test ,while the other 

method was using non exercise equation by  Nasa-Johnson Physical  Activity Rating Scale . 

-A Total of 391 Physiotherapy students had  participated in this study between the age group of 

18-25 yrs. 

-Analysis of data revealed: The mean difference between VO2 max by exercise equation using 

Queens college step test  and non exercise equation using NASA/Johnson Physical Activity 

Rating Scale was 38.268 =2.928 and 37.964 = 3.220. 

-The p  value  was statistically significant T=-5.543,p<0.001. 

- Their was more variation in  standard deviation of non exercise equation group  when 

compared to the exercise equation group. 

-The mean vo2 max when compared in both the groups was relatively similar, but the value of 

mean vo2 max in exercise equation group was higher statistically  when compared to the non 

exercise equation group. 

-Similarly in our study though there is statiscal difference in VO2 max,but mean shows that they 

are relatively closer.Therefore non exercise equation can be used instead of exercise equation 

where it is not feasible by the patient or non availability of instruments. 

-Our study is in line with the worked done by  James D.George, Samantha L.Paul ,et.al.  in 

2009.Their study ’’Prediction of maximum oxygen uptake using both Exercise and Non exercise 

data’’ sought  to develop a regression model to predict maximal oxygen  uptake VO2 max based 

on submaximal treadmill exercise and non-exercise data involving 116 participants, aged 18-65 

years. In conclusion, submaximal treadmill test and accompanying regression model yielded 

relatively accurate VO2 max estimates in healthy men and women age 18-65 years using both 

exercise and non exercise data.18 
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-Another study conducted by Rucha Vinay Rayas,et.al.2019,’’Agreement between estimad VO2 

max by 6Minute walk test and Non exercise Equation in physiotherapy students’’concluded that 

VO2 max estimated from 6Minute walk test and VO2 max estimated from Non exercise equation 

shows no agreement with each other. They explained  that using a 15 m track instead of 30m 

during 6MWT yielded variation . therefore such differences in test procedure can affect 

outcomes giving rise to error in result interpretation .Another reason they explained was 

related to PA-R score The study participants indicated the self-reported physical activity level in 

the past one month ,was expected  to correlate  well with 6MWD however, it was seen that  

proved these two variables showed a very weak positive correlation. Nusdwinuringtyas 

(2011).13 

-Earlier study done by Anita V Rao et.al. in the year 2014  assessed VO2 max by exercise 

protocol using Queens college step test and non exercise protocol using the NASA/Johnson 

space Centre PAR scale and found that estimation of VO2 max by non exercise protocol  to be 

similar  as  estimated  exercise protocol which was in line with our study.4 

-A Study conduct in 2011 by Juan Marcelo Simoes Caceres1,Anderson Zampler Ulbrich 1 et.al.’’A 

Non- exercise prediction model for estimation of cardiorespiratory fitness in adults conclude 

that  the model developed for prediction of cardiorespiratory fitness is feasible and practical for 

prediction of VO2 peak in epidemiological studies or when cardiopulmonary exercise 

testing{CPET} cannot be performed. This finding came positive with our study.23 

-Jackson and colleagues  developed  N-Ex prediction model based on 2,009 individuals between 

18 and 70 years old. The predictor variables included self reported PAR, age, body composition 

and gender. Participant’s VO2 max peak was measured during the first three walking stages of 

the bruce protocol. Self reported PAR was the most highly correlated variable with measured 

VO2 peak. The study confirmed that the N-EX model including self-reported PA-R, age, BMI, and 

gender provided a valid estimate of VO2 peak.Results also illustrated that the N-Ex model was 

more accurate than estimated VO2 peak from  Astrand bicycle tests and established 

submaximal treadmill prediction models.4 



30 
 

-A Cross-sectional study of association of body mass index and VO2 max by non exercise test in 

medical students carried out by Sunita Basavaraj Kalyanshetti,et.al.,2016.A  total of 98 medical 

students age between 17 and 19 years belonging to both the genders, were included in the 

study.The NASA/Johnson  space centre PA-R scale was used for non exercise protocol. 

Correlation factor for association between BMI and VO2  max was significantly 

negative{p<0.001}.And concluded that increasing BMI affects the VO2 max  reducing the 

person’s cardiovascular fitness. Lifestyle modification should be adapted to keep the check on 

BMI and to improve the cardiovascular fitness.6 

-A study was conducted by Bibek Koju a,c et.al. in the year 2019 ,” Cardio-respiratory Fitness in 

Medical Students by Queen’s College Step Test’’Eighty students of age group 18-25 years were 

taken by simple random sampling. VO2max was estimated indirectly by following the protocol 

of Queen’s College Step Test (QCST) method. This study showed that increased BMI is 

associated with decreased level of VO2max in young adults. One can improve VO2max by 

maintaining BMI within normal limits.29 

 

-H.Reza Ahmadian,1 Joseph J.Sclafani,1 et.al. conduct a study in 2013,’’Comparision of predicted 

exercise capacity equations and the effect of actual versus ideal body weight among subjects 

undergoing cardiopulmonary exercise testing concluded that wide variations in predicted 

versus measured VO2max  based on varying prediction equations and showed the potential 

advantage of using ideal body weight as opposed to actual body weight in order to further 

standardize reference norms.26 

- Tauseef Nabi ,Nadeema Rafiq  et.al,2015, carried out  a study,’’Assessment of 

Cardiovascular{VO2} max among medical students by Queen College Step Test’’From the study 

it was concluded that our subjects fitted in  the category of fair on cardio respiratory fitness 

scale,could be because of the decreased physical activity,unhealthy lifestyle behaviours as are 

established during the years of gaining education ,which may influence adult behavior and 

health status .Health promotion policies and physical activity programs should be designed to 

improve cardio respiratory fitness.30 
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STRENGTH: 

-Both  the methods are found to be valid and reliable in the general population. 

-Non exercise equation can be used to assess VO2 max when it is not feasible to use exercise 

equation. 
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CONCLUSIONS 

In Conclusion, VO2 max   assess in non exercise equation group and exercise equation group 

was relatively similar,Exercise equation derived after  Queens college step test ,while the other 

method was using non exercise equation by  Nasa-Johnson Physical  Activity Rating Scale.Non 

exercise equation can be used instead of exercise equation where it is not feasible by the 

subject or non availability of instruments to assess VO2 max. 
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LIMITATION: 

-Only Physiotherapy   students were included in the study. 

-Only female participants were included.  
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CLINICAL IMPLICATION: 

Non exercise equation  can be utilized in place of exercise equation ,where the exercise 

equation is not feasible  to assess the VO2 max. 
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RECOMMENDATIONS: 

-It is recommended that further research is required in clinical assessment of VO2 max using 

other exercise tesing protocol. 
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SUMMARY: 

An analytical cross sectional study was carried out on 391 physiotherapy students.The 

estimated V02 max obtained by  Non exercise equation using nasa/Johnson physical activity 

rating scale was compare with exercise equation using queen college step test .DATA was 

documented and analysed using pearson correlation and paired t- test. There is  statiscally 

significant diffrence between VO2 max values obtained by exercise equation  using the queens 

college step test and non exercise equation using the NASA/JOHNSON space centre physical 

activity rating (PA-R) scale. (T= -5.543, p<0.001). The study conclude that non exercise equation 

can be used instead of exercise equation where it is not feasible by the subject or non 

availability of instruments to assess VO2 max. 
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TABLE AND GRAPHS 

Table NO. 1:- Distribution of subjects by age 

 

Age in 

Years 

Frequenc

y 

Percent 

 

21 2 .5 

22 69 17.6 

23 230 58.8 

24 74 18.9 

25 16 4.1 

Total 391 100.0 

 

 

 

Graph NO.1 

 

The above table and graph shows the age wise distribution of subjects.There were 5% of 

subject in the age group of 21 years,17.6% in the age group of 22 years,58.8% in the age group 

of 23 years,18.9% in the age group of 24 years and 4% in the age group of 25 years. 
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Table No. 2:-Mean Age,BMI 

 AGE BMI 

N 391 391 

Mean 23.08 21.873 

Std. 

Deviation 
0.738 2.9316 

   

 

 

The above table shows the mean  age of the study population with 23.08±0.738. 

  And The BMI of our subject with mean is 21.873±2.9316. 

 

 

 

 

Table No. 3:- VO2max  obtained by non exercise equation and exercise equation  

 Mean Std. 

Deviation 

% T value P value 

VO2 

Max 

NON- EXERCISE 

EQUATION  

37.96

4 
3.220 

8.03 

-5.543 <0.001 

EXERCISE 

EQUATION  

38.26

9 
2.928 

 

Graph No.3 
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The above table and graph shows the VO2 max   was obtained by Non exercise equation using 

the NASA/JOHNSON Space Centre Physical Activity Rating (PA-R) scale and VO2max  obtained by 

Exercise equation using the Queens college step test.  

Mean VO2 max in Non exercise equation was 37.964 with SD 3.220 and exercise  equation was 

38.269 with SD 2.928.This difference was statistically significant (T=-5.543,p<0.001). 

The standard deviation of non exercise equation group showed more variation when compared 

to the exercise equation group. 

The mean VO2 max when compared in both the groups was relatively similar, but the value of 

mean VO2 max in exercise equation group was higher when compared to the non exercise 

equation group . 

Non exercise equation can be used instead of exercise equation where it is not feasible by the 

subject or non availability of instruments to assess VO2 max. 
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ANNEXURE 1(A) 

Case record form 

(Performa) 

NAME: 

 AGE: 

 GENDER: 

ADDRESS:  

WEIGHT: 

 HEIGHT:  

BMI: 

Assessment of estimated VO2 max by Non Exercise Equation:  

PAR SCORE: 

 Equation: VO2max (ml/kg/min) = 56.363 – (0.381 x age (yrs)) – (0.754 x BMI) + (1.951 x PAR).  

 

Assessment of estimated VO2 max by Exercise Equation:  

Carotid pluse rate by queens college step test= 15 second pulse rate into beats per minute. 

Equation : VO2max (ml/kg/min) =65.81 - (0.1847 pulse rate in beats per min) 
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Annexure I (B) 

 SUBJECT INFORMATION SHEET 

 

 Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 Scope: 

 This standard operational procedure includes female physiotherapy student who are 

voluntarily willing to participate in this study. 

Responsibilities:  

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

Procedure: 

 1. The researcher will select the participants who willing to participate. 

 2. The investigator will explain the experimental protocol to allay apprehension and answer all 

the queries of the participant. 

 3. If the participant decides to participate then they would be consented according to the 

standard operational procedure. 

 4. If the participant expresses interest but has some doubts in that case they would be solved. 

 5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

 6. Study procedures will begin after the participant’s concern. 

 7. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria. 

 8. If participant wants to discuss this information to their family members then they entitled to 

do so before giving the consent. 
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General information to research participants:  

1. Name: 

Age: 

 Gender: 

 Date: 

 Height: 

 Weight: 

 2. You would be required to fill the Performa and the purpose of the research is to study 

“Comparison Of Estimated Vo2 Max Using Non Exercise Equation By NASA/Johnson And 

Exercise Equation By Queens College Step Test In Physiotherapy Student Aged 18-25 Years:-An 

Analytical Cross Sectional Study 

 3. If you are willing to voluntarily participate in the study then you are expected to enrol with 

us right from the moment of filling Performa till the completion of the test. 

 4. If you are uncomfortable during this period then kindly let us know so that we can help you 

and overcome your problems without any untoward effect. 

 5. You will not be given any reimbursement and compensation. 

 6. If at any moment you want to discontinue from this research study then you are free to do 

so and there would not be any hindrance from our side. 

 7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent. 

 8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then your identity would not be revealed. If the photograph is published 

then permission would be obtained. 

 9. All the risk of filling the questionnaire and step test procedures required for this study will be 

explained to you and accordingly the consent will be taken. 

 10. If you feel exhausted or unable to complete the questionnaire and step test you need not 

worry and let us know so that necessary steps can be initiated. 

 11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 12. Name of Researcher:  
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  Phone number: 

   Address: 

 13. Name of Guide: 

Phone number: 

Address: 

 14. Name of Institution: 
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ANNEXURE 1 (C) 

Subject information sheet 

उद्देश्म: 

 मश वुननश्श्ित कयने के लरए कक लरखित वूचित वशभनत आईवीएभआय की ननमाभक आलश्मकताओं के 
अनुवाय प्रनतबाचिमों वे प्राप्त की जाती शै औय आईईवी द्लाया अनुभोददत शै। 

 स्कोऩ: 

 इव भानक वंिारन प्रकिमा भें भदशरा कपश्जमोथेयेऩी छात्र ळालभर शैं जो स्लेच्छा वे इव अध्ममन भें 
बाि रेने के लरए तैमाय शैं। 

 दानमत्ल: 

 ळोधकताा उन वबी प्रनतबाचिमों वे लरखित वूचित वशभनत प्राप्त कयेिा जो इव अध्ममन का दशस्वा 
फनने के लरए स्लमं वेला कय यशे शैं।  

प्रकिमा: 

 1. ळोधकताा उन प्रनतबाचिमों का िमन कयेिा जो बाि रेने के इच्छुक शैं। 

 2. जांिकताा वबी आळंकाओं के लरए प्रमोिात्भक प्रोटोकॉर की व्माख्मा कयेिा औय प्रनतबािी के वबी 
प्रश्नों का उत्तय देिा।  

3. मदद प्रनतबािी बाि रेने का पैवरा कयता शै तो भानक वंिारन प्रकिमा के अनुवाय उनकी वशभनत 
शोिी।  

4. मदद प्रनतबािी रुचि व्मक्त कयता शै, रेककन उव भाभरे भें कुछ वंदेश शैं, तो ले शर शो जाएंिे।  

5. मदद प्रनतबािी स्ऩष्टीकयण के वाथ वशज शैं तो ले भानक वंिारन प्रकिमा के अनुवाय वूचित वशभनत 
को बय देंिे। 

 6. अध्ममन की प्रकिमा प्रनतबािी की चितंा के फाद ळुरू शोिी।  

7. वलस्ततृ चिककत्वा औय ककवी बी अन्म ळायीरयक वभस्मा का इनतशाव प्रनतबाचिमों वे प्राप्त ककमा 
जाएिा ताकक वभालेळन औय फदशष्कयण भानदंडों को वत्मावऩत ककमा जा वके। 
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 8. मदद प्रनतबािी अऩने ऩरयलाय के वदस्मों वे इव जानकायी ऩय ििाा कयना िाशते शैं तो ले वशभनत 
देने वे ऩशरे ऐवा कयने के शकदाय शैं। 

 
अनुवंधान प्रनतबाचिमों को वाभान्म जानकायी: 

1. नाभ:   
 उम्र:    
    लरिं: 

    ददनांक: 

ऊंिाई:  

   लजन:  

2. आऩकोप्रदळान बयने की आलश्मकता शोिी औय अनुवंधान का उद्देश्म अध्ममन कयना शै " नावा / 

जॉनवन द्लाया िैय-व्मामाभ वभीकयण का उऩमोि कयके अनुभाननत व्शीओ २ भैक्व की तुरना औय 

क्लींव कॉरेज वशभनत – ऩत्रस्टेऩ टेस्ट फाम कपश्जमोथैयेऩी भें छात्र आमु18-25 लऴोंद्लाया व्मामाभ: -एक 

वलश्रेऴणात्भक िॉव अनुबािीम अध्ममन। " 

 
3. मदद आऩ स्लेच्छा वे अध्ममन भें बाि रेने के इच्छुक शैं तो आऩवे मश अऩेषा की जाती शै कक 
ऩयपॉभाा बयने के षण वे रेकय ऩयीषण ऩूया शोने तक शभाये वाथ नाभांकन कयें।  
4. मदद आऩ इव अलचध के दौयान अवशज शैं, तो कृऩमा शभें फताएं ताकक शभ आऩकी भदद कय वकें  
औय बफना ककवी अवप्रम प्रबाल के आऩकी वभस्माओं को दयू कय वकें ।  
5. आऩको कोई प्रनतऩूनता औय भुआलजा नशीं ददमा जाएिा। 
 6. मदद ककवी बी षण आऩ इव ळोध अध्ममन वे शटना िाशते शैं तो आऩ ऐवा कयने के लरए स्लतंत्र 
शैं औय शभायी ओय वे कोई फाधा नशीं शोिी। 
 7. वशभनत ऩत्र प्राप्त कयने वे ऩशरे अध्ममन के जोखिभ, अवुवलधा, पामदे औय नुकवान का वललयण 
आऩको वभझामा जाएिा।  
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8. इव अध्ममन वे प्राप्त आंकडों को िोऩनीम रूऩ वे वंयक्षषत औय फनाए यिा जाएिा औय मदद तस्लीय 
का उऩमोि ककमा जाता शै तो आऩकी ऩशिान उजािय नशीं की जाएिी। अिय तस्लीय प्रकालळत शोती शै 
तो अनुभनत लभर जाएिी।  
9. इव अध्ममन के लरए आलश्मक प्रश्नालरी औय ियण ऩयीषण प्रकिमाओं को बयने के वबी जोखिभों 
को आऩको वभझामा जाएिा औय तदनुवाय वशभनत री जाएिी। 
 10. मदद आऩ थकालट भशवूव कयते शैं मा प्रश्नालरी औय ियण ऩयीषण को ऩूया कयने भें अवभथा शैं, 
तो आऩको चितंा कयने की आलश्मकता नशीं शै औय शभें फताएं ताकक आलश्मक कदभ उठाए जा वकें । 
 11. मदद आऩ ककवी बी षण वंतुष्ट नशीं शैं तो आऩ बफना ककवी ऩरयणाभ के ककवी बी वभम लाऩव रे 
वकते शैं। 
 12. ळोधकताा का नाभ:       
      फोन नंफय:       
      ऩता:  
13. िाइड का नाभ:        
      फोन नंफय:       
      ऩता:  
14. वंस्था का नाभ: 
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ANNEXURE 1(D) 

Marathi Subject information sheets in Marathi 

उद्देळ् 

आमवीएभआयच्मा ननमाभक आलश्मकतांनुवाय आखण आमईवीद्लाये भंजूय झारेल्मा वशबािींकडून रेिी 
वूचित वंभती लभऱवलरी जाते शे वुननश्श्ित कयण्मावाठी. 

व्माप्ती: मा भानक ऑऩयेळनर प्रकिमेभध्मे भदशरा कपश्जओथेयऩी वलद्मार्थमाांिा वभालेळ आशे जो मा 
अभ्मावाभध्मे स्लेच्छेने वशबािी शोण्मावाठी इच्छुक आशेत. 

जफाफदायी: 
वंळोधक मा अभ्मावािा बािशोण्मावाठी स्लमंवेला कयणामाा वला वशबािींिे रेिी सात वशभतीप्राप्त 
कयतीर. 
 प्रकिमा्  

1. वंळोधक वशबािी शोण्माव इच्छुक वशबािींिी ननलड कयेर. 

2. अन्लेऴण कभी कयण्मावाठी आखण वशबािीच्मा वला प्रश्नांिी उत्तये ळोधक प्रामोचिक प्रोटोकॉरिे 
स्ऩष्टीकयण देतीर. 

3. जय वशबािीने बाि घेण्मािा ननणाम घेतरा अवेर तय त्मांना भानक ऩरयिारन प्रकिमेनुवाय वंभती 

ददरी जाईर. 

4. जय वशबािीने यव दळावलरा ऩयंतु त्मा फाफतीत काशी ळंका अवतीर तय त्मांिे ननयाकयण शोईर.  

5. जय वशबािी स्ऩष्टीकयणाव आयाभदामक अवतीर तय ते प्रभाखणत ऑऩयेळन प्रकिमेनुवाय भादशतीिी 

वंभती बयतीर. 

6. वशबािीच्मा चितेंनंतय अभ्मावािी प्रकिमा वुरू शोईर. 

7. वभालेळ आखण लिऱण्माच्मा ननकऴांिी ऩडताऱणी कयण्मावाठी वशबािींकडून तऩळीरलाय लैद्मकीम 

आखण इतय कोणत्माशी ळायीरयक वभस्मेिा इनतशाव प्राप्त केरा जाईर. 
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8. जय वशबािीरा त्मांच्मा कुटंुफातीर वदस्मांवश मा भादशतीलय ििाा कयामिी अवेर तय वंभती देण्माऩूली 

त्मांना तवे कयण्मािा शक्क आशे. 

वंळोधन कयणायम्ांना वाभान्म भादशती: 

1. नाल:     

    लम:     

    लरिं:     

   तायीि: 

   उंिी: 

   लजन: 

2. आऩल्मारा ऩयपॉभा बयणे आलश्मक आशे आखण वंळोधनािा उद्देळ "नावा / जॉनवन मांनी नॉन 

एक्वयवाइज इक्लेळन लाऩरुन अंदाश्जत व्शीओ २ भॎक्विी तुरना आखण कपश्जओथेयऩी वलद्मार्थमाा लमातीर 

18-25 लऴाातीर क्लीन्व कॉरेज ियण िािणीद्लाये व्मामाभािे वभीकयण अभ्माव कयणे आलश्मक आशे. 

वलश्रेऴणात्भक िॉव वलबािीम अभ्माव 

3. आऩण स्लेच्छेने अभ्मावाभध्मे बाि घेऊ इश्च्छत अवार तय ऩयीषेिी ऩूताता शोईऩमांत ऩयपॉयभेळन 

बयण्माच्मा षणाऩावून आऩण आभच्मावश नोंदणी करुन घ्माली अळी अऩेषा आशे.  

4. मा कारालधीत आऩणाव अस्लस्थ लाटत अवल्माव कृऩमा दमाऩूलाक आम्शारा कऱला जेणेकरून आम्शी 

कोणतीशी अवप्रम ऩरयणाभ न कयता आम्शी आऩल्मारा भदत करू आखण आऩल्मा अडिणींलय भात करू. 

5. तुम्शारा कोणतीशी बयऩाई आखण नुकवानबयऩाई ददरी जाणाय नाशी.  

6. कोणत्माशी षणी आऩल्मारा मा वंळोधन अभ्मावाऩावून दयू ठेलामिे अवेर तय आऩण तवे कयण्माव 

भोकऱे आशात आखण आभच्मा फाजूने कोणताशी अडथऱा मेणाय नाशी. 
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7. अभ्मावािे जोिीभ, अस्लस्थता, पामदे आखण तोटे मांिे तऩळीर आऩल्मारा वंभतीऩत्र प्राप्त 

कयण्माऩूली स्ऩष्ट केरे जाईर. 

8. मा अभ्मावाभधून लभऱारेरा डेटा िुप्तऩणे वंयक्षषत आखण यािरा जाईर आखण जय पोटो लाऩयरा िेरा 

तय आऩरी ओऱि उघड शोणाय नाशी. जय छामाचित्र प्रकालळत झारे तय ऩयलानिी घेतरी जाईर. 

9. मा अभ्मावावाठी आलश्मक अवरेरी प्रश्नालरी आखण ियण िािणी प्रकिमा बयण्मािे वला धोके 

आऩल्मारा स्ऩष्ट केरे जातीर आखण त्मानुवाय वंभती घेतरी जाईर.  

10. प्रश्नालरी ल ियण िािणी ऩूणा कयण्माव आऩण थकरेरे ककंला अळक्त अवल्मािे लाटत अवल्माव 

आऩल्मारा काऱजी कयण्मािी आलश्मकता नाशी आखण आम्शारा कऱला जेणेकरुन आलश्मक ऩालरे 

उिरता मेतीर. 

11. आऩण कोणत्माशी षणी वभाधानी नवल्माव आऩण कोणत्माशी ऩरयणाभालळलाम कधीशी भाघाय घेऊ 

ळकता. 

12. वंळोधकािे नाल: 

    पोन नंफय:        

    ऩत्ता: 

13. भािादळाकािे नाल:      

     पोन नंफय:       

      ऩत्ता:  

14. वंस्थेिे नाल: 
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ANNEXURE 1(E) PAR SCALE 

Use the Appropriate Number (0-7) That Best Describe Your General Activity Level For The 

Previous Month  

Do not participate regularly in programmed recreation, sport, or heavy physical activity. 

 0-Avoid Walking or exertion, eg. , always use elevator, ride whenever possible instead of 

walking. 

 1-Walk for pleasure, routinely use stairs, occasionally exercise sufficiently to cause heavy 

breathing or perspiration. 

Participate regularly in recreation or work requiring modest physical activity, such as 

gymnastics, horseback riding, calisthenics, table tennis ,softball, baseball, weight lifting ,yard 

work. 

 2-Spend 10-60 minutes per week in these types of physical activity. 

 3-Spend over 1 hour per week in these types of physical activity. 

Participate regularly in heavy physical exercise eg; running or jogging, swimming, cycling, 

rowing, jumping rope, or engaging in vigorous aerobic activity type exercise such as tennis, 

basketball, soccer, or other similar sports activities. 

 4-Run less than 1mile per week or spend less than 30 min per week in comparable physical 

activity. 

 5-Run 1-5 miles per week or spend 30-60 minutes per week in comparable physical activity.  

6-Run 5-10 miles per week or spend 1-3 hours per week in comparable physical activity.  

 7-Run over 10miles per week or spend over 3 hours per week in comparable physical activity.  
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Annexure 1(F) 

SPECIFICATION OF INSTRUMENTS:- 

 

 

DETAILS OF METRONOME:  

Product name and description-Pro metronome App 

Provider: Xiao Yixiang 

Size: 48.4 MB 

Category: music 

Age rating: 4+ 

Basic features includes 

 Color mode-see the beats graphically displayed on screen. 

 Pendulum mode for visual feedback. 

 Timer to help you keep track of your session 
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ANNEXURE II (A) 

  LETTER OF CONSENT  

“Comparison of Estimated Vo2 Max Using Non Exercise Equation By 

NASA/Johnson And Exercise Equation By Queens College Step Test in 

Physiotherapy Student Aged 18-25 years: -An Analytical Cross Sectional Study.” 

1.I have received an explanation of the nature, purpose, duration and foreseeable 

effects and risks of the trial and what I will be expected to do. My questions have 

been answered satisfactorily 

 2-I understand that my participation in the trial is voluntary and that I may refuse 

to participate or may withdraw from the trial at any time, without penalty or loss 

of benefits to which I am otherwise entitled  

3-I further understand that any information that becomes available during the 

course of the study that may affect my willingness to take part will be informed to 

me. 

 4-Institutional Ethics Committee authorities may wish to examine my medical 

records to verify the information collected. By signing this document, I give 

permission for this review of my records 

 5-I understand that my identity will not be revealed in any report or publication  

6-I agree to take part in the above study. 

 _____________________ 

Name of Signature/ Thumb impression Date research of research participant participant 
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ANNEXURE II (B) 

वशभनत – ऩत्र in hindi 

“ नावा / जॉनवन द्लाया िैय-व्मामाभ वभीकयण का उऩमोि कयके अनुभाननत व्शीओ २ भैक्व की तुरना 

औय क्लीवं कॉरेज वशभनत – ऩत्रस्टेऩ टेस्ट फाम कपश्जमोथैयेऩी भें छात्र आमु 

18-25 लऴोंद्लाया व्मामाभ: -एक वलश्रेऴणात्भक िॉव अनुबािीम अध्ममन। " 

 

1. भुझे ऩयीषण की प्रकृनत, उद्देश्म, अलचध औय दयूदलळाता प्रबाल औय जोखिभों का स्ऩष्टीकयण प्राप्त 

शुआ शै औय भुझवे क्मा कयने की उम्भीद की जाएिी। भेये वलारों का वंतोऴजनक जलाफ ददमा िमा शै। 

2. भैं वभझता शंू कक भुकदभे भें भेयी बािीदायी स्लैश्च्छक शै औय भैं ककवी बी वभम ऩयीषण वे बाि 

रेने मा लाऩव रेने वे इनकाय कय वकता शंू, बफना ककवी दंड मा राब के नुकवान के श्जवके भैं अन्मथा 

शकदाय शंू। 

3. भैं आिे वभझता शंू कक अध्ममन के दौयान उऩरब्ध शोने लारी कोई बी जानकायी जो भेये बाि रेने 

की इच्छा को प्रबावलत कय वकती शै, भुझे वूचित ककमा जाएिा। 

4. वंस्थाित आिाय वलभनत के अचधकायी एकबत्रत जानकायी को वत्मावऩत कयने के लरए भेये भेडडकर 

रयकॉडा की जांि कय वकते शैं। इव दस्तालेज़ ऩय शस्ताषय कयके, भैं अऩने रयकॉडा की इव वभीषा की 

अनुभनत देता शंू। 

5. भैं वभझता शंू कक ककवी बी रयऩोटा मा प्रकाळन भें भेयी ऩशिान उजािय नशीं की जाएिी 

6. भैं उऩयोक्त अध्ममन भें बाि रेने के लरए वशभत शंू। 
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नाभ 

अनुवंधान प्रनतबािी का ळोध 

प्रनतबाि_____________________________ 

शस्ताषय/ अंिूठे का ननळान  

अनुवंधान प्रनतबािी का ळोध 

प्रनतबािी___________________ 

ददनांक __________ 
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ANNEXURE II (C) 

वंभती ऩत्र 

"नावा / जॉनवन मांनी नॉन एक्वयवाइज इक्लेळन लाऩरुन अंदाश्जत व्शीओ २ भॎक्विी तुरना आखण 

कपश्जओथेयऩी वलद्मार्थमाा लमातीर 18-25 लऴाातीर क्लीन्व कॉरेज ियण िािणीद्लाये व्मामाभािे 

वभीकयण अभ्माव कयणे आलश्मक आशे. वलश्रेऴणात्भक िॉव वलबािीम अभ्माव” 

 

1. भरा िािणीिे स्लरूऩ, उद्दीष्ट, कारालधी आखण अऩेक्षषत ऩरयणाभ आखण जोिभीिे स्ऩष्टीकयण प्राप्त 

झारे आशे आखण भी काम कयाले अळी अऩेषा आशे. भाझ्मा प्रश्नांिी उत्तये वभाधानकायक आशेत. 

2. भरा वभजरे आशे की िािणीत भाझा वशबाि ऐश्च्छक आशे आखण भी बाि घेण्माव नकाय देऊ 

ळकतो ककंला कोणत्माशी षणी भी दंड आकायरा जाऊ ळकत नाशी ककंला ज्मािा भरा पामदा झारा आशे 

त्मािा राब न िभालता भी िटरा भािे घेऊ ळकतो.  

3. भरा ऩुढे शे वभजरे आशे की अभ्मावाच्मा लेऱी उऩरब्ध शोणायी कोणतीशी भादशती जी भाझ्मा 

वशबािाच्मा इच्छेलय ऩरयणाभ करू ळकते भरा कऱवलरी जाईर.  

4. वंस्थात्भक आिायवंदशता वलभतीिे अचधकायी िोऱा केरेरी भादशती वत्मावऩत कयण्मावाठी भाझ्मा 

लैद्मकीम नोंदी तऩावू ळकतात. मा दस्तऐलजालय वशी करून, भी भाझ्मा नोंदींच्मा मा ऩुनयालरोकनावाठी 

ऩयलानिी देतो.  

5. भरा वभजरे आशे की भाझी ओऱि कोणत्माशी अशलारात ककंला प्रकाळनात प्रकट शोणाय नाशी 

 6. भी लयीर अभ्मावाभध्मे बाि घेण्माव वशभत आशे.  

नाल वंळोधन वशबािी  _______ 

स्लाषयीिे / अंिठा छाऩण्मािी वंळोधन वशबािी 

_____________________ 

 तायीि __________   
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ANNEXURE 

    PERMISSION LETTER (A) 

 

To, 

 The Head of Institute, 

 Subject: Permission to carry out research work. 

Respected Sir/Madam, 

 I, Miss, student of Master of Physiotherapy, would request you to grant me 

permission to carry out my research work. My research topic is, “Comparison of 

Estimated VO2 Max Using Non Exercise Equation By NASA/Johnson And 

Exercise Equation By Queens College Step Test In Physiotherapy Student Aged 

18-25 Years: -An Analytical Cross Sectional Study.” For this purpose, I would be 

utilizing the institution and the equipment’s required for the same would be kept 

in the same premises and the subjects would be studied in the institution. 

 I kindly request you to do the needful in this regard.  

Thanking you in anticipation. 

 Yours sincerely,  

Research student  

Date: 

 Place: 

 Guide 

 Head of Institute 
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PERMISSION LETTER (B) 

 

To,  

The Chairman, 

 Ethical Committee 

 Subject: Permission to carry out research work. 

 I student of Master of Physiotherapy, would request you to grant me permission 

to carry out my research work.  

My research topic is, “Comparison Of Estimated VO2 Max Using Non Exercise 

Equation By NASA/Johnson And Exercise Equation By Queens College Step Test 

In Physiotherapy Student Aged18-25 Years:-An Analytical Cross Sectional Study” 

I promise that the ethics as well as subjects care shall be duly complied.  

I kindly request you to do the needful in this regard. 

 Yours sincerely, 

 Research student  

Date: 

 Place 
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ANNEXURE Ⅲ 

GANTT CHART FOR DISSERTATION 

 

1 Alotment of guide

2 Selection of topic

3 Formulation of research question

4 formulation of aim and objectives

5 hypothesis,null hypothesis

6 Research protocol

7 Research designing

8 Review of literature

9 methodology formulation

10 study designing

11 study setting

12 sample size estimation

13 selection of study instruments

14 method of data collection 

15 data mangement and analysis procedure

16 IEC and BORS clearance

17 compliation of synopsis

18 uploading of synopsis

19 data collection

20 data presentation and analysis

21 writing of discussion and conclusion

22 submission of thesis to MUHS

2021 jul-septsr.no 2020 april-june2020 jul-sept2020 oct-dec2021 jan-mar2021april-jun2019 nov2019 dec2020 jan 2020 feb2020 march components 
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MASTER CHART: 

SR NO. AGE 
WEIGHT 

IN KG 
HEIGHT 

IN FT BMI  

NON- 
EXERCISE 

EQUATION 
PAR Score 

VO2 
MAX 

 

EXERCISE 
EQUATION 
Carotid 
pulse. 

VO2 
MAX 

1 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

2 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

3 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

4 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

5 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

6 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

7 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

8 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

9 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

10 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

11 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

12 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

13 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

14 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

15 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

16 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

17 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

18 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

19 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

20 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

21 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

22 23 59 5.0'' 25.4 4 36.252 
 

147 38.66 

23 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

24 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

25 25 66 5.4" 25 4 35.411 
 

160 36.26 

26 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

27 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

28 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

29 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

30 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

31 23 50 5.1'' 21.4 2 35.366 
 

160 36.26 

32 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

33 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

34 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

35 23 63 5.6" 22.4 4 38.514 
 

137 40.51 

36 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

37 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

38 24 53 5.2" 21.4 3 36.936 
 

147 38.66 
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39 21 53 4.9'' 22.9 4 38.899 
 

149 38.29 

40 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

41 22 55 5.6" 19.6 2 37.105 
 

160 36.26 

42 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

43 25 53 5.0'' 22.8 3 35.5 
 

160 36.26 

44 21 53 4.9'' 22.9 4 38.899 
 

149 38.29 

45 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

46 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

47 24 39 4.10" 18 2 37.549 
 

149 38.29 

48 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

49 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

50 23 53 5.1'' 21.8 3 37.016 
 

149 38.29 

51 24 62 5.2" 25 3 34.222 
 

156 37 

52 25 47 5.0' 20.2 1 33.558 
 

161 36.07 

53 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

54 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

55 24 50 5.5'' 17.7 1 35.824 
 

156 37 

56 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

57 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

58 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

59 24 53 5.2" 21.4 1 33.034 
 

168 34.78 

60 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

61 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

62 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

63 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

64 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

65 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

66 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

67 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

68 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

69 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

70 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

71 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

72 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

73 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

74 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

75 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

76 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

77 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

78 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

79 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

80 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

81 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 
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82 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

83 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

84 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

85 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

86 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

87 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

88 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

89 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

90 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

91 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

92 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

93 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

94 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

95 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

96 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

97 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

98 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

99 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

100 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

101 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

102 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

103 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

104 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

105 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

106 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

107 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

108 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

109 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

110 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

111 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

112 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

113 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

114 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

115 23 62 5.3" 24.2 1 31.304 
 

182 32.19 

116 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

117 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

118 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

119 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

120 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

121 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

122 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

123 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

124 24 53 5.2" 21.4 3 36.936 
 

147 38.66 
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125 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

126 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

127 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

128 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

129 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

130 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

131 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

132 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

133 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

134 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

135 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

136 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

137 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

138 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

139 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

140 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

141 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

142 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

143 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

144 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

145 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

146 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

147 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

148 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

149 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

150 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

151 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

152 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

153 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

154 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

155 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

156 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

157 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

158 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

159 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

160 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

161 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

162 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

163 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

164 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

165 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

166 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

167 24 53 5.2" 21.4 3 36.936 
 

147 38.66 



66 
 

168 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

169 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

170 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

171 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

172 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

173 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

174 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

175 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

176 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

177 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

178 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

179 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

180 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

181 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

182 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

183 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

184 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

185 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

186 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

187 23 68 5.2" 27.4 3 32.793 
 

168 34.78 

188 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

189 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

190 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

191 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

192 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

193 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

194 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

195 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

196 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

197 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

198 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

199 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

200 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

201 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

202 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

203 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

204 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

205 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

206 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

207 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

208 25 51 5.1" 21.2 2 34.755 
 

168 34.78 

209 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

210 23 49 5.1" 20.4 3 38.071 
 

140 39.95 
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211 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

212 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

213 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

214 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

215 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

216 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

217 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

218 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

219 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

220 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

221 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

222 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

223 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

224 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

225 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

226 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

227 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

228 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

229 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

230 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

231 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

232 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

233 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

234 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

235 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

236 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

237 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

238 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

239 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

240 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

241 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

242 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

243 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

244 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

245 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

246 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

247 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

248 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

249 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

250 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

251 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

252 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

253 23 58 5.4" 21.9 3 36.94 
 

160 36.26 
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254 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

255 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

256 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

257 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

258 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

259 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

260 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

261 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

262 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

263 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

264 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

265 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

266 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

267 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

268 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

269 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

270 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

271 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

272 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

273 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

274 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

275 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

276 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

277 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

278 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

279 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

280 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

281 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

282 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

283 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

284 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

285 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

286 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

287 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

288 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

289 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

290 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

291 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

292 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

293 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

294 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

295 24 62 5.3" 24.2 4 37.538 
 

160 36.26 

296 23 58 5.4" 21.9 3 36.94 
 

160 36.26 
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297 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

298 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

299 23 40 5.1" 16.7 3 40.861 
 

140 39.95 

300 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

301 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

302 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

303 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

304 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

305 23 74 5.2'' 27.2 1 31.304 
 

182 32.19 

306 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

307 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

308 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

309 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

310 23 49 5.1" 20.4 3 38.071 
 

140 39.95 

311 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

312 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

313 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

314 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

315 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

316 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

317 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

318 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

319 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

320 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

321 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

322 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

323 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

324 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

325 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

326 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

327 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

328 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

329 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

330 23 42 5.1" 17.5 3 40.258 
 

137 40.51 

331 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

332 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

333 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

334 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

335 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

336 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

337 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

338 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

339 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 
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340 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

341 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

342 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

343 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

344 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

345 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

346 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

347 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

348 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

349 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

350 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

351 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

352 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

353 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

354 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

355 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

356 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

357 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

358 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

359 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

360 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

361 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

362 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

363 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

364 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

365 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

366 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

367 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

368 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

369 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

370 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

371 22 66.6 5.4" 25 4 36.935 
 

160 36.26 

372 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

373 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

374 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

375 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

376 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

377 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

378 22 62 5.2'' 24.2 4 37.538 
 

160 36.26 

379 22 48 5.2" 19.4 2 37.255 
 

149 38.29 

380 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

381 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

382 23 65 5.4" 24.6 5 38.807 
 

140 39.95 
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383 23 58 5.3" 19.4 2 36.874 
 

160 36.26 

384 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

385 24 53 5.2" 21.4 3 36.936 
 

147 38.66 

386 23 58 5.4" 21.9 3 36.94 
 

160 36.26 

387 23 47 5.3" 18.4 6 45.432 
 

116 44.38 

388 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

389 23 65 5.4" 24.6 5 38.807 
 

140 39.95 

390 24 62 5.3'' 23.3 4 37.455 
 

149 38.29 

391 23 57 5.1'' 23.1 5 39.938 
 

137 40.51 

 

 

 

 

 

 

  



72 
 

 

  



73 
 

 

  



74 
 

 

  



75 
 

 

  



76 
 

 

  



77 
 

 

  



78 
 

 

  



79 
 

 

  



80 
 

 

  



81 
 

 

  



82 
 

 

  



83 
 

 

  



84 
 

 

  



85 
 

 

  



86 
 

 



C:\Program Files (x86)\pdfconverter\temp\NVDC\4B728FDB-CDD2-4FA7-ABFE-F507FFA786F2\fcbe7579-57fb-4b96-b2db-d01563b23e77.doc [Page : 1] 
   

Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  COMPARISON OF ESTIMATED VO2 MAX USING NON EXERCISE EQUATION BY 

NASA/JOHNSON AND EXERCISE EQUATION BY QUEENS COLLEGE STEP TEST IN 

PHYSIOTHERAPY STUDENT AGED 18-25 YEARS:-AN ANALYTICAL CROSS 

SECTIONAL STUDY     

02) Introduction :- VO2 max is a health related fitness parameter that indicates the capacity of 

cardiovascular and respiratory systems to perform any physical activity or work.1 

The widely accepted criterion of measurement of Cardiorespiratory fitness is 

maximal amount of oxygen that can be utilised by the body during strenuous 

exercise termed as VO2 max (ACSM, 2010).2 

VO2 max depends on the body composition, age, sex as well as ethnicity of an 

individual.3 

VO2 max is measured by direct as well as indirect methods using various exercise 

protocols.4 

By direct method V02 max is commonly measured by computerized maximal 

graded exercise stress test (GxT) performed on a treadmill or bicycle ergometer 

with gas analysis, when the use of such laboratory methods is not feasible, the 

following indirect methods such as non exercise method and exercise 

method(submaximal field tests) is used to measure VO2 max by using prediction 

equations.5 

NON EXERCISE EQUATION:- The NASA/Johnson space centre physical activity 

rating scale is used for non exercise protocol.4 

Non exercise equation developed from self-reported physical activity rating 

scale to estimate Vo2 max.4 

This equation is also used to estimate Vo2 max without the need to perform the 

exercise test. 

Non exercise equation is simple to apply and cost effective especially in low 

infrastructure site as well as it is feasible to assess cardiorespiratory fitness in 

epidemiological studies.6,7 

VO2 max will be calculated using subjects PAR score, BMI and gender.4 

Jackson and colleagues (1990) developed a Non exercise prediction model 

based on 2,009 individuals between 18 and 70 years old. The predictor variable 

included self-reported PAR, age, body composition and gender. The study 

confirmed that the non-exercise model including self-reported PAR, age, BMI, 
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gender provided a valid estimate of VO2 max.8 

EXERCISE EQUATION: - Exercise equation developed from Queen’s college step 

test to estimate VO2 max.9 

Exercise test by Queen College step test is the submaximal test to measure 

maximum oxygen consumption (VO2max).9 

Queen college step test consist of 3min of stepping up and down on a step at a 

set rate.4 

Carotid Pulse rate is used to estimate VO2 max in exercise equation4  

Performing exercise test requires less equipment’s small space and one 

metronome.4 

The Queen college step test is a valid measure of VO2 max, its validity in young 

women has been proven. (Chatterjee2003) 10 

Based on the previous studies, estimated models are valid and can be used for a 

larger population. Accuracy and validation of these models are related to 

demographic and socio-environmental factors, including age, gender, race, 

culture, geographical region, and living environment.8 

The academic studies of physiotherapy students require prolonged activities 

during practical learning sessions and clinical postings.11,12 

The Physiotherapy profession has high work demands, it is necessary to 

understand their current fitness levels.13 

Need for study:-Study has been conducted to estimate VO2 max using non 

exercise and exercise equation in medical students and result are accurately 

significant.4 

Physiotherapists are a health professional, who requires good/high levels of 

physical fitness that should adequate enough to meet their job demands.13 

Hence it is necessary to understand their fitness levels. 

Studies indicate non exercise equation can be used as an effective tool to 

estimate V02 max.14  

Studies have reported that VO2 max by non exercise protocol to be as accurate 

as its estimation by exercise protocol.4 

So non exercise protocol can be used for estimation in population who may not 

be able to undergo exercise protocol. 

Therefore, the need for study is comparison of estimated VO2 max using non 

exercise equation and exercise equation in physiotherapy students. 
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3.1) Primary Research 
Question :- 

Is there any difference of estimated VO2 max by non exercise equation and 

exercise equation in physiotherapy student? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not Applicable. 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not Applicable. 

4.1) Primary 
Hypothesis :- 

Hypothesis: - There is significant difference between non exercise equation and 

exercise equation in estimation of VO2 max in physiotherapy students. 

Null Hypothesis: - There is no significant difference between non exercise 

equation and exercise equation in estimation of VO2 max in physiotherapy 

students. 

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not Applicable. 

4.3) Other Hypothesis 
2 :- 

(if any) 

 Not Applicable. 

05) Review of 
Literature :- 

1-Anita V Rao, Asmita V Phadke, Poonam B Patil, Aniruddha R Joshi 2014 study 

title ’’Comparison of non-exercise test and step test in estimation of aerobic 

capacity(VO2max) in young adults ’’found that estimation of VO2 max by 

non-exercise protocol to be as accurate as sits estimation by exercise protocol.4 

2-Rucha Vinay Rayas ,Jaimala Vijay Shetye and Amita Anil Mehta 2019 study 

title ’’Agreement between estimated VO2 max by 6min walk test and 

non-exercise equation in physiotherapy students ’’concluded that VO2 max 

estimated from 6minute walk test and VO2 max estimated from non-exercise 

equation show no agreement with each other.13 

3-ACSM’s Guideline for exercise testing and prescription (10th edition) stated 
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that, when direct measurement of VO2 is not feasible, a variety of maximal 

submaximal exercise test can be used to estimate VO2max.15 

4-Mcardle essentials of exercise of physiology 4th edition stated that accuracy of 

non-exercise equation and suggest that they provide a quick and useful 

prediction of VO2 max.5 

5-Wilmore physiology of sport and exercise 5th edition stated that VO2 max is 

the maximum amount of oxygen used by the person during maximal or 

submaximal exercise.16 

6-Liliana Pereira Lima ,Hercules Ribeiro Leita, Mariana Aguiar de Matos et.al 

2019 study title ’’Cardiorespiratory fitness assessment and prediction of peak 

oxygen consumption by incremental shuttle walking test in healthy women 

’’concluded that ISWT is a maximal test showing similar results compared to 

CEPT ,and the predicted equation was valid and applicable for VO2 peak 

assessing in young adult healthy women.17 

7-Nabi T,Rafiq N,Qayoom 2015.Assessment of cardiovascular fitness (VO2max) 

among medical students by Queens College step test. Concluded that VO2 max 

evaluated among medical students had shown the fitness level in fair category 

as compared with standard VO2 max classification.18 

8-Jackson AS, Blair SN, MaharMT.Wier LT,Ross RM,Stuteville JE.Prediction of 

functional  aerobic capacity without  exercise testing 1990;22 estimation of 

VO2 max by non exercise protocol.8 

9-Chatterjee S,Chatterjee P,Bandopadhyay A.2005.’’Validity of Queens college 

step test for estimation of maximal oxygen uptake in female students’’ 

concluded that QCT in its original form cannot be applied due to its poor 

agreement with direct method but can be applied with the modified equation in 

this population to evaluate maximum oxygen uptake,especially when large 

number of partcipants are to be  tested in absence of a well equipped 

laboratory.19 

10-Bello,A,Bonney,E,&Opoku,B.,2016.Physical fitness of Ghanian 

physiotherapists and its correlation with age and exercise engagement:a pilot 

study.Concluded that the sampled physiotherapist had relatively low physical 

fitness compared to the age adjusted values age and sex are therefore crucial 

determinants whilst designing programmes aimed at promoting physical fitness 

in this group.20 

11-Dabholkar,A,Valanju,N.;Dabholkar,T.&,2018.Assessment of level of physical 

activity in Physiotherapy students. Concluded 39% Physiotherapy student were 

inactive,50% Physiotherapy student were moderately active,11% Physiotherapy 

student were termed as HEPA active.21 

12-Zar Abdossaleh, Fatemeh Ahmadi 2013.Assessment of the validity of Queen 
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step test for estimation maximum oxygen uptake (VO2 max) Concluded Queen 

step test can be applied in the studied population to produce a good estimation 

of maximum oxygen uptake, especially in the field where large number of 

participants is to be evaluated without a well-equipped laboratory.19 

13-Aaron Newland, Kevin Nguyen .Queens College Step Test and its Validity of 

VO2 max prediction on young healthy females concluded that QCT might be a 

reliable predictor of VO2 max.9 

14-Multiple studies have demonstrated majority physical therapy students to 

have good to average of poor aerobic fitness levels .A study on 250 students 

from Punjab and Haryana (Multani,et,al,2013) found 66.8% subjects to have 

poor levels of CRF.Similarly,92% of a sample of 50 students from school of 

physiotherapy R.K university (Bhansali and Bharmal,(2015) were classified as 

having “poor” fitness level.22 

15-Jaun Marcelo Simoes Caceres, Anderson Zampler Ulbrich,Tiago Facchini 
Panigas, Magnus Benetti 2011 A Non exercise prediction model for estimation 
of cardiorespiratory fitness in adults. Concluded that the model developed for 
prediction of cardiorespiratory fitness is feasible and practical for prediction of 
VO2 max in epidemiological studies when CPET cannot be performed.23 

 

6.1) Primary 
Objectives :-  

To estimate VO2 max using non exercise equation by NASA/Johnson and exercise 

equation by Queens college step test in physiotherapy student. 

To compare VO2 max estimated using non exercise equation by NASA/Johnson 

and exercise equation by Queens college step test in  physiotherapy student 

 

6.2) Other Objectives 1:- 

(if any)  

Not Applicable. 

6.3) Other Objectives 2:- 

(if any) 

Not Applicable. 

07) Methodology :- METHODOLOGY:- 
 

Study design: An Analytical Cross Sectional Study 

 

Study setting: College of Physiotherapy 
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Study population: Physiotherapy Students 

 

Type of sampling: Universal sampling will be used for the study. All the 

physiotherapy student aged 18-25 years (excluding male) enrolled in institution 

will be selected. 

 

Sample size estimation: Sample size is determined considering mean difference 

in VO2 max values as the main outcome measures. 

Following assumptions are made from the article by: Anniruddha R Joshi 

et.al.(2014) 

 

 

Assumptions:1-Mean by non exercise equation is 36.80 

Standard deviation by non exercise equation is=5.59 

2-Mean by exercise equation is 37.68 

Standard deviation by exercise equation is=6.80 

3-Effect size(Mean difference)=0.88 

4-Power (1-beta)=80% 

5-Alpha Error=5% (2sided) 

6-Required sample size n=391. 

Therefore Total 391 subject will be included in this study. 

  

METHOD OF SELECTION OF STUDY:- 

INCLUSION CRITERIA: 

Physiotherapy students. 

Age 18-25 yr. 

Female. 

Individuals willing to participate. 

EXCLUSION CRITERIA: 
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 Any addictions:-History of smoking, 

              Tobacco chewing, 

              Alcohol consumption. 

 Any acute or chronic illness 

 Any physical disability.4 

 

 SUBJECT WITHDRAWAL CRITERIA:- 

Subject not willing to participate. 

Those who are not completing all components of a questionnaire. 

Those who are not able to perform both the methods. 

 

VARIABLES:- 

INDEPENDENT: 

Age. 

Weight. 

Height. 

Gender. 

DEPENDENT: 

BMI. 

Carotid pulse rate. 

Nasa/Johnson PAR Scale. 

 

OPERATIONAL DEFINATION:- 

Estimated VO2 max- It is the maximum amount of oxygen used by the person 

during maximal or sub maximal exercise.15 
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PAR Scale: Physical Activity Rating (PAR) Scale was used for non-exercise 

protocol. This scale is developed to provide on assessment score of 0-7 

depending upon the person’s level of routine physical activity.4 

Queen College Step test (QCT): Is a submaximal exercise test that is used to 

measure cardiorespiratory fitness. Test consists of 3min of stepping up and 

down on a step at a set rate.9 

Non exercise equation: Equation developed from self-reported physical activity 

to estimate VO2 max.14 

 

METHODS OF MEASUREMENTS:- 

Estimation of VO2max by Non Exercise Protocol:  

Step1:-The NASA/Johnson Space Centre Physical Activity Rating (PAR) scale was 
used for non-exercise protocol.  

 

-An assessment score of 0-7 depending upon the person's level of routine 
physical activity. 

 

-There are a series of eight statements about routine physical activity. Subject is 
required to select that best describes their physical activity level. Each 
statement is given a numerical value which is described as his PAR Score. 

 

-VO2max will be calculated taking into account subjects PAR Score, his BMI and 

his gender. 

 

STEP 2 : 

 Non Exercise Equation: VO2max (ml/kg/min) = 56.363 – (0.381 x age (yrs.)) – 
(0.754 x BMI) + (1.951 x PAR) 
 

 

Estimation of VO2max by Exercise Protocol: 

Step1:- Queens College Step test will be performed using a 16.25 inches 
(41.30cms) height stool. 

 

-Stepping will be done for a total duration of 3 minutes at the rate of 24 cycles 
per minute. 
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-Metronome will be used to guide the subjects for required rate of step cycles. 
After completion of the exercise the subjects will be asked to remain standing 
comfortably and the carotid pulse rate will be measured from the 5th to 20th 
second of recovery period.  

 

-This 15 second pulse rate will be converted into beats per minute and the 
following equation will be used to predict VO2 max. 

 

Step2:  

Exercise Equation : VO2max (ml/kg/min) =65.81 - (0.1847 pulse rate in beats per 
min) 

 
MATERIALS STUDY INSTRUMENTS/ DATA COLLECTION TOOLS: 
Physical activity rating scale questionnaire for exercises.  

Pen for filling the questionnaires. 

Notepad. 

  

 

 

METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE:- 

-Permission from the head of institution and approval from the ethical 

committee will be obtained. 

- Physiotherapy student will be selected for the study. 

- Participants who meet the inclusion criteria will be briefed about the study in 

the language best understood by them and informed written consent will be 

taken. 

Stepper 

 

Stopwatch 
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- Demographic data will be documented. 

- Participants PAR Score will be obtained using PAR scale. And Carotid pulse rate 

will be measured using Queen College Step Test. 

- Participants PAR Score will document in non-exercise equation and Carotid 

pulse rate will document in exercise equation. 

- The data will be documented, analysed and results will be obtained. 

PROCEDURE:- 

Permission from the Head of the Institution and the Ethics Committee clearance  

and BORS approval will be taken. 

 

Explanation about the procedure and written consent from the Participants will 

be taken. 

 

Physiotherapy students will be recruited for the study. 

 

Participants will be evaluated as per case record form and anthropometric data 

will be taken. 

 

NASA/Johnson space centre PAR scale will be administered to participant 

 

  Queens College Step Test will be carried out 

 

Scores will be calculated. 

 

Data will be collected in format given in annexure. 

 

Data will be analysed. 
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DATA MANAGEMENT AND ANALYSIS:- 

Data will be entered in MS Excel, coded and analysed in statistical software 

STATA, version 10.1,2011 

Data analysis will include both Descriptive and Inferential statistics. 

Descriptive Statistics will be used to summarize quantitative variables with 

mean and standard deviation while frequency and percentages will be used to 

summarize categorical (qualitative) variables. 

Inferential statistics will include paired t-test for assessing significance of 

difference in mean of VO2 max estimated by two methods on the same subjects 

(paired observation). 

A p-value<0.05 will be considered statistically significant for all paired 

comparisons.  

 

RESULT:- 

Result will be discussed in the final copy of dissertation. 
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10) Annexures :- ANNEXURE I(A):Case record form.  

ANNEXURE I(B): subject information sheet.  

ANNEXURE I(C) : subject information sheet.  

ANNEXURE I(D) : subject information sheet. 

ANNEXURE I(E) : PAR Scale Questionnaire. 

ANNEXURE II(A) : letter of consent. 
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ANNEXURE 1(A) 

Case record form 

(Performa) 

NAME:  

 AGE: 

GENDER:: 

ADDRESS: 

WEIGHT: 

HEIGHT: 

BMI: 

Assessment of estimated Vo2 max by Non Exercise Equation: 

PAR SCORE: 

Equation: Vo2max (ml/kg/min) = 56.363 – (0.381 x age (yrs)) – (0.754 x BMI) + 
(1.951 x PAR). 

 

Assessment of estimated Vo2 max by Exercise Equation: 

 

Carotid pluse rate by queens college step test= 15 second pulse rate into beats 
per minute. 
 

Equation : Vo2max (ml/kg/min) =65.81 - (0.1847 pulse rate in        beats 

per min) 
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Annexure I (B) 

            SUBJECT INFORMATION SHEET 

Purpose:  

To ensure that written informed consent is obtained from participants 

according to the regulatory requirements of ICMR and approved by IEC. 

Scope: 

This standard operational procedure includes female physiotherapy student 

who are voluntarily willing to participate in this study. 

Responsibilities:  

The researcher will obtain written informed consent from all the participants 

who are volunteering to be the part of this study.  

Procedure:  

1. The researcher will select the participants who willing to participate. 

2. The investigator will explain the experimental protocol to allay apprehension 

and answer all the queries of the participant. 

3. If the participant decides to participate then they would be consented 

according to the standard operational procedure. 

4. If the participant expresses interest but has some doubts in that case they 

would be solved.  

5. If the participants are comfortable with the explanation then they will fill the 

informed consent according to standard operational procedure. 

6. Study procedures will begin after the participant’s concern.  

7. Detailed medical and any other physical problem history will be obtained 

from the participants so as to verify the inclusion and exclusion criteria.  

8. If participant wants to discuss this information to their family members then 

they entitled to do so before giving the consent. 
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General information to research participants:  

1. Name:  

  Age:  

  Gender:  

  Date: 

  Height: 

  Weight: 

2. You would be required to fill the Performa and the purpose of the research is 

to study “Comparison Of Estimated Vo2 Max Using  Non Exercise Equation By 

NASA/Johnson And Exercise Equation By Queens College Step Test In 

Physiotherapy Student Aged 18-25 Years:-An Analytical Cross Sectional Study 

3. If you are willing to voluntarily participate in the study then you are expected 

to enrol with us right from the moment of filling Performa till the completion of 

the test.  

4. If you are uncomfortable during this period then kindly let us know so that 

we can help you and overcome your problems without any untoward effect.  

5. You will not be given any reimbursement and compensation.  

6. If at any moment you want to discontinue from this research study then you 

are free to do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the study 

will be explained to you before obtaining the letter of consent.  

8. The data obtained from this study would be confidentially protected and 

maintained and if the photograph is used then your identity would not be 

revealed. If the photograph is published then permission would be obtained.  

9. All the risk of filling the questionnaire and step test procedures required for 

this study will be explained to you and accordingly the consent will be taken.  

10. If you feel exhausted or unable to complete the questionnaire and step test 

you need not worry and let us know so that necessary steps can be initiated.  

11. If you are not satisfied at any moment then you can withdraw at any time 

without any consequences.  

12. Name of Researcher:  

       Phone number:  

             Address:  

13. Name of Guide:  
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   Phone number:  

         Address:  

14. Name of Institution:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



C:\Program Files (x86)\pdfconverter\temp\NVDC\4B728FDB-CDD2-4FA7-ABFE-F507FFA786F2\fcbe7579-57fb-4b96-b2db-d01563b23e77.doc [Page : 19] 
   

 

 

ANNEXURE 1 (C) 

रोगी सचूना पत्र 

 

उद्देश्य: 

 यह सनुनश्श्चत करने के लिए कक लिखित सचूचत सहमनत आईसीएमआर की ननयामक 
आवश्यकताओं के अनसुार प्रनतभाचगयों से प्राप्त की जाती है और आईईसी द्वारा अनमुोददत 
है। 

 स्कोप: 

 इस मानक सचंािन प्रकिया में मदहिा किश्जयोथेरेपी छात्र शालमि हैं जो स्वेच्छा से इस 
अध्ययन में भाग िेने के लिए तयैार हैं। 

 दानयत्व: 

 शोधकताा उन सभी प्रनतभाचगयों से लिखित सचूचत सहमनत प्राप्त करेगा जो इस अध्ययन 
का दहस्सा बनने के लिए स्वय ंसेवा कर रहे हैं।  

प्रकिया: 

 1. शोधकताा उन प्रनतभाचगयों का चयन करेगा जो भाग िेने के इच्छुक हैं। 

 2. जांचकताा सभी आशकंाओं के लिए प्रयोगात्मक प्रोटोकॉि की व्याख्या करेगा और प्रनतभागी 
के सभी प्रश्नों का उत्तर देगा।  

3. यदद प्रनतभागी भाग िेने का िैसिा करता है तो मानक सचंािन प्रकिया के अनसुार उनकी 
सहमनत होगी।  

4. यदद प्रनतभागी रुचच व्यक्त करता है, िेककन उस मामिे में कुछ सदेंह हैं, तो वे हि हो 
जाएंगे।  

5. यदद प्रनतभागी स्पष्टीकरण के साथ सहज हैं तो वे मानक सचंािन प्रकिया के अनसुार 
सचूचत सहमनत को भर देंग।े 

 6. अध्ययन की प्रकिया प्रनतभागी की चचतंा के बाद शरुू होगी।  

7. ववस्ततृ चचककत्सा और ककसी भी अन्य शारीररक समस्या का इनतहास प्रनतभाचगयों से प्राप्त 
ककया जाएगा ताकक समावेशन और बदहष्करण मानदंडों को सत्यावपत ककया जा सके। 
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 8. यदद प्रनतभागी अपने पररवार के सदस्यों से इस जानकारी पर चचाा करना चाहत ेहैं तो 
वे सहमनत देने से पहिे ऐसा करने के हकदार हैं। 

 
अनसुधंान प्रनतभाचगयों को सामान्य जानकारी: 

1. नाम:   

    उम्र:    

    लिगं: 

    ददनाकं: 

   ऊंचाई:  

   वजन:  

2. आपको प्रदशान भरने की आवश्यकता होगी और अनसुधंान का उद्देश्य अध्ययन करना 

है " नासा / जॉनसन द्वारा गरै-व्यायाम समीकरण का उपयोग करके अनमुाननत व्हीओ २ 

मकै्स की तिुना और क्वींस कॉिेज सहमनत – पत्र स्टेप टेस्ट बाय किश्जयोथैरेपी में छात्र 

आय ु18-25 वर्षों द्वारा व्यायाम: -एक ववश्िेर्षणात्मक िॉस अनभुागीय अध्ययन। " 
  

3. यदद आप स्वेच्छा से अध्ययन में भाग िेने के इच्छुक हैं तो आपसे यह अपके्षा की जाती 
है कक परिॉमाा भरने के क्षण से िेकर परीक्षण परूा होने तक हमारे साथ नामाकंन करें।  

4. यदद आप इस अवचध के दौरान असहज हैं, तो कृपया हमें बताए ंताकक हम आपकी मदद 
कर सकें  और बबना ककसी अवप्रय प्रभाव के आपकी समस्याओं को दरू कर सकें ।  

5. आपको कोई प्रनतपनूत ा और मआुवजा नहीं ददया जाएगा। 

 6. यदद ककसी भी क्षण आप इस शोध अध्ययन से हटना चाहत ेहैं तो आप ऐसा करने के 
लिए स्वततं्र हैं और हमारी ओर से कोई बाधा नहीं होगी। 

 7. सहमनत पत्र प्राप्त करने से पहि ेअध्ययन के जोखिम, असवुवधा, िायदे और नकुसान 
का वववरण आपको समझाया जाएगा।  

8. इस अध्ययन से प्राप्त आंकडों को गोपनीय रूप से सरंक्षक्षत और बनाए रिा जाएगा और 
यदद तस्वीर का उपयोग ककया जाता है तो आपकी पहचान उजागर नहीं की जाएगी। अगर 
तस्वीर प्रकालशत होती है तो अनमुनत लमि जाएगी।  
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9. इस अध्ययन के लिए आवश्यक प्रश्नाविी और चरण परीक्षण प्रकियाओ ंको भरने के सभी 
जोखिमों को आपको समझाया जाएगा और तदनसुार सहमनत िी जाएगी। 

 10. यदद आप थकावट महससू करत ेहैं या प्रश्नाविी और चरण परीक्षण को परूा करने में 
असमथा हैं, तो आपको चचतंा करने की आवश्यकता नही ंहै और हमें बताए ंताकक आवश्यक 
कदम उठाए जा सकें । 

 11. यदद आप ककसी भी क्षण सतंषु्ट नहीं हैं तो आप बबना ककसी पररणाम के ककसी भी 
समय वापस िे सकत ेहैं। 

 12. शोधकताा का नाम:       

      फोन नबंर:       

      पता:  

13. गाइड का नाम:        

      फोन नबंर:       

      पता:  

14. ससं्था का नाम: 
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ANNEXURE 1(D) 

रुगणाचंी मादहती पत्रक 

उद्देशः 

आयसीएमआरच्या ननयामक आवश्यकतांनसुार आखण आयईसीद्वारे मजंूर झािेल्या 

सहभागींकडून िेिी सचूचत समंती लमळवविी जात ेहे सनुनश्श्चत करण्यासाठी. 

व्याप्ती: 

 या मानक ऑपरेशनि प्रकियेमध्ये मदहिा किश्जओथरेपी ववद्यार्थयाांचा समावेश आहे जो या 

अभ्यासामध्ये स्वेच्छेने सहभागी होण्यासाठी इच्छुक आहेत. 

जबाबदारी: 

सशंोधक या अभ्यासाचा भागहोण्यासाठी स्वयसंेवा करणायाा सवा सहभागीचंे िेिी ज्ञात 

सहमतीप्राप्त करतीि. 

 प्रकियाः  

1. सशंोधक सहभागी होण्यास इच्छुक सहभागींची ननवड करेि. 

2. अन्वेर्षण कमी करण्यासाठी आखण सहभागीच्या सवा प्रश्नांची उत्तरे शोधक प्रायोचगक 

प्रोटोकॉिच ेस्पष्टीकरण देतीि. 

3. जर सहभागीने भाग घेण्याचा ननणाय घेतिा असेि तर त्यांना मानक पररचािन प्रकियेनसुार 

समंती ददिी जाईि. 

4. जर सहभागीने रस दशावविा परंत ुत्या बाबतीत काही शकंा असतीि तर त्यांचे ननराकरण 

होईि.  
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5. जर सहभागी स्पष्टीकरणास आरामदायक असतीि तर त ेप्रमाखणत ऑपरेशन प्रकियेनसुार 

मादहतीची समंती भरतीि. 

6. सहभागीच्या चचतंनेतंर अभ्यासाची प्रकिया सरुू होईि. 

 7. समावेश आखण वगळण्याच्या ननकर्षांची पडताळणी करण्यासाठी सहभागींकडून तपशीिवार 

वदै्यकीय आखण इतर कोणत्याही शारीररक समस्यचेा इनतहास प्राप्त केिा जाईि. 

8. जर सहभागीिा त्यांच्या कुटंुबातीि सदस्यांसह या मादहतीवर चचाा करायची असेि तर 

समंती देण्यापवूी त्यांना तसे करण्याचा हक्क आहे. 

सशंोधन करणारय्ांना सामान्य मादहती: 

1. नाव:     

    वय:     

    लिगं:     

   तारीि: 

   उंची: 

   वजन: 

 2. आपल्यािा परिॉमा भरणे आवश्यक आहे आखण सशंोधनाचा उद्देश "नासा / जॉनसन 

यांनी नॉन एक्सरसाइज इक्वेशन वापरुन अदंाश्जत व्हीओ २ मॅक्सची तिुना आखण 

किश्जओथेरपी ववद्यार्थयाा वयातीि 18-25 वर्षाातीि क्वीन्स कॉिेज चरण चाचणीद्वारे 

व्यायामाचे समीकरण अभ्यास करणे आवश्यक आहे. ववश्िेर्षणात्मक िॉस ववभागीय अभ्यास 

3. आपण स्वेच्छेने अभ्यासामध्ये भाग घेऊ इश्च्छत असाि तर परीक्षचेी पतूाता होईपयांत 

परिॉरमेशन भरण्याच्या क्षणापासनू आपण आमच्यासह नोंदणी करुन घ्यावी अशी अपेक्षा 

आहे.  

4. या कािावधीत आपणास अस्वस्थ वाटत असल्यास कृपया दयापवूाक आम्हािा कळवा 
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जेणेकरून आम्ही कोणतीही अवप्रय पररणाम न करता आम्ही आपल्यािा मदत करू आखण 

आपल्या अडचणींवर मात करू. 

5. तमु्हािा कोणतीही भरपाई आखण नकुसानभरपाई ददिी जाणार नाही.  

6. कोणत्याही क्षणी आपल्यािा या सशंोधन अभ्यासापासनू दरू ठेवायचे असेि तर आपण 

तसे करण्यास मोकळे आहात आखण आमच्या बाजूने कोणताही अडथळा येणार नाही. 

 7. अभ्यासाच ेजोिीम, अस्वस्थता, िायदे आखण तोटे यांचे तपशीि आपल्यािा समंतीपत्र 

प्राप्त करण्यापवूी स्पष्ट केिे जाईि. 

8. या अभ्यासामधून लमळािेिा डटेा गपु्तपणे सरंक्षक्षत आखण राििा जाईि आखण जर िोटो 

वापरिा गेिा तर आपिी ओळि उघड होणार नाही. जर छायाचचत्र प्रकालशत झाि ेतर परवानगी 

घेतिी जाईि. 

9. या अभ्यासासाठी आवश्यक असिेिी प्रश्नाविी आखण चरण चाचणी प्रकिया भरण्याचे सवा 

धोके आपल्यािा स्पष्ट केि ेजातीि आखण त्यानसुार समंती घेतिी जाईि.  

10. प्रश्नाविी व चरण चाचणी पणूा करण्यास आपण थकिेि ेककंवा अशक्त असल्याचे वाटत 

असल्यास आपल्यािा काळजी करण्याची आवश्यकता नाही आखण आम्हािा कळवा जेणेकरुन 

आवश्यक पावि ेउचिता येतीि. 

11. आपण कोणत्याही क्षणी समाधानी नसल्यास आपण कोणत्याही पररणामालशवाय कधीही 

माघार घेऊ शकता. 

12. सशंोधकाचे नाव: 

    िोन नबंर:        

    पत्ता: 

 13. मागादशाकाचे नाव:      

     िोन नबंर:       
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      पत्ता:  

14. ससं्थचेे नाव: 

 

 

ANNEXURE 1(E) PAR SCALE 
Use the Appropriate Number (0-7) That Best Describe Your General Activity 

Level For The Previous Month  

 Do not participate regularly in programmed recreation, sport, or heavy 

physical activity. 

0-Avoid Walking or exertion, eg. , always use elevator, ride whenever possible 

instead of walking. 

1-Walk for pleasure, routinely use stairs, occasionally exercise sufficiently to 

cause heavy breathing or perspiration. 

Participate regularly in recreation or work requiring modest physical activity, 

such as gymnastics, horseback riding, calisthenics, table tennis  ,softball, 

baseball, weight lifting ,yard work.  

   2-Spend 10-60 minutes per week in these types of physical activity. 

  3-Spend over 1 hour per week in these types of physical activity. 

 Participate regularly in heavy physical exercise eg; running or jogging, 

swimming, cycling, rowing, jumping rope, or engaging in vigorous aerobic 

activity type exercise such as tennis, basketball, soccer, or other similar sports 

activities. 

 4-Run less than 1mile per week or spend less than 30 min per week in 

comparable physical activity. 

 5-Run 1-5 miles per week or spend 30-60 minutes per week in comparable 

physical activity.    

6-Run 5-10 miles per week or spend 1-3 hours per week in comparable physical 
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activity. 

7-Run over 10miles per week or spend over 3 hours per week in comparable 

physical activity. 

 

                                                                                                                         

 

ANNEXURE II (A) 

LETTER OF CONSENT 

“Comparison of Estimated Vo2 Max Using Non Exercise Equation By 

NASA/Johnson And Exercise Equation By Queens College Step Test in 

Physiotherapy Student Aged 18-25 years: -An Analytical Cross Sectional 

Study.” 

1.I have received an explanation of the nature, purpose, duration and 

foreseeable effects and risks of the trial and what I will be expected to do. My 

questions have been answered satisfactorily 

2-I understand that my participation in the trial is voluntary and that I may 

refuse to participate or may withdraw from the trial at any time, without 

penalty or loss of benefits to which I am otherwise entitled 

3-I further understand that any information that becomes available during the 

course of the study that may affect my willingness to take part will be informed 

to me. 

4-Institutional Ethics Committee authorities may wish to examine my medical 

records to verify the information collected. By signing this document, I give 

permission for this review of my records 

5-I understand that my identity will not be revealed in any report or publication 

6-I agree to take part in the above study. 

 Name of                 _____________________                   

__________             
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Name of                 Signature/ Thumb impression                   

Date   

research                        of research participant 

participant     

 

ANNEXURE II (B) 

सहमनत – पत्र  

“ नासा / जॉनसन द्वारा गरै-व्यायाम समीकरण का उपयोग करके अनमुाननत व्हीओ २ मकै्स 

की तिुना और क्वींस कॉिेज सहमनत – पत्र स्टेप टेस्ट बाय किश्जयोथैरेपी में छात्र आय ु

18-25 वर्षों द्वारा व्यायाम: -एक ववश्िेर्षणात्मक िॉस अनभुागीय अध्ययन। " 
 

1. मझुे परीक्षण की प्रकृनत, उद्देश्य, अवचध और दरूदलशाता प्रभाव और जोखिमों का 

स्पष्टीकरण प्राप्त हुआ है और मझुसे क्या करने की उम्मीद की जाएगी। मेरे सवािों का 

सतंोर्षजनक जवाब ददया गया है। 

2. मैं समझता हंू कक मकुदमे में मेरी भागीदारी स्वशै्च्छक है और मैं ककसी भी समय परीक्षण 

से भाग िेने या वापस िेने से इनकार कर सकता हंू, बबना ककसी दंड या िाभ के नकुसान 

के श्जसके मैं अन्यथा हकदार हंू। 

3. मैं आगे समझता हंू कक अध्ययन के दौरान उपिब्ध होने वािी कोई भी जानकारी जो 

मेरे भाग िेने की इच्छा को प्रभाववत कर सकती है, मझुे सचूचत ककया जाएगा। 

4. ससं्थागत आचार सलमनत के अचधकारी एकबत्रत जानकारी को सत्यावपत करने के लिए मेरे 

मेडडकि ररकॉडा की जाचं कर सकत ेहैं। इस दस्तावेज़ पर हस्ताक्षर करके, मैं अपने ररकॉडा 

की इस समीक्षा की अनमुनत देता हंू। 

5. मैं समझता हंू कक ककसी भी ररपोटा या प्रकाशन में मेरी पहचान उजागर नहीं की जाएगी 

6. मैं उपरोक्त अध्ययन में भाग िेने के लिए सहमत हंू। 

 

नाम 

अनसुधंान प्रनतभागी का शोध 

प्रनतभाग_____________________________ 

हस्ताक्षर/ अगंठेू का ननशान  



C:\Program Files (x86)\pdfconverter\temp\NVDC\4B728FDB-CDD2-4FA7-ABFE-F507FFA786F2\fcbe7579-57fb-4b96-b2db-d01563b23e77.doc [Page : 28] 
   

अनसुधंान प्रनतभागी का शोध 

प्रनतभागी___________________ 

ददनांक __________ 

 

 

 

ANNEXURE II (C) 

 

समंती पत्र 
 

"नासा / जॉनसन यांनी नॉन एक्सरसाइज इक्वेशन वापरुन अदंाश्जत व्हीओ २ मॅक्सची तिुना 
आखण किश्जओथेरपी ववद्यार्थयाा वयातीि 18-25 वर्षाातीि क्वीन्स कॉिजे चरण चाचणीद्वारे 
व्यायामाचे समीकरण अभ्यास करणे आवश्यक आहे. ववश्िेर्षणात्मक िॉस ववभागीय अभ्यास” 

 
1. मिा चाचणीचे स्वरूप, उद्दीष्ट, कािावधी आखण अपेक्षक्षत पररणाम आखण जोिमीच े
स्पष्टीकरण प्राप्त झािे आहे आखण मी काय करावे अशी अपेक्षा आहे. माझ्या प्रश्नाचंी उत्तरे 
समाधानकारक आहेत.  

2. मिा समजि ेआहे की चाचणीत माझा सहभाग ऐश्च्छक आहे आखण मी भाग घेण्यास नकार 
देऊ शकतो ककंवा कोणत्याही क्षणी मी दंड आकारिा जाऊ शकत नाही ककंवा ज्याचा मिा 
िायदा झािा आहे त्याचा िाभ न गमावता मी िटिा मागे घेऊ शकतो.  

3. मिा पढेु हे समजि ेआहे की अभ्यासाच्या वळेी उपिब्ध होणारी कोणतीही मादहती जी 
माझ्या सहभागाच्या इच्छेवर पररणाम करू शकत ेमिा कळवविी जाईि.  

4. ससं्थात्मक आचारसदंहता सलमतीचे अचधकारी गोळा केिेिी मादहती सत्यावपत करण्यासाठी 
माझ्या वदै्यकीय नोंदी तपास ूशकतात. या दस्तऐवजावर सही करून, मी माझ्या नोंदींच्या 
या पनुराविोकनासाठी परवानगी देतो.  

5. मिा समजि ेआहे की माझी ओळि कोणत्याही अहवािात ककंवा प्रकाशनात प्रकट होणार 
नाही 

 6. मी वरीि अभ्यासामध्ये भाग घेण्यास सहमत आहे.  

नाव सशंोधन सहभागी  _______ 

स्वाक्षरीचे / अगंठा छापण्याची सशंोधन सहभागी 
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_____________________ 

 तारीि __________   

 

 

 

ANNEXURE Ⅲ 
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ANNEXURE Ⅳ 

PERMISSION LETTER (A) 

To,  

The Head of Institute,  

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I, Miss, student of Master of Physiotherapy, would request you to grant me 

permission to carry out my research work. My research topic is, “Comparison of 

Estimated VO2 Max Using Non Exercise Equation By NASA/Johnson And 

Exercise Equation By Queens College Step Test In Physiotherapy Student Aged 

18-25 Years: -An Analytical Cross Sectional Study.” For this purpose, I would be 

utilizing the institution and the equipment’s required for the same would be 

kept in the same premises and the subjects would be studied in the institution.  

I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                        

Head of Institute 
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PERMISSION LETTER (B) 

To,  

The Chairman,  

Ethical Committee 

Subject: Permission to carry out research work.  

I student of Master of Physiotherapy, would request you to grant me 

permission to carry out my research work.  
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1. VO2:-Maximum Oxygen Consumption. 
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5. BMI:-Body Mass Index. 
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                           ABBREVIATIONS: 

 

COPD        – Chronic Obstructive Pulmonary Disease  

PCI            – Physiological Cost Index 

WHR         – Walking Heart Rate  

RHR          – Resting Heart Rate  

VO2 max   – Maximal Oxygen consumption  

                           6MWT      – 6 Minute Walk Test  

                           2MWT–    2   Minute walk test
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                       INTRODUCTION 

  

World Health Organization (WHO) has defined Chronic obstructive pulmonary disease 

(COPD) as a lung disease characterized by chronic obstruction of lung airflow that  

Interferes with normal breathing and is not fully reversible.[1] 

COPD is generally a progressive disease. Patients with COPD presents cough, sputum  

production, or dyspnea, especially if an exposure to risk factors for the disease have  

been present. Clinical diagnosis needs to be confirmed by standardized spirometric tests  

in the presence of not-fully-reversible airflow limitation.[2] 

It is widely accepted that the presence of airflow obstruction is the key in diagnosing  

COPD. When the forced expiratory flow in 1 second (FEV1)/forced vital capacity (FVC)  

– ratio is reduced, then one can say airflow obstruction is diagnosed. Another important  

sign of COPD is a decline in FEV1 which is used consequently as a measure of the severity  

of airflow obstruction. [3] 

 

COPD is classified according to GOLD criteria: 

Stage 1 (Mild)              :FEV1 80% or greater of predicted  

Stage 2 (Moderate)    :FEV1 50-79% of predicted 

Stage 3 (Severe)          :FEV1 30-49% of predicted 

Stage 4 (Very severe) :FEV1 less than 30% of predicted [4] 

Chronic obstructive pulmonary disease (COPD) is associated with impairments affecting  

respiratory system, patients experiences shortness of breath, wheezing, chest tightness,  

especially during physical activities. This occur because the fibres are damaged that make  

up the walls of the alveoli. The damage make these fibres less elastic and so they are  

unable to recoil during exhalation, making it hard to remove carbon dioxide out of the  

lungs. The airways of the lungs become inflamed & narrowed. They tend to collapse when 

                      you breathe out & can become clogged with mucus. This reduces airflow through the  

                      bronchial tubes; a condition called airway obstruction. Bronchial tubes get inflamed,  

                      leading to sensitization of the nerves in the lungs. If the lung airways become inflamed,  

                      this results in bronchitis with subsequent mucus production.  
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Then further it develops into chronic bronchitis. Bronchitis affects the oxygen &  

carbon dioxide exchange because of the airway swelling & mucus production.  

Patient can also experience episodes of acute worsening of respiratory symptoms 

termed as exacerbations.  

During these episodes, breathlessness increases, the perception of fatigue worsens,  

markers of systemic inflammation rise, and patients spend less time outside their  

home and take fewer steps during the day. Activities of daily living of chronic  

obstructive pulmonary disease (COPD) patients, are limited by exertional dyspnea 

and reduces their exercise capacity. Exertional dyspnea appears to be related to the  

increased work of breathing associated with a restriction of tidal volume expansion. 

A reduction in exercise capacity, measured as peak oxygen uptake (VO2), has been  

found to be related to ventilatory limitations, pulmonary gas exchange abnormalities,  

peripheral muscle dysfunction or any combination of these factors.[5] 

The cardiac impairments associated with COPD are, right ventricular dysfunction and  

pulmonary vascular disease and they correlate inversely with survival.[6] 

COPD associated with skeletal muscle complications needs rehabilitation, because it  

shows a decrease in quality of life due to progressive worsening.  

In COPD, reduction in aerobic capacity of skeletal muscle occurs. During exercise,  

the active musculature receives blood flow higher than when at rest, and therefore  

the oxygen consumption (VO2) is higher and is able to lead to early muscle fatigue,  

thus limiting physical activity. Chronic Obstructive Pulmonary Disease (COPD) is a  

major cause of mortality and morbidity worldwide and constitutes the largest portion  

of patients referred for Pulmonary Rehabilitation.[7] 

VO2 max: Activity & energy expenditure can be quantified by measuring heart rate,  

oxygen uptake and respiratory assessment of energy expenditure of walk which is used to  

evaluate VO2 max (direct measurement of oxygen consumption) [6]                   

Studies indicate that pulmonary function in patients with Chronic Obstructive Pulmonary  

Disease, have shown lowered tolerance to exercise and consequently, a decrease 

in performance in activities of daily living (ADLs). In order to facilitate the evaluation  

of VO2 max and assess the physical capacity of patients for pulmonary rehabilitation  
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program, inexpensive field tests have been developed.[7]                                               

All individuals should engage in a aerobic physical activity of at least 20-60 minutes 

with a moderate intensity, and on at least 5 days per week. Health and fitness benefits  

one can achieve by adding more time in moderate-intensity activity or by substituting  

more vigorous activity.[8]                                                                                                       

What is Physiological Cost Index (PCI):                                                          

Physiological Cost Index is a simple instrument to measure energy consumption, requires  

little equipment to administer and was established to determine energy cost.  

Physiological Cost Index (PCI) is a widely used simple tool to measure energy expenditure  

of walking, as established by MacGregor in 1979. It is defined as the difference of  

Walking Heart Rate (WHR) and Resting Heart Rate (RHR) divided by Speed. 

Physiological Cost Index = Walking HR – Resting HR (beats/min)    

                                                                           Speed (meter/min)                                                                                                                                                                                  

                      This index can be used in clinics to evaluate functional performance of the patient and  

                      no heavy equipment is required. Physiological Cost Index works on the principle that  

                      HR and Speed is linearly related to oxygen consumption at submaximal levels of exercise.  

                      The assessment of Physiological Cost Index walking that has been described most frequently  

                      is at comfortable walking speed, on a level floor track and measurement in steady state  

                      condition. A similar approach is recommended. Physiological Cost Index has high  

                      test-retest reliability for the non steady state and the steady state. It simply requires  

                      recording of HR at rest and while walking, measured by inexpensive equipment.  

        Measuring the Physiological Cost Index has been the subject of many publications for  

        patients with different locomotion disorders and also in lower limb amputees walking  

        with prosthesis. The Physiological Cost Index has clinical utility because the common  

        equipment found in a clinical setting can be used to determine energy cost. Various  

       measurement protocols can be used like design and length of the track, period of walking,  

       non steady measurements. Physiological Cost Index correlated well with VO2 max by  

       lab test, thus to assess physical capacity, VO2 max, Physiological Cost Index can  

       be helpful. Previous researchers have shown that PCI & predicted VO2 max to be valid  

       measures of energy cost. Bailey and Ratcliffe determined PCI to be valid & reliable based  
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      on multiple test-retest situations in both steady-state & non-steady state. These situations  

      resulted in minimal differences in values for normal subjects.[9] 

             In COPD patients, different clinical characteristics, such as decreased lower-limb muscle  

             function and a disturbed balance, may compromise the ability to balance the energetic  

             and stability requirements posed by walking. Hence, the walking pattern during 6MWT  

             most probably is different between patients with COPD and healthy elderly subjects. [10] 

             Patients with COPD and bronchial asthma have been reportedto have an increase in the  

             energy cost of breathing which isreflected by changes in their basal metabolic rates (BMR). [11] 

             As a corollary, deviations in gait, explained by biomechanical andneuromuscular factors,  

             such as muscle weakness, joint deformity, andinappropriate bracing lead to increased energy  

             expenditure. [12] 
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RATIONALE OF STUDY: 

 

• Physiological Cost Index is low cost & more practical to use in a clinical setting  

                              because it does not require special training or administration in laboratory equipment. 

• 6 minutes walk test is more exerting for COPD patients, that’s why we are doing 

     2 minute walk test to assess the functional capacity in stage 1 & stage 2 COPD  patients. 

• Measuring energy cost of walking in lower limb amputees is an established 

                              Method mostly done by assessment of oxygen consumption (VO2), but more 

                              suitable for clinical settings is measuring of PCI. The only equipment that is 

                              needed is a standard heart rate monitor and a stopwatch. 

• It has already been proven that 6 min walk test is of importance to calculate energy 

                              cost in COPD patients. 

• We have seen that COPD patients have difficulty to perform 6 minutes walk test, 

                              so in this study we will see that from 2 minute walk test can we predict the energy 

                              cost. 
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                             Aim: 

                             To study the comparison between physiolocal cost index using six minute walk test  

                             and two minute walk test in COPD patients 

Objectives:- 

 

• To find and compare Physiological Cost Index using 6 minute walk test & 2 

minute walk test in Chronic Obstructive Pulmonary Disease (COPD) patients   

                   Formula: Physiological Cost Index = 

                       Walking HR – Resting HR (beats/min)  

                                       Speed(meter/min)
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                            Primary Research question: 

                            Is there any difference in Physiological Cost Index of 6 minute walk test  

                            and 2 minute walk test in Chronic Obstructive Pulmonary Disease (COPD)  

                            patients?  

                            Null Hypothesis: 

 

There is no significant difference between Physiological Cost Index using 6 

minute walk test & 2 minute walk test in COPD patients. 

Alternate Hypothesis: 

 

There is significant difference between Physiological Cost Index using 6 minute 

walk test & 2 minute walk test in COPD patients.
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Review of literature: 

 

1. Cindy Laporte, Lena Hardy,Johnson D,Montgomery V. published a study 

named The effect of lower leg casting on energy cost during independent 

ambulation: considerations of clinical practice, in which they said that 

Physiological Cost Index is a simple instrument to measure energy 

consumption and requires little equipment to administer and was 

established to determine energy cost. In their study, patient walked at 

his/her comfortable walking speed or preferred pace, a steady resting HR 

was established following a five minutes rest period. Walking HR was 

obtained during a steady state.[13] 

2. Vllasolli TO, Orovcanec N, Zafirova B, conducted a study named 

Physiological cost Index and comfort walking speed in two level lower 

limb amputees having no vascular disease. Energy consumption is usually 

measured by either a floor test or treadmill test but they preferred the 

floor test in order to be able to use walking aids during the test and to 

facilitate the patients’ ability to select the most comfortable walking 

speed. Age was found as an important factor influencing the energy 

expenditure and walking speed in able bodied and in lower limb 

amputees . However, we thought it would be very interesting to shed 

more light on possible differences in prosthetic walking according to age. 

So, we analyzed its impact in our amputees and we found a great impact 

in both group of amputees on both physiological determinants. Apart 

from this, the authors found that gender and height significantly 

influenced gait speed but weight and age did not. This was explained by a 

restricted age range (50-70).[14] 

3. Rachel C. Graham, Nicola M Smith, Claire M White published an article 

named, The reliability and validity of the Physiological cost index in 
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healthy subjects while walking on 2 different tracks. Researchers used the 

main outcome measures as heart rate and speed to calculate 

Physiological Cost Index. Physiological Cost Index assumes a linear 

relationship between oxygen consumption (VO2) and heart rate at 

submaximal levels and therefore uses heart rate as an indicator of energy 

expenditure and proposed as a feasible low- cost, low technology 

alternative to use of gas and calorimetric analysis equipment during gait 

analysis.[15] 

4. Du Q, Sun Y, Ding N, Lu L, Chen Y published a study, in which their 

objective is to study the effects of beta blockers on outcomes in patients 

with COPD and also thier objective of met-analysis was to assess the 

effect of beta blockers on mortality & exacerbation in COPD patients. 

After conducting this study they concluded that beta blockers treatment 

significantly decreased the risk of overall mortality and exacerbation of 

COPD.[16] 

5. Etminan M, Jafari S, Carleton B, FitzGerald JM published a systemic 

review and met-analysis of beta-blockers use and COPD mortality. They 

reviewed and stated that the pooled relative risk of COPD related 

mortality is secondary to beta blockers use was 0.69.[17] 

6. van Gestel YR, Hoeks SE, Sin DD,conducted a study named beta blockers 

& HRQOL in patients with Peripheral Arterial Disease and COPD. In their 

study, aim was to investigate the relationship between beta blockers and 

HRQOL in patients with Peripheral Arterial Disease & COPD. After 

investigating , they concluded that beta-blockers had no material impact 

on the HRQOL of patients with Peripheral Arterial Disease who also had 

COPD.[18] 

7. Jones SE, Barker RE, Nolan CM, Patel S, Maddocks M, Man WDC, 

published a study named Pulmonary Rehabilitation in patients with an 

acute exacerbation of COPD, In their study, they concluded that acute 

exacerbation requiring hospitalization is an important life event for COPD 



15 
 

patients and have devastating impact on physical activity levels, skeletal 

muscle function and exercise tolerance and also found out that, there is 

moderate to larger benefits in HRQOL & exercise capacity following acute 

exacerbation of COPD.[19] 

8. Maria Kerti, Krisztina Kelemen, Zsuzsanna Balogh, Janos T Varga, 

conducted a study named the relationship between exercise capacity & 

different functional markers in pulmonary rehabilitation for COPD. In 

their study, investigated the correlation between changes in exercise 

capacity & other functional markers following pulmonary rehabilitation in 

COPD.[20] 

9. Cheng Hsun Wu, published a study, in which he studied Physiological cost 

index of walking for normal adults. He found that the average of the most 

economical walking speed was 64.37m/min for males, females. At slower 

speeds, the Physiological Cost Index values were high, indicating poor 

economy.[21] 

10. Rosa Fernanda Warken, Camelier Aquiles, Mayer Anamaria, Jardim José 

Roberto, conducted a study named Evaluating physical capacity in 

patients with Chronic Obstructive Pulmonary Disease: comparing the 

shuttle walk test with the encouraged 6 minutes walk test, the result of 

there study was that the patients obtained a higher heart rate on the 

encouraged 6 minutes walk test than on the shuttle walk test. The post 

test sensation of dyspnoea was also higher on the encouraged 6 minutes 

walk test.[22] 

11. Harshita Sharma, Aparna Sarkar, published a study named Correlation 

between six minute walk test and Physiological cost index in healthy 

Indian females, they concluded that Physiological cost of walking in 

normal Indian females is directly associated with the weight, BMI, 

6MWD, increase in heart rate post exercise of an individual.[23] 

12. Mazzocchi Cintia Stumpf, Costa Cássia Cinara da, Canterle Dáversom 

Bordin, Moussalle Luciane Dalcanale, Colombo Caroline, Teixeira Paulo 
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José Zimermann, conducted a study named Comparison of the 

physiological variables in the six-minute walk test and stair-climbing test 

in COPD patients, they have compared the time of physiological and 

subjective perception of exertion from Borg, after that they found, all 

changes were statistically significant tests.[24] 

13. Anne E. Holland, Martijin A Spruit, Sally J Singh, published a study named 

How to carry out a field walking test in chronic respirator disease. In her 

study she said that, the 6MWD is a reliable measure in people with 

chronic respiratory disease, recent studies show strong evidence of a 

learning effect when two or more tests are conducted. The 6MWD should 

not be measured using a treadmill as this will result in substantially lower 

distances.[25] 

14. Liang-Hui Huang, Yu-Ju Chen published an article named, The 6 minute 

walk test to assess exercise capacity of patients with COPD, after there 

study, they concluded that 6 minute test is a valid and reliable 

assessment tool for exercise tolerance in COPD patients.[26] 

15. Jennifer M. Yentes, Harlan Sayles conducted a study named Walking 

abnormalities are associated with COPD: Aninvestigation of the NHANES 

III dataset,in which they stated that disease severity cancontribute to 

mechanical outcomes of patients with COPD. In addition, decreased 

physical activity levels were significantly associated with all COPD severity 

levels.[27] 

16. Jennifer M. Yentes, Stephen I. Rennard, Kendra K. Schmid published a 

study named Patients with Chronic Obstructive Pulmonary Disease Walk 

with Altered Step Time and Step Width Variability as Compared 

withHealthy Control Subjects, they stated that Patients with COPD walk 

with increased duration of time between steps, andthis timing is more 

variable than that of control subjects. They also walk with a narrowerstep 

width in which the variability of the step widths from step to step is 

decreased.[28] 
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17. EF Porto, AAM Castro, VGS Schmidt, HM Rabelo conducted a study 

named Postural control in chronic obstructive pulmonary disease: 

asystematic review, they stated that Patients with COPD present postural 

control impairment when compared with age-matched healthycontrols. 

Associated factors contributing to impaired postural control were muscle 

weakness, physicalinactivity, elderly age, need for supplemental oxygen, 

and limited mobility[29] 

18. Sanjay A. Patel, Roberto P. Benzo, William A. Slivka and Frank C. Sciurba 

published a study named Activity Monitoring and Energy Expenditure in 

COPD Patients: A Validation Study, they stated that this physiologic 

activity monitor provides a valid and reproducible estimate ofenergy 

expenditure during slow to moderate paced walking in a laboratory 

setting and represents anobjective method to assess activity in COPD 

subjects.[30] 

19. Prateek Grover conducted a study named Energy Expenditure During 

Basic Mobility and Approaches to Energy Conservation, he stated that In 

which he stated that Centre of mass vertical displacement is reduced by 

shorter steps and flat gait, but overall metabolic expenditure is still 

increased. This is likely due to increased swing and stance phase costs.[12]         

20.  Giuseppe Valerio, Pierluigi Bracciale published a study named  Metabolic 

Requirements during SixMinutes Walking Tests in PatientsAffected by 

Chronic ObstructivePulmonary Disease in Different Stages, they stated 

that    6MWT looks as a suitable sub maximal test related CPET. 

Metabolicrequirements under 6MWT are close to TDMA and are 

obtained in a suitable, self paced,usual exercise, close to everyday 

experience and thus related to activity daily levels. Asthe disease worsens 

the differences between V’O2 during 6MWT and V’O2 max wane. [31] 

21.   Janneke Annegarn, Martijn A Spruit conducted a study named  

Differences in walking pattern during 6-min walktest between patients 

with COPD and healthy subjects, they stated that COPD patients have an 
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altered walking pattern during 6MWT comparedto healthy subjects. 

These differences in walking pattern partially explain the lower 6MWD in 

patientswith COPD.[10] 

22.  Mohammed A. Agha, Rabab A. El Wahsh published a study named Basal 

metabolic rate in bronchial asthma and chronic obstructive pulmonary 

disease patients, they stated that Patients with COPD and bronchial 

asthma have increasedmetabolic rates. These increased rates are directly 

correlatedto the severity of the diseases and the impairment in 

therespiratory function.[11] 

23.  T Troosters 1, J Vilaro conducted a study named  Physiological responses 

to the 6-min walk test in patients with chronic obstructive pulmonary 

disease, they stated that    an encouraged 6-min walking test generates a 

high but sustainable oxygen uptake. Since the oxygen uptake plateau 

reflects the integrated response of the system, it may explain the high 

prognostic value of the 6-min walking test.[32] 

24.  Emmylou Beekman, Ilse Mesters published a study named Course length 

of 30 metres versus 10 metres has asignificant influence on six-minute 

walk distance inpatients with COPD: an experimental crossover study,in 

which they stated that   the impact of course length on the 6MWD and on 

the use ofreference equations in patients with COPD is substantial and 

clinically relevant (based on the mostconservative published minimum 

clinically important difference)[33] 

25. James Brian Byrd, David E Newby conducted a study named Blood 

pressure, heart rate, and mortality in chronic obstructive pulmonary 

disease: the SUMMIT trial, they stated that A ‘U-shaped’ relationship 

between BP and all-causemortality and cardiovascular events exists in 

patients withCOPD and heightened cardiovascular risk. A 

linearrelationship exists between heart rate and all-causemortality and 

cardiovascular events in this population.[34] 

26.  Lies Lahousse, Vincentius J.A.Verlinden published a study named   Gait 
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patterns in COPD: the Rotterdam Study, they stated that  persons with 

COPD exhibit worse Rhythm, especially fallers with COPD. Thedegree of 

Rhythm deterioration was associated with the degree of airflow 

limitation, symptoms and frequency ofexacerbations.[35] 

27. Jennifer M Yentes, Kendra K Schmid, Daniel Blanke conducted a study 

named Gait mechanics in patients with chronic obstructive 

pulmonarydisease, in which they stated that Patients with COPD appear 

to demonstratebiomechanical gait changes at the ankle ascompared to 

healthy controls. This was seen notonly in increased peak ankle power 

absorptionduring no rest but was also demonstrated by a lackof increase 

in peak ankle dorsiflexion moment from  the REST to the NO REST 

condition as compared tothe healthy controls.[36] 

28.   Wai-Yan Liu, Martijn A. Spruit published a study named Spatiotemporal 

gait characteristics in patients with COPDduring the Gait Real-time 

Analysis Interactive Lab-based 6-minute walk test, stated that COPD 

patients have different gait characteristics compared to healthy elderly. 

Independent of walking speed, COPD patientsdemonstrate increased 

stride length variability during the GRAIL-based 6MWT compared to 

healthy elderly.[37] 
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      Methodology:- 

 

• Study Study design: Analytical cross sectional study. 

• Study setting: Respiratory Medicine OPD & Physiotherapy 

 OPD of tertiary care hospital 

• Study population: Diagnosed COPD patients  

• Type of sampling: Convenient sampling. 

• Duration of study: 18 months  

• Power ( 1-β) = 80 % 

• α error = 5 % 

• Required sample size n: Based on the pilot study required sample size is  

28.9, but rounded to 30, therefore 30 subjects (COPD patients) will be  

included in the study. 

 

                           Method of selection of study: 

                           INCLUSION CRITERIA: 

• Diagnosed COPD patients Age group 40-60 years 

• Patients those who can walk comfortable 

• Patients those who can walk without any assistive device or walk independently  

or with no symptom 

• COPD stage 1 and stage 2 will be included  
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                            EXCLUSION CRITERIA: 

• Patients on Beta-blockers 

• Patients in Acute Exacerbation since 4 weeks 

• Patients with any other disease of Respiratory, Cardiovascular & Neurological system 

• COPD stage 3 and stage 4 will be excluded Variables: 

• Independent Variables: 

1. Age 

2. Gender 

• Dependent Variables: 

1. Blood pressure (SBP,DBP) 

2. Respiratory Rate 

3. Rated Perceived Exertion (RPE) scale 

4. Pulse rate 

5. Speed 

6. 6 minute walk test 

7. 2 minute walk test 

8. Physiological Cost Index 

 

Physiological Cost Index = Walking HR – Resting HR (beats/min)                       

                                                              Speed (meter/min) 
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                         Operational Definitions: 

• Exercise capacity: - Is the maximum amount of physical exertion that a patient can 

sustain. 

• Energy cost: Monetary & Non-monetary cost (such as the environmental impact) 

associated with the Production, transmission and consumption of energy. 

• VO2 max: The maximum amount of oxygen that can be transport and utilized by the 

body per minute. 

• 6 minute walk test- In this study 6 minute walk test is defined as the maximum distance 

covered by the patient in six minutes duration. 2 minute walk test: The 2 minutes walk 

test (2MWT) measures the distance that a patient can walk within two minutes. 

                         Methods of measurement : 

                         Outcome measures: 

• Physiological Cost Index (PCI): PCI measures energy expenditure of walking.  

Patient was made to sit in comfortable position for 5 min and HR was taken at every 1 

minute with the help of HR monitor or pulse oximeter. True Resting HR was taken as the 

average of the 5HR.  

The  patient was asked to walk in the hallway of 30 meter marked by two cones,for five 

minutes at their comfortable walking speed. Walking HR was taken as the average of HR 

of last 3   min of walk. 

                                          Formula: PCI = Walking HR – Resting HR                                                                                 

                                                                                   Speed 
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                 Intervention: 

• Six minutes walk test: 6-min walk test will be carried out according to ATS guidelines .The 6 

minutes walk test (6MWT) measures the distance that a patient can quickly walk in a 30-m 

(100-foot) hallway in a period of 6 min.Two cones will be kept at the both the ends of 30 

meter hallway. Participants will be asked to walk at their own normal pace along a perimeter 

of 30 m. They will be asked to cover as much ground as possible while maintaining a steady 

pace  without running during the allotted time. Encouragement will be given and they will be 

informed each minute of the time remaining.The participants will be allowed to stop, but 

they can start again, if possible, within   the allocated 6 min. They will be advised to report to 

the therapist if any discomfort is felt during the test. The distance walked by the participants 

will be recorded in meters at the end of test. 

• Two minutes walk test: 2 minutes walk test will be carried out according to ATS guidelines. 

The 2 minutes walk test (2MWT) measures the distance that a patient can walk within 2 

minutes.Participant is asked to cover as much ground as possible over 2 minutes & to walk                          

continuously if possible, but do not concerned if you need to slow down or stop to rest. Start 

timing when participant is instructed to ‘Go’ stop timing at 2 minutes. Assistive devices can 

be used but should be kept consistent. 

 

                Method of data collection:-  

• Permission from Head of institute, Ethics committee and Respiratory medicine HOD will be 

taken. 

• Study will be explained to the participant and written consent will be taken from participants. 

Participants will be evaluated as per case record form and anthropometric data will be taken. 

Height will be measured by stadiometer, the height rule is taped vertically to the hard flat 

wall surface with the base at floor level. Participants are asked to remove their shoes, heavy 

outer garments, and hair ornaments. The participant is asked to stand with his/her back to 

the height rule. The back of the head, back, buttocks, calves and heels should be touching the 

upright, feet together. The top of the external auditory meatus (ear canal) should be level 
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with the inferior margin of the bony orbit (cheek bone). The participant is asked to look 

straight. Weight will be measured using weighing machine. The scale should be placed on a 

hard-floor surface. 

• Participants are asked to remove their heavy outer garments (jacket, coat, etc.) and shoes. 

Participants will be asked to empty their pockets and record the fact in the data collection 

form. The participant stands in the center of the platform, weight is distributed evenly to 

both feet. Standing off-center may affect measurement. From the patients fulfilling GOLD 

stage 1 and 2. 

• Patient will be asked to were comfortable clothing and appropriate shoes for walking. He will 

be asked to continue his regular medical regimen and have light early morning meal before 

the test. The patients will be advised to not perform any kind of vigorous exercise before the 

test. Blood pressure, respiratory rate, pulse rate and oxygen saturation will be measured 

before beginning the test Two cones will be kept at the both the ends of 30 meter hallway. 

• Participants will be asked to walk at their own normal pace along a perimeter of 30 meter. 

They will be asked to cover as much ground as possible while maintaining a steady pace 

without running during the allotted time. Encouragement will be given and they will be 

• informed each minute of the time remaining. The participants will be allowed to stop, but 

they can start again, if possible, within the allocated 6 min. They will be advised to report to 

the therapist if any discomfort is felt during the test. Blood pressure respiratory rate, pulse 

rate and oxygen saturation will be measured at the end of the test . The distance walked by 

the participants will be recorded in meters at the end of test. 

                 According to American Thoracic Society Guidelines: 

• Patient will be asked to were comfortable clothing and appropriate shoes for walking. He will 

be asked to continue his regular medical regimen and have light early morning meal before 

the test. The patients will be advised to not perform any kind of vigorous exercise before the 

test. Blood pressure, respiratory rate, pulse rate and oxygen saturation will be measured 

before beginning the test. Two cones will be kept at the both the ends of 30 meter hallway. 
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• Participants will be asked to walk at their own normal pace along a perimeter of 30 meter. 

They will be asked to cover as much ground as possible while maintaining a steady pace 

without running during the allotted time. Encouragement will be given and they will be 

informed each minute of the time remaining. The participants will be allowed to stop, but 

they can start again, if possible, within the allocated 6 min. They will be advised to report to 

the therapist if any discomfort is felt during the test. Blood pressure respiratory rate, pulse 

rate and oxygen saturation will be measured at the end of the test .The distance walked by 

the participants will be recorded in meters at the end of test.[38] 

• Energy cost index will be estimated using Physiological Cost Index formula: 

• Physiological Cost Index = Walking HR – Resting HR (beats/min) 

                                                         Speed (meter/min) 
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Patient performing 6MWT 
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Measurement of vitals 
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                  Data Collection Tools:  

• Pulse oximeter: 

 

 

• Measuring tape: 

 

 

• Stop watch: 

++  
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• Cones: 

 

 

                 The reliability of each component has been as follows: 

• 6 minute walk test : 

The six minute walk test is a sub-maximal exercise test that entails measurement of 

distance walked over a span of 6 minutes . The six minute walk distance provides a 

measure for integrated global response of multiple cardiopulmonary exercises The six 

minute walk test provides information regarding functional capacity, response to therapy 

and prognosis across a broad range of chronic cardiopulmonary conditions. Main strengths 

of the 6MWT stem for its simplicity in concept and performance, low cost, ease of 

standardization, and acceptance by test subjects. It has emerged as the most commonly 

used test for the objective assessment of functional exercise capacity.[38] 

• 2 minute walk test : 

The 2 Minute Walk Test (2MWT) is a self-paced walking ability and functional capacity 

measure. It is beneficial for those who cannot walk for Six Minute Walk Test (6MWT) or 12 

Minute Walk Test Studies indicate that the 2MWT is consistently reproducible. 

The 2 minute walk test shows good validity with other walk tests. The 2 minute walk test 

correlates highly with the six and 12 minute walk tests, they indicates similar measures of 

gait and exercise tolerance in population based samples and those with respiratory 

disease.[39] 
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• Flow chart for general procedure: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Permission from Head of institute, Ethics committee, 

Respiratory Medicine department & BORS (Board of  

Research) will be taken. 

 

COPD patients will be recruited for the study 

Study will be explained to the participant & informed written consent 

will be taken 

 

Participants will be evaluated 

 

6 minutes walk test will be carried out according to ATS guidelines 

 

Case record form evaluation 
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DATA MANAGEMENT & ANALYSIS: 

 

• As soon as data collection will be done, it will be recorded as master chart on MS excel 2016. 

• In anyway patient’s identity & information will be kept confidential. 

• Data will be encrypted, coded and analyzed in the statistical software Open epi or EPI 

software version 7. 

2 minutes walk test will be carried out according to ATS guidelines 

 

During each walk tests patients resting HR and walking HR will be 

taken 

 

Data will be collected 

Data will be analyzed 

Physiological Cost Index will be calculated according to the formula 

 

During both tests patients walking speed will be taken 
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• Data will be used for further analysis. 

• Frequency % : Mean & standard deviation will be calculated. 

• P value less than 0.05 will be considered statistically significant. For the group paired t-test 

will be used. 

• As such there were no related article of present study, so the Pilot study was done to 

calculate Physiological Cost Index using 6 minute walk test and 2 minute walk test. 

• The reliability of outcome that is Physiological Cost Index was 99.8 %. So, the sample size is 

calculated by the results of Pilot study. 

• The Mean Physiological Cost Index = 101.8 with Standard deviation = 13.44 

• Formula for calculating sample size: n = 4 SD2     

                                                                                 L2                                                                                                                                                                                           

• Where, L = absolute error, so by keeping ± 5 SD = Standard deviation 

α= 5 % β= 20 % 

• Required sample size n = 28.9 but rounded to 30. 
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RESULTS: 

• The sample size of the study was 30 Chronic Obstructive Pulmonary Disease (COPD) 

subjects.  

• A group of 21 males (70%) and 9 female (30%) COPD subjects, of the age 40-60 years 

participated in the study.  

• The mean age of the population was 52.13 ± 5.77 years.  

• The mean Resting HR of 6 Minute Walk Test was 98.47 ± 9.89 beats/min. The mean Resting  

HR of 2 Minute Walk Test was 97.23 ± 9.347 beats/min, there p-value was <0.001.  

• The mean Walking HR of 6 minute walk test was 107.80± 7.997 beats/min. The mean 

Walking HR of 2 minute walk test was 104.17 ± 8.85 beats/min, there p-value was<0.001.  

• The mean Physiological cost index of 6 minute walk test was 0.137 and the mean 

Physiolocal cost index of 2 minute walk test was 0.089, there p-value was <0.001. 

• There was significant difference found between PCI of six minute walk test and PCI of two 

minute walk test in COPD subjects  (p value= <0.001). The comparison between PCI of 

6MWT and 2MWT was found to be a statistically different. 

• The mean speed of 6MWT was 68.33±3.968, 

• The mean speed of 2MWT wwas 77.73±3.523,  

 p-value of 6MWT and 2MWT was <0.01 and found that the speed was higher in 2MWT than 

6MWT 

• The mean Pre-6MWT-SBP was 136±6.447 mm Hg. The mean Post-6MWT-SBP was 

144.87±6.257 mm Hg, there p-value was <0.01.   

• The mean Pre-6MWT-DBP was 86.10±6.870 mm Hg. The mean Post-6MWT-DBP was 
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91.33±6.769 mm Hg, there p-value was <0.01. 

• The mean Pre-6MWT-RR was 23.27±1.311 breaths/min, The mean Post-6MWT-RR was 

32.97±1.884 breaths/min, there p-value was <0.01. 

• The mean Pre-6MWT-RPE was 3.50±0.509, The mean Post-6MWT RPE was 8.17±0.74, 

there p-value was <0.01. 

• The mean Pre-2MWT-SBP was 136.23±6.447, mean Post-2MWT-SBP was 143.17±4.757, 

there p-value was <0.01. 

• The mean Pre-2MWT-DBP was 86.10±6.870, mean Post-2MWT-DBP was 90.80±7.416, 

there p-value was <0.01. 

• The mean Pre-2MWT-RR was 23.27±1.311, mean Post-2MWT-RR was 25.80±1.215, 

there p-value was <0.01. 

• The mean Pre-2MWT-RPE was 3.50±0.509, mean Post-2MWT-RPE was 5.13±0.819, 

there p-value was <0.01. 

• The mean Post-SBP of 6MWT and 2MWT was 144.87±6.257 and 143.17±4.757, 

there p-value was 0.241. 

• The mean Post-DBP of 6MWT and 2MWT was 91.33±6.769 and 90.80±7.416, 

there p-value was  0.772. 

• The mean Post-RR of 6MWT and 2MWT was 32.97±1.884 and 25.80±1.215, 

there p-value was  <0.01. 

• The mean Post-RPE of 6MWT and 2MWT was 8.17±0.747 and 5.13±0.819, 

there p-value was  <0.01. 

• It was found that mean Post-SBP, mean Post-DBP,mean Post-RR,mean Post-RPE of 6MWT 

was higher than mean Post-SBP,mean Post-DBP,mean Post-RR,mean Post-RPE of 2MWT. 
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TABLE NO.1 Gender distribution  

 Frequency Percent 

 

Female 9 30 

Male 21 70 

Total 30 100 

 

GRAPH NO.1 Gender distribution 

 

 

The above Table and Graph shows percentages of Gender distribution which is  

70% of male and 30% of female 

 

 

 

 

 

Female
30%

Male
70%

Gender
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TABLE NO.2 & GRAPH NO.2 Distribution of subjects by age 

Age  Distribution 

 Frequency Percent 

 

40-45 4 13.3 

46-50 8 26.7 

51-55 6 20.0 

56-60 12 40.0 

Total 30 100.0 

Mean + S.D. 52.13+5.77 

 

 

 

The above table and graph show the age wise distribution of subjects.  The mean age of the study 

population was 52.13 ± 5.77 years. There were 13.3% of subjects in the age group 40-45 years, 26.7% 

in the age group of 46-50 years, 20.0% in the age group of 51-55 years and 40.0% in the age group of 

56-60 years. 
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TABLE NO.3 Speed of 6MWT and 2MWT 

 
Group N Mean Std. 

Deviation 

T 

value 

P 

value 

Sp
ee

d
 

6 Min Walk 

Test 
30 68.33 3.968 

-9.70 <0.01 
2 Min Walk 

Test 
30 77.73 3.523 

 

 

 

 

GRAPH NO.3 Speed of 6MWT and 2MWT 

  

 

The above Table and Graph shows speed of 6MWT, the mean speed is 68.33±3.968, 

Speed of 2MWT 77.73±3.523, std deviation, T-value and p-value of 6MWT and 2MWT 

 

68.33

77.73

0

10

20

30

40

50

60

70

80

90

6 Min Walk Test 2 Min Walk Test

Speed



38 
 

 

 

TABLE NO. 4 Walking HR, Resting HR and PCI parameters of 6MWT and 2MWT 

 Mean Std. 

Deviation 

T 

value 

P value 

Walking 

HR 

6 Min walk test 107.80 7.997 8.056 <0.001 

2 Min walk test 104.17 8.859 

Resting 

HR 

6 Min walk test 98.47 9.895 4.449 <0.001 

2 Min walk test 97.23 9.347 

PCI 
6 Min walk test 0.137 0.048 5.964 <0.001 

2 Min walk test 0.089 0.026 

 

 

The above table shows the mean Walking HR of 6MWT was 107.80 ± 7.997, the mean Walking HR of 

2MWT was 104.17 ± 8.859, with p- value <0.001 the mean Resting HR of 6MWT was 98.47 ±9.895, 

the mean Resting HR of 2MWT was 97.23 ± 9.347, with p-value <0.001 the mean PCI of 6MWT was 

0.137 ±0.048, the mean PCI of 2MWT was 0.089 ± 0.026, with p-value <0.001 which means with 

increase in Walking HR, the PCI is also increased. And all these values are statistically significant.  
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GRAPH NO.4 Resting HR parameters of 6MWT and 2MWT

 

The above graph shows the mean Resting HR of six minute walk test and two minute walk test was 

98.47 beats/min in six minute walk test and 97.23 beats/min in two minute walk test (T value 4.449, P 

value < 0.001). And these values are statistically significant. 
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GRAPH NO.5 Walking HR parameters of 6MWT and 2MWT 

 

The above table and graph shows the distribution of walking HR of six minute walk test and two minute 

walk test was 107.8 beats/min in six minute walk test and 104.17 beats/min in two minute walk test 

respectively withT value 8.05 and P value < 0.001). And these values are statistically significant. 

 

 GRAPH NO.6 PCI parameters of 6MWT and 2MWT 
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The above graph show the comparison of Physiological Cost Index (PCI) between six minute walk test 

and two minute walk test.PCI in six minute walk test is 0.137 and 0.089 in two minute walk test (T 

value 5.96, P value < 0.001). And these values are statistically significant. 

 

 

 

 

6 MINUTE WALK TEST: Parameters 

TABLE NO. 5. 6MWT parameters 

 Mean Std. 

Deviation 

% 

Increas

e 

T 

value 

P 

value 

 
Pre-6 MWT-SBP 136.23 6.447 

6.34 -25.86 <0.01 
Post-6 MWT- SBP 144.87 6.257 

 
Pre-6 MWT-DBP 86.10 6.870 

6.07 -13.89 <0.01 
Post-6 MWT- DBP 91.33 6.769 

 
Pre-6 MWT-RR 23.27 1.311 

41.68 -42.98 <0.01 
Post-6 MWT- RR 32.97 1.884 

 
Pre-6 MWT-RPE 3.50 0.509 

133.42 -46.75 <0.01 
Post-6 MWT-RPE 8.17 0.747 

 

The above table shows, The mean Pre-6MWT-SBP is 136±6.447,The mean Post-6MWT-SBP is 

144.87±6.257,the mean Pre-6MWT-DBP is 86.10±6.870,the mean Post-6MWT-DBP is 91.33±6.769,the 

mean Pre-6MWT-RR is 23.27±1.311,the mean Post-6MWT-RR is 32.97±1.884,the mean Pre-6MWT-RPE 

is 3.50±0.509,the mean Post-6MWT RPE is 8.17±0.747,the p-value of Pre-Post 6MWT-SBP is <0.01 

the p-value of Pre-Post 6MWT-DBP is <0.01,the p-value Pre-Post 6MWT RR is <0.01,the p-value Pre-

Post 6MWT RPE is <0.01 
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TABLE NO.6. 6MWT SBP parameters 

Pre-6 MWT-SBP 136.23 

Post-6 MWT- SBP 144.87 
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GRAPH NO.7. 6MWT SBP parameters 

 

 

The above Table and Graph shows mean Pre-6MWT-SBP is 136.23 and 

Post-6MWT-SBP is 144.87 

 

 

 

TABLE NO.6. 6MWT DBP parameters 

Pre-6 MWT-DBP 86.1 

Post-6 MWT- DBP 91.33 
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GRAPH NO.8. 6MWT DBP parameters 

 

 

The above Table and Graph shows mean Pre-6MWT-DBP is 86.1 and Post-6MWT-DBP is 91.33 

 

TABLE NO.7. 6MWT RR parameters 

Pre-6 MWT-RR 23.27 

Post-6 MWT- RR 32.97 

 

GRAPH NO.9. 6MWT RR parameters 

 

 

The above Table and Graph shows mean Pre-6MWT-RR is 23.27 and Post-6MWT-RR is 32.9. 
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TABLE NO.8. 6MWT RPE parameters 

Pre-6 MWT-RPE 3.5 

Post-6 MWT-RPE 8.17 

 

GRAPH NO.10. 6MWT RPE parameters 

 

 

The above Table and Graph shows The mean Pre-6MWT-RPE is 3.50±0.509 and 

The mean Post-6MWT RPE is 8.17±0.747 
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2 MINUTE WALK TEST: Parameters 

TABLE NO.9. 2MWT parameters 

 Mean Std. Deviation % Increase T value P value 

 
Pre-2 MWT-SBP 136.23 6.447 

5.09 -6.513 <0.01 
Post-2 MWT- SBP 143.17 4.757 

 
Pre-2 MWT-DBP 86.10 6.870 

5.45 -5.331 <0.01 
Post-2 MWT- DBP 90.80 7.416 

 
Pre-2 MWT-RR 23.27 1.311 

10.87 -14.807 <0.01 
Post-2 MWT- RR 25.80 1.215 

 
Pre-2 MWT-RPE 3.50 0.509 

46.57 -18.252 <0.01 
Post-2 MWT-RPE 5.13 0.819 

 

The above table shows the mean Pre-2MWT-SBP is 136.23±6.447,mean Post-2MWT-SBP is 143.17±4.757, 

mean Pre-2MWT-DBP is 86.10±6.870, mean Post-2MWT-DBP is 90.80±7.416,mean Pre-2MWT-RR is 23.27±1.311 

mean Post-2MWT-RR is 25.80±1.215,mean Pre-2MWT-RPE is 3.50±0.509,mean Post-2MWT-RPE is 5.13±0.819 

the p-value Pre-Post 2MWT-SBP is <0.01,the p-value Pre-Post 2MWT-DBP is <0.01,the p-value Pre-Post  

2MWT-RR is <0.01,the p-value Pre-Post 2 MWT-RPE is <0.01 
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TABLE NO.10. 2MWT SBP parameters 

Pre-2 MWT-SBP 136.23 

Post-2 MWT- SBP 143.17 

 

GRAPH NO.11. 2MWT SBP parameters 

 

 

The above Table and Graph shows The mean Pre-6MWT-RPE is 3.50±0.509 

The mean Post-6MWT RPE is 8.17±0.747 
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TABLE NO.11. 2MWT DBP parameters 

Pre-2 MWT-DBP 86.1 

Post-2 MWT- DBP 90.8 

 

GRAPH NO.12. 2MWT DBP parameters 

 

 

The above Table and Graph shows mean Pre-2MWT-DBP is 86.10±6.870 

mean Post-2MWT-DBP is 90.80±7.416 
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TABLE NO.12. 2MWT RR parameters 

Pre-2 MWT-RR 23.27 

Post-2 MWT- RR 25.8 

 

GRAPH NO.13. 2MWT RR parameters 

 

 

The above Table and Graph shows mean Pre-2MWT-RR is 23.27±1.311 

mean Post-2MWT-RR is 25.80±1.215 
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TABLE NO.13. 2MWT RPE parameters 

Pre-2 MWT-RPE 3.5 

Post-2 MWT-RPE 5.13 

 

GRAPH NO.14. 2MWT RPE parameters 

 

 

The above Table and Graph shows mean Pre-2MWT-RPE is 3.50±0.509 

mean Post-2MWT-RPE is 5.13±0.819 
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6 MINUTE WALK TEST AND 2 MINUTE WALK TEST: PARAMETERS 

TABLE NO.14. 6MWT and 2MWT parameters 

6MWT and 2MWT Parameters 

  N Mean Std. Deviation T value P value 

Post-

SBP 

6 Min Walk 

Test 
30 144.87 6.257 

1.185 0.241 
2 Min Walk 

Test 
30 143.17 4.757 

Post-

DBP 

6 Min Walk 

Test 
30 91.33 6.769 

0.291 0.772 
2 Min Walk 

Test 
30 90.80 7.416 

Post-

RR 

6 Min Walk 

Test 
30 32.97 1.884 

17.508 <0.01 
2 Min Walk 

Test 
30 25.80 1.215 

Post -

RPE 

6 Min Walk 

Test 
30 8.17 0.747 

14.988 <0.01 
2 Min Walk 

Test 
30 5.13 0.819 

 

The above table shows the mean Post-SBP of 6MWT and 2MWT  is 144.87±6.257 and 143.17±4.757,  

with p- value 0.241,mean Post-DBP of 6MWT and 2MWT is 91.33±6.769 and 90.80±7.416, with p-value  

0.772,mean Post-RR  of 6MWT and 2MWT is 32.97±1.884 and 25.80±1.215, with p-value <0.01, 

mean Post-RPE of 6MWT and 2MWT is 8.17±0.747 and 5.13±0.819, with p-value <0.01, which means  

in our study with increase in HR our other parameters Post-SBP, Post-DBP,Post-RR, Post-RPE  

is also increasing, which results in increase in PCI. 
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TABLE NO.15. 6MWT and 2MWT Post-SBP parameters 

Post-SBP 

6 Min Walk Test 144.87 

2 Min Walk Test 143.17 

 

GRAPH NO.15. 6MWT and 2MWT Post-SBP parameters 

 

 

The above Table and Graph shows mean Post-SBP of 6MWT and 2MWT  is  

144.87±6.257 and 143.17±4.757 
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TABLE NO.16. 6MWT and 2MWT Post-DBP parameters 

Post-

DBP 

6 Min Walk Test 91.33 

2 Min Walk Test 90.8 

 

GRAPH NO.16. 6MWT and 2MWT Post-DBP parameters 

 

 

The above Table and Graph shows mean Post-DBP of 6MWT and 2MWT is  

91.33±6.769 and 90.80±7.416 
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TABLE NO.17. 6MWT and 2MWT Post-RR parameters 

Post-

RR 

6 Min Walk Test 32.97 

2 Min Walk Test 25.8 

 

GRAPH NO.17. 6MWT and 2MWT Post-RR parameters 

 

The above Table and Graph shows mean Post-RR of 6MWT and 2MWT is  

32.97±1.884 and 25.80±1.215 
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TABLE NO.18. 6MWT and 2MWT Post-RPE parameters 

Post -

RPE 

6 Min Walk Test 8.17 

2 Min Walk Test 5.13 

 

GRAPH NO.18. 6MWT and 2MWT Post-RPE parameters 

 

The above Table and Graph shows mean Post-RPE of 6MWT and 2MWT is  

8.17±0.747 and 5.13±0.819 
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TABLE NO.19. % of increase in SBP parameters of 6MWT and 2MWT 

SBP % of Increase after 6min Walk 

Test 

6.34% 

% of Increase after 2min Walk 

Test 

5.09% 

 

GRAPH NO.19. % of increase in SBP parameters of 6MWT and 2MWT 

 

 

The above Table and Graph shows 6.34 % is the Increase in % of SBP after 6MWT 5.09 % is the   

increase in % of SBP after 2MWT 
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TABLE NO.20. % of increase in DBP parameters of 6MWT and 2MWT 

DBP % of Increase after 6min Walk 

Test 

6.07% 

% of Increase after 2min Walk 

Test 

5.45% 

 

GRAPH NO.20. % of increase in SBP parameters of 6MWT and 2MWT 

 

The above Table and Graph shows 6.07% is the increase in % after 6MWT 5.45 % is the increase in % after 2MWT 
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TABLE NO.21. % of increase in RR parameters of 6MWT and 2MWT 

RR % of Increase after 6min Walk 

Test 

41.68% 

% of Increase after 2min Walk 

Test 

10.87% 

 

GRAPH NO.21. % of increase in RR parameters of 6MWT and 2MWT 

 

The above Table and Graph shows 41.68 % is increase in % after 6MWT 10.87 % is increase  

in % after 2MWT 
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TABLE NO.22. % of increase in RPE parameters of 6MWT and 2MWT 

RPE % of Increase after 6min Walk 

Test 

133.42% 

% of Increase after 2min Walk 

Test 

46.57% 

 

GRAPH NO.22. % of increase in RPE parameters of 6MWT and 2MWT 

 

The above Table and Graph shows 133.42% is increase in % after 6MWT 46.57% is increase  

in % after 2MWT 
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                  Discussion: 

                  This analytical cross-sectional study was carried out on 30 Chronic Obstructive Pulmonary 

                  Disease (COPD) subjects. The Physiological cost index of 6MWT and 2MWT was obtained  

                  and compared. 

                  Results of our study revealed that at the end of 6MWT and 2MWT, the mean WHR was 107.80  

                  for 6MWT and 104.17 for 2MWT respectively. Comparison was statistically significant  

                  with a p value of <0.001.   

                  The mean-RR was 32.97 for 6MWT and mean-RR was 25.80 for 2MWT with a p value of <0.01.  

                  Further the mean RPE was 8.17 for 6MWT and mean RPE was 5.13 for 2MWT with a  

                  p value of <0.01.  When these values of HR, RR and RPE were compared, it came out that all  

                  these values was statistically significant, thus HR, RR and RPE  was higher at the end of 6MWT  

                   as compared to 2MWT.                

                   Also at the end of 6MWT and 2MWT we found that, the mean- SBP was 144.87 for 6MWT and  

                   mean- SBP was 143.17 for 2MWT . Similarly  the mean-DBP was 91.33 for 6MWT and mean-DBP  

                   was 90.80 for 2MWT. Both these values shows the mean to be higher for 6MWT. 

                   Our study is in line with the study conducted by Smita Gupta & Amita Mehta et al. in year 2015,  

                   who studied “The Effects of Breathing exercise on Physiological Cost Index in Chronic Obstructive  

                   Pulmonary Disease”, and stated that HR and speed are correlated linearly with oxygen  

                   consumption during gait. During exercise, as workload increases, cardiopulmonary system  

                   responds by increasing the HR, RR which ultimately increases cardiac output to meet exercise  

                   demands. [9] 

                           Since cardiac output increases therefore justifies differences in increase in HR of 6MWT and  
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                  2MWT thus the energy expenditure was more in 6MWT than 2MWT.  

                  Further the author mention, HR is directly proportional to Physiological cost index and  

                  therefore the PCI is more in 6MWT as compared to 2MWT. 

                  Hence in our study we found the mean PCI of 6MWT was 0.137 and 2MWT was 0.089 which was  

                  statistically significant with a p value of <0.001.  

                  In comparison between Chronic obstructive pulmonary disease (COPD) patients and  

                  healthy adults, In COPD patients there will be increased Basal metabolic rate, inflammatory  

                  mediators, oxygen cost, muscle weakness, duration of time between steps. All these  

                  variables are dependent on energy cost, so in COPD patients there will be increased energy cost. 

                  Mohammed A. Agha, Rabab A. El Wahsh et al in the year 2013 studied, “Basal metabolic rate  

                  in bronchial asthma and chronic obstructive pulmonary disease patients”, and stated that  

                  Patients with COPD and bronchial asthma have increased metabolic rates.  

                  Nutritional abnormalities, including alteration in caloric intake, basal metabolic rate,  

                  intermediate metabolism and body composition, are common in COPD. Most patients  

                  with copd have changes in basal metabolic rate, which ultimatelty result in weight loss.  

                  They observed highly significant increase in BMR in COPD patients.[11] 

                  Slinde et al. found that these results were explained by the influence of COPD associated  

                  mediators, chronic low grade inflammatory hypoxia, hormonal alterations medications  

                  and physical activity.             

                  They also found out that there was a highly significant correlation between BMR and both  

                  partial pressure of oxygen (PO2) and forced expiratory volume (FEV1).[11] 

                  Creutzberg et al.( 2013) stated that the reason for hypermetabolism is elevated oxygen  
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                  cost of breathing (OCB) which commonly occurs in COPD patients.[11] 

                  Janneke Annegarn, Martijn A. Spruit et al. studied, “Differences in Walking Pattern during  

                  6-Min Walk Test between Patients with COPD and Healthy Subject” and stated that COPD  

                  patients walk with lower intensity, lower cadence and show a higher medio-lateral  

                  variability during 6MWT in comparison with healthy elderly subjects. They stated that  

                  the difference in medio-lateral variability remained even if the walking speed was  

                  similar. Walking variability was associated with functional exercise capacity in COPD  

                  patients, but not in healthy controls. In order to maintain stability in the anterior-posterior 

                  direction, increased variability in the medio-lateral direction (largely due to through lateral foot 

                  placement) is an active control strategy to compensate for balance disturbance.  

                  They concluded that COPD patients have an altered walking pattern during 6MWT when  

                  compared with healthy subjects.  

                  During the 6MWT in the COPD patients there was larger balance disturbances. This may  

                  contribute to the relatively high energy cost in patients with COPD. 

                  When 6MWT is compared with 2MWT, there will be increased mediolateral variability,  

                  increased duration between steps in six minute walk test. Because these variables are 

                  found to vary according to per unit distance and per unit time, therefore these variables will 

                  be higher in 6MWT as compared to 2MWT.[10] 

                  Prateek Grover et al. in year 2016 studied,”Energy expenditure during basic mobility and  

                  approaches to energy conservation” in which he stated that Centre of mass vertical  

                 displacemen is reduced by shorter steps and flat gait, but overall metabolic expenditure  

                 is still increased. This is likely due to an increased swing and stance phase costs,  
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                 respectively and thus increases the energy cost.                       .                                                                                       

                 As a corollary, deviations in gait, explained by biomechanical and neuromuscular  

                 factors, such as muscle weakness, joint deformity, and inappropriate bracing lead  

                 to increased energy expenditure. In COPD patients physiological cost index (PCI) is also  

                increased because of this abnormal lower limb kinematic changes such as decreased hip  

                 extension, spatiotemporal changes such as decrease cadence, timing of gait phase  

                 transitions, reduced neural control and uncoordinated muscle activation patterns.[12] 

                  Jennifer M. Yentes , Stephen I. Rennard et al. in year 2017 studied,”Patients with Chronic  

                 Obstructive Pulmonary Disease Walk with Altered Step Time and Step Width Variability  

                 as Compared with Healthy Control Subjects”, and concluded that patients with COPD  

                 walk with increased duration of time between steps, they also walk with a narrower step  

                 width in which the variability of the step widths from step to step is decreased.[28] 

                 Because of all these altered gait pattern observed during walking, muscle weakness 

                 and metabolic variation are found to vary according to per unit distance and per unit time.  

                 Thus, when compared between 6MWT and 2MWT, since the time and distance is  

                more for 6MWT hence the energy expenditure will be more for six  

                minute walk test when compared to two minute walk test. 



64 
 

                            STRENGTH: 

Strength of study are: 

The result can be generalized in COPD population and accordingly 

The 6 MWT and 2 MWT can be applied depending upon the severity 

of the disease. 
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                            LIMITATION: 

Severe COPD subjects were not included in this study. 
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CONCLUSION: 

An analytical cross sectional study was carried out in 30 COPD patients. Mild and 

moderate COPD patients taken between age group 40 to 60 years. COPD 

patients performed both 6 MWT and 2 MWT. 

Results of this study demonstrated that PCI was higher in 6 MWT as compared 

to 2 MWT. 

The difference between Physiological Cost Index in 6 MWT and 2 MWT was 

statistically significant. 
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CLINICAL IMPLICATIONS: 

6 MWT and 2MWT can be used to evaluate Physiological Cost Index in COPD 

patients. The 6 MWT and 2 MWT can be applied considering the status of the 

patient and severity of the disease, as the 2 MWT differs in Physiological Cost 

Index. 
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SUMMARY: - 

 

 

• This analytical cross-sectional study was carried out on 30 Chronic Obstructive Pulmonary  

Disease (COPD) subjects between age group 40 to 60 years. 

• The Physiological cost index was obtained using six minute walk test and two minute walk test. 

• Comparison was done between Physiological cost index (PCI) of 6MWT and Physiological  

walk test of 2MWT. 

• Results of this study demonstrated that PCI was higher in 6 MWT as compared to 2 

MWT. 

• The difference between Physiological Cost Index in 6 MWT and 2 MWT was statistically 

significant. 

• 6MWT and 2MWT shows that there is a significant difference between walking HR 

which were found to be statistically significant. 

• Limitation was that we have not included the severe COPD subjects in our study. 

• The result can be generalized in COPD population and accordingly. The 6 

MWT and 2 MWT can be applied depending upon the severity of the disease.
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Annexure l (A) 

Case record 

Name: 

Age:- 

Gender: 

Occupation: 

Weight: 

Height: 

Body Mass Index (BMI) = Weight 

                                                              Height2        

                GOLD standard stage: 

Blood pressure: 

Pulse rate: 

Respiratory rate: 

Rated Perceived Exertion (RPE) Scale: 

 

 6 minute walk test 2 minute walk test 

Resting HR   

Walking HR   

Speed   

 

Energy cost = Physiological Cost Index = Walking HR – Resting HR (beats/min) 

                                                                                                    Speed (meter/min) 
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Annexure l (B) 

SUBJECT INFORMATION SHEET  

PURPOSE: To ensure that written informed consent is obtained COPD subjects. 

SCOPE: This standard operational procedure includes COPD subjects who are voluntarily 

participating from the Respiratory medicine department. 

RESPONSIBILITIES: The researcher will obtained written informed consent from COPD 

subjects who are volunteering to be the part of this study. 

PROCEDURE: 

1. The investigator will select the COPD subjects from the Respiratory medicine department. 

2. The investigator will explain the study to allay apprehension and answer all the queries of 

the subject. 

3. If subject expresses interest but has some doubt in that case they would be solved. 

4. Study procedure will begin. 

5. Detailed medical any other physical problem history will be obtained from the subject so 

as to be verify the inclusion and exclusion criteria. 

6. General information of the research subject: 

1) Name : 

2) Age: 

3) Gender: 

4) Date: 

5) Resting HR: 
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6) Walking HR: 

7) Walking speed of the patient, while performing test 

8) You would be required to undergo 6 minute walk test to accesses 6 minute walk test 

parameters 

9) You would be required to undergo 2 minute walk test to accesses 2 minute walk test 

parameters 

7. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problem without any untoward effect. 

8. You will not be given any reimbursement and compensation. 

9. If at any movement you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

10. The details of the risk, discomfort, advantages and disadvantages of the test will be 

explained to you before obtaining the letter of consent. 

11. The data obtained from this study would be confidentially protected and maintained 

and if the photograph is used then your identity would not be revealed and if the 

photograph is published then permission would be obtained. 

12. All the risk of test procedure will be explained to you and accordingly the consent will be 

taken. 

13. If you are not satisfied at any movement then you can withdraw at any time without any 

consequences. 

 

 

Name of researcher: 

Phone number: 

Address: 

 

Name of guide: 

Phone number: 

Address: 

Name of Institution: 
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ANNEXURE I (C): 

 

 

 

विषय सूचना पत्र  

उद्देश्य: यह सुननश्श्चत करने के लिए कक लिखित सूचचत सहमनत 

सीओपीडी विषय प्राप्त है। 

स्कोप: इस मानक पररचाि न प्रककया में सीओपीडी विषय शािलम हैं जो शि् सन 

विभाग के सि्  ैिश्िक रूप से भाग ि  े रहे हैं। िजाब: शोधकताा  

सीओपीडी विषयों से लिखित सूचचत सहमनत प्राप्त करेगा जो इस अध्ययन का 

हहस्सा बनने के लिए सि्  ेछिा से कर रहे हैं। प्रककया:  

1. जाााांचकताा शि् सन चचककत्सा विभाग से सीओपीडी विषयों का चयन करेगा।  

2. अनि्  ेषक अध्ययन को सभी आशााांकाओााां की व्याख्या करेगा और विषय के 

सभी प्रश्नों का उत्तर देगा।  

3. यहद विषय रुचच व्यक्त करता है, ि  ेककन उस मालमे में कुि  सााांदेह है, तो 

ि  े हह हो जाएााांग।े  

4. अध्ययन प्रककया शुरू होगी।  
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5. विस्ततृ चचककत्सा ककसी भी अन्य शारीररक समस्या इनतहास विषय से 

प्राप्त की जाएगी ताकक समाि  ेशन और बहहष्करण मानदााांडों को सत्यािपत 

ककया जा सके।  

6. शोध विषय की सामान्य जानकारी:  

1) नाम:  

2) आयु:  

3) लिााांग:  

4) हदनाााांक:  

5) आराम के दौरान हृदय दर:  

6) हृदय गनत चचना  

7) परीक्षण करत ेसमय रोगी की चचने की गनत:  

8) आपको 6 िमनट ि   क टेस्ट मापदााांडों तक पहु ु  चने के लिए 6 िमनट 

ि   क टेस्ट स ेगुजरना होगा  
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9) 2 िमनट के ि   क टेस्ट पैरामीटर तक पहु ु  चने के लिए आपको 2 िमनट ि   क टेस्ट  

से गुजरना होगा  

7. यहद आप इस िअचध के दौरान असहज हैं, तो कृपया हमें बताएााां ताकक हम आपकी मदद कर  

सकें  और आपकी समस्या को बबना ककसी अिप्रय प्रभाि  के दरू कर सकें ।  

8. आपको कोई प्रनतपूनता और मुिआजा नहीााां हदया जाएगा। 

 

9. यहद ककसी भी आााांदोि न में आप इस शोध अध्ययन से हटना चाहत ेहैं तो आप ऐसा करने के  

लिए सि् तााांत्र हैं और हमारी तरफ स ेकोई बाधा नहीााां होगी।  

10. सहमनत पत्र प्राप्त करने से पहहे परीक्षण के जोखिम, असुविधा, फायदे और नकुसान का विि रण  

आपको समझाया जाएगा।  

11. इस अध्ययन स ेप्राप्त आााांकडों को गोपनीय रूप से सााांरक्षक्षत और बनाए ररा जाएगा और अगर  

तसि्  ीर का उपयोग ककया जाता है तो आपकी पहचान उजागर नहीााां की जाएगी और यहद तसि्  ीर  

प्रकािशत होती है तो अनुमनत प्राप्त की जाएगी।  

12. परीक्षण प्रककया के सभी जोखिम आपको समझाए जाएााांगे और तदनुसार सहमनत ि  ी जाएगी।  

13. यहद आप ककसी भी आााांदोि न से सााांतुष्ट नहीााां हैं तो आप बबना ककसी पररणाम के ककसी भी  

समय ि  ापस ि  े सकते हैं।  

शोधकताा का नाम:  

फोन नााांबर:  

पता:  

गाइड का नाम:  

फोन नााांबर:  
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पता:  

सााांस्था का नाम: 
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ANNEXURE I(D):  

 

विषय माहहती पत्रक  

हेतू: ि  ेि  ी माहहती घेछतिे  ी सााांमती सीओपीडी विषयाााांची आहे याची ि  ात्री करण्यासाठी.  

स्कोपः या मानक ऑपरेशछन प्रककयेमध्ये शि् सन औषध विभागात सि्  ेछिेन ेभाग घेत अलसेल्या  

सीओपीडी विषयाााांचा समाि  ेश आहे.  

प्रककया: 

 

1. तपासकताा शि् सन औषध विभागातून सीओपीडी विषयाााांची नछनड करेि .  

२. अनि्  ेषण कमी करण्यासाठी आिण त्या विषयाि रीि  लसा प्रश्नाााांची उत्तरे देण्यास अनि्  ेषक  

अनि्  ेषण करेि .  

विषय: जर विषय व्याज व्यक्त करतो परााांतु त्या बाबतीत काही शााांका असल्यास त्याााांचे ननराकरण होिई.  

अभ्यास: अभ्यासाची प्रककया सुरू होिई.  

तपशीि ि  ार समाि  ेश आिण ि गळण्यािया ननकषाााांची पडताळणी करण्यासाठी, या विषयाि रीि   

तपशीि ि  ार ि  ैद्यकीय कोणत्याही इतर शारीररक समस्येचा इनतहास प्राप्त केि  ा जािई.  

6. सााांशोधन विषयाची सामान्य माहहतीः  

1) नाि :  

२) ि य:  

3) लिााांग:  

4) तारीि :  

5) विश ्ा ा ाांती हृदय गती:  

6) चाि णे हृदय गती:  

7) चाचणी करताना रुग्णाची चाि ण्याचा ि  ेग:  
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8) आपणास 6 िमननटाााांिया चाि  ािया चाचणी पॅरामीटसामध्ये वप्रेश करण्यासाठी 6 िमननटाााांची  

चाि णे िआश्यक आहे  

9) आपण 2 िमननटाााांिया चाि  ािया चाचणी पॅरामीटसामध्ये वप्रेश करण्यासाठी 2 िमननटाााांची  

चाि णे िआश्यक आहे  

या काि  ाि धीत आपण असि् स्थ असाि  तर कृपया प्रेमळपणे आम्हाि  ा कलळा जेणेकरून आम्ही  

कोणतीही अिप्रय पररणाम न करता आवपी मदत करू आिण आपल्या समस्येि र विजय िमलळू शकू.  

तुम्हाि  ा कोणतीही भरपाई आिण नुकसानभरपाई हहदी जाणार नाही.  

जर कोणत्याही चलळळीि र तुम्हाि  ा या सााांशोधनाचा अभ्यास बााांद करायचा असेि  तर तुम्ही तसे  

करण्यास मोकळे आहात आिण आमिया बाजूने कोणताही अडथळा येणार नाही.  

१०. चाचणीचे धोका, असि् स्थता, त्याचे फायदे आिण तोटे याााांचे तपशीि  सााांमती पत्र  

िमलळण्यापूि  ी तुम्हाि  ा समजाि  ून साााांचगछते जातीि  

११. या अभ्यासामधून िमळाि  ेि  ा डेटा गुप्तपणे सााांरक्षक्षत आिण देि रेि  ीि  ाि  ी ठेि ि  ा  

जािई आिण जर ि  ायाचचत्र ि  ापररा असेि  तर तमुची ओलळ उघड होणार नाही आिण जर  

ि  ायाचचत्र प्रकािशत झाि  े तर पररानगी घेछती जािई.  

१२. चाचणी प्रककयेचा लसा धोका तुम्हाि  ा समजाि  ून साााांचगछता जािई आिण त्यानुसार सााांमती  

घेछती जािई.  

13. आपण कोणत्याही चलळळीि र समाधानी नसल्यास आपण कोणत्याही पररणामािलशाय कधीही  

माघार घेऊ शकता.  

सााांशोधकाचे नाि :  

फोन नााांबर:  

पत्ता:  

मागादशाकाचे नाि :  
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फोन नााांबर:  

पत्ता:  

सााांस्थेचे नाि : 
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ANNEXURE II(A) 

LETTER OF CONSENT 

COMPARISON OF PHYSIOLOGICAL COST INDEX USING SIX MINUTE WALK TEST AND TWO MINUTE  

WALK TEST IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) PATIENTS - AN ANALYTICAL  

CROSS SECTIONAL STUDY. 

 

1. I have received an explanation of the nature, purpose, duration and foresee able effects  

and risks of the trial and what I will be expected to do. My questions have been answered  

satisfactorily. 

2. I understand that my participation in the trial is voluntary and that I may refuse to participate or 

 may withdraw from the trial at any time, without penalty or loss of benefits to which I am  

otherwise entitled. 

3. I further understand that any information that becomes available during the course of the study 

 that may affect my willingness to take part will be informed to me. 

 

4. Institutional Ethics Committee authorities may wish to examine my medical records to verify 

 the information collected. By signing this document, I give permission for this review of my records. 

       5. I understand that my identity will not be revealed in any report or publication 

       6. I agree to take part in the above study. 

----------------------------                      -------------------------------                                --------------------- 

Name of research participant       Signature/ Thumb impression                    Date research 
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ANNEXURE II (B)  

 

सहमननत  

कफश्जयोि   श्जकक ि  ागत सूचकाााांक का उपयोग 6 िमननट ि   क टेस्ट और 2 िमननट  

ि   क टेस्ट में चचरकालिक प्रनतरोधी फुफ्फुसीय रोग (सीओपीडी) रोचगयों - एक विशि्  ेषणात्मक  

पार अनुभागीय अध्ययन है।  

1. मुझे परीक्षण की प्रकृनत, उद्देश्य, िअचध और भविष्य के सााांभावित प्रभाि  ो ाां और जोखिमों का  

स्पष्टीकरण प्राप्त हुआ है और मुझसे क्या करने की उम्मीद की जाएगी। मेरे लसाि  ो ाां का सााांतोषजनक  

िजाब हदया गया है।  

2. मैं समझता हूााां कक मुकदमे में मेरी भागीदारी सि्  िैश्िक है और मैं ककसी भी समय परीक्षण से  

भाग ि  ेने या ि  ापस ि  ेने से इनकार कर सकता हूााां, बबना ककसी दााांड या ि  ाभ के नुकसान के  

श्जसके मैं अन्यथा हकदार हूााां।  

3. मैं आग ेसमझता हूााां कक अध्ययन के दौरान उवपब्सस्टध होने ि  ाि  ी कोई भी जानकारी जो मेरे  

भाग ि  ेने की इछिा को प्रभावित कर सकती है, मुझे सूचचत ककया जाएगा।  

4. सााांस्थागत आचार सिमनत के अचधकारी एकबत्रत जानकारी को सत्यािपत करने के लिए मेरे  

मेडडकक ररक डा की जाााांच कर सकते हैं। इस दस्ताि  जे़ पर हस्ताक्षर करके, मैं अपने ररक डा की  

इस समीक्षा की अनुमनत देता हूााां।  

5. मैं समझता हूााां कक ककसी भी ररपोटा या प्रकाशन में मेरी पहचान उजागर नहीााां की जाएगी.  

 

6. मैं उपरोक्त अध्ययन में भाग ि  ेने के लिए सहमत हूााां।  
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__________                                                   _________________                                        _______  

अनुसााांधान प्रनतभागी का नाम                    हस्ताक्षर / अ ा ाांगूठे का ननशान                        नतचथ  

अनुसााांधान 
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ANNEXURE II (C)  

 

सााांमत: ि  ोननक ऑब्सस्टस्रश्क्टव्ह पुल्मोनरी डडसेज (सीओपीडी) पेटीएााांट्स मध्ये 6 िमननट ि   क  

टेस्ट आिण 2 िमननट ि   ल्क टेस्ट ि  ापरुन कफश्जिओ श्जकक क स्ट इााांडेक्सचे सााांयोजन –  

एक विशि्  ेषणात्मक ि   स सेक्शछन स्टडी.  

१. लमा चाचणीचे सि् रूप, हेतू, काि  ाि धी आिण सााांभाव्य पररणाम आिण जोि मीचे स्पष्टीकरण  

प्राप्त झाि  े आहे आिण मी काय कराि  े अशी अपके्षा आहे. माझ्या प्रश्नाााांची उत्तरे समाधानकारक  

आहेत.  

२. लमा समिजे आहे की चाचणीत माझा सहभाग ऐिश्िक आहे आिण मी भाग घेण्यास नकार देऊ  

शकतो ककााांि  ा दााांड ककााांि  ा कोणताही फायदा न गमाि ता मी कधीही ि हटा मागे घेऊ शकतो  

ककााांि  ा लमा पात्र आहे.  

३. लमा पुढे हे समिज ेआहे की अभ्यासािया ि  ेळी उवपब्सस्टध होणारी कोणतीही माहहती जी माझ्या  

सहभागािया इछिेि र पररणाम करू शकते लमा कळविि  ी जािई.  

४. सााांस्थात्मक आचारसााांहहता सिमतीचे अचधकारी गोळा केि  ेि  ी माहहती सत्यािपत करण्यासाठी  

माझ्या ि  ैद्यकीय नोंदी तपासू शकतात. या दस्तिऐजाि र सही करून, मी माझ्या नोंदीााांिया या  

पुनराि ि  ोकनासाठी पररानगी देतो.  

५. लमा समिजे आहे की माझी ओलळ कोणत्याही अहहाि  ात ककााांि  ा प्रकाशनात प्रकट होणार नाही.  

६. मी ि रीि  अभ्यासामध्ये भाग घेण्यास सहमत आहे.  
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_____________                                     _______________                                           ________  

सााांशोधन सहभागीचे नाि                    सि्  ाक्षरी / अ ा ाांगठा ठसा                           तारीि  सााांशोधन 
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Annexure III 

Timeline / Gantt chart 

 

SR.NO  MONTHS 

        1 Allocation of Guide October 2019 

        2 Topic finalization for the 

Synopsis 

November 2019 

        3 Formulation of Research 

Question 

December 2019 

        4 Formulation of objectives December 2019 

        5 Hypothesis formulation January 2020 

        6 Protocol of Research January 2020 

        7 Institutional, Ethics and BORS 

clearance obtained 

February 2020 

       8 Submission to the University March 2020 

        9 Data Collection April 2020 to 

March 2021 

10  Data Presentation and Analysis March 2021 

11 Writing Discussion and 

Conclusion 

April 2021 

12 Submission of thesis to 

MUHS 

May 2021 
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sr.no  components  
201

9 
nov 

201
9 

dec 

202
0 
jan  

202
0 
feb 

2020 
marc
h  

2020 
april
-
june 

202
0 

jul-
sept 

202
0 

oct-
dec 

202
1 

jan-
mar 

2021april
-jun 

2021 
jul-
sept 

 
1 Alotment of guide                        

2 Selection of topic                        

3 
Formulation of research 
question                       

 

4 
formulation of aim and 
objectives                       

 

5 hypothesis,null hypothesis                        

6 Research protocol                        

7 Research designing                        

8 Review of literature                        

9 methodology formulation                        

10 study designing                        

11 study setting                        

12 sample size estimation                        

13 selection of study instruments                        

14 method of data collection                         

15 
data mangement and analysis 
procedure                       

 

16 IEC and BORS clearance                        

17 compliation of synopsis                        

18 uploading of synopsis                        

19 data collection                        

20 data presentation and analysis                        

21 
writing of discussion and 
conclusion                       

 

22 submission of thesis to MUHS                        
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              Annexure lV  

PERMISSION LETTER A 

To, 

The Chairman, Ethical Committee 

Subject: Permission to carry out research work. 

I,   , a student of Master of Physiotherapy, request you to grant 

me permission to carry out my research work. My research topic is, “COMPARISON OF 

PHYSIOLOGICAL COST INDEX USING SIX MINUTE WALK TEST AND TWO MINUTE WALK TEST IN 

CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) PATIENTS -AN ANALYTICAL CROSS 

SECTIONAL STUDY.” 

I promise that the ethics as well as subjects care shall be duly complied. I 

kindly request you to do the needful in this regard. 

Yours sincerely, 

Research student 

Date: 

Place: 
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                PERMISSION LETTER B 

To, 

Head of Department, 

Subject: Permission to carry out pilot study 

 

 

Respected Sir/Madam, 

I,  , a student of Master of Physiotherapy, request 

you to grant me permission to carry out pilot study. My research topic is “COMPARISON OF 

PHYSIOLOGICAL COST INDEX USING SIX MINUTE WALK TEST AND TWO MINUTE WALK TEST 

IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) PATIENTS“. 

Hence to carry out pilot study kindly allow me to take patients. I 

kindly request you to do the needful in this regard. 

Yours sincerely, 

Research student 

Date: 

Place: 
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Sr.no. AGE Gender RHR WHR PCI Speed RHR WHR PCI Speed

1 60 M 85 95 0.133 75 85 90 0.07 75

2 58 M 81 101 0.281 71 81 91 0.13 80

3 60 M 112 118 0.08 75 112 117 0.07 72

4 52 F 91 101 0.149 67 91 96 0.06 77

5 48 M 93 102 0.132 68 93 98 0.06 80

6 57 M 111 116 0.068 73 110 114 0.05 75

7 53 F 107 113 0.088 68 106 110 0.05 77

8 46 F 101 110 0.125 72 100 105 0.06 80

9 59 M 86 95 0.123 73 85 91 0.07 82

10 48 F 92 101 0.125 72 93 97 0.05 75

11 56 M 113 119 0.088 68 110 117 0.09 80

12 51 M 90 99 0.125 72 91 99 0.1 83

13 47 M 95 103 0.114 70 93 103 0.13 75

14 55 M 110 117 0.111 63 109 114 0.07 70

15 58 F 108 114 0.092 65 107 115 0.1 80

16 43 M 87 97 0.149 67 89 94 0.06 83

17 56 M 101 112 0.152 72 99 108 0.12 73

18 44 F 92 101 0.145 62 89 96 0.09 77

19 50 M 82 97 0.22 68 81 90 0.11 80

20 57 M 96 104 0.123 65 94 103 0.12 78

21 53 F 111 119 0.114 70 109 115 0.08 73

22 46 M 109 115 0.089 67 105 112 0.09 80

23 58 F 106 113 0.111 63 104 111 0.09 78

24 45 M 99 111 0.176 68 95 105 0.14 73

25 53 M 100 109 0.142 63 96 104 0.1 80

26 47 F 105 115 0.142 70 104 112 0.1 78

27 58 M 103 112 0.123 73 100 109 0.11 83

28 57 M 92 102 0.153 65 91 101 0.13 75

29 39 M 87 103 0.258 62 87 95 0.1 82

30 50 M 109 120 0.174 63 108 113 0.06 78

6MWT 2MWT
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Sr.no.Pre-6MWT-SBP Post-6MWT- SBP Pre-6 MWT-DBP Post-6 MWT- DBP Pre-6 MWT-RR Post-6 MWT- RR Pre-6 MWT-RPEPost-6 MWT-RPE

1 141 150 85 92 24 34 3 8

2 136 147 77 81 23 36 3 7

3 127 135 82 85 25 35 4 9

4 132 144 77 83 22 31 3 8

5 145 154 85 89 23 35 3 7

6 137 143 79 85 24 33 4 9

7 125 134 80 84 22 32 4 8

8 144 152 94 98 24 35 4 9

9 139 148 79 84 22 31 3 7

10 138 146 81 95 23 32 4 8

11 129 137 77 82 24 34 4 9

12 135 147 90 93 21 29 3 8

13 136 145 87 93 22 31 3 8

14 145 153 95 101 25 33 4 9

15 139 146 93 97 24 33 4 9

16 124 131 81 85 21 30 3 7

17 142 150 98 104 23 34 4 8

18 136 147 84 90 22 33 3 8

19 140 148 85 89 21 31 3 7

20 139 146 91 97 24 35 3 8

21 128 135 84 89 25 34 4 9

22 143 149 93 97 25 35 4 9

23 139 145 92 96 22 31 4 8

24 130 139 79 85 24 34 3 8

25 146 153 88 94 23 30 4 8

26 138 149 99 101 24 35 4 9

27 126 135 83 90 24 33 3 9

28 139 148 99 105 22 31 3 8

29 141 149 87 92 25 35 3 7

30 128 141 79 84 25 34 4 9
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Sr.no. Pre-2 MWT-SBP Post-2 MWT- SBP Pre-2 MWT-DBP Post-2 MWT- DBP Pre-2 MWT-RR Post-2 MWT-RR Pre-2 MWT-RPE Post-2 MWT-RPE

1 141 146 85 90 24 26 3 5

2 136 141 77 81 23 25 3 5

3 127 136 82 77 25 27 4 6

4 132 134 77 79 22 24 3 4

5 145 151 85 92 23 25 3 5

6 137 140 79 83 24 26 4 6

7 125 145 80 84 22 25 4 6

8 144 148 94 98 24 26 4 6

9 139 145 79 84 22 27 3 4

10 138 142 81 84 23 26 4 6

11 129 148 77 90 24 25 4 6

12 135 140 90 94 21 25 3 4

13 136 144 87 95 22 26 3 5

14 145 146 95 96 25 27 4 5

15 139 142 93 96 24 28 4 6

16 124 148 81 89 21 23 3 4

17 142 145 98 101 23 25 4 6

18 136 141 84 89 22 26 3 5

19 140 145 85 90 21 24 3 4

20 139 142 91 94 24 27 3 4

21 128 148 84 109 25 28 4 6

22 143 149 93 96 25 27 4 5

23 139 143 92 94 22 25 4 6

24 130 135 79 83 24 26 3 5

25 146 150 88 92 23 25 4 6

26 138 143 99 99 24 27 4 5

27 126 135 83 89 24 26 3 4

28 139 144 99 103 22 24 3 5

29 141 145 87 90 25 27 3 4

30 128 134 79 83 25 26 4 6



 

C:\Acad77\2018\Title & Synopsis\Software\Literature Template.doc [Page : 1] 
   

Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  COMPARISON OF PHYSIOLOGICAL COST INDEX USING SIX MINUTE 

WALK TEST AND TWO MINUTE WALK TEST IN CHRONIC 

OBSTRUCTIVE PULMONARY DISEASE (COPD) PATIENTS: AN 

ANALYTICAL CROSS-SECTIONAL STUDY 

02) Introduction :- World Health Organization (WHO) has defined Chronic obstructive 

pulmonary disease (COPD) as a lung disease characterized by 

chronic obstruction of lung airflow that interferes with normal 

breathing and is not fully reversible.[1] 

COPD is generally a progressive disease. Patients with COPD 

presents cough, sputum production, or dyspnea, especially if an 

exposure to risk factors for the disease have been present. Clinical 

diagnosis needs to be confirmed by standardized spirometric tests 

in the presence of not-fully-reversible airflow limitation.[2] 

It is widely accepted that the presence of airflow obstruction is the 

key in diagnosing COPD. When the forced expiratory flow in 1 

second (FEV1)/forced vital capacity (FVC) – ratio is reduced, then 

one can say airflow obstruction is diagnosed. Another important 

sign of COPD is a decline in FEV1 which is used consequently as a 

measure of the severity of airflow obstruction. [3] 

COPD is classified according to GOLD criteria: 

Stage 1 (Mild)      :FEV1 80% or greater of predicted                                  

Stage 2 (Moderate)   :FEV1 50-79% of predicted 

Stage 3 (Severe)      :FEV1 30-49% of predicted 

Stage 4 (Very severe)  :FEV1 less than 30% of predicted [4] 

Chronic obstructive pulmonary disease (COPD) is associated with 

impairments affecting respiratory system, patients experiences 

shortness of breath, wheezing, chest tightness, especially during 

physical activities. This occur because the fibres are damaged that 

make up the walls of the alveoli. The damage make these fibres less 

elastic and so they are unable to recoil during exhalation, making it 

hard to remove carbon dioxide out of the lungs. The airways of the 

lungs become inflamed & narrowed. They tend to collapse when 

you breathe out & can become clogged with mucus. This reduces 

airflow through the bronchial tubes; a condition called airway 

obstruction. Bronchial tubes get inflamed, leading to sensitization of 

the nerves in the lungs. If the lung airways become inflamed, this 

results in bronchitis with subsequent mucus production. Then 

further it develops into chronic bronchitis. Bronchitis affects the 

oxygen & carbon dioxide exchange because of the airway swelling & 

mucus production. Patient can also experience episodes of acute 

worsening of respiratory symptoms termed as exacerbations. 
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During these episodes, breathlessness increases, the perception of 

fatigue worsens, markers of systemic inflammation rise, and 

patients spend less time outside their home and take fewer steps 

during the day. Activities of daily living of chronic obstructive 

pulmonary disease (COPD) patients, are limited by exertional 

dyspnea and reduces their exercise capacity. Exertional dyspnea 

appears to be related to the increased work of breathing associated 

with a restriction of tidal volume expansion. A reduction in exercise 

capacity, measured as peak oxygen uptake (VO2), has been found to 

be related to ventilatory limitations, pulmonary gas exchange 

abnormalities, peripheral muscle dysfunction or any combination of 

these factors.[5] 

The cardiac impairments associated with COPD are, right ventricular 

dysfunction and pulmonary vascular disease and they correlate 

inversely with survival.[6] 

COPD associated with skeletal muscle complications needs 

rehabilitation, because it shows a decrease in quality of life due to 

progressive worsening. In COPD, reduction in aerobic capacity of 

skeletal muscle occurs. During exercise, the active musculature 

receives blood flow higher than when at rest, and therefore the 

oxygen consumption (VO2) is higher and is able to lead to early 

muscle fatigue, thus limiting physical activity. Chronic Obstructive 

Pulmonary Disease (COPD) is a major cause of mortality and 

morbidity worldwide and constitutes the largest portion of patients 

referred for Pulmonary Rehabilitation.[7] 

VO2 max: Activity & energy expenditure can be quantified by 

measuring heart rate, oxygen uptake and respiratory assessment of 

energy expenditure of walk which is used to evaluate VO2 max 

(direct measurement of oxygen consumption)[6] Studies indicate 

that pulmonary function in patients with Chronic Obstructive 

Pulmonary Disease, have shown lowered tolerance to exercise and 

consequently, a decrease in performance in activities of daily living 

(ADLs). In order to facilitate the evaluation of VO2 max and assess 

the physical capacity of patients for pulmonary rehabilitation 

program, inexpensive field tests have been developed.[7] 

All individuals should engage in a aerobic physical activity of at least 

20-60 minutes with a moderate intensity, and on at least 5 days per 

week. Health and fitness benefits one can achieve by adding more 

time in moderate-intensity activity or by substituting more vigorous 

activity.[8] 

 

What is Physiological Cost Index (PCI):  

Physiological Cost Index is a simple instrument to measure energy 

consumption, requires little equipment to administer and was 

established to determine energy cost. Physiological Cost Index (PCI) 

is a widely used simple tool to measure energy expenditure of 

walking, as established by MacGregor in 1979. It is defined as the 



 

C:\Acad77\2018\Title & Synopsis\Software\Literature Template.doc [Page : 3] 
   

difference of Walking Heart Rate (WHR) and Resting Heart Rate 

(RHR) divided by Speed. 

Physiological Cost Index = Walking HR – Resting HR (beats/min) 

                            Speed (meter/min) 

This index can be used in clinics to evaluate functional performance 

of the patient and no heavy equipment is required. Physiological 

Cost Index works on the principle that HR and Speed is linearly 

related to oxygen consumption at submaximal levels of exercise. 

The assessment of Physiological Cost Index walking that has been 

described most frequently is at comfortable walking speed, on a 

level floor track and measurement in steady state condition. A 

similar approach is recommended. Physiological Cost Index has high 

test-retest reliability for the non steady state and the steady state. It 

simply requires recording of HR at rest and while walking, measured 

by inexpensive equipment. Measuring the Physiological Cost Index 

has been the subject of many publications for patients with 

different locomotion disorders and also in lower limb amputees 

walking with prosthesis. The Physiological Cost Index has clinical 

utility because the common equipment found in a clinical setting 

can be used to determine energy cost. Various measurement 

protocols can be used like design and length of the track, period of 

walking, non steady measurements. Physiological Cost Index 

correlated well with VO2 max by lab test, thus to assess physical 

capacity, VO2 max, Physiological Cost Index can be helpful. Previous 

researchers have shown that PCI & predicted VO2 max to be valid 

measures of energy cost. Bailey and Ratcliffe determined PCI to be 

valid & reliable based on multiple test-retest situations in both 

steady-state & non-steady state. These situations resulted in 

minimal differences in values for normal subjects.[9] 

 

 3.1) Primary Research 
Question :- 

Is there any difference in Physiological Cost Index of 6 minute walk 
test and 2 minute walk test in Chronic Obstructive Pulmonary Disease 
(COPD) patients? 

3.2) Secondary 
Research Question 
1 :- 

(if any) 

N.A. 

3.3) Secondary 
Research Question 
2 :- 

(if any) 

N.A. 



 

C:\Acad77\2018\Title & Synopsis\Software\Literature Template.doc [Page : 4] 
   

4.1) Primary 
Hypothesis :- 

Null Hypothesis: There is no significant difference between 

Physiological Cost Index using 6 minute walk test & 2 minute walk 

test in COPD patients. 

 

Alternate Hypothesis: There is significant difference between 
Physiological Cost Index using 6 minute walk test & 2 minute walk 
test in COPD patients. 

4.2) Other Hypothesis 
1:- 

(if any) 

 N.A. 

4.3) Other Hypothesis 
2 :- 

(if any) 

 N.A. 

05) Review of 
Literature :- 

1. Cindy Laporte, Lena Hardy,Johnson D,Montgomery V. published a 

study named The effect of lower leg casting on energy cost during 

independent ambulation: considerations of clinical practice, in 

which they said that Physiological Cost Index is a simple instrument 

to measure energy consumption and requires little equipment to 

administer and was established to determine energy cost. In their 

study, patient walked at his/her comfortable walking speed or 

preferred pace, a steady resting HR was established following a five 

minutes rest period. Walking HR was obtained during a steady 

state.[12] 

2. Vllasolli TO, Orovcanec N, Zafirova B, conducted a study named 

Physiological cost Index and comfort walking speed in two level 

lower limb amputees having no vascular disease. Energy 

consumption is usually measured by either a floor test or treadmill 

test but they preferred the floor test in order to be able to use 

walking aids during the test and to facilitate the patients’ ability to 

select the most comfortable walking speed. Age was found as an 

important factor influencing the energy expenditure and walking 

speed in able bodied and in lower limb amputees . However, we 

thought it would be very interesting to shed more light on possible 

differences in prosthetic walking according to age. So, we analyzed 

its impact in our amputees and we found a great impact in both 

group of amputees on both physiological determinants. Apart from 

this, the authors found that gender and height significantly 

influenced gait speed but weight and age did not. This was 

explained by a restricted age range (50-70).[13] 

3. Rachel C. Graham, Nicola M Smith, Claire M White published an 

article named, The reliability and validity of the Physiological cost 

index in healthy subjects while walking on 2 different tracks. 

Researchers used the main outcome measures as heart rate and 
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speed to calculate Physiological Cost Index. Physiological Cost Index 

assumes a linear relationship between oxygen consumption (VO2) 

and heart rate at submaximal levels and therefore uses heart rate as 

an indicator of energy expenditure and proposed as a feasible low-

cost, low technology alternative to use of gas and calorimetric 

analysis equipment during gait analysis.[14] 

4. Du Q, Sun Y, Ding N, Lu L, Chen Y published a study, in which their 

objective is to study the effects of beta blockers on outcomes in 

patients with COPD and also thier objective of met-analysis was to 

assess the effect of beta blockers on mortality & exacerbation in 

COPD patients. After conducting this study they concluded that beta 

blockers treatment significantly decreased the risk of overall 

mortality and exacerbation of COPD.[15] 

5. Etminan M, Jafari S, Carleton B, FitzGerald JM published a 

systemic review and met-analysis of beta-blockers use and COPD 

mortality. They reviewed and stated that the pooled relative risk of 

COPD related mortality is secondary to beta blockers use was 

0.69.[16] 

6. van Gestel YR, Hoeks SE, Sin DD,conducted a study named beta 

blockers & HRQOL in patients with Peripheral Arterial Disease and 

COPD. In their study, aim was to investigate the relationship 

between beta blockers and HRQOL in patients with Peripheral 

Arterial Disease & COPD. After investigating , they concluded that 

beta-blockers had no material impact on the HRQOL of patients 

with Peripheral Arterial Disease who also had COPD.[17] 

7. Jones SE, Barker RE, Nolan CM, Patel S, Maddocks M, Man WDC, 

published a study named Pulmonary Rehabilitation in patients with 

an acute exacerbation of COPD, In their study, they concluded that 

acute exacerbation requiring hospitalization is an important life 

event for COPD patients and have devastating impact on physical 

activity levels, skeletal muscle function and exercise tolerance and 

also found out that, there is moderate to larger benefits in HRQOL & 

exercise capacity following acute exacerbation of COPD.[18] 

8. Maria Kerti, Krisztina Kelemen, Zsuzsanna Balogh, Janos T Varga, 

conducted a study named the relationship between exercise 

capacity & different functional markers in pulmonary rehabilitation 

for COPD. In their study, investigated the correlation between 

changes in exercise capacity & other functional markers following 

pulmonary rehabilitation in COPD.[19] 

9. Cheng Hsun Wu, published a study, in which he studied 

Physiological cost index of walking for normal adults. He found that 

the average of the most economical walking speed was 64.37m/min 

for males, females. At slower speeds, the Physiological Cost Index 

values were high, indicating poor economy.[20] 

10. Rosa Fernanda Warken, Camelier Aquiles, Mayer Anamaria, 

Jardim José Roberto, conducted a study named Evaluating physical 

capacity in patients with Chronic Obstructive Pulmonary Disease: 
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comparing the shuttle walk test with the encouraged 6 minutes 

walk test, the result of there study was that the patients obtained a 

higher heart rate on the encouraged 6 minutes walk test than on 

the shuttle walk test. The post test sensation of dyspnoea was also 

higher on the encouraged 6 minutes walk test.[21] 

11. Harshita Sharma, Aparna Sarkar,published a study named 

Correlation between six minute walk test and Physiological cost 

index in healthy Indian females, they concluded that Physiological 

cost of walking in normal Indian females is directly associated with 

the weight, BMI, 6MWD, increase in heart rate post exercise of an 

individual.[22] 

12. Mazzocchi Cintia Stumpf, Costa Cássia Cinara da, Canterle 

Dáversom Bordin, Moussalle Luciane Dalcanale, Colombo Caroline, 

Teixeira Paulo José Zimermann, conducted a study named 

Comparison of the physiological variables in the six-minute walk test 

and stair-climbing test in COPD patients, they have compared the 

time of physiological and subjective perception of exertion from 

Borg, after that they found, all changes were statistically significant 

tests.[23] 

13. Anne E. Holland, Martijin A Spruit, Sally J Singh, published a 

study named How to carry out a field walking test in chronic 

respirator disease. In her study she said that, the 6MWD is a reliable 

measure in people with chronic respiratory disease, recent studies 

show strong evidence of a learning effect when two or more tests 

are conducted. The 6MWD should not be measured using a 

treadmill as this will result in substantially lower distances.[24] 

14. Liang-Hui Huang, Yu-Ju Chen published an article named, The 6 

minute walk test to assess exercise capacity of patients with COPD, 

after there study, they concluded that 6 minute test is a valid and 

reliable assessment tool for exercise tolerance in COPD patients.[25] 

6.1) Primary 
Objectives :-  

To find and compare Physiological Cost Index using 6 minute walk 

test & 2 minute walk test in Chronic Obstructive Pulmonary Disease 

(COPD) patients. 

Formula: Physiological Cost Index =  

Walking HR – Resting HR (beats/min) 

       Speed (meter/min) 

6.2) Other Objectives 
1:- 

(if any)  

 N.A. 
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6.3) Other Objectives 
2:- 

(if any) 

 N.A. 

07) Methodology :- Methodology :- 

Study design: Analytical cross sectional study. 

Study setting: Respiratory Medicine OPD & Physiotherapy OPD of 

tertiary care hospital   

Study population: Diagnosed COPD patients 

Type of sampling: Convenient sampling. 

Duration of study: 18 months 

Power ( 1-β) = 80 %   

α error = 5 % 

Required sample size n: Based on the pilot study required sample 

size is 28.9, but rounded to 30, therefore 30 subjects (COPD 

patients) will be included in the study. 

Method of selection of study:  

INCLUSION CRITERIA: 

Diagnosed COPD patients 

Age group 40-60 years 

Patients those who can walk comfortably 

Patients those who can walk without any assistive device or walk 

independently or with no symptom 

COPD stage 1 and stage 2 will be included 

EXCLUSION CRITERIA: 

Patients on Beta-blockers 

Patients in Acute Exacerbation since 4 weeks 

Patients with any other disease of Respiratory, Cardiovascular & 

Neurological system 

COPD stage 3 and stage 4 will be excluded 

Variables: 

Independent Variables: 

1. Age 

2. Gender 

Dependent Variables: 

1. Blood pressure(SBP,DBP)  

2. Respiratory Rate 

3. Rated Perceived Exertion (RPE) scale 

4. Pulse rate 

5. Speed 

6.  6 minute walk test  

7.  2 minute walk test 

8. Physiological Cost Index 

Physiological Cost Index = Walking HR – Resting HR (beats/min) 

                            Speed (meter/min) 
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Operational Definitions: 

Exercise capacity: - Is the maximum amount of physical exertion 

that a patient can sustain. 

Energy cost: Monetary & Non-monetary cost (such as the 

environmental impact) associated with the Production, transmission 

and consumption of energy. 

VO2 max: The maximum amount of oxygen that can be transported 

and utilized by the body per minute. 

6 minute walk test- In this study 6 minute walk test is defined as the 

maximum distance covered by the patient in six minutes duration. 

2 minute walk test: The 2 minutes walk test (2MWT) measures the 

distance that a patient can walk within two minutes. 

Methods of measurement : 

Outcome measures: 

Physiological Cost Index (PCI): PCI measures energy expenditure of 

walking. Patient was made to sit in comfortable position for 5 min 

and HR was taken at every 1 minute with the help of HR monitor or 

pulse oximeter. True Resting HR was taken as the average of the 

5HR. The patient was asked to walk in the hallway of 30 meter 

marked by two cones, for five minutes at their comfortable walking 

speed. Walking HR was taken as the average of HR of last 3 min of 

walk. 

Formula: PCI = Walking HR – Resting HR  

                  Speed 

Intervention: 

Six minutes walk test: 6-min walk test will be carried out according 

to ATS guidelines .The 6 minutes walk test (6MWT) measures the 

distance that a patient can quickly walk in a 30-m (100-foot) hallway 

in a period of 6 min. Two cones will be kept at the both the ends of 

30 meter hallway. Participants will be asked to walk at their own 

normal pace along a perimeter of 30 m. They will be asked to cover 

as much ground as possible while maintaining a steady pace 

without running during the allotted time. Encouragement will be 

given and they will be informed each minute of the time remaining. 

The participants will be allowed to stop, but they can start again, if 

possible, within the allocated 6 min. They will be advised to report 

to the therapist if any discomfort is felt during the test. The distance 

walked by the participants will be recorded in meters at the end of 

test. 

Two minutes walk test: 2 minutes walk test will be carried out 

according to ATS guidelines. The 2 minutes walk test (2MWT) 

measures the distance that a patient can walk within 2 minutes. 

Participant is asked to cover as much ground as possible over 2 

minutes & to walk continuously if possible, but do not concerned if 

you need to slow down or stop to rest. Start timing when 

participant is instructed to ‘Go’ stop timing at 2 minutes. Assistive 

devices can be used but should be kept consistent. 
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Method of data collection:- Permission from Head of institute, 

Ethics committee and Respiratory medicine HOD will be taken. 

Study will be explained to the participant and written consent will 

be taken from participants. Participants will be evaluated as per 

case record form and anthropometric data will be taken. Height will 

be measured by stadiometer, the height rule is taped vertically to 

the hard flat wall surface with the base at floor level. Participants 

are asked to remove their shoes, heavy outer garments, and hair 

ornaments. The participant is asked to stand with his/her back to 

the height rule. The back of the head, back, buttocks, calves and 

heels should be touching the upright, feet together. The top of the 

external auditory meatus (ear canal) should be level with the 

inferior margin of the bony orbit (cheek bone). The participant is 

asked to look straight. Weight will be measured using weighing 

machine. The scale should be placed on a hard-floor surface. 

Participants are asked to remove their heavy outer garments 

(jacket, coat, etc.) and shoes. Participants will be asked to empty 

their pockets and record the fact in the data collection form. The 

participant stands in the center of the platform, weight is 

distributed evenly to both feet. Standing off-center may affect 

measurement. From the patients fulfilling GOLD stage 1 and 2. 

Patient will be asked to were comfortable clothing and appropriate 

shoes for walking. He will be asked to continue his regular medical 

regimen and have light early morning meal before the test. The 

patients will be advised to not perform any kind of vigorous exercise 

before the test. Blood pressure, respiratory rate, pulse rate and 

oxygen saturation will be measured before beginning the test Two 

cones will be kept at the both the ends of 30 meter hallway. 

Participants will be asked to walk at their own normal pace along a 

perimeter of 30 meter. They will be asked to cover as much ground 

as possible while maintaining a steady pace without running during 

the allotted time. Encouragement will be given and they will be 

informed each minute of the time remaining. The participants will 

be allowed to stop, but they can start again, if possible, within the 

allocated 6 min. They will be advised to report to the therapist if any 

discomfort is felt during the test. Blood pressure respiratory rate, 

pulse rate and oxygen saturation will be measured at the end of the 

test . The distance walked by the participants will be recorded in 

meters at the end of test. 

According to American Thoracic Society Guidelines:  

Patient will be asked to were comfortable clothing and appropriate 

shoes for walking. He will be asked to continue his regular medical 

regimen and have light early morning meal before the test. The 

patients will be advised to not perform any kind of vigorous exercise 

before the test. Blood pressure, respiratory rate, pulse rate and 

oxygen saturation will be measured before beginning the test Two 

cones will be kept at the both the ends of 30 meter hallway. 



 

C:\Acad77\2018\Title & Synopsis\Software\Literature Template.doc [Page : 10] 
   

Participants will be asked to walk at their own normal pace along a 

perimeter of 30 meter. They will be asked to cover as much ground 

as possible while maintaining a steady pace without running during 

the allotted time. Encouragement will be given and they will be 

informed each minute of the time remaining. The participants will 

be allowed to stop, but they can start again, if possible, within the 

allocated 6 min. They will be advised to report to the therapist if any 

discomfort is felt during the test. Blood pressure respiratory rate, 

pulse rate and oxygen saturation will be measured at the end of the 

test .The distance walked by the participants will be recorded in 

meters at the end of test.[10] 

Energy cost index will be estimated using Physiological Cost Index 

formula: 

Physiological Cost Index = Walking HR – Resting HR (beats/min) 

                            Speed (meter/min) 

Data Collection Tools: 

Pulse oximeter: 

 
Measuring tape: 

 
Stop watch: 

 
Cones: 
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The reliability of each component has been as follows: 

6 minute walk test : The six minute walk test is a sub-maximal 

exercise test that entails measurement of distance walked over a 

span of 6 minutes . The six minute walk distance provides a 

measure for integrated global response of multiple 

cardiopulmonary exercises The six minute walk test provides 

information regarding functional capacity, response to therapy and 

prognosis across a broad range of chronic cardiopulmonary 

conditions. Main strengths of the 6MWT stem for its simplicity in 

concept and performance, low cost, ease of standardization, and 

acceptance by test subjects. It has emerged as the most commonly 

used test for the objective assessment of functional exercise 

capacity.[10] 

2 minute walk test : 

The 2 Minute Walk Test (2MWT) is a self-paced walking ability and 

functional capacity measure. It is beneficial for those who cannot 

walk for Six Minute Walk Test (6MWT) or 12 Minute Walk Test 

Studies indicate that the 2MWT is consistently reproducible. 

The 2 minute walk test shows good validity with other walk tests. 

The 2 minute walk test correlates highly with the six and 12 minute 

walk tests, they indicates similar measures of gait and exercise 

tolerance in population based samples and those with respiratory 

disease.[11] 

 

 

 

 

             

             Flow chart for general procedure: 

Permission from Head of institute, Ethics committee, 

Respiratory Medicine department & BORS (Board of 

Research) will be taken. 

 

COPD patients will be recruited for the study 

 

Study will be explained to the participant & informed written 

consent will be taken. 

 

Case record form evaluation 
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Participants will be evaluated 

 

6 minutes walk test will be carried out according to ATS 

guidelines 

 

2 minutes walk test will be carried out according to ATS guidelines 
 
 

During each walk tests patients resting HR and walking HR 

will be taken 

 

During both tests patients walking speed will be taken 

 

Physiological Cost Index will be calculated according to the 

formula 

 

Data will be collected 

 

Data will be analyzed 

 

 

      DATA MANAGEMENT & ANALYSIS: 

 

As soon as data collection will be done, it will be recorded as master 

chart on MS excel 2016.   

In anyway patient’s identity & information will be kept confidential. 

Data will be encrypted, coded and analyzed in the statistical 

software Open epi or EPI software version 7.  

Data will be used for further analysis. 

Frequency % : Mean & standard deviation will be calculated. 

P value less than 0.05 will be considered statistically significant. 

For the group paired t-test will be used. 

As such there were no related article of present study, so the Pilot 

study was done to calculate Physiological Cost Index using 6 minute 

walk test and 2 minute walk test. 

The reliability of outcome that is Physiological Cost Index was 

99.8 %.     So, the sample size is calculated by the results of Pilot 

study. 

The Mean Physiological Cost Index = 101.8 with Standard deviation 

= 13.44 

Formula for calculating sample size:  n = 4 SD2 

                                   L2 

Where, L = absolute error, so by keeping ± 5 SD = Standard deviation 

α= 5 % β= 20 % 

Required sample size n = 28.9 but rounded to 30. 
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9) Timeline/Gantt 
Chart :- 

SR.NO  MONTHS 

1 Allocation of Guide October 2019 
2 Topic finalization for the 

synopsis 
November 2019 

3 Formulation of Research 
question 

December 2019 

4 Formulation of objectives December 2019 
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5 Hypothesis formulation January 2020 

6 Protocol of Research 
 

January 2020 

7 Institutional, Ethics and BORS 
clearance obtained 

February 2020 

8 Submission to the University March 2020 

9 Data Collection April 2020 to  
March 2021 

10 Data Presentation and 
Analysis 

March 2021 

11 Writing Discussion and 
Conclusion 

April 2021 

12 Submission of thesis to 
MUHS 

May 2021 
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Gantt chart 

for synopsis             

Sr 

no Component 2019 2019 2019 2020 2020 2020 

    Oct Nov Dec Jan Feb March 

1 

Selection of 

topic             

2 

formulation of 

research 

question     
 

      

3 

formulation of 

aim and 

objectives             

4 

hypothesis 

and null 

hypothesis             

5 

research 

protocol             

6 

ethical 

clearance             

7 

research 

designing             

8 

Review of 

literature             

9 

Methodology 

formulation             

10 

study 

designing             

11 study setting             

12 

sample size 

estimation             

13 

selection of 

study tools             
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and 

instruments 

14 

Method of 

data 

collection             

15 

management 

and data 

analysis             

16 

statistical 

tests             

17 

compilation of 

synopsis             

18 

uploading of 

synopsis           
 

  

        

  Annexures :- ANNEXURE I(A): Case record form  

ANNEXURE I(B): subject information sheet (english)  

ANNEXURE I(C) : subject information sheet (hindi)  

ANNEXURE I(D) : subject information sheet (marathi)  

ANNEXURE II(A) : letter of consent (english)  

ANNEXURE II(B) : letter of consent (hindi)  

ANNEXURE II(C) : letter of consent (marathi)  

ANNEXURE III : Timeline/gantt chart  

ANNEXURE IV : Permission letters                     

 

Annexure I(A) 

Case record  

Name: 

Age:-  

Gender: 

Occupation: 

Weight: 

Height: 

Body Mass Index (BMI) = Weight 

                     Height2 
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GOLD standard stage: 

Blood pressure: 

Pulse rate: 

Respiratory rate: 

Rated Perceived Exertion (RPE) Scale: 

 

Energy cost = Physiological Cost Index = Walking HR – Resting HR (beats/min) 

                                        Speed (meter/min) 

Annexure l (B) 

SUBJECT INFORMATION SHEET 

PURPOSE: To ensure that written informed consent is obtained COPD subjects. 

SCOPE: This standard operational procedure includes COPD subjects who are voluntarily 

participating from the Respiratory medicine department.  

RESPONSIBILITIES: The researcher will obtained written informed consent from COPD 

subjects who are volunteering to be the part of this study.  

PROCEDURE:  

1. The investigator will select the COPD subjects from the Respiratory medicine department. 

2. The investigator will explain the study to allay apprehension and answer all the queries of 

the subject.  

3. If subject expresses interest but has some doubt in that case they would be solved.  

4. Study procedure will begin.  

5. Detailed medical any other physical problem history will be obtained from the subject so 

as to be verify the inclusion and exclusion criteria. 

6. General information of the research subject: 

1) Name :  

2) Age:  

3) Gender:  

4) Date:  

5) Resting HR: 

 6 minute walk test 2 minute walk test 

Resting HR   

Walking HR   

Speed   
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6) Walking HR: 

7) Walking speed of the patient, while performing test 

8) You would be required to undergo 6 minute walk test to accesses 6 minute walk test 

parameters 

9) You would be required to undergo 2 minute walk test to accesses 2 minute walk test 

parameters 

7. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problem without any untoward effect. 

8. You will not be given any reimbursement and compensation. 

9. If at any movement you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side.  

10. The details of the risk, discomfort, advantages and disadvantages of the test will be 

explained to you before obtaining the letter of consent.  

11. The data obtained from this study would be confidentially protected and maintained 

and if the photograph is used then your identity would not be revealed and if the 

photograph is published then permission would be obtained. 

12. All the risk of test procedure will be explained to you and accordingly the consent will be 

taken. 

13. If you are not satisfied at any movement then you can withdraw at any time without any 

consequences. 

 

Name of researcher:  

Phone number:  

Address: 

 

Name of guide: 

Phone number:  

Address: 

Name of Institution: 

 

ANNEXURE I (C): 

विषय सूचना पत्र 

उद्देश्य: यह सुननश्श्चत करने के लिए कक लिखित सूचचत सहमनत सीओपीडी विषय प्राप्त है। 
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स्कोप: इस मानक पररचािन प्रकिया में सीओपीडी विषय शालमि हैं जो श्िसन विभाग के 
स्िैश्छिक रूप से भाग िे रहे हैं। जिाब: शोधकताा सीओपीडी विषयों से लिखित सूचचत 
सहमनत प्राप्त करेगा जो इस अध्ययन का हहस्सा बनने के लिए स्िेछिा से कर रहे हैं। 
प्रकिया: 

1. जाांचकताा श्िसन चचककत्सा विभाग से सीओपीडी विषयों का चयन करेगा। 

2. अन्िेषक अध्ययन को सभी आशांकाओां की व्याख्या करेगा और विषय के सभी प्रश्नों का 
उत्तर देगा। 

3. यहद विषय रुचच व्यक्त करता है, िेककन उस मामिे में कुि सांदेह है, तो िे हि हो 
जाएांगे। 

4. अध्ययन प्रकिया शुरू होगी। 

5. विस्ततृ चचककत्सा ककसी भी अन्य शारीररक समस्या इनतहास विषय से प्राप्त की जाएगी 
ताकक समािेशन और बहहष्करण मानदांडों को सत्यावपत ककया जा सके। 

6. शोध विषय की सामान्य जानकारी: 

1) नाम: 

2) आयु: 

3) लिांग: 

4) हदनाांक: 

5) आराम के दौरान हृदय दर: 

6) हृदय गनत चिना 

7) परीक्षण करते समय रोगी की चिने की गनत: 

8) आपको 6 लमनट िॉक टेस्ट मापदांडों तक पहुुँचने के लिए 6 लमनट िॉक टेस्ट से गुजरना 
होगा 

9) 2 लमनट के िॉक टेस्ट परैामीटर तक पहुुँचने के लिए आपको 2 लमनट िॉक टेस्ट से 
गुजरना होगा 

7. यहद आप इस अिचध के दौरान असहज हैं, तो कृपया हमें बताएां ताकक हम आपकी मदद 
कर सकें  और आपकी समस्या को बबना ककसी अवप्रय प्रभाि के दरू कर सकें । 

8. आपको कोई प्रनतपूनता और मुआिजा नहीां हदया जाएगा। 
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9. यहद ककसी भी आांदोिन में आप इस शोध अध्ययन से हटना चाहते हैं तो आप ऐसा 
करने के लिए स्ितांत्र हैं और हमारी तरफ से कोई बाधा नहीां होगी। 

10. सहमनत पत्र प्राप्त करने से पहिे परीक्षण के जोखिम, असुविधा, फायदे और नुकसान 
का वििरण आपको समझाया जाएगा। 

11. इस अध्ययन से प्राप्त आांकडों को गोपनीय रूप से सांरक्षक्षत और बनाए रिा जाएगा और 
अगर तस्िीर का उपयोग ककया जाता है तो आपकी पहचान उजागर नहीां की जाएगी और 
यहद तस्िीर प्रकालशत होती है तो अनुमनत प्राप्त की जाएगी। 

12. परीक्षण प्रकिया के सभी जोखिम आपको समझाए जाएांगे और तदनुसार सहमनत िी 
जाएगी। 

13. यहद आप ककसी भी आांदोिन से सांतुष्ट नहीां हैं तो आप बबना ककसी पररणाम के ककसी 
भी समय िापस िे सकते हैं। 

 

शोधकताा का नाम: 

फोन नांबर: 

पता: 

 

गाइड का नाम: 

फोन नांबर: 

पता: 

सांस्था का नाम: 

 

ANNEXURE I(D): 

विषय माहहती पत्रक 

हेतू: िेिी माहहती घेतिेिी सांमती सीओपीडी विषयाांची आहे याची िात्री करण्यासाठी. 

स्कोपः या मानक ऑपरेशनि प्रकियेमध्ये श्िसन औषध विभागात स्िेछिेने भाग घेत 
असिेल्या सीओपीडी विषयाांचा समािेश आहे. 

प्रकिया: 
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1. तपासकताा श्िसन औषध विभागातनू सीओपीडी विषयाांची ननिड करेि. 

२. अन्िेषण कमी करण्यासाठी आखण त्या विषयािरीि सिा प्रश्नाांची उत्तरे देण्यास अन्िेषक 
अन्िेषण करेि. 

विषय: जर विषय व्याज व्यक्त करतो परांतु त्या बाबतीत काही शांका असल्यास त्याांच े
ननराकरण होईि. 

अभ्यास: अभ्यासाची प्रकिया सुरू होईि. 

तपशीििार समािेश आखण िगळण्याछया ननकषाांची पडताळणी करण्यासाठी, या विषयािरीि 
तपशीििार िदै्यकीय कोणत्याही इतर शारीररक समस्येचा इनतहास प्राप्त केिा जाईि. 

6. सांशोधन विषयाची सामान्य माहहतीः 

1) नाि: 

२) िय: 

3) लिांग: 

4) तारीि: 

5) विश्ाांती हृदय गती: 

6) चािणे हृदय गती: 

7) चाचणी करताना रुग्णाची चािण्याचा िेग: 

8) आपणास 6 लमननटाांछया चािाछया चाचणी पॅरामीटसामध्ये प्रिेश करण्यासाठी 6 लमननटाांची 
चािणे आिश्यक आहे 

9) आपण 2 लमननटाांछया चािाछया चाचणी पॅरामीटसामध्ये प्रिेश करण्यासाठी 2 लमननटाांची 
चािणे आिश्यक आहे 

 या कािािधीत आपण अस्िस्थ असाि तर कृपया प्रेमळपणे आम्हािा कळिा जेणेकरून 
आम्ही कोणतीही अवप्रय पररणाम न करता आपिी मदत करू आखण आपल्या समस्येिर 
विजय लमळिू शकू. 

तुम्हािा कोणतीही भरपाई आखण नुकसानभरपाई हदिी जाणार नाही. 

जर कोणत्याही चळिळीिर तमु्हािा या सांशोधनाचा अभ्यास बांद करायचा असेि तर तुम्ही 
तसे करण्यास मोकळे आहात आखण आमछया बाजूने कोणताही अडथळा येणार नाही. 

१०. चाचणीचे धोका, अस्िस्थता, त्याचे फायदे आखण तोटे याांचे तपशीि सांमती पत्र 
लमळिण्यापूिी तुम्हािा समजािून साांचगतिे जातीि. 
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११. या अभ्यासामधनू लमळािेिा डेटा गुप्तपणे सांरक्षक्षत आखण देिरेिीिािी ठेििा जाईि 
आखण जर िायाचचत्र िापरिा असेि तर तुमची ओळि उघड होणार नाही आखण जर 
िायाचचत्र प्रकालशत झािे तर परिानगी घेतिी जाईि. 

१२. चाचणी प्रकियेचा सिा धोका तुम्हािा समजािून साांचगतिा जाईि आखण त्यानुसार सांमती 
घेतिी जाईि. 

13. आपण कोणत्याही चळिळीिर समाधानी नसल्यास आपण कोणत्याही पररणामालशिाय 
कधीही माघार घेऊ शकता. 

 

सांशोधकाचे नाि: 

फोन नांबर: 

पत्ता: 

 

मागादशाकाचे नाि: 

फोन नांबर: 

पत्ता: 

सांस्थेचे नाि: 

 

ANNEXURE II(A)  

LETTER OF CONSENT  

COMPARISON OF PHYSIOLOGICAL COST INDEX USING SIX MINUTE WALK TEST AND TWO 

MINUTE WALK TEST IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) PATIENTS - AN 

ANALYTICAL CROSS SECTIONAL STUDY.      

 1. I have received an explanation of the nature, purpose, duration and foresee able effects 

and risks of the trial and what I will be expected to do. My questions have been answered 

satisfactorily.  

2. I understand that my participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of benefits to 

which I am otherwise entitled.  

3. I further understand that any information that becomes available during the course of the 

study that may affect my willingness to take part will be informed to me. 
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4. Institutional Ethics Committee authorities may wish to examine my medical records to 

verify the information collected. By signing this document, I give permission for this review 

of my records. 

5. I understand that my identity will not be revealed in any report or publication  

6. I agree to take part in the above study. 

----------------------------          -------------------------------          --------------------- 
Name of research participant   Signature/ Thumb impression     Date research 

                              
  

ANNEXURE II (B) 
सांमत: िोननक ऑब्स्टस्रश्क्टव्ह पुल्मोनरी डडसेज (सीओपीडी) पेटीएांट्स मध्ये 6 लमननट िॉक 
टेस्ट आखण 2 लमननट िॉल्क टेस्ट िापरुन कफश्जओिॉश्जकि कॉस्ट इांडेक्सचे सांयोजन - एक 
विश्िेषणात्मक िॉस सेक्शनि स्टडी. 
 

१. मिा चाचणीचे स्िरूप, हेतू, कािािधी आखण सांभाव्य पररणाम आखण जोिमीच े
स्पष्टीकरण प्राप्त झािे आहे आखण मी काय करािे अशी अपेक्षा आहे. माझ्या प्रश्नाांची 
उत्तरे समाधानकारक आहेत. 

२. मिा समजिे आहे की चाचणीत माझा सहभाग ऐश्छिक आहे आखण मी भाग घेण्यास 
नकार देऊ शकतो ककां िा दांड ककां िा कोणताही फायदा न गमािता मी कधीही िटिा 
मागे घेऊ शकतो ककां िा मिा पात्र आहे.  

३. मिा पुढे हे समजिे आहे की अभ्यासाछया िळेी उपिब्स्टध होणारी कोणतीही माहहती जी 
माझ्या सहभागाछया इछिेिर पररणाम करू शकते मिा कळवििी जाईि. 

४. सांस्थात्मक आचारसांहहता सलमतीचे अचधकारी गोळा केिेिी माहहती सत्यावपत 
करण्यासाठी माझ्या िैद्यकीय नोंदी तपासू शकतात. या दस्तऐिजािर सही करून, मी 
माझ्या नोंदीांछया या पुनराििोकनासाठी परिानगी देतो. 

५. मिा समजिे आहे की माझी ओळि कोणत्याही अहिािात ककां िा प्रकाशनात प्रकट 
होणार नाही. 

६. मी िरीि अभ्यासामध्ये भाग घेण्यास सहमत आहे. 

 

 _____________          _______________          ________ 

सांशोधन सहभागीचे नाि       स्िाक्षरी / अांगठा ठसा          तारीि सांशोधन 
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ANNEXURE II (C)  

सहमननत  

कफश्जयोिॉश्जकि िागत सूचकाांक का उपयोग 6 लमननट िॉक टेस्ट और 2 लमननट िॉक टेस्ट 
में  

चचरकालिक प्रनतरोधी फुफ्फुसीय रोग (सीओपीडी) रोचगयों - एक विश्िेषणात्मक पार 
अनुभागीय अध्ययन 

 है। 

 

1. मुझे परीक्षण की प्रकृनत, उद्देश्य, अिचध और भविष्य के सांभावित प्रभािों और 
जोखिमों का स्पष्टीकरण प्राप्त हुआ है और मुझसे क्या करने की उम्मीद की जाएगी। 
मेरे सिािों का सांतोषजनक जिाब हदया गया है। 

2. मैं समझता हूां कक मुकदमे में मरेी भागीदारी स्िैश्छिक है और मैं ककसी भी समय 
परीक्षण से भाग िेने या िापस िेने से इनकार कर सकता हूां, बबना ककसी दांड या 
िाभ के नकुसान के श्जसके मैं अन्यथा हकदार हूां। 

3. मैं आगे समझता हूां कक अध्ययन के दौरान उपिब्स्टध होने िािी कोई भी जानकारी जो 
मेरे भाग िेने की इछिा को प्रभावित कर सकती है, मुझे सूचचत ककया जाएगा। 

4. सांस्थागत आचार सलमनत के अचधकारी एकबत्रत जानकारी को सत्यावपत करने के लिए 
मेरे मेडडकि ररकॉडा की जाांच कर सकते हैं। इस दस्तािेज़ पर हस्ताक्षर करके, मैं 
अपने ररकॉडा की इस समीक्षा की अनुमनत देता हूां। 

5. मैं समझता हूां कक ककसी भी ररपोटा या प्रकाशन में मेरी पहचान उजागर नहीां की 
जाएगी. 

6. मैं उपरोक्त अध्ययन में भाग िेने के लिए सहमत हूां। 

 __________                   _________________           _______                 

 अनुसांधान प्रनतभागी का नाम        हस्ताक्षर / अांगूठे का ननशान      नतचथ 
अनुसांधान
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INTRODUCTION 

 

                          ‘Diabetes mellitus (DM) is a metabolic disorder of multiple etiology characterized 

by chronic hyperglycemia with disturbances of carbohydrates, fats, and proteins metabolism 

resulting from defect in insulin secretion, insulin action or both’.1 There are two types of 

diabetes i.e. type 1 known as diabetes insipidus which is juvenile in onset and type 2 is known 

as diabetes mellitus which is adult in onset and is most common.1  

 

                       The global burden of diabetes is mostly contributed by type 2 diabetes which 

constitutes 80% to 95% of total diabetic population. Epidemiological trends indicate that 

without proper control and prevention, its prevalance will increase further to 438 million till 

2030 worldwide, particularly in low and middle income countries.1, 2  

 

                         In 2016, World Health Organization(WHO) indicated that 6,72,600 adults aged 

between 30 to 70 years in India have DM.2 In 2015 International diabetes federation had 

estimated that 450 million adults aged 20 to 79 years globally have diabetes3 and in 2019 it has 

increased to 997 million globally.4  

 

                           Diabetes prevalance adjusted regionally which is by age is 3.8% in Africa, 7.3% in 

Europe, 10.7% in middle east and north Africa, 11.5% in north America and Caribbean, 9.6% in 

south and central America, 8.8% in western pacific and 9.1% in southeast asia.3 Around the 

globe the top three countries for diabetes are China, India, and USA. Asian populations, 

particularly people of Indian subcontinent have a strong genetic predisposition for diabetes 

which is attributed to an increase in the levels of urbanization, industrialization and economic 

advancement in recent years.1  

 

                            According to International Diabetes Federation (IDF), 463 million people have 

diabetes in 2020 around the world and 88 million cases are present in Southeast Asia alone. Out 
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of this 88 million people, 77 million belong to India. Whereas in India; High prevalance of 

diabetes is reported in Tamil Nadu and Kerala.5 

 

                          According to the 2019 statistics, released by the Ministry Of Health And Family 

Welfare, the national diabetes prevalence was found to be 11.8% in the people of age 50 and 

above.6 In Maharashtra, estimated values of diabetes cases are about 6 million, out of which 

70% are undiagnosed.7 

 

                          DM cases are expected to rise to 642 million cases in 2040, which would increase 

the prevalance rate from a current rate of 8.8% to 10.4%.3 It is also to note that almost about 

half of the affected population of diabetics are unaware of the disease.3  

 

                           Impact of diseases can also be understood by utilization of scales. There are 

various scales which are available to understand the impact of diseases on various components 

of daily living and these scales are referred to as disease specific scales for assessing quality of 

life. 

 

                            Quality of life is defined by the WHO as individual’s perception of their position 

in life in the context of the culture and value systems in which they live, and in relation to their 

goals, expectations, standards and concerns.8,9 Quality of life focuses on activities of daily living, 

health states, disease categories or functional ability. It also provides direct attention to social, 

psychological and spiritual being.10 

 

                            Quality of life can be assessed by utilizing various scales. Some of the general 

scales include SF-36, SF-12, and WHO health related quality of life questionnaire etc. There are 

other scales which are disease specific which includes GERD-HRQL (gastro esophageal reflux 

diseases- health related quality of life) 11, PDQ-39 (Parkinson disease questionnaire-39)12 and 

QOL-RIQ (respiratory illness questionnaire) 13, world health organization quality of life 

questionnaire (WHOQOL-BREF)14 etc. 
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                      Quality of life also gets affected in diabetes because there is a never ending 

demand of diabetic care, such as eating carefully, exercising, and monitoring blood glucose, 

scheduling and planning symptoms of low or very high blood glucose and fears about or the 

reality of complications.15 

 

                        Among various disease specific scales, the scales that are specific to diabetes are 

DOQ (diabetes obstacle questionnaire)16 , DSQOLS (diabetes specific quality of life scale)17 , ADS 

(appraisal of diabetes scale)18 , DCP (diabetes care profile)19, DDS (diabetes distress scale)20, 

DIMS (diabetes impact measurement scale)21, DQOL(diabetes quality of life measure)22, LQD 

(quality of life with diabetes questionnaire)23 , and D39( Diabetes 39).24,25 

 

                        D-39 is a disease specific scale for diabetes which measures Diabetes control, 

Anxiety/ worry, Social burden, Sexual function, Energy/mobility. Therefore this scale is 

employed in the current study and association of D39 with diabetes will be studied.  

 

                       Studies have commented that diabetes also depends on socioeconomic status, i.e 

lower socioeconomic class. This population may not be able to manage or prevent disease and 

its related hospitalization unless there is an acute diabetes related complication.42 

 

                       On the contrary, high socioeconomic class having sedentary lifestyle, limited 

physical activity and over nutrition and may lead to greater chances of having diabetes.1 

Whitehall in his study described a significant indirect relation between glucose intolerance and 

grade of employment.26 There are many debates about association between socioeconomic 

status and diabetes. Therefore this study was conducted to find out the association between 

these two parameters. 
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                       Moreover, there are many socioeconomic status scales present in India such as B.G 

Prasad, Pareekh scale, kuppuswamy scale, Tiwari scale and Agrwal scale. It is to note that there 

are many limitations for all the socioeconomic status scales as AICPI (all India consumer price 

index) value are updated at frequent intervals.27  

 

                      It is evident that all socioeconomic status classification considers income as a 

parameter. Therefore, latest scales have to be utilized when studies related to socioeconomic 

status are concerned. Hence in the current study modified kuppuswamy socioeconomic status 

scale 2019 was utilized.  

 

                     It is a known fact for all age groups that sedentary life style i.e. lack of exercises, 

sitting and eating junk food, no physical activity or no exercise increases the chances of 

diabetes. A study conducted by colak TK et.al concluded that the prevalance of diabetes 

mellitus is rapidly increasing in relation to changing lifestyles in developed and developing 

countries.  

 

                      Glycemic control plays an important role in physical activity and exercises. It may 

improve blood glucose levels, may prevent or delay type 2 diabetes mellitus and helps in 

glucose utilization by reducing insulin resistance.24 Lifestyles of diabetes in long run may affect 

the quality of life of diabetic patients.  

 

                      Physical activity is extremely important in management of diabetes because of its 

effect on blood glucose .Exercise burns calories and helps to control weight, eases stress and 

tension, and maintains feeling of well being. In addition, regular physical activity improves 

body’s response to insulin and may make oral anti diabetic drugs and insulin more effective. 

 

                     Thus, all individuals with DM or pre-diabetes should be encouraged to be regularly 

physically active, and include more daily physical movement and structured exercise, to 

improve their health and longevity. 
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                         It is believed that physical activity might be effective in enhancing quality of life 

and improving life expectancy in treatment of diabetes. Therefore the study was undertaken to 

investigate the association between health related quality of life, family income levels and 

godin leisure time exercise questionnaire in patients with newly diagnosed diabetes mellitus. 

 

Rationale of the study:  

                          Studies have been published indicating increase in population of diabetics in the 

recent years.1,2,3  Moreover studies have also been undertaken on diabetes and quality of life 14, 

24, but minimal studies are available on disease specific questionnaire such as D39. Numerous 

studies are available on diabetes and exercise both globally and in Indian scenario24, but very 

minimal studies have been conducted on Godin leisure time exercise questionnaire. It is also a 

known fact that controversies exist in relation to income levels and diabetes mellitus.1, 26   

                            Therefore the current study will be undertaken to find out the association of 

health related quality of life, family income levels and godin leisure time exercise questionnaire 

in newly diagnosed diabetes patients. 
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AIM:  

‘To study the association between health related quality of life, family income levels and godin 

leisure time exercise questionnaire in newly diagnosed diabetes patients.’ 
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RESEARCH QUESTION: 

Is there association of scoring levels of Health related quality of life (HRQOL), family income 

levels (modified kuppuswamy socioeconomic status scale) and godin leisure time exercise 

questionnaire in newly diagnosed diabetes patients? 

 

HYPOTHESIS: 

Null hypothesis:- ‘There is no association between scoring levels of HRQOL, family income 

levels, and Godin leisure time exercise questionnaire in patients with newly diagnosed 

diabetes.’ 

 

Alternate Hypothesis:- ‘There is a association between scoring levels of HRQOL, family income 

levels, and Godin leisure time exercise questionnaire in patients with newly diagnosed 

diabetes.’ 
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OBJECTIVE: 

To study the association of levels of D39 questionnaire (HRQOL - health related quality of life) 

with levels of modified kuppuswamy socioeconomic status scale(family income levels) and 

levels of godin leisure time exercise questionnaire in newly diagnosed diabetes mellitus based 

on the scores obtained from the questionnaires. 
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  Literature Review:  

 Various literatures were reviewed for undertaking this study. The literature was reviewed 

from various sources such as books, journals and internet. The articles were thoroughly 

studied before utilizing them for forming the literally review for this study. The articles were 

reviewed from 1988-2019 and the few applicable ones are listed below. 

 

Seema kaveeshwar (2014) conducted a study  titled ‘the current state of diabetes mellitus in 

India’ and stated that in 2000 India is the leading country with diabetes mellitus(31.7%) 

followed by china(20.8%)  and united state(17.7%).  They conclude that diabetes is being 

associated with multiple complications and occurring in relatively younger age in India. It is 

associated with expansion and peak phases of business cycle, changing lifestyle, and 

migration from rural to urban areas. Therefore the current study is carried on diabetic 

population.28 

 

A study (2017) titled ‘prevalance of diagnosed diabetes and associated risk factors: evidence 

from the large scale surveys in India’ was conducted by saddaf naaz akhtar and preeti 

dhillon had concluded that diabetes mellitus in india is increasing burden. Therefore, the 

study is focused on DM.29 

 

Moreover Wenjun fan conducted a study (2017), titled ‘epidemiology in Diabetes mellitus 

and cardiovascular disease’. The study concluded that the prevalance of Diabetes is rapidly 

increasing worldwide. Also, appropriate prevention should be conducted to benefit 

patient’s quality of life and release a huge economic burden for the country. Because the 

prevalance is on rise therefore Diabetes mellitus is considered as a study population in the 

current study.3 
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A study by Augusto D. and Silva S. et.al (2019) titled ‘ physical inactivity as risk factor for 

mortality by diabetes mellitus in brazil in 1990, 2006 and 2016’  concluded that the 

mortality of approximately 3% could be avoided in the Brazilian population if they were 

active physically, and this study was first to estimate that the diabetes mellitus burden due 

to physical inactivity, in view of this the current study was undertaken to know the physical 

activity in DM by use of GLTEQ in the current scenario.30 

 

A study (2019) titled ‘correlation between exercise, personal income levels, and health 

related quality of life in patients with newly diagnosed stable angina’ was conducted by yi 

wang et al found that exercise and personal income levels are both modifiable factors and 

were positively associated with physical and mental HRQL Therefore in the current study 

whether same trend is seen in case of diabetes will be observed. 31 

 

A study (2015) on ‘association between the physical activity level and the quality of life of 

patients with type 2 diabetes mellitus’ was conducted by Tugba kuru colak et al and they 

concluded that the correlation analysis of quality of life with physical activity level showed 

that the scores of quality of life had statistically significant negative correlation with physical 

activity level. Therefore the current study was undertaken to know the Association between 

physical activity and health related quality of life in diabetic patients.24 

 

Another study (2005) on ‘Physical activity and diabetes prevention’ was conducted by 

michael J. et. Al. concluded that the major influential factor in increasing prevalance of 

diabetes mellitus is low levels of activity related energy expenditure i.e. sedentary lifestyle 

or sedentary habits. Therefore the current study is being carried out to see if the same 

trend is continued in Indian context.32 
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Moreover, the study (2008) on ‘epidemiology of diabetes and diabetes related 

complications’ conducted by Deshpande AD et. Al. concluded that an increasing prevalence 

of diabetes depends on modifiable risk factors that are obesity and physical activity which 

needed to be reduced for decreasing the burden of diabetes and diabetes related 

complications. Whether similar trends are observed related to physical activity have to be 

studied in the current context. Therefore, DM and physical activity or inactivity was studied. 

33 

 

Study (2000) titled ‘diabetes prevalance and socioeconomic status: a population based 

study showing increased prevalance of type 2 diabetes mellitus in deprived areas’ was 

conducted on 4313 persons with diabetes by V Connolly et al. they concluded a significant 

inverse relation between the prevalance of type 2 diabetes and socioeconomic status. 

Therefore the current study is being carried out to see if same trend is continued in Indian 

context.26 

 

Studies (2014) have stated that economic status has an impact on receiving of care for 

variety of reasons and some of the reasons were difficulty for scheduled appointments due 

to transportation cause and inability to take work off. 28 

 

Moreover a study (1996,1999) conducted in Ontario has stated that people having higher 

income levels tend to have healthier lifestyles and more likely to undergo for screening 

examination based on referral from physician.34,35Earlier studies (1994,1998) have 

documented that enrollment in diabetes mellitus education program in low income areas 

were less.36,37 
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 Further more studies (1996,1993,1997) have also documented that individuals with low 

income utilized how patients services more as the burden of disease is increasing in 

population.38,39,40 

 

A study (2006) conducted by carol R et al on ‘racial/ethnic and social class differences in 

preventive care practices among persons with diabetes’ concludes "that persons of lower 

social class and persons with no health insurance are at high risk for not receiving 

preventive services" 41 

 

Rabi D. et.al. Conducted a study (2006) on ‘association of socio economic status with 

diabetes prevalance and utilization of diabetes care services.’ concluded that lowest income 

quantiles have higher prevalance of diabetes and lowest prevalance in higher income 

quantiles. 42 

 

Moreover, A study (2017) titled ‘Association between socioeconomic status and diabetes in 

rural setting of India’ conducted by M. mohanraj et. Al. concluded that for increasing 

prevalence of DM, the socioeconomic status is one of the most important factors. Findings 

in this study demonstrated that participants with low income have higher prevalence of 

diabetes than wealthy participants. Current study was also undertaken to see whether the 

similar trends are following in central India.43 

 

A study (1988) on ‘High prevalence of diabetes in an urban population in south India’ 

conducted by A ramachandran et. Al concluded that the prevalance of diabetes is high 

among Indians livings in an urban area of India. Similar treads was observed in current 

study.44 
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Moreover another study (2001) by A ramachandran et. Al on ‘high prevalance of diabetes 

and impaired glucose tolerance in India: national urban diabetes survey’ measured 

socioeconomic status of all the participants based on the educational and occupational 

status and concluded that the prevalance of diabetes is high in urban India.45 

 

contrary to the above finding  one  study (2003) titled ‘relationship between avoidable 

hospitalizations for diabetes mellitus and income levels’ conducted by Gillian L. et al 

concluded that even on removal of economic barriers  the hospitalization for conditions 

that could be prevented still existed. Therefore the current study was undertaken to check 

whether the socioeconomic class and diabetes mellitus have any association. 46 

 

A study (2006) titled ‘A cross sectional study of QOL of diabetic patients at tertiary care 

hospitals in Delhi’ carried out by Gautam Y. et. Al. concluded that epidemic of diabetes is 

not limited to upper class but it also includes lower class. And QOL is affected significantly 

by key factors like socioeconomic status, literacy and habitual physical activity. The same is 

carried out in the current study to see whether same trend is following in central India.47 

 

Sheikh mohd saleem (2019) in his study concluded that ‘modified kuppuswamy SES’ is the 

most widely used and popular scale in India which is mostly used in urban areas. Therefore 

in view of this the current study is also utilizing updated modified kuppuswamy SES to 

understand the association between family income levels and diabetes.48 

 

John kirwan conducted a study on (2017) titled ‘the essential role of exercise in the 

management of type 2 diabetes And commented that exercise training improves regulation 

of glucose and exercise is advised as strategies for newly diagnosed DM patients.49 
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V. mohan et.al. Conducted a study (2007) on ‘epidemiology of type 2 diabetes: Indian 

scenario’ they concluded that the prevalence of diabetes and cardiovascular diseases are 

higher in lower socioeconomic group compared to higher socioeconomic group. They 

further observed that the prevalence of diabetes was almost three times higher in 

individuals with mild physical activity compared to those having heavy physical activity. In 

view of this study the current study was carried out to find association of physical activity 

with Diabetes Mellitus (DM) .50 

 

Furthermore studies (1997) have been published that adults maintaining lifestyle which is 

physically active can reduce the risk of type 2 DM. Hence the current study was undertaken 

to check whether any association exists between diabetes and leisure time exercises with 

utilization of godin leisure time exercise questionnaire.51 

 

A study (2018) conducted on ‘Health and quality of life outcomes impairment of quality of 

life in type 2 diabetes mellitus: a cross sectional study’ by N. Jessie et. Al. concluded that 

patients with type 2 diabetes mellitus have poor quality of life. In the current study we are 

assessing and scoring the patients quality of life based on the disease specific questionnaire 

i.e. D39.52 

 

A study (2012) named ‘quality of life in patients with diabetes using the diabetes 39(D-39) 

instrument’ by Luana rosas et al concludes that the D39 items that contributed to negative 

effect of QOL and having difficulties in performing household chores are having difficulty in 

taking care of themselves, and difficulty in performing the ADL’s as well as face certain 

restrictions on their ability to do what they want to do. Therefore whether the same trend 

is seen in Indian population.25  
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‘Health related quality of life (Hr-Qol) (2014) in patients with type 2 diabetes mellitus’ was 

conducted by Vishakha jain et. Al. in that study they utilized world health organization 

quality of life questionnaire (WHOQOL-BREF) which concludes there is a poor physical 

health, poor psychological health which are affecting health related quality of life.14 

Therefore in the current study D39 questionnaire for health related quality of life was 

utilized for understanding association between Diabetes Mellitus (DM) and Quality of life 

(QOL). 

 

Catalina imandi et.al conducted a study (2017) named ‘health related quality of life of 

patients with diabetes in Romania’ concluded that place of residence, employment status; 

type of diabetes, personal income levels, age, and diabetes duration makes a huge 

difference in HRQOL. Therefore, in view of this the current study was undertaken to see 

association of the quality of life in patients with newly diagnosed diabetes in Indian 

context.53 

 

In all 31 literatures (3, 14, 24, 25, 26, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 

44, 45, 46, 47, 48, 49,50, 51, 52, 53) have formed the theoretical background on which this 

study is based. 
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METHODOLOGY 

STUDY DESIGN- This is an Analytical Cross sectional study 54 as these studies are useful 

for examining the association between exposure and disease onset for chronic diseases. 

In the current scenario the association of various scales i.e. D39, Modified Kuppuswamy 

Scale, Godin leisure time exercise questionnaire would act as exposures and association 

of this would be seen on diabetic patients so as to understand the association of three 

scales in newly diagnosed DM patients. 55 

 

STUDY SETTING- Hospital based with Patients referred by physician and diabetologist 

from medicine OPD to the physiotherapy OPD.  

 

DURATION OF STUDY- 18 months  

 

STUDY POPULATION- Newly diagnosed diabetes mellitus patients as diagnosed by 

physicians or diabetologist.  

 

SAMPLE SIZE:  

SAMPLE SIZE ESTIMATION:-  

Sample size is determined considering previous associational study between 

diabetes mellitus and health related quality of life (D39) as the main outcome 

measure. Following assumptions were made from the study of colak et al (2016).24  
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Expected spearman’s correlation coefficient (ρ) = 0.224 

Hypothesized correlation (r) = 0  

             Power (1-β) = 90%  

            α error= 5% (2 sided) 

REQUIRED SAMPLE SIZE:- 

Based on calculations, n= 205 

Therefore, 205 samples were included in the study based on inclusion criteria. 

SAMPLE SIZE FORMULA:- 

                                               n = [( Zα + Zβ /C)] 2 + 3 

                                        Where, 

                                                   n = required sample size 

                                                  Zα = standard normal score for α 

                                                  Zβ = standard normal score for β 

                                                   C = 0.5 X Ln [(1+ ρ) / (1- ρ)] 

Where ρ = expected correlation coefficient 

 

SAMPLING TECHNIQUE: Convenient Sampling 

This was a hospital based study where a consecutive sample of eligible subjects was selected on 

the daily basis by convenient sampling method till the desired sample size was met. 
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METHOD OF SELECTION OF STUDY SUBJECTS (ELIGIBILTY CRIETRIA) 

The participants for the study were based on following eligibility criteria as given below: 

Inclusion Criteria: 

1. Diagnosed as Diabetes mellitus (DM) by physician or diabetologist.  

2. 1st time diagnosed with diabetes mellitus.  

3. Blood Reports suggestive of diabetes mellitus. (Cut of limit of DM blood sugar levels 

during fasting ≥ 126mg/dl to postprandial ≥ 200mg/dl or both.)  

4. Both genders. 

 

Exclusion Criteria:  

1. Gestational diabetes.  

2. Diabetic neuropathy or nephropathy.  

3. Hypertension.  

4. Any previous history of cardiovascular complications.  

5. Any type of ulcers or gangrene.  

6. Serious co-morbid illnesses along with DM.  

7. Immunological disease.  

8. Cognitive impairments.  

9. Renal failure.  

10. Cancer.  

11. Long standing cases of DM.  
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WITHDRAWAL CRITERIA:-  

Participants were withdrawn from study if any of the following components happens: 

1. Any changes in anti-diabetic medications.  

2. Those who were not completing all components of a questionnaire.  

3. Participants not filling all the three questionnaires. 

 

METHOD OF SELECTION OF PARTICIPANTS: 

Participants who were referred from medicine OPD and diabetologist to the physiotherapy OPD 

were included in the study provided that they were fulfilling the criteria. 

Convenient samplings were utilized for selecting the participants until the desired sample size 

was achieved. 

 

MATCHING CRIETRIA  

None, as this study is an analytical cross sectional study. 

 

VARIABLES 

           INDEPENDENT VARIABLES 

1. Blood glucose levels 

            DEPENDANT VARIABLES 

1. Scores of each of 5 components and total score of D39 questionnaire. 

2. Scores of modified kuppuswamy socioeconomic scale. 

3. Scores of godin leisure time exercise questionnaire. 
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OUTCOME MEASURES 

a. Obtained category based on scores of D39 (mild, moderate, severe) 

b. Obtained socioeconomic status class based on scores of modified kuppuswamy 

scale. (upper, upper middle, lower middle, upper lower, lower) 

c. Scores of godin leisure time exercise questionnaire categorized into insufficiently 

active, moderately active and active. 

 

OPERATIONAL DEFINATIONS 

 

1. Diabetes mellitus – It is a metabolic disorder of multiple etiology characterized by 

chronic hyperglycemia with disturbances of carbohydrates, fats, and proteins 

metabolism resulting from defect in insulin secretion, insulin action or both in the 

current study.1 

 

2. Newly diagnosed diabetes- Diagnosed case of diabetes less than or equal to 4 weeks i.e. 

1 month in the current study. 56 In the current study newly diagnosed diabetes refers to 

diagnosed case of diabetes. Less than or equal to 4 weeks. 

 

3. Quality of life – The quality of life concept is how individuals perceive their lives in 

relation to their personal goals, expectations, standards, and worries in the system of 

culture and values that they live in.24  

 

4. Health related quality of life: It is defined as “those aspects of self perceived well being 

that are related to or affected by the presence of disease or treatment.” In this study 

QOL refers to scores obtained on D39 questionnaire which is disease specific Quality of 

life questionnaire.57 
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5. Family income level- Also known as household income. It is the combined gross income 

of all the members of household who are 15 years or older 58 in this study it refers to 

family income scaled on modified kuppuswamy scale. 

 

6. Exercises – Therapeutic exercise is the systematic, planned performance of bodily 

movements, postures, or physical activities intended to provide a patient/client with the 

means to Remediate or prevent impairments Improve, restore, or enhance physical 

function Prevent or reduce health-related risk factors Optimize overall health status, 

fitness, or sense of well-being.59  

 

7. Leisure times exercise in this study it refers to Godin leisure exercise questionnaire, 

which helps in understanding the exercise levels of patients and categorized in 

insufficiently active, moderately active and active based on their exercises. 
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PHOTOGRAPHS: 

i. Giving questionnaires to participants: 

 (Male) 

 (Female) 
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ii. Filling up the questionnaires by participants: 

 (Male) 

            (Female) 
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iii. Taking back the filled questionnaires from participants: 

 (Male) 

 (Female) 
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METHOD OF MEASUREMENT 

1. Health related quality of life by D39 scores. [Annexure I(a)] 

2. Family income levels by modified kuppuswamy socioeconomic status scale. 

[Annexure I(b)] 

3. Godin leisure time exercise questionnaire by scores obtained by questionnaire. 

[Annexure I(c)] 

 

 

STUDY INSTRUMENTS/DATA COLLECTION TOOLS: 

1. D39 questionnaire for scoring HRQOL.24,60 This scale used to assess the participants 

health related quality of life. It is a 39 item scale and divides in 5 subgroups. The lowest 

score being 39 and highest being 273. [Annexure I(a)] 

2. Modified kuppuswamy socioeconomic scale for measuring family income levels and 

socioeconomic status.48 [Annexure I(b)] 

3. Godin leisure time exercise questionnaire for exercises.51, 61 [Annexure I(c)] 

4. Pen for filling the questionnaires.  
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SPECIFICATIONS OF INSTRUMENTS 

1. D-39 questionnaire 

The D39 questionnaire used to assess the participant’s health related quality of life. 

It consists of 39 items; the participants were asked to rate how they are feeling 

about their newly diagnosed diabetes. On a scale of 0 to 7 where a score of 0 

indicated Not at all affected to 7 indicated extremely affected. 

2. The Modified Kuppuswamy socioeconomic scale  

It assesses the level of socioeconomic status of participants. It is a 3 items scale, 

which includes occupation of the head of the family, education of the head of the 

family and monthly income of head of the family. Participants with higher scores 

comes under higher socioeconomic status (26-29) and the lowest score comes under 

lower socioeconomic status (5-10 or <5). 

3. The godin leisure time exercise questionnaire  

This scale assesses the leisure time activity of participants which were included in 

the study. This questionnaire has 2 main questions which denote the intensity of 

exercise and 1 denotes the frequency of exercise. The highest score (>24) means 

participant is active and lowest score means insufficiently active (<14). 

 

PILOT STUDY 

Pilot study was conducted to understand the problem which could be interfering before the 

commencement of study on 4 to 5 subjects. 

The following problems were encountered: 

1. The participants faced difficulty in solving and understanding the language of 

questionnaires. 

2. The participants were not solving all the questions given in the questionnaire. 
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To overcome the above difficulties following corrective measures were adapted 

1. Questionnaire was translated in valernacular language. 

2. Patients were motivated to solve all the questions in the questionnaire. 

 

 

METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE: 

The information of patients on demographic variables was gathered in the first part of 

Performa. The data for the study was collected using 3 different questionnaires. 

Health related quality of life was measured by D-39 questionnaire, socioeconomic status by 

modified kuppuswamy scale and leisure time exercise by godin leisure time exercise 

questionnaire. 

Data was collected from every patient enrolled for the study based on the response obtained 

from all 3 questionnaires. The collected data was utilized to understand the association 

between the scales. 
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GENERAL PROCEDURE 

Before the commencement of study, requisite permission from head of institution and 

medicine department was taken. Clearance from Institutional Ethics Committee (IEC) and BORS 

was obtained [annexure II (a), II (b), II (c)]. Subjects were screened as per the inclusion criteria. 

The study protocol was informed to the participants and informed written consent was taken 

from the subjects. 

 The entire procedure was explained to the subjects. The D39 questionnaire, Modified 

kuppuswamy socioeconomic scale and godin leisure time exercise questionnaire was 

administered to the subjects.  

The D39 questionnaire used to assess the subject’s health related quality of life. It consists of 39 

items; the participants were asked to rate how they are feeling about their newly diagnosed 

diabetes. On a scale of 0 to 7 where a score of 0 indicated Not at all affected to 7 indicated 

extremely affected. [Annexure I (a)] 

The Modified Kuppuswamy socioeconomic scale assesses the level of socioeconomic status of 

participants. It is a 3 items scale, which includes occupation of the head of the family, education 

of the head of the family and monthly income of head of the family. Participants with higher 

scores comes under higher socioeconomic status (26-29) and the lowest score comes under 

lower socioeconomic status (5-10 or <5). [Annexure I (b)] 

The godin leisure time exercise questionnaire assess the leisure time activity of participants 

which were included in the study. This questionnaire has 3 main questions which denote the 

intensity of exercise and 1 denotes the frequency of exercise. The highest score (>24) means 

participant is active and lowest score means insufficiently inactive (<14). [Annexure I (c)] 

The participants were requested to mark the questionnaire based on their health related 

quality of life, socioeconomic status and godin leisure time exercise questionnaire. 

The marked response of participants forms the data for the study. These data was later 

analyzed statistically for obtaining the results. 
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Flow chart of general procedure: 

Requisite permission was taken from the head of the institute. 

Ethic committee clearance was obtained. 

Clearance was obtained from board of research. 

Subjects fulfilling (inclusion) criteria were included. 

Written consent was obtained from the subjects. 

Instructions regarding marking of D39 questionnaire, modified kuppuswamy socioeconomic 

scale and Godin leisure time exercise questionnaire was explained to the subjects. 

D39 questionnaire, modified kuppuswamy socioeconomic scale and Godin leisure time 

exercise questionnaire was provided to the subjects. 

Questionnaires were marked by the subjects. 

Collection of the questionnaire was done. 

Data was obtained. 

Statistical analysis for obtaining the results. 
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DATA MANAGEMENT AND ANALYSIS PROCEDURE: 

 

Data was coded by UID numbers and entered in Microsoft excel spreadsheet 2007. 

Participant’s identity and information was kept confidential. Data was cleaned by EPI info 

software version 7. Cleaned up data was utilised for final statistical analysis. 

The scores obtained from all 3 questionnaires in newly diagnosed diabetes patients were 

analysed and hypothesis was tested. STATA version 10.1 year 2011 computer application 

was utilized for this process. 

 

DATA ANALYSIS PLAN AND METHOD: 

The data was collected from newly diagnosed diabetes patients. Data was entered in 

Microsoft excel spread sheet (2007) and was analysed for association of scales utilized in 

this study. 

Descriptive statistics was used to summarize quantitative variables with mean, standard 

deviation (SD), while frequency and percentage were used to summarize categorical 

(qualitative) variables. 

 

            Data comparison was as follows: 

1. Association between D-39 with modified kuppuswamy socioeconomic scale  

2. Association between D-39 with Godin leisure time exercise questionnaire. 

3. Association between modified kuppuswamy socioeconomic scale with Godin leisure 

time exercise questionnaire. 
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STATICTICAL ANALYSIS PLAN AND METHOD 

 

1. Data analysis includes both descriptive and inferential statistics. 

2. Descriptive statistics was used to summarize quantitative variables with mean, ± 

standard deviation (SD), while frequency and percentage were used to 

summarize categorical (qualitative) variables. 

3. Age distribution of study subjects is represented by mean and ± SD. And 

participants in each age group as percentage. 

4. Gender distribution in participants is represented by frequency and percentage 

(categorical variables). 

5. Mean blood sugar levels of participants are represented by mean, ± SD, 

minimum values and maximum values. 

6. D39 i.e. health related quality of life of participants assessed by D39 is 

categorized as mild, moderate and severe according to the levels is represented 

as frequency and percentage 

7. Exercise levels assessed by Godin leisure time exercise questionnaire into 

inactive, moderately active and active is represented as frequency and 

percentage. 

8. Socioeconomic status by Modified Kuppuswamy Scale (upper, upper middle, 

lower middle, upper lower and lower) is represented as frequency and 

percentage. 

9. The summary measures of total scores and 5 subgroups domains are 

represented as median; mean, ± SD, minimum and maximum values. 

10. The total scores obtained by D39 by severity of HRQOL is represented as mean 

and ± SD and analyzed by one way ANOVA and f-test. 

11. Association between D39 (HRQOL) and exercise levels (GLTEQ) of study 
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participants is analyzed by chi square test and gamma statistics for evaluating 

association between 2 ordinal variables. 

12. Total scores of Godin leisure time exercise questionnaire with HRQOL scores is 

represented as mean, ± SD and analyzed by one way ANOVA, if F test is 

significant then it will be further analyzed by Sidak test. 

13. Association between D39 (HRQOL) and Modified Kuppuswamy Scale 

(socioeconomic status) of study participants is represented in frequency and 

percentage and analyzed by chi square test and gamma statistics for association 

between two ordinal variables. 

14. Total score of Modified Kuppuswamy Scale with D39 (HRQOL) is represented as 

mean and SD. And analyzed by one way ANOVA and F test. 

15. Association between Modified Kuppuswamy Scale (Socio-economic status) and 

Exercise level of study subjects is represented as frequency and percentage and 

likelihood ratio is assessed by chi square test for finding the association and 

gamma statistics for understanding the association with two ordinal variables.  

16. Inferential statistics included hypothesis testing procedure like chi square test 

for paired data. Gamma statistics for evaluating association between two or 

more ordinal variables (like D-39, modified kuppuswamy socioeconomic status 

scale, godin leisure time exercise questionnaire). 

17. P value less than 0.05 is considered to be statistically significant for all 

comparisons. 
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RESULTS 

The study which was carried out to find the association of health related quality of life, family 

income levels and godin leisure time exercise questionnaire in newly diagnosed diabetes 

patients in the current scenario has yielded the following results. 

The mean age of the participants were 59.06 ± 12.20 (Refer table no 1 and graph no 1) with 

50.73% (n=104) were males and 49.27% (n = 101) females among the studied participants. 

(Refer table no 2 and graph no 2) 

The mean fasting blood sugar level was 149.31 ± 14.29 with minimum of 126 and maximum of 

192 mg/dl of blood. The post prandial blood sugar levels recorded was 229.85 ± 19.10 with 

minimum of 200 mg/dl and maximum of 287 mg/dl of blood with a P value of 0.0001 when 

analyzed with t test (Refer table no 3 And graph no 3) 

Based on the scores of D39 questionnaire for understanding health related quality of life it was 

found the 1.95% was mild, 16.10% were moderate and 81.95% were in severe category. (Refer 

table no 4 and graph no 4) 

The summary measures obtained from D39 questionnaire for subgroups (domains) the 

following results were obtained. Mean of diabetic control was 59.08 ± 19.45 with median of 60, 

minimum value 12 and maximum value 84. The mean of anxiety / worry was 17.77 ± 5.99 with 

median of 19, minimum value 4 and maximum value 28. The mean of social burden was 13.78 ± 

7.37 with median of 13, minimum value 5 and maximum value is 35. The mean of sexual 

function was 7.90 ± 5.29 with median of 6, minimum value 3 and maximum value 21. Similarly, 

the mean of energy / mobility is 71.40 ± 24.70 with median of 79, minimum value of 15 and 

maximum value of 108.  The total mean score of all the 5 subgroups was found to be 169.93 ± 

50.33 with median of 183, minimum value of 39 and maximum value of 268. (Refer table no 7 

and graph no 7) 

The total score by severity of D39 (HRQOL) was categorized as mild, moderate and severe with 

mean and standard deviation (SD) of 46.00 ± 4.83, 78.03 ± 6.30 and 190.93 ± 24.63 respectively 
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when analyzed by one way ANOVA( F test) with p-value of 0.0001 which is statistically 

significant. (Refer table no 8 and graph no 8) 

When the participants were scaled by Modified kuppuswamy scale for socioeconomic status, it 

is found that 62.93% were upper class, 7.32% in upper middle, 8.29% in lower middle, 5.37% in 

upper lower and 16.10 in lower class. (Refer table no 6 and graph no 6). For further statistical 

analysis the Modified Kuppuswamy Scale was collapsed into 3 categories as follows:  

Sr.no  SES level  Statistical analysis groups  

1 Upper Upper  

2 upper middle + lower middle Middle  

3 upper lower + lower Lower  

 

Based on this it was found that n=129 were in upper, n=33 in middle and n=43 in lower group. 

(Refer table 11) among the sample of n= 205.     

The mean and SD for total score of modified kuppuswamy scale with the total score of D39 

questionnaire in lower class found to be 178.05 ±49.63, for middle class it was 175.55 ± 56.08 

and for upper class it were 165.78 ± 48.95. And when further analyzed by one way ANOVA test 

(F-test) with p value of 0.3019 which is non-significant. (Refer table no 12 and graph no 12) 

Exercise levels of study subjects were observed by scores obtained by Godin leisure time 

exercise questionnaire which was found to be 70.24 % in insufficiently active, 10.73 % in 

moderately active and 19.03 in active. (Refer table no 5 and graph no 5) 

The mean and SD for HRQOL D39 scores according to insufficiently active exercise levels by 

Godin leisure time exercise questionnaire was 175.08 ± 47.59 , in moderately active it was 

145.32 ± 63.23 and for active 164.79 ± 48.88.                                                                                    

When further analyzed by one way ANOVA (F-test) p value of 0.0269 was obtained and the 

value was significant. Sidak test were performed for comparison between two groups and p 
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value of 0.028 was obtained which is significant for insufficiently active verses moderately 

active. (Refer table no 10 and graph no 10) 

Association between D39 (health related quality of life) mild HRQOL and modified kuppuswamy 

scale (socioeconomic status) was found to be 2.33 % in lower class, 6.06 % in middle and 0.78 % 

in upper.                                                                                                                                                 

13.95% in lower class, 12.12 % in middle and 17.83 in upper was found when moderate HRQOL 

was associated with modified kuppuswamy scale. Similarly, 83.72% in lower, 81.82% in middle 

and 81.4% in upper when severe HRQOL was associated with modified kuppuswamy scale.                                                          

When it was further analyzed by likelihood ratio chi square test (df = 4) = 3.7751, with p value 

of 0.431 which is not significant association. Gamma statistics were carried out and gamma = -

0.0364 was found which indicates a weak negative association between two ordinal variables 

that is between HRQOL and modified kuppuswamy scale. (Refer table no 11 and graph no 11) 

When association between D39 (health related quality of life) mild HRQOL and Godin leisure 

time exercise questionnaire (exercise levels) was carried out it was found to be 1.39 % in 

insufficiently active people, 4.55 % in moderately active and 2.56 % in active.                                                                                                              

13.19 % insufficiently active people, 36.36 %  moderately active and 15.38 % active when 

association of D39 moderate HRQOL and godin leisure time exercise questionnaire. Similarly, 

85.42 % in insufficiently active, 59.09 % moderately active and 82.05 % active with D39 severe 

HRQOL and godin leisure time exercise questionnaire. When further analyzed by likelihood 

ratio chi square test (df = 4) = 7.5790, a p value of 0.108 was obtained which was not significant 

association.  

Gamma statistics were carried out and gamma = - 0.2479 was obtained indicating weak 

negative association between two ordinal variables that is HRQOL and godin leisure time 

exercise questionnaire. (Refer table no 9 and graph no 9) 

Association between Modified kuppuswamy scale (socioeconomic status) and godin leisure 

exercise levels was found to be 51.16% in lower class, 57.58 in middle class and 79.84 in upper 

class in insufficiently active. 11.63% in lower class, 15.15 % in middle class and 9.30 % in upper 

class in  moderately active  & 37.21% in lower class, 27.27 % in middle class and 10.85 % in 
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upper class in active. When further analyzed by likelihood ratio chi square test (df = 4) = 

17.9416, a p value of 0.001 was obtained which indicates a significant association. Gamma 

statistics was applied and gamma = 0.2993 was obtained indicating moderate positive 

association between two ordinal variables. (Refer table no 13 and graph no 13) 
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DISCUSSION: 

The study on “Association between health related quality of life, family income levels and godin 

leisure time exercise questionnaire in newly diagnosed diabetic patients” was in position to 

associate the health related quality of life, family income levels and godin leisure time exercise 

questionnaire in newly diagnosed diabetes mellitus patients. Thereby, answering the research 

question that there is association of health related quality of life, family income levels and 

godin leisure time exercise questionnaire in newly diagnosed diabetic patients.  

        The following associations were found from the results: 

1. Health related quality of life with family income levels yielded a weak, negative 

association.  

2. The associations of health related quality of life with godin leisure time questionnaire 

resulted in a weak, negative association. 

3. Moderate, positive association was obtained between family income levels 

(socioeconomic status) and godin leisure time exercise questionnaire (physical activity). 

 

Therefore, from the above mentioned associations, the null hypothesis is rejected, as 

association was found between health related quality of life, family income levels, and godin 

leisure time exercise questionnaire thereby alternate hypothesis of study is accepted. 

“Alternate Hypothesis:-There is an association between scoring levels of HRQOL, family income 

levels, and Godin leisure time exercise questionnaire in patients with newly diagnosed 

diabetes.” 

 

The study was also, in a position to study the association levels of D39 questionnaire(HRQOL) 

with modified kuppuswamy socioeconomic status scale(family income levels) and levels of 

godin leisure time exercise questionnaire in newly diagnosed diabetes mellitus based on the 
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scores obtained from the questionnaire which was the primary objective of study, that was 

achieved from this study. 

The health related quality of life assessed by D39 has shown that the majority of Participants 

that is n= 168 were in severe category among the 205 diabetic participants. It is to note that 

n=144 participants were insufficiently active according to godin leisure time exercise 

questionnaire. n=129 diabetic participants among 205 studied sample were in upper class as 

scaled on modified kuppuswamy scale in this study. 

Table A: Comparisons of D39 total scores in this study with earlier studies in diabetics are 

represented in the table below: 

Sr 

.no  

Authors  Place of study  Population 

studied  

 Mean  

D 39 total score 

with ±SD 

Category of 

participants based  on 

D39  scale   

1 Luana Roses 

Zulian25 

Brazil Type 2 DM 63.7 ± 26.4 Not mentioned 

2. Tugba Kuru 

Colak24 

Istanbul, 

Turkey 

Type 2 DM 154.4 ± 4.7 Not mentioned 

3. Shailendra 

Thapa62 

Nepal Type 2 DM 53.49 ± 11.02 Not mentioned 

4. Current study Maharashtra, 

India 

Newly 

diagnosed 

DM 

169.33 ± 50.33 

 

Severe ( 168 0f 205) 

Moderate (33 of 205) 

Mild (4 of 205) 

   

The D39 scores of current study and Tugba Kuru Colak are showing a variation of 15 units. The 

current study focused on newly diagnosed type 2 DM but Tugba Kuru Colak study was on 
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already diagnosed diabetes mellitus patients with mean duration of 10.03 years and ± SD of 6.5 

years. 

The subgroup analysis of D39 has shown great variations. Therefore the median was also 

utilized for statistical representation.  Among the 5 components, the diabetic control median 

was 60 with minimum score of   12 and maximum score of 84, 79 was the median for 

energy/mobility with min 15 and max score 105, for anxiety / worry median was 19 with min 4 

and max score of 28, median for social burden was 6 with min value of 5 and max 35, sexual 

function median was 6 with minimum value 3 and maximum value 21. (Refer table no.7 and fig. 

no.7) 

Table B: Earlier studies which have utilized subgroup analysis the results obtained are 

compared with the current study as shown in the table below:  

s.no  Author  Subgroup  Median  Mean with SD Max and 

minimum values   

1. Luana Roses 

Zulian25 

Diabetes control 46.6 42.8 ± 26.6 Not mentioned 

 Luana Roses Zulian Anxiety / worry 42.8 43.5 ± 28.3 Not mentioned 

 Luana Roses Zulian Social burden 45.6 46.2 ± 28.4 Not mentioned 

 Luana Roses Zulian Sexual function 19.8 25.9 ± 26.0 Not mentioned 

 Luana Roses Zulian Energy /mobility 35.8 42.3 ± 38.9 Not mentioned 

2. Tugba Kuru Colak24 Diabetes control 50 48.9 ± 16.3  Min= 15 

Max= 129 

 Tugba Kuru Colak Anxiety / worry 17 16.2 ±5  Min =4 

Max =27 

 Tugba Kuru Colak Social burden 18 19 ± 6.9 Min =5 
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Max= 34 

 Tugba Kuru Colak Sexual function 7 9.21 ± 5.7  Min= 3 

Max= 20 

 Tugba Kuru Colak Energy /mobility 63 61 ± 18.23 Min= 22 

Max =99 

3. Current study Diabetes control 60 59.08 ± 19.45 Min =12 

Max=84 

 Current study Anxiety / worry 19 17.77 ± 5.99 Min =4 

Max=28 

 Current study Social burden 13 13.78 ± 7.34 Min =5 

Max=35 

 Current study Sexual function 6 7.90 ± 5.29 Min =3 

Max=21 

 Current study Energy /mobility 79 71.40 ± 24.70 Min =15 

Max= 105 

 

Compared to earlier studies in the current study diabetic control score is comparatively higher 

and hence the population studied has poor diabetic control with mean fasting blood sugar level 

of 149.31 with SD ± 14.29 and post prandial   229.85 ± 19.10. 

Energy/mobility score was also higher in the current study when compared with earlier studies. 

Whereas anxiety/ worry, social burden and sexual function scores was less. This proves the fact 

that the studied sample had poor diabetic control and less mobility but were fairing well on 

other components in relation with earlier studies which utilized D39 questionnaires.     
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 When total score of D39 was analyzed it was found that maximum participants (n= 168) in the 

current scenario were in severe category of D39 scores and minimum number of people in mild 

(n=4) category. The mean HRQOL total score in severe category were 190.93 ± 24.63, moderate 

category were 78.03 ± 6.30 and mild category were 46.00 ± 4.83 which was statistically 

significant when analyzed by one way Anova. 

The results from exercise levels from godin leisure time exercise questionnaire scores, has 

shown that maximum numbers of subjects were insufficiently active (n=144) and this also could 

be contributing for the poor diabetic control. Moreover, the results have also indicated that 

statistical significance with Sidak test was obtained when insufficiently active verses moderately 

active comparisons were carried out. 

Table C: Earlier studies which have utilized godin leisure time exercise questionnaire 

compared with the current study in different type of patient population is as shown in the 

table below: 

Sr. 

no 

Category wise distribution of study 

population in % 

Patient 

population 

Author  place 

1. Insufficiently active= 58.0% 

Moderately Active=15.2% 

Active=26.8% 

Multiple 

sclerosis  

R. W. Motl 

63 

Not mentioned 

2. Insufficiently active =70.24% 

moderately active=10.73% 

active=19.03% 

Newly 

diagnosed  

T2DM patients 

Current 

study 

Maharashtra, 

India 

 

The figures mentioned in the above table comparing current study with earlier study on 

multiple sclerosis with use of GLTEQ it is observed  that the insufficiently active population was 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Motl%2C+R+W
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more in current study which is of great concern as clinically multiple sclerosis is bound to make 

patients inactive when compared DM.  

Table D: Representing the comparison of Godin leisure time exercise questionnaire of the 

current study with earlier study:  

Sr. no Category distribution (Mean ± SD) Patient 

population 

Author Place 

1. Insufficiently active = 65.0 ± 125.9 

Moderately Active = 60.6 ± 90.9 

Active = 31.2 ± 80.5 

Early stage 

breast cancer 

Michael A. 

64 

Florida 

2. Insufficiently active= 175.08 ± 

47.59 

Mod. Active = 145.32 ± 63.23 

Active = 164.79 ± 48.88 

Newly 

diagnosed  

T2DM patients 

Current 

study 

Maharashtra, 

India 

 

Moreover, another study which had utilized godin leisure time exercise questionnaire and the 

current study when compared for mean and SD as represented in the above table also has 

indicated that the inactivity was more in the current study. 

Another study using  godin leisure time exercise questionnaire on breast cancer patients  

compared with the GLTEQ total score of current study when tabulated and observed has shown 

that in the current study the participants in  insufficiently active category were 175.08 ± 47.59, 

moderately active were 145.32 ± 63.23, and active category were 164.79 ± 48.88. 

Based on the results obtained from godin leisure time exercise questionnaire, insufficiently 

active were 144 among 205. Therefore 70.24% were insufficiently active; this group may end up 

in poor quality of life in future if they continue to lead the same way of life. 
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Some of the reasons why diabetic patients could be insufficiently active are mentioned below: 

1. Type 2 diabetic patients generally have poor diabetic control, as the reason being 

abnormal insulin sensitivity, increased insulin resistance, abnormal breakdown of fats 

and glucose, which in turn leads to increased in body weight and central obesity. 

Ultimately leading to sedentary lifestyle, decreased in physical activity and poor quality 

of life. 65 

 

2. But, According to earlier documented studies  it was also found that poor diabetic 

control in diabetic patients leads to structural changes in muscle fibers i.e. decrease in 

muscle fiber size and capillary density. In terms leading to decrease in endurance and 

strength, making person physically inactive and increasing the risk of mortality.66 

 

Moreover ACSM guidelines of exercise prescription for diabetes, have mentioned that 

prolonged sedentary time and decreased level of physical activity has been found to be 

independently associated with deleterious health outcomes, such as T2DM and all-cause 

mortality. Therefore based on the results Individuals who were insufficiently active should be 

encouraged to be physically active, including more daily physical movement and structured 

exercise, to improve their health and longevity.67 

The socioeconomic status in this study has indicated that maximum participants belong to 

upper class which is contradictory to the actual distribution of socioeconomic status of country. 

These could be attributed to the fact that the subjects were conveniently selected. 
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Table E: Earlier studies which have utilized modified kuppuswamy scale are compared with 

the current study as shown in the table below: 

Sr. 

no 

Author  place  Category distribution 

(%) 

Population Finding 

1. Dipika 

Bansal 68 

Chandigarh Upper=10.2% 

Middle=38.3% 

Lower=54% 

Patients with 

diabetic 

neuropathy 

Significantly associated 

with lower 

socioeconomic status 

(Contradictory to current 

study) 

2. Yogesh 

gautam 47 

Delhi Upper= 5.4% 

Middle=59.6% 

Lower=35.0% 

Patients with 

type 2 diabetes 

mellitus 

Significantly associated 

with lower 

socioeconomic status 

(contradictory finding) 

3. Mette 

skar69 

Denmark Upper = 27.2% 

Middle =56.2% 

Lower =16.6% 

Patients with 

type 2 diabetes 

mellitus 

Increased DM patients in 

urban area 

 

4. 

Current 

study 

Maharashtra,  

India 

Upper = 62.93% 

Middle= 15.61% 

lower=21.47% 

Newly 

diagnosed 

diabetes 

patients 

Increased DM patients in 

upper class 

 

The data mentioned in above table indicate that the study of mette skar to the current study 

showed variations of about 30 units. Whereas, studies of Dipika Bansal and Yogesh Gautam 

showed almost the difference of 57 Units. 

Further, it is to note that weak negative association was obtained when HRQOL and modified 

kuppuswamy scale was associated. Earlier study of Isabel matute et. Al has shown that poor 
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quality of life is associated with poor income level that is lower socioeconomic strata.70 

Moreover, another study of Andreas mielck et.al shown that low socioeconomic status group 

seems to faced double burden that is an increased level of health impairments and poor 

HRQOL. 71 

In the current study maximum number of participants were in upper class (n= 129). Some of the 

factors affecting diabetic control in Low socioeconomic strata and high socioeconomic strata 

are mentioned in the pictorial diagram 1 and 2 leading to poor diabetic control. 

Pictorial diagram 1: factors affecting diabetic control in low socioeconomic status 

population72: 

 

poor 
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control in 
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Adverse 
health 
related 

behavior 

Dietary non 
adherence 

Tobacco 
consumption 

 

 

Non 
adherence to 
medications 
and physical 

activity 

 

Irregular 
schedules to 

diabetic 
centre 

Non 
adherence to 

essential 
health 

services 

Rely on 
alternative 
medicine 

Not 
practicing 

self 
monitoring of 

blood 
glucose 
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Therefore based on the finding of this study the studied population had poor diabetic control 

with physical inactivity belonging to high socioeconomic strata. Some of the factors for having 

poor diabetic control in high socioeconomic strata would be attributed to factors such as 

sedentary life and physical inactivity as depicted in pictorial diagram 2. 

Pictorial diagram 2: factors affecting diabetic control in high socioeconomic status    

population73:  

                                   

 

 

Hence, the study clearly indicate that the studied population had poor diabetic control and 

poor quality of life (based on D39 score), insufficiently active (based on Godin leisure time 

exercise questionnaire) and in upper class (based on Modified kuppuswamy scale).  

poor 
diabetic 

control in 
High SES 

sedentary 
lifestyle 

physical 
inactivity 

obesity stress 

bad eating 
habits 
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In this study the scales have clearly identified physical inactivity, poor diabetic control to be the 

contributing factors but the other factors such as obesity; stress and bad eating habits is 

beyond the scope of the current study as it was not in the preview of the research protocol.  

 

STRENGTH 

 The strength of this study is: 

1. D39 was helpful in understanding the QOL in newly diagnosed diabetes patients in the 

current study. 

2. Godin leisure time exercise questionnaire was helpful in identification of insufficiently 

active, moderately active and active in newly diagnosed diabetes patients. 

3. Modified kuppuswamy scale was able to identify the participants according to 

socioeconomic status levels i.e. upper, upper middle, lower middle, upper lower and 

lower.  

4. The association of health related quality of life with socioeconomic status (modified 

kuppuswamy scale) has yielded weak, negative association. Negative association was 

found with health related quality of life and godin leisure time exercise questionnaire, 

and moderate, positive association was found in socioeconomic status with godin 

leisure time exercise questionnaire was possible. 

 

WEAKNESS 

1. The readings of blood sugar levels was taken according to the reports of blood sugar 

levels when the participants were diagnosed as newly diagnosed diabetics by physician 

or diabetologist. Subsequently blood sugar levels were not tested in the physiotherapy 

OPD as it was not in the protocol of the study. This was overcome to certain extent as 

the study was one time study.     
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2. Moreover, the truthfulness of the perceptions marked by the participants cannot be 

ascertained as it is beyond the scope of the current study.   

   

LIMITATIONS 

1. The scales utilized i.e. D39 questionnaire, godin leisure time exercise questionnaire and 

modified kuppuswamy socioeconomic status scale were all ordinal scales and 

association of ordinal scales have been carried out. This limitation was overcome to 

certain extent by use of Gamma statistics. 

2. The representative samples obtained from modified kuppuswamy socioeconomic status 

scale was not deflecting the true representation of socioeconomic status of the city, 

where the study has been carried out. This limitation was because of the fact that the 

study protocol utilized convenient sampling 
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CONCLUSION 

It is concluded from study that there is an association of health related quality of life, family 

income levels and godin leisure time exercise questionnaire. Association of health related 

quality of life with socioeconomic status (modified kuppuswamy scale) has yielded weak 

negative association. Negative association was found with and health related quality of life with 

godin leisure time exercise questionnaire, and moderate positive association was found in 

socioeconomic status with godin leisure time exercise questionnaire. 

It is evident from study that poor diabetic control and energy/ mobility was majorly affecting 

the D39 scores in the current study. Therefore, maximum number of participants was in severe 

category (81.95%) of D39 questionnaire. 

Godin leisure time exercise questionnaire has shown that majority of participants was 

insufficiently active (70.24%). Modified kuppuswamy socioeconomic status scale has shown 

that 62.93% of the subjects were in upper class. 
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RECOMMENDATIONS 

It is further recommended that multi-centric studies with same questionnaires in different 

geographic areas could help in further consolidating the findings. 

Furthermore, it is recommended that implementations of exercise protocols in newly 

diagnosed diabetes patients and its effects on these questionnaire could help in further the 

consolidating the findings of increased activity with reduced blood glucose levels and increased 

activity and good control of diabetes. 
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CLINICAL IMPLICATION 

It is clinically proved from study that most of the participants in the studied population had 

poor diabetic control and were insufficiently active. The component of insufficiently active, can 

taken care by physiotherapy interventions Hence, it is clinically implied that the participants 

who were enrolled in the current study and were insufficiently active have to be exercised 

regularly in order to prevent inactivity and improve their quality of life.  
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SUMMARY:  

BACKGROUND: 

‘Diabetes mellitus(DM) is a metabolic disorder of multiple etiology characterized by chronic 

hyperglycemia with disturbances of carbohydrates, fats, and proteins metabolism resulting 

from defect in insulin secretion, insulin action or both’.1  

The global burden of diabetes is mostly contributed by type 2 diabetes which constitutes 80% 

to 95% of total diabetic population. Epidemiological trends indicate that without proper control 

and prevention, its prevalance will increase further to 438 million till 2030. Worldwide, 

particularly in low and middle income countries.1, 2  

D-39 is a disease specific scale for diabetes which measures Diabetes control, Anxiety/ worry, 

Social burden, Sexual function, Energy /mobility. Moreover diabetes also depends on 

socioeconomic status that is lower socioeconomic class may not be able to manage or prevent 

disease contrary to this high socioeconomic class are having sedentary lifestyle and over 

nutrition. This may lead to greater chances of having diabetes.1 Latest scale have to be utilized 

when studies related to socioeconomic status are concerned. Hence in the current study 

modified kuppuswamy socioeconomic status scale 2019 were utilized.  

It is a known fact for all age groups that sedentary life style i.e. lack of exercises, sitting and 

eating junk food, no physical activity or no exercise increases the chances of diabetes. 

It is believed that Physical activity might be effective in increasing quality of life and healthy life 

expectancy in treatment of diabetes. Therefore the study was performed to investigate the 

association between health related quality of life, family income levels and godin leisure time 

exercise questionnaire in patients with newly diagnosed diabetes mellitus. 

 

AIM:  

‘To study the association between health related quality of life, family income levels and godin 

leisure time exercise questionnaire in newly diagnosed diabetes patients.’ 
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OBJECTIVE: 

To study the association of levels of D39 questionnaire (HRQOL - health related quality of life) 

with levels of modified kuppuswamy socioeconomic status scale(family income levels) and 

levels of godin leisure time exercise questionnaire in newly diagnosed diabetes mellitus based 

on the scores obtained from the questionnaires. 

 

MATERIALS AND METHOD: 

An analytical cross sectional study was carried out in hospital based setting with Patients 

referred by physician and diabetologist from medicine OPD to the physiotherapy OPD.  

205 newly diagnosed diabetes patients were administered with D39 questionnaire, modified 

kuppuswamy socioeconomic status scale, and godin leisure time exercise questionnaire for 

understanding the association between all the scales. 

 

Results: 

The mean age of participants was 59.06 ± 12.20 with 50.73% males and 49.27% females with 

mean fasting blood sugar of 149.31 ± 14.29 and mean postprandial blood sugar were 229.85 ± 

19.10. 

1.95% was mild, 16.10% were moderate and 81.95% were severe when assessed by D39 

questionnaire. 70.24% were insufficiently active, 10.73% moderately active and 19.03% were 

active among the studied population. Similarly 62.93% were in upper class, 7.32 in upper 

middle, 8.29% in lower middle, 5.37% upper lower and 16.10 in lower class. 

The mean and SD of total score by severity of D39 were 46.00 ± 4.83 for mild, 78.03 ± 6.30, and 

190.93 ± 24.63 for severe when assessed by one way Anova p=0.0001 which is significant. The 

mean and SD of total score of Godin leisure time exercise questionnaire was 175.08 ± 47.59 for 

insufficiently active, 145.32 ± 63.23 for moderately active and 164.79 ± 48.88 for active, when 

assessed by one way Anova p= 0.0269, furthermore sidak test was done and p= 0.028 which is 

significant for insufficiently active verses moderately active population. 
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The mean and SD by total score of socioeconomic status were 178.05 ±49.63 for lower, 175.55 

± 56.08 for middle and 165.78 ± 48.95 for upper, when analysed by one way anova, p= 0.3019 

which is not significant. 

The association between HRQOL (D39) and exercise levels (GLTEQ) was analyzed by likelihood 

ratio chi2 (df=4)=7.5790, p= 0.108 which is not significant. Weak, negative association was 

found between two ordinal variables when analyzed with gamma statistics, gamma= -0.2479.  

The association between HRQOL (D39) and socioeconomic status (modified kuppuswamy scale) 

was analyzed by likelihood ratio chi2 (df=4)=3.7751, p= 0.431 which is not significant. Weak, 

negative association was found between two ordinal variables when analyzed with gamma 

statistics, gamma = -0.0364. 

The association between socioeconomic status (modified kuppuswamy scale) and exercise 

levels (GLTEQ) was analyzed by likelihood ratio chi2 (df=4)=  17.9416, p= 0.001 which is 

significant. It was further analyzed by gamma statistics where gamma= 0.2993 i.e. moderate, 

positive association between two ordinal variables. 

 

Conclusion:  

It is concluded that Association of health related quality of life with socioeconomic status 

(modified kuppuswamy scale) has yielded weak, negative association. Negative association was 

found with health related quality of life and godin leisure time exercise questionnaire. 

Moderate, positive association was found in socioeconomic status with godin leisure time 

exercise questionnaire. 
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TABLES AND GRAPHS: 

A) Tables: 

Table 1: Age-distribution of study subjects  

 

 
Age-group  

(years) 

Study subjects 

No. % 

30- 40 10 4.8 

41 -50 41 20.00 

51 -60 62 30.24 

61- 70 56 27.32 

71- 80 26 12.68 

81 -90 10 4.88 

Total 205 100.00 

Mean ± SD 59.06 ± 12.20 years 
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Table 2: Gender-distribution of study subjects  

 

Gender Study subjects 

No. % 

Male 104 50.73 

Female 101 49.27 

Total 205 100.00 

 

 

 

Table 3: Mean Blood Sugar level (mg/dl) of subjects 

 

Status Blood sugar level (mg/dl) 

Mean SD Min Max 

Fasting 149.31 14.29 126 192 

Post prandial 229.85 19.10 200 287 

t= 64.53, df = 204, P =0.0001, Significant 
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Table 4: HRQOL of study subjects assessed by D39 questionnaire 

 

HRQOL Level 
by D39 score 

Study subjects 

No. % 

Mild 4 1.95 

Moderate 33 16.10 

Severe 168 81.95 

Total 205 100.00 

 

Table 5: Exercise level of study subjects assessed by  

Godin leisure time questionnaire 

 

Exercise Level 
by GLTQ score 

Study subjects 

No. % 

Inactive 144 70.24 

Moderately active 22 10.73 

Active 39 19.03 

Total 205 100.00 
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Table 6: Socio-economic status of study subjects assessed by  

Modified Kuppuswamy scale 

 

SES Level 
by Modified 

Kuppuswamy scale 

Study subjects 

No. % 

Upper 129 62.93 

Upper middle 15 7.32 

Lower middle 17 8.29 

Upper lower 11 5.37 

Lower 33 16.10 

Total 205 100.00 
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Table 7: Summary measures for total score and five  

sub-group (domain) scores of D39 questionnaire 

 

Sub-

groups Median Mean SD Min Max 

Diabetes 

control 60 59.08 19.45 12 84 

Anxiety 

/worry 19 17.77 5.99 4 28 

Social 

burden 13 13.78 7.37 5 35 

Sexual 

function 6 7.90 5.29 3 21 

Energy 

mobility 79 71.40 24.70 15 105 

Total 

score 183 169.93 50.33 39 268 

 

Table 8:Total score by severity of HRQOL (D39) 

HRQOL  HRQOL Total score (D39) 

 Mean SD One-way ANOVA 

(F-test)  

 

P =0.0001,  

Significant 

Mild 46.00 4.83 

 

Moderate 78.03 6.30 

 

Severe 190.93 24.63 
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Table 9: Association between HRQOL and Exercise level  

of study subjects assessed by Godin leisure time questionnaire  

 

HRQOL 

level 

(by D39 

score)  

 

 

 

Frequency 

Exercise level 

(by Godin leisure time questionnaire score) 

Inactive Moderately 

Active 

Active Total 

Mild Number 2 1 1 4 

% 1.39 4.55 2.56 1.95 

Moderate 

  

Number 19 8 6 33 

% 13.19 36.36 15.38 16.1 

Severe 

  

Number 123 13 32 168 

% 85.42 59.09 82.05 81.95 

Total 

  

Number 144 22 39 205 

% 100 100 100 100 

Likelihood-ratio chi2(df=4) = 7.5790,  
P = 0.108, Not significant association 
 
Gamma = - 0.2479. Weak, negative association between two ordinal 
variables 
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Table 10: Total score by Exercise level (GLTQ) 

 

Exercise level 

(GLTQ) 

 HRQOL Total score (D39) 

Mean SD One-way ANOVA (F-test)  

 

P =0.0269,  

Significant 

 

Sidak test 

P= 0.028, Significant for 

Inactive versus 

Moderately active 

comparison 

Inactive 

 

175.08 47.59 

Moderately 

active 

145.32 63.23 

Active 

 

164.79 48.88 
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Table 11: Association between HRQOL and Socio-economic status 

of study subjects assessed by Modified Kuppuswamy scale  

 

HRQOL 

level 

(by D39 

score)  

 

 

 

Frequency 

SES status by Modified Kuppuswamy scale 

Lower Middle Upper Total 

Mild Number 1 2 1 4 

% 2.33 6.06 0.78 1.95 

Moderate 

  

Number 6 4 23 33 

% 13.95 12.12 17.83 16.1 

Severe 

  

Number 36 27 105 168 

% 83.72 81.82 81.4 81.95 

Total 

  

Number 43 33 129 205 

% 100 100 100 100 

Likelihood-ratio chi2(df=4) = 3.7751,  
P = 0.431, Not significant association 
 
Gamma = - 0.0364. Weak, negative association between two ordinal 
variables 
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Table 12: Total score by Socio-economic status (MKS scale) 

 

SES status 

(MKS scale) 

 HRQOL Total score (D39) 

Mean SD One-way ANOVA (F-test)  

 

P =0.3019,  

Not Significant 

 

 

Lower 

 

178.05 49.63 

Middle 175.55 56.08 

Upper 

 

165.78 48.95 
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Table 13: Association between Socio-economic status and Exercise level of study subjects  

 

Exercise  

level 

(by GLTQ 

score)  

 

 

 

Frequency 

SES status by Modified Kuppuswamy scale 

Lower Middle Upper Total 

Inactive 
 

Number 22 19 103 144 

% 51.16 57.58 79.84 70.24 

Moderately 
active 

Number 5 5 12 22 

% 11.63 15.15 9.30 10.73 

Active Number 16 9 14 39 

% 37.21 27.27 10.85 19.02 

Total 

  

Number 43 33 129 205 

% 100 100 100 100 

Likelihood-ratio chi2(df=4) = 17.9416,  
P = 0.001, Significant association 
 
Gamma = 0.2993. Moderate, positive association between two ordinal 
variables 
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B) Graphs: 
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Annexure I (a) 

D39 questionnaire 

    

not 

at all 

affec

ted           

extremel

y 

affected 

1 your diabetes medication schedule 1 2 3 4 5 6 7 

2 worries about money matters 1 2 3 4 5 6 7 

3 limited energy levels 1 2 3 4 5 6 7 

4 

following your doctors prescribed 

treatment plan 1 2 3 4 5 6 7 

5 

food restrictions required to control your 

diabetes 1 2 3 4 5 6 7 

6 concerns about our future 1 2 3 4 5 6 7 

7 other health problems besides diabetes 1 2 3 4 5 6 7 

8 stress or pressure in your life 1 2 3 4 5 6 7 

9 feeling of weakness 1 2 3 4 5 6 7 

10 restriction on how far you can walk 1 2 3 4 5 6 7 

11 any daily exercise for your diabetes 1 2 3 4 5 6 7 

12 loss or blurring of vision 1 2 3 4 5 6 7 

13 not being able to do what you want 1 2 3 4 5 6 7 

14 having diabetes 1 2 3 4 5 6 7 
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15 losing control of your blood sugar levels 1 2 3 4 5 6 7 

16 other illnesses besides diabetes 1 2 3 4 5 6 7 

17 testing your blood sugar levels 1 2 3 4 5 6 7 

18 the time required to control your diabetes 1 2 3 4 5 6 7 

19 

the restrictions your diabetes places on your 

family and friends 1 2 3 4 5 6 7 

20 being embarrassed because you have diabetes 1 2 3 4 5 6 7 

21 diabetes interfering with your sex life 1 2 3 4 5 6 7 

22 feeling depressed or low 1 2 3 4 5 6 7 

23 problems with sexual functioning 1 2 3 4 5 6 7 

24 getting your diabetes well controlled 1 2 3 4 5 6 7 

25 complications from your diabetes 1 2 3 4 5 6 7 

26 

doing things that your family and friends don’t 

do 1 2 3 4 5 6 7 

27 keeping a record of your blood sugar levels 1 2 3 4 5 6 7 

28 the need to eat at regular intervals 1 2 3 4 5 6 7 

29 not being able to do housework  1 2 3 4 5 6 7 

30 a decreased interest in sex 1 2 3 4 5 6 7 

31 

having to organize your daily life around 

diabetes 1 2 3 4 5 6 7 

32 needing to rest often 1 2 3 4 5 6 7 

33 problems in walking or climbing stairs 1 2 3 4 5 6 7 
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34 having trouble caring for yourself( ADL's) 1 2 3 4 5 6 7 

35 restless sleep 1 2 3 4 5 6 7 

36 walking more slowly than others 1 2 3 4 5 6 7 

37 being identified as a diabetic 1 2 3 4 5 6 7 

38 having diabetes interfere with your family life 1 2 3 4 5 6 7 

39 diabetes in general 1 2 3 4 5 6 7 

Scoring of D39 questionnaire: 

There are total 5 components in this questionnaire 

1. Diabetes control (includes 12 questions which is which are Question no. 

1,4,5,14,15,17,18,24,27,28,31,39 ) 

2. Anxiety/ worry ( includes 4 questions which are Question no. 2,6,8,22) 

3. Social burden ( includes 5 questions which are Question no. 19,20,26,37,38) 

4. Sexual function ( includes 3 questions which are Question no. 21,23,30) 

5. Energy / mobility ( includes 15 questions which are Question 

no.3,7,9,10,11,12,13,16,25,29,32,33,34,35,36 )  

 Lowest score : 39 

 Highest score : 273 

There are 3 categories 

1. Mild : 17 – 50 

2. Moderate : 51 – 84 

3. Severe : 85 – 119 
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Annexure I (b) 

Modified Kuppuswamy socioeconomic status scale (2019) 

Table no 1: occupation of the head of the family 

sr no occupation of the head of the family score  

1 legislators, senior officials and managers 10 

2 Professionals 9 

3 technicians and associate professionals 8 

4 Clerks 7 

5 

skilled workers and shop and market sales 

workers 6 

6 skilled agricultural and fishery workers 5 

7 craft and related trade workers 4 

8 plant and machine operators and assemblers 3 

9 elementary occupation 2 

10 Unemployed 1 

 table no 2: education of the head of the family 

sr no education of the head  Score 

1 profession or honours 7 

2 Graduate 6 

3 intermediate or diploma 5 

4 high school certificate 4 
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5 middle school certificate 3 

6 primary school certificate 2 

7 Illiterate 1 

Table no 3: total monthly income of the family 

sr no monthly family income level in rupees Score 

1 ≥ 78,063 12 

2 39,033 - 78,062 10 

3 29,200 - 39,032 6 

4 19,516 - 29,199 4 

5 11,708 - 19,515 3 

6 3,908 - 11,707 2 

7 ≤ 3,907 1 

Scoring of modified kuppuswamy socioeconomic status scale (2019) 

sr no Score socioeconomic class 

1 26-29  Upper (I) 

2 16-25  Upper middle (II) 

3 11- 15  Lower middle (III) 

4 5- 10  Upper lower (IV) 

5 <5  Lower (V) 
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Annexure I (c ) 

Godin leisure time exercise questionnaire 

Considering a 7-day period (a week), how many times on the average do you do the following 

kinds of exercise for more than 15 minutes during your free time (write on each line the 

appropriate number.) 

                                        TIMES PER WEEK                                                                                  

A) STRENUOUS EXERCISRE                                                                                            

(HEART BEATS RAPIDLY)                                                                                                                              

( i.e. running, jogging, hockey, football,                                                      

soccer, squash, basketball,                                                                           

cross country skiing, judo,                                                                                        ________________                                                      

 roller skating, vigorous swimming,                                                            

vigorous long distance bicycling) 

 

B) MODERATE EXERCISE                                                                                      

(NOT EXHAUSTING)                                                                                       

 (i.e. fast walking, baseball, tennis,                                                                   

 easy bicycling, volleyball, badminton,                                                                 ________________                                                  

easy swimming, alpine skiing,                                                                      

popular and folk dancing)          

 

C) MILD EXERCISE                                                                                          



90 
 

(MINIMAL EFFORT)                                                                                        

 (i.e. yoga, archery, fishing from river band,                                                  

 bowling, horseshoes, golf,                                                                                 _______________                                                       

snow-mobiling, easy walking)  

 

1. Considering 7- day period (a week), during your leisure time, how often do you engage in any 

regular activity long enough to woke up a sweat (heart beats rapidly)?            

OFTEN 

SOMETIMES 

NEVER/ RARELY 

 

Scoring of godin leisure time exercise questionnaire: 

Weekly leisure activity = (9 X strenuous) + (5 X moderate) + (3 X light) 

It ranges between 0- 98 

•  insufficiently active - < 14 units 

• Moderately active- 14-23 units 

• Active - ≥24 units 
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Annexure I (d) 

     Performa 

Name: 

Age: 

Gender: 

Address: 

Occupation: 

Date of filling questionnaire: 

Date of when he/she diagnosed with diabetes: 

Report of blood sugar levels: fasting - 

                            Postprandial- 

• Scores of D39 questionnaire: -----------  

                 Mild: 17 – 50 

                 Moderate: 51 – 84 

                 Severe: 85 – 119  

• Scores of modified kuppuswamy socioeconomic status scale: ----------- 

26-29  Upper (I) 

16-25  Upper middle (II) 

11- 15  Lower middle (III) 

5- 10  Upper lower (IV) 

<5  Lower (V) 
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• Scores of godin leisure time exercise questionnaire:------------ 

Insufficiently active - < 14 units 

Moderately active- 14-23 units 

               Active - ≥24 units 
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Annexure II(a) 

PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work in newly diagnosed diabetes patients.  

      My research topic is “Association of health related quality of life, family income levels and 

Godin leisure time exercise questionnaire in newly diagnosed diabetes patients: an analytical 

cross sectional study” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          Head of Institute 
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Annexure II (b) 

PERMISSION LETTER 

To,  

The Chairman,  

Ethics Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work.  

      My research topic is, “Association of health related quality of life, family income levels and 

Godin leisure time exercise questionnaire in newly diagnosed diabetes patients: an analytical 

cross sectional study” 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure II (c) 

PERMISSION LETTER 

To, 

The Head of the department, 

Medicine Department. 

________________________ 

________________ 

________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr. / Miss. ________ Student of master of physiotherapy, would request you to grant me 

permission to carry out my research work in your esteemed work place. My research topic is 

“Association of health related quality of life, family income levels and Godin leisure time 

exercise questionnaire in newly diagnosed diabetes patients: an analytical cross sectional 

study”  For this purpose, I have to take subjects from your medicine OPD and wards  for further 

procedure. I kindly request you to do the needful in this regard. Thanking you in anticipation. 

Yours sincerely, 

Research student 

Date: 

Place: 

Guide 
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Annexure III (a) 

PATIENTS INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

This standard operational procedure includes both male and female who are newly diagnosed 

diabetic patients and are voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the participants who are newly diagnosed diabetic patients 

2. The investigator will explain the experimental protocol to allay apprehension and answer all 

the queries of the participant. 

3. If the participant decides to participate then they would be consented according to the 

standard operational procedure. 

4. If the participant expresses interest but has some doubts in that case they would be solved.  
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5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

6. Study procedures will begin after the participant’s concern.  

7. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  

8. If participant wants to discuss this information to their family members then they entitled to 

do so before giving the consent 

General information to research participants:  

1. Name:  

    Age:  

    Sex:  

    Date: 

2. You would be required to fill the Performa and the purpose of the research is to study 

“Association of health related quality of life, family income levels and Godin leisure time 

exercise questionnaire in newly diagnosed diabetes patients: an analytical cross sectional 

study” 

3. If you are willing to voluntarily participate in the study then you are expected to enroll with 

us right from the moment of filling Performa till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help you 

and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  
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6. If at any moment you want to discontinue from this research study then you are free to do so 

and there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  

 

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then your identity would not be revealed. If the photograph is published 

then permission would be obtained.  

 

9. All the risk of filling the questionnaire procedures required for this study will be explained to 

you and accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the questionnaire you need not worry and let 

us know so that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences.  

 

12. Name of Researcher:  

      Phone number:  

      Address:  
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13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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Annexure III (b) 

रुग्णांची मणहिती पत्रक 

उदे्दशः  

आयसीएमआरच्यण हियणमक आवश्यकतण आहि आयईसीिे मणन्यतण हिलेल्यण मणहितीिुसणर हलखित मणहिती हिली 

आिे. 

व्यणप्ती: 

यण मणिक ऑपरेशिल पद्धतीत िव्यणिे हििणि झणलेल्यण मधुमेिणचे लोक पुरुष आहि महिलणांचण समणवेश आिे आहि 

ह्यण अभ्यणसणत सिभणगी िोण्यणस से्वचे्छिे इचु्छक असतणत. 

जबणबिणरी: 

सांशोधक यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण करिणयणा सवा सिभणगी ांचे लेिी ज्ञणत सिमती प्रणप्त करतील. 

कणयापद्धती: 

1. सांशोधक मधुमेिणचे िवीि रोगी हििणि झणलेल्यण सिभणगी ांची हिवड करेल 

2.तपणसिीस आके्षप िूर करण्यणसणठी आहि सिभणगी ांच्यण सवा प्रश्णांची उत्तरे िेण्यणसणठी प्रणयोहगक प्रोटोकॉलचे 

स्पष्टीकरि करेल. 

3. सिभणगीिे सिभणगी िोण्यणचण हििाय घेतलण तर ते मणिक सांचणलि प्रहियिुसणर सांमती िेईल. 

4. जर सिभणगीिे रूची व्यक्त केली परां तु त्यणत कणिी शांकण असतील तर ते सोडवतील. 

5.सिभणगी जर स्पष्टीकरि सोयीस्कर असतील तर ते मणिक सांचणलि प्रहियेिुसणर सूहचत सांमती भरतील. 

6. सिभणगी ांच्यण हचांतेच्यण िांतर अभ्यणस प्रहियण सुरू िोईल. 

7.समणहवष्ट आहि बहिष्कणर हिकष सत्यणहपत करण्यणसणठी म्हिूि तपशीलवणर वैद्यकीय आहि इतर कोित्यणिी 

शणरीररक समस्यण इहतिणस प्रणप्त केले जणईल. 

8.जर सिभणग्यणिे आपल्यण कुटुांबीयणांिण यण मणहितीवर चचणा करणयची असेल तर त्यणांिण सांमती िेण्यणपूवी असे करण्यणचे 

अहधकणर आिेत. 

सिभणगी ांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 
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1. िणव: 

   वय:  

   हलांग:  

   तणरीि:  

2.आपल्यणलण परफॉर्म्णा भरिे आवश्यक आिे आहि सांशोधिणचण िेतू" िव्यणिे हििणि झणलेल्यण मधुमेि रूग्णांमधे्य 

आरोग्यणशी सांबांहधत गुिवते्तची जीविशैली, कौटुांहबक उत्पन्नणची पणतळी आहि गोहडि फुरसतीचण वेळ व्यणयणम 

प्रश्णवली असोहसएशिः  एक हवशे्लषिणत्मक िॉस सेक्शिल स्टडी "िण अभ्यणसकरिे आवश्यक आिे. 

3.जर आपि से्वचे्छिे अभ्यणसणत सिभणगी िोऊ इखच्छत असणल तर चणचिीपूिा िोईपयंत आपि कणयाप्रिशाि 

भरण्यणपणसूिच आपल्यणकडूि िोांििी करिे अपेहक्षत आिे. 

4.यण कणळणत तुम्ही अस्वस्थ आिणत तर मग कृपयण आम्हणलण कळूद्यण जेिे करूि आम्ही आल्यणस मित करू आहि 

आपल्यण समसे्यवर कोित्यणिी अयोग्य प्रभणवणहशवणय मणत करू शकू. 

5. आपल्यणलण कोितेिी परतणवण आहि िुकसणि भरपणई हिली जणिणर िणिी. 

6.कोित्यणिी क्षिी जर आपि यण सांशोधि अभ्यणसणतूि थणांबू इखच्छत असणल तर आपि तसे करण्यणस मुक्त आिणत 

आहि आपल्यणबणजूिे कोितीिी अडथळण िसतण. 

7. सांमती पत्र प्रणप्त करण्यणपूवी अभ्यणसणची जोिीम ,अस्वस्थतण ,फणयिे आहि तोटे यणांचण तपशील आपल्यणलण 

स्पष्टकेलण जणईल.  

8.यण अभ्यणसणतूि प्रणप्त झणलेलण डेटण गुप्तपिे सांरहक्षत आहि िेिरेिकेलण जणईल आहि जर छणयणहचत्रवणपरले असेल 

तर आपली ओळि प्रगट िोिणर िणिी  .छणयणहचत्र प्रकणहशत झणल्यणस परवणिगी प्रणप्त िोईल.  

9.यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचिी प्रहियेचे सवा जोडूि आपल्यणलण स्पष्ट केले जणईल आहि 

त्यणिुसणर सांमती हिली जणईल. 

11.आपि थकल्यणसणरिे हकां वण आपि पूिा कणळजी घेण्यणस असमथा वणटत असल्यणस आपल्यणलण कणळजी 

करण्यणची गरज िणिी आहि आवश्यकती पणवले उचलतण येतील यणची आम्हणलण मणहितीद्यण. 

11.आपि कोित्यणिी क्षिी समणधणिी िसल्यणस आपि कोित्यणिी पररिणमणां हशवणय कधीिी कणढू शकतण. 

12. सांशोधकणचे िणव: 
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    फोििांबर:  

    पत्तण:  

13. मणगािशाकणांचे िणव: 

      फोि िांबर:  

      पत्तण:  

14. सांस्थेचे िणव: 
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Annexure III ( c ) 

रोगी सूचिण पत्र 

उदे्दशः  

जणिकणरी ICMR की हियणमक आवश्यकतणओां और IEC द्वणरण अिुमोहित जणिकणरी के अिुसणर प्रिणि की जणती िै। 

स्कोप: 

इस मणिक पररचणलि प्रहियण में िव हििणि मधुमेि वणले पुरुष और महिलणएां  शणहमल िैं और इस अध्ययि में भणग 

लेिे के इचु्छक िैं। 

हजमे्मिणरी: 

शोधकतणा उि सभी प्रहतभणहगयोां की हलखित सिमहत प्रणप्त करें गे हजन्ोांिे इस अध्ययि में भणग लेिे के हलए से्वच्छण से 

भणग हलयण थण। 

प्रहियणओां: 

1. शोधकतणा िए हििणि हकए गए मधुमेि रोहगयोां कण चयि करेगण 

2. जणांचकतणा आपहत्तयोां को िूर करिे के हलए प्रयोगणत्मक प्रोटोकॉल की व्यणख्यण करेगण और सभी प्रहतभणहगयोां के 

सवणलोां कण जवणब िेगण। 

3. यहि प्रहतभणगी भणग लेिे कण फैसलण करतण िै, तो वि मणिक सांचणलि प्रहियण के हलए सिमहत िेगण। 

4. यहि प्रहतभणगी रुहच व्यक्त करतण िै, लेहकि इसमें कोई सांिेि िै, तो वे इसे िल करें गे। 

5. इस खस्थहत में हक स्पष्टीकरि सुहवधणजिक िैं, वे मणिक सांचणलि प्रहियणओां के अिुसणर सूहचत सिमहत िेंगे। 

6. प्रहतभणहगयोां की हचांतणओां के बणि अध्ययि प्रहियण शुरू िोगी। 

7. समणवेशी और बहिष्करि मणििांडोां को सत्यणहपत करिे के हलए हवसृ्तत हचहकत्सण और हकसी भी अन्य शणरीररक 

समस्यण कण इहतिणस प्रणप्त हकयण जणएगण। 

8. यहि कोई प्रहतभणगी अपिे पररवणर के सणथ इस जणिकणरी पर चचणा करिण चणितण िै, तो उन्ें सिमहत से पिले ऐसण 

करिे कण अहधकणर िै। 

प्रहतभणहगयोां को अिुसांधणि के हलए सणमणन्य जणिकणरी: 
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1. िणम: 

   आयु: 

   सेक्स: 

   तणरीि: 

2. आपको प्रिशाि को भरिण िोगण और अिुसांधणि कण उदे्दश्य "स्वणस्थ्य से सांबांहधत जीवि की गुिवत्तण, पररवणर की 

आय कण स्तर और गोहडि लीजर एक्सरसणइज प्रश्णवली एसोहसएशि: िव हििणि मधुमेि रोहगयोां में एक 

हवशे्लषिणत्मक पणर-अिुभणगीय अध्ययि" कण अध्ययि करिण िै। 

3. यहि आप से्वच्छण से अध्ययि में भणग लेिण चणिते िैं, तो आपसे अपेक्षण िै हक जैसे िी आप परीक्षण में प्रिशाि पूरण 

करें गे, िणमणांकि कर लेंगे। 

4. यहि आप इस समय के िौरणि असिज िैं, तो कृपयण िमें बतणएां  तणहक िम हबिण हकसी अिुहचत प्रभणव के आपकी 

समस्यण को िूर कर सकें । 

5. आपको कोई ररफां ड और िजणािण ििी ां हियण जणएगण। 

6. यहि आप हकसी भी हबांिु पर इस शोध अध्ययि को रोकिण चणिते िैं, तो आप ऐसण करिे के हलए स्वतांत्र िैं और 

आपके पक्ष में कोई बणधण ििी ां िै। 

7. सिमहत पत्र प्रणप्त करिे से पिले, आपको अध्ययि के जोखिम, असुहवधण, लणभ और िुकसणि कण हववरि हियण 

जणएगण। 

8. इस अध्ययि से प्रणप्त आांकडोां को गुप्त रिण जणएगण और बिणए रिण जणएगण और यहि तस्वीर कण उपयोग हकयण 

जणतण िै तो आपकी पिचणि कण िुलणसण ििी ां हकयण जणएगण। फोटो प्रकणहशत िोिे पर अिुमहत हमल जणएगी। 

9. इस अध्ययि के हलए आवश्यक हवहभन्न परीक्षि प्रहियणओां में से सभी को आपको समझणयण जणएगण और तििुसणर 

सिमहत िी जणएगी। 

10. यहि आप थके हुए िैं यण पूरी िेिभणल करिे में असमथा िैं, तो िमें हचांतण करिे की आवश्यकतण ििी ां िै और िम 

आवश्यक किम उठण सकते िैं। 

11. यहि आप हकसी भी क्षि सांतुष्ट ििी ां िैं, तो आप इसे हबिण हकसी पररिणम के हकसी भी समय हिकणल सकते िैं। 

12. शोधकतणा कण िणम: 
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    फोििांबर: 

    पतण: 

13. गणइड कण िणम: 

      फोि िांबर: 

      पतण: 

14. सांगठि कण िणम 
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Annexure IV(a) 

LETTER OF CONSENT 

 

I am willing to participate voluntarily as a participant for the dissertation “Association of health 

related quality of life, family income levels and Godin leisure time exercise questionnaire in 

newly diagnosed diabetes patients: an analytical cross sectional study conducted 

by____________.  

I have been informed regarding the nature of study and the duration of work. I have no objection to 

undertake the required procedure and to undergo various testing procedures pertaining to the study.  

The researcher has already assured me, that I would be treated well without any untoward effects and 

the rights of confidentiality protected.  

 

 

 

                                    Signature of the Participants/  

Thumb Impression of participants                                                           

 

 

Place:  

Date: 
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Annexure IV(b) 

सांमेलिणचे पत्र 

 

"हििणि झणलेल्यण मधुमेि रूग्णांमधील आरोग्यणशी सांबांहधत आरोग्यणची गुिवत्तण, कौटुांहबक उत्पन्नणची पणतळी आहि 

गोहडि फुरसतीचण वेळ व्यणयणम प्रश्णवली" यण प्रबांधणतील प्रबांध म्हिूि मी से्वचे्छिे सिभणगी िोण्यणस तयणर आिे. 

अभ्यणसणचे स्वरूप आहि कणमणच्यण कणलणवधीबद्दल मलण मणहिती िेण्यणत आली आिे. मलण आवश्यक प्रहियण 

करण्यणची आहि अभ्यणसणशी सांबांहधत हवहवध चणचिी प्रहियण पणर पणडण्यणस िरकत िणिी. 

सांशोधकणिे मलण आधीच आश्वणसि हिले आिे की मणझे कोितेिी अिुहचत पररिणम आहि गोपिीयतेचे िक्क सांरहक्षत 

ि करतण मणझ्यणशी चणांगले वणगले जणईल. 

 

 

 

                                                                                                                                                                                        

सिभणगी ांची स्वणक्षरी /                                                                        

                                                                                                                         सिभणगी ांचण थांब इमे्प्रशि 

 

हठकणिः  

तणरीि: 
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Annexure IV(c) 

सिमहत - पत्र 

 

मैं सै्वखच्छक रूप से शोध के हलए एक प्रहतभणगी के रूप में भणग लेिे के हलए तैयणर हूँ "स्वणस्थ्य से सांबांहधत जीवि की 

गुिवत्तण, पररवणर की आय के स्तर और िव हििणि मधुमेि रोहगयोां में ईश्वर अवकणश के समय व्यणयणम प्रश्णवली: 

____________ द्वणरण आयोहजत एक हवशे्लषिणत्मक िॉस अिुभणगीय अध्ययि। 

मुझे अध्ययि की प्रकृहत और कणम की अवहध के बणरे में सूहचत हकयण गयण िै। मुझे आवश्यक प्रहियण शुरू करिे 

और अध्ययि से सांबांहधत हवहभन्न परीक्षि प्रहियणओां से गुजरिे में कोई आपहत्त ििी ां िै। 

शोधकतणा िे मुझे पिले िी आश्वस्त कर हियण िै, हक हबिण हकसी अहप्रय प्रभणव के मेरे सणथ अच्छण व्यविणर हकयण 

जणएगण और गोपिीयतण के अहधकणरोां की रक्षण की जणएगी। 

 

 

 

                                                                                                          प्रहतभणहगयोां के िस्तणक्षर / 

                                                                                                         प्रहतभणहगयोां कण अांगूठण छणप 

 

स्थणि: 

हििणांक: 
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Timeline / Gantt chart 

sr.no  components  
2019 
Nov 

2019 
Dec 

2020 
Jan  

2020 
Feb 

2020 
march  

2020 
April-
June 

2020 
Jul-

Sept 

2020 
Oct-
Dec 

2021 
Jan-
mar 

2021 
April-
Jun 

2021 
July- 
Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 
Formulation of research 
question                       

4 
formulation of aim and 
objectives                       

5 hypothesis, null hypothesis                       

6 Research protocol                       

7 Research designing                       

8 Review of literature                       

9 methodology formulation                       

10 study designing                       

11 study setting                       

12 sample size estimation                       

13 
selection of study 
instruments                       

14 method of data collection                        

15 
data management and 
analysis procedure                       

16 IEC and BORS clearance                       

17 compilation of synopsis                       

18 uploading of synopsis                       

19 data collection                       

20 
data presentation and 
analysis                       

21 
writing of discussion and 
conclusion                       

22 Compilation of dissertation 
           

23 
submission of thesis to 
MUHS                       
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MASTER CHART: Sheet no.1: 

Data of age, sex, fasting blood sugar, post prandial blood sugar, D39 scores, Scoring of godin leisure time exercise questionnaire and scoring of modified 
kuppuswamy socioeconomic status scale 

sr. no. age Sex 
date when diagnosed with DM, Duration of 
being diabetic 

fasting BSL 
(mg/dl) 

PPL(mg/dl) D39 category GLTEQ score MKS score 

1 
51 F 11.08.2020, 12 day, newly diagnosed DM 135 225 severe 

Insufficiently 
active  

upper 
lower 

2 64 M 13.08.2020, 10days, newly diagnosed DM 145 210 moderate 
moderately 

active 
upper 
lower 

3 52 M 13.08.2020, 11days, newly diagnosed DM 130 205 moderate 
Insufficiently 

active  lower 

4 61 M 13.08.2020, 15 days, newly diagnosed DM 126 203 mild 
Insufficiently 

active  
lower 

middle 

5 61 F 15.08.2020, 15days, newly diagnosed DM 145 235 severe active lower 

6 60 M 15.08.2020, 10days, newly diagnosed DM 185 220 severe 
Insufficiently 

active  
upper 
middle 

7 45 M 16.08.2020, 11 days, newly diagnosed DM 144 225 severe active lower 

8 70 F 18.08.2020, 21 days, newly diagnosed DM 172 230 severe active lower 

9 71 F 11.08.2020, 19 days, newly diagnosed DM 163 247 severe 
Insufficiently 

active  
upper 
lower 

10 79 M 17.08.2020, 10days, newly diagnosed DM 148 235 severe 
Insufficiently 

active  lower 

11 73 M 18.08.2020, 11days, newly diagnosed DM 152 248 severe 
Insufficiently 

active  
lower 

middle 

12 64 M 20.08.2020, 10days, newly diagnosed DM 143 220 severe 
Insufficiently 

active  lower 

13 70 F 21.08.2020, 23 days, newly diagnosed DM 140 231 severe 
Insufficiently 

active  lower 

14 55 M 22.08.2020, 16 days, newly diagnosed DM 132 233 severe active lower 

15 42 M 22.08.2020, 18 days, newly diagnosed DM 152 212 severe active lower 

16 46 M 22.08.2020, 11 days, newly diagnosed DM 140 202 severe 
Insufficiently 

active  lower 

17 53 M 23.08.2020, 10days, newly diagnosed DM 165 213 severe 
Insufficiently 

active  lower 

18 68 F 23.08.2020, 18 days, newly diagnosed DM 136 225 severe 
Insufficiently 

active  
upper 
lower 

19 72 F 25.08.2020, 10days, newly diagnosed DM 164 230 severe 
Insufficiently 

active  
lower 

middle 

20 49 F 26.08.2020, 19days, newly diagnosed DM 139 222 moderate 
Insufficiently 

active  upper 

21 78 M 26.08.2020, 28 days, newly diagnosed DM 143 200 severe 
Insufficiently 

active  
lower 

middle 

22 55 F 28.08.2020, 11days,newly diagnosed DM 165 205 severe 
Insufficiently 

active  
upper 
middle 

23 52 M 28.08.2020, 10days, newly diagnosed DM 146 235 severe 
Insufficiently 

active  upper 

24 60 M 28.08.2020, 1 day, newly diagnosed DM 135 222 severe 
Insufficiently 

active  lower 

25 58 M 30.08.2020, 7days, newly diagnosed DM 142 215 severe 
Insufficiently 

active  
upper 
lower 

26 51 M 30.08.2020, 15days, newly diagnosed DM 153 233 severe 
Insufficiently 

active  lower 

27 49 F 30.08.2020, 17days, newly diagnosed DM 149 212 severe 
Insufficiently 

active  upper 

28 32 F 30.08.2020, 22days, newly diagnosed DM 155 215 severe active lower 

29 45 F 30.08.2020, 19 days, newly diagnosed DM 139 230 severe 
Insufficiently 

active  upper 
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30 36 F 30.08.2020, 30 days, newly diagnosed DM 166 211 moderate 
Insufficiently 

active  upper 

31 63 M 30.08.2020, 3 days, newly diagnosed DM 163 258 severe active upper 

32 58 M 31.08.2020, 1 day, newly diagnosed DM 135 222 moderate 
moderately 

active upper 

33 72 M 31.08.2020, 11 days, newly diagnosed DM 126 205 severe 
moderately 

active upper 

34 63 M 31.08.2020, 9 days, newly diagnosed DM 159 238 severe active upper 

35 46 F 31.08.2020, 15 days, newly diagnosed DM 144 213 severe 
Insufficiently 

active  upper 

36 65 M 31.08.2020, 13 days, newly diagnosed DM 138 215 severe active 
lower 

middle 

37 58 M 31.08.2020, 10 days, newly diagnosed DM 129 219 severe active lower 

38 52 F 31.08.2020, 17 days, newly diagnosed DM 156 231 severe active lower 

39 51 F 31.08.2020, 14 days, newly diagnosed DM 127 210 moderate active upper 

40 64 M 1.09.2020, 10days, newly diagnosed DM 149 212 severe active upper 

41 66 M 1.09.2020, 15days, newly diagnosed DM 164 210 severe 
Insufficiently 

active  upper 

42 52 F 1.09.2020, 30days, newly diagnosed DM 129 208 moderate 
Insufficiently 

active  upper 

43 59 M 1.09.2020, 3 days, newly diagnosed DM 164 246 moderate 
Insufficiently 

active  upper 

44 61 F 1.09.2020, 18 days, newly diagnosed DM 146 239 severe 
Insufficiently 

active  lower 

45 43 F 2.09.2020, 10days, newly diagnosed DM 147 212 moderate 
Insufficiently 

active  upper 

46 75 F 2.09.2020, 2 days, newly diagnosed DM 158 236 severe 
Insufficiently 

active  
upper 
lower 

47 45 F 2.09.2020, 12 days, newly diagnosed DM 142 249 severe 
Insufficiently 

active  
lower 

middle 

48 50 F 2.09.2020, 20 days, newly diagnosed DM 156 220 moderate 
Insufficiently 

active  lower 

49 69 M 2.09.2020, 23 days, newly diagnosed DM 143 229 severe 
Insufficiently 

active  
upper 
lower 

50 40 F 2.09.2020, 27days, newly diagnosed DM 135 243 severe 
Insufficiently 

active  lower 

51 58 M 3.09.2020, 20 days, newly diagnosed DM 128 208 severe active upper 

52 55 M 3.09.2020, 25 days, newly diagnosed DM 155 215 severe active upper 

53 53 M 3.09.2020, 14 days, newly diagnosed DM 142 229 severe active lower 

54 33 M 3.09.2020, 17 days, newly diagnosed DM 130 210 severe active upper 

55 62 M 3.09.2020, 29 days, newly diagnosed DM 156 231 severe 
moderately 

active 
upper 
middle 

56 89 F 3.09.2020, 22 days, newly diagnosed DM 160 223 severe 
Insufficiently 

active  upper 

57 30 M 4.09.2020, 1 days, newly diagnosed DM 148 243 severe active 
upper 
middle 

58 57 F 4.09.2020, 19 days, newly diagnosed DM 165 234 severe 
moderately 

active upper 

59 53 F 4.09.2020, 25 days, newly diagnosed DM 134 220 severe active upper 

60 64 M 4.09.2020, 21 days, newly diagnosed DM 162 229 moderate 
Insufficiently 

active  upper 

61 56 M 4.09.2020, 23 days, newly diagnosed DM 128 212 severe 
Insufficiently 

active  upper 

62 60 M 4.09.2020, 19 days, newly diagnosed DM 165 229 moderate 
moderately 

active upper 

63 63 F 6.09.2020, 26 days, newly diagnosed DM 156 246 moderate active 
upper 
lower 

64 69 M 6.09.2020, 14 days, newly diagnosed DM 149 250 severe 
Insufficiently 

active  lower 
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65 73 F 7.09.2020, 18 days, newly diagnosed DM 160 238 severe 
Insufficiently 

active  lower 

66 76 F 7.09.2020, 8 days, newly diagnosed DM 136 236 severe 
Insufficiently 

active  upper 

67 56 M 7.09.2020, 3 days, newly diagnosed DM 130 210 moderate 
moderately 

active upper 

68 49 F 7.09.2020, 13 days, newly diagnosed DM 145 228 severe active lower 

69 58 M 7.09.2020, 11 days, newly diagnosed DM 133 205 mild 
moderately 

active lower 

70 62 F 7.09.2020, 24 days, newly diagnosed DM 153 215 severe 
moderately 

active lower 

71 82 F 8.9.2020, 10 days, newly diagnosed DM 144 214 moderate 
Insufficiently 

active  
lower 

middle 

72 67 M 9.9.2020, 2 days, newly diagnosed DM 139 220 severe 
Insufficiently 

active  upper 

73 78 F 10.9.2020, 10 days, newly diagnosed DM 150 263 severe 
Insufficiently 

active  upper 

74 60 F 10.9.2020, 3 days, newly diagnosed DM 139 205 severe 
Insufficiently 

active  upper 

75 65 F 11.9.2020, 10 days, newly diagnosed DM 130 215 severe 
Insufficiently 

active  upper 

76 71 M 11.9.2020, 20 days, newly diagnosed DM 175 234 severe 
Insufficiently 

active  
upper 
middle 

77 55 M 12.9.2020, 12 days, newly diagnosed DM 156 230 moderate 
moderately 

active 
upper 
middle 

78 41 F 12.9.2020, 16 days, newly diagnosed DM 147 230 severe active 
lower 

middle 

79 64 F 13.9.2020, 2 days, newly diagnosed DM 179 222 severe 
Insufficiently 

active  upper 

80 32 F 14.9.2020, 10 days, newly diagnosed DM 136 234 severe active 
lower 

middle 

81 56 M 17.9.2020, 7 days, newly diagnosed DM 169 222 moderate 
Insufficiently 

active  upper 

82 69 F 18.9.2020, 20 days, newly diagnosed DM 156 230 severe 
Insufficiently 

active  upper 

83 70 M 19.9.2020, 26 days, newly diagnosed DM 136 212 severe 
Insufficiently 

active  lower 

84 46 F 21.9.2020, 20 days, newly diagnosed DM 133 201 severe 
Insufficiently 

active  upper 

85 78 F 21.9.2020, 4 days, newly diagnosed DM 165 255 moderate 
Insufficiently 

active  upper 

86 76 F 22.9.2020, 8 days, newly diagnosed DM 155 269 severe 
Insufficiently 

active  upper 

87 40 M 26.9.2020, 22 days, newly diagnosed DM 143 235 severe active 
lower 

middle 

88 68 F 27.9.2020, 5 days, newly diagnosed DM 148 287 severe 
Insufficiently 

active  upper 

89 74 F 27.9.2020, 28 days, newly diagnosed DM 168 246 severe 
Insufficiently 

active  upper 

90 63 F 29.9.2020, 2 days, newly diagnosed DM 139 230 severe 
Insufficiently 

active  upper 

91 67 M 29.9.2020, 15days, newly diagnosed DM 166 256 severe 
Insufficiently 

active  upper 

92 85 M 29.9.2020, 18 days, newly diagnosed DM 134 217 moderate 
Insufficiently 

active  upper 

93 47 F 29.9.2020, 23 days, newly diagnosed DM 158 241 severe active 
upper 
middle 

94 72 F 29.9.2020, 5 days, newly diagnosed DM 159 222 severe 
Insufficiently 

active  upper 

95 61 M 30.9.2020, 20 days, newly diagnosed DM 136 230 severe 
Insufficiently 

active  upper 

96 55 F 30.9.2020, 9 days, newly diagnosed DM 155 212 severe 
moderately 

active 
lower 

middle 
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97 59 M 30.9.2020, 22 days, newly diagnosed DM 161 237 severe 
moderately 

active upper 

98 66 M 30.9.2020, 15 days, newly diagnosed DM 152 210 moderate 
Insufficiently 

active  
upper 
middle 

99 52 M 1.10.2020, 4days, newly diagnosed DM 149 247 severe 
Insufficiently 

active  
lower 

middle 

100 49 F 1.10.2020, 30days, newly diagnosed DM 156 231 severe active lower 

101 75 F 2.10.2020, 10days, newly diagnosed DM 165 268 severe 
Insufficiently 

active  upper 

102 63 F 3.10.2020, 1day, newly diagnosed DM 158 234 severe 
Insufficiently 

active  
upper 
middle 

103 53 M 3.10.2020, 15 days, newly diagnosed DM 129 210 mild 
Insufficiently 

active  
upper 
middle 

104 44 F 4.10.2020, 4days, newly diagnosed DM 145 225 severe active 
lower 

middle 

105 59 M 5.10.2020, 15 days, newly diagnosed DM 159 246 severe 
Insufficiently 

active  upper 

106 58 M 6.10.2020, 17days, newly diagnosed DM 132 212 severe 
Insufficiently 

active  upper 

107 42 F 6.10.2020, 5days, newly diagnosed DM 144 268 severe active lower 

108 46 F 7.10.2020, 6days, newly diagnosed DM 163 249 severe active 
upper 
lower 

109 47 F 7.10.2020, 1 day, newly diagnosed DM 185 265 severe 
Insufficiently 

active  upper 

110 55 M 7.10.2020, 1 day, newly diagnosed DM 152 234 severe 
Insufficiently 

active  upper 

111 69 F 8.10.2020, 8 days, newly diagnosed DM 169 220 severe 
Insufficiently 

active  upper 

112 61 F 8.10.2020, 10days, newly diagnosed DM 178 260 severe 
Insufficiently 

active  
upper 
middle 

113 63 M 9.10.2020, 3 days, newly diagnosed DM 170 222 severe 
Insufficiently 

active  upper 

114 52 F 10.10.2020, 2days, newly diagnosed DM 160 244 severe 
Insufficiently 

active  lower 

115 46 M 10.10.2020, 1day, newly diagnosed DM 159 254 severe 
moderately 

active upper 

116 90 F 10.10.2020, 10 days, newly diagnosed DM 148 250 moderate 
Insufficiently 

active  upper 

117 32 M 11.10.2020, 6days, newly diagnosed DM 140 268 severe 
moderately 

active upper 

118 49 F 12.10.2020, 7days, newly diagnosed DM 160 243 severe 
Insufficiently 

active  
lower 

middle 

119 57 F 13.10.2020, 8 days, newly diagnosed DM 135 230 severe 
Insufficiently 

active  upper 

120 51 F 15.10.2020, 12 days, newly diagnosed DM 150 230 severe 
Insufficiently 

active  upper 

121 58 F 15.10.2020, 15days, newly diagnosed DM 149 211 severe 
Insufficiently 

active  upper 

122 68 F 19.10.2020, 9 days, newly diagnosed DM 168 264 severe 
Insufficiently 

active  upper 

123 73 F 20.10.2020, 22 days, newly diagnosed DM 154 219 severe 
Insufficiently 

active  upper 

124 75 M 21.10.2020, 5days, newly diagnosed DM 135 218 severe 
Insufficiently 

active  upper 

125 77 M 22.10.2020, 24 days, newly diagnosed DM 167 244 severe 
Insufficiently 

active  upper 

126 41 M 22.10.2020, 7 days, newly diagnosed DM 132 240 severe 
Insufficiently 

active  upper 

127 65 M 23.10.2020, 3days, newly diagnosed DM 136 225 severe 
Insufficiently 

active  upper 

128 68 F 24.10.2020, 1day, newly diagnosed DM 192 220 severe 
Insufficiently 

active  upper 

129 59 F 25.10.2020, 3 days, newly diagnosed DM 165 223 severe Insufficiently upper 
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active  

130 44 F 26.10.2020, 4 days, newly diagnosed DM 146 243 severe 
Insufficiently 

active  upper 

131 37 F 1.11.2020, 5 days, newly diagnosed DM 138 212 severe active upper 

132 62 F 2.11.2020, 6days, newly diagnosed DM 143 229 severe 
Insufficiently 

active  upper 

133 61 F 2.11.2020, 3 days, newly diagnosed DM 128 210 severe 
Insufficiently 

active  upper 

134 85 F 2.11.2020, 11 days, newly diagnosed DM 144 219 severe 
Insufficiently 

active  upper 

135 84 F 2.11.2020, 1day, newly diagnosed DM 168 268 severe 
Insufficiently 

active  upper 

136 77 F 3.11.2020, 8days, newly diagnosed DM 157 234 severe 
Insufficiently 

active  upper 

137 49 F 5.11.2020, 2days, newly diagnosed DM 157 256 severe 
moderately 

active upper 

138 53 M 6.11.2020, 4days, newly diagnosed DM 166 238 severe 
Insufficiently 

active  upper 

139 66 M 7.11.2020, 5 days, newly diagnosed DM 182 246 severe 
Insufficiently 

active  upper 

140 46 F 8.11.2020, 15 days, newly diagnosed DM 164 275 severe 
moderately 

active upper 

141 49 F 8.11.2020, 1 days, newly diagnosed DM 145 264 severe 
Insufficiently 

active  upper 

142 69 F 9.11.2020, 5 days, newly diagnosed DM 168 285 severe 
Insufficiently 

active  upper 

143 82 F 15.11.2020, 5 days, newly diagnosed DM 192 222 severe 
Insufficiently 

active  upper 

144 87 F 17.11.2020, 20 days, newly diagnosed DM 137 246 severe 
Insufficiently 

active  upper 

145 62 M 18.11.2020, 2 days, newly diagnosed DM 167 285 severe 
Insufficiently 

active  upper 

146 53 F 19.11.2020, 5 days, newly diagnosed DM 182 246 severe 
Insufficiently 

active  
lower 

middle 

147 55 M 19.11.2020, 16 days, newly diagnosed DM 164 235 severe 
Insufficiently 

active  upper 

148 48 F 22.11.2020, 6 days, newly diagnosed DM 139 229 severe 
Insufficiently 

active  upper 

149 59 F 22.11.2020, 10 days, newly diagnosed DM 163 268 severe 
Insufficiently 

active  upper 

150 54 F 25.11.2020, 25 days, newly diagnosed DM 144 238 severe 
Insufficiently 

active  upper 

151 75 F 25.11.2020, 2 days, newly diagnosed DM 149 225 severe 
Insufficiently 

active  upper 

152 81 F 25.11.2020, 1day, newly diagnosed DM 130 264 severe 
Insufficiently 

active  
lower 

middle 

153 53 F 27.11.2020, 5 days, newly diagnosed DM 155 209 severe 
Insufficiently 

active  upper 

154 59 F 29.11.2020, 1 days, newly diagnosed DM 147 228 severe 
Insufficiently 

active  
upper 
middle 

155 68 F 1.12.2020, 6 days, newly diagnosed DM 143 220 severe 
Insufficiently 

active  upper 

156 62 M 3.12.2020, 3days, newly diagnosed DM 139 217 severe 
Insufficiently 

active  upper 

157 64 M 5.12.2020, 4days, newly diagnosed DM 161 244 severe 
Insufficiently 

active  upper 

158 53 M 9.12.2020, 1day, newly diagnosed DM 139 265 severe 
Insufficiently 

active  upper 

159 51 M 12.12.2020, 10 days, newly diagnosed DM 155 237 severe 
Insufficiently 

active  upper 

160 84 M 15.12.2020, 11days, newly diagnosed DM 160 245 severe 
Insufficiently 

active  upper 

161 50 M 17.12.2020, 1 day, newly diagnosed DM 126 220 moderate Insufficiently upper 
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active  

162 62 F 17.12.2020, 12 day, newly diagnosed DM 130 205 moderate 
Insufficiently 

active  upper 

163 54 F 20.12.2020, 2 days, newly diagnosed DM 150 230 severe 
Insufficiently 

active  upper 

164 57 M 21.12.2020, 1 day, newly diagnosed DM 165 255 severe 
Insufficiently 

active  upper 

165 43 M 25.12.2020, 14days, newly diagnosed DM 136 210 severe 
Insufficiently 

active  upper 

166 49 F 28.12.2020, 1 day, newly diagnosed DM 130 222 severe 
Insufficiently 

active  upper 

167 41 M 28.12.2020, 1 day, newly diagnosed DM 134 210 moderate 
Insufficiently 

active  upper 

168 62 M 30.12.2020, 2 days, newly diagnosed DM 154 203 severe 
Insufficiently 

active  upper 

169 67 F 5.1.2021, 2 days, newly diagnosed DM 135 212 severe 
Insufficiently 

active  upper 

170 72 M 7.1.2021, 4 days, newly diagnosed DM 140 215 severe 
Insufficiently 

active  upper 

171 53 M 15.01.2021, 2days, newly diagnosed DM 163 249 severe 
Insufficiently 

active  upper 

172 64 M 16.01.2021, 3 day, newly diagnosed DM 132 201 moderate 
Insufficiently 

active  upper 

173 47 F 16.01.2021, 1 day, newly diagnosed DM 149 253 severe 
moderately 

active 
upper 
middle 

174 66 F 20.1.2021, 1 day,newly diagnosed DM 156 232 severe 
moderately 

active 
lower 

middle 

175 42 M 21.1.2021, 2 days, newly diagnosed DM 141 230 severe active 
lower 
upper 

176 40 M 23.1.2021, 4 days, newly diagnosed DM 138 205 severe active 
upper 
middle 

177 56 M 25.1.2021, 1 day, newly diagnosed DM 133 203 severe active lower 

178 50 M 6.2.2021, 4 adys, newly diagnosed DM 142 200 moderate 
moderately 

active lower 

179 45 F 9.2.2021, 1 day, newly diagnosed DM 132 208 moderate 
Insufficiently 

active  upper 

180 70 M 10.2.2021, 4 days, newly diagnosed DM 156 215 severe 
Insufficiently 

active  lower 

181 42 M 11.2.2021, 6 days, newly diagnosed DM 129 210 moderate active lower 

182 56 M 22.2.2021, 1 day, newly diagnosed DM 131 209 severe 
moderately 

active 
upper 
lower 

183 57 F 24.02.2021, 4 days, newly diagnosed DM 145 220 severe 
Insufficiently 

active  upper 

184 50 M 1.3.2021, 1 day, newly diagnosed DM 165 235 severe active upper 

185 54 M 11.03.2021, 4 days, newly diagnosed DM 126 200 mild active upper 

186 65 M 11.03.2021, 3 days, newly diagnosed DM 151 241 severe 
Insufficiently 

active  upper 

187 61 M 11.03.2021, 12 days, newly diagnosed DM 146 230 severe 
Insufficiently 

active  upper 

188 64 M 11.03.2021, 2 days, newly diagnosed DM 152 250 severe 
Insufficiently 

active  upper 

189 43 F 16.03.2021, 4 days, newly diagnosed DM 153 233 severe 
Insufficiently 

active  upper 

190 49 M 17.03.2021, 6 days, newly diagnosed DM 144 263 severe 
Insufficiently 

active  upper 

191 52 M 18.03.2021,3 days, newly diagnosed DM 139 215 severe 
Insufficiently 

active  upper 

192 78 M 18.03.2021,12 days, newly diagnosed DM 165 245 severe 
Insufficiently 

active  upper 

193 74 F 18.03.2021, 10 days, newly diagnosed DM 146 222 severe 
Insufficiently 

active  upper 
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194 56 M 21.03.2021, 2 days, newly diagnosed DM 159 230 severe 
Insufficiently 

active  upper 

195 58 M 22.03.2021, 1 day, newly diagnosed DM 126 210 moderate 
moderately 

active upper 

196 63 M 23.03.2021, 1 day, newly diagnosed DM 130 205 moderate active upper 

197 59 M 24.03.2021, 2 days, newly diagnosed DM 164 244 severe 
Insufficiently 

active  upper 

198 44 M 24.03.2021, 4 days, newly diagnosed DM 160 254 severe 
Insufficiently 

active  upper 

199 80 M 24.03.2021, 3 days, newly diagnosed DM 141 210 severe 
Insufficiently 

active  upper 

200 66 F 24.03.2021, 5 days, newly diagnosed DM 156 253 severe 
Insufficiently 

active  upper 

201 50 F 25.03.2021, 1 day, newly diagnosed DM 140 211 moderate 
moderately 

active upper 

202 69 M 26.03.2021, 1 day, newly diagnosed DM 146 213 moderate active 
upper 
middle 

203 74 M 27.03.2021, 2 days, newly diagnosed DM 158 249 severe 
Insufficiently 

active  
upper 
middle 

204 53 M 29.03.2021, 1 day, newly diagnosed DM 128 205 moderate active upper 

205 55 M 30.03.2021, 1 day, newly diagnosed DM 168 255 severe 
Insufficiently 

active  upper 
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Sheet no 2: 

 
Components, score and category of D39 questionnaire 

scoring of 
MKS  GLTEQ  

 
Diabetes 
control 

anxiety\ 
worry 

social 
burden 

sexual 
function 

energy\ 
mobility 

total 
score 

D39 
category 

score 
SES 

status 

score 
of 

GLTEQ 

GLTEQ 
score 

sr.no 

1 64 23 21 12 75 195 severe 6 
upper 
lower 12 

Insufficiently 
active  

2 24 24 5 3 28 84 moderate  8 
upper 
lower 21 

moderately 
active 

3 36 4 5 3 36 84 moderate  4 lower 9 
Insufficiently 

active  

4 20 4 5 3 15 47 mild  12 
lower 

middle 12 
Insufficiently 

active  

5 72 26 30 18 78 224 severe 3 lower 31 active 

6 49 21 12 20 100 202 severe 17 
upper 
middle 6 

Insufficiently 
active  

7 47 24 8 4 68 151 severe 4 lower 51 active 

8 65 28 24 3 74 194 severe 4 lower 36 active 

9 59 19 31 7 80 196 severe 7 
upper 
lower 9 

Insufficiently 
active  

10 76 21 26 6 44 173 severe 4 lower 9 
Insufficiently 

active  

11 80 20 18 12 56 186 severe 12 
lower 

middle 3 
Insufficiently 

active  

12 74 16 17 14 82 203 severe 4 lower 6 
Insufficiently 

active  

13 69 22 20 13 69 193 severe 4 lower 9 
Insufficiently 

active  

14 53 27 13 3 89 185 severe 3 lower 47 active 

15 71 17 19 18 76 201 severe 4 lower 35 active 

16 60 18 21 7 91 197 severe 3 lower 13 
Insufficiently 

active  

17 81 26 30 9 68 214 severe 4 lower 12 
Insufficiently 

active  

18 73 28 22 3 88 214 severe 7 
upper 
lower 3 

Insufficiently 
active  

19 64 19 24 12 97 216 severe 13 
lower 

middle 6 
Insufficiently 

active  

20 30 8 5 3 30 76 moderate 27 upper 12 
Insufficiently 

active  

21 84 28 12 21 105 250 severe 12 
lower 

middle 9 
Insufficiently 

active  

22 82 22 11 5 100 220 severe 17 
upper 
middle 5 

Insufficiently 
active  
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23 69 15 10 12 79 185 severe 26 upper 10 
Insufficiently 

active  

24 72 14 13 16 85 200 severe 4 lower 13 
Insufficiently 

active  

25 66 23 11 3 69 172 severe 7 
upper 
lower 12 

Insufficiently 
active  

26 80 18 21 14 83 216 severe 4 lower 12 
Insufficiently 

active  

27 64 6 23 11 76 180 severe 29 upper 12 
Insufficiently 

active  

28 60 15 20 3 49 147 severe 4 lower 31 active 

29 59 23 6 9 82 179 severe 27 upper 3 
Insufficiently 

active  

30 24 8 6 6 40 84 moderate 26 upper 3 
Insufficiently 

active  

31 77 21 10 16 85 209 severe 26 upper 51 active 

32 12 4 5 18 36 75 moderate 27 upper 15 
moderately 

active 

33 56 12 22 11 79 180 severe 29 upper 21 
moderately 

active 

34 59 11 16 14 56 156 severe 28 upper 47 active 

35 44 13 18 4 58 137 severe 26 upper 9 
Insufficiently 

active  

36 73 23 22 15 88 221 severe 13 
lower 

middle 35 active 

37 82 16 11 13 81 203 severe 4 lower 30 active 

38 61 12 16 8 79 176 severe 3 lower 54 active 

39 28 8 5 3 30 74 moderate 26 upper 30 active 

40 56 21 10 6 76 169 severe 26 upper 45 active 

41 42 28 11 9 84 174 severe 27 upper 13 
Insufficiently 

active  

42 30 12 5 3 30 80 moderate 26 upper 10 
Insufficiently 

active  

43 35 8 5 3 32 83 moderate 28 upper 12 
Insufficiently 

active  

44 81 12 13 18 98 222 severe 4 lower 9 
Insufficiently 

active  

45 22 12 5 3 30 72 moderate 26 upper 12 
Insufficiently 

active  

46 66 23 18 11 92 210 severe 6 
upper 
lower 12 

Insufficiently 
active  

47 73 21 21 20 81 216 severe 14 
lower 

middle 13 
Insufficiently 

active  

48 36 20 5 3 15 79 moderate 4 lower 10 
Insufficiently 

active  

49 82 20 23 3 79 207 severe 8 upper 6 Insufficiently 
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lower active  

50 79 12 32 12 85 220 severe 3 lower 9 
Insufficiently 

active  

51 65 15 15 10 63 168 severe 26 upper 45 active 

52 49 18 14 14 61 156 severe 26 upper 30 active 

53 58 12 20 20 91 201 severe 4 lower 51 active 

54 55 11 24 3 88 181 severe 28 upper 36 active 

55 84 16 22 7 76 205 severe 18 
upper 
middle 21 

moderately 
active 

56 73 17 18 9 73 190 severe 27 upper 13 
Insufficiently 

active  

57 49 19 16 6 77 167 severe 18 
upper 
middle 54 active 

58 56 20 17 12 66 171 severe 26 upper 15 
moderately 

active 

59 58 8 10 11 89 176 severe 27 upper 57 active 

60 48 4 5 3 24 84 moderate  26 upper 12 
Insufficiently 

active  

61 84 28 35 21 100 268 severe 26 upper 12 
Insufficiently 

active  

62 18 12 10 3 32 75 moderate 28 upper 21 
moderately 

active 

63 36 4 5 3 34 82 moderate 9 
upper 
lower 51 active 

64 60 21 12 3 84 180 severe 4 lower 9 
Insufficiently 

active  

65 56 16 14 9 86 181 severe 4 lower 9 
Insufficiently 

active  

66 48 18 21 18 75 180 severe 26 upper 12 
Insufficiently 

active  

67 25 16 5 6 30 82 moderate 29 upper 18 
moderately 

active 

68 84 20 12 3 100 219 severe 3 lower 43 active 

69 12 4 5 3 15 39 mild 3 lower 23 
moderately 

active 

70 80 28 5 3 96 212 severe 4 lower 23 
moderately 

active 

71 22 15 12 3 30 82 moderate 14 
lower 

middle 12 
Insufficiently 

active  

72 80 21 15 3 85 204 severe 28 upper 9 
Insufficiently 

active  

73 56 12 16 3 76 163 severe 28 upper 3 
Insufficiently 

active  

74 57 8 22 4 94 185 severe 26 upper 6 
Insufficiently 

active  

75 69 15 13 6 56 159 severe 27 upper 9 Insufficiently 
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active  

76 72 12 9 8 100 201 severe 20 
upper 
middle 9 

Insufficiently 
active  

77 34 16 5 9 20 84 moderate 23 
upper 
middle 18 

moderately 
active 

78 70 20 13 12 88 203 severe 15 
lower 

middle 51 active 

79 68 12 11 12 63 166 severe 27 upper 12 
Insufficiently 

active  

80 80 12 10 3 100 205 severe 14 
lower 

middle 45 active 

81 28 16 5 3 30 82 moderate 26 upper 9 
Insufficiently 

active  

82 80 28 5 3 98 214 severe 26 upper 9 
Insufficiently 

active  

83 65 16 5 3 96 185 severe 4 lower 12 
Insufficiently 

active  

84 75 22 5 3 102 207 severe 27 upper 12 
Insufficiently 

active  

85 12 12 5 3 50 82 moderate 26 upper 9 
Insufficiently 

active  

86 75 20 10 3 96 204 severe 27 upper 12 
Insufficiently 

active  

87 76 24 5 3 81 189 severe 13 
lower 

middle 54 active 

88 65 28 11 3 73 180 severe 26 upper 12 
Insufficiently 

active  

89 44 22 12 6 69 153 severe 26 upper 3 
Insufficiently 

active  

90 56 20 5 3 91 175 severe 26 upper 12 
Insufficiently 

active  

91 80 19 15 9 84 207 severe 26 upper 11 
Insufficiently 

active  

92 28 22 5 3 24 82 moderate 28 upper 13 
Insufficiently 

active  

93 77 20 5 12 69 183 severe 23 
upper 
middle 54 active 

94 46 21 16 16 77 176 severe 26 upper 12 
Insufficiently 

active  

95 59 19 19 21 55 173 severe 29 upper 9 
Insufficiently 

active  

96 55 16 24 14 100 209 severe 12 
lower 

middle 15 
moderately 

active 

97 63 20 23 14 105 225 severe 28 upper 20 
moderately 

active 

98 22 4 5 3 35 69 moderate 21 
upper 
middle 12 

Insufficiently 
active  
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99 84 28 5 12 92 221 severe 15 
lower 

middle 12 
Insufficiently 

active  

100 76 16 16 13 64 185 severe 3 lower 51 active 

101 54 19 19 17 59 168 severe 28 upper 3 
Insufficiently 

active  

102 59 21 22 3 88 193 severe 22 
upper 
middle 9 

Insufficiently 
active  

103 20 4 5 3 18 50 mild  21 
upper 
middle 12 

Insufficiently 
active  

104 82 21 5 3 99 210 severe 13 
lower 

middle 36 active 

105 80 22 10 12 91 215 severe 27 upper 10 
Insufficiently 

active  

106 65 14 16 16 70 181 severe 27 upper 11 
Insufficiently 

active  

107 59 16 18 18 90 201 severe 4 lower 47 active 

108 66 18 20 21 86 211 severe 9 
upper 
lower 51 active 

109 76 22 24 6 83 211 severe 26 upper 12 
Insufficiently 

active  

110 70 20 25 9 84 208 severe 28 upper 9 
Insufficiently 

active  

111 74 16 23 11 88 212 severe 27 upper 9 
Insufficiently 

active  

112 68 18 33 13 100 232 severe 24 
upper 
middle 11 

Insufficiently 
active  

113 82 28 29 14 102 255 severe 26 upper 10 
Insufficiently 

active  

114 84 16 24 16 69 209 severe 4 lower 6 
Insufficiently 

active  

115 75 19 26 3 73 196 severe 28 upper 20 
moderately 

active 

116 29 12 5 3 21 70 moderate  27 upper 45 
Insufficiently 

active  

117 80 21 5 3 98 207 severe 27 upper 23 
moderately 

active 

118 82 22 10 4 78 196 severe 13 
lower 

middle 12 
Insufficiently 

active  

119 56 15 14 6 85 176 severe 26 upper 12 
Insufficiently 

active  

120 65 16 12 8 76 177 severe 27 upper 9 
Insufficiently 

active  

121 49 19 16 9 45 138 severe 27 upper 11 
Insufficiently 

active  

122 68 14 16 7 49 154 severe 28 upper 10 
Insufficiently 

active  

123 44 21 18 10 92 185 severe 26 upper 9 Insufficiently 



122 
 

active  

124 59 12 32 16 86 205 severe 29 upper 12 
Insufficiently 

active  

125 52 16 24 14 99 205 severe 28 upper 12 
Insufficiently 

active  

126 76 14 13 12 75 190 severe 27 upper 9 
Insufficiently 

active  

127 63 22 16 15 56 172 severe 28 upper 10 
Insufficiently 

active  

128 81 23 18 12 95 229 severe 27 upper 6 
Insufficiently 

active  

129 56 24 19 14 68 181 severe 26 upper 12 
Insufficiently 

active  

130 55 22 21 21 82 201 severe 28 upper 12 
Insufficiently 

active  

131 49 11 12 3 83 158 severe 27 upper 54 active 

132 57 14 5 3 86 165 severe 27 upper 13 
Insufficiently 

active  

133 53 19 10 15 73 170 severe 26 upper 12 
Insufficiently 

active  

134 80 16 11 12 92 211 severe 29 upper 11 
Insufficiently 

active  

135 75 24 15 14 89 217 severe 29 upper 11 
Insufficiently 

active  

136 64 14 13 17 96 204 severe 26 upper 9 
Insufficiently 

active  

137 56 21 11 16 97 201 severe 26 upper 21 
moderately 

active 

138 49 12 12 14 83 170 severe 26 upper 13 
Insufficiently 

active  

139 82 16 14 12 82 206 severe 26 upper 13 
Insufficiently 

active  

140 46 24 5 3 77 155 severe 28 upper 21 
moderately 

active 

141 45 12 10 3 85 155 severe 27 upper 12 
Insufficiently 

active  

142 44 16 12 3 84 159 severe 28 upper 12 
Insufficiently 

active  

143 74 19 16 3 65 177 severe 28 upper 11 
Insufficiently 

active  

144 53 28 14 3 49 147 severe 27 upper 3 
Insufficiently 

active  

145 51 24 12 3 75 165 severe 27 upper 9 
Insufficiently 

active  

146 56 23 13 3 68 163 severe 15 
lower 

middle 6 
Insufficiently 

active  

147 55 22 16 3 95 191 severe 26 upper 11 Insufficiently 



123 
 

active  

148 74 20 11 3 94 202 severe 26 upper 10 
Insufficiently 

active  

149 39 15 14 12 56 136 severe 27 upper 12 
Insufficiently 

active  

150 46 16 19 4 58 143 severe 27 upper 12 
Insufficiently 

active  

151 46 19 20 5 88 178 severe 27 upper 11 
Insufficiently 

active  

152 58 13 23 6 80 180 severe 12 
lower 

middle 10 
Insufficiently 

active  

153 53 16 16 8 91 184 severe 28 upper 6 
Insufficiently 

active  

154 54 21 30 7 82 194 severe 22 
upper 
middle 9 

Insufficiently 
active  

155 57 20 21 3 73 174 severe 27 upper 10 
Insufficiently 

active  

156 73 23 22 9 95 222 severe 28 upper 11 
Insufficiently 

active  

157 64 21 30 3 96 214 severe 27 upper 11 
Insufficiently 

active  

158 80 26 21 7 84 218 severe 27 upper 11 
Insufficiently 

active  

159 82 21 22 9 76 210 severe 26 upper 12 
Insufficiently 

active  

160 59 12 10 4 99 184 severe 26 upper 13 
Insufficiently 

active  

161 23 16 10 3 30 82 moderate 28 upper 10 
Insufficiently 

active  

162 22 21 5 3 15 66 moderate 28 upper 10 
Insufficiently 

active  

163 56 21 5 3 75 160 severe 26 upper 13 
Insufficiently 

active  

164 54 24 10 6 69 163 severe 26 upper 9 
Insufficiently 

active  

165 68 21 14 15 84 202 severe 27 upper 10 
Insufficiently 

active  

166 72 22 16 9 92 211 severe 26 upper 12 
Insufficiently 

active  

167 25 12 5 3 35 80 moderate 27 upper 11 
Insufficiently 

active  

168 56 21 5 6 102 190 severe 26 upper 10 
Insufficiently 

active  

169 84 28 10 4 105 231 severe 28 upper 12 
Insufficiently 

active  

170 62 21 15 5 49 152 severe 27 upper 10 
Insufficiently 

active  



124 
 

171 43 20 8 9 58 138 severe 27 upper 11 
Insufficiently 

active  

172 29 12 5 5 15 66 moderate 27 upper 13 
Insufficiently 

active  

173 82 20 5 3 85 195 severe 23 
upper 
middle 15 

moderately 
active 

174 80 21 5 3 65 174 severe 14 
lower 

middle 18 
moderately 

active 

175 56 24 5 3 79 167 severe 9 
lower 
upper 48 active 

176 45 23 5 3 49 125 severe 20 
upper 
middle 51 active 

177 80 28 5 3 88 204 severe 4 lower 54 active 

178 28 14 10 3 22 77 moderate 3 lower 21 
moderately 

active 

179 39 4 5 3 30 81 moderate  26 upper 12 
Insufficiently 

active  

180 84 28 10 3 105 230 severe 4 lower 11 
Insufficiently 

active  

181 18 16 10 4 30 78 moderate  3 lower 45 active 

182 80 28 5 4 85 202 severe 8 
upper 
lower 20 

moderately 
active 

183 77 16 5 5 75 178 severe 26 upper 12 
Insufficiently 

active  

184 71 19 5 8 66 169 severe 26 upper 45 active 

185 15 10 5 3 15 48 mild  27 upper 42 active 

186 81 21 10 3 88 203 severe 26 upper 11 
Insufficiently 

active  

187 82 22 14 6 84 208 severe 26 upper 11 
Insufficiently 

active  

188 72 20 13 4 59 168 severe 26 upper 12 
Insufficiently 

active  

189 71 24 15 8 73 191 severe 26 upper 12 
Insufficiently 

active  

190 76 21 16 7 64 184 severe 26 upper 9 
Insufficiently 

active  

191 60 12 12 9 86 179 severe 26 upper 9 
Insufficiently 

active  

192 84 18 16 6 93 217 severe 27 upper 10 
Insufficiently 

active  

193 56 17 5 4 98 180 severe 26 upper 11 
Insufficiently 

active  

194 84 13 11 6 76 190 severe 26 upper 9 
Insufficiently 

active  

195 25 8 10 4 18 65 moderate 28 upper 21 
moderately 

active 



125 
 

196 17 13 7 8 20 65 moderate 28 upper 35 active 

197 80 24 5 3 100 212 severe 27 upper 11 
Insufficiently 

active  

198 82 24 16 4 74 200 severe 26 upper 10 
Insufficiently 

active  

199 65 12 19 8 93 197 severe 26 upper 10 
Insufficiently 

active  

200 72 16 20 9 85 202 severe 26 upper 9 
Insufficiently 

active  

201 31 4 10 3 36 84 moderate 28 upper 20 
moderately 

active 

202 38 4 5 3 32 82 moderate 19 
upper 
middle 63 active 

203 80 18 25 12 88 223 severe 22 
upper 
middle 11 

Insufficiently 
active  

204 27 15 12 7 23 84 moderate  26 upper 54 active 

205 84 22 24 12 98 240 severe 28 upper 10 
Insufficiently 

active  
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  ASSOCIATION OF HEALTH RELATED QUALITY OF LIFE, FAMILY INCOME LEVELS 

AND GODIN LEISURE TIME EXERCISE QUESTIONNAIRE IN NEWLY DIAGNOSED 

DIABETES PATIENTS: AN ANALYTICAL CROSS SECTIONAL STUDY. 

02) Introduction :-       ‘Diabetes mellitus(DM) is a metabolic disorder of multiple etiology 

characterized by chronic hyperglycemia with disturbances of 

carbohydrates, fats, and proteins metabolism resulting from defect in 

insulin secretion, insulin action or both’.1  There are two types of diabetes 

i.e. type 1 known as diabetes insipidus which is juvenile in onset and type 

2 is known as diabetes mellitus which is adult in onset and is most 

common.1  

The global burden of diabetes is mostly contributed by type 2 diabetes 

which constitutes 80% to 95% of total diabetic population. 

Epidemiological trends indicate that without proper control and 

prevention, its prevalance will increase further to 438 million till 2030. 

Worldwide, particularly in low and middle income countries. 1, 2 

In 2016 world health organization indicated that 6,72,600 adults aged 

between 30 to 70 years in India have DM.2 International diabetes 

federation in 2015 had estimated that 450 million adults aged 20-79 years 

globally have diabetes3 and in 2019 it has increased to 997 million 

globally. 41  DM is projected to increase to 642 million in 2040 indicating 

the increase in prevalance from 8.8% to10.4%.3  It is also to note that 

almost about half of the affected population of diabetics are unaware of 

disease.3  

Diabetes prevalance regionally which is age adjusted is 3.8% in Africa, 

7.3% in Europe, 10.7% in middle east and north Africa, 11.5% in north 

America and Caribbean, 9.6% in south and central America, 8.8% in 

western pacific and 9.1% in southeast asia.3  Among the countries the top 

three countries for diabetes are china, India, and USA. 

Asian populations, particularly people of Indian subcontinent have a 

strong genetic predisposition for diabetes which is attributed to an 
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increase in levels of urbanization, industrialization and economic 

advancement in recent years.1 

Impact of Diseases can also be understood by utilization of scales. There 

are various scales which are available to understand the impact of 

diseases on various components of daily living and these scales are 

referred to as disease specific scales. Some disease specific scales such as 

GERD-HRQL (gastro esophageal reflux diseases- health related quality of 

life)4, PDQ-39 (Parkinson disease questionnaire-39)5 and QOL-RIQ 

(respiratory illness questionnaire)6, world health organization quality of 

life questionnaire (WHOQOL-BREF)7 etc.  

Among various disease specific scales; the scales that are disease specific 

to diabetes are DOQ (diabetes obstacle questionnaire)8, DSQOLS 

(diabetes specific quality of life scale)9, ADS (appraisal of diabetes scale)10, 

DCP (diabetes care profile)11, DDS (diabetes distress scale)12, DIMS 

(diabetes impact measurement scale)13, DQOL(diabetes quality of life 

measure)14, LQD (quality of life with diabetes questionnaire)15, 

D39( diabetes 39)16,17. 

D-39 is a disease specific scale for diabetes which measures Diabetes 

control, Anxiety/ worry, Social burden, Sexual function, Energy /mobility. 

Therefore this scale is employed in the current study and association of 

D39 with diabetes will be studied. 

Studies have also commented that diabetes also depends on 

socioeconomic status i.e lower socioeconomic class may not be able to 

manage or prevent disease contrary to this high socioeconomic class are 

having sedentary lifestyle and over nutrition. This may lead to greater 

chances of having diabetes.1  Whitehall in his study described a 

significant indirect relation between glucose intolerance and grade of 

employment.18 

Moreover, there are many socioeconomic status scales present in India 

such as B.G Prasad, Pareekh scale, kuppuswami scale, Tiwari scale and 

Agrwal scale. It is to note that there are many limitations for all the 

socioeconomic status scales as AICPI (all India consumer price index) 

value are updated at frequent intervals.19 It is evident that all 

socioeconomic status classification considers income as a parameter. 
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Therefore, latest scales have to be utilized when studies related to 

socioeconomic status are concerned. Hence in the current study modified 

kuppuswamy socioeconomic status scale 2019 will be utilized. 

It is a known fact for all age groups that sedentary life style i.e. lack of 

exercises, sitting and eating junk food, no physical activity or no exercise 

increases the chances of diabetes. A study conducted by colak TK et.al 

concluded that the prevalance of diabetes mellitus is rapidly increasing in 

relation to changing lifestyles in developed and developing countries. 

Glycemic control plays an important role in physical activity and exercises. 

It may improve blood glucose levels, may prevent or delay type 2 diabetes 

mellitus and helps in glucose utilization by reducing insulin resistance.16 

Lifestyles of diabetes in long run may affect the quality of life of diabetic 

patients. According to the world health organization, the quality of life 

concept is how individuals perceive their lives in relation to their personal 

goals, expectation, standards and worries in the system of culture and 

values that they live in.16 

It is believed that Physical activity might be effective in increasing quality 

of life and healthy life expectancy in treatment of diabetes. Therefore the 

study will be undertaken to investigate the association between health 

related quality of life, family income levels and godin leisure time exercise 

questionnaire in patients with newly diagnosed diabetes mellitus. 

RATIONAL OF THE STUDY 

Studies have been published indicating increase in population of diabetics 

in the recent years.1,2,3 Moreover studies have also been undertaken on 

diabetes and quality of life 7,16, but minimal studies are available on 

disease specific questionnaire such as D39.  

Numerous studies are available on diabetes and exercise both globally 

and in Indian scenario16, but very minimal studies have been conducted 

on Godin leisure time exercise questionnaire. It is also a known fact that 

controversies exist in relation to income levels and diabetes mellitus.1,18 

Therefore the current study will be undertaken to find out the association 

of health related quality of life, family income levels and godin leisure 
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time exercise questionnaire in newly diagnosed diabetes patients. 

3.1) Primary Research 

Question :- 

Is there association of scoring levels of Health related quality of life (HRQOL), 

family income levels (modified kuppuswamy socioeconomic status scale ) 

and godin leisure time exercise questionnaire in newly diagnosed diabetes 

patients? 

3.2) Secondary Research 

Question 1 :- 

(if any) 

Not applicable in the current study.  

 

3.3) Secondary Research 

Question 2 :- 

(if any) 

Not applicable in the current study.  

 

4.1) Primary 

Hypothesis :- 

Null hypothesis:-There is no association between scoring levels of HRQOL, 

family income levels, and Godin leisure time exercise questionnaire in 

patients with newly diagnosed diabetes. 

Alternate Hypothesis:-There is a significant association between scoring 

levels of HRQOL, family income levels, and Godin leisure time exercise 

questionnaire in patients with newly diagnosed diabetes. 

4.2) Other Hypothesis 

1:- 

(if any) 

Not applicable in the current study.  

 

4.3) Other Hypothesis 

2 :- 

(if any) 

Not applicable in the current study.  

 

05) Review of 

Literature :- 

Seema kaveeshwar conducted a study  titled ‘the current state of 

diabetes mellitus in India’ and stated that in 2000 India is the leading 

country with diabetes mellitus(31.7%) followed by china(20.8%)  and 

united state(17.7%).  They conclude that diabetes is being associated 
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with multiple complications and occurring in relatively younger age in 

India. It is associated with expansion and peak phases of business cycle, 

changing lifestyle, and migration from rural to urban areas. Therefore the 

current study is focused on diabetic population.22 

 

Moreover Wenjun fan conducted a study in 2017 titled ‘epidemiology in 

Diabetes mellitus and cardiovascular disease’. The study concluded that 

the prevalance of Diabetes is rapidly increasing worldwide. Also, 

appropriate prevention should be conducted to benefit patient’s quality 

of life and release a huge economic burden for the country. Because the 

prevalance is on rise therefore Diabetes mellitus is considered as a study 

population in the current study.3 

 

A study titled ‘correlation between exercise, personal income levels, and 

health related quality of life in patients with newly diagnosed stable 

angina’ was conducted by yi wang et al in the year of 2019. They found 

that exercise and personal income levels are both modifiable factors and 

were positively associated with physical and mental HRQL Therefore in 

the current study whether same trend is seen in case of diabetes will be 

observed. 20 

 

A study on ‘association between the physical activity level and the 

quality of life of patients with type 2 diabetes mellitus’ was conducted 

by Tugba kuru colak et al and they concluded that the correlation 

analysis of quality of life with physical activity level showed that the 

scores of quality of life had statistically significant negative correlation 

with physical activity level. Therefore the current study will be 

undertaken to know the Association between physical activity and 

health related quality of life in diabetic patients.16 

 

Study titled ‘diabetes prevalance and socioeconomic status: a 

population based study showing increased prevalance of type 2 diabetes 

mellitus in deprived areas’ was conducted on 4313 persons with 

diabetes by V Connolly et al. they concluded a significant inverse relation 
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between the prevalance of type 2 diabetes and socioeconomic status. 

Therefore the current study is being carried out to see if same trend is 

continued in Indian context.18 

 

Studies have stated that economic status has an impact on receiving of 

care for variety of reasons and some of the reasons were difficulty for 

scheduled appointments due to transportation cause and inability to 

take work off. 22 

 

Moreover a study conducted in Ontario has stated that people having 

higher income levels tend to have healthier lifestyles and more likely to 

undergo for screening examination based on referral from physician.23,24 

Earlier studies have documented that enrollment in diabetes mellitus 

education program in low income areas were less. 25,26 Further more 

studies have also documented that individuals with low income utilized 

how patients services more as the burden of disease is increasing in 

population.27,28,29 

 

A study conducted by carol R et al on ‘racial/ethnic and social class 

differences in preventive care practices among persons with diabetes’ in 

2006 concludes "that persons of lower social class and persons with no 

health insurance are at high risk for not receiving preventive services" 30 

 

contrary to the above finding  one  study titled ‘relationship between 

avoidable hospitalizations for diabetes mellitus and income levels’ 

conducted by Gillian L. et al conducted in 2003 concluded that even on 

removal of economic barriers  the hospitalization for conditions that 

could be prevented still existed. Therefore the current study will be 

undertaken to check whether the socioeconomic class and diabetes 

mellitus have any association. 31 

 

  

Sheikh mohd saleem in 2019 in his study concluded that ‘modified 

kuppuswamy SES’ is the most widely used and popular scale in India 
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which is mostly used in urban areas. Therefore in view of this the current 

study is also utilizing updated modified kuppuswamy SES to understand 

the association between family income levels and diabetes.32 

 

John kirwan conducted a study in 2017 titled ‘the essential role of 

exercise in the management of type 2 diabetes. and commented that  

that exercise training improves regulation of glucose and exercise is 

advised as strategies for newly diagnosed DM patients.33 

 

V. mohan et.al. Conducted a study in 2007 on ‘epidemiology of type 2 

diabetes: Indian scenario’ they concluded that the prevalence of 

diabetes and cardiovascular diseases are higher in lower socioeconomic 

group compared to higher socioeconomic group. They further observed 

that the prevalence of diabetes was almost three times higher in 

individuals with mild physical activity compared to those having heavy 

physical activity. In view of this study the current study will be carried 

out to find association of physical activity with Diabetes Mellitus (DM) .34 

 

Furthermore studies have been published that adults maintaining 

lifestyle which is physically active can reduce the risk of type 2 DM. 

Hence the current study will be undertaken to check whether any 

association exists between diabetes and leisure time exercises with 

utilization of godin leisure time exercise questionnaire.35 

 

A study named ‘quality of life in patients with diabetes using the 

diabetes 39(D-39) instrument’ conducted in 2012 by Luana rosas et al 

concludes that the D39 items that contributed to negative effect of QOL 

and having difficulties in performing household chores are having 

difficulty in taking care of themselves, and difficulty in performing the 

ADL’s as well as face certain restrictions on their ability to do what they 

want to do. Therefore whether the same trend is seen in Indian 

population.17  

 

‘Health related quality of life (Hr-Qol) in patients with type 2 diabetes 
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mellitus’ was conducted by Vishakha jain et. Al. in that study they 

utilized world health organization quality of life questionnaire 

(WHOQOL-BREF) which concludes there is a poor physical health, poor 

psychological health which are affecting health related quality of life. 

Therefore in the current study D39 questionnaire for health related 

quality of life.7 will be utilized for understanding association between 

Diabetes Mellitus (DM) and Quality of life (QOL). 

 

Catalina imandi et.al conducted a study named ‘health related quality of 

life of patients with diabetes in Romania’ in 2017. They concluded that 

place of residence, employment status; type of diabetes, personal 

income levels, age, and diabetes duration makes a huge difference in 

HRQOL. Therefore, in view of this the current study will be undertaken 

to see association of the quality of life in patients with newly diagnosed 

diabetes in Indian context.36 

 

All the above literatures were reviewed from 1993-2019 from various 

sources such as Internet and Journals. (3, 7, 16, 17, 18, 20, 22, 23, 24, 25, 26, 

27, 28, 29, 30, 31, 32, 33, 34, 35, 36) In all 21 literatures has formed the 

theoretical background on which this synopsis and study is based. 

6.1) Primary 

Objectives :-  

To study the association of levels of D39 questionnaire (HRQOL - health 

related quality of life) with levels of modified kuppuswamy socioeconomic 

status scale(family income levels) and levels of godin leisure time exercise 

questionnaire in newly diagnosed diabetes mellitus based on the scores 

obtained from the questionnaires. 

 

6.2) Other Objectives 1:- 

(if any)  

Not applicable in the current study.  
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6.3) Other Objectives 2:- 

(if any) 

Not applicable in the current study.  

 

 

07) Methodology :- 
 STUDY DESIGN- Analytical Cross sectional study.42 

 

 STUDY SETTING- Hospital based with Patients referred by physician 

and diabetologist from medicine OPD to the physiotherapy OPD.  

 

 DURATION OF STUDY- 18 months  

 

 STUDY POPULATION- Newly diagnosed diabetes mellitus patients as 

diagnosed by physicians or diabetologist. 

 

 SAMPLE SIZE ESTIMATION-  

Sample size is determined considering previous associational study 

between diabetes mellitus and health related quality of life (D39) as the 

main outcome measure. 

Following assumptions are made from the study of colak et al(2016).16  

1. Expected spearman’s correlation coefficient (ρ) = 0.224 

2. Hypothesized correlation ( r ) = 0 

3. Power (1-β) = 90% 

4. α error= 5% (2 sided) 

5. Required sample size, n = 205 

Sample size is calculated by formula n = [(Zα+Zβ / C)]2 + 3 

Where 

             n = required sample size 

            Zα = standard normal score for α 

            Zβ = standard normal score for β 

             C = 0.5 * Ln [ (1+ ρ) / (1- ρ)] 

Where ρ = expected correlation coefficient  
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 SAMPLING TECHNIQUE- This is a hospital based study where a 

consecutive sample of eligible subjects will be selected on the daily 

basis by convenient sampling method till the desired sample size is 

met. 

 

 METHOD OF SELECTION OF SUBJECTS:- 

 INCLUSION CRITERIA 

1. Diagnosed as Diabetes mellitus (DM) by physician or 

diabetologist. 

2. 1st time diagnosed with diabetes mellitus. 

3. Blood Reports suggestive of diabetes mellitus. (cut of limit of DM- 

blood sugar levels during fasting ≥ 126mg/dl to postprandial ≥ 

200mg/dl or both.) 

4. Both genders. 

 

  EXCLUSION CRITERIA  

1. Gestational diabetes. 

2. Diabetic neuropathy or nephropathy. 

3. Hypertension. 

4. Any previous history of cardiovascular complications. 

5. Any type of ulcers or gangrene. 

6. Serious co-morbid illnesses along with DM. 

7. Immunological disease. 

8. Cognitive impairments. 

9. Renal failure. 

10. Cancer. 

11. Long standing cases of DM. 

 

  SUBJECT WITHDRAWAL CRITERIA:- 

1. Any changes in anti-diabetic medications. 

2. Those who are not completing all components of a questionnaire. 

3. Participates not filling all the three questionnaires. 
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  OPERATIONAL DEFINATIONS: 

1. Diabetes mellitus – It is a metabolic disorder of multiple etiology 

characterized by chronic hyperglycemia with disturbances of 

carbohydrates, fats, and proteins metabolism resulting from defect in 

insulin secretion, insulin action or both in the current study.1 

 

2. Newly diagnosed diabetes- Diagnosed case of diabetes less than or 

equal to 4 weeks i.e. 1 month in the current study. 38 

 

3. Quality of life – The quality of life concept is how individuals perceive 

their lives in relation to their personal goals, expectations, standards, 

and worries in the system of culture and values that they live in.16 

 

4. Family income level- Also known as household income. It is the 

combined gross income of all the members of household who are 15 

years or older.21 

 

5. Exercises – Therapeutic exercise is the systematic, planned 

performance of bodily movements, postures, or physical activities 

intended to provide a patient/client with the means to Remediate or 

prevent impairments Improve, restore, or enhance physical function 

Prevent or reduce health-related risk factors Optimize overall health 

status, fitness, or sense of well-being.39 

 

 

  METHODS OF MEASUREMENTS: 

1. Health related quality of life by D39 scores. [Annexure I(i)] 

2. Family income levels by modified kuppuswamy socioeconomic 

status scale. [Annexure I(ii)] 

3. Godin leisure time exercise questionnaire by score obtained by 

questionnaire. [Annexure I(iii)] 

 

 

 



 

C:\Program Files (x86)\pdfconverter\temp\NVDC\FFFC6D88-A5C7-4C82-BED9-A12837FD0A51\04a53ada-17c7-4946-a4e4-468e682c9361.doc [Page : 12] 
   

  APPROPRIATE STUDY INSTRUMENTS/ DATA COLLECTION TOOLS: 

1. D39 questionnaire for scoring HRQOL.16,40 

2. Modified kuppuswamy socioeconomic scale for measuring family 

income levels and socioeconomic status. 32 

3. Godin leisure time exercise questionnaire for exercises. 35,37 

4. Pen for filling the questionnaires. 

5. Notepad. 

 

 

  METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE: 

1. Data will be collected using the 3 different questionnaires. 

2. The information of patients on demographic variables will be 

gathered in the Performa. 

3. Data will be collected from every patient enrolled for the study. 

4. The data will be collected based on the response obtained from all 3 

questionnaires. 

5. Collected Data would be utilized to understand the association 

between all the three scales. 

 

 

• DATA MANAGEMENT AND ANALYSIS PROCEDURE: 

• Data management: 

1. Data will be coded by UID numbers and entered in Microsoft 

excel spreadsheet 2007. 

2. In any way, the participant’s identity and information will be kept 

confidential. 

3. Data cleaning will be employed if and when required with EPI info 

software version 7. 

4. The data will be utilized for further analysis. 

 

• Statistical analysis- 

1. Data will be entered in Ms excel, will be coded and analyzed in 

statistical software STATA, version 10.1, 2011 

2. Data analysis will include both descriptive and inferential 
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statistics. 

3. Descriptive statistics will be use to summarize quantitative 

variables with mean, standard deviation (SD), while frequency 

and percentage were used to summarize categorical (qualitative) 

variables. 

4. Association between diabetes and health related quality of life 

will be assessed for total score and individual domain related 

scores using spearman’s correlation coefficient Rho(ρ). 

5. Inferential statistics will include hypothesis testing procedure like 

Mc Nemar chi square test for paired data and Gamma statistics 

for evaluating association between two or more ordinal variables 

(like D-39, modified kuppuswamy socioeconomic status scale, 

godin leisure time exercise questionnaire) . 

6. Significance of Rho(ρ) will be tested by Sidak test. 
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• General procedure:- 

Requisite permission will be taken from the head of the institute. 

 

Ethics clearance will be obtained. 

 

Clearance will be obtained from board of research. 

 

Subjects fulfilling (inclusion) criteria will be included. 

 

Written consent will be obtained from the subjects. 

 

Instructions regarding marking of D39 questionnaire, modified 

kuppuswamy socioeconomic scale and Godin leisure time exercise 

questionnaire will be explained to the subjects. 

 

D39 questionnaire, modified kuppuswamy socioeconomic scale and 

Godin leisure time exercise questionnaire will be provided to the 

subjects. 

 

Questionnaires will be marked by the subjects. 

 

Collection of the questionnaire will be done. 

                                         

                     Raw data will be obtained. 

 

 

• RESULT 

       Results will be discussed in the final copy of dissertation. 
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v 
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c jan feb 
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ch 

1 Selection of topic             

2 
formulation of research 
question     

 
      

3 
formulation of aim and 
objectives             

4 
hypothesis and null 
hypothesis             

5 research protocol             

6 ethical clearance             

https://diabetesatlas.org/upload/resources/material/20191218_144626_sea_factsheet_en.pdf
https://diabetesatlas.org/upload/resources/material/20191218_144626_sea_factsheet_en.pdf
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7 research designing             

8 Review of literature             

9 Methodology formulation             

10 study designing             

11 study setting             

12 sample size estimation             

13 
selection of study tools and 
instruments             

14 Method of data collection             

15 
management and data 
analysis             

16 statistical tests             

17 compilation of synopsis             

18 uploading of synopsis             
 

10) Annexures :- Annexure I (a) 

D39 questionnaire 

    

not 

at 

all 

aff

ect

ed           

ext

re

me

ly 

aff

ect

ed 

1 

your diabetes medication 

schedule 1 2 3 4 5 6 7 

2 worries about money matters 1 2 3 4 5 6 7 

3 limited energy levels 1 2 3 4 5 6 7 

4 

following your doctors 

prescribed treatment 

plan 1 2 3 4 5 6 7 

5 

food restrictions required to 

control your diabetes 1 2 3 4 5 6 7 

6 concerns about our future 1 2 3 4 5 6 7 

7 

other health problems besides 

diabetes 1 2 3 4 5 6 7 

8 stress or pressure in your life 1 2 3 4 5 6 7 

9 feeling of weakness 1 2 3 4 5 6 7 

10 restriction on how far you can 1 2 3 4 5 6 7 
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walk 

11 

any daily exercise for your 

diabetes 1 2 3 4 5 6 7 

12 loss or blurring of vision 1 2 3 4 5 6 7 

13 

not being able to do what you 

want 1 2 3 4 5 6 7 

14 having diabetes 1 2 3 4 5 6 7 

15 

losing control of your blood sugar 

levels 1 2 3 4 5 6 7 

16 other illnesses besides diabetes 1 2 3 4 5 6 7 

17 testing your blood sugar levels 1 2 3 4 5 6 7 

18 

the time required to control your 

diabetes 1 2 3 4 5 6 7 

19 

the restrictions your diabetes 

places on your family and friends 1 2 3 4 5 6 7 

20 

being embarrassed because you 

have diabetes 1 2 3 4 5 6 7 

21 

diabetes interfering with your sex 

life 1 2 3 4 5 6 7 

22 feeling depressed or low 1 2 3 4 5 6 7 

23 problems with sexual functioning 1 2 3 4 5 6 7 

24 

getting your diabetes well 

controlled 1 2 3 4 5 6 7 

25 complications from your diabetes 1 2 3 4 5 6 7 

26 

doing things that your family and 

friends don’t do 1 2 3 4 5 6 7 

27 

keeping a record of your blood 

sugar levels 1 2 3 4 5 6 7 

28 the need to eat at regular intervals 1 2 3 4 5 6 7 

29 not being able to do housework  1 2 3 4 5 6 7 

30 a decreased interest in sex 1 2 3 4 5 6 7 

31 

having to organize your daily life 

around diabetes 1 2 3 4 5 6 7 
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32 needing to rest often 1 2 3 4 5 6 7 

33 

problems in walking or climbing 

stairs 1 2 3 4 5 6 7 

34 

having trouble caring for 

yourself( ADL's) 1 2 3 4 5 6 7 

35 restless sleep 1 2 3 4 5 6 7 

36 walking more slowly than others 1 2 3 4 5 6 7 

37 being identified as a diabetic 1 2 3 4 5 6 7 

38 

having diabetes interfere with 

your family life 1 2 3 4 5 6 7 

39 diabetes in general 1 2 3 4 5 6 7 

         Scoring of D39 questionnaire: 

There are total 5 components in this questionnaire 

1. Diabetes control ( includes 12 questions) 

2. Anxiety/ worry ( includes 4 questions) 

3. Social burden ( includes 5 questions) 

4. Sexual function ( includes 3 questions) 

5. Energy / mobility ( includes 15 questions)  

 Lowest score : 39 

 Highest score : 273 

There are 3 categories 

1. Mild : 17 – 50 

2. Moderate : 51 – 84 

3. Severe : 85 – 119 

 Score more than 119 will be consider as severe. 
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Annexure I (b) 

Modified Kuppuswamy socioeconomic status scale (2019) 

Table no 1: occupation of the head of the family 

sr no occupation of the head of the family score  

1 legislators, senior officials and managers 10 

2 Professionals 9 

3 technicians and associate professionals 8 

4 Clerks 7 

5 

skilled workers and shop and market sales 

workers 6 

6 skilled agricultural and fishery workers 5 

7 craft and related trade workers 4 

8 plant and machine operators and assemblers 3 

9 elementary occupation 2 

10 Unemployed 1 

 

Table no 2: education of the head of the family 

sr no education of the head  Score 

1 profession or honours 7 

2 Graduate 6 

3 intermediate or diploma 5 

4 high school certificate 4 

5 middle school certificate 3 

6 primary school certificate 2 

7 Illiterate 1 

 

Table no 3: total monthly income of the family 

sr no monthly family income level in rupees Score 

1 ≥ 78,063 12 

2 39,033 - 78,062 10 

3 29,200 - 39,032 6 

4 19,516 - 29,199 4 

5 11,708 - 19,515 3 
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6 3,908 - 11,707 2 

7 ≤ 3,907 1 

 

 

Scoring of modified kuppuswamy socioeconomic status scale (2019) 

sr no Score socioeconomic class 

1 26-29  Upper (I) 

2 16-25  Upper middle (II) 

3 11- 15  Lower middle (III) 

4 5- 10  Upper lower (IV) 

5 <5  Lower (V) 
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Annexure I (c ) 

Godin leisure time exercise questionnaire 

Considering a 7-day period (a week), how many times on the average do you 

do the following kinds of exercise for more than 15 minutes during your free 

time (write on each line the appropriate number.) 

                                        TIMES PER WEEK                                                                                  

A) STRENUOUS EXERCISRE                                                                                            

( HEART BEATS RAPIDLY)                                                                                                                             

( i.e. running, jogging, hockey, football,                                                      

soccer, squash, basketball,                                                                           

cross country skiing, judo,                   ________________                                                      

 roller skating, vigorous swimming,                                                            

vigorous long distance bicycling) 

 

B) MODERATE EXERCISE                                                                                      

(NOT EXHAUSTING)                                                                                       

 (i.e. fast walking, baseball, tennis,                                                                   

 easy bicycling, volleyball, badminton,          ________________                                                  

easy swimming, alpine skiing,                                                                      

popular and folk dancing)          

 

C) MILD EXERCISE                                                                                          

(MINIMAL EFFORT)                                                                                        

 (i.e. yoga, archery, fishing from river band,                                                  

 bowling, horseshoes, golf,                      _______________                                                       

snow-mobiling, easy walking)  
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1. Considering 7- day period (a week), during your leisure time, how often do 

you engage in any regular activity long enough to woke up a sweat ( heart 

beats rapidly)?            

OFTEN 

SOMETIMES 

NEVER/ RARELY 

 

 

Scoring of godin leisure time exercise questionnaire: 

 

weekly leisure activity = (9 X strenuous) + (5 X moderate) + (3 X light) 

 

It ranges between 0- 98 

 

•  insufficiently active - < 14 units 

• Moderately active- 14-23 units 

• Active - ≥24 units 

• The second question is used to calculate the frequency of responses 

to the question regarding the frequency of weekly leisure time 

activity “ long enough to work up a sweat” 
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Annexure I (d) 

Performa 

Name: 

Age: 

Gender: 

Address: 

Occupation: 

Date of filling questionnaire: 

date of when he/she diagnosed with diabetes: 

Report of blood sugar levels: fasting - 

                            Postprandial- 

 

• Scores of D39 questionnaire: -----------  

                 Mild : 17 – 50 

                 Moderate : 51 – 84 

                 Severe : 85 – 119  

• Scores of modified kuppuswamy socioeconomic status scale: ----------- 

26-29  Upper (I) 

16-25  Upper middle (II) 

11- 15  Lower middle (III) 

5- 10  Upper lower (IV) 

<5  Lower (V) 

 

• Scores of godin leisure time 

exercise questionnaire:------------ 

 insufficiently active - < 14 units 

Moderately active- 14-23 units 

Active - ≥24 units 

  

 

 



 

C:\Program Files (x86)\pdfconverter\temp\NVDC\FFFC6D88-A5C7-4C82-BED9-A12837FD0A51\04a53ada-17c7-4946-a4e4-468e682c9361.doc [Page : 28] 
   

Annexure II (a) 

PATIENTS INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from participants 

according to the regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

This standard operational procedure includes both male and female who are 

newly diagnosed diabetic patients and are voluntarily willing to participate in 

this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the participants 

who are volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the participants who are newly diagnosed 

diabetic patients 

2. The investigator will explain the experimental protocol to allay 

apprehension and answer all the queries of the participant. 

3. If the participant decides to participate then they would be consented 

according to the standard operational procedure. 

4. If the participant expresses interest but has some doubts in that case they 

would be solved.  

5. If the participants are comfortable with the explanation then they will fill 

the informed consent according to standard operational procedure. 

6. Study procedures will begin after the participant’s concern.  

7. Detailed medical and any other physical problem history will be obtained 

from the participants so as to verify the inclusion and exclusion criteria.  

8. If participant wants to discuss this information to their family members 

then they entitled to do so before giving the consent. 
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General information to research participants:  

1. Name:  

    Age:  

    Sex:  

    Date: 

2. You would be required to fill the Performa and the purpose of the research 

is to study “Association of health related quality of life, family income levels 

and Godin leisure time exercise questionnaire in newly diagnosed diabetes 

patients: an analytical cross sectional study” 

3. If you are willing to voluntarily participate in the study then you are 

expected to enroll with us right from the moment of filling Performa till the 

completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that 

we can help you and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

 

6. If at any moment you want to discontinue from this research study then 

you are free to do so and there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the 

study will be explained to you before obtaining the letter of consent.  

 

8. The data obtained from this study would be confidentially protected and 

maintained and if the photograph is used then your identity would not be 

revealed. If the photograph is published then permission would be obtained.  

 

9. All the risk of filling the questionnaire procedures required for this study 

will be explained to you and accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the questionnaire you need 

not worry and let us know so that necessary steps can be initiated.  
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11. If you are not satisfied at any moment then you can withdraw at any 

time without any consequences.  

 

12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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Annexure II (b) 

रुग्णांची मणहिती पत्रक 

उद्देशः 

आयसीएमआरच्यण नियणमक आवश्यकतण आण् आयईसीिे मणन्यतण हदलले्यण 

मणहितीिसुणर ललणित मणहिती हदली आिे. 

व्यणप्ती: 

यण मणिक ऑपरेशिल पद्धतीत िव्यणिे निदणि झणलेल्यण मधुमेिणचे लोक परुुष आण् 

महिलणांचण समणवेश आिे आण् ह्यण अभ्यणसणत सिभणगी िोण्यणस स्वेच्छेिे इच्छुक 

असतणत. 

जबणबदणरी: 

सांशोधक यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण कर्णयणा सवा सिभणगीांचे लिेी ज्ञणत 

सिमती प्रणप्त करतील. 

कणयापद्धती: 

1. सांशोधक मधुमेिणचे िवीि रोगी निदणि झणलेल्यण सिभणगीांची निवड करेल 

2.तपणसिीस आक्षेप दरू करण्यणसणठी आण् सिभणगीांच्यण सवा प्रश्िणांची उत्तरे देण्यणसणठी 

प्रणयोगगक प्रोटोकॉलच ेस्पष्टीकर् करेल. 

3. सिभणगीिे सिभणगी िोण्यणचण नि्ाय घेतलण तर त ेमणिक सांचणलि प्रक्रियिसुणर सांमती 

देईल. 

4. जर सिभणगीिे रूची व्यक्त केली परांत ुत्यणत कणिी शांकण असतील तर त ेसोडवतील. 

5.सिभणगी जर स्पष्टीकर् सोयीस्कर असतील तर त ेमणिक सांचणलि प्रक्रियेिसुणर सगूचत 

सांमती भरतील. 

6. सिभणगीांच्यण गचांतचे्यण िांतर अभ्यणस प्रक्रियण सरुू िोईल. 

7.समणववष्ट आण् बहिष्कणर निकष सत्यणवपत करण्यणसणठी म्ि्ूि तपशीलवणर वदै्यकीय 

आण् इतर को्त्यणिी शणरीररक समस्यण इनतिणस प्रणप्त केले जणईल. 

8.जर सिभणगयणिे आपल्यण कुटुांबीयणांिण यण मणहितीवर चचणा करणयची असेल तर त्यणांिण 

सांमती देण्यणपवूी असे करण्यणचे अगधकणर आिेत. 

सिभणगीांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 
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1. िणव: 

   वय: 

   लल ांग: 

   तणरीि: 

2.आपल्यणलण परफॉम्यणा भर्े आवश्यक आिे आण् सांशोधिणचण िेत"ू िव्यणिे निदणि 

झणलेल्यण मधुमेि रूग्णांमध्ये आरोगयणशी सांबांगधत गु् वते्तची जीविशलैी, कौटुांबबक 

उत्पन्िणची पणतळी आण् गोडडि फुरसतीचण वेळ व्यणयणम प्रश्िणवली असोलसएशिः एक 

ववश्लेष्णत्मक िॉस सेक्शिल स्टडी "िण अभ्यणसकर्े आवश्यक आिे. 

3.जर आप् स्वेच्छेिे अभ्यणसणत सिभणगी िोऊ इच्च्छत असणल तर चणच्ीपू् ा िोईपयतं 

आप् कणयाप्रदशाि भरण्यणपणसिूच आपल्यणकडूि िोंद्ी कर्े अपेक्षक्षत आिे. 

4.यण कणळणत तमु्िी अस्वस्थ आिणत तर मग कृपयण आम्िणलण कळूद्यण जे्े करूि आम्िी 

आल्यणस मदत करू आण् आपल्यण समस्येवर को्त्यणिी अयोगय प्रभणवणलशवणय मणत करू 

शकू. 

5. आपल्यणलण को्तिेी परतणवण आण् िकुसणि भरपणई हदली जण्णर िणिी. 

6.को्त्यणिी क्ष्ी जर आप् यण सांशोधि अभ्यणसणतिू थणांब ूइच्च्छत असणल तर आप् 

तसे करण्यणस मकु्त आिणत आण् आपल्यणबणजूिे को्तीिी अडथळण िसतण. 

7. सांमती पत्र प्रणप्त करण्यणपवूी अभ्यणसणची जोिीम,अस्वस्थतण, फणयदे आण् तोटे यणांचण 

तपशील आपल्यणलण स्पष्टकेलण जणईल. 

8.यण अभ्यणसणतिू प्रणप्त झणलेलण डटेण गपु्तप्े सांरक्षक्षत आण् देिरेिकेलण जणईल आण् 

जर छणयणगचत्रवणपरले असेल तर आपली ओळि प्रगट िो्णर िणिी. छणयणगचत्र प्रकणलशत 

झणल्यणस परवणिगी प्रणप्त िोईल. 

9.यण अभ्यणसणसणठी आवश्यक असलेल्यण ववववध चणच्ी प्रक्रियेचे सवा जोडूि आपल्यणलण 

स्पष्ट केले जणईल आण् त्यणिसुणर सांमती हदली जणईल. 

10.आप् थकल्यणसणरि ेक्रकां वण आप् पू् ा कणळजी घेण्यणस असमथा वणटत असल्यणस 

आपल्यणलण कणळजी करण्यणची गरज िणिी आण् आवश्यकती पणवले उचलतण येतील यणची 

आम्िणलण मणहितीद्यण. 

11.आप् को्त्यणिी क्ष्ी समणधणिी िसल्यणस आप् को्त्यणिी परर्णमणां लशवणय 
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कधीिी कणढू शकतण. 

12. सांशोधकणचे िणव: 

    फोििांबर: 

    पत्तण: 

13. मणगादशाकणांचे िणव: 

      फोि िांबर: 

      पत्तण: 

14. सांस्थचेे िणव: 
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Annexure II ( c ) 

                        रोगी सचूिण पत्र 

उद्देशः 

जणिकणरी ICMR की नियणमक आवश्यकतणओां और IEC द्वणरण अिमुोहदत जणिकणरी के 

अिसुणर प्रदणि की जणती िै। 

स्कोप: 

इस मणिक पररचणलि प्रक्रियण में िव निदणि मधुमेि वणले परुुष और महिलणएां शणलमल 

िैं और इस अध्ययि में भणग लेिे के इच्छुक िैं। 

च्जम्मेदणरी: 

शोधकतणा उि सभी प्रनतभणगगयों की ललणित सिमनत प्रणप्त करेंग ेच्जन्िोंिे इस अध्ययि 

में भणग लेिे के ललए स्वेच्छण से भणग ललयण थण। 

प्रक्रियणओां: 

1. शोधकतणा िए निदणि क्रकए गए मधुमेि रोगगयों कण चयि करेगण 

2. जणांचकतणा आपवत्तयों को दरू करिे के ललए प्रयोगणत्मक प्रोटोकॉल की व्यणख्यण करेगण 

और सभी प्रनतभणगगयों के सवणलों कण जवणब देगण। 

3. यहद प्रनतभणगी भणग लेिे कण फैसलण करतण िै, तो वि मणिक सांचणलि प्रक्रियण के ललए 

सिमनत देगण। 

4. यहद प्रनतभणगी रुगच व्यक्त करतण िै, लेक्रकि इसमें कोई सांदेि िै, तो वे इस ेिल करेंगे। 

5. इस च्स्थनत में क्रक स्पष्टीकर् सवुवधणजिक िैं, वे मणिक सांचणलि प्रक्रियणओां के अिसुणर 

सगूचत सिमनत देंगे। 

6. प्रनतभणगगयों की गच ांतणओां के बणद अध्ययि प्रक्रियण शरुू िोगी। 

7. समणवेशी और बहिष्कर् मणिदांडों को सत्यणवपत करिे के ललए ववस्ततृ गचक्रकत्सण और 

क्रकसी भी अन्य शणरीररक समस्यण कण इनतिणस प्रणप्त क्रकयण जणएगण। 

8. यहद कोई प्रनतभणगी अपिे पररवणर के सणथ इस जणिकणरी पर चचणा करिण चणितण िै, 

तो उन्िें सिमनत से पिल ेऐसण करिे कण अगधकणर िै। 

प्रनतभणगगयों को अिसुांधणि के ललए सणमणन्य जणिकणरी: 
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1. िणम: 

   आय:ु 

   सेक्स: 

   तणरीि: 

2. आपको प्रदशाि को भरिण िोगण और अिसुांधणि कण उद्देश्य "स्वणस््य से सांबांगधत जीवि 

की गु् वत्तण, पररवणर की आय कण स्तर और गोडडि लीजर एक्सरसणइज प्रश्िणवली 

एसोलसएशि: िव निदणि मधुमेि रोगगयों में एक ववश्लेष्णत्मक पणर-अिभुणगीय अध्ययि" 

कण अध्ययि करिण िै। 

3. यहद आप स्वेच्छण से अध्ययि में भणग लेिण चणित ेिैं, तो आपसे अपेक्षण िै क्रक जसैे 

िी आप परीक्षण में प्रदशाि परूण करेंग,े िणमणांकि कर लेंगे। 

4. यहद आप इस समय के दौरणि असिज िैं, तो कृपयण िमें बतणएां तणक्रक िम बबिण क्रकसी 

अिगुचत प्रभणव के आपकी समस्यण को दरू कर सकें । 

5. आपको कोई ररफां ड और िजणािण ििीां हदयण जणएगण। 

6. यहद आप क्रकसी भी बब ांद ुपर इस शोध अध्ययि को रोकिण चणित ेिैं, तो आप ऐसण 

करिे के ललए स्वतांत्र िैं और आपके पक्ष में कोई बणधण ििीां िै। 

7. सिमनत पत्र प्रणप्त करिे से पिल,े आपको अध्ययि के जोणिम, असवुवधण, लणभ और 

िकुसणि कण वववर् हदयण जणएगण। 

8. इस अध्ययि से प्रणप्त आांकडों को गपु्त रिण जणएगण और बिणए रिण जणएगण और 

यहद तस्वीर कण उपयोग क्रकयण जणतण िै तो आपकी पिचणि कण िुलणसण ििीां क्रकयण जणएगण। 

फोटो प्रकणलशत िोिे पर अिमुनत लमल जणएगी। 

9. इस अध्ययि के ललए आवश्यक ववलभन्ि परीक्ष् प्रक्रियणओां में से सभी को आपको 

समझणयण जणएगण और तदिसुणर सिमनत दी जणएगी। 

10. यहद आप थके िुए िैं यण परूी देिभणल करिे में असमथा िैं, तो िमें गच ांतण करिे की 

आवश्यकतण ििीां िै और िम आवश्यक कदम उठण सकत ेिैं। 

11. यहद आप क्रकसी भी क्ष् सांतषु्ट ििीां िैं, तो आप इस ेबबिण क्रकसी परर्णम के क्रकसी 

भी समय निकणल सकत ेिैं। 

12. शोधकतणा कण िणम: 
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    फोििांबर: 

    पतण: 

13. गणइड कण िणम: 

      फोि िांबर: 

      पतण: 

14. सांगठि कण िणम 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

C:\Program Files (x86)\pdfconverter\temp\NVDC\FFFC6D88-A5C7-4C82-BED9-A12837FD0A51\04a53ada-17c7-4946-a4e4-468e682c9361.doc [Page : 37] 
   

 

Annexure II (d) 

LETTER OF CONSENT 

 

I am willing to participate voluntarily as a participant for the dissertation 

“Association of health related quality of life, family income levels and Godin 

leisure time exercise questionnaire in newly diagnosed diabetes patients: an 

analytical cross sectional study conducted by____________.  

I have been informed regarding the nature of study and the duration of 

work. I have no objection to undertake the required procedure and to 

undergo various testing procedures pertaining to the study.  

The researcher has already assured me, that I would be treated well without 

any untoward effects and the rights of confidentiality protected.  

 

 

 

                                    Signature of the Participants/  

Thumb Impression of participants                                                           

 

 

 

 

 

Place:  

Date: 
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Annexure II (e) 

सांमेलिणचे पत्र 

 

"निदणि झणलले्यण मधुमेि रूग्णांमधील आरोगयणशी सांबांगधत आरोगयणची गु् वत्तण, कौटुांबबक 

उत्पन्िणची पणतळी आण् गोडडि फुरसतीचण वळे व्यणयणम प्रश्िणवली" यण प्रबांधणतील प्रबांध 

म्ि्ूि मी स्वेच्छेिे सिभणगी िोण्यणस तयणर आिे. 

अभ्यणसणचे स्वरूप आण् कणमणच्यण कणलणवधीबद्दल मलण मणहिती देण्यणत आली आिे. मलण 

आवश्यक प्रक्रियण करण्यणची आण् अभ्यणसणशी सांबांगधत ववववध चणच्ी प्रक्रियण पणर 

पणडण्यणस िरकत िणिी. 

सांशोधकणिे मलण आधीच आश्वणसि हदल ेआिे की मणझे को्तिेी अिगुचत परर्णम आण् 

गोपिीयतचेे िक्क सांरक्षक्षत ि करतण मणझ्यणशी चणांगले वणगल ेजणईल. 

 

 

 

                                                                                                                                                            

सिभणगीांची स्वणक्षरी /                                                                                 

                                                                                                             

सिभणगीांचण थांब इम्प्रेशि 

 

हठकण्ः 

तणरीि: 
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Annexure II (f) 

सिमनत - पत्र 

 

मैं स्वचै्च्छक रूप से शोध के ललए एक प्रनतभणगी के रूप में भणग लेिे के ललए तयैणर िूूँ 

"स्वणस््य से सांबांगधत जीवि की गु् वत्तण, पररवणर की आय के स्तर और िव निदणि मधमेुि 

रोगगयों में ईश्वर अवकणश के समय व्यणयणम प्रश्िणवली: ____________ द्वणरण आयोच्जत 

एक ववश्लेष्णत्मक िॉस अिभुणगीय अध्ययि। 

मझु ेअध्ययि की प्रकृनत और कणम की अवगध के बणरे में सगूचत क्रकयण गयण िै। मझु ेआवश्यक 

प्रक्रियण शरुू करिे और अध्ययि से सांबांगधत ववलभन्ि परीक्ष् प्रक्रियणओां से गजुरिे में 

कोई आपवत्त ििीां िै। 

शोधकतणा िे मझु ेपिले िी आश्वस्त कर हदयण िै, क्रक बबिण क्रकसी अवप्रय प्रभणव के मेरे 

सणथ अच्छण व्यविणर क्रकयण जणएगण और गोपिीयतण के अगधकणरों की रक्षण की जणएगी। 
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Annexure IV 

Abbreviations 

GERD-HRQL (gastro esophageal reflux diseases- health related 

quality of life) 

PDQ-39 (Parkinson disease questionnaire- 39) 

QOL-RIQ (respiratory illness questionnaire) 

World health organization quality of life questionnaire 

(WHOQOL-BREF) 

DOQ ( diabetes obstacle questionnaire) 

DSQOLS ( diabetes specific quality of life scale) 

ADS (appraisal of diabetes scale) 

DCP (diabetes care profile) 

DDS (diabetes distress scale) 

DIMS (diabetes impact measurement scale) 

DQOL(diabetes quality of life measure) 

LQD (quality of life with diabetes questionnaire) 

D39( diabetes 39) 

AICPI (all India consumer price index) 

HRQOL (health related quality of life) 

DM (diabetes mellitus) 

GLTEQ (Godin leisure time exercise questionnaire) 
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INTRODUCTION 

 

The concept of aging and the aged has changed as record number of people around the 

world are living longer. A trend expected to continue throughout 21st century & beyond. 

The world elderly used to refer to an older person generally someone aged 60 & above as 

described by Asian classification for aging and 65 & older as per WHO geriatric classification 

facing an unprecedented pace of population aging. There is growing concern about life 

quality for the elderly.1 

However, aging process includes lowering of basal metabolic rate, reduction of muscle 

strength, endurance & ability to function because of diminished muscle tone. metabolic 

condition like osteoporosis, diabetes mellitus, obesity aremore common among older adults 

that to osteoporosis is the commonest in women. Advanced age does not cause disease in 

itself but the possibility is that some chronic condition may develop signs and symptoms 

with advancing age. These conditions include arthritis, musculoskeletal disorders, loss of 

proprioceptive function, could affect mobility & balance leading cause of mortality and 

morbidity in elderly population. The resultant factor is fall & bed rest followed by that 

deconditioning will have adverse effect. Nearly 1/3rd of the elderly people living in the 

community fall each year due to loss of balance.1,2 The maintenance of balance is a complex 

phenomenon that is predisposed by neural and musculoskeletal changes taken place during 

aging process.3 

Elderly population is expected to grow in India from 76.6 million in 2006 to 173.1 in 2026.4 

This segment of population faces multiple problems in India and worldwide. Loss of balance 

in the elderly population constitute a major problem associated with human suffering as 

well as high costs for society.5 

Balance is the ability to collect sensory and proprioceptive signals related to a person’s  

position in space and to produce the appropriate motor responses to control body 

movement.6 when this ability deteriorates, due to normal aging process, the risk of falling 

increases in the eldery.7  The ankle joints have important role in maintaining balance during 

movement or in standing position.8  ankle joint modulate interaction between foot and base  

while walking and standing .9 Ankles joint muscles are known to provide stability  and 
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mobility in terminal structures of lower extremities.10 Maintaining balance, which is the 

ability to maintain  an upright position  during quiet standing, is necessary for successful 

performance of activities of daily living. 

Range of motion tends to deteriorate throughout the life span due to age-related changes in 

the mechanic properties and morphology of joint structures. the decreased range of motion 

of plantar flexion, dorsiflexion, inversion, and eversion at ankle joint.11 

 Although elderly men and women without symptoms determine large changes in joint 

ranges including ankle joint range of motion.  It is believed that decreased ankle ROM may 

require altered movement patterns, and these altered movement patterns may 

compromise balance, thus limiting functional activities such as standing and ambulation. 

Furthermore, decreases in postural control may result from the use of motions at the hip or 

trunk that are required to compensate for restrictions in motion at the ankle.12 

 Muscle strength, which can be defined as the force generation capacity of an individual, 

reaches its peak in the second and third decades of life, shows an imperceptible progressive 

decline until approximately 50 years of age, and then begins to decline thereafter at a rate 

between 1.4% to 2.5% per year. Muscle strength shows more rapid losses after the age of 

65 years.13,14 

 Reduce muscle mass, muscle strength, range of motion are contributing factor for fall 

among elderly. Age related changes are responsible for decrease walking speed and pace, 

also balance ability.15 

There is a 50% loss of trunk extensor flexibility after the age of 70 years, which results in 

center of mass displacement posterior to the heels. In addition, ankle joint flexibility 

decreases by 50% in women and 35% in men after 55 years of age.16 

  Aging results in a decrement of muscle cross-sectional area and the volume of connective 

tissue. Furthermore, the decrease in type II fast twitch muscle fibers would hinder the ability 

of the muscle to create fast forceful contraction. The aforementioned physiological 

modifications result in kinematic changes of the musculoskeletal system.17 

Balance maintenance is a complex phenomenon that is influenced by several neural and 

musculoskeletal factors.18 Balance is maintained through a complex process which involves 
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sensory detection of body motions, integration of sensorimotor information within the 

central nervous system, and execution of appropriate musculoskeletal responses.19 The 

postural control ability declines with aging.20Adequate postural control depends on the 

integration of vestibular, visual, and somatosensory information of the body motion. It has 

been reported that deterioration of postural stability related to aging is associated with 

reduced sensation in the lower limbs as measured by joint position, tactile, and vibration 

sensitivities.21 It not only affects sensorimotor functions, but also affects the muscle 

strength and joint movement which decline with increasing age.22 (Grimstone et al, 1993) 

Manual muscle testing is the traditional way of testing muscle strength. However, it may not 

produce useful information regarding balance control perhaps, lower extremity muscle 

strength may provide a more accurate picture of patient torque generation capacity under 

different conditions. A person can produce sufficient torque quickly enough to produce 

postural response. 

Andrew Guccione geriatric physical therapy 3rd edition states that ankle range of motion, 

muscle strength and severe hallux valgus have been related to increase risk of falling for 

seniors living in the community. Reduced range of motion of ankle joint may affect the 

ability to use the ankle strategy in recovering from external pertuberation.23 

Grimston and Vandervoort reported that, an average decrement of ankle joint range of 

motion was greater in female than males in aging, however, available literature on 

relationship between ankle strength and range of motion variables and balance is limited in 

Indian population since, the range of motion tends to be decrease with the dynamic 

characteristic of joint morphology as age advances. Dorsiflexion, plantar flexion, eversion, 

inversion ranges also decrease with aging. Vandervoot suggested that the decline in range 

of motion has been unidentified as a risk factor of reduced balance ability.24,25 

The static balance is essential to perform activities of daily living and functions to lead good 

quality of life. By knowing this fact, it is felt to carry out the study to see the effect of 

strength and range of motion of ankle joint on static balance. It is known fact that static 

balance is maintained by the body center of gravity located over 2nd sacral vertebrae 

should remain over its base of support. Activities displacing the center of gravity which 

returns the center of gravity to second sacral vertebrae to over the base of support. The 
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displacement and replacement of center of gravity require coordinated efforts of sensory 

system, motor system and central nervous system. The motor system is the executive part 

contributing to balance which includes static and dynamic acuity. balance is the 

multifactorial mechanism affected by aging. Aging process affects displacement of center of 

gravity and returning to base of support from static to dynamic balance and vice-versa. 

The sway compensation is mainly through the ankle strategy but for older people it is 

through hip strategy because of reduced ankle strength and flexibility. It is understood that 

proprioceptive inputs reduced with growing age. There is an increase in reaction time or 

latency to balance displacement by 20-30miliseconds in healthy aged individuals. Decreased 

balance has been noted in 13% of 65-69 years old community living individual. 

Therefore, considering the importance of static balance the study will be conducted to 

examine the static balance for aged population.one of the study depicted that decreased 

strength of ankle flexors and range of motion of ankle joint are going to affect static as well 

as dynamic balance. Therefore, the need is felt to conduct the study to find out the ankle 

strategy in terms of ankle strength and range of motion among healthy older adults. Thus, 

the focus of this study is to observe the influence of strength and range of motion of ankle 

joint on balance in healthy aged population.23 

The deeper plantar soft tissues anchor the skin to the underlying bony construction of the 

foot, guard underlying blood vessels and nerves and reduce the shear forces that are 

applied when walking. These tissues contain exceedingly specialized pads of fat cells 

constrained by fibrous septae under the metatarsal heads and the heel. The metatarsal 

pads, which range in thickness from 9 to 14 mm, undergo compression of up to 46% when 

walking.26  With advancing age, the pads maintain their thickness, but stiffness is greater 

which disintegrate more energy when compressed and recovery is reduced after the load is 

removed.27,28On ultrasound images, the stiffness of the heel pad is seen to be accompanied 

by increased thickness and decreased echogenicity of the plantar fascia; this may be 

indicative of a physiological aging process of the plantar fascia itself or a secondary effect of 

the loss of heel-pad elasticity.29 

over time, these changes are likely to contribute to the development of symptoms in the 

older foot, as the load generated during weight-bearing activities is not effectively 
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dissipated and thus transferred to deeper tissues. A recent study has shown that in older 

people with forefoot pain, peak pressure under the lateral metatarsal heads is 10% higher 

than in individuals without forefoot pain.30 Similarly, older people with foot pain have been 

shown to have higher peak pressure and pressure-time integrals (a measure of both the 

magnitude and duration of load) under the heel.31 It is likely that these differences are due 

not only to age-related changes within the plantar soft tissues, but also to associated 

changes in the range of motion in the joint, foot posture and dynamic foot function.  

Ageing is associated with several changes in joint physiology, including a reduction in the 

water content of the cartilage, the synovial fluid volume and the proteoglycans. The 

collagen fibers in the cartilage undergo a crosslinking process, resulting in increased 

stiffness.32 These changes may contribute to the decreased range of motion in lower 

extremity joints observed in older people. Several studies have shown that ankle 

dorsiflexion plantar flexion and subtalar joint inversion-eversion range of motion are 12–

30% lower in older people.33,35  Due to the important role played by the foot and ankle in 

adapting to uneven surface, a reduced range of motion in the joints of the foot and ankle is 

strongly associated with impaired balance and functional ability in older people.36,37The 

decreased ankle dorsiflexion range of motion is a risk factor for falls.38  Reduced range of 

motion in the rearfoot and midfoot may also influence the motion of the foot and ankle 

when walking, which, in turn, may affect the extent to which plantar loads can be 

attenuated. The inter-segmental range of motion at the ankle, rearfoot and midfoot when 

walking was inversely associated with peak pressure at the corresponding plantar regions, 

i.e. individuals with less foot and ankle joint mobility generate significantly larger plantar 

load.39 

One of the most characteristic features of advancing age is reduced muscle mass, due to a 

reduction in both the size and number of muscle fibers and the development of large, slow-

twitch motor units as type II fibers become denervated.40 As a consequence, decreases in 

strength in the order of 20–40% have been reported in individuals between the age of 30 

and 80 years.41 Age-related changes are particularly evident in the lower limb muscle 

strength compared to the upper limb, and tend to progress from distal to proximal. Ankle 

and foot muscles are therefore highly susceptible to age-related atrophy, a process that may 

also be worsened by the long-term wearing of ill-fitting footwear. The older people exhibit 
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approximately 24–40% reduce strength in muscles responsible for movement of the foot 

and ankle than young people.42,43,44 Loss of foot and ankle strength has several implications 

for older people. Decreased ankle plantar flexor strength is associated with difficulties in 

rising onto the toes45 and toe plantar flexor weakness impairs the grasping function of the 

toes when performing weight-bearing activities, resulting in impaired balance and functional 

ability and an increased risk of falls.46 Atrophy and the associated reduced strength of the 

toe muscles may also play an important role in the development of toe deformities, as a 

reduced thickness of intrinsic musculature has been identified in older people with hallux 

valgus and lesser toe deformities.47,48 

 on ultrasound images, and older people with toe deformities exhibit reduced toe plantar 

flexor strength compared to those without toe deformity 46,49 Nevertheless, emerging 

evidence indicates that age-related reductions in foot and ankle range of motion and 

strength may be at least partly ameliorated by targeted foot and ankle exercise programs in 

older people, suggesting that exercise should be considered as part of an overall 

rehabilitation approach to older people with foot pain.50 
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NEED FOR THE STUDY/RATIONALE: - 

The static balance is essential to perform activities of daily living and functions to lead good 

quality of life. By knowing this fact it is felt to carry out the study to see the effect of 

strength and range of motion of ankle joint on static balance. It is known fact that static 

balance is maintained by the body center of gravity located over 2nd sacral vertebrae 

should remain over its base of support. Activities displacing the center of gravity which 

returns the center of gravity to second sacral vertebrae to over the base of support. The 

displacement and replacement of center of gravity require coordinated efforts of sensory 

system, motor system and central nervous system. The motor system is the executive part 

contributing to balance which includes static and dynamic acuity. balance is the 

multifactorial mechanism affected by aging. Aging process affects displacement of center of 

gravity and returning to base of support from static to dynamic balance and vice-versa. 

Decrease balance can be interpreted in the sense of reduced duration to stand with bare 

minimum base of support. The statement can be made like this, there is increasing latency 

to balance displacement by few milliseconds in healthy aged individuals. Decreased balance 

has been noted in 13% of 65-64year old community dwelling individual. Many authors 

explained this compensatory delay by explaining that older people use hip strategy 

reflexively as compared to ankle strategy because of reduced ankle and flexibility.  

Therefore, considering the importance of static balance the study will be conducted to 

examine the static balance for aged population.one of the study depicted that decreased 

strength of ankle flexors and range of motion of ankle joint are going to affect static as well 

as dynamic balance. Therefore, the need is felt to conduct the study to find out the ankle 

strategy in terms of ankle strength and range of motion among healthy older adults.23 

 

 

 

 

 



12 

 

RESEARCH QUESTION 

 

What is the effect of ankle strength and range of motion on balance in healthy population 

aged 60-80 years?  
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AIM 

To find the effect of ankle strength and range of motion on balance in healthy population 

aged 60-80 years 

 

 

 

 OBJECTIVE 

 

 Single point measurements recorded to fulfill objectives for age group of 60-80 years. 

1.To measure the ankle dorsiflexors, plantar flexors, eversion and inversion strength 

bilaterally with hand held dynamometer in kgs. 

2.To measure the range of motion of dorsiflexors, plantar flexors, eversion and inversion 

bilaterally in degrees with goniometer. 

3.To record the duration of static balance by using single leg stance test in seconds. 

4.To co-relate the muscle strength of plantar flexors, dorsiflexors, invertors, evertors and 

range of motion of dorsiflexion, plantarflexion, inversion, eversion with balance.                   
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REVIEW OF LITERATURE: 

 

The influence of strength of muscle and range of motion of ankle joint on balance was 

planned to observe among older adults aged between 60-80 years  the planning of the study 

was done on the basis of strong database. To fulfill the objective of study the strong 

database was formulated with the help of pubmed, medline, google scholar, science direct 

as well as number of articles were searched to design the method to carry out the study 

‘titled’. 

1. Jeong -woo Lee and co-workers carried out their study in the department of 

physical therapy Kwangeuwomens university in 2012 with the purpose of the 

examination of range of motion and strength of ankle joint on elderly peoples 

balance ability they selected total of 60 subjects aged above 65 years found 

increase ability to balance with good range of motion and strength of ankle 

joint15 

 

2.The study was done by Soo-Kyung Bok et al in the department of Rehabilitation medicine, 

Chungnam National university school of medicine in 2013 with the aim to investigate the 

effects of changes of ankle strength and range of  motion according to aging on balance. For 

this study purpose they have selected 3 groups in between 20-65years and 60 healthy 

people have undergone test for ankle strength and range of motion, using biodex system 4 

Pro; a one leg balance including postural sway and stability index using a balance system. As 

they observed that ankle planatar flexion strength and range of motion is significantly 

reduced with aging. In addition ankle plantarflexion strength and eversion range of motion 

is significantly correlated with balance.3 

 

3. The study done by Jain, Heta Rathod and their co-workers the purpose of the study to 

observe the relationship between Balance impairments and changes in ankle Range of 

Motion in older Women who Have Fear of Fall Aged 60 to 80 Years. The  study was carried 

out with 100 female subjects aged 60 to 80 years. Fear of fall was measured using short falls 
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efficacy scale (FES), balance using Tinetti Performance Oriented Mobility Assessment 

(POMA) (balance and gait) test and functional reach test (FRT). Goniometry was used to 

determine active and passive ROM of ankle joint. High significant correlation value was 

observed for balance measures. In this study they observed that Balance impairments can 

be predicted using ankle ROM impairments in community dwelling women.22 

 

4 Zdenek Svoboda and their co-workers done their study in the department of natural 

science in kinanthropolgy, faculty of physical culture, France 2019. The aim of the study to 

observe effect of aging on the association between ankle muscle strength and the control of 

bipedal stance in young and older adults for this purpose thirty one young and thirty one old 

older adults voluntarily participated. The control of bipedal stance was evaluated by the 

sample entropy derived from an accelerometer placed on lumbar spine while the subject 

stood on a foam pad with eyes open and isokinetic dynamometer was used for ankle muscle 

strength. The study concluded that older adults have a different association between ankle 

muscle strength and the sample entropy during bipedal stance.51 

5.The study was done by Huihui Wang et-al in the department of  physical education and 

sports, Beijing normal university china in 2016. The purpose of the study to observe the 

Correlation among proprioception, muscle strength, and balance, for this balance testing 

system (Biodex Balance System, BBS) and an isokinetic testing system (Biodex System 4, 

BS4) were used to test related indexes in 24 healthy young females. The study concluded 

that  different knee angles, the correlation differs among proprioception, force sense, 

quadriceps strength, the Quadriceps/Hamstring ratio, and balance.52 

6.Chiara Mecagni et al  done their study in the department of physical therapy 2000. The 

purpose of this study was to investigate the relationship between Balance and Ankle Range 

of Motion in Community-Dwelling women between the ages of 64 and 87 years. Goniometry 

was used to determine bilateral ankle active-assistive range of motion (AAROM) and passive 

range of motion. Balance capabilities were measured with the Functional Reach Test (FRT) 

and the Tinetti Performance-Oriented Mobility assessment. The study concluded that there 

is strong correlations exist between ankle range of motion and balance in community-

dwelling elderly women.10,11 
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7. The study done by Karsten Keller, Martin Engelhardt in the department of Centrum 

Thrombosis and Haemostasis, University Medical Center Mainz, Germany in 2013. The aim 

of the study is to investigate Strength and muscle mass loss with aging process. For this 

purpose 26 participants were subdivided in two groups. Group 1 comprises participants 

aged <40 years (n=14), group 2 those >40 years (n=12). They assessed anthropometrics, 

range of motions, leg circumferences and isometric strength values of the knee joints. They 

found that besides comparable anthropometrics, circumferences and strength were higher 

in group 1 than in group 2. They hypothesised that accelerated decline of strength and 

muscle mass loss starts already around 40th life-year.53 

 

8.The study done by AisyahMohd Said, and their co-workers in the department of 

physiotherapy, University MARA, Malaysia.2015. The purpose of the study was to determine 

the Mobility and Balance and their Correlation with Physiological Factors in Elderly with 

Different Foot Postures A cross-sectional observational study was conducted in community-

dwelling elderly (age: 69.86 ± 5.62 years). Participants were grouped into neutral (𝑛 = 16), 

pronated (𝑛 = 14), and supinated (𝑛 = 14) foot based on the foot posture index classification. 

The study was concluded that muscle function may be the most important feature to make 

movement possible in older persons regardless of the type of foot postures. 54 

 

9. The study done by Ayelet Dunsky co et al in academic college at wingate,  wingate 

institute, Israel 2017. In this study they examined the association between static balance 

measures and two dynamic balance field tests. For this purpose 112 community dwelling 

older adults were participated. They underwent the Tetrax static postural assessment and 

then performed the timed up and go and THE FUNCTIONALReach(FR) Test as dynamic 

balance tests. In general, low moderate correlations were found between the two types of 

balance tests. For women, age and static balance parameters explained 28.1–40.4% of the 

variance of TUG scores and 14.6–24% of the variance of FR scores. For men, age and static 

balance parameters explained 9.5–31.2% of the variance of TUG scores and 23.9–41.7% of 

the variance of FR scores .Based on their findings, it is suggested  that  a combination of 

both static and dynamic tests be used for assessing postural balance ability. 55 
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10. The study done by hunujung et.al (2016) on the association of lower extremity range of 

motion and muscle strength of physical performance of older adult. Th purpose of the study 

was to determine which factors of seven ROM and two muscle strength play dominant roles 

in the physical performance of community dwelling older women. 95 community dwelling 

older adults 7 lower extremity  ROM and 2 muscle strength were measured. The outcome 

measure include FRT were performed. The study concluded that hip extension and 

plantarflexion and dorsiflexion, and ankle plantar flexion ROM as well as knee extension and 

strength may help primary role in physical performance of community dwelling older 

women. 56 

 

 11. The study done by Jung-Hyun choi, et al in the Department of Physical Therapy, 

Namseoul University, Korea in 2014. The aim of this study was to examine the effects of 

balance training and muscle training around the ankle joints on the gait of elderly people 

who have experienced a fall. Twenty-six elderly people with a risk of falling and a Berg 

Balance Scale score of 37 to 50 points who had experienced a fall in the last year were 

randomly and equally assigned to either a balance training group or an ankle training group. 

The study concluded that  both balance training and ankle joint training are effective in 

enhancing the gait ability of elderly people with a risk of falling; in particular, balance 

training is effective in improving the gait velocity of elderly people who have experienced a 

fall compared with ankle joint training. 57 

12. Effect of Lower Limb Strength on Falls and Balance of the Elderly.  To assess the effect of 

lower limb strength on falls and balance in community-dwelling elderly persons by a health 

status questionnaire, evaluation of lower limb strength and balance. Method  A total of 86 

subjects (age 69.8±5.3were categorized into one of two groups, “Fallers” and “Non-

fallers”.A self-assessment questionnaire was taken. Lower limb strength was measured by a 

“Chair stand test”. Balance was measured by the stability index of the fall risk test protocol 

of Balance System SD® (Biodex, New York, USA). Th e differences between the two groups 

were compared and the correlation between lower limb strength and balance were analyze. 

Conclusion this study suggests that the “Chair stand test” is a useful screening process for 

lower limb strength which correlates to risk for falls and balance in the elderly. 58 
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13.Michael Cbiaccbiero and his co-workers conducted their study at graduate center of the 

city university of New York in 2010. This study investigated whether decreased passive 

lower extremity range of motion and flexibility contribute to falls in the elderly. Eighteen 

Subjects aged  above 60 years and older participated in the study. The subjects were divided 

into 2 categories, fallers and nonfallers. Both subjects group underwent ROM and flexibility 

testing of the lower extremity. The decrease of range of motion of hip extension, internal 

rotation, abduction, ankle dorsiflexion, and gastrocnemius length was found statistically 

significant decreased in the faller group as compared with the nonfaller group. Hence the 

study found that there is link between range of moton and falls in the elderly and that 

addressing range of motion deficits may decrease potential falls.17 

14. The study was done by Shehab Mahmoud and his coworkers at department of physical 

therapy, king Abdulaziz university, Saudi Arabia in 2014  to detect balance performance 

response to improved strength of dorsiflexors muscles in elderly for that  they selected fifty 

healthy elderly subjects aged between 65-75 years. Twenty five subjects of group A were 

trained with resisted exercises plus electrical nerve stimulation of ankle dorsiflexors 

muscles, three times a week for 8 weeks and group B includes twenty five subjects , 

received no treatment intervention except encouragement for performing their usual 

activity of daily living over the 8 weeks of the study. Hand held dynamometer for strength 

and berg balance scale, the functional reach test, and the timed up and go test were used 

for balance. These measurements were applied for both groups before and after 8 weeks. 

The BBS,FRT and GUG values showed significant changes following training in group A and 

there were no significant changes in the same measures of group B after 8 weeks. Hence, 

the study concluded that improved strength of dorsiflexors muscles enhanced balance 

performance in elderly.59 

15. A qualitative review of balance and strength performance in healthy older adults: impact 

for testing and training was performed by UrsGranacher co et al. At the department of 

sports science, Konstanz, Germany in 2011. A continuously greying society is confronted 

with specific age-related health problems (e.g., increased fall incidence/injury rate) that 

threaten both the quality of life of fall-prone individuals as well as the long-term 

sustainability of the public health care system due to high treatment costs of fall-related 

injuries (e.g., femoral neck fracture). Thus, intense research efforts are needed from 
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interdisciplinary fields (e.g., geriatrics, neurology, and exercise science) to (a) elucidate 

neuromuscular fall-risk factors, (b) develop and apply adequate fall-risk assessment tools 

that can be administered in clinical practice, and (c) develop and design effective 

intervention programs that have the potential to counteract a large number of fall-risk 

factors by ultimately reducing the number of falls in the healthy elderly. This paper makes 

an effort to present the above-raised research topics in order to provide clinicians, 

therapists, and practitioners with the current state-of-the-art information. 60 

16. Ayelet Dunsky co et al at Academic  College Wingate, Netanya ,Israel in 2017 done their 

study on Balance Performance is Task Specific in Older Adults. Balance ability among the 

elderly  is a key component in the  activities of daily living and is  divided into  two types: 

static and dynamic. In  this study, they examined the association  between static balance 

measures and two dynamic balance field tests. One hundred and twelve community-

dwelling  older adults of age 74 and above participated in the study. They underwent the 

Tetrax  static  postural assessment and  then  performed  the timed Up and Go (TUG ) and 

the Functional Reach s(FR) Test as dynamic balance tests. In general, low-moderate 

correlations were found between the two types of balance tests. Based on their findings, It 

is suggested that a combination of both static and dynamic tests be used for assessing 

postural balance ability. 61 

17. The study was done by In-Hee Lee co et al on Balance Improvement by Strength Training 

for the Elderly at Department of Physical Medicine and Rehabilitation, Keimyung University 

Dongsan Hospital, Korea in 2013. The study purpose was to investigate whether lower limb 

strengthening exercise leads to improved lower limb strength and balance function for the 

elderly.  50 subjects were randomly assigned to either a training group (n = 30) or a control 

group (n = 20). The subjects ranged in age from 65 to 82 years. A randomized controlled trial 

compared the effects of strengthening exercise and balance function. Leg extension and 

lower curl exercises were performed during the 12-week study. After training, the lower 

limb strength and balance of the individuals in the training group had significantly improved 

compared to the baseline. Hence the study concluded that Improvement in lower limb 

strength may lead to balance enhancement in neurologically intact older persons.14,16 

18. Kyeongjin Lee, et al carried out their study Department of Physical Therapy, Kyungdong 

University, Republic of Korea in 2017. This study was conducted to investigate the effects of 
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ankle control balance training (ACBT) on postural balance and gait ability in community-

dwelling older adults. Fifty-four subjects were randomly divided into two groups, with 27 

subjects in the ACBT group and 27 subjects in the control group. Subjects in the ACBT group 

received ACBT for 60 minutes, twice per week for 4 weeks, and all subjects had undergone 

fall prevention education for 60 minutes, once per week for 4 weeks. The main outcome 

measures, including the Berg balance scale; the functional reach test and one leg stance test 

for postural balance; and the timed up-and go test and 10-meter walking test for gait ability, 

were assessed at baseline and after 4 weeks of training. The postural balance and gait ability 

in the ACBT group improved significantly compared to those in the control group, except 

BBS. The results of this study showed improved postural balance and gait abilities after 

ACBT and that ACBT is a feasible method for improving postural balance and gait ability in 

community-dwelling older adults. 62 

19. Alexandra Halvarsson  and their co-workers done their study in the Department of 

Physical Therapy, Karolinska University Hospital, Sweden in 2014.  To give the rationale and 

evidence for and a detailed description of a rehabilitation programme of proven 

effectiveness in improving balance in older adults. Based on the knowledge that balance loss 

usually occurs in situations when attention is divided, especially when being older, and that 

balance control relies on the interaction of several physiological systems, they have 

developed a specific and progressive balance training programme with dual- and multi-task 

exercises for older adults. Balance demanding exercises, specific to the various components 

of balance control and to situations in daily life, were performed in sitting, standing and 

walking at three different levels of progression (basic, moderate and advanced) of 

increasing difficulty and complexity. The training was performed in 45-minutes group 

sessions, with 6–10 participants in each group, three times per week during 12 weeks, with 

two or three physiotherapists present. The study concluded that balance training 

programme strengthens self-efficacy in balance control leading to improved fall-related self-

efficacy, reduced fear of falling, increased walking speed, and improved physical function. 63 

20. The study done by Thomas Muehlbauer  et al in the department of Rehabilitative and 

Preventive Sports Medicine, University Medical Center Freiburg, Freiburg,  Germany  In 

2012. The purpose of this study was to investigate the relationship between variables of 

lower extremity muscle strength/power and balance, assessed under various task 
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conditions. Twenty-four healthy and physically active older adults (mean age: 70 - 85 years) 

were tested for their isometric strength and muscle power as well as for their steady state 

proactive and reactive balance. Balance tests were conducted under single (i.e. Standing or 

walking alone) and dual task conditions (i.e. Standing or walking plus cognitive and motor 

interference task). The Significant positive correlations were found between measures of 

isometric strength and muscle power of the lower extremities. Hardly any significant 

associations were found between variables of strength, power and balance (i.e. No 

significant association in 20 out of 21 cases). Additionally, no significant correlations were 

found between measures of steady-state, proactive and reactive balance or balance tests 

performed under single and dual task conditions.64 

21. Andrew Guccione geriatric physical therapy 3rd edition states that ankle range of 

motion, muscle strength and severe hallus valgus have been related to increase risk of 

falling for seniors living in the community. Reduced range of motion of ankle joint may 

affect the ability to use the ankle strategy in recovering from external pertuberation.23 

22.  Veronica Southard, and their co-workers have conducted their study in New York 

Institute of Technology, Old Westbury, NY, USA in 2010. The purpose of this study was to 

assess the effects of body mass index on postural stability in healthy sedentary middle-aged 

adults. Based on body mass index, subjects were divided into 2 groups (25.00-27.49 and 

27.50-29.99) to assess for differences in postural control. The Timed Up and Go Test 

duration was increased in these subjects when compared with normative data. Gait speed 

was also reduced in those subjects in the fifth and sixth decades when compared with 

established norms. Biodex SD balance system scores demonstrated reduced postural 

stability. It has been concluded that there may be increased risk for falls with increases in 

body mass short of obesity thresholds of body mass index 30% for this sedentary middle-

aged adult population.65 

23.The study conducted by Shehab Mahmoud Abd El-Kader Department of Physical therapy 

for cardiopulmonary disorders and Geriatrics, Faculty of Physical Therapy, Egypt on 23 

january 2017. This study was conducted to evaluate the impact of ankle joint mobility 

program on the balance performance in elderly diabetic patients. Forty elderly type 2 

diabetic patients, age ranged 60-67 years participated in this study. The ankle joint mobility 

was measured by the universal goniometer and the balance performance was measured by 
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the Biodex Balance System. Pearson’s correlation coefficients test for the relationship 

between Biodex Balance System measured values (overall stability, anteroposterior and 

mediolateral indexes) and ankle range of motion (ROM) (dorsiflexion ROM and plantar 

flexion ROM) at the end of the study in both groups showed a strong inverse relationship. 

The study concluded that Improved ankle joint mobility enhances balance performance in 

elderly type 2 diabetic subjects.66 

24. David Herna ´ndez-Guille´ have done their study in March 4, 2021 in the Departament de 

Fisioteràpia, Universitat de València, Valencia, Spain. The objective of this study was to 

investigate the association between ankle function and balance in older adults, with a focus 

on range of motion (ROM) and strength. This was a cross-sectional study that included 88 

healthy community-dwelling older adults. Ankle mobility was measured while bearing 

weight (lunge test) and not bearing weight. The plantar-flexor muscle strength was assessed 

using a hand-held dynamometer. Balance was measured in terms of dynamic balance and 

mobility (timed up and go test), monopodal and bipodal static balance with open and closed 

eyes (single-leg stand test and platform measures), and margins of stability (functional reach 

test). This study concluded that the concept that ankle mobility contributes to the 

performance of dynamic tasks, while the plantar-flexor muscle strength helps to develop a 

standing static balance. Identification of alterations in ankle function is warranted and may 

assist in the design of tailored interventions. These interventions can be used in isolation or 

to augment conventional balance training in order to improve balance performance in 

community-dwelling older adults.67 

25. NAIDU RAJESWARI GOPAL has conducted their study in the Department of  B.P.T 

Saveetha College of Physiotherapy, Saveetha Institute of Medical and Technical Sciences, 

Chennai, Tamil Nadu, India, The objectives of this study are as follows: (1) To find the 

correlation between foot type on static and dynamic balance among community dwelling 

older adults, (2)  To find correlation between postural sway and foot type among 

community dwelling older adults. Based on inclusion and exclusion criteria the total 20 

community-dwelling older adults were included in this study. The subjects were classified 

into three different foot types: Pronated, neutral, and supinated. After classifying the 

subjects according to the foot type, they were measured for static and dynamic balance 

using Berg Balance Scale (BBS). For the same subjects, postural sway was assessed with 
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Lord’s-Sway meter and they found that there was a strong correlation between pronated 

and anteroposterior sway in eye open (EO) on unstable surface and between neutral and 

anteroposterior sway in eye close standing on stable surface and there was a moderate 

correlation between BBS score and neutral foot type. Pronated and anteroposterior sway in 

EYES OPEN standing on stable surface also showed moderate correlation. Hence, it has been 

concluded that foot position affects the balance among older adults and there was strong-

to-moderate correlation between foot type, postural sway, and balance.68 

26. Darioriva, carlomamo, and their associates conducted their study at International 

Society of Proprioception and Posture, Turin, Italy  in 27June 2013. The aim of the study 

were to describe single stance stability, its sensory components, and their correlation with 

age and gender. A random sample of 597 older adults (319 men,278women)living at home, 

aged 65–84,was studied. Stability tests were performed with an electronic postural station. 

The single stance test showed the impairment of single stance stability in older 

individuals(75–84yrs). The significant decline of stability in the older subjects may be 

explained by the impairment of proprioceptive control together with the decrease in 

compensatory visual stabilization and emergency responses. Younger subjects (65–74yrs) 

exhibited better, but still inadequate, proprioceptive control with compensatory visual 

stabilization. Gender differences appeared in older subjects: women were significantly less 

stable than men. The measurement of the sensory components of single stance stability 

could aid in the early detection of a decay in antigravity movements many years before the 

risk of falling becomes evident. Adequate proprioceptive control could mitigate the effects 

of all other risks of falling.69 

27. Natasya Valentina, and their colleagues have completed their study in Faculty of 

Medicine, Widya Mandala Catholic University of Surabaya, Indonesia, on 6 Mar 2019. The 

objective of this study was to prove that lower limb muscle strength and BMI have 

correlation with body balance in the elderly. Thirty-nine respondents were selected based 

on inclusion and exclusion criteria. Data were taken from these respondents on weight and 

height measurement for BMI, size of lower limb muscle strength using a leg dynamometer, 

and body balance based on risk of falls using Berg’s balance scale. They obtained significant 

score 0,000 for correlation between lower limb muscle strength with body balance in 

elderly, and correlation between BMI with body balance in elderly. In conclusion, there is 
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strong positive correlation between lower limb muscle strength with body balance in 

elderly. It is shown by the better muscle strength; the risk of falling in the elderly is getting 

lower. There is strong positive correlation between BMI with body balance in elderly. It is 

shown by increasing BMI away from normal scale; the risk of falling is higher.70 

28. Varsha Soni has conducted their study in 2017 at Pacific Medical College and Hospital, 

Udaipur. It is an observational single point cross-sectional study. Current available 

standardized clinical balance assessment tools are used for screening. Balance evaluation 

system test. Balance evaluation system test (bestest) helps us identify the specific system 

that might be responsible for balance dysfunction with aging. Where healthy subjects 

(N=120) Young age group (20-40 yrs), Middle age group (41-60 yrs), Old age group (61-

80yrs) were taken.They found that Non- parametric Kruskall Wallis test. Post hoc test study 

of Total BEST Score H=48.88 (p value <0.0001) showed a significant difference in young adult 

as compared to Middle aged adult (p value <0.001) and older adults (p value <0.001). Similar 

post hoc test study with a P value < 0.0001 were observed in biomechanical constraint 

H=32.10, Stability limits or Verticality H=25.11 and Anticipatory control score H=19.83. Post 

study of reactive postural response H=41.17 and Sensory Orientation H=28.14 (p value 

<0.0001) showed a significant difference in Older adults as compared with Young Adults and 

Middle age adults.  Post Study of Stability in Gait H=51.00 (p value=0.0001) showed 

significant difference across the three  age group. The study concluded that the total BEST 

score and three balance components start getting impaired by middle age. Reactive postural 

responses and sensory orientation diminish in older adults. Stability in gait shows a steady 

decline with aging. The study concludes that middle age is critical aging and changes start 

appearing by middle age.71 

29. Ge Wu has conducted their study in the Department of Physical Therapy, University of 

Vermont, Burlington. The purpose of this study was to identify some critical factors whose 

functional changes with age in the neuromusculoskeletal systems would potentially relate 

to the maintenance of standing balance. A total of 38 healthy subjects were tested, age 

range, 21-77 years. A postural disturbance at the foot was provided, and the range of 

movement of the head, trunk, thigh, shank, and foot was examined. Three supporting 

surfaces were tested: hard, soft, and reduced. The functions evaluated in each subject 

included general health, touch, and cutaneous vibratory perception threshold at four 
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different locations, ankle strength, and range of motion. The functions were then correlated 

with the maximum magnitude of the body movement. There were significant age-related 

changes in cutaneous vibratory perception threshold at all four locations of the foot, in 

plantar flexor strength, and in touch sensation at the heel region. Age had a positive 

correlation with head movement regardless of the supporting surface and the movement 

direction of the platform. Plantar flexor strength was also correlated with head movement 

but only when the platform moved in the backward direction. When standing on a large 

supporting base the change in cutaneous vibratory perception threshold at the 5th 

metatarsal head with respect to age showed a larger, although weak, effect on the head 

movement than the cutaneous vibratory perception threshold at other regions. The study 

concluded that the stabilization of an upright balance, especially the head, was related to 

age, plantar flexor strength, and vibratory perception at the foot. The laboratory test in this 

study identified such correlations.72 

30. Amelie Mora ux and their associates have completed their study in the institute de 

Myologie, UPMC, Paris cedex 13, France in 2013. The aim of the study were to establish 

normative data and predictive equations for both ankle dorsiflexion and plantarflexion 

strength from a population of healthy subjects to assess the reliability of measurements and 

to study the feasibility of using a novel dynamometer on a group of patients with 

neuromuscular disorder. The study were performed on 345 healthy subjects from 5 to 80 

years of age. The feasibility of the method was tested on nine patients with type 2A limb 

girdle muscular dystrophy. It has been concluded from the study that the device developed 

was both reliable and accurate in assessing both ankle dorsiflexion and plantar flexion 

torques measurements from weak patients and children to strong healthy adults, Norms 

and predictive equations are provided for two muscle function. 73 

31. Irene Di Giulio and their co-workers have conducted their study at Centre for Human 

and Applied Physiological Sciences, King’s College London, London, United Kingdom on 25 

june 2020. The aim of the study is to quantify how stair negotiation in older participants 

changes between four goings (175, 225, 275, and 325mm) and compared stair negotiation 

with and without a walking approach. Twenty-one younger (29 ± 6 years) and 20 older (74 ± 

4 years) participants negotiated a 7-step experimental stair. Motion capture and step-

embedded force platform data were collected. Handrail use was also monitored. From the 
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motion capture data, body velocity, trunk orientation, foot clearance and foot overhang 

were quantified. For all participants, as stair going decreased, gait velocity (ascent pa = 

0.033, descent pd = 0.003) and horizontal step clearance decreased (pa = 0.001), while trunk 

rotation (pd = 0.002) and foot overhang increased (pa,D< 0.001). Compared to the younger 

group, older participants used the handrail more, were slower across all conditions (pa < 

0.001, pd = 0.001) and their foot clearance tended to be smaller. With a walking approach, 

the older group (Group x Start interaction) showed a larger trunk rotation (pa = 0.011, pd = 

0.015), and smaller lead foot horizontal (pa = 0.046) and vertical clearances (pd = 0.039) 

compared to the younger group. A regression analysis to determine the predictors of foot 

clearance and amount of overhang showed that physical activity was a common predictor 

for both age groups. In addition, for the older group, medications and fear of falling were 

found to predict stair performance for most goings, while sway during single-legged 

standing was the most common predictor for the younger group. Older participants adapted 

to smaller goings by using the handrails and reducing gait velocity. The predictors of 

performance suggest that motor and fall risk assessment is complex and multifactorial. The 

results shown here are consistent with the recommendation that larger going and pausing 

before negotiating stairs may improve stair safety, especially for older users.74 

32.Pavithra Rajan and Michelle M. Porter have completed their study on 9 February 2015 at 

faculty of Kinesiology and Recreation Management, University of Manitoba, Winnipeg, MB, 

Canada. The purpose of this study was to determine the velocity during strength and power 

training, with elastic resistance bands, in older adults attending a geriatric rehabilitation day 

program. It was hypothesized that power training would be faster than strength training, 

but that there would be large inter individual differences. Nine older patients(70to86years) 

performed power and strength training of the ankle dorsiflexor and plantarflexor muscles 

using elastic resistance bands. Training sessions were filmed to assess the velocity of 

training. Power training occurred at faster velocities as compared to strength training(𝑃< 

0.01)for both muscle groups. However, a wide variation was observed between participants 

in the training velocities. Older adults attending geriatric rehabilitation do have the 

potential to develop faster contractions during power training as compared to strength 

training. Nevertheless, the actual velocities achieved differed between individuals. This 
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could explain some of the mixed findings of studies on power training. Hence, researchers 

should monitor velocity when comparing different types of resistance training. 75 

33.Tahsin Barıs¸ Deger, ZelihaFuldenSaraç and their associates conducted their study at 

Directorate of Health Affairs, Söke Municipality, Söke, Aydın 09200, Turkey on 17 May 2019. 

The aim of this study was to determine the prevalence of balance disorders; the effects of 

socio demographic, medical, and social conditions on postural balance; and the relationship 

between balance and falls in elderly individuals. The study design was cross-sectional. A 

total of 607 community-dwelling elderly individuals with a mean age of 73.99±6.6 years 

were enrolled after being selected by stratified random sampling. The study was performed 

as a face-to-face survey in the homes of elderly individuals. Socio demographic and medical 

data were obtained from elderly individuals using the Elderly Identification Form. Balance 

disorders were determined using the Berg Balance Scale (BBS). In this study, the prevalence 

of balance disorders was found to be 34.3% in the community-dwelling elderly. Older age, 

physical disability, having four or more chronic illnesses, the presence of incontinence, 

having a history of falls, not walking regularly, absence of free time activity, and obesity 

were found to be associated with an increased prevalence of balance disorders. Balance 

disorders are commonly seen in the elderly and may be triggered by a variety of biological 

and social factors. It is crucial to develop and implement national health and social policies 

to eliminate the causes of this problem, as well as to prioritize preventive health services in 

the ever-increasing elderly population. 76 

34. Hylton B. Menz have done their study on November 11, 2014 in Department of Podiatry 

and Lower Extremity and Gait Studies Program, School of Allied Health, La Trobe University, 

Bundoora, Vic.,  Australia. The study conducted on Biomechanics of the Ageing Foot and 

Ankle. Foot pain is highly prevalent in older people and has a significant detrimental impact 

on mobility and quality of life. In recent years, there has been increased interest in exploring 

the biomechanical factors that may contribute to the development of foot disorders and the 

associated impairment of mobility in this age group. Studies have shown that with 

advancing age, there is a general tendency for the foot to exhibit increased soft tissue 

stiffness, a decreased range of motion, decreased strength and a more pronated posture as 

well as to function in a more pronated position with reduced joint mobility and less efficient 

propulsion when walking. These changes may contribute to the development of foot pain, 
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impair performance in functional weight-bearing activities and increase the risk of falls. 

However, plantar pressure analysis technology has considerable potential to assist in 

optimising the design of interventions to redistribute load away from high-pressure areas, 

thereby alleviating foot symptoms and improving mobility in older people. 77 

35. Hamed Zare and their colleagues have performed their study at Department of 

Corrective Exercise and Sport Injuries, Faculty of Physical Education and Sports Sciences, 

University of Guilan, Guilan, Iran on 01 Jan 2020. The purpose of the study was  to examine 

the relationship between muscle strength and range of motion in lower extremity with 

balance and risk of falling in the elderly. This was a cross-sectional study. The statistical 

population included healthy elderly (Mean±SD age: 65.64±4.95 y) in Rasht City, Iran. The 

study was conducted on 65 healthy elderly males who met the study inclusion criteria and 

were selected by convenience sampling method. In this study, to measure static and 

dynamic balance, Sharpened Romberg test and Get Up and Go test were conducted, 

respectively. Additionally, the falling risk was measured by the Berg Balance Scale. 

Moreover, the maximum isometric force of the muscle groups in the lower extremities was 

measured using a hand-held dynamometer, and the range of motion was measured by a 

goniometer. The obtained data were analyzed using descriptive and analytical statistics by 

SPSS. The present study results demonstrated that the muscle strength of hip extension, hip 

abduction, hamstring, quadriceps, and ankle plantar flexion had a significant relationship 

with static balance; while being negatively related to dynamic balance (P≤0.05). 

Furthermore, we observed a significant and negative relationship between the muscle 

strength of ankle dorsiflexion and dynamic balance and risk of falling (P≤0.05). There was 

also a positive and significant relationship between the range of motion hip extension, knee 

flexion, plantar flexion, and ankle dorsiflexion and static balance, while indicating a negative 

and significant relationship between these variables and dynamic balance and risk of falling 

(P≤0.05). The study concluded that the muscle strength hip abduction, hip extensions, 

hamstring, quadriceps, plantar flexion, ankle dorsiflexion and range of motion hip extension, 

knee flexion, ankle plantar flexion, and dorsiflexion seem to affect balance maintenance and 

fall risk in the elderly.78 

 



29 

 

The relevant literature search was completed to draw the outline of the study and study 

design to investigate the effect of strength and range of motion of ankle joint on balance in 

healthy population aged 60-80 years.  
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METHODOLOGY   

The study was conducted to find out the effect of strength and range of motion of ankle 

joint on balance in healthy population aged 60-80 years. The study procedures were 

started after obtaining pre-requisite permission. The data collection was completed as 

per methodology given below. 

 STUDY DESIGN: Descriptive study. 

In this descriptive study age related strength and range of motion of ankle joint was 

correlated to balance component for healthy aged population 60 years and above. This 

data was used to assess the impact of strength and range of motion of ankle joint on 

static balance. the study tried to make an inference about balance in elderly. It has given 

the detail profile of ankle joint range of motion for dorsiflexion and plantarflexion, 

inversion, eversion as well as muscle acting for above said range of motion. 

 

 STUDY SETTING: 

 Community Physiotherapy OPD and community-based setting. 

Community based setting had provided the data by active participation of community 

dwelling old population. it was collected through primary care center. The community-

based setting provided easy access for the data collection to assess ankle joint of older 

adults. The outcome measure plan was executed at the site of data collection (in 

community) by building relationship between subjects and investigator. Their data was 

evaluated, report was compiled and described to find out correlation between outcome 

measures among elderly population. 

 

STUDY POPULATION:  

Elderly population aged 60-80 years. 

60 year and above healthy individuals were participated in this study. The target 

population were drawn the study population in the range of 60 to 80year old individual 

irrespective of gender. Healthy older adults were subjected to measurements of the 

study. 
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  STUDY DURATION:  

18 months 

18 months from the approval of board of research study till the submission to university 

which included data collection, result and compilation. 

 

SAMPLE SIZE ESTIMATION: 

 sample size was determined considering co-relation between stability & strength has 

the main outcome measure. 

Following assumption are made from the study LEE, et al (2012) 

 

Correlation coefficient: 30 

Power [1-β] % : 95% 

α Error = 1% 

Formula: n= [(Zα + Zβ)/C]2 ÷3 

                  Zα= standard normal score for α error. 

                  Zβ= standard normal score for β error. 

                  C = 0.5 × (n [1+r)/(1-r)] 

                   r = pearson’s correlation coefficient. 

               Here c = 0.5 × In [(1+0.3)/(1-0.3)] 

                            =0.305 

                            = 0.31 

          Therefore, n= [( 2.58+1.64) /0.31]2 

                                                  =185+3     =188 
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Therefore, the sample were rounded of to 200 subjects. 200 subjects were equally 

divided into 4 age group from 60-80 years,50 in each group 

The range of 60-80 years age group were classified in 4 groups that is 

 

 

200 subjects were subjected for assessment protocol and compilation of data. 

 

 Sampling technique: 

 convenience of 200 eligible subjects were selected from the population adjacent to 

the study setting. Opportunity sampling were included geriatric population close to 

tertiary health care center it was expected that sampling would be easily available to 

draw the inference of the study. 

 

 

 

 

 

 

 

 

 Age in years  No of participants. (M+F) 

60-65 50 

65-70 50 

70-75 50 

75-80 50 
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METHOD OF SELECTION OF STUDY SUBJECTS: 

 

The eligibility of the participants was based on the following criteria: 

 

INCLUSION CRITERIA: 

1. Subjects age between 60 to 80 years. 

2. Both Genders. 

3. Physiologically healthy individuals. (Vitalsigns are well within the physiological 

limit) 

 

EXCLUSION CRITERIA: 

1. Recent trauma/fracture of lower extremity. 

2. Replacement surgery of lower extremity (THR, TKR amputation). 

3. Neurological disorder. 

4. Vestibular disorders. 

5. Compromised audio or visual function. 

6. Foot disorder. (calcaneal spur, plantar fasciitis). 
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OPERATIONAL DEFINITIONS: 

 

•  Range of motion- Range of motion is the arc of motion that occurs at a joint or a 

series of joints.79 

• Muscle strength- Muscle strength testing is used to determine the capability of 

muscles or muscle groups to function in movement and their ability to provide 

stability and support.80 

• One leg stance- It is a test that assess postural steadiness in static position by a 

temporal measurement.81 

• Healthy aging- WHO defines healthy aging as the process of developing and 

maintaining the functional ability that enables wellbeing in older age.82 
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DATA COLLECTION TOOLS : 

1.Weighing machine  

2.Measuring tape 

3.Jamar dynamometer 

4.Goniometer 

5.Couch 

6.stopwatch 

7.Chair 
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PHOTOGRAPHS OF THE PROCEDURE 

 

Photograph 1-   

Ankle dorsiflexion strength by Hand held Jamar Dynamometer. 

 

 

 

Photograph 2-   

Ankle Plantarflexion strength by Hand held Jamar Dynamometer. 
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Photograph 3-   

Ankle inversion strength by Hand held Jamar Dynamometer. 

 

 

 

Photograph 4-   

Ankle eversion strength by Hand held Jamar Dynamometer. 

 

 

 

Photograph 5-  
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Range of motion of ankle dorsiflexion by Goniometer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 5-  

Range of motion of ankle plantarflexion by Goniometer. 
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Photograph 6-  

Range of motion of ankle inversion by Goniometer. 
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Photograph 7-  

Range of motion of ankle eversion by Goniometer. 
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Photograph 8- 

 

Subject performing one leg stance test with eyes open 

 

 

 

 

 

 

 

 

 

 

 

Photograph 9- 

Subject performing one leg stance test with eyes close. 
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OUTCOME MEASURES: 

 Strength and range of motion of ankle joint were noted bilaterally. 

1.ANKLE STRENGTH (in Kgs)-    Dorsiflexion 

 (By hand held dynamometer) Plantarflexion 

                                                       Inversion 

                                                       Eversion 

2.RANGE OF MOTION (in degrees) (Active) 

 (By goniometer)                          Dorsiflexion 

                                                          plantarflexion 

                                                          Inversion 

                                                          Eversion 

 

3.Single leg stance in seconds with open eyes and closed eyes. 
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METHOD OF DATA COLLECTION: 

To achieve the aim of the study the data collection initiated with permission from head of 

institute. The title and synopsis presentation was done in presence of institutional ethics 

committee. Followed by the institutional ethics committee suggested few corrections those 

were incorporated and approval was given by IEC to carry out the study titled “The effect of 

strength and range of motion of ankle joint on balance in healthy population aged 60-80 

years” – A Descriptive study. The complete synopsis was presented to Board of research 

study for final approval and forwarded to Maharashtra university of health science Nashik. 

The  approval letter was obtained from the Maharashtra university of health science Nashik. 

The subjects were selected from community through personal contact, community OPD, 

geriatric OPD and older group people attending to their patients.  

Due to ongoing pandemic, covid norms were followed and It was found that almost all the 

subjects were vaccinated or registered for the dosage. Prior to measurement of outcome 

measures the purpose and procedure of the study was explained to the subjects. After 

considering the inclusion and exclusion criteria each subject was asked to sign an informed 

consent form. Anthropometric data such as height, weight were noted with the help of 

measuring tape and weighing machine respectively prior to the study. 200 geriatric 

population of aged 60-80 years both male and female were included in the study. 

Participants were classified into 4 age groups. 50 subjects consists in each group.  

 

Ankle strength and range of motion were measured on available plinth or table. For 

measuring Bilateral isometric strength and range of motion of ankle dorsiflexion the subject 

lying in comfortable  supine position with feet off the table. The measurements were taken 

by hand held dynamometer in kgs & full circle goniometer was used for active range of 

motion. For measuring ankle plantar flexion the subjects were lying in prone position with 

knees flexed then plantarflexion range and strength was recorded. For the inversion and 

eversion the subjects were taken is high siting position and range and strength of invertors 

and evertors was calibrated. 10 minutes rest was given after the measurements and ask the 

subjects to stand on barefoot on the limb of their choice, with other limb raised so that 

raised foot will near but not touching the ankle of their stance limb. each subject was asked 
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to focus on a spot on the wall at eye level in front of them, The subjects were instructed to 

cross their arms over the chest. The investigator used a stop watch to record the amount of 

time the subject has taken to stand on one limb. Time commenced when the subject raised 

the foot off the floor. Time ended when the subject either: (1) use their arms (i.e, uncrossed 

arms.) 

(2) use the raised foot (move it toward or sway from the standing limb or touch the floor).  

(3) Move the weight bearing foot to maintain the balance (i.e, rotated foot on the ground), 

(4) A maximum 20 seconds have elapsed. 

The procedure was repeated 2 times and best recording have considered for data analysis. 

Five minutes rest period was given between two  test. Out of 2 single leg stance test one 

best performance was considered for data analysis. Followed by that all the outcome 

measures and anthropometric data was compiled and entered in excel sheet for analysis 

and result of the study. 
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FLOW CHART OF GENERAL PROCEDURE:

 

 

 

 

 

Permission from the head of institution and approval from ethics committee and BORS 

Written consent was taken from the participants 

Anthropometric measurements were taken 

200 healthy population aged 60-80years were selected. They have classified into 4 groups, each 
group consists of 50 subjects.  

Range of motion of ankle joint were taken in degree’s by half circle  goniometer and Strength 
were measured in kg’s by jamar dynamometer. 

10 minutes resting period was given after the measurements. 

Barefoot One leg stance for 20 second was performed with eyes open and close. 

Data management and analysis. 

Encryption (codeing / decodeing) 
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DATA MANAGEMENT AND ANALYSIS : 

Data was entered in MS excel, coded and analysed in statistical software STATA, version 

10.1,2011. 

Data analysis included both descriptive and interferential statistics. 

Descriptive statistics were used to summarize quantitative variables with mean, standard 

deviation (SD), while frequency and percentages were used to summarize categorical 

(qualitative) variables. 

Correlation between stability and ROL, Strength will be assessed for each age group using 

Pearson’s correlation coefficient (r). 

Interferential statistics mainly included hypothesis testing procedures like (Analysis of 

variance) and F test for comparing mean differences in five groups. student’s t-test will also 

be used to assess significance of difference in means and for testing correlation coefficient 

r=0. 

A p-value <0.05 was considered statistically significant for all comparisons. 
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RESULT 

Table 1. 

Distribution of subjects according to age-

group (years) 

Age-Group 

(years) 
No. % 

60-64 64 32.00 

65-69 56 28.00 

70-74 27 13.50 

≥ 75 53 26.50 

Total 200 100.00 

 

 

The maximum representation was falling in the range of 60-64 years. i.e. 64 elderly.  
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Table 2. 

MEAN AGE and BMI (n=200) 

Sr no. Age group Mean age in years Mean BMI in kg/m2 

1 60-64 62 22.4 

2 65-69 67 22.75 

3 70-75 72 22.85 

4 75-80 77.5 21.95 

The mean age in the study was 68.67 years with standard deviation, ±6.41 with minimum 

age 60 and maximum 80 years. 

 

Table 3. 

mean 

 ANKLE STRENGTH (BILATERAL) in kg’s as per age wise classification. 

s.n

o 

age 

group

s 

dors

i  

(R)in 

kg 

dorsi(L

) in kg 
planta

r 

(R) in 

kg 

planta

r 

(L) in 

kg 

inversio

n 

R in kg 

inversio

n 

L in kg 

Eversio

n 

R in kg 

eversio

n 

L in kg 

1 60-64 7.5 7.5 3.5 3 3.5 3.5 3.5 2.5 

2 65-69 7 7 3 3.5 3.5 3.5 3 2.5 

3 70-75 6 6 3 3 3.5 2.5 2 2 

4 75-80 6.5 6 2 2.5 3 2.5 3 2.5 

 Mean 6.74 6.52 3.035 3 3.21 3.085 2.485 2.155 
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Table 4. 

MEAN ANKLE RANGE OF MOTION (BILATERAL) in degree’s as per age wise classification. 

 

 

 

 

 

 

 

 

 

 

s.no age 

group

s 

dorsi  

(R)  

dorsi 

(L)  

planta

r 

(R) 

planta

r 

(L) 

inversio

n 

(R) 

inversio

n 

L 

Eversio

n 

R 

eversio

n 

L 

1 60-64 16.5 16.5 38.5 39 26.5 25 21.5 21 

2 65-69 16 15.5 35 32.5 27.5 26.5 20.5 19.5 

3 70-75 16 14 32 30 27.5 27.5 19 16.5 

4 75-80 15.5 14.5 32 32 26 26.5 16.5 16.5 

mea

n 

 17.1

5 

16.7

6 

34.95 34.32 27.75 27.5 18.305 17.94 
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Table 5 

MEAN ONE LEG STANCE (OPEN/CLOSE EYES) in seconds as per age wise classification. 

 

s.no age group one leg stance open eye one leg close eye 

1 60-64 16sec 11.5sec 

2 65-69 15.5sec 11sec 

3 70-75 13.5sec 8 sec 

4 75-80 13.5sec 8 sec 

mean  14.64 10.32 
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Table 6 

 

 

 

 

 

 

 

 

 

pie chart depicts gender wise distribution 

124 males participated in the study. (Table 2) 

 

 

 

 

Male, 62 

Female, 
38 

Distribution of subjects 
according to Gender 

Distribution of subjects according to Gender 

Gender No. % 

Male 124 62.00 

Female 76 38.00 

Total 200 100.00 
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table 7 

Distribution of subjects according to  

Height (meter) 

Mean 1.64 

SD 0.07 

Range 1.42-1.79 

 

 

 

TABLE  8 

Distribution of subjects according to Weight 

(Kg.) 

Mean 60.56 

SD 8.58 

Range 40 - 82 
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Table 9. 

 

 

 

 

 

 

 

The table depicts that 1.64 meter was the mean height with standard deviation ±0.07. The 

average weight of the population was 60.56 kg with standard deviation, ±8.58 which leads 

to mean BMI of 22.52 which is within normal limit according to BMI scale. 
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Weight in Kg. 

Distribution of subjects 
according to Weight (Kg.) 

variable total no     Mean    SD Minimum Maximum 

Height in 

meter’s 

200 1.64 0.07 1.42 1.79 

Weight in 

kg’s 

200 60.56 8.58 40 82 

BMI 200 22.52 2.4 15.6 29.2 
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TABLE 10. 

 

Distribution of subjects according to  

Range of Motion (ROM) in degrees 

Mean 17.15 16.76 

SD 2.18 2.65 

Range 11 - 20 10 - 20 

 

 

The mean value of right foot dorsiflexion was 17.15 with standard deviation    -2.18 with 

minimum range of 11   and maximum 20  . Similarly, the mean value for left dorsiflexion was 

16.76 with standard deviation  - 2.65, which has minimum range of 10  and maximum 20  of 

left side dorsiflexion.(Table 6). 
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TABLE  11. 

Distribution of subjects according to Range of Motion (ROM) in degrees 

Mean 34.95 34.32 

SD 5.83 6.52 

Range 20 – 47 20 - 48 

 

s 

 

The mean value of right foot plantar flexion was 34.95, standard deviation 5.83. with 

minimum plantarflexion range was 20   and maximum was 47  .similarly ,the mean value of 

left foot plantar flexion was 34.32, standard deviation ±6.52 with minimum range was 

20  and maximum 48  .  
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TABLE  12 

Distribution of subjects according to Range of Motion (ROM) in 

degrees 

Mean 27.7 27.7 

SD 4.09 4.38 

Range 18 - 35 15 - 35 

 

 

The mean value of right foot inversion was 27.7 with standard deviation was   -4.09 with 

their minimum range was 18  and maximum range was found 35  . Whereas, mean value of 

left foot inversion was 27.7, standard deviation was 4.38 with inversion minimum range was 

35  and maximum range was 15  . 
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TABLE  13. 

Distribution of subjects according to Range of Motion (ROM) in 

degrees 

Mean 18.3 17.94 

SD 3.49 3.49 

Range 11 - 26 11 - 25 

 

 

The mean value of right foot eversion was 18.3, standard deviation ±3.49 with minimum 

eversion was found 11  and maximum 26  . Whereas, the mean value of left foot eversion 

was 17.94, standard deviation ±3.49 with minimum eversion was found 11  and maximum 

25  . 
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TABLE  14. 

Distribution of subjects according to  

strength of ankle joint in Kgs. 

Mean 6.74 6.52 

SD 1.59 1.70 

Range 4 - 10 3 - 10 

 

 

 

The mean value of right foot dorsiflexion strength was 6.74 with standard deviation   +-1.59 

with minimum range of 4 kg and maximum 10kg. Similarly, the mean value for left 

dorsiflexion strength was 6.52 with standard deviation +- 1.70, which has minimum range of 

3kg and maximum 10kg of left side dorsiflexion. 
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table 15. 

Distribution of subjects according to  

strength of ankle joint in Kgs. 

Mean 3.03 3 

SD 0.67 1.01 

Range 1 - 5 1 - 5 

 

 

 

 

 

 

 

The mean value of right foot plantarflexion was 3.03 with standard deviation ±0.67 with 

minimum range of 1 kg and maximum 5 kg. Similarly, the mean value for left dorsiflexion 

was 3kg with standard deviation ± 1.01, which has minimum range of 1kg and maximum 5kg 

of left side dorsiflexion. 
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TABLE  16. 

Distribution of subjects according to  

strength of ankle joint in Kgs. 

Mean 3.21 3.08 

SD 0.91 0.92 

Range 2 - 5 1 - 5 

 

 

The mean value of right foot inversion was 3.21 with standard deviation ±0.91 with 

minimum strength of 2 kg and maximum 5 kg. Similarly, the mean value for left inversion 

was 3.08 with standard deviation ± 0.92, which has minimum strength of 1kg and maximum 

5kg. 
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TABLE  17. 

Distribution of subjects according to  

strength of ankle joint in Kgs. 

Mean 2.48 2.15 

SD 0.88 0.81 

Range 1 - 5 1 - 4 

 

 

The mean value of right foot eversion was 2.48 with standard deviation ±0.88 with 

minimum strength of 1 kg and maximum 5 kg. Similarly, the mean value for left eversion 

was 2.15 with standard deviation ± 0.81, which has minimum strength of 1kg and maximum 

4kg. 
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TABLE  18. 

Distribution of subjects according to   

static balance by using single leg stance test in terms of seconds 

Mean 14.64 10.32 

SD 3.06 3.11 

Range 9 - 20 4 - 17 

 

 

 

The mean value of static balance with eyes open was 14.64 seconds, standard deviation 

3.06, with minimum duration was 9 seconds and maximum was 20 seconds. similarly, the 

mean value with eyes closed was 10.32, standard deviation 3.11,with minimum duration 

was 4 seconds and maximum was 17 seconds.  
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TABLE  19. 

Correlation between other parameters with range of motion in degrees (Right) 

    
Dorsiflexion 

(Right) 

Plantarflexion 

(Right) 

Inversion 

(Right) 

Eversion 

(Right) 

Static balance in 

seconds 

 (eyes open) 

Plantarflexion 

(Right) 

r 0.6035         

P value 0.0001         

Inversion 

(Right) 

r 0.4171 0.4330       

P value 0.0001 0.0001       

Eversion 

(Right) 

r 0.5601 0.6510 0.4930     

P value 0.0001 0.0001 0.0001     

Static balance 

in seconds 

(eyes open) 

r 0.1421 0.2146 0.1200 0.2166   

P value 0.0448 0.0023 0.0907 0.0021   

Static balance 

in seconds 

(eyes closed) 

r 0.0849 0.2092 0.1400 0.2160 0.8736 

P value 0.2319 0.0030 0.0480 0.0021 0.0001 

 

 

 

 

 

 



67 

 

 

 

TABLE 20. 

Correlation between other parameters with muscle strength in Kg. (Right) 

    
Dorsiflexion 

(Right) 

Plantarflexion 

(Right) 

Inversion 

(Right) 

Eversion 

(Right) 

Static balance in 

seconds  

(eyes open) 

Plantarflexion 

(Right) 

r 0.4105         

P value 0.0001         

Inversion 

(Right) 

r 0.4426 0.2820       

P value 0.0001 0.0001       

Eversion 

(Right) 

r 0.4191 0.2928 0.7126     

P value 0.0001 0.0001 0.0001     

Static balance 

in seconds 

(eyes open) 

r 0.7227 0.4309 0.4302 0.4099   

P value 0.0001 0.0001 0.0001 0.0001   

Static balance 

in seconds 

(eyes closed) 

r 0.6857 0.4794 0.4361 0.4721 0.8736 

P value 0.0001 0.0001 0.0001 0.0001 0.0001 
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TABLE 21. 

Correlation between other parameters with range of motion in degrees (Left) 

    
Dorsiflexion 

(Right) 

Plantarflexion 

(Right) 

Inversion 

(Right) 

Eversion 

(Right) 

Static balance in 

seconds 

 (eyes open) 

Plantarflexion 

(Right) 

r 0.1119         

P value 0.1145         

Inversion 

(Right) 

r 0.4997 0.0890       

P value 0.0001 0.2101       

Eversion 

(Right) 

r 0.5903 0.2153 0.5123     

P value 0.0001 0.0022 0.0001     

Static balance 

in seconds 

(eyes open) 

r 0.1932 0.1049 0.1178 0.1765   

P value 0.0061 0.1391 0.0966 0.0124   

Static balance 

in seconds 

(eyes closed) 

r 0.1487 0.1140 0.1555 0.1950 0.8736 

P value 0.0356 0.1080 0.0279 0.0057 0.0001 
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TABLE 22. 

Correlation between other parameters with muscle strength in Kg. (Left) 

    
Dorsiflexion 

(Right) 

Plantarflexion 

(Right) 

Inversion 

(Right) 

Eversion 

(Right) 

Static balance in 

seconds 

 (eyes open) 

Plantarflexion 

(Right) 

r 0.5106         

P value 0.0001         

Inversion 

(Right) 

r 0.5029 0.5323       

P value 0.0001 0.0001       

Eversion 

(Right) 

r 0.4381 0.5115 0.7238     

P value 0.0001 0.0001 0.0001     

Static balance 

in seconds 

(eyes open) 

r 0.7337 0.4582 0.4548 0.4549   

P value 0.0001 0.0001 0.0001 0.0001   

Static balance 

in seconds 

(eyes closed) 

r 0.7093 0.6005 0.5005 0.5282 0.8736 

P value 0.0001 0.0001 0.0001 0.0001 0.0001 
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RESULT 

the mean value of strength of right ankle dorsi flexion was 6.745, and left dorsiflexion was 

6.52, right plantarflexion 3.035, left plantarflexion 3, right inversion 3.21. left inversion 

3.085, right eversion 2.485, left eversion 2.155 in kg’s 

The recorded value was 14.64 seconds for static balance by performing single leg stance 

with eyes open and 10.325 seconds with eyes close for older adults. 

Strength, range of motion of ankle joint and static balance was correlated and found to be 

positive in the data analysis. 
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Discussion 

The purpose of this study was to find out the correlation between ankle strength and range 

of motion with unilateral leg stance in healthy older adults aged 60-80 years.  

The maximum number of subjects were assessed in the age group of 60-64 overall the 

population representation was observed among all age group classification. In the present 

study male longetivity was found higher than females. ( table1, 6). 

According to the ICMR life expectancy at birth increased to 66.9 years for males and 70.3 

years for females. This suggests that the female longetivity was higher.83 The current study 

findings are different the given values as it was found more number of male participants 

than female. 

The study done by JEONG-WOO LEE and his associates in which they examined the balance 

ability of elderly people aged 65 years or older, through the stability index and 

synchronization index measured before and after visual deprivation on an unstable base of 

support. 

The current study shows BMI values of 22.52kg/m2,standard deviation ±2.4 which is within 

the normal limits. Study done by Natasya Valentina shows strong positive correlation of BMI 

with balance in older population. This is suggestive that risk of fall lowers if BMI ranging in 

normal values. Similarly, as BMI increases or decreases that is overweight, obese or 

underweight the risk of fall increases. (Table-2,7, 8,9). 

Sample age was increasing, the strength of ankle dorsiflexors and plantar flexors was 

reducing, the same pattern was observed in inversion and eversion muscle group in this 

study. (Table-3) 

Eventually, range of motion of ankle and subtalar joint is falling on the same trend. 

Therefore, it is inferred from the study that the muscle strength and range of motion of 

ankle joint has got effect on static balance with closed and open eyes on the performance of 

single leg stance test. (Table-4, 5)(Table 2-9) 
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As shown in table no.10 the minimum range of right foot dorsiflexion was 11   and maximum 

20  . Similarly, left foot dorsiflexion minimum range was 10  and maximum 20  . Reduced 

range of motion in the rearfoot and midfoot may also influence the motion of the foot when 

walking, which, in turn, may affect the extent to which plantar loads can be attenuated. 

Indeed, a recent biomechanical study reported that the inter-segmental range of motion at 

the ankle, rearfoot and midfoot when walking was inversely associated with peak pressure 

at the corresponding plantar regions, i.e. individuals with less foot joint mobility generate 

significantly larger plantar loads.39 

The foot play an important role in adapting to uneven surfaces, a decrease in range of 

motion of ankle dorsiflexion is strongly related to impaired balance and functional ability in 

elderly.36,37 

The findings of this study show that the elderly have decreased flexibility and ROM, which 

would impede their ability to regain balance following an external perturbation. Range of 

motion for ankle dorsiflexion, gastrocnemius length, and general flexibility were significantly 

decreased in elderly fallers older than 60 years. 

The aforementioned somatosensory deficiencies at the ankle coupled with our findings 

showed a significant decrease in ankle dorsiflexion (DF) and gastrocnemius length that can 

lead to deleterious effects on static balance. These results and Nolan et al5 and Whipple et 

al,11 who also supporting the current study result that decreased DF and decreased length 

of knee and ankle muscles were causative factors for falls. 

 The mean value of right foot plantar flexion was 34.95, standard deviation 5.83. with 

minimum plantarflexion range was 20   and maximum was 47  .similarly ,the mean value of 

left foot plantar flexion was 34.32, standard deviation ±6.52 with minimum range was 

20  and maximum 48  . The study was done by HUNGU JUNG, they have taken lower 

extremity range of motion and muscle strength in community dwelling older adults. The 

ankle plantarflexion range of motion was found to be 58.0,  ± 7.9. They found that there 

were significantly associated with lower extremity physical performance test score in 

community dwelling older adults the same results were found in the present study. The 

plantarflexion range was reducing and static balance time was also reducing in the 

measurement of static balance in seconds.( Table-11). 
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 The minimum range of right foot inversion was 18  and maximum range was found 35  . 

Whereas, the left foot minimum inversion range was 35  and maximum range was 15  .The 

findings of this study demonstrate that ankle eversion ROM is significantly declined with 

aging and there is a significant association between ankle eversion ROM and ML sway of 

COP and OSI in elderly. Spink et al. [16] reported that age related changes of foot problems 

are common and it impairs balance and increase the risk of falls. Particularly, plantar flexor 

strength and ROM of ankle inversion-eversion were the variables most frequently 

associated with the balance and functional ability in older people [16]. The present study 

result falling in same line. (Table-12). 

The right foot dorsiflexion strength ranging from 4 kg minimum and maximum 10kg. 

Similarly, the left dorsiflexion strength was minimum 3kg and maximum 10kg. as shown in 

table 11 and 12. Dorsiflexor strength was reported to be significantly associated with the 

maximum recoverable forward lean angle of older adults [29], in support of their findings 

that the forward functional base of support (FBOS) was significantly associated with ankle 

dorsiflexor strength. With these findings they suggested that responses from ankle 

dorsiflexors could also be important for balance maintenance during backward 

perturbations that induce a forward body sway which is required in daily activities of living. 

Elderly adults may not be able to control the center of pressure and maintain balance while 

standing on their forefoot and toes as effectively as young adults due to weakness in ankle 

dorsiflexors, which would limit their ability to restore balance from a backward support 

surface translation. (Table-14). 

Wiksten et al. [17] found in their study that there is a significant correlation between 

duration of stance  and average torque of dorsal flexors, but only for a one-leg stance on the 

non-dominant limb with eyes closed, not for a bipedal stance 

Also, the study done by Soo-Kyung Bok and his colleagues found in their study that static 

balance may be related to plantar flexor strength more than dorsiflexor strength. In 

addition, also indicates a significant correlation between muscle work of ankle evertors and 

sample entropy in the medial-lateral direction. This result suggests that these muscles have 

important effect on postural control in medial-lateral direction. In the scientific literature 

there is lack of evidence focused of relationship between ankle evertors muscle strength 

and postural control in older adults. Some studies focused on subjects with ankle instability 
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showed that these subjects can be characterized by both weakness of evertor muscles and 

decreased postural control in medial lateral direction [40].  They found in the study  that 

ankle plantar flexor strength is significantly declined with aging and there is a significant 

association between ankle plantar flexor strength and AP sway of COP and OSI in the 

elderly. Plantar flexor has a role in supporting weight of body and providing stability at the 

ankle and feet for standing and gait, whereas dorsiflexor muscles against gravity during the 

swing phase of gait clear the feet from the floor. Their findings suggest that static balance 

may be related to plantar flexor strength more than dorsiflexor strength. 

Although other ankle muscles are also often considered as important for postural control 

during standing, the number of studies concerning these muscles is very limited. Especially 

in ankle evertors and invertors, lack of studies could be associated with difficulties during 

testing of these muscles. However, in past years, good reliability of ankle muscle strength 

measurements including ankle invertors and evertors. 

Woo et al. [11] demonstrated that balance ability was decreased according to  increase in 

age, tested by one-leg standing.Laughton et al. [12] reported that elderly fallers 

demonstrated significantly greater amounts of sway in the Antero posterior direction and 

greater muscle activity during quiet standing compared with the young subject Muscle 

weakness is an important factor associated with falls in the elderly. There have been 

reported that ankle dorsiflexor weakness related to an older adult’s fallen status *1,14+. 

 Change of lifestyle and lack of physical activity can reduce muscle strength. muscle strength 

plays an important role in maintaining human balance (Janssen et al 2018). This study also 

found a strong correlation between lower limb muscle strength and BMI. Elderly 

respondents who are underweight tend to have less lower limb muscles strength which may 

also be related to the presence of sarcopenia. Sarcopenia is common in adults over the age 

of 65 years and increases with age. BMI is a strong predictor of skeletal muscle mass in 

women and men (Iannuzzi-sucich et al.  2002) This lower leg muscle weakness results in a 

decrease in balance as measured by the risk of falls.  

Inactivity leads to poor strength and reaction time even in middle age. Similar results were 

seen with biomechanical constraint, Stability limits or Verticality, and Anticipatory control 

score in middle age group. 
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Liaw MY, Chen CL et al. in 2009 while studying static and dynamic balance stated that 

elderly uses hip strategy to maintain postural balance in standing this factor would have 

given wider scope to find out the details about static and dynamic balance in the present 

study.14]. 

Weight-bearing ankle dorsiflexion ROM had the strongest association value with general 

mobility and dynamic stability in older adults. This inferred that ankle mobility while bearing 

weight was an essential articular function to perform dynamic tasks. In contrast, the plantar 

flexor muscle strength was a potential contributor to static standing balance with open 

eyes. Importantly, they found that a high proportion of participants (>80%) presented with 

limited ankle mobility. Weight and non-weight-bearing ankle ROM measures were similarly 

associated with balance measures and, consistent with previous findings, had only 

moderate correlation in their study [32]. However, the former presented the highest 

correlation values and was the only predictive factor of balance according to statistical 

models.  

Probably because the ankle joint supports a large part of the weight of the human body and 

bears weight during dynamic functional tasks, such as walking, getting up from a chair, or 

climbing stairs. However, limited ankle ROM in the sagittal plane had little influence on 

maintaining static balance. This was most likely the case because static balance is not 

affected by minor ankle ROM limitations, and is more dependent on multiple other factors, 

such as proprioception, vestibular function, sensory integration, or even vision. 

 If these senses are healthy, the role of ankle ROM in static balance is limited and older 

adults are able to compensate for the vast majority of musculoskeletal limitations, thus 

avoiding losing their balance [3]. The role played by ankle mobility in postural control has 

been broadly discussed in the literature [3]. However, few studies have thoroughly 

appraised how this factor influences the various components of postural control or classified 

balance assessments in terms of measures of stability, dynamic, and static balance. 

Mecagnietal. [18] found positive associations among ankle mobility, functional mobility, and 

stability. Menzetal. [8] suggested that foot problems (including ankle ROM) may decrease 

stability and functional ability (consistent with our findings) and influence standing static 

balance (this was non-consistent). Finally, Spinketal. [17] found that ankle inversion-

eversion ROM was an important determinant of balance in older adults (our study evaluated 
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dorsiflexion to plantarflexion  The present study reinforced the above mentioned opinion 

about ankle mobility  as a potential contributor to  static balance. 

 In the present study, the plantar flexors muscle strength was measured bilaterally, the 

mean of plantar flexion was 3.03kg of right foot and 3kg of left foot was found. As for the 

plantar-flexor muscle strength, the results suggested that, to some extent, this was a 

potential contributor to static standing balance. This reinforces previous studies supporting 

the fact that an increase in muscle strength may induce benefits on balance [33]. However, 

this relationship was only present when the participant’s eyes were open. The elimination of 

an important sensory input, such as vision, results in greater reliance on proprioception, as 

well as on the integrative, vestibular, and underlying systems of balance. Whether the 

plantar-flexor strength becomes less relevant in the response strategies of these systems is 

speculative. Some studies have indicated that not only the maximal strength, but also 

aspects such as the capability of rapid strength production of plantar flexion, is important 

for balance ability in older adults [34]. ( Table-15). 

Weaker group of muscle in older population is an important factor to associate it with 

reduced balance and thereby fall. As it is known fact that ankle dorsiflexion are involved in 

lifting the lower limb during the swing phase of gait, thereby allowing sufficient clearance of 

the toes over the ground which is important in prevention of tripping. Range of motion of 

ankle inversion, eversion where the most frequently associated with the balance and 

functional ability in older people. In the present study findings demonstrated there is 

significant decline in the strength with ageing and significant correlation was established 

with Pearson correlation test ( P = 0.0001, r=0.4105). Moreover, the plantarflexion strength 

was strongly correlated with ageing and static balance  ( P= 0.0001, r= 0.5106) as it is known 

that plantar flexion play an important role in standing and gait cycle. Not only the strength 

of the muscle but also joint range of motion has influenced maintenance of balance. (Table-

19). The range of motion ankle joint are reduced with age in this study. 

Ankle muscles strength of dorsiflexion, plantar flexion, inversion, eversion of bilateral foot 

and its correlation with single leg stand test showed strong positive relationship with open 

eyes it could be explained in terms of important sensory input such as vision results in 

greater reliance on proprioception. The integrated vestibular proprioceptive system of 
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balance is activated to maintain the balance with open eyes (table 20). Good plantar flexion 

strength provides strong concentric muscle action stability in standing position for longer 

duration to maintain balance in unilateral weight bearing position. This activity is essential 

for community dwellers to balance themselves in narrow spaces, crowd spaces and in 

community hall. Therefore, it is important finding in the present study to plan out the future 

preventive strategy for balance improvement exercises. 

Ankle strength and flexibility are required when the body is exposed to gravity and external 

forces. The finding of this study depicted that ankle eversion range of motion is significantly 

declined with ageing and there was significant association between ankle eversion range of 

motion and static balance in elderly. (Table-13) The study findings confirmed significant 

declined in balance due to ageing in consequence of muscle weakness range of motion 

limitation of ankle joint. The ankle strength and range of motion are essential factors to 

maintain balance at the initial phase of gait cycle. Therefore, compromised balance in 

healthy older adults has been related to muscle weakness and reduce range of motion in 

the ankle joint. (table 19-22)]However, hip and knee strength was not included in the 

current study. 

The positive correlation was established on the basis of Pearson bivariate correlation 

coefficient. It means as the strength and range of ankle joint is reducing, the balance is 

compromised. (Table 20) 

The balance measurement in seconds is reduced in single leg stance test. The poor strength 

and reduced range of motion subjects could not stand for longer duration with open eyes 

and closed eyes. ( table 21,22) 

Five minutes rest was given between 2 single leg stance test sufficient rest was given 

between two performance therefore, muscle fatigue was excluded in each trial. Further 

research can be carried out to establish the intervention program that will include 

strengthening and flexibility exercises for the ankle to improve balance and functional ability 

with help of functional assessment. Thereby, It will play an important role in the prevention 

of fall and loss of independence in activity if daily living and community life in elder people. 
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LIMITATIONS  

 

Intrinsic muscle of the foot were not assessed in this study. 

 

Hip strategy would have given accurate idea about static balance which was not assessed in 

the study. 
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Strength of the study 

 

Extended measurements of static balance was recoded with closed as well as open eyes 

single leg stance. 

 

 

 

weakness of the study- 

 

Hip, knee and foot intrinsic muscles were not assessed.  
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 Further scope of the study 

Further study can be done to find out the relationship between the strength of dorsiflexion 

muscle and fall, at the same time correlation with dynamic balance. 
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Clinical Implication- 

 

Ankle range of motion and strength assessment as well as unilateral single leg stance should 

be done on regular basis to plan the fall prevention strategies for elder population. 
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CONCLUSION 

The study was found to find out the correlation between ankle strength and range of 

motion with static balance. The present study result demonstrated as strength is reducing 

range of motion is declining and static balance is reducing. It is explained by single leg 

stance test. Standing duration is reducing particularly plantarflexion strength is declining 

and static balance is also decreasing. it can be stated that ankle strength and range of 

motion are essential determinants and components for good balance to reduce the risk of 

all to perform their day by day activities. Examination of correlation of active range of ankle 

range of motion and balance ability of elderly people results are found significant for plantar 

flexion and single leg stance with closed and open eyes. It can be inferred that ageing affects 

strength and range among elderly, at the same time balance is also affected in correlation 

with strength and range. 
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SUMMARY 

background 

ankle function declines with age. aging lead to reduction of muscle strength reduced joint mobility 

and degradation of incoming sensory information that in turn may contribute to risk for falls in 

elderly. fear of falling and sustained serious injury is increased with advancing age, thirty percent of 

elders aged 65 years or more, half of them fall once per year. however, loss of self-confidence 

associated with falling leads to decreased activity and physical ability. risk factors for fall include 

balance dysfunction, muscular weakness, poor joint mobility. the objective of this study was to 

investigate the effect of strength and range of motion of ankle joint on balance in healthy aged 

population aged 60- 80 years. 

 

AIM & OBJECTIVE  

to find the effect of ankle strength and range of motion on balance in healthy population aged 60-80 

years 

 

1.to measure the ankle dorsiflexors, plantar flexors, eversion and inversion strength bilaterally with 

hand held dynamometer in kgs. 

2.to measure the range of motion of dorsiflexors, plantar flexors, eversion and inversion bilaterally 

in degrees with goniometer. 

3.to record the duration of static balance by using single leg stance test in seconds. 

4.to co-relate the muscle strength of plantar flexors, dorsiflexors, invertors, evertors and range of 

motion of dorsiflexion, plantarflexion, inversion, eversion with balance.    

methods 

this was a descriptive study that included 200 healthy community-dwelling older adults. ankle range 

of motion was measured by goniometer whereas ankle muscle strength was assessed using a 

jammer hand-held dynamometer. balance was measured in terms of static balance with open and 

closed eyes (single-leg stand test) 
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CONCLUSION 

This study concluded that reduced ankle joint muscle strength and range of motion affects 

the static balance performance in elderly population studied in age group of 60-80 years. 
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Annexure I A-PROFORMA 

 

PROFORMA  

Name:   

Age:  

Dominance:  

Height in cm:  

Weight in kg:  

BMI kg/m2:   

Surgical history:   

 

Medical history: 

Any recent history of fall: 

History of menopause: 
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ANNEXURE 1(B) 

 

 

PROCEDURE: 

1. Ask the subjects to stand on barefoot on the limb of their choice, with other limb 

raised so that raised foot will near but not touching the ankle of their stance limb. 

each subject will be asked to focus on a spot on the wall at eye level in front of them, 

The subjects will be instructed to cross their arms over the chest. The investigator 

will use a stop watch to record the amount of time the subject will be able to stand 

on one limb. Time commenced when the subject raised the foot off the floor. Time 

will end 

when the subject either: (1) use their arms (i.e, uncrossed arms.) 

       (2) use the raised foot (move it toward or sway from the standing limb or touch the   

floor).  



97 

 

     (3) Move the weight bearing foot to maintain the balance (i.e, rotated foot on the 

ground), 

(4) A maximum 20 seconds have elapsed. 

The procedure will be repeated 3 times and best recording will be considered for 

data analysis. 

Five minutes rest period will be given between two test. 
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Annexure I B 

 

PARTICIPANTS INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

This standard operational procedure includes population age between 60-80 years are 

voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will recruit elderly population of age in between 60-80 years both 

male and female. 

2. The investigator will explain the procedure of the study to allay apprehension and 

answer all the queries of the participant. 

3.  If the participant decides to participate then they would be consented according to 

the standard operational procedure. If the participant expresses interest but has 

some doubts in that case they would be solved.  
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4. If the participants are comfortable with the explanation then they will fill the 

informed consent according to standard operational procedure. 

5. Study procedures will begin after the participant’s concern.  

6.  Detailed medical and any other history of trauma will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  

 

 

General information to research participants:  

1. Name:  

    Age:  

    Date: 

 

2. The study and the purpose of the research is to study “The effect of strength and range of 

motion of ankle joint on balance in population aged 60-80 years” 

3. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filling consent till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

 

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 
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7.The data obtained from this study would be confidentially protected and maintained and 

if the photograph is used then your identity would not be revealed. If the photograph is 

published then permission would be obtained.  

 

8. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.  

 

9. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 

 10. Name of Researcher:  

      Phone number:  

      Address:  

 

11. Name of Guide:  

      Phone number:  

      Address:  

 

12. Name of Institution: 
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 Annexure I (C) 

 

प्रतिबागिमोंकीजानकारीपत्र 

 

उद्देश्म : 

मशवुतनश्श्ििकयनेकेलरएकीलरखििवूगििवशभतिऑमवीऍभआयकीतनमलभकआलश्मकिाओंकेअनु

वायप्रतिबागिमोंवेप्राप्िकीिमीशैऔयऑमईवीद्लायाअनुभोददिककआिमाशै। 

स्कोऩ : 

इवभानकवंिारनप्रकिमाभें 60-80 

लऴषकेफीिकीजनवंख्माआमुळालभरशैजोस्लेच्छावेइवअध्ममनभेंबािरेनेकेलरएिैमायशैं। 

दातमत्ल : 

ळोधकिाषइवअध्ममनकादशस्वाफननेलारेवबीप्रतिबागिमोंवेलरखििवूगििवशभतिप्राप्िकयेिा। 

प्रकिमा : 

१. ळोधकिाषऩुरुऴऔयभदशरादोनोंभें 60-80 लऴषकेफीिकीउम्रकेफुजुिोंकीबिीकयेिा 

 

२. 

अन्लेऴकआळंकादयूकयनेऔयप्रतिबािीकेवबीप्रळनोकाउत्तयदेनेकेलरएप्रमोिात्भकप्रोटोकॉरकीव्माख्मा

कयेिा। 

३. मददबािीदायबािरेनेकापैवराकयिीशैिोउन्शेंभानकऩरयिारनप्रकिमाकअनुवायवशभतिदीजाएिी। 
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४. मददबािीदायरूगिकोव्मक्िकयिाशैरेककनउवभाभरेभेकुछवंदेशशैिोउन्शेंशरककआजाएिा। 

५. 

मददप्रतिबागिमोंकोस्ऩष्टीकयणकेवाथवशजशैिोलेभानकऩरयिारनप्रकिमाकेअनुवायवूगििवशभतिबयें

िे। 

६. बािीदायीकीगििंाकेफादअध्ममनप्रकिमाएळुरूशोजाएंिी। 

७. 

वलस्ििृगिककत्वाऔयककवीबीअन्मळायीरयकवभस्माकाइतिशावप्रतिबागिमोंवेप्राप्िककएजामेिािाकक

ळालभरककएजानेऔयफदशष्कयणभानदंडकोवत्मावऩिककआजावके। 

८. 

मददबािीदायइवजानकायीऩयअऩनेऩरयलायकेवदस्मोंऩयििाषकयनािाशिाशैिोलेवशभतिदेनेवेऩशरेऐवा

कयनेकाशक़दायशै। 

प्रतिबागिमोंकोअनुवंधानकेलरएवाभान्मजानकायी: 

१) नाभ : 

उम्र : 

िारयक : 

२) आऩकोवशभतिऩत्रकोबयनाशोिाऔयअनुवंधानकेउद्देश्मवे " 60-80 

लऴषकीआमुभेंवंिुरनऩयटिनेकेजोड़कीितिऔयितिकीवीभाकाप्रबाल" 

३) 

मददआऩस्लेच्छावेबािरेनािाशिेशैंिोआऩकोऩरयषणऩयूाशोनेिककामषलाशीबयनेकेवभमवेशभायेवाथब

िीकयामाजाएिा। 
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४) 

मददआऩअलगधकेदौयानअवुवलधाजनकशैिोकृऩमाशभेंफिाएिाककशभआऩकीभददकयवकें औयककवीबीअ

मोग्मप्रबालकेबफनाआऩकीवभस्माओंकोदयूकयवकें । 

५) आऩकोकोईप्रतिऩूति षलषतिऩूति षनशींदीजाएिी। 

६) 

अियककवीबीवभमआऩइवळोधअध्ममनकोफंदकयानािाशेिोआऩऐवाकयनेकलरएवलििंत्रशैऔयशभाये

ऩषभेकोईफाधानशींशोिी। 

८) 

इवअध्ममनवेप्राप्िडाटाकोिोऩनीमरूऩवेवंयक्षषिऔयवुयक्षषिककआजाएिाऔयअियिस्लीयकाइस्िेभा

रककआजामेिोआऩकीऩशिानप्रकटनशींशोिी।मददिस्लीयप्रकालळिकीजािीsशैिोअनुभतिप्राप्िकीजाए

िी। 

१०) 

मददआऩथकाशुआमाऩयीषाकोऩूयाकयनेभेअवभथषभशवूवकयिेशैिोआऩकोगििंाकयनेकीआलश्मकिानशीं

शैऔयशभेंमशफिाएकीआलश्मककदभआयम्बककएजावकिेशै। 

११) 

मददआऩककवीबीषणवंिुष्टनशींशैिोआऩककवीबीवभमककवीबीऩरयणाभकेबफनाआऩअध्ममनवेतनकर

वकिेशै। 

१२) ळोधकिाषकानाभ : 

फ़ोननंफय : 

ऩिा : 

१३) िाइडकानाभ: 
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फ़ोननंफय : 

ऩिा : 

१४)वंवथानकानाभ : 

 

   Annexure I (D) 

 

वशबािीभादशिीऩत्रक 

 

उद्देळ् 

आमवीएभआयच्मातनमाभकआलश्मकिांनुवायआखणआमईवीद्लायेभंजूयझारेल्मावशबािींकडूनरेिीवू

गििवंभिीलभऱवलरीजािेशेवुतनश्श्ििकयण्मावाठी. 

 

व्माप्िी: 

माभानकऑऩयेळनरप्रकिमेभध्मे 60-80 

लऴेलमोिटािीररोकवंख्मावभालेळमाअभ्मावािबािघेण्मावाठीस्लेच्छेनेइच्छुकआशेि. 

 

जफाफदा :् मा: 

माअभ्मावािाबािशोण्मावाठीस्लमंवेलाकयणाall् मावलषवशबािींकडूनवंळोधकांनारेिीभादशिीददरी

जाईर. 
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प्रकिमा् 

१. वंळोधकelderly०-80०लऴेलमोिटािीरलमोिटािीरलदृ्धलऩुरुऴांिीआखणऩुरुऴांिीबयिीकयेर. 

२. 

अन्लेऴणकभीकयण्मावाठीआखणवशबािीच्मावलषप्रश्नांिीउत्तयेदेण्माववंळोधकअभ्मावािीप्रकिमास्ऩष्ट

कयेर. 

The. 

जयवशबािीनेबािघेण्मािातनणषमघेिराअवेरियत्मांनाभानकऩरयिारनप्रकिमेनुवायवंभिीददरीजाई

र. जयवशबािीनेस्लायस्मव्मक्िकेरेऩयंितु्माफाफिीिकाशीळंकाअविीरियत्मांितेनयाकयणशोईर. 

The. 

जयवशबािीस्ऩष्टीकयणावआयाभदामकअविीरियिपे्रभाखणिऑऩयेळनप्रकिमेनवुायभादशिीिीवंभिी

बयिीर. 

Study. वशबािीच्मागििंेनिंयअभ्मावािीप्रकिमावुरूशोईर. 

Detailed. 

वभालेळआखणलिऱण्माच्मातनकऴांिीऩडिाऱणीकयण्मावाठीवशबािींकडूनिऩळीरलायलैद्मकीमआ

खणआघािािाकोणिाशीअन्मइतिशावप्राप्िकेराजाईर. 

 

 

वंळोधनकयणारम्ांनावाभान्मभादशिी: 

1. नाल: 

    लम: 

    िायीि: 
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२. "-०-

80०लऴेलमोिटािीरवभिोरमालयघोट्माच्मावांध्माच्माशारिारीिावाभर्थमषआखणशे्रणीमांिाऩरयणाभ" 

मािाअभ्मावआखणवंळोधनािाशेिूआशे. 

You. 

जयआऩणस्लेच्छेनेअभ्मावाभध्मेबािघेऊइश्च्छिअवारियआऩणऩयीषेिीऩूिषिाशोईऩमिंवंभिीदेण्मा

च्माषणाऩावूनआभच्मावशआभच्माकडनेोंदणीकयणेअऩेक्षषिआशे.माकारालधीिआऩणावअस्लस्थला

टिअवल्मावकृऩमादमाऩूलषकआम्शाराकऱलाजेणेकरूनआम्शीकोणिीशीअवप्रमऩरयणाभनकयिाआम्शी

आऩल्माराभदिकरूआखणआऩल्माअडिणींलयभािकरू. 

िुम्शाराकोणिीशीबयऩाईआखणनुकवानबयऩाईददरीजाणायनाशी. 

कोणत्माशीषणीआऩल्मारामावंळोधनअभ्मावाऩावूनदयूठेलामिअेवेरियआऩणिवेकयण्मावभोकऱे

आशािआखणआभच्माफाजूनेकोणिाशीअडथऱामेणायनाशी.माअभ्मावाभधनूलभऱारेराडटेािुप्िऩणेवंय

क्षषिआखणयािराजाईरआखणजयपोटोलाऩयरािेराियआऩरीओऱिउघडशोणायनाशी. 

जयछामागित्रप्रकालळिझारेियऩयलानिीघेिरीजाईर. 

आऩणथकल्मावायिेककंलाकवोटीऩूणषकयण्मािअषभझाल्मावआऩल्माराकाऱजीकयण्मािीआलश्मक

िानाशीआखणआम्शाराकऱलाजेणेकरुनआलश्मकऩालरेउिरिामेिीर. 

 

9. 

जयआऩणकोणत्माशीषणीवभाधानीनवारियआऩणकोणत्माशीऩरयणाभालळलामकधीशीभाघायघेऊळक

िा. 

 

 १०. वंळोधकािनेाल: 
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      पोननंफय: 

      ऩत्ता: 

 

११. भािषदळषकािनेाल: 

      पोननंफय: 

      ऩत्ता: 

 

१२. वंस्थेिनेाल: 
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ANNEXURE II (A) 

 

 

LETTER OF CONSENT 

 

I___________________ am willing to participate voluntarily as a participant for the 

dissertation: The Effect of strength and range of motion of ankle joint on balance in healthy 

population aged 60-80 years – A descriptive study. “ conducted by____________.  

I have been informed regarding the nature of study and the duration of work. I have 

no objection to undertake the required procedure and to undergo various testing 

procedures pertaining to the study.  

The researcher has already assured me, that I would be treated well without any 

untoward effects and the rights of confidentiality protected.  

 

 

 

                                                                                           Signature of the Participant/ 

                                                                                Thumb Impression of participant                    
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Annexure II (B)HINDI 

 

 

          I 

___________________                                                     : 

       60-80                                                         -

                ____________ 

                                                                        

                                                                         

                           , 

                                                                          

               /                   
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Annexure I (C) 

 

            

                                                    : 60-80 

                                                                           

  -                . “____________            . 

                                                      . 

                                                                     

  . 

                                                                        

                                . 

                                                                                                       / 
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Annexure III 

 

PERMISSION LETTER A 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in geriatric home.  

      My research topic is :The Effect of strength and range of motion of ankle joint on balance 

in healthy population aged 60-80 years – A descriptive study. 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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PERMISSION LETTER B 

 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

      My research topic is, The Effect of strength and range of motion of ankle joint on balance 

in healthy population aged 60-80 years – A descriptive study. 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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ANNEXURE IV 

TIME-LINE CHART: - 

 

 

1 Alotment of guide

2 Selection of topic

3 Formulation of research question

4 formulation of aim and objectives

5 hypothesis,null hypothesis

6 Research protocol

7 Research designing

8 Review of literature

9 methodology formulation

10 study designing

11 study setting

12 sample size estimation

13 selection of study instruments

14 method of data collection 

15 data mangement and analysis procedure

16 IEC and BORS clearance

17 compliation of synopsis

18 uploading of synopsis

19 data collection

20 data presentation and analysis

21 writing of discussion and conclusion

22 submission of thesis to MUHS

2021 jul-septsr.no 2020 april-june 2020 jul-sept 2020 oct-dec 2021 jan-mar 2021april-jun2019 nov 2019 dec 2020 jan 2020 feb 2020 march components 
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DORSIFLEXION

Right left Right Left Right Left Right Left Right Left Right Left Right Left Right Left

(®) (®) (®) (®) (®) (®) (®) (®)     kg      kg    kg     kg       kg     kg       kg      kg

1 65 M 1.61 64 24.7 18 18 45 43 20 18 23 24 9 8 4 4 4 3 3 3

2 61 M 1.68 60 21.3 20 20 38 38 18 15 24 23 8 8 3 2 4 4 3 3

3 63 F 1.52 54 23.4 20 18 37 36 24 25 23 22 5 5 2 1 3 3 4 2

4 66 M 1.58 46 18.4 18 20 35 35 35 35 24 25 8 8 3 3 2 3 1 2

5 80 M 1.6 63 24.6 14 14 30 28 32 30 22 22 8 7 3 2 3 3 5 4

6 72 F 1.52 49 21.2 15 15 33 34 20 20 25 20 5 5 3 3 2 2 2 1

7 75 M 1.59 70 27.7 16 15 34 34 24 25 18 19 7 7 3 2 4 3 2 1

8 76 F 1.62 65 24.8 15 15 32 30 20 23 18 17 6 6 2 2 4 4 1 1

9 60 F 1.55 50 20.8 20 18 40 40 28 30 23 22 7 6 4 3 3 3 2 2

10 67 M 1.7 69 23.9 18 20 45 44 33 35 23 23 9 9 3 3 3 3 3 2

11 63 M 1.76 80 25.8 20 20 40 40 35 35 22 22 8 7 3 2 4 4 3 3

12 61 F 1.61 62 23.9 20 18 41 41 27 25 22 22 10 10 4 4 5 5 4 3

13 70 F 1.58 58 23.2 17 16 32 30 32 30 15 14 8 8 2 2 5 4 3 3

14 80 M 1.67 66 23.7 15 14 28 28 30 28 13 13 6 5 2 1 2 1 1 1

15 65 F 1.68 78 27.6 18 18 40 38 33 33 21 22 8 9 3 3 3 3 2 2

16 78 M 1.73 72 24.1 15 13 33 35 30 33 14 13 5 5 2 2 3 2 2 1

17 63 M 1.73 74 24.7 20 20 41 45 34 34 21 22 9 8 4 4 5 5 3 3

18 75 M 1.79 82 25.6 15 14 33 30 33 32 14 14 5 4 2 2 4 3 2 2

19 70 M 1.73 70 23.4 18 18 39 35 35 35 16 15 6 6 3 2 4 4 3 2

20 66 F 1.66 58 21 20 20 41 39 35 33 20 18 8 7 3 3 4 3 2 2

21 64 M 1.7 55 19 16 18 35 35 34 34 21 21 8 8 3 2 4 3 3 3

22 62 F 1.67 70 25.1 18 18 30 30 35 35 20 19 10 9 3 3 4 4 3 2

23 69 F 1.58 65 26 16 15 32 30 30 30 19 18 7 8 2 2 3 3 2 1

24 65 F 1.64 65 24.2 18 18 44 43 28 25 21 20 7 7 3 3 4 4 3 3

25 70 M 1.65 55 20.2 16 15 28 25 30 30 15 15 6 5 3 2 4 4 3 2

26 75 F 1.55 65 27.1 15 13 33 33 32 33 16 15 6 6 3 3 3 3 2 2

27 68 F 1.61 56 21.6 14 16 32 30 25 24 18 18 7 6 3 2 4 3 2 2

28 80 F 1.66 58 21 17 16 30 30 23 23 13 12 4 4 2 1 2 2 1 1

29 71 F 1.56 52 21.4 16 16 28 27 33 33 14 13 6 6 3 3 4 4 3 2

30 79 M 1.6 65 25.4 15 15 35 35 34 35 13 13 4 3 3 2 2 1 2 2

31 77 M 1.62 68 25.9 15 13 32 31 25 24 17 16 5 5 2 2 2 2 1 1

32 78 M 1.56 53 21.8 15 12 28 26 28 28 15 15 5 4 2 1 2 2 1 1

33 68 F 1.64 56 20.8 16 14 34 34 26 25 19 19 7 7 4 3 4 4 3 2

34 73 M 1.68 60 21.3 16 16 33 32 28 25 15 14 6 5 3 3 3 3 2 2

35 60 M 1.7 68 23.5 20 18 38 40 35 33 22 22 5 5 4 3 5 5 3 3

36 63 M 1.73 54 18 20 20 45 47 30 30 21 20 8 9 4 3 3 3 2 2

37 71 M 1.68 56 19.8 17 17 34 30 33 35 15 15 7 7 3 3 2 3 2 2

38 66 M 1.75 69 22.5 20 20 38 36 27 28 18 17 8 8 4 4 3 3 2 1

39 80 M 1.6 52 20.3 18 15 30 25 25 20 13 13 5 4 2 2 2 2 1 1

40 75 M 1.66 54 19.6 16 15 30 28 28 27 16 14 6 5 2 2 3 2 2 2

41 75 F 1.58 45 18 15 15 28 28 25 25 16 15 5 5 2 2 2 2 1 1

42 66 M 1.72 55 18.6 20 18 37 35 25 23 22 21 7 7 3 2 3 3 2 2

43 61 M 1.69 69 21 20 20 42 40 32 33 20 20 8 8 4 3 4 4 3 2

44 80 F 1.51 53 23.8 15 13 44 44 23 25 13 13 4 4 2 2 2 2 1 1

45 72 M 1.65 51 18.7 16 18 27 27 25 25 15 16 6 5 3 2 3 3 2 2

46 77 F 1.52 61 26.4 18 18 26 25 30 32 14 13 6 6 3 2 2 2 1 1

47 60 M 1.76 59 19 20 20 44 44 33 30 22 21 9 9 3 2 4 4 3 2

48 62 M 1.66 62 22.5 20 20 38 35 35 35 22 22 10 9 3 3 3 3 2 2

49 68 M 1.68 63 22.3 18 17 33 33 35 35 16 17 8 7 4 3 2 3 2 2

50 75 M 1.64 68 25.3 18 18 34 33 26 25 15 15 5 5 2 2 2 2 1 1

51 65 M 1.73 59 19.7 18 20 40 40 32 30 19 18 9 8 3 3 3 3 2 2

52 60 F 1.66 57 20.7 20 20 43 42 35 34 21 21 10 9 4 3 4 4 3 3

53 80 M 1.61 57 22 17 16 28 25 25 20 14 14 4 5 2 1 3 2 1 1

54 69 M 1.68 64 22.7 20 18 33 33 25 23 18 17 6 6 3 3 3 3 2 2

55 79 M 1.56 50 20.5 15 15 25 26 23 23 12 11 6 5 2 2 2 2 1 1

56 60 M 1.78 66 20.8 20 20 30 32 22 22 21 20 9 8 4 4 4 4 3 2

57 80 M 1.62 59 22.5 15 13 27 27 27 25 12 12 5 5 1 1 2 2 1 1

58 77 F 1.49 50 22.5 17 14 28 29 23 23 14 13 6 5 2 1 2 2 2 1

59 69 F 1.67 62 22.2 19 20 34 33 30 28 17 16 6 7 4 4 3 2 1 2

60 63 M 1.68 70 24.8 20 20 40 35 28 30 20 20 8 8 4 4 3 2 2 2

61 72 M 1.66 56 20.3 17 15 31 28 30 30 16 15 6 5 3 3 3 3 2 2

62 64 M 1.68 59 20.9 18 18 40 35 33 30 20 19 8 8 3 3 4 3 3 3

63 69 M 1.7 62 21.5 17 17 33 29 26 24 17 16 6 7 3 2 3 3 2 2

64 75 M 1.64 60 22.3 18 18 30 30 25 25 14 13 7 7 2 2 2 2 2 1

65 80 M 1.58 57 22.8 15 14 25 20 22 20 13 13 5 4 1 1 2 1 1 1

66 61 M 1.69 62 21.7 18 20 38 33 35 35 21 20 9 9 4 4 3 3 2 2

67 77       M 1.65 70 25.7 16 15 30 25 33 30 15 14 8 7 2 2 2 2 2 1

68 60 M 1.68 80 28.3 20 20 40 44 32 33 20 20 8 8 4 3 3 3 2 2

69 60 F 1.66 72 26.1 20 20 44 38 32 32 19 18 7 8 3 3 4 4 3 3

70 63 F 1.59 56 22.2 18 18 40 35 28 28 23 23 10 9 3 2 3 4 3 3

71 77 F 1.55 57 23.7 17 16 35 33 29 25 14 13 6 5 2 2 2 2 2 1

72 75 F 1.69 59 20.7 18 18 31 28 25 24 13 13 4 4 2 2 2 2 1 1

73 67 M 1.71 72 24.6 20 20 30 24 33 33 18 18 6 7 3 3 3 3 2 2

74 63 M 1.76 67 21.6 18 17 33 31 30 30 21 21 9 8 4 3 3 2 3 3

75 66 M 1.78 80 25.2 19 20 32 30 32 32 19 18 7 8 4 4 3 3 2 2

76 75 F 1.56 50 20.5 15 14 26 22 27 24 14 13 6 6 3 2 2 2 2 1

77 74 F 1.66 60 21.8 14 15 31 25 28 24 16 15 5 4 3 2 3 3 2 2

78 70 F 1.59 47 18.6 17 16 28 28 25 25 15 15 6 6 3 3 2 2 3 2

79 63 F 1.66 52 18.9 20 20 40 44 27 25 19 18 8 8 4 4 4 4 3 3

80 66 M 1.72 69 23.3 19 20 42 40 28 25 19 19 7 7 4 3 3 3 2 2

81 75 M 1.6 64 24.2 16 16 34 30 30 32 16 15 5 4 2 2 2 2 1 1

82 65 M 1.74 72 23.8 20 20 38 38 30 30 22 21 7 7 3 4 3 3 3 2

83 63 F 1.68 65 23 19 20 35 32 32 35 22 22 8 9 3 3 4 3 3 3

84 72 M 1.66 67 24.3 17 18 30 27 24 24 17 17 5 4 4 4 3 3 2 1

85 65 M 1.78 69 22.5 18 18 38 38 28 28 19 19 6 6 3 4 4 4 3 3

86 80 M 1.65 56 20.6 16 15 30 28 22 22 12 12 9 9 2 2 2 2 1 1

87 60 M 1.72 63 21.3 19 20 40 38 30 31 24 23 8 9 5 4 2 2 2 1

88 68 M 1.68 57 20.2 18 18 33 30 26 27 15 14 5 5 4 4 3 3 3 2

89 74 F 1.56 50 20.5 16 15 27 25 23 24 13 13 5 4 3 2 3 2 2 1

90 78 F 1.54 44 18.6 15 15 23 20 22 21 11 12 4 4 3 3 2 2 1 1

91 63 M 1.65 65 23.9 19 17 38 38 30 31 20 19 8 8 2 2 3 3 2 2

92 80 M 1.66 56 20.3 14 11 28 29 22 22 13 13 4 4 2 1 2 2 1 2

93 72 F 1.59 52 20.6 15 10 32 35 23 22 16 15 5 6 2 2 2 1 1 1

94 76 F 1.5 44 19.6 17 18 30 30 24 23 14 15 6 6 3 2 2 2 1 2

95 74 M 1.63 62 23.3 16 16 34 33 24 24 16 15 5 4 4 3 3 2 2 2

96 69 M 1.7 70 24.2 15 16 32 32 27 26 16 16 7 7 4 4 3 3 3 2

97 60 M 1.75 75 24.5 18 19 43 44 30 29 22 21 8 8 5 4 4 4 3 2

98 69 M 1.67 66 23.7 16 16 34 35 26 26 17 16 7 7 4 3 3 3 2 2

99 61 F 1.65 58 21.3 20 20 40 40 31 31 22 22 10 9 4 4 3 2 2 2

100 75 M 1.71 61 20.9 16 15 35 34 25 25 15 14 6 5 3 3 2 3 2 1

101 65 M 1.64 70 27 20 20 45 44 28 28 21 21 7 8 4 3 3 3 2 2

102 66 M 1.7 75 26.1 18 18 44 40 26 26 18 17 7 7 4 3 4 3 3 2

103 60 F 1.51 40 17.5 15 14 43 45 30 30 20 19 10 10 4 4 2 3 2 1

104 77 M 1.59 56 22.4 20 19 38 40 21 22 14 14 5 5 3 2 2 2 1 1

105 80 M 1.6 62 24.2 15 14 35 35 21 20 12 11 5 4 2 2 4 4 3 2

106 61 M 1.62 68 25.9 19 19 40 38 30 32 23 23 9 8 5 4 4 4 3 2

107 60 F 1.53 62 26.4 18 20 44 44 33 33 21 21 9 9 4 4 4 4 3 3

108 64 M 1.67 78 28 15 15 38 40 29 29 21 20 8 8 3 4 3 3 2 2

109 65 F 1.5 56 24.8 20 18 40 43 27 28 20 20 8 7 4 4 3 3 2 2

110 69 M 1.69 62 21.3 17 17 33 35 25 24 18 17 7 6 3 2 3 2 3 2

111 60 M 1.65 75 27.5 19 20 43 40 32 32 23 22 8 9 4 4 2 3 2 2

112 62 M 1.68 68 24.1 20 20 40 44 28 29 22 21 8 8 5 4 4 4 3 3

113 62 M 1.62 63 24 20 18 35 33 29 29 23 23 8 8 5 4 4 3 3 3

114 66 M 1.66 72 26.1 18 17 34 34 26 27 16 16 7 7 4 4 3 3 3 2

115 72 F 1.5 46 20.4 15 15 30 30 24 24 13 13 6 6 3 2 3 3 2 2

116 70 M 1.65 59 21.8 16 14 28 25 21 21 17 15 6 5 2 2 2 2 2 1

117 80 F 1.49 48 21.6 14 13 30 30 18 20 11 11 5 4 2 1 2 2 2 1

118 75 F 1.64 52 20 16 18 34 34 24 25 16 15 5 5 3 3 3 2 2 2

119 78 M 1.68 54 19.2 14 15 29 30 23 24 14 13 5 5 3 2 3 3 2 2

120 72 M 1.64 58 21.6 16 16 30 32 24 24 16 15 4 4 2 2 2 2 2 2

121 72 F 1.46 46 21.6 14 14 34 34 23 24 15 15 5 4 3 2 4 3 3 3

122 66 M 1.67 68 24.4 16 16 28 28 27 26 18 18 6 6 3 3 3 3 2 2

123 75 F 1.5 50 22.2 15 14 32 33 21 20 14 14 6 5 3 4 2 2 2 1

124 63 M 1.69 73 25.6 18 18 33 34 29 28 20 19 8 7 3 3 4 4 3 2

125 62 M 1.67 68 24.4 20 20 44 43 30 30 21 21 8 8 3 3 4 4 3 3

126 68 F 1.63 57 21.5 20 20 40 43 25 25 17 16 6 6 3 2 5 4 3 3

127 61 M 1.65 65 24 20 20 42 44 31 31 22 23 9 9 3 4 3 3 2 2

128 60 F 1.5 52 23.1 18 18 39 38 33 32 24 23 10 9 3 4 4 3 3 3

129 69 F 1.56 56 23 16 17 33 33 25 27 16 16 8 7 3 3 3 3 3 2

130 71 F 1.46 53 24.8 15 15 30 33 23 21 15 15 6 5 3 2 2 3 2 2

131 68 M 1.62 67 25.5 20 20 40 43 27 26 17 18 6 6 3 3 3 3 2 2

132 70 F 1.5 52 23.1 17 14 33 32 24 25 15 14 5 4 3 3 2 2 2 2

133 60 F 1.56 59 24.2 19 20 40 38 30 30 20 20 8 8 3 4 4 4 3 4

134 65 M 1.67 76 27.3 20 20 44 45 31 32 19 20 8 9 3 4 4 3 3 3

135 62 F 1.49 48 21.6 20 19 45 45 33 35 21 21 9 9 3 3 3 3 3 2

136 76 M 1.66 50 18.5 16 14 27 25 24 25 17 18 5 5 3 3 2 2 2 2

137 68 F 1.52 52 22.6 18 18 44 44 27 27 26 18 6 6 3 3 4 3 3 2

138 63 M 1.64 67 25.7 20 20 40 40 27 28 22 21 7 7 3 3 3 3 3 2

139 62 M 1.65 63 23.3 20 19 35 34 30 30 23 23 8 9 3 3 3 3 2 2

140 78 M 1.65 60 22.2 15 14 27 25 21 21 14 14 4 4 3 3 2 2 3 2

141 61 F 1.56 62 25.5 18 18 42 42 31 32 22 22 9 8 3 3 4 4 4 3

142 60 F 1.64 58 22.3 20 20 40 40 33 34 23 24 10 10 3 4 5 5 4 4

143 66 F 1.53 42 17.9 18 16 32 35 29 28 20 20 9 8 3 4 3 3 3 2

144 61 F 1.58 52 20.8 19 19 40 42 31 31 21 22 8 8 3 4 4 4 4 3

145 66 F 1.56 56 23 18 17 35 32 27 28 19 19 7 7 3 4 4 4 3 3

146 72 M 1.62 59 22.5 16 16 25 25 25 25 17 18 6 5 3 3 3 3 3 3

147 77 M 1.66 58 21 14 13 28 25 27 26 15 15 5 4 3 3 3 2 2 2

148 80 F 1.42 45 22.5 13 12 20 20 21 20 14 14 4 4 3 1 2 2 2 2

149 65 M 1.68 73 26 20 20 32 33 26 26 21 21 7 6 3 3 2 2 3 3

150 66 F 1.56 48 19.7 20 20 35 37 27 28 22 23 6 6 3 2 4 3 4 3

151 80 M 1.64 56 20.8 14 10 28 30 20 20 12 14 4 3 3 2 3 3 3 2

152 67 M 1.68 62 22 15 15 25 20 25 24 19 19 7 6 3 3 4 4 3 3

153 62 M 1.64 58 21.6 15 14 40 42 30 31 22 23 7 8 3 4 5 5 4 3

154 65 M 1.66 56 20.3 16 16 33 35 33 33 22 22 7 7 3 3 4 3 3 3

155 64 M 1.68 65 23 17 15 38 40 29 28 21 20 8 8 3 5 3 3 3 2

156 68 M 1.66 67 24.3 16 16 32 32 27 25 17 18 6 6 3 5 3 3 3 2

157 67 M 1.62 62 23.6 14 14 25 25 29 29 16 16 6 5 3 4 4 4 3 3

158 68 M 1.64 57 21.2 15 15 35 33 26 27 19 18 6 6 3 3 3 4 4 3

159 64 M 1.68 62 22 20 20 40 40 30 30 22 22 6 7 3 5 4 3 3 3

160 62 M 1.67 65 23.3 16 16 44 44 31 32 24 23 7 7 3 4 5 5 4 4

161 61 F 1.65 60 22 20 20 45 45 29 30 23 23 9 9 3 4 5 5 5 4

162 69 M 1.73 58 19.3 18 16 43 40 22 23 17 18 5 5 3 4 4 3 3 3

163 73 M 1.66 65 23.6 15 13 33 32 20 20 15 15 5 5 3 3 3 3 3 2

164 64 M 1.7 58 20 17 16 30 30 30 30 21 21 8 7 3 5 5 5 4 4

165 68 M 1.68 75 26.5 16 17 30 33 28 27 21 20 6 6 3 3 3 3 4 3

166 62 M 1.72 75 25.8 20 19 40 40 30 30 21 20 8 7 3 5 4 5 4 4

167 69 M 1.66 70 25.4 14 13 30 30 27 27 19 19 7 7 3 3 4 4 4 3

168 62 M 1.68 72 25.5 18 18 35 33 31 30 21 21 8 8 3 4 5 5 4 3

169 64 M 1.64 62 23.1 13 13 33 33 32 32 22 22 8 7 3 5 4 5 3 3

170 63 M 1.76 56 18.1 18 18 40 44 28 26 23 23 7 7 3 5 4 4 2 3

171 76 M 1.65 58 21.3 14 10 25 23 23 24 16 15 5 5 3 2 3 3 2 2

172 70 F 1.5 45 20 14 15 33 32 25 25 15 15 6 5 3 3 3 3 2 2

173 73 F 1.66 60 21.8 16 14 28 25 24 24 17 16 5 5 3 3 2 3 2 1

174 76 M 1.7 68 23.5 17 18 33 30 28 29 18 18 6 5 3 2 2 2 2 1

175 72 M 1.75 62 20.2 15 15 25 25 30 31 20 20 5 5 3 3 3 3 2 2

176 70 F 1.64 56 20.8 16 16 28 25 23 22 17 17 5 5 3 3 3 3 3 2

177 69 F 1.7 58 20 14 15 35 35 26 26 21 20 5 5 3 3 4 4 3 3

178 65 M 1.68 52 18.4 18 18 40 40 30 31 22 22 6 7 3 4 5 5 5 4

179 60 M 1.66 67 24.3 19 19 44 42 32 33 24 23 8 8 3 5 4 4 4 3

180 61 M 1.73 67 22.4 20 20 40 43 33 30 23 23 10 10 3 4 5 5 4 4

181 79 F 1.62 52 19.8 12 11 34 34 24 22 13 13 5 4 3 2 3 2 2 2

182 80 F 1.56 55 22.6 15 10 32 33 20 18 14 15 5 5 3 2 2 2 2 1

183 65 M 1.69 70 24.5 16 15 38 39 28 30 19 19 7 7 3 4 4 3 3 3

184 65 F 1.6 58 22.6 16 16 30 33 30 32 21 22 7 6 3 4 4 4 3 3

185 79 M 1.66 68 24.7 14 12 32 32 23 23 15 15 4 4 3 3 3 3 2 1

186 80 M 1.68 62 22 14 13 25 20 20 20 14 13 5 4 3 2 2 2 1 1

187 77 F 1.51 40 17.5 14 15 28 28 24 25 18 17 6 6 3 3 2 3 3 3

188 63 F 1.6 75 29.2 18 20 40 43 30 30 21 20 7 7 3 5 5 4 4 4

189 61 F 1.64 42 15.6 20 20 44 44 30 29 23 23 8 9 3 4 4 4 3 3

190 68 M 1.68 64 22.6 20 18 35 34 28 28 17 16 8 8 3 5 3 3 2 2

191 76 M 1.67 69 24.8 17 17 25 27 26 25 16 16 5 6 3 4 4 4 3 2

192 60 F 1.64 55 20.5 19 20 40 43 33 33 21 20 9 9 3 3 5 5 3 3

193 63 F 1.65 52 19.1 20 20 47 48 30 31 22 23 9 8 3 5 4 4 3 3

194 67 M 1.68 61 21.6 14 14 42 40 25 24 18 19 8 8 3 4 3 3 3 2

195 75 M 1.64 59 22 11 12 34 32 24 24 15 15 5 6 3 3 3 3 3 2

196 65 F 1.61 56 21.6 18 20 40 40 27 28 19 18 7 7 3 4 4 4 3 3

197 62 F 1.59 60 23.8 16 17 43 42 32 33 20 20 8 9 3 4 5 4 3 3

198 60 F 1.65 56 20 20 20 44 44 33 33 22 21 9 9 3 5 4 4 4 3

199 65 M 1.73 68 24 16 15 40 40 28 29 23 23 7 7 3 5 4 5 3 3

200 69 F 1.62 48 18.3 12 11 35 33 23 22 18 18 6 5 3 4 3 3 2 2
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Templet to prepare TITLE & SYNOPSIS 

Sr. 

No. 
Item Guidelines 

01) Title :-  EFFECT OF STRENGTH AND RANGE OF MOTION OF ANKLE JOINT ON 

BALANCE IN HEALTHY POPULATION AGED 60-80 YEARS- A 

DESCRIPTIVE STUDY. 

 

02) Introduction :- The concept of aging and the aged has changed as record number of 

people around the world are living longer. A trend expected to 

continue throughout 21st century & beyond. The world elderly used 

to refer to an older person generally someone aged 60 & above as 

described by Asian classification for aging and 65 & older as per WHO 

geriatric classification facing an unprecedented pace of population 

aging. There is growing concern about life quality for the elderly.1 

However, aging process includes lowering of basal metabolic rate, 

reduction of muscle strength, endurance & ability to function 

because of diminished muscle tone. metabolic condition like 

osteoporosis, diabetes mellitus, obesity are more common among 

older adults that to osteoporosis is the commonest in women. 

Advanced age does not cause disease in itself but the possibility is 

that some chronic condition may develop signs and symptoms with 

advancing age. These conditions include arthritis, musculoskeletal 

disorders, loss of proprioceptive function, could affect mobility & 

balance leading cause of mortality and morbidity in elderly 

population. The resultant factor is fall & bed rest followed by that 

deconditioning will have adverse effect. Nearly 1/3rd of the elderly 

people living in the community fall each year due to loss of balance.1,2 

The maintenance of balance is a complex phenomenon that is 

predisposed by neural and musculoskeletal changes taken place 

during aging process.3 

Elderly population is expected to grow in India from 76.6 million in 



 

C:\Users\convert\AppData\Local\Temp\1\task-466585774\694f123096b1260f0b01012f10d3889d.doc [Page : 2] 
   

2006 to 173.1 in 2026.4This segment of population faces multiple 

problems in India and worldwide. Loss of balance in the elderly 

population constitute a major problem associated with human 

suffering as well as high costs for society.5 

Balance is the ability to collect sensory and proprioceptive signals 

related to a person’s  position in space and to produce the 

appropriate motor responses to control body movement.6 when this 

ability deteriorates, due to normal aging process, the risk of falling 

increases in the eldery.7  The ankle joints have important role in 

maintaining balance.8 All movements of ankle joint are related to the 

maintenance of, in walking. Movement of ankle joint modulate 

interaction between foot and base.9 Ankles, muscles, joints of the 

feet are designed to provide stability as well as mobility in terminal 

structures of lower extremities.10 Maintaining balance, which is the 

ability to maintain  an upright position  during quiet standing, is 

necessary for successful performance of activities of daily living. 

Range of motion tends to deteriorate throughout the life span due to 

age-related changes in the mechanic properties and morphology of 

joint structures. the decreased range of motion of plantar flexion, 

dorsiflexion, inversion, and eversion at ankle joint.11 

 Although elderly men and women without symptoms determine 

large changes in joint ranges including ankle joint range of motion.  

It is believed that decreased ankle ROM may require altered 

movement patterns, and these altered movement patterns may 

compromise balance, thus limiting functional activities such as 

standing and ambulation. Furthermore, decreases in postural control 

may result from the use of motions at the hip or trunk that are 

required to compensate for restrictions in motion at the ankle.12 

 Muscle strength, which can be defined as the force generation 

capacity of an individual, reaches its peak in the second and third 

decades of life, shows an imperceptible progressive decline until 

approximately 50 years of age, and then begins to decline thereafter 
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at a rate between 1.4% to 2.5% per year. Muscle strength shows 

more rapid losses after the age of 65 years.13,14 

 Reduce muscle mass, muscle strength, range of motion are 

contributing factor for fall among elderly. Age related changes are 

responsible for decrease walking speed and pace, also balance 

ability.15 

There is a 50% loss of trunk extensor flexibility after the age of 70 

years, which results in center of mass displacement posterior to the 

heels. In addition, ankle joint flexibility decreases by 50% in women 

and 35% in men after 55 years of age.16 

  Aging results in a decrement of muscle cross-sectional area and the 

volume of connective tissue. Furthermore, the decrease in type II fast 

twitch muscle fibers would hinder the ability of the muscle to create 

a fast forceful contraction. The aforementioned physiological 

modifications result in kinematic changes of the musculoskeletal 

system.17 

Balance maintenance is a complex phenomenon that is influenced by 

several neural and musculoskeletal factors.18 Balance is maintained 

through a complex process which involves sensory detection of body 

motions, integration of sensorimotor information within the central 

nervous system, and execution of appropriate musculoskeletal 

responses.19 The postural control ability declines with aging.20 

Adequate postural control depends on the integration of vestibular, 

visual, and somatosensory information of the body motion. It has 

been reported that deterioration of postural stability related to aging 

is associated with reduced sensation in the lower limbs as measured 

by joint position, tactile, and vibration sensitivities.21 It not only 

affects sensorimotor functions, but also affects the muscle strength 

and joint movement which decline with increasing age.22 (Grimstone 

et al, 1993) 

Manual muscle testing is the traditional way of testing muscle 

strength. However, it may not produce useful information regarding 
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balance control perhaps, lower extremity muscle strength may 

provide a more accurate picture of patient torque generation 

capacity under different conditions. A person can produce sufficient 

torque quickly enough to produce postural response. 

Andrew Guccione geriatric physical therapy 3rd edition states that 

ankle range of motion, muscle strength and severe hallus valgus have 

been related to increase risk of falling for seniors living in the 

community. Reduced range of motion of ankle joint may affect the 

ability to use the ankle strategy in recovering from external 

pertuberation.23 

Grimston and Vandervoort reported that, an average decrement of 

ankle joint range of motion was greater in female than males in 

aging, however, available literature on relationship between ankle 

strength and range of motion variables and balance is limited in 

Indian population since, the range of motion tends to be decrease 

with the dynamic characterstic of joint morphology as age advances. 

Dorsiflexion, plantarflexion, eversion, inversion ranges also  

decrease with aging. Vandervoot suggested that the decline in range 

of motion has been unidentified as a risk factor of reduced balance 

ability.24,25 

The static balance is essential to perform activities of daily living and 

functions to lead good quality of life. By knowing this fact it is felt to 

carry out the study to see the effect of strength and range of motion 

of ankle joint on static balance. It is known fact that static balance is 

maintained by the body center of gravity located over 2nd sacral 

vertebrae should remain over its base of support. Activities displacing 

the centre of gravity which returns the center of gravity to second 

sacral vertebrae to over the base of support. The displacement and 

replacement of center of gravity require coordinated efforts of 

sensory system, motor system and central nervous system. The 

motor system is the executive part contributing to balance which 

includes static and dynamic acuity. balance is the multifactorial 

mechanism affected by aging. Aging process affects displacement of 
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center of gravity and returning to base of support from static to 

dynamic balance and vice-versa. 

The sway compensation is mainly through the ankle strategy but for 

older people it is through hip strategy because of reduced ankle 

strength and flexibility. It is understood that proprioceptive inputs 

reduced with growing age. There is an increase in reaction time or 

latency to balance displacement by 20-30miliseconds in healthy aged 

individuals. Decreased balance has been noted in 13% of 65-69 years 

old community living individual. 

Therefore, considering the importance of static balance the study will 

be conducted to examine the static balance for aged population.one 

of the study depicted that decreased strength of ankle flexors and 

range of motion of ankle joint are going to affect static as well as 

dynamic balance. Therefore, the need is felt to conduct the study to 

find out the ankle strategy in terms of ankle strength and range of 

motion among healthy older adults. Thus, the focus of this study is to 

observe the influence of strength and range of motion of ankle joint 

on balance in healthy aged population. 

Keywords-STRENGTH,RANGE OF MOTION,ONE LEG 

STANCE,BALANCE. 

 

 

3.1) Primary Research 

Question :- 

What is the effect of ankle strength and range of motion on balance 

in healthy population aged 60-80 years? 

3.2) Secondary Research 

Question 1 :- 

(if any) 

N.A. 
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3.3) Secondary Research 

Question 2 :- 

(if any) 

N.A. 

4.1) Primary 

Hypothesis :- 

N.A. 

4.2) Other Hypothesis 

1:- 

(if any) 

N.A. 

4.3) Other Hypothesis 

2 :- 

(if any) 

N.A. 

05) Review of 

Literature :- 

To fulfill the objective of study the strong database was formulated 

with the help of pubmed, medline, google scholar,science direct as 

well as number of articles were searched to design the method to 

carry out the study ‘titled’. 

1. Jeong -woo Lee and co-workers carried out their study in 

the department of physical therapy Kwangeu womens 

university in 2012 with the purpose of the examination of 

range of motion and strength of ankle joint on elderly 

peoples balance ability they selected total of 60 subjects 

aged above 65 years found increase ability to balance with 

good range of motion and strength of ankle joint15 

 

 

 

2.The study was done by Soo-Kyung Bok et al in the department of 

Rehabilitation medicine, Chungnam National university school of 

medicine in 2013 with the aim to investigate the effects of changes of 
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ankle strength and range of  motion according to aging on balance. 

For this study purpose they have selected 3 groups in between 

20-65years and 60 healthy people have undergone test for ankle 

strength and range of motion, using biodex system 4 Pro; a one leg 

balance including postural sway and stability index using a balance 

system. As they observed that ankle planatar flexion strength and 

range of motion is significantly reduced with aging. In addition ankle 

plantarflexion strength and eversion range of motion is significantly 

correlated with balance.3 

 

3. The study done by Jain, Heta Rathod and their co-workers the 

purpose of the study to observe the relationship between Balance 

impairments and changes in ankle Range of Motion in older Women 

who Have Fear of Fall Aged 60 to 80 Years. the  study was carried 

out with 100 female subjects aged 60 to 80 years. Fear of fall was 

measured using short falls efficacy scale (FES), balance using Tinetti 

Performance Oriented Mobility Assessment (POMA) (balance and 

gait) test and functional reach test (FRT). Goniometry was used to 

determine active and passive ROM of ankle joint. High significant 

correlation value was observed for balance measures. In this study 

they observed that Balance impairments can be predicted using ankle 

ROM impairments in community dwelling women.22 

 

4 Zdenek Svoboda and their co-workers done their study in the 

department of natural science in kinanthropolgy, faculty of physical 

culture, France 2019. The aim of the study to observe effect of aging 

on the association between ankle muscle strength and the control of 

bipedal stance in young and older adults for this purpose thirty one 

young and thirty one old older adults voluntarily participated. The 

control of bipedal stance was evaluated by the sample entropy 

derived from an accelerometer placed on lumbar spine while the 

subject stood on a foam pad with eyes open and isokinetic 
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dynamometer was used for ankle muscle strength. the study 

concluded that older adults have a different association between 

ankle muscle strength and the sample entropy during bipedal 

stance.26 

5.The study was done by Huihui Wang et-al in the department of  

physical education and sports, Beijing normal university china in 

2016. The purpose of the study to observe the Correlation among 

proprioception, muscle strength, and balance, for this balance testing 

system (Biodex Balance System, BBS) and an isokinetic testing system 

(Biodex System 4, BS4) were used to test related indexes in 24 

healthy young females. The study concluded that  different knee 

angles, the correlation differs among proprioception, force sense, 

quadriceps strength, the Quadriceps/Hamstring ratio, and balance.27 

6.Chiara Mecagni et al  done their study in the department of 

physical therapy 2000. The purpose of this study was to investigate 

the relationship between Balance and Ankle Range of Motion in 

Community-Dwelling women between the ages of 64 and 87 years. 

Goniometry was used to determine bilateral ankle active-assistive 

range of motion (AAROM) and passive range of motion. Balance 

capabilities were measured with the Functional Reach Test (FRT) and 

the Tinetti Performance-Oriented Mobility assessment. The study 

concluded that there is strong correlations exist between ankle range 

of motion and balance in community-dwelling elderly women.10-11 

7. The study done by Karsten Keller, Martin Engelhardt in the 

department of Centrum Thrombosis and Haemostasis, University 

Medical Center Mainz, Germany in 2013. The aim of the study is to 

investigate Strength and muscle mass loss with aging process. For this 

purpose 26 participants were subdivided in two groups. Group 1 

comprises participants aged <40 years (n=14), group 2 those >40 

years (n=12). They assessed anthropometrics, range of motions, leg 

circumferences and isometric strength values of the knee joints. They 

found that besides comparable anthropometrics, circumferences and 

strength were higher in group 1 than in group 2. They hypothesised 
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that accelerated decline of strength and muscle mass loss starts 

already around 40th life-year.28 

8.The study done by Aisyah Mohd Said, and their co-workers in the 

department of physiotherapy, University MARA, Malaysia.2015. the 

purpose of the study was to determine the Mobility and Balance and 

their Correlation with Physiological Factors in Elderly with Different 

Foot Postures A cross-sectional observational study was conducted in 

community-dwelling elderly (age: 69.86 ± 5.62 years). Participants 

were grouped into neutral (𝑛 = 16), pronated (𝑛 = 14), and supinated 

(𝑛 = 14) foot based on the foot posture index classification. The study 

was concluded that muscle function may be the most important 

feature to make movement possible in older persons regardless of 

the type of foot postures.29 

9. The study done by Ayelet Dunsky co et al in academic college at 

wingate,  wingate institute, Israel 2017. In this study they examined 

the association between static balance measures and two dynamic 

balance field tests. For this purpose 112 community dwelling older 

adults were participated. They underwent the Tetrax static postural 

assessment and then performed the timed up and go and the  

Functional Reach(FR) Test as dynamic balance tests. In general, low 

moderate correlations were found between the two types of balance 

tests. For women, age and static balance parameters explained 

28.1–40.4% of the variance of TUG scores and 14.6–24% of the 

variance of FR scores. For men, age and static balance parameters 

explained 9.5–31.2% of the variance of TUG scores and 23.9–41.7% of 

the variance of FR scores .Based on their findings, it is suggested  

that  a combination of both static and dynamic tests be used for 

assessing postural balance ability.30 

10. The study done by hunu jung et.al (2016) on the association of 

lower extremity range of motion and muscle strength of physical 

performance of older adult. Th purpose of the study was to 

determine which factors of seven ROM and two muscle strength play 

dominant roles in the physical performance of community dwelling 
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older women. 95 community dwelling older adults 7 lower extremity  

ROM and 2 muscle strength were measured. The outcome measure 

include FRT were performed. The study concluded that hip extension 

and plantarflexion and dorsiflexion, and ankle plantar flexion ROM as 

well as knee extension and strength may help primary role in physical 

performance of community dwelling older women.31 

 11. The study done by Jung-Hyun CHoi, et al in the Department of 

Physical Therapy, Namseoul University, Korea in 2014. The aim of this 

study was to examine the effects of balance training and muscle 

training around the ankle joints on the gait of elderly people who 

have experienced a fall. Twenty-six elderly people with a risk of falling 

and a Berg Balance Scale score of 37 to 50 points who had 

experienced a fall in the last year were randomly and equally 

assigned to either a balance training group or an ankle training group. 

The study concluded that  both balance training and ankle joint 

training are effective in enhancing the gait ability of elderly people 

with a risk of falling; in particular, balance training is effective in 

improving the gait velocity of elderly people who have experienced a 

fall compared with ankle joint training.32 

 

12. Effect of Lower Limb Strength on Falls and Balance of the Elderly.  

To assess the effect of lower limb strength on falls and balance in 

community-dwelling elderly persons by a health status questionnaire, 

evaluation of lower limb strength and balance. Method  A total of 

86 subjects (age 69.8±5.3were categorized into one of two groups, 

“Fallers” and “Non-fallers”.A self-assessment questionnaire was 

taken. Lower limb strength was measured by a “Chair stand test”. 

Balance was measured by the stability index of the fall risk test 

protocol of Balance System SD® (Biodex, New York, USA). Th e diff 

erences between the two groups were compared and the correlation 

between lower limb strength and balance were analyze. Conclusion  

this study suggests that the “Chair stand test” is a useful screening 

process for lower limb strength which correlates to risk for falls and 
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balance in the elderly.33 

13.Michael Cbiaccbiero and his co-workers conducted their study at 

graduate center of the city university of New York in 2010. This study 

investigated whether decreased passive lower extremity range of 

motion and flexibility contribute to falls in the elderly. Eighteen 

Subjects aged  above 60 years and older participated in the study. 

The subjects were divided into 2 categories, fallers and nonfallers. 

Both subjects group underwent ROM and flexibility testing of the 

lower extremity. The decrease of range of motion of hip extension, 

internal rotation, abduction , ankle dorsiflexion, and gastrocnemius 

length was found statistically significant decreased in the faller group 

as compared with the nonfaller group. Hence the study found that 

there is link between range of moton and falls in the elderly and that 

addressing range of motion deficits may decrease potential falls.17 

14. The study was done by Shehab Mahmoud and his coworkers at 

department of physical therapy, king Abdulaziz university, Saudi 

Arabia in 2014  to detect balance performance response to 

improved strength of dorsiflexors muscles in elderly for that  they 

selected fifty healthy elderly subjects aged between 65-75 years. 

Twenty five subjects of group A were trained with resisted exercises 

plus electrical nerve stimulation of ankle dorsiflexors muscles, three 

times a week for 8 weeks and group B includes twenty five subjects , 

received no treatment intervention except encouragement for 

performing their usual activity of daily living over the 8 weeks of the 

study. Hand held dynamometer for strength and berg balance scale, 

the functional reach test, and the timed up and go test were used for 

balance. these measurements were applied for both groups before 

and after 8 weeks. The BBS,FRT and GUG values showed significant 

changes following training in group A and there were no significant 

changes in the same measures of group B after 8 weeks. Hence, the 

study concluded that improved strength of dorsiflexors muscles 

enhanced balance performance in elderly.34 

15. A qualitative review of balance and strength performance in 
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healthy older adults: impact for testing and training was performed 

by Urs Granacher co et al. at the department of sports science, 

Konstanz, Germany in 2011. A continuously greying society is 

confronted with specific age-related health problems (e.g., increased 

fall incidence/injury rate) that threaten both the quality of life of 

fall-prone individuals as well as the long-term sustainability of the 

public health care system due to high treatment costs of fall-related 

injuries (e.g., femoral neck fracture). Thus, intense research efforts 

are needed from interdisciplinary fields (e.g., geriatrics, neurology, 

and exercise science) to (a) elucidate neuromuscular fall-risk factors, 

(b) develop and apply adequate fall-risk assessment tools that can be 

administered in clinical practice, and (c) develop and design effective 

intervention programs that have the potential to counteract a large 

number of fall-risk factors by ultimately reducing the number of falls 

in the healthy elderly. This paper makes an effort to present the 

above-raised research topics in order to provide clinicians, therapists, 

and practitioners with the current state-of-the-art information.35 

16. Ayelet Dunsky co et al at Academic  College Wingate, Netanya 

,Israel in 2017 done their study on Balance Performance Is Task 

Specific in Older Adults. Balance ability among the elderly  is a key 

component in the  activities of daily living and is  divided into  

two types: static and dynamic. In  this study, they examined the 

association  between static balance measures and two dynamic 

balance field tests. One hundred and twelve community-dwelling  

older adults of age 74 and above participated in the study. They  

unsderwent the Tetrax  static  postural assessment and  then  

performed  the timed Up and Go (TUG ) and the Functional Reach 

s(FR) Test as dynamic balance tests. In general, low-moderate 

correlations were found between the two types of balance tests. 

Based on their findings, It is suggested that a combination of both 

static and dynamic tests be used for assessing postural balance 

ability.36 

17. The study was done by In-Hee Lee co et al on Balance 
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Improvement by Strength Training for the Elderly at Department of 

Physical Medicine and Rehabilitation, Keimyung University Dongsan 

Hospital, Korea in 2013. The study purpose was to investigate 

whether lower limb strengthening exercise leads to improved lower 

limb strength and balance function for the elderly.  50 subjects were 

randomly assigned to either a training group (n = 30) or a control 

group (n = 20). The subjects ranged in age from 65 to 82 years. A 

randomized controlled trial compared the effects of strengthening 

exercise and balance function. Leg extension and lower curl exercises 

were performed during the 12-week study. After training, the lower 

limb strength and balance of the individuals in the training group had 

significantly improved compared to the baseline. Hence the study 

concluded that Improvement in lower limb strength may lead to 

balance enhancement in neurologically intact older persons.16,14 

18. Kyeongjin Lee, et al carried out their study Department of 

Physical Therapy, Kyungdong University, Republic of Korea in 2017. 

This study was conducted to investigate the effects of ankle control 

balance training (ACBT) on postural balance and gait ability in 

community-dwelling older adults. Fifty-four subjects were randomly 

divided into two groups, with 27 subjects in the ACBT group and 27 

subjects in the control group. Subjects in the ACBT group received 

ACBT for 60 minutes, twice per week for 4 weeks, and all subjects had 

undergone fall prevention education for 60 minutes, once per week 

for 4 weeks. The main outcome measures, including the Berg balance 

scale; the functional reach test and one leg stance test for postural 

balance; and the timed up-and go test and 10-meter walking test for 

gait ability, were assessed at baseline and after 4 weeks of training. 

The postural balance and gait ability in the ACBT group improved 

significantly compared to those in the control group, except BBS. The 

results of this study showed improved postural balance and gait 

abilities after ACBT and that ACBT is a feasible method for improving 

postural balance and gait ability in community-dwelling older adults.3 
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19. Alexandra Halvarsson  and their co-workers done their study in 

the Department of Physical Therapy, Karolinska University Hospital, 

Sweden in 2014.  To give the rationale and evidence for and a 

detailed description of a rehabilitation programme of proven 

effectiveness in improving balance in older adults. Based on the 

knowledge that balance loss usually occurs in situations when 

attention is divided, especially when being older, and that balance 

control relies on the interaction of several physiological systems, they 

have developed a specific and progressive balance training 

programme with dual- and multi-task exercises for older adults. 

Balance demanding exercises, specific to the various components of 

balance control and to situations in daily life, were performed in 

sitting, standing and walking at three different levels of progression 

(basic, moderate and advanced) of increasing difficulty and 

complexity. The training was performed in 45-minutes group 

sessions, with 6–10 participants in each group, three times per week 

during 12 weeks, with two or three physiotherapists present. The 

study concluded that balance training programme strengthens 

self-efficacy in balance control leading to improved fall-related 

self-efficacy, reduced fear of falling, increased walking speed, and 

improved physical function.38 

20. The study done by Thomas Muehlbauer  et al in the department 

of Rehabilitative and Preventive Sports Medicine, University Medical 

Center Freiburg, Freiburg,  Germany  In 2012. The purpose of this 

study was to investigate the relationship between variables of lower 

extremity muscle strength/power and balance, assessed under 

various task conditions. Twenty-four healthy and physically active 

older adults (mean age: 70 - 85 years) were tested for their isometric 

strength and muscle power as well as for their steady state proactive 

and reactive balance. Balance tests were conducted under single (i.e. 

standing or walking alone) and dual task conditions (i.e. standing or 

walking plus cognitive and motor interference task). The Significant 
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positive correlations were found between measures of isometric 

strength and muscle power of the lower extremities. Hardly any 

significant associations were found between variables of strength, 

power and balance (i.e. no significant association in 20 out of 21 

cases). Additionally, no significant correlations were found between 

measures of steady-state, proactive and reactive balance or balance 

tests performed under single and dual task conditions.38 

21. Andrew Guccione geriatric physical therapy 3rd edition states that 

ankle range of motion, muscle strength and severe hallus valgus have 

been related to increase risk of falling for seniors living in the 

community. Reduced range of motion of ankle joint may affect the 

ability to use the ankle strategy in recovering from external 

pertuberation.23 

 

6.1) Primary 

Objectives :-  

Single point records will be recorded to fulfill objectives. 

1.To measure the ankle flexors strength with dynamometer in kgs in 

age group of 60-80 years. 

2.To measure the range of motion with goniometer in degrees in age 

group of 60-80 years.  

3.To observe static balance by using single leg stance test in terms of 

seconds. 

4.To co-relate the ankle strength and range of motion with balance. 

                    

 

6.2) Other Objectives 1:- 

(if any)  

N.A. 
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6.3) Other Objectives 2:- 

(if any) 

N.A. 

07) Methodology :-        STUDY  DESIGN : Descriptive study. 

In the descriptive study age related strength and range of motion of 

ankle joint will be correlated to balance for healthy aged population 

60 years and above. This data will be used to assess the impact of 

strength and range of motion of ankle joint on static balance. the 

study will try to make the inference about balance in elderly. It will 

give the detail profile of ankle joint range of motion for dorsiflexion 

and plantarflexion, inversion, eversion as well as muscle acting for 

above said range of motion. 

       STUDY SETTING: Community Physiotherapy OPD and 

community based setting. 

Community based setting will give the data by active participation by 

community member.it will be collected through primary case 

clinician. The community based setting will provide resource 

assessment in terms of ankle joint assessment in elderly on the basis 

of clinical assessment. The outcome measure plan will be executed at 

the site of data collection (in community) by building relationship 

between subjects and investigator their data will be evaluated report 

will be compiled and described to find out correlation between 

outcome measures among elderly population. 

        STUDY POPULATION: Elderly population aged 60-80 years. 

60 year and above healthy individuals will participate in this study. 

The target population will draw the study population in the range of 

60 year old individual to 80 year old individual irrespective of gender 

healthy older adults will be subjected to measurements of the study. 
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  STUDY DURATION: 18 months 

18 months from the approval of board of research study till the submission to 

university which will include data collection and compilation. 

          SAMPLE SIZE ESTIMATION: 

  sample size is determined considering co-relation between stability 

& strength has the main outcome measure. 

Following assumption are made from the study LEE, et al (2012) 

 

Correlation coefficient: 30 

Power [1-β] % : 95% 

α Error = 1% 

Formula: n= [(Zα + Zβ)/C]2 ÷3 

                  Zα= standard normal score for α error. 

                  Zβ= standard normal score for β error. 

                  C = 0.5 × Ɩn [1+r)/(1-r)] 

                   r = pearson’s correlation coefficient. 

               Here c = 0.5 × Ɩn [(1+0.3)/(1-0.3)] 

                            =0.305 

                            = 0.31 

          Therefore, n= [(s2.58+1.64) /0.31]2 

                                                  =185+3 

                                 =188 

                             

Therefore, the sample will be rounded of to 200 subjects. 200 

subjects will be equally divided into 4 age group from 60-80 years, 50 

in each group 
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The range of 60-80 years age group will be classified in 4 groups that 

is 

 

 

200 subjects will be subjected for assessment protocol and 

compilation of data. 

Sampling technique: convenience of 200 eligible subjects will be 

selected from the population adjacent to the study setting. 

Opportunity sampling will include geriatric population close to 

tertiary health care center it is expected that sampling will be easily 

available to draw the inference of the study. 

METHOD OF SELECTION OF STUDY SUBJECTS: 

INCLUSION CRITERIA 

 Subjects age between 60 to 80 years. 

Both Genders 

Physiologically healthy individuals. (Vitals signs are well within the 

physiological limit) 

 

EXCLUSION CRITERIA 

Recent trauma/fracture of lower extremity within 6 months. 

Any replacement surgery of lower extremity (THR, TKR amputation). 

Neurological disorder. 

Vestibular disease. 

Compromised audio or visual function. 

 Age in years  No of participants. (M+F) 

60-65 50 

65-70 50 

70-75 50 

75-80 50 
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OPERATIONAL DEFINITIONS: 

 

•  Range of motion- The full movement potential of a joint 

usually its range of flexion and extension is called the range of 

motion (ROM). 

• Muscle strength- The maximum amount of force that a 

muscle can exert against some form of resistance in a single 

effort is called as muscle strength. 

• One leg stance- it is a test that assess postural steadiness in 

static position by a temporal measurement. 

• Healthy aging- WHO defines healthy aging as the process of 

developing and maintaining the functional ability that enables 

wellbeing in older age. 

 

• DATA COLLECTION TOOLS : 

1. Jamar dynamometer 

2. Weighing machine 

3. Chair 

4. Stopwatch 

5. Measuring tape 

6. Full circle Goniometer 

7. Plinth  
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OUTCOME MEASURES : 

 Strength and range of motion will be noted bilaterally. 

1.ANKLE STRENGTH(in Kgs)-                            

Dorsiflexion                                                   

Plantarflexion                                                

Inversion                                       

Eversion 

2.ACTIVE RANGE OF MOTION (in degrees)- 

Dorsiflexion 

plantarflexion 

Inversion   

Eversion 

                                                 

3.Single leg stance- 20 seconds with open eyes. 

20 seconds with closed eyes. 

METHOD OF DATA COLLECTION : 

The title and synopsis was finalized in community department then it 

was tabled in front of head of institution for grant of the permission 

to carry out the study among healthy older population aged between 

60-80 years including both genders. Followed by the institutional 

ethics committee suggested few corrections those were incorporated 

and approval was given by IEC to carry out the study titled “The effect 

of strength and range of motion of ankle joint on balance in healthy 

population aged 60-80 years” – A Descriptive study. The complete 

synopsis was presented to Board of research study for final approval 

and forwarding to Maharashtra university of health science Nashik. 

The subjects will be selected from community through personal 

contact, community OPD, geriatric OPD and older group people 

attending to their patients. If needed then door to door survey and 
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camps organized by community department within the close vicinity 

of the tertiary health care center.  

 Prior to measurement of outcome measures the purpose and 

procedure of the study will be explained to the subjects. After 

considering the inclusion and exclusion criteria each subject will be 

asked to sign an informed consent form. Anthropometric data will be 

noted prior to the study. 200 geriatric population of aged 60-80 years 

both male and female will be included in the study. Participants will 

be classified into 4 age groups. 50 subjects consists in each group.  

Ankle strength and range of motion will be measured; bilateral 

isometric strength of ankle musculature will be taken by 

dynamometer in kgs & full circle goniometer will be used for active 

range of motion. 10 minutes rest will be given after the 

measurements and ask the subjects to stand on barefoot on the limb 

of their choice, with other limb raised so that raised foot will near but 

not touching the ankle of their stance limb. each subject will be asked 

to focus on a spot on the wall at eye level in front of them, The 

subjects will be instructed to cross their arms over the chest. The 

investigator will use a stop watch to record the amount of time the 

subject will be able to stand on one limb. Time commenced when the 

subject raised the foot off the floor. Time will end when the subject 

either: (1) use their arms (i.e, uncrossed arms.) 

(2) use the raised foot (move it toward or sway from the standing 

limb or touch the floor).  

(3) Move the weight bearing foot to maintain the balance (i.e, 

rotated foot on the ground), 

(4) A maximum 20 seconds have elapsed. 

The procedure will be repeated 3 times and best recording will be 

considered for data analysis. 

Five minutes rest period will be given between two test. 
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FLOW CHART OF GENERAL PROCEDURE: 

Permission from the head of institution and approval from ethics 

committee and BORS 

   

 

Written consent will be taken from the participants 

 

Anthropometric measurements will be taken 

 

200 healthy population aged 60-80 will be selected. They will be 

classified into 4 groups, each group consists of 50 subjects.  

 

   

Active range of motion of ankle joint will be taken in degrees by Full 

circle goniometer and isometric strength of ankle musculature will be 

measured in kgs by jamar dynamometer. 

   

10 minutes resting period will be given after the measurements. 

 

 

Barefoot One leg stance for 20 second will be performed with eyes                                         

open and close. 

                                 

                

           Data management and analysis.s 

                                 \ 
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           Encryption (codeing / decodeing) 

 

DATA MANAGEMENT AND ANALYSIS : 

Data was entered in MS excel, coded and analyzed in statistical 

software STATA, version 10.1,2011. 

Data analysis included both descriptive and interferential statistics. 

Descriptive statistics were used to summarize quantitative variables 

with mean, standard deviation (SD), while frequency and percentages 

were used to summarize categorical (qualitative) variables. 

Correlation between stability and ROL, Strength will be assessed for 

each age group using Pearson’s correlation coefficient (r). 

Interferential statistics mainly included hypothesis testing procedures 

like (Analysis of variance) and F test for comparing mean differences 

in five groups. student’s t-test will also be used to assess significance 

of difference in means and for testing correlation coefficient r=0. 

A p-value <0.05 was considered statistically significant for all 

comparisons. 

 

 

RESULT: 

The result will be discussed in the final copy of dissertation. 
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Review of Literature 
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TIMELINE/GANTT CHART: 

12) November 2019- 

January 2020 

Selection of study tools and 

instruments 

13) December 2019- 

January 2020 

Method of data collection 

14) December 2019- 

January 2020 

Data management and 

analysis 

15) December 2019- 

January 2020 

Statistical tests 

16) January 2020 Compilation of Synopsis 

17) January 2020 Ethical clearance 

18) January 2020- 

February 2020 

Incorporation of suggestions 

by IEC 

19) February 2020 BORS approval 

20) March 2020 Submission of synopsis 
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12 Study setting      
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20 BORS approval      

21 Submission of 

synopsis to 

university  

     

10) Annexures :-  

Annexure I A-PROFORMA 

Annexure I B- SUBJECT INFORMATION SHEET (ENGLISH) 

Annexure I C- SUBJECT INFORMATION SHEET (HINDI) 

Annexure I D- SUBJECT INFORMATION SHEET (MARATHI) 

Annexure II A-LETTER OF CONSENT (ENGLISH) 

Annexure II B- LETTER OF CONSENT (HINDI) 

Annexure II C- LETTER OF CONSENT (MARATHI) 

Annexure IV-PERMISSION LETTER 

Annexure III –TIME LINE GANTT CHART 

 

 

 

 

Annexure I A-PROFORMA 

 

PROFORMA  

Name:   

Age:  

Dominance:  

Height in cm:  

Weight in kg:  

BMI kg/m2:   

Surgical history:   

 

Medical history: 

Any recent history of fall: 

History of menopause: 
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ANNEXURE 1(B) 

 

 

PROCEDURE: 

1. Ask the subjects to stand on barefoot on the limb of their 

choice, with other limb raised so that raised foot will near but 

not touching the ankle of their stance limb. each subject will 

be asked to focus on a spot on the wall at eye level in front of 

them, The subjects will be instructed to cross their arms over 

the chest. The investigator will use a stop watch to record the 

amount of time the subject will be able to stand on one limb. 

Time commenced when the subject raised the foot off the 

floor. Time will end 

when the subject either: (1) use their arms (i.e, uncrossed 

arms.) 

       (2) use the raised foot (move it toward or sway from the 

standing limb or touch the   floor).  

     (3) Move the weight bearing foot to maintain the balance 
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(i.e, rotated foot on the ground), 

(4) A maximum 20 seconds have elapsed. 

The procedure will be repeated 3 times and best recording 

will be considered for data analysis. 

Five minutes rest period will be given between two test. 

 

Annexure I B 

 

PARTICIPANTS INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from 

participants according to the regulatory requirements of ICMR and 

approved by IEC. 

 

Scope:  

This standard operational procedure includes population age 

between 60-80 years are voluntarily willing to participate in this 

study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the 

participants who are volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will recruit elderly population of age in 

between 60-80 years both male and female. 

2. The investigator will explain the procedure of the study to 

allay apprehension and answer all the queries of the 

participant. 

3.  If the participant decides to participate then they would be 
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consented according to the standard operational procedure. If 

the participant expresses interest but has some doubts in that 

case they would be solved.  

4. If the participants are comfortable with the explanation then 

they will fill the informed consent according to standard 

operational procedure. 

5. Study procedures will begin after the participant’s concern.  

6.  Detailed medical and any other history of trauma will be 

obtained from the participants so as to verify the inclusion and 

exclusion criteria.  

 

 

General information to research participants:  

1. Name:  

    Age:  

    Date: 

 

2. The study and the purpose of the research is to study “The effect 

of strength and range of motion of ankle joint on balance in 

population aged 60-80 years” 

3. If you are willing to voluntarily participate in the study then you are 

expected to enrol with us right from the moment of filling consent till 

the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know 

so that we can help you and overcome your problems without any 

untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

 

6. If at any moment you want to discontinue from this research study 

then you are free to do so and there would not be any hindrance 
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from our side. 

 

7.The data obtained from this study would be confidentially 

protected and maintained and if the photograph is used then your 

identity would not be revealed. If the photograph is published then 

permission would be obtained.  

 

8. If you feel exhausted or unable to complete the test you need not 

worry and let us know so that necessary steps can be initiated.  

 

9. If you are not satisfied at any moment then you can withdraw at 

any time without any consequences. 

 

 10. Name of Researcher:  

      Phone number:  

      Address:  

 

11. Name of Guide:  

      Phone number:  

      Address:  

 

12. Name of Institution: 

   

 Annexure I (C) 

 

 प्रतिभातिय ों की जानकारी पत्र 

 

उदे्दश्य : 

यह सुतिश्श्िि करिे के तिए की तिश्िि सूतिि सहमति  ऑय सी ऍम आर की 

तियतमक आवश्यकिाओों के अिुसार प्रतिभातिय ों से प्राप्त की ियी है और  

ऑय ई सी द्वारा अिुम तिि तकआ िया है । 

स्क प : 

इस मािक सोंिालि प्रतिया में 60-80 वर्ष के बीि की जिसोंख्या आयु शातमल 
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है ज  से्वच्छा से इस अध्ययि में भाि लेिे के तलए िैयार हैं। 

िातयत्व : 

श धकिाष इस अध्ययि का तहस्सा बििे वािे सभी प्रतिभातिय ों से तिश्िि 

सूतिि सहमति प्राप्त करेिा । 

प्रतिया : 

१. श धकिाष पुरुर् और मतहला ि ि ों में 60-80 वर्ष के बीि की उम्र के बुजुिों 

की भिी करेिा 

 

२. अने्वर्क आशोंका िूर करिे और प्रतिभािी के सभी प्रशि  का उत्तर िेिे के 

तिए प्रय िात्मक प्र ट कॉि की व्याख्या करेिा । 

३. यति भािीिार भाि िेिे का फैसिा करिी है ि  उन्हें मािक पररिािि 

प्रतिया क अिुसार सहमति िी जाएिी । 

४. यति भािीिार रूति क  व्यक्त करिा है िेतकि उस मामिे मे कुछ सोंिेह है 

ि  उन्हें हि तकआ जाएिा । 

५. यति प्रतिभातिय ों क  स्पष्टीकरण के साथ सहज है ि  वे मािक पररिािि 

प्रतिया के अिुसार सूतिि सहमति भरें िे । 

६. भािीिारी की तिोंिा के बाि अध्ययि प्रतियाए शुरू ह  जाएों िी । 

७. तवसृ्ति तितकत्सा और तकसी भी अन्य शारीररक समस्या का इतिहास 

प्रतिभातिय ों से प्राप्त तकए जायेिा िातक शातमि तकए जािे और बतहष्करण 

माििोंड क  सत्यातपि तकआ जा सके । 

८. यति भािीिार इस जािकारी पर अपिे पररवार के सिस्य ों पर ििाष करिा 

िाहिा है ि  वे सहमति िेिे से पहिे ऐसा करिे का हक़िार है । 

प्रतिभातिय ों क  अिुसोंधाि के तिए सामान्य जािकारी: 

१) िाम : 

    उम्र : 

   िाररक : 

२) आपक  सहमति पत्र क  भरिा ह िा और अिुसोंधाि के उदे्दश्य  से " 60-80 

वर्ष की आयु में सोंिुलि पर टििे के ज ड़ की िति और िति की सीमा का 

प्रभाव" 

३) यति आप से्वच्छा से भाि िेिा िाहिे हैं ि  आपक  पररक्षण पूरा ह िे िक 

कायषवाही भरिे के समय से हमारे साथ भिी कराया जाएिा । 
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४) यति आप अवतध के िौराि असुतवधाजिक है ि  कृपया हमें बिाए िातक हम 

आपकी मिि कर सकें  और तकसी भी अय ग्य प्रभाव के तबिा आपकी 

समस्याओों क  िूर कर सकें  । 

५) आपक  क ई प्रतिपूतिष व क्षतिपूतिष िही ों िी जाएिी । 

६) अिर तकसी भी समय आप इस श ध अध्ययि क  बोंि करािा िाहे ि  आप 

ऐसा करिे क तिए सवििोंत्र है और हमारे पक्ष मे क ई बाधािही ों ह िी । 

८) इस अध्ययि से प्राप्त डाटा क  ि पिीय रूप से सोंरतक्षि और सुरतक्षि तकआ 

जाएिा और अिर िस्वीर का इसे्तमाि तकआ जाये ि  आपकी पहिाि प्रकट 

िही ों ह िी । यति िस्वीर प्रकातशि की जािी है ि  अिुमति प्राप्त की जाएिी । 

१०) यति आप थका हुआ या परीक्षा क  पूरा करिे मे असमथष महसूस करिे है 

ि  आपक  तिोंिा करिे की आवश्यकिा िही ों है और हमें यह बिाए की 

आवश्यक किम आरम्भ तकए जा सकिे है । 

११) यति आप तकसी भी क्षण सोंिुष्ट िही ों है ि  आप तकसी भी समय तकसी भी 

पररणाम के तबिा आप अध्ययि से तिकि सकिे है । 

१२) श धकिाष का िाम : 

      फ़ ि िोंबर : 

       पिा : 

१३) िाइड का िाम: 

      फ़ ि िोंबर : 

      पिा : 

१४)सोंसथाि का िाम : 

 

   Annexure I (D) 

 

सहभािी मातहिी पत्रक 

 

उदे्दशः 

आयसीएमआरच्या तियामक आवश्यकिाोंिुसार आतण आयईसीद्वारे मोंजूर 

झािेि्या सहभािी ोंकडूि िेिी सूतिि सोंमिी तमळतविी जािे हे सुतिश्श्िि 

करण्यासाठी. 
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व्याप्ती: 

या मािक ऑपरेशिि प्रतियेमधे्य 60-80 वरे् वय िटािीि ि कसोंख्या 

समावेश या अभ्यासाि भाि घेण्यासाठी से्वचे्छिे इचु्छक आहेि. 

 

जबाबिा :््या: 

या अभ्यासािा भाि ह ण्यासाठी स्वयोंसेवा करणा all््या सवष सहभािी ोंकडूि 

सोंश धकाोंिा िेिी मातहिी तििी जाईि. 

 

प्रतियाः 

१. सोंश धक elderly०-80० वरे् वय िटािीि वय िटािीि वृद्ध व पुरुर्ाोंिी 

आतण पुरुर्ाोंिी भरिी करेि. 

२. अने्वर्ण कमी करण्यासाठी आतण सहभािीच्या सवष प्रश्िाोंिी उत्तरे िेण्यास 

सोंश धक अभ्यासािी प्रतिया स्पष्ट करेि. 

The. जर सहभािीिे भाि घेण्यािा तिणषय घेििा असेि िर त्याोंिा मािक 

पररिािि प्रतियेिुसार सोंमिी तििी जाईि. जर सहभािीिे स्वारस्य व्यक्त 

केिे परों िु त्या बाबिीि काही शोंका असिीि िर त्याोंिे तिराकरण ह ईि. 

The. जर सहभािी स्पष्टीकरणास आरामिायक असिीि िर िे प्रमातणि 

ऑपरेशि प्रतियेिुसार मातहिीिी सोंमिी भरिीि. 

Study. सहभािीच्या तिोंिेिोंिर अभ्यासािी प्रतिया सुरू ह ईि. 

Detailed. समावेश आतण विळण्याच्या तिकर्ाोंिी पडिाळणी करण्यासाठी 

सहभािी ोंकडूि िपशीिवार वैद्यकीय आतण आघािािा क णिाही अन्य 

इतिहास प्राप्त केिा जाईि. 

 

 

सोंश धि करणार याोंिा सामान्य मातहिी: 

1. िाव: 

    वय: 

    िारीि: 

 

२. "-०-80० वरे् वय िटािीि समि ि यावर घ ट्याच्या साोंध्याच्या 

हाििािीिा सामर्थ्ष आतण शे्रणी याोंिा पररणाम" यािा अभ्यास आतण 
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सोंश धिािा हेिू आहे. 

You. जर आपण से्वचे्छिे अभ्यासामधे्य भाि घेऊ इश्च्छि असाि िर आपण 

परीके्षिी पूिषिा ह ईपयंि सोंमिी िेण्याच्या क्षणापासूि आमच्यासह 

आमच्याकडे ि ोंिणी करणे अपेतक्षि आहे.या कािावधीि आपणास अस्वस्थ 

वाटि असि्यास कृपया ियापूवषक आम्हािा कळवा जेणेकरूि आम्ही 

क णिीही अतप्रय पररणाम ि करिा आम्ही आपि्यािा मिि करू आतण 

आपि्या अडिणी ोंवर माि करू. 

 िुम्हािा क णिीही भरपाई आतण िुकसािभरपाई तििी जाणार िाही. 

 क णत्याही क्षणी आपि्यािा या सोंश धि अभ्यासापासूि िूर ठेवायिे असेि 

िर आपण िसे करण्यास म कळे आहाि आतण आमच्या बाजूिे क णिाही 

अडथळा येणार िाही. या अभ्यासामधूि तमळािेिा डेटा िुप्तपणे सोंरतक्षि 

आतण राििा जाईि आतण जर फ ट  वापरिा िेिा िर आपिी ओळि 

उघड ह णार िाही. जर छायातित्र प्रकातशि झािे िर परवाििी घेििी जाईि. 

आपण थकि्यासारिे तकों वा कस टी पूणष करण्याि अक्षम झाि्यास 

आपि्यािा काळजी करण्यािी आवश्यकिा िाही आतण आम्हािा कळवा 

जेणेकरुि आवश्यक पाविे उिििा येिीि. 

 

9. जर आपण क णत्याही क्षणी समाधािी िसाि िर आपण क णत्याही 

पररणामातशवाय कधीही माघार घेऊ शकिा. 

 

 १०. सोंश धकािे िाव: 

      फ ि िोंबर: 

      पत्ता: 

 

११. मािषिशषकािे िाव: 

      फ ि िोंबर: 

      पत्ता: 

 

१२. सोंस्थेिे िाव: 
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ANNEXURE II (A) 

LETTER OF CONSENT 

 

I___________________ am willing to participate voluntarily as a 

participant for the dissertation: The Effect of strength and range of 

motion of ankle joint on balance in healthy population aged 60-80 

years – A descriptive study. “ conducted by____________.  

I have been informed regarding the nature of study and the 

duration of work. I have no objection to undertake the required 

procedure and to undergo various testing procedures pertaining to 

the study.  

The researcher has already assured me, that I would be 

treated well without any untoward effects and the rights of 

confidentiality protected.  

 

 

 

                                                                                           

Signature of the Participant/ 

                                                                                

Thumb Impression of participant                    

 

   Annexure II (B)HINDI 

 

 

सहमति का पत्र I 

___________________ श ध प्रबोंध के तलए एक भािीिार के रूप में से्वच्छा 

से भाि लेिे क  िैयार हों: शश्क्त और 60-80 वर्ष की आयु की स्वस्थ आबािी में 

सोंिुलि पर टििे सोंयुक्त की िति की सीमा का प्रभाव-एक वणषिात्मक 

अध्ययि ।____________ आय तजि तकया।  मुझे अध्ययि की प्रकृति और 

कायष की अवतध के बारे में सूतिि तकया िया है । मुझे आवश्यक प्रतिया शुरू 

करिे और अध्ययि से सोंबोंतधि तवतभन्न परीक्षण प्रतियाओों से िुजरिे में क ई 
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आपतत्त िही ों है ।  श धकिाष िे पहले ही मुझे आश्वासि तिया है, तक मैं तकसी भी 

अतप्रय प्रभाव और ि पिीयिा के अतधकार ों की रक्षा के तबिा अच्छी िरह से 

व्यवहार तकया जाएिा ।                                                                                               

                                                                                                                        

प्रतिभािी के हस्ताक्षर/प्रतिभािी के थोंब इोंपे्रशि 

 

 

 

 

 

 

   Annexure I (C) 

 

सोंमेलिािे पत्र  

प्रबोंधासाठी सहभािी म्हणूि से्वचे्छिे सहभािी ह ण्यासाठी मी ियार आहे: 

60-80 वरे् वय िटािील तिर िी ल कसोंखे्यमधे्य सोंिुलि रािण्यासाठी 

घ ट्याच्या ज डीिी िाकि आतण ििीिा प्रभाव - एक वणषिात्मक अभ्यास. 

“____________ द्वारा आय तजि. अभ्यासािे स्वरूप आतण कामाच्या 

कालावधीबद्दल मला मातहिी िेण्याि आली आहे. मला आवश्यक प्रतिया 

करण्यािी आतण अभ्यासाशी सोंबोंतधि तवतवध िािणी प्रतिया पार पाडण्यास 

हरकि िाही. सोंश धकािे मला आधीि आश्वासि तिले आहे की माझे क णिेही 

अिुतिि पररणाम आतण ि पिीयिेिे हक्क सोंरतक्षि ि ठेविा माझ्याशी िाोंिले 

वािले 

जाईल.                                                                                            सहभािीिी 

सही /                                                                                 सहभािीिा अोंिठा 

प्रभाव 
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Annexure III 

 

PERMISSION LETTER A 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of 

Physiotherapy, would request you to grant me permission to carry 

out my research work in geriatric home.  

      My research topic is : The Effect of strength and range of 

motion of ankle joint on balance in healthy population aged 60-80 

years – A descriptive study. 

      I promise that the ethics as well as participants care shall be 

duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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PERMISSION LETTER B 

 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of 

Physiotherapy, would request you to grant me permission to carry 

out my research work.  

      My research topic is, The Effect of strength and range of 

motion of ankle joint on balance in healthy population aged 60-80 

years – A descriptive study. 

      I promise that the ethics as well as participants care shall be 

duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Introduction 

Aging represents a maturational process that includes a series of events influenced by 

environment, activity, illness and nutrition. Aging affect’s function and ability to maximize 

quality of life. The physical mobility refers to the capacity of a person to move around their 

surrounding and it largely depends on muscle strength, cardio respiratory fitness, 

neuromuscular coordination and postural stability. 1 Maintaining functional ability is becoming a 

challenge day by day because of life expectancy continue to increase dramatically, result of 

medicine’s ability to fight diseases and manage chronic illness. In 20th century the normal life 

projection of Indian population averaged only 66 years now the population is expected to live 

on an average 69 years, with women it is 70.4 years and for men it is 67.8 years, according to 

latest sample registration survey from 2013-17. The geriatric population is increasing in relation 

with increase in life expectancy .2 The aging factors affect rate and magnitude of change in each 

system. Human body spends around 75% of its time undergoing the inevitable process of 

decline generating functional and structural modifications.3 The census of 2011 clearly states 

that there are 104 million elderly people in India are residing, out of which 53 million are 

females and 51 million are males.4 

 

By considering the older population number, maintenance or restoration of function of the aged 

population should be systematically planned by functional evaluation and physiotherapy 

management. Physiotherapists are in a unique position to conduct functional assessment and 

modify the functional consequences.2 

 

The functional mobility is achieved by the capacity of person to move around in their 

surrounding and it largely depends on muscle strength, cardio muscular fitness and postural 

balance. Balance is condition in which all the forces acting on body are work in collaboration to 

keep center of mass within base of support.5 
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There are 2 types of balance: 

1. Static balance, in which the forces are acting when body is at rest tend to restore its 

original position after it’s been displaced with the low Centre of gravity.6 

2. Dynamic balance, in which the body is in motion and forces acting upon it increase 

initial displacement with high and forward Centre of gravity.6 

 

Balance is considered as an essential component in many activities of daily living, from simple 

activities such as quiet standing, to more complex activities such as walking while talking or 

while changing directions, running, functional reach. These different tasks require static and 

dynamic component.7 

 

 As voluntary postural response time in elderly people appear to be longer than in young 

people, elderly persons may choose to stand with the wide base of support to feel safe. Postural 

responses of geriatric population, (aged 61 to 78 year), show variances in timing and amplitude 

on platform pertubations. Greater co activation of agonist and antagonist muscles was one of 

the important finding among older age group as compare to their younger counterparts (aged 

19-38 years). Iverson and associates, who tested non-institutionalized men 60 to 90 years of age 

on two types of balance test that involved one-legged stance found that there is significant 

decrease in balance time torque production with age. In other tests, the authors stated that the 

torque production was significant predictor of balance time: that is, greater the torque the 

longer the balance time. These authors also found that men who exercised five to six times a 

week had greater torque production than did men who exercised less frequently.8 This finding 

suggest that high level of fitness and activity may have beneficial effects on the aging person’s 

ability to perform one legged balancing activities that are needed for activities of daily living 

such as walking.8 

 

Compromised balance has been identified as risk factors for fall. The gait disturbance can be 

due to adaptive cautious, stiff-legged, freezing, frontal, dystonic, cerebellar, sensory ataxic, 

psychogenic, antalgic, paretic, hypokinetic, and dyskinetic reasons.9,10 
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The incidence of fall in elderly population from 65 to 75 years of age group is 28-42%. A fall is 

identified as one of the external causes of unintentional injury by WHO and therefore evidence-

based practice guidelines have suggested that early screening of fall and its detection is 

essential. Also, the treatment of fall associated injuries like fracture is costly which lead to 

dependency, immobilization, depression and it develops fear of walking. This may be due to 

weak musculature, reduce balance, gait instability, reduce physical mobility, 11 these are age 

related changes in neurologic, musculoskeletal, cardiopulmonary and cognitive system. To find 

out the changes in physical mobility is of importance because of increased life expectancy.7 

 Collagen tissue composed of skin, tendon, ligaments, fascia. These tissues hold the body parts 

together while giving the freedom of motion. Due to aging, there is loss of water from matrix 

which causes shrinkage of articular cartilage and reduce shock absorb ability all of this leads to 

increase effort while performing any movement.12 

 

The central nervous system is important factor in controlling balance. It is the combination of 

sensory information from the somatosensory, vestibular, and visual systems, which work 

together with the neuro muscular system to control body position in harmony to the 

environment and to stabilize the body’s center of mass during perturbations, with subsequent 

motor output.12        

 

Muscle strength is also an important factor that changes with increase in age because of reduce 

number of sarcomere this is known as sarcopenia. Age related sarcopenia is due to loss of 

muscle fibers.13 

 

Number of screening methods is used to identify the risk factor for fall which comprises an 

assessment of gait and balance. Such as berg balance scale, dynamic gait index, functional reach 

test, multidirectional reach test. Out of which timed up and go test has better reliability and 

sensitivity. Also, it does not suffer from ceiling effect limitations and is normally distributed.14   

Timed Up and Go test is one of the most commonly used clinical tool for assessing dynamic 

balance and gait .15  
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Podsiadlo developed a test TIMED UP AND GO as a test of basic mobility skills, it was a modified 

timed version of get up and go test which was focusing on a balance assessment that is rated on 

a 1 to 5 score scale 1 =normal, 2=slightly abnormal, 3=mildly abnormal 4=moderately abnormal, 

5=severely abnormal. Later they added timing as main measurement component; it is based on 

observer’s perception of participant’s fall risk .16 

 

The use of TIMED UP-AND-GO has been recommended in an emergency department to assess 

patients at risk of decline of function with minor trauma as its application is simpler and cost 

effective in every setting, requires easily available equipment, not at all time consuming and 

participants can easily made understood about its implication.16 

 

In studies It was proven that duration and variability of trunk movement during chair stand can 

identify fall between elderly with high risk of fall and elderly with low risk of fall. On an 

international level, the TIMED UP-AND-GO has been validated through multiple studies on 

community-dwelling, elderly individuals in Britain, Taiwan, Ireland, Norway, Japan and the 

United States. These cohort studies provide significant results in determining the risk of an 

individual who will suffer fall in future.17 

 

In chronic conditions TUG is frequently used clinical test for assessment of fall.18 But importance 

of TUG or measurement qualities of TUG were little known in fit older adults. Assessing 

incapacity of TUG to evaluate such individuals can be caviling to find out the role of this test in 

the early detection of changes due to aging, rather than in later stages, for instance, through 

muscle function evaluations and its effect on mobility.19 Performance of TUG would play an 

important role for female gender as compared to males because it is presumed that females are 

confined to home environment where as male population move around in the social places & 

crowded areas.20,21 Moreover, the changes with aging start as soon as in mid-life. Supported 

with this premise studies speculated that TUG was modified for asymptomatic/ healthy adults is 

reliable and valid, and it can be used in the reduced physical mobility through the.22 
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The completion of TUG value up to 10 seconds is considered normal, from range of 10.01 to 20 

seconds with affected performance and over 20.01 seconds with higher risk of falls in older 

population.23 As presented in the study the by Bohannon et al.23 TUG test measurement was 

divided into three age groups: 60-69 years with obtained values of 8.1 (7.1-9.0) seconds, in 70-

79 years with values of 9.2 (9.8-10.0) seconds, that measure verbal skillfulness and verifies the 

cognitive capacity combined with the physical demand related to the performance of older 

people. 

 

 Rosiliene Andrade stated that the life expectancy is higher 24 and may require frequent health 

services.25 Community dwelling older adults have less documentation of functional disability 

with poor reports of self-perceived health. Therefore knowledge of health profile of community 

dwelling adults could help in preventive measures associated with risk factors of fall which will 

reduce in dependency of elderly .26 

  

studies proved that loss in mobility affects the 25% individuals aged 65yeras and above .27 Frailty 

has been defined as a geriatric syndrome, directly associated with age, characterized by a multi-

system reduction in physiological capacity leading to increased vulnerability for adverse health 

outcomes.28 Study on functional status in senior people often include performance-based tests 

to differentiate the risk of muscle weakness. These tests centering mainly on muscle strength 

and balance, walking ability, and assess physical variable such as time, distance, number of 

repetitions. Timed-Up-and-Go test (TUG)—a simple, quick and widely used measure of 

functional mobility is a prime example of such a test. The time taken to complete TUG has been 

shown to be linked to regular physical activity.29 

The TUG test results also associated with worldwide health decline 30reduction in activities of 

daily living 31, and falls 32. Recently it has been reported that TUG performance time can be a 

strong predictor of frailty 33 as well as sarcopenia34.  Both sarcopenia and fraility conditions are 

associated with muscle weakness, hence, only the TUG performance time does not convey 

elaborate information concerning the test components i.e. sit-to-stand and stand-to-sit 
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transitions, straight-line walking and turning that might be particularly sensitive as predictors of 

functional decline.35 

With aging the slowness increases and it is considered as fundamental characteristics of aging 36 

and it is the factor that causes decline in physical activities. Loss of physical function is one of 

the prime health issue particularly because the increasing number of elderly. 37, 38 In the study 

by Maturin Tabue-Teguo they speculate that Gait Speed and BMI are associated following a U-

shaped relationship i.e., individuals with reduced Gait Speed are malnourished or obese. While 

physical frailty and malnutrition/obese are different parameters.39 

In 30S CTS the procedure involves noting the number of stands an individual can perform in 30s 

rather than the recording the amount of time they take to complete the per-determined 

number of repetitions. By using this test protocol, it is possible to assess the wide variation in 

physical level with scoring between 0 for those unable to complete the test and as high as 20 for 

fit individuals. 40  

Higher BMI is also related with reduced physical function, it is in relation with other studies of 

older persons where increased BMI was associated with self-reported limitations in physical 

function.41,42,43 This may be due to overweight or underweight can have impact on desire and 

status to engage in physical activity and physical activity behavior.44,45 Other studies have shown 

that BMI that is low (< 18.5) and high (>25) exhibit compromised health.44  The results of this 

study does not show this divided relationship between BMI and physical function.46 

Although there have been many large-scale clinical trials demonstrating the effectiveness of 

TUG for assessment of fall in elderly population. There is no recommendation cut-off point for 

local population. Therefore, this study was an attempt to estimate the reference value for 

timed-up-and-go test among healthy older adults aged 60 years and above. 
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NEED FOR STUDY/RATIONALE: 

The purpose of this study was to determine predictive value of timed up and go in 

community dwelling older adults. There are number of performance-oriented mobility 

assessment tools that assess aspects of balance and gait involved in normal daily 

activities. These tools serve to identify patient at risk of falling. However, the sensitivity 

and specificity are moderate. TIMED UP-AND-GO is recommended as routine screening 

tool to test falls by American geriatric society and British geriatric society. Both the 

societies have endorsed 10 to 33 seconds duration for elderly to complete TIMED UP-

AND-GO. But for Indian community dwelling elders have not given such a specific 

completion time. It is stated that cut off of more than 13.5 seconds is at risk of falling in 

the community as presented in the textbook of o'sullivan. Therefore, the study focused 

on risk of fall in healthy adults by assessing the physical mobility and by finding the 

mean time the participants take to perform timed up and go test. Perhaps the timed up 

and go test would predict about balance and loss of balance in healthy adults since it is 

easy to administer, takes about 2 minutes to administer, is quick. The current study 

would help to estimate the duration of TUG test in healthy individuals which can be used 

as reference value in local population by administering timed up and go test.5 
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RESEARCH QUESTION 

What is the reference value of timed up and go test for healthy adults aged above 60 years? 

 

 

 

 

 

HYPOTHESIS 

 Not Applicable (Descriptive study) 
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AIM 

 

To estimate the reference value for timed up and go test for healthy adults aged above 60 years 

 

 

 OBJECTIVES 

 

 To measure timed up and go value in seconds 

 To co-relate observed timed up and go value in seconds with age 

 To find out the influence of gender on timed up and go test. 
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REVIEW OF LITERATURE: 

The study was designed after going through various textbooks refence books and journal 

articles available at institute library. strong database was formulated with help of pubmed, meta 

scholar, google scholar as well as number of articles were searched to design the method to 

carry out the study titled. 

 

1. Nency khant et al (2018) conducted a study on Establishing the reference value for 

“timed up-and-go” test in healthy adults of Gujarat, India with sample size of 520 older 

adults recruited on the basis of convenient sampling. The self-reported individuals aged 

between 40-70 years without any cardiovascular, musculoskeletal, neuromuscular 

disorders were selected. The study concluded that the reference value of TIMED UP-

AND-GO test in healthy individuals of Gujarat, India, was found to be 8.46 s which 

provides a standard to which patient’s performance can be compared with16. 

2. A cross sectional analytical study was carried out on Balance and functional assessment 

in ambulatory elderly patients using Timed Get Up and Go test conducted by Akanksha 

sharma et al. (2016). 120 randomly ambulatory elderly patients aged from 60 years and 

above who visited the outpatient geriatric clinic at medical college of Chandigarh center 

were selected. They were divided into 3 groups on basis of their age group;60-69 years 

(Group A),70-79 years (Group B),80 years and above (Group C). The aim of this study was 

to measure the TIMED UP-AND-GO score in elderly patients. History of number of 

comorbidities, polypharmacy, number of falls within a past year, were noted. They 

concluded that TIMED UP-AND-GO score was highest in group C in relation with other. 

Females took more time than the males. According to this study TIMED UP-AND-GO is 

good screening to identify elders at high fall risk .47 

3. Study on Modified 30-second Chair stand test predicts falls in a cohort of 

institutionalized older veterans performed by Eva v Applebaum and coworkers, it 

included sit to rise test and timed up and go test for physical performance measures. 

The objective was to find out if a modified 30-second sit to Stand test that allowed 

upper extremity use and Timed Up and Go test predicted falls in institutionalized 
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Veterans. The ability of modified 30-second Sit to Stand or Timed Up and Go to predict if 

participants had fallen was studied using logistic regression. The study set up was in St-

Anne’s Veterans Hospital (Quebec, Canada), with 53 individuals aged 65 years and 

above. The modified 30-second Sit to Stand that allowed upper extremity use offers an 

alternative method to screen for fall risk in older adults in long-term care also, the study 

was helpful to discriminate between fallers and non-fallers .48     

4. Talia Herman (2010) conducted a study on Properties of the ‘Timed Up and Go’ Test: 

More than Meets the Eye using TIMED UP-AND-GO, Berg balance scale, Dynamic gait 

index. Objective of the study was to evaluate the psychometric properties of Timed Up-

And-Go in healthy older adults in relation with berg balance scale and dynamic gait 

index. It included 265 community dwelling older healthy adults aged between 70-90 

years. The study was conducted in Boston, USA concluded that: The TIMED UP-AND-GO 

appears to be an appropriate tool for clinical assessment of functional mobility even in 

healthy older adults. it does not suffer from ceiling effect limitations, and related to 

executive function. The berg balance scale and dynamic gait index does not have these 

advantage. The average time taken to perform the test was 9.5 ± 1.7seconds.14 

5. A longitudinal study of the community-dwelling elderly on Timed Up and go Test can 

predict recurrent falls by Li kang peipei et al (2017) using TIMED UP-AND-GO which 

include 541 older adults. Individuals aged above 60 years took part in the study because 

approximately 30% of people above 65 years fall yearly. The fall data was obtained from 

face-to-face interview, and the date, site, and circumstances of any fall were 

documented. The exclusion criteria were inability to perform the basic activities of daily 

living, visual impairments i.e glaucoma, cataracts, and myopia and presbyopia, current 

use of drugs. The study concluded that future falls will be best predicted by TIMED UP-

AND-GOT in recurrent fallers. A score of 15.96 seconds is used as a cut-point to screen 

recurrent falls in community-dwelling elderly Chinese individuals.49 

6. Targo S. alexander (2012) performed a study on Accuracy of Timed Up and Go Test for 

screening risk of falls among community-dwelling elderly. The number of elderly 

individuals registered with the Family Health Program (FHP) in the city of Taubaté (Sao 
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Paulo, Brazil) were involve which included 63 community dwelling older adults aged 60 

years and above. Elderly individuals who reported having  Parkinson´s disease, a history 

of transitory ischemic attack, stroke and with a Mini Mental State Exam lower than the 

expected for the education level, were on a wheelchair and that reported a single fall in 

the previous six months were excluded The performance of basic activities of daily living 

(ADL) and instrumental activities of daily living (IADL) was determined through the Older 

American Resources and Services. The individual who fell had difficulty in performing 

ADL and IADL and slower performance on TIMED UP-AND-GO test. This study concluded 

that the TIMED UP-AND-GOT proved to be an accurate measure for screening the risk of 

falls among elderly individuals. 12.47 seconds was the cut off value of Brazilian elderly.50 

7. George M Savva (2013) Used Timed Up-and-Go to Identify Frail Members of the Older 

Population included 1,814 older adults of Irish longitudinal study on aging aged above 

65 years. The study described the distribution of frailty and TIMED UP-AND-GO in the 

older population of Ireland. Frailty was defined by having 3 or low gait speed, low grip 

strength, unintentional weight loss, self-reported exhaustion, and low physical activity. 

The study concluded that TIMED UP-AND-GO is a sensitive and specific measure of 

frailty that gives quantitative measurement; however, TIMED UP-AND-GO cannot be 

used to reliably identify pre-frail individuals.33   

8. A study conducted in centre in Aarau, Switzerland and long stay geriatric wards within 

acute geriatric department of felix platter spital and Kantonsspital in basel, Switzerland 

by Heike A. bischoff (2003). It was based on Identifying a cut-off point for normal 

mobility: a comparison of the timed ‘up and go’ test in community-dwelling and 

institutionalized elderly women. Study included 413 community dwelling and 78 

institutionalized adults of age group between 65-85 years. TIMED UP-AND-GO duration, 

residential and mobility status, height, age, weight was documented. The participants 

who were either unable to walk 6meters or unable to get out of chair with or without 

walking aid were excluded from the study. The study concluded that the residential 

mobility status as the strongest predictors of timed up and go test performance. 

Community-dwelling elderly women between 65 and 85 years of age should be able to 
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perform the timed up and go test in 12 seconds or less and institutionalized women 

perform the test in 20 seconds.51 

9. The study was carried out to describe balance abilities in an individual with different 

ethnic background by Roberta A. Newton (1997) as the Balance Screening of an Inner 

City Older Adult Population using Timed Up and Go Test, Berg balance scale, Reach in 

four direction test. Study included 251 older adults from age 60 – 95 years of age. 

Majority of participants were African-American. The elders were screened for past and 

current medical conditions, activity level, and confidence in performing interaction with 

environment. The score on berg balance scale was 53(maximum 56). Mean on timed up 

and go test was 15 seconds and reach in four direction test was forward 8.9in; backward 

4.6in; right 6.8in; left 6.6in. Analysis shows that the frequency of performing activities 

without fear of falling significantly contribute to the scores. The result shows that the 

three tests-BBS, TIMED UP-AND-GO, and RFDT- can be used by practitioners as they 

examine balance abilities in community-dwelling older adults from diverse 

background.52 

10. Manjumi M. Noohu et al(2017) conducted a study on International classification of 

function, disability and health framework for fall risk stratification in community 

dwelling older adults. In this study they tried to assess the fall risk using different 

domains of ICF using various clinical tools, using TIMED UP-AND-GOT, Berg balance test, 

elderly fall screening test. The study has 255 older adults recruited through convenient 

sampling method from geriatric clinic (OPD) of All India Institute of Medical Sciences, 

New Delhi. The study was single session cross-section design. The body mass index 

(BMI), grip strength, depression score (Geriatric depression scale: GDS-S) and co-

morbidities were used to assess body function and structure domain, timed up and go 

(TUG), Berg balance scale (BBS) and elderly fall screening test (EFST) scores were used 

for activity domain. The study concluded that in subjects with one fall and more than 

one fall, TI -AND-GO, Berg Balance Scale, Elderly Fall Screening Test, Geriatric Depression 

Scale score, NSAIDS and antidepressants use showed a significant association with fall.11 
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11. Azianah Ibrahim et al (2017) conducted a study on Timed up and go test combined with 

self-rated multifactorial questionnaire on risk of fall and sociodemographic factors 

predicts falls among community-dwelling older adults better than the timed up and go 

test on its own. This was a retrospective cohort study. A total of 2,324 community-

dwelling older adults from four states that represented central, south, north and east of 

Malaysia were recruited based on multistage random sampling. The aim of this study 

was to identify the best parameters associated with previous falls, either the timed up 

and go (TUG) test combined with sociodemographic factors and a self-rated 

multifactorial questionnaire (SRMQ) on falls risk or the TIMED UP-AND-GO on its own. 

The study was conducted in Combination of sociodemographic factors and SRMQ with 

TIMED UP-AND-GO is more favorable as an initial falls risk screening tool among 

community-dwelling older adults. Subsequently, further comprehensive falls risk 

assessment may be performed in clinical settings to identify the specific impairments for 

effective management. 53 

12. Wesley de oliveira et al(2017) conducted a study on Test timed up and go and its 

correlation with age and functional exercise capacity in asymptomatic women. Ninety-

eight women were selected and stratified into age groups, aged between 40-84 years. 

They have performed the tests TIMED UP-AND-GO, Berg Balance Scale (BBS) and 

evaluation of usual gait speed (UGS). Fifty-eight participants also performed incremental 

shuttle walk test (ISWT). The study concluded that TIMED UP-AND-GO adapted for 

asymptomatic women is reliable and able to assess the decline of physical mobility with 

advancing age.22 

13. Zunaidah abu samah et al.(2018) conducted a study on Discriminative and Predictive 

Ability of Physical Performance Measures in Identifying Fall Risk among Older Adults 

which included 325 community dwelling older adults aged 60 years and above. A cross-

sectional study was conducted to determine discriminative and predictive ability of 

physical performance measures in identifying the risk of fall among Malaysian 

community dwelling older adults. The aim of the study was to find out screening 

measure to identify fall of risk. They used 6-minute gait speed, TIMED UP-AND-GO, and 
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walking with talking test. Participants with communication difficulty, acute illnesses, 

fractured extremities, diagnosed with vestibular disorder, severe hearing and/or vision 

impairments, had undergone hip or knee joint replacement surgery, lower limb 

prosthesis as well as severe musculoskeletal and/or neurological disorders were 

excluded from study. Eighty-four percent older adults who experienced a fall in this 

study were identified to be at risk of fall when screened using this TIMED UP-AND-GO 

cut off score concluded that the TIMED UP-AND-GO test to be an optimal screening tool 

for risk of fall among community dwelling older adults.2 

14. Eric estes (2016) conducted a study on Timed up and go test and its effectiveness in fall 

risk screening and assessing the success of the stepping on program in fall prevention. 

The purpose of this study was 1) to determine if the Stepping On program displays a 

decrease in fall risk through the application of the TIMED UP-AND-GO and 2) if the 

TIMED UP-AND-GO is an effective screening tool for a fall risk assessment with Stepping 

On participants. Fourteen female participants with an average age of 87.2 years (80-94) 

were recruited for the Stepping On program, and agreed to participate in additional 

functional screening. It was concluded that the TIMED UP-AND-GO displayed 37% 

participant improvement in the Stepping On program as an effective course in 

decreasing fall risk.17 

15. TIMED UP AND GO TEST AND RISK OF FALLS IN OLDER ADULTS:  A SYSTEMATIC REVIEW 

by O. Beauchet et al (2011). The aim of the study to assess the association and the 

predictive ability of the Timed Up and Go test (TUG) on the occurrence of falls among 

people aged 65 and older. The cut-off time separating non-fallers and fallers diverse 

from 10 to 32.6 seconds. All retrospective studies showed a significant positive 

association between the time taken to perform the TIMED UP-AND-GO and a history of 

fall with the highest odds ratio (OR) calculated at 42.3. In addition, standardization of 

testing conditions combined with a control of the significant potential confounders (age, 

female gender and comorbidities) would provide better information about the TIMED 

UP-AND-GO predictive value for future falls in older adults.32 
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16. Matte L Bloch and colleague (2017) conducted a study on Introducing a third timed up 

and go test trial improve performances of hospitalized and community dwelling older 

adults.79 older individual from havidovre hospital and 32 community dwelling adults 

who visited physiotherapy OPD, Denmark were included in this cross-sectional study. All 

participants (except one from the hospital unit) performed 3 TIMED UP-AND-GO trials, 

as fast as safely possible on the same day, and separated by up to 1-minute pauses. 

Participants used their normal walking aid (if any) in the outpatient geriatric center. 

study suggest that the fastest of the 3 TIMED UP-AND-GO trials is recorded instead of 

the second trial in both hospitalized and community-dwelling older individuals, 

introducing third TIMED UP-AND-GO trial improves faster performance times than 2 trial 

in community dwelling and hospitalized adults.54 

17. Is chair rise performance a useful measure of leg power? A study by Rebecca Hardy. The 

aim of this study was to assess whether chair rise performance can be considered as a 

predictor of leg power perform among men and women in mid-life. We assessed the 

relationship of chair rise performance with leg extensor power (LEP) measured using the 

Nottingham Power Rig (NPR), and with standing balance performance. Rising from a 

chair repeatedly not only requires lower limb strength and power but also good balance 

and coordination. 81 men and 93 women from the MRC National Survey of Health and 

Development, a nationally representative cohort born in Britain in 1946. The time taken 

to rise from a chair 10 times and standing balance time were assessed during home 

visits at the same age. That LEP and standing balance are both related to chair rise time 

in men suggests that chair rise time should not be thought of purely as a proxy measure 

of leg power in middle-aged populations.55 

18. Laura J Viccaro and colleagues (2011) conducted a study on Is Timed Up and Go Better 

Than Gait Speed in Predicting Health, Function, and Falls in Older Adults? study 

population was 65 years and above with 457 participants, they assessed whether TIMED 

UP-AND-GO is superior to Gait Speed in predicting multiple geriatric outcomes. The 

study conducted at Medicare health maintenance organization and Veterans’ Affairs 

primary care clinics in Pittsburgh, PA. Mean age was 74 years and 44% were female. Gait 
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speed was performed over 4 m at the participants’ usual pace. For TIMED UP-AND-GO, 

participants were timed as they rose from a chair, walked 3 m at their usual pace, turned 

around, walked back, and sat down.  Gait Speed predicts most geriatric outcomes, 

including falls, as does the TIMED UP-AND-GO. The time alone in TIMED UP-AND-GO 

may not add to information provided by Gait Speed, although its qualitative elements 

may have other utility.30 

19. In Andrew A Guccione, the TIMED UP-AND-GO developed by Podsiadlo and Richardson it 

is stated that TIMED UP-AND-GO is tool that has been extensively used with healthy and 

frail older adults as well as older adult fallers. Podsiadlo in 1991 developed test TIMED 

UP-AND-GO as a test of basic mobility skills, a modified, timed version of “get-up-and-go 

(GUG) test” (Mathias et al. 1986). Get Up And Go test was developed previously as a 

clinical evaluation of balance in elderly and was scored on an ordinal scale of 1–5 based 

on a risk of fall during the test. Podsiadlo and Richardson modified the original test by 

timing the task and projected its use as a test of basic ability skills for frail community-

dwelling elderly. More specifically, it assesses the ability to perform sequential motor 

task relative to walking and turning (2011).3 

20. Study performed by Teresa M steffen and collegues (2002) about Age and gender-

related test performance in community-dwelling elderly people: six-minute walk test, 

Berg balance test, Timed up & go test, Gait speeds. They conducted the study in 

Concordia university on subjects aged between 60 – 89 years. Mean test scores shows 

age related decline for all 4 parameters for both genders. The women in this study took 

slightly higher time to perform TUG.57 

21. A contemporary review study on Balance and Gait in the Elderly coducted by Muyinat Y. 

Osoba, et al (2019) with the aim to review changes in gait and balance associated with 

aging and the effect of visual perturbations on gait and balance in the elderly to provide 

a basis for future research. The articles on Gait and balance was searched in older adults 

(>60) and younger adults (<60). Elderly adults show age-related decline in sensory 

systems and reduced ability to adapt to changes in their environment to maintain 

balance. Elderly adults are particularly dependent on vision to maintain postural 
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stability. Distinct changes in gait parameters are related with aging, such as slower gait 

speed and increased gait variability. Increased gait variability, specifically with 

mediolateral perturbations, increases risk of fall in elderly. Virtual reality training has 

helped with effects on balance and gait.58 

22. A cross-sectional study conducted in 26 women on Aging effect on the instrumented 

Timed-Up-and-Go test variables by Ryszard Zarzeczny and collegues (2017) Aged 80 

years and older were recruited from upper silesia nursing home, Poland. The subjects 

with independence in performing activities of daily living, logical verbal contact, lack of 

medical contraindications to physical exercise were included. The lower limb strength 

was measured by 30S CTS test and 6Minute Walk Test. The obtained results suggest that 

in the oldest subject of nursing home women an age-related decline in TUG 

performance is mainly associated with a tremendous reduction of strength of lower limb 

muscles.35 

23. The Effect of obesity on falls, injury, and disability by Christine L Himes 2011 was 

researched on ten thousand seven hundred and fifty-five participants aged 65 and above 

took part in this longitudinal cross-sectional study. The aim of the study was to examine 

the effect of obesity on the propensity of older adults to fall, sustain a fall-related injury, 

and develop disability in activities of daily living (ADLs) after a fall. Underweight and 3 

classes of obesity calculated from self-reported height and weight. Compared with 

normal-weight participant, the risk of fall were 1.12 for class 2, 1.15 for obesity class 3. 

Conditional on falling, only obesity Class 3 was related to a lower propensity for a fall-

related injury (OR = 0.62, 95% CI = 0.44-0.87). Obesity Classes 1 and 2 were associated 

with a higher risk of greater ADL disability after a fall than normal-weight respondents 

(OR = 1.17, 95% CI = 1.02-1.34; OR = 1.39, 95% CI = 1.10-1.75, respectively). Being 

underweight was not related to risk of falling or to reported injury or greater ADL 

limitation after a fall. The presence of measured health. 59 

24. A cross-sectional study done by Anne O Brady and colleagues 2014 on Impact of body 

mass index on the relationship between muscle quality and physical function in older 

women. In university researches setting 94 community-dwelling older women were part 
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of the study. The anthropometric measurements such as Body mass index using height 

and weight, leg extension power using the Nottingham power rig, body composition via 

dual-energy X-ray absorptiometry, and physical function with 6-minute walk, 8-foot up-

and-go, 30-second chair stand. Muscle quality was defined as leg power in watts. They 

found that muscle quality was significantly higher in women of normal BMI compared to 

overweight. Muscle quality was a significant predictor of performance on 30-second 

chair stand in normal and obese women. The results suggest that interventions that 

increase Muscle Quality in older women may improve physical function, regardless of 

BMI. 60 

25.  A community based prospective, non-experimental study was undertaken to assess 

normative values of physical fitness test in elderly subjects, aged ≥65 years. The study 

conducted by Prasanta Kumar Bhattacharya et al 2017 to determine normative values of 

Senior Function Test in geriatric population in an urban community setting. The data was 

collected from 60 municipal wards of guwahati city in Northeast India. They found that 

in chair-stand test, maximum values were in 65-69 year for both sexes males=15.2±4.64; 

females=13.6±4.26 respectively while the minimum values were in the age group of 75-

79 years (5.00±0). In elderly males, the highest BMI was recorded in men aged 65−69 

years (23.4±2.11) and the lowest in the oldest subjects aged above 80 years 

(21.8±1.30).This study concluded that with aging, physical fitness decreases in men and 

women. 61 

26. The study conducted by Stephen R. Lord in 2002 on Sit-to-Stand Performance Depends 

on Sensation, Speed, Balance, and Psychological Status in Addition to Strength in Older 

People. It was a randomized controlled trial study with 669 sample size in which the the 

people older than 75 drawn randomly. Assessment of sit to stand test, sensory motor 

function and balance and psychological assessment was done. There was no significant 

difference in time taken by male and female to perform sit to stand test. The findings 

indicate that in community dwelling older people, Sit To Stand performance is influenced 

by multiple sensorimotor, balance, and psychological processes and represents a 

particular transfer skill, rather than a measure of lower limb strength. 62 
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27. In 2019 the study to assess the lower limb strength in Indian population was done by 

using chair stand test, Dr. Lydia and colleagues published this study. The aim of the study 

was that the thirty second chair stand test has been used as a measure of lower body 

fitness in older adults from 60 – 90 years, healthy or unhealthy. This study aims at 

establishing the reliability and validity of this technique as a measure of lower body 

strength in an Indian population in individuals of age groups 20 to 59 years. Total 

number of 100 participants was evaluated. The scores were found to decline with age 

and the scores were lower for older age group mean 20 as compared to younger mean 

23. Further, they were lower for females mean 21 as compared to males mean 23.63 

28. The population-based study investigated 2,735 consecutive volunteers aged 65 years 

and above done by Severine Buatois, in 2010. The aim of the study was to correct 

identification of people at risk for recurrent falls facilitates the establishment of 

preventive and rehabilitative strategies in older adults. Assessment based on 3 clinical 

balance tests: the One-Leg-Balance Test, the Timed Up & Go Test, and the Five-Times-

Sit-to-Stand Test. Participants were randomly divided into either group A n=999, which 

was used to develop the scale, or group B n=619, which was used to validate the scale. 

Health perception score was lower and body mass index was higher in recurrent fallers 

compared with the other participants. The Five-Times- Sit-to-Stand Test provides added 

value to stratify risk for falls in people at moderate risk. 64 

29. The study done by Emma Barry and colleagues aimed to identify all studies that 

validated the TUG test in community dwelling older adults (2014). Twenty-five studies 

were listed in the systematic review and 10 studies were included in meta-analysis. The 

TUG test was found to be more useful at ruling in rather than ruling out falls in 

individuals classified as high risk (>13.5 sec). They concluded that the Timed Up and Go 

test has limited ability to predict falls in community dwelling elderly and should not be 

used in isolation to identify individuals at high risk of falls in this setting.56 

30. Managing the ageing man in Asia: a review done 2011 by Seng Fah Tong and et al. The 

aim of the study was to identify the current mortality, morbidity pattern and burden of 

disease for Asian men in order to help in directing the men’s health movement in the 
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correct direction. The current evidence suggests that the poor health status of men is 

the result of their poor health care utilization, negative health-seeking behavior, the 

adverse social environment for men and gender-insensitive health care delivery. 65 

31. The article published in 2011 on Gender Differences in Health and Health Expectancies 

of Older Adults in Singapore: An Examination of Diseases, Impairments, and Functional 

Disabilities by Venessa Yong and colleagues. Included a nationally representative sample 

of 4,511 Singaporeans aged 55+ years. Results show that women have higher prevalence 

for hypertension, bone, joint, eye, vision, and mobility problems, while heart condition 

and stroke are more common among men. Health expectancies computations by the 

Sullivan method reveal that even though women live longer than men, they can also 

expect more years of life both without and with diseases, impairments, and disabilities. 

66 

32.  To establish the association between fall history and physical performance tests in the 

community-dwelling elderly, the study was carried out by Jim Chul Kim and et al in 

2017.The cross-sectional study was carried out in 307 population aged 65-92 years 

categorized into fallers and non-fallers. This study explored the association among 

baseline characteristics of three physical performance tests, and fall history; physical 

performance (SPPB), dynamic and static balance (BBS), functional mobility (TUG) was 

evaluated. This study suggests that SPPB and two dynamic balance test items of the BBS 

can be used in screening for risk of falls in an ambulatory elderly population.67 

33. An evaluation of the 30-s chair stand test in older adults: frailty detection based on 

kinematic parameters from a single inertial unit this study was done by Nora Millor and 

colleagues (2013). The purpose of this study was to use this new technology to obtain 

kinematic parameters that can identify frailty in an aged population through the 

performance the 30-s CST. Eighteen adults with a mean age of 54 years, as well as 

sixteen pre-frail and thirteen frail patients with mean ages of 78 and 85 years, 

respectively, performed the 30-s CST while their trunk movements were measured by a 

sensor-unit at vertebra L3.They found that differences in the frailty level of a subject can 

be found by evaluating the specific way the 30-s CST cycles are carried out. This study 
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shows that internal units can enhance the information gained from tests currently used 

in clinical practice, such as the 30-s CST. 68 

  

The values of timed up-and-go test are supposed to be age specific, as walking speed and 

balance are affected due to ageing process. As such the Indian literature does not reveal the 

norms of timed up-and-go test in Indian population therefore the present study was taken up to 

draw the reference value for aged population for timed up-and-go test in seconds. 
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METHODOLOGY: - 

 

The study was conducted to observe the reference value of TUG in community-dwelling 

older adults. The data collection was completed as per methodology given below. 

 

 

STUDY DESIGN: Descriptive cross-sectional study. 

 

In this descriptive cross-sectional study, the measurement of timed up and go test reference 

value was calculated within 18 months for the subjects aged above 60 years (both genders). 

Quantitative data was observed and recorded to make statistical inference about the 

balance measured in seconds for timed up and go test. 

The time was recorded for both the genders at fixed geographic location to estimate 

reference value for timed up and of go test. 

 

STUDY SETTING: Community Physiotherapy OPD and community-based setting 

Geriatric OPD of the physiotherapy department and nearby areas of tertiary health care    

center was the place for study. 

 

STUDY POPULATION: geriatric population aged 60 years and above. 

       The target population was older adults coming to the community physiotherapy 

department and residing near tertiary health care center. Self-reported healthy aged 

individuals were subjected for study protocol. Geriatric older population those reported 

“not fine” statement after single question interview was not considered for study. The 

study population was categorized as per WHO geriatric Asian population classification 71.  
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DURATION OF STUDY: one and half year 

The procedure of the study was matched within the time limit as per timeline chart. 

Stipulated time was allotted for completion of data collection. 

 

SAMPLE SIZE ESTIMATION 

 

 Sample size was determined considering mean Timed up and go test as main outcome 

measure. The result was obtained by estimating the sample size on basis of study done by 

sharma et al. in Government Medical College, Chandigarh. 

Following assumption are made from the study by sharma et al, (2016) 

1. Mean time for TIMED UP-AND-GO test =10s 

2. Standard deviation for TIMED UP-AND-GO test =5.71s 

3. Relative precision =10% of the mean (0.10*10) 

4. α error = 1%   

REQUIRED SAMPLE SIZE: 

Formula: n= z2б2 ÷ d2 

(2.58)2 × (5.71)2  ÷ 10×0.1 

n =220 

Therefore 220 eligible participants included in study aged 60 years and above. 

                                      

SAMPLING TECHNIQUE:  Simple random sample. 

220 subjects were selected from geriatric OPD and adjacent area to the study setting as well as 

tertiary health care center.   

Random sample of aged population was collected from total available population in the vicinity 

and proximity to study setting. There was equal opportunity of being chosen as a part of 

sampling process. 

Every second subject above 60 years was considering for the further recruitment. 
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Method Of Selection of Study Subjects (Eligibility Criteria) 

 

Eligibility criteria: 

 

INCLUSION CRITERIA: 

 Healthy individual (Self-reported) 

 Individual who performed chair stand test (number of repetitions in 30s) 

 Individuals using assistive devices 

 Age group 60 years and above 

 Both genders 

EXCLUSION CRITERIA: 

• Hospitalized ambulatory older adults admitted in the tertiary health care center. 

 Neurological disorder 

 Musculoskeletal injury to lower extremity within a year 

 Acute respiratory conditions 

 h/o acute Cardiovascular episodes and surgical history 

 Audio-visual compromised 

 Diabetes mellitus with sensory neuropathy 

 

Recruitment of sample: 

Chair to stand in 30 second test was administered to screen the subject for further 

proceedings. The expected minimum number of rises was 2 rises prior to timed up and go 

test. The 15 minutes gap was maintained between 30s CTS and TUG. 
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Withdrawal criteria: 

Few subjects experienced giddiness in the beginning of timed up and go test although they 

had completed CTS which was screening criteria such subjects were not considered for the 

data analysis. 
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Operational Definition: 

 

1. Geriatric population: according to Asian classification of geriatric in the developing 

countries people who are aged between 60-69 are called as young old, people ranging 

from 70-79 years are older old and people who are 80 years and above are known as 

oldest old 69. 

 

2. Timed up and go test is simple test used to assess a person’s mobility and requires both 

static and dynamic balance. It uses the time that person takes to rise from chair walk 3 

meters, turn around walk back to chair and sit 3. 

 

3. chair stand test to assess flexibility, balance and muscle strength of older population 3. 

 

4. Healthy aging- WHO defines healthy aging as the process of developing and maintaining 

the functional ability that enables wellbeing in older age 70. 

 

5. Self-reported healthy individuals: it refers to a question asked by interviewer that “in 

general would you say that your health is excellent, good, poor, fair?” and reporting will 

be in term of Fine, Good, Excellent. It is relatively broad ordinal response to the question 

71. 
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STUDY INSTRUMENTS: 

 

CHAIR WITH BACKREST WITH ARMREST AND WITHOUT ARMREST 
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 STOPWATCH    

 

 MEASURING TAPE 
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• WEIGHING MACHINE 

 

 BLOCKS 
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OUTCOME MEASURE: 

 

 Chair stand test in 30 seconds 

 Timed up and go test - time measure in seconds 

 

 

 

MEASUREMENTS: 

 

 Time in seconds 

 Distance in meter 
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PROCEDURE FOR DATA COLLECTION: 

The data collection procedure to fullfill the aim of the study was begin with prerequisite 

permission from head of institution. Then the title and synopsis proposal were submitted to 

institutional ethics committee. Presentation and explanation about the study work was done in 

front of institutional ethics committee. The suggestions rendered by IEC were incorporated, 

followed by that; title and synopsis were submitted to Board of Research Study. The approval of 

title “ESTIMATING THE REFERENCE VALUE FOR TIMED UP-AND-GO TEST AMONG HEALTHY 

OLDER ADULTS – AGED ABOVE 60 YEARS: A DESCRIPTIVE STUDY”, was forwarded to 

Maharashtra University of Health Science, Nashik and approval letter was received from 

Maharashtra University of Health Science, Nashik. 

Descriptive cross-sectional study was carried out at geriatric physiotherapy OPD and the 

community in the vicinity and proximity of tertiary health care center from the geriatric 

population available to obtain the data of minimum of 220 healthy older adults. 

Current descriptive study estimated the reference value for TIMED UP-AND-GO test for healthy 

older adults for those who stated that they are “fine” at the first interaction with participants. 

Then they were asked about their medical and surgical history along with comorbid factors, if 

the comorbid factors like neurological condition, orthopedic trauma to lower extremity and rest 

of exclusion criteria were reported by older adult, then they were not subjected for the study. 

When subjects full filled the criteria of eligibility then they were explained about the study and 

importance of the study. Followed by that explanation about details of the study was informed 

to the participants. Once the assurance from the participants was acquired the consent form 

was signed and filled with records. Since the pandemic is prevailing all the covid norms were 

followed at the time of contact and it was found that almost all the subjects were vaccinated or 

cued for vaccination. After that the anthropometric data was recorded and measured for the 

participants. 

Screening test was done to check the mobility of older adult before the execution of TIMED UP-

AND-GO. Minimum criteria for the TIMED UP-AND-GO test performance were four times chair 

stand test was performed by 60 years and above self-reported healthy population. Once the 
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individual cleared the screening test then he was subjected to TIMED UP-AND-GO at the site of 

examination that was geriatric physiotherapy OPD. The community dwelling healthy individual 

was convinced and brought to the physiotherapy department of tertiary health care center. 

The participants were rested for 15 minutes after completion of chair stand test before 

performing TIMED UP-AND-GO. 46 cm chair with armrest was placed next to the chair without 

armrest which was used for chair stand test. Followed by that 3-meter marking with the help of 

cone was marked on non-slippery floor. Explanation about TIMED UP-AND-GO was delivered 

and subject was asked to perform 6-meter walk which included getting up from armrest chair, 

standing, reaching to the cone, turning and coming back to the chair. The TUG test procedure 

was performed four times with alternate right and left turn. The participants were asked to take 

right turn first to complete the 6-meter walking track then subject was asked to perform left 

turn to repeat the same procedure. Performance scores were measured in seconds then 

average was calculated for final value. Uniformity of TUG test sequence was maintained for all 

220 subjects. The TUG sequence was as follows 

1. First- performed right turn 

2. Second- performed left turn 

3. Third- performed right turn 

4. Fourth- performed left turn 

Then the best score was considered for statistical analysis at the same time mean of 4 and 

mean of 2 clockwise and anti-clockwise was documented for data management. 

The Timed “Up and Go” Test (Podsiadlo & Richardson, 1991) measured, in seconds, the time 

taken by an individual to stand up from a standard arm chair (approximate seat height of 46 cm, 

arm height 65 cm), walk a distance of 3 meters (approximately 10 feet), turn, walk back to the 

chair, and sit down. This clinical test, developed in a medical setting, asks subjects to wear their 

regular footwear and use their customary walking aid (none, cane, walker). No physical 

assistance is given. They start with their back against the chair, their arms resting on the 

armrests, and their walking aid at hand. They are instructed that, on the word “go” they are to 
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get up and walk at a comfortable and safe pace to a line on the floor 3 meters away, turn, return 

to the chair and sit down again. Therapist will demonstrate the test once before being timed for 

visual feedback in order to become familiar with the test. Stopwatch used to time the 

trial.  Participants were aware of the time duration, performed test thrice and average score in 

seconds will be noted. Data encryption will be done. 

TIMED UP-AND-GO is well known and widely used where the clinical goal is to get an accurate 

objective assessment of balance 
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PHOTOGRAPHS OF THE PROCEDURE 

 

PHOTOGRAPH-1 & 2 SUBJECT PERFORMING 30 SECONDS CHAIR STAND TEST 
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PHOTOGRAPH-3 & 4 SUBJECT PERFORMING 30 SECONDS CHAIR STAND TEST 
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PHOTOGRAPH 5- EXPLANING TIMED UP AND GO TEST TO THE SUBJECT 

PHOTOGRAPH 6- SUBJECT PERFORMING TIMED UP AND GO TEST 
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PHOTOGRAPH 7 AND 8 SHOWING SUBJECT PERFORMING TIMED UP AND GO TEST 
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FLOW CHART OF GENERAL PROCEDURE: 

 

Permission from the head of institution, approval from the ethics committee and BORS 

committee was taken 

 

 

 

The participants were made aware of about the study. 

 

 

 

Written consent from the geriatric population who fulfilled the eligibility criteria was obtained. 

 

 

 

Anthropometric data was recorded. 

 

 

 

  chair stand test was performed prior to timed up and go test. 

 

 

 

Timed up and Go test was administered 

 

 

 

   

 The data was recorded and collected in excel sheet 
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DATA MANAEMENT AND ANALYSIS: 

 

 

• Data Was entered in MS Excel, coded and analysed in software STATA, version 

10.1,2011 

• Data analysis included both descriptive and inferential statistics. 

• Descriptive statistics was used to summarize quantitative variables with mean, 

standard deviation (SD), while frequency and percentages was used to summarize 

categorical (qualitative) variables. 

•  Bonferroni multiple comparison test was used for pair-wise comparisons. 

               A p-value <0.05 considered statistically significant for all the comparisons. 
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Data analysis and Result: 

 

TABLE 1.    n=220 

     GENDER Freq Percent Cum. 

F 82 36.39 39.39 

M 138 63.02 100.00 

TOTAL 220 100.00  

 

 

 

 

 

 

The longevity of males shows upper trend it means no. of male participants are more in the 

study. (TABLE 1) 
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Table 2 

VARIABLE TOTAL NO MEAN STD.DEV. ± MIN MAX 

AGE YEAR 220 68.59817     6.771716 60 91 

 

 

Mean age in the study was 68.59 years ±6.77 standard deviation. (Table 2) 

 

Table 3 

AGE GROUP FREQ PERCENT CUM 

60-69 138 62.56 62.56 

70-79 73 33.33 95.89 

80+ 9 4.11 100.00 

TOTAL 220 100  

 

 

The maximum no. of subjects were belonging to 60-69 age group (Table 3) 
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Table 4 

VARIABLE TOTAL NO MEAN STD DEV ± MIN MAX 

Weightkg 220 60.62557 8.649998 40 82 

heightmeter 220 1.642055 . 0678292 1.42 1.79 

bmikgm2 220 22.53612     2.660797       15.27       34.66 

chairtosta~n 220 5.794521     1.822078           1 10 

 

 

The mean weight of subject belonged to 60.62 ±8.64, the mean height of 1.64 ± 0.64 which lead 

to mean BMI of 22.53 ± 2.66 standard deviation in subjects which indicate the average BMI 

within normal value. (Table 4) 

Subject performed chair to stand test which has on an average 5.79 no. of repetition which 

suggests good lower limb strength. (Table 4) 
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Table 5 

VARIABLE TOTAL NO MEAN STD DEV ± MIN MAX 

tug_rightt~1 220 11.90411     2.485727           7 20 

tug_lefttu~1 220 11.31507     2.569457           7 20 

 

 

Time taken by subjects to perform right turn is 11.9 seconds ± 2.48 seconds and to perform left 

turn was 11.31 seconds ± 2.56 seconds. (Table 5)

11.57 11.248 

2.513 2.562 

TUG Right turn TUG Left turn 

0 

2 

4 

6 

8 

10 

12 

14 

Mean value of TUG for right and left turn in seconds(n=220) 
Graphical representation of table no.5 

Mean S.D. 



49 
 

Table 6 

VAIRABLE TOTAL NO MEAN STD DEV MIN MAX 

Tug 82 11.61111 2.87663 7 20 

Tug 138 11.29167 2.312806 7.25 16.75 

 

 

 

Female participants performed timed up and go test in 11.61 seconds ± 2.87 seconds. 

Male participants performed timed up and go test in 11.29 seconds ± 2.31 seconds. ( Table 6) 
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Table 7 

VAIRABLE TOTAL NO MEAN STD DEV MIN MAX 

tug 138 9.861314 1.514914 7 14.25 

tug 73 13.69521 1.322381 11.75 18.5 

tug 9 16.44444 1.735555 14.25 20 

tug 220 11.40 2.534   

 

 

 

 

 

 

Age group from 60-69 performed timed up and go test in 9.86 seconds ± 1.15 seconds. 

Age group 70-79 performed timed up and go test in 13.69 seconds ± 1.32 seconds. And subjects 

belonging to group 80 years and above took 16.4 seconds ± 1.75 seconds .( Table 7) 
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Table 8 

Two-sample t test with equal variances 

 

GROUP TOTAL NO MEAN STD ERR STD DEV ± 

F 82 11.61111 .3196256 2.87663 

M 138 11.29167 .9168791 2.312806 

COMBINED 220 11.40982 .1712453 2.534199 

DIFF  .3194444 .3548703  

 

diff = mean(F) - mean(M)                                      t =   0.9002 

Ho: diff = 0                                     degrees of freedom =      217 

 

    Ha: diff < 0                 Ha: diff != 0                 Ha: diff > 0 

 Pr(T < t) = 0.8155         P  VALUE = 0.3690, NS          Pr(T > t) = 0.1845 

 

After performing standard 2 sample t test we have P value of 0.3690 and mean timed up and go 

value performed by subjects who are 60 and above is 11.49 seconds ± 2.53 seconds which 

suggest that the estimated time is very well inclined towards normal limit given by Sullivan. 

(Table 8) 
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TABLE 9 

 

 Tug age year   bmikgm2 chairt~n 

Tug 1.000    

age year 0.8889    

0.0001 

1.0000 

---------- 

========= 

========= 

R 

P 

bmikgperm2 -0.0917 

0.1765 

-0.1286 

0.0574 

1.0000  

chairtosta~n -0.8715 

0.0000 

-0.8269 

0.0000 

0.0897 

0.1860 

1.0000 

 

According to Pearson's correlation coefficient ‘r’ the time required to complete timed up and go 

test increases with increased BMI. 

Subjects who performed more no. of repetitions in chair to stand test require less time in timed 

up and go test. ( TABLE 9) 
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Result: - 

The estimated reference value for timed up and go test was calibrated after analyzing the 

collected data for 60 years and above older adults, the value was 11.4 seconds.



54 
 

DISCUSSION: - 

The primitive focus of the study was to establish the reference value for timed up and go test for 220 

healthy older adults. 

The number of male and female population was 138 and 82 respectively (table 1). As it was expected 

that a greater number of female participants would be there in study but the incidental finding was 

different than the depicted calculation in article by Government of India, elderly in India 2016, 

ministry of statistics and program implementation central statistical office.4  

The mean age of participants was 68.59 years ± 6.77 years. (Table 2) 

The maximum subjects belonging to age group 60-69, then 70-79 and least were in age group 80 years 

and above Which is similar to the result found in Age- and Gender-Related Test Performance in 

Community-Dwelling Elderly People the study done by Teresa M Steffen (Table 3). But the numbers of 

women participants were more than the men participants in the same study. The current study finding 

was having more number of male participants as compared to female participants. Although the 

purpose of both studies was similar and that was to describe the data for community dwelling healthy 

older adults. Most of the time physically disabled elderly data is available to describe the clinical test 

for functional assessment .57 

In this study, for healthy older subjects the data obtained in age group 60 years and above is 11.4 

seconds ± 2.53 seconds when they performed TUG (table 7). In the study done by Heike A. Bischoff et 

al found that for the age group associated with 65-85 years, 12 seconds cut off point yields acceptable 

results in TUG test performance51. Hence it suggests reference value of TUG in Asian population. 

In this study, age group 60-69 years showed average value performed by subjects was 9.86 seconds 

(±1.51 seconds) which fall in line with the range mentioned in o’Sullivan. In the age group 70-79 years 

the average value obtain was 13.69 seconds (±1.32 seconds) which falls within the limit of frail elderly 

they may require some assistance, balance training and exercise and environmental modification. In 

the age group 80 years and above the time taken by subjects was 16.44 seconds (±1.75 seconds) 

which inclined towards subjects with risk of fall 5. (Table 7) 

The minimum time performed to complete TUG in present study was 7 seconds which was found in 

60-62 years of elderly. It can be explained in a way that they are functionally fit to perform 

components of TUG such as getting up from chair, standing, walking a distance, turning around the 

object and sitting down which are the activities of daily living.  
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TUG test is widely used in chronic elder patients but rarely addressed in asymptomatic individuals as 

stated by Wesley DE Oliver Vieira. In the current study the rarely addressed component was 

performed in the form of TUG among healthy older adults. The present study found that the TUG was 

easy to administer to estimate the reference value for functional assessment. 

The study by Wesley DE Oliver Vieira noticed that ageing affects the performance of TUG, as per the 

age increases the performance duration of TUG increases. She opted for different-different TUG 

procedures as per various references used by her in the form of different pace, different instructions 

within the safety parameters. However, the TUG performance was affected by age not by other 

modifiable factors in his study 22. In present study the various modifications were not done at the time 

of administering TUG, in spite of that as the age was increasing the duration of TUG completion was 

also increasing. The age group 80 and above class interval showed the mean duration of TUG 

performance was 16.44 ±1.73 seconds. Relatively younger age classification showed shorter duration 

to complete TUG and duration was 9.86 ±1.51 seconds. Novaes et al., have shown that there is a 

decline in usual gait speed with increasing age, which was also consistent with the increased time 

required to perform TUG in the current study 72. Asymptomatic elderly could be asked to perform TUG 

to identify mobility deficit in early stages. This would help in chalking preventive strategies for elderly 

22.  

Global data shows that 28%–35% falls frequency have been reported in several Countries. India led 

with 14% to 15% of reported cases.35, 44, 45 as falls is related with motion. TUG could be one of the 

appropriate methods as it measures the dynamic balance in association with nature of falls 32. The 

advantage of TUG is that the data in addition to TUG method is fairly objective in nature and can be 

obtained easily. TUG has proven to be an easy and viable model when it comes to screening initial falls 

among older adults in community 53.  in this present study the TUG results were matching with the 

above-mentioned study, timed up and go test combined with self-rated multifactorial questionnaire 

on falls risk and sociodemographic factors predicts falls among community dwelling older adults 

better than the timed up and go test on its own, although the percentage of fall was not in the scope 

of the study 53. 
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In this study the BMI obtained was 22.53 kg per meter square (table 4). The relative consistent and 

progressive decline in performance in every test subject i.e., men and women have been the highlight 

of the study Normative Values of Physical Fitness Test in the Elderly: A Community Based Study in an 

Urban Population in Northeast India by Prasanta Kumar Bhattacharya. This study indicates that BMI of 

the study group including of men and women who were elderly was 23.2±2.03 and 21.5±3.42 

respectively. 

As it is generally accepted that elderly do not have a range of BMI that is considered normal in nature, 

but still 20 – 25 of BMI is considered to be healthy as per WHO Asian classification. The finding of 

present study was well within the limit of healthy BMI range that could be the reason for good 

performance of TUG completion time. As it is presented in Prasanta Kumar Bhattacharya study that 

higher BMI indicated locomotive limitations and more TUG duration, as well as they are more prone 

for high risk of diseases 61. 

In current study the time taken by female and male population to complete timed up and go test was 

11.61 seconds± 2.87 seconds and 11.29 seconds± 2.31 seconds respectively ( table 6), with p value of 

0.369 and significant difference of 03194.(table 8). According to study conducted by Rosilene Andrade 

Silva Rodrigues et al , the average  score of the TUG of the older female group were slightly on the 

higher side than compared to the male group and these differences being statistically significant. This 

variance is due to the fact that in the aging process the functional capability performance of the 

musculoskeletal system can be affected by onset of sarcopenia. Sarcopenia is a multi-factorial process 

and one of most common problem occurred in older age. As normal person ages the muscle mass also 

declines which is usually because of reduction in endocrine function, physical activity and inadequate 

nutrition. Disability is seen in older people and has following factors at fault, this involving loss of 

muscle strength and function 26. 

 Female group were more likely to fall as compared to the males, and that to with a statistically 

significant difference. The reason for the above statement is that women are more fragile than men as 

the maturity process in them tends to start earlier. This reasoning also fortifies several studies that 

indicate a higher rate of fall in females. This result agrees with several studies showing a higher 

prevalence of falls in females 73,74. Women suffer more falls due to being more fragile, because they 

have a maturity process which starts earlier than that of men 75. 
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According to Bohannon et al 23older adults may have difficulty performing dual tasks with advancing 

age and this decline was associated with movement disorder but in the present study the movement 

disorder patient were excluded and dual task performance 27. 30 seconds CTS test was performed to 

screen difficulty to balance themselves because self-reported healthy individuals were considered for 

the study 26. 

When it comes to changes in the performance as result of age, it can be notably seen that elderly 

women have shown this results in terms of flexibility, agility, aerobic capacity and dynamic balance 

were less as compared to males. This dominantly proves that changes resulting from older age occur 

faster in women than males. This shows women from an area of particular interest show decline early 

due to various reasons arising as result of gender differences accompanied by aging and menopause. 

The menopause attributes to the decline in bone mineral density, muscle mass and strength 61. 

A previous study by Mohd Said, Manaf, Adli Bukry, Justine 76 analyzed the correlation between TUG 

and anthropometric data in older people without Type 2 Diabetes Mellitus same as the results 

obtained in the study association between TUG and anthropometric values by Francisco Javier 

Domínguez-Muñoz and colleagues. This finding also showed correlation comparing TUG with the 

height, weight and BMI of the participants. Their results were similar to present study. As in the 

current study BMI of the participants was calculated, which was well within the limit. As the BMI 

values were increasing the duration of TUG performance decreases. 

 Association between Fall History and Physical Performance Tests in the Community-Dwelling Elderly 

has been explored by Jim Chul Kim found that his results cannot be used as a test for fall risk in an 

ambulatory olderly population. Although it is reported that this test is basic test for functional mobility 

having high reliability in older adults. TUG include standing up, walking, turning around and sitting 

down. It is best known for screening the older adults for their functional assessment. If a person is 

completing TUG within 10 seconds, then is considered as functional and mobile67. In the present study 

the 4 participants completed TUG performance in 9 seconds and their age was 60,61,62 and 65 years. 

Therefore, more studies maybe required to uncover whether any association exist between the 

duration of performance of TUG and functional performance of individuals. 

In present study time taken by participants to perform right turn and left turn was 11.9 ±2.48 seconds 

and 11.31±2.56 seconds respectively (table 5). These findings might depend upon environmental 

factors, architectural dominance and habitual preference. 
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The  average no. Of repetition obtained in performing 30s CTS was 5.79 ± 1.8(table 4). 

The number of repetitions observed in age group 1 is 6.83±1.37, in age group 2 is 4.38 ± 0.9 and age 

group 3 is 3.25± 0.7. In female and males number of repetitions are 5.8  ± 1.8 and 5.78  ± 1.8 

respectively. The study performed by Prakash Chatterjee and colleagues the number of repetitions for 

thirty second chair stand test in 60-65 years, 66-70 years and >70 years for male were 10, 9 and 8 and 

for females was 8, 8 and 7, respectively 80. As studies suggest, lower body strength proves to be an 

important factor when it comes to maintaining functional ability in older years. As per various studies 

such as Bohanna (1995) Casuka and Mccarty(1985),  chair stand tests provide a fairly reliable and valid 

indications of lower body strength. That being said, the most commonly used chair stand protocols 

can turn out to be too difficult for many elderly adults with ratings as low as 22% being recorded in 

community residing subjects who couldn’t even complete 5 stands. Results prominently showed that 

good test-retest reliability was shown by 30-s chair stand with R values high or higher than those 

published in protocols before. Honeymoon reported a test retest of 0.82, which was reliable according 

to him, using a 5-stand protocol to ascertain 105 old aged men in Holland. Also, the 5-stand test was 

accurate when it comes to 70-79 aged individuals according to MacArthur. 

Using the 10-stand protocol, both Netz and Argov and newcomer showed test retest on their elderly 

population 77. 

It is interesting to note that 30s chair stand which is a prominent indicator of lower body strength is 

being developed as a greater battery of functional fitness for elderly subjects. 

The good balancing abilities of community dwelling older adults were signified by TUG. TUG is very 

useful tool that content transition phases related with balance such as standing, turning, sitting and 

gaiting. The average value obtained in these 2 tests are representation of community dwelling older 

adults as well as the subjects who dint have any preexisting problems of orthopedic in nature 52.  

The TUG test duration increased in step wise manner with increasing age and reducing mobility 

(p=0.0001). 

In this study all the participants represented from the community therefore it was assumed that they 

were independent for their activities of daily living and mobile for instrumental activities of daily 

living. Therefore, the mobility status was identified as strong prediction of TUG performance. 

Moreover, the Pearson’s correlation between TUG test duration and BMI did not reach the significance 

level in statistics. Some studies showed weak correlation between BMI and TUG test. In the present 
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study its weak negative correlation was observed with age and TUG. Statistically this correlation was 

not significant (p=0.17). This weak correlation was found for women.30s CTS and TUG test as well as 

age showed negative correlation with statistically significant p value (p=0.0000). 

Possible explanation to this result relates to the design of TUG test which reflects physical 

performance during everyday life such as getting up from chair, walking, tuning around the object and 

sitting down on chair. 

It has been proposed that that decreased in physiological function may be well explained by the 

number of deficits across multiple factors rather than by a specific impairment alone (17–19). As a 

result, the main focus of TUG test is not related to the factors such as organ impairments, such as low 

muscle strength, decreased balance and other compartments but to compute the effects of these 

factors on the basis of activities of daily living 51. 

Is Timed Up and Go Better Than Gait Speed in Predicting Health, Function, and Falls in Older Adults? 

by Laura J Viccaro study tries to answer a question, the primary care provider can use these study 

results I.e., using the TUG & gait speed to screen older adults. Poor performance in the mentioned 

test means more risk of adverse outcomes as it directly indicates towards underlying health problems. 

This gives the health provider and edge since he can look for these underlying problems and prevent 

adverse outcomes. In conditions such as outpatient clinical setting where the time is of the essence, 

these tests can prove to be a boon as they will cut the time in diagnosis and give a result sooner 30. 

The result of the current study showed reference value for TUG performance was 11.4 seconds. 

Whereas age was on higher side the TUG performance duration was poor in terms of increased 

duration to complete the TUG. Even 30 seconds CTS test repetitions were less for aged population (80 

years and above). Statistically gender influence was not significant on TUG performance but the value 

obtained for females was 11.61 seconds and for male 11.29 seconds. Therefore, the purpose of the 

study to obtain the reference value for TUG performance was fulfilled 30.  
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LIMITATION OF THE STUDY- 

• The result of the study would be limited to healthy aged population residing in community. 
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Strength of the study- 

 

1. All age group presentation was there in the study to obtain the objectives of the study. 

2. Achievement of study was 91-year-old female completed TUG test within 20 seconds. 

 

 

 

weakness of the study- 

• Inclusion of balance factor i.e., static & dynamic balance would have been resulted in more 

accurate manner. 

• History of fall would have been appropriate measure to formulate prevention strategies in the 

current study. 
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Future Scope of The Study- 

• The scope of the application of the TUG test might be enlarge to include implications for 

prevention strategies in high-risk geriatric population and in guiding treatment more 

specifically. 
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Conclusion- 

The reference value of TUG time in healthy individuals of this study subjects was found to be 11.4 

seconds, which provides a base to which patient performance can be compared with. However, it is 

always advisable to follow the age and gender specific TUG score, because in this study 60–69-year-

old completed TUG in 9.86 seconds and females completed TUG time was 11.61 seconds. The 

expanded TUG test was a practical objective assessment tool that was used in this study with minimal 

equipment and professional expertise. Expanded TUG had given more elaborative information about 

correlation of gender and age with TUG performance. Since it measured each of the component parts 

of the test. Additional research is required to determine correlation between increase time and 

functional deficit.  
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SUMMARY- 

Background 

Aging represents a maturational process that includes a series of events influenced by environment, 

activity, illness and nutrition. Aging affect’s function and ability to maximize quality of life. The 

functional mobility is achieved by the capacity of person to move around in their surrounding and it 

largely depends on muscle strength, cardio muscular fitness and postural balance. The incidence of fall 

in elderly population from 65 to 75 years of age group is 28-42%. A fall is identified as one of the 

external causes of unintentional injury by WHO and therefore evidence-based practice guidelines have 

suggested that early screening of fall and its detection is essential. 

Number of screening methods are used to identify the risk factor for fall which comprises an 

assessment of gait and balance. Such as berg balance scale, dynamic gait index, functional reach test, 

multidirectional reach test. 

Out of which timed up and go test has better reliability and sensitivity. Also, it does not suffer from 

ceiling effect limitations and is normally distributed (15).   

Timed Up and Go test is one of the most commonly used clinical tool for assessing dynamic balance 

and gait (16). 

The purpose of this study was to determinacies value of timed up and go in community dwelling older 

adults. TIMED UP-AND-GO is recommended as routine screening tool to test falls by American 

geriatric society and British geriatric society. 

 

AIM and OBJECTIVE: 

  

To estimate the reference value for timed up and go test for healthy adults aged above 60 years 

 

 To measure timed up and go value in seconds 

 To co-relate observed timed up and go value in seconds with age 

 To find out the influence of gender on timed up and go test. 

 

METHOD- A descriptive study was carried out in community Physiotherapy OPD and community-

based setting. Geriatric OPD of the physiotherapy department and nearby areas of tertiary health care 
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center was the place for study. The participants who did not performed minimum 2 repetitions of 30s 

CTS and participants with Neurological disorder, Musculoskeletal injury to lower extremity within a 

year, Acute respiratory conditions, h/o acute Cardiovascular episodes and surgical history, Audio-visual 

compromised, Diabetes mellitus with sensory neuropathy were excluded from the study. Total 220 

subjects, both genders took part in study. Subjects were asked to perform 30s CTS test prior to TUG. 

After successful screening of CTS subjects were asked to perform TUG test. The distance of 3- meter 

was measured with measuring tape. Subject was asked to perform 6-meter walk which included 

getting up from armrest chair, standing, reaching to the cone, turning and coming back to the chair. 

The TUG test procedure was performed four times with alternate right and left turn. 

 

RESULT- The obtained value for timed up and go test was 11.4 seconds in healthy older adults aged 60 

years and above. 

 

CONCLUSION-The reference value of TUG time in healthy individuals of this study subjects was found 

to be 11.4 seconds, which provides a base to which patient performance can be compared with. 

However, it is always advisable to follow the age and gender specific TUG score, because in this study 

60–69-year-old completed TUG in 9.86 seconds and females completed TUG time was 11.61 seconds 
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ANNEXURE I(a) 

 

Proforma 

 

Name: 

Age: 

Height: 

BMI kg/cm2:   

Surgical history:   

Medical history: 

1. History of fall/ injury to lower extremity within a past year? 

 Yes 

 No 

2. Do you use assistive devices? 

 Yes 

 No 
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                                                                         ANNEXURE I (B) 

 

TIMED UP-AND-GO TEST: - test used to assess a person’s mobility and requires both static and 

dynamic balance 

 

 

Patient position: - sitting on chair with back and armrest. 

Therapist position: - standing beside patient. 

Procedure: - the therapist measures the time an older adult need to stand from a chair wit armrest, 

walk foe 3m, turn around, and return back to the chair and sit down at his or her normal, comfortable 

speed. 

Chair stand test: - test to assess flexibility, balance and muscle strength of older population. 
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                    Patient position: - sitting on chair without armrest with backrest. 

 

                    Therapist position: - standing beside patient. 

 

Procedure: - The patient is Sitting in the middle of the chair placing his or her hands on the 

opposite shoulder crossed, at the wrists, feet flat on the floor. On “Go,” participants rise to 

a full standing position, then sit back down again. If the participants use their hand 
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between the test, then test will be stopped and recorded score will be zero. If the 

participant is halfway through test when 30s elapsed, it is considered as stand. 
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ANNEXURE II (a) 

PATIENTS INFORMATION SHEET 

 

Purpose: 

To ensure that written informed consent is obtained from participants according to the regulatory 

requirements of ICMR and approved by IEC. 

 

Scope: 

This standard operational procedure includes population 60 years and above and are voluntarily 

willing to participate in this study. 

 

Responsibilities: 

The researcher will obtain written informed consent from all the participants who are volunteering to 

be the part of this study. 

 

Procedure: 

1. The researcher will recruit participant aged 60 years and above 

2. The investigator will explain the procedure of the study to allay apprehension and answer all 

the queries of the participant. 

3.  If the participant decides to participate then they would be consented according to the 

standard operational procedure. If the participant expresses interest but has some doubts in 

that case they would be solved. 

4. If the participants are comfortable with the explanation then they will fill the informed consent 

according to standard operational procedure. 

5.  Study procedures will begin after the participant’s concern. 

6.  Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria. 

 

General information to research participants: 

1. Name: 
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    Age: 

    Date: 

    Gender: 

 

2. You would be required to perform the tests during the study and the purpose of the research is to 

study “Estimating the reference value for timed up and go test among healthy older adult aged above 

60 years: descriptive study” 

3. If you are willing to voluntarily participate in the study then you are expected to enroll with us right 

from the moment of filling consent till the completion of the test. 

 

4. If you are uncomfortable during this period then kindly let us know so that we can help you and 

overcome your problems without any untoward effect. 

 

5. You will not be given any reimbursement and compensation. 

 

6. If at any moment you want to discontinue from this research study then you are free to do so and 

there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be explained to 

you before obtaining the letter of consent. 

 

 8. The data obtained from this study would be confidentially protected and maintained and if the 

photograph is used then your identity would not be revealed. If the photograph is published then 

permission would be obtained. 

 

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken. 

 

10. If you feel exhausted or unable to complete the test you need not worry and let us know so that 

necessary steps can be initiated. 
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11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 

 12. Name of Researcher: 

      Phone number: 

      Address: 

 

13. Name of Guide: 

      Phone number: 

      Address: 

14. Name of the Institution: 
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मरीजों की जानकारी पत्र 

 

उद्दशे्य : 

यह सुनननित करन ेके निए की निनित सूनित सहमनत  ऑय सी ऍम आर की ननयनमक आवश्यकताओं के अनुसार 

प्रनतभानियों से प्राप्त की ियी ह ैऔर  ऑय ई सी द्वारा अनुमोदित दकआ िया ह ै। 

स्कोप : 

इस मानक पररिािन प्रदिया मे केवि  वही मनहिाय ेनजनका नििीवरी के बाि का छटवा हफ्ता शुरू ह ैऔर स्वेच्छा से 

इस अध्ययन मे भाि िनेे क निए तैयार ह ै । 

िानयत्व : 

शोधकताा इस अध्ययन का नहस्सा बनन ेवाि ेसभी प्रनतभानियों से निनित सूनित सहमनत प्राप्त करेिा । 

प्रदिया : 

१. शोधकताा केवि उन्ही मनहिाओं का ियन करेिी नजनका नििीवरी क बाि का छटवा हफ्ता शुरू ह।ै 

२. अन्वेषक आशंका िरू करन ेऔर प्रनतभािी के सभी प्रशनो का उत्तर िने ेके निए प्रयोिात्मक प्रोटोकॉि की व्याख्या 

करेिा । 

३. यदि भािीिार भाि िनेे का फैसिा करती ह ैतो उन्हें मानक पररिािन प्रदिया क अनुसार सहमनत िी जाएिी । 

४. यदि भािीिार रूनि को व्यक्त करता ह ैिेदकन उस मामि ेमे कुछ संिहे ह ैतो उन्हें हि दकआ जाएिा । 

५. यदि प्रनतभानियों को स्पष्टीकरण के साथ सहज ह ैतो वे मानक पररिािन प्रदिया के अनुसार सूनित सहमनत भरेंिे । 

६. भािीिारी की चिंता के बाि अध्ययन प्रदियाए शुरू हो जाएिंी । 

७. नवस्तृत निदकत्सा और दकसी भी अन्य शारीररक समस्या का इनतहास प्रनतभानियों स ेप्राप्त दकए जायेिा तादक शानमि 

दकए जान ेऔर बनहष्करण मानििं को सत्यानपत दकआ जा सके । 

८. यदि भािीिार इस जानकारी पर अपने पररवार के सिस्यों पर ििाा करना िाहता ह ैतो वे सहमनत िनेे स ेपहिे ऐसा 

करन ेका हक़िार ह ै। 

प्रनतभानियों को अनसुंधान के निए सामान्य जानकारी: 

१) नाम : 

    उम्र : 

   ताररक : 
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२) आपको सहमनत पत्र को भरना होिा और अनुसंधान के उद्दशे्य  से " एसोनसएशन ऑफ़ पेनववक नििािे पेन एिं मोि 

ऑफ़ नििीवरी इन नसक्सस्थ वीक पोस्टपाटाम वीमेन नवथ रेस्पेक्सट टू पेन प्रोवोकेशन टेस््स - ऍन एनानिरटकि िॉस 

सेक्सशनि स्टिी " 

३) यदि आप स्वेच्छा से भाि िेना िाहते हैं तो आपको पररक्षण पूरा होने तक कायावाही भरने के समय से हमारे साथ 

भती कराया जाएिा । 

४) यदि आप अवनध के िौरान असुनवधाजनक ह ैतो कृपया हमें बताए तादक हम आपकी मिि कर सकें  और दकसी भी 

अयोग्य प्रभाव के नबना आपकी समस्याओं को िरू कर सकें  । 

५) आपको कोई प्रनतपूर्ता व क्षनतपूर्ता नहीं िी जाएिी । 

६) अिर दकसी भी समय आप इस शोध अध्ययन को बंि कराना िाह ेतो आप ऐसा करन ेक निए सवततंत्र ह ैऔर हमारे 

पक्ष मे कोई बाधानहीं होिी । 

७) सहमनत क पत्र प्राप्त करने से पहिे अध्ययन, जोनिम , असुनवधा , फायि ेऔर नकुसान का नववरण आपको समझाया 

जाएिा । 

८) इस अध्ययन से प्राप्त िाटा को िोपनीय रूप से सरंनक्षत और सरुनक्षत दकआ जाएिा और अिर तस्वीर का इस्तेमाि 

दकआ जाये तो आपकी पहिान प्रकट नहीं होिी । यदि तस्वीर प्रकानशत की जाती ह ैतो अनुमनत प्राप्त की जाएिी । 

१०) यदि आप थका हुआ या परीक्षा को पूरा करने मे असमथा महसूस करते ह ैतो आपको चिंता करन ेकी आवश्यकता नहीं 

ह ैऔर हमें यह बताए की आवश्यक किम आरम्भ दकए जा सकते ह ै। 

११) यदि आप दकसी भी क्षण संतुष्ट नहीं ह ैतो आप दकसी भी समय दकसी भी पररणाम के नबना आप अध्ययन से ननकि 

सकते ह ै। 

१२) शोधकताा का नाम : 

      फ़ोन नंबर : 

       पता : 

१३) िाइि का नाम: 

      फ़ोन नंबर : 

      पता : 

१४)संसथान का नाम : 
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रुग्णािंी मानहती पत्रक 

 

उद्दशेः 

आयसीएमआरच्या ननयामक आवश्यकता आनण आयईसीन ेमान्यता दििेवया मानहतीनसुार निनित मानहती दििी आह.े 

व्याप्ती: 

या मानक ऑपरेशनि पद्धतीत  ६व्या आठवड्यात निनिव्हरी नतंर मनहिा समावेश आह ेआनण ह्या अभ्यासात सहभािी 

होण्यास स्वेच्छेने इच्छुक असतात. 

जबाबिारी: 

संशोधक या अभ्यासािा भािहोण्यासाठी स्वयंसेवा करणायाा सवा सहभािींिे िेिी ज्ञात सहमतीप्राप्त करतीि 

कायापद्धती: 

1. संशोधक येथ े६व्या आठवड्यात निनिव्हरी नतंर मनहिा ननवििे 

2.तपासनीस आक्षेप िरू करण्यासाठी आनण सहभािींच्या सवा प्रश्ांिी उत्तरे िणे्यासाठी प्रायोनिक प्रोटोकॉििे स्पष्टीकरण 

करेि. 

3. सहभािीने सहभािी होण्यािा ननणाय घतेिा तर ते मानक संिािन प्रदियनुसार संमती िईेि. 

4. जर सहभािीने रूिी व्यक्त केिी परंतु त्यात काही शंका असतीि तर ते सोिवतीि. 

5.सहभािी जर स्पष्टीकरण सोयीस्कर असतीि तर ते मानक संिािन प्रदियनेुसार सूनित संमती भरतीि. 

6. सहभािींच्या चितंेच्या नतंर अभ्यास प्रदिया सरुू होईि. 

7.समानवष्ट आनण बनहष्कार ननकष सत्यानपत करण्यासाठी म्हणून तपशीिवार वैद्यकीय आनण इतर कोणत्याही 

शारीररक समस्या इनतहास प्राप्त केिे जाईि. 

8.जर सहभाग्याने आपवया कुटंुबीयांना या मानहतीवर ििाा करायिी असेि तर त्यांना संमती िणे्यापूवी असे करण्यािे 

अनधकार आहते. 

सहभािींना संशोधन करण्यासाठी सामान्य मानहती: 

1. नाव: 

   वय: 

 तारीि: 

2.आपवयािा परफॉम्याा भरणे आवश्यक आह ेआनण संशोधनािा हते”ू एसोनसएशन ऑफ़ पेनववक ििाि पेन एिं मोि ऑफ़ 

नििीवरी इन नसक्सस्थ वीक पोस्टपाटाम  वूमेन नवथ रेस्पेक्सट तो पेन प्रोवोकेशन टेस््स - ऍन  एनानिरटकि िॉस-सेक्सशनि 

स्टिी “ हा अभ्यासकरणे आवश्यक आह.े 
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3.जर आपण स्वेच्छेने अभ्यासात सहभािी होऊ इनच्छत असाि तर िािणीपूणा होईपयंत आपण कायाप्रिशान 

भरण्यापासूनि आपवयाकिून नोंिणी करणे अपेनक्षत आह.े 

4.या काळात तमु्ही अस्वस्थ आहात तर मि कृपया आम्हािा कळूद्या जेण ेकरून आम्ही आवयास मित करू आनण आपवया 

समस्येवर कोणत्याही अयोग्य प्रभावानशवाय मात करू शकू. 

5. आपवयािा कोणतेही परतावा आनण नुकसान भरपाई दििी जाणार नाही. 

6.कोणत्याही क्षणी जर आपणया संशोधन अभ्यासातून थांबू इनच्छत असाितर आपण तसे करण्यास मुक्त आहात आनण 

आपवयाबाजूने कोणतीही अिथळानसता. 

7. संमती पत्र प्राप्त करण्यापूवी अभ्यासािी जोिीम,अस्वस्थता, फायि ेआनण तोटे यािंा तपशीि आपवयािा स्पष्टकेिा 

जाईि. 

8.या अभ्यासातून प्राप्त झाििेा िटेा िुप्तपणे संरनक्षत आनण ििेरेिकेिा जाईि आनण जर छायानित्रवापरिे असेि तर 

आपिी ओळि प्रिट होणार नाही. छायानित्र प्रकानशत झावयास परवानिी प्राप्त होईि. 

9.या अभ्यासासाठी आवश्यक असिेवया नवनवध िािणी प्रदियेिे सवा जोिून आपवयािा 

स्पष्ट केिे जाईि आनण त्यानसुार संमती दििी जाईि. 

10.आपण थकवयासारिे ककंवा आपण पूणा काळजी घेण्यास असमथा वाटत असवयास आपवयािा काळजी करण्यािी 

िरज नाही आनण आवश्यकती पावि ेउििता यतेीि यािी आम्हािा मानहतीद्या. 

11.आपण कोणत्याही क्षणी समाधानी नसवयास आपण कोणत्याही पररणामा ंनशवाय कधीही काढू शकता. 

12. संशोधकािे नाव: 

    फोननंबर: 

    पत्ता: 

13. मािािशाकांिे नाव: 

      फोन नंबर: 

      पत्ता: 

14. संस्थेिे नाव: 
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Annexure II (b) 

INFORMED CONSENT LETTER 

 

I ……………………………………………………………. am willing to participate voluntarily as a participant for the 

dissertation entitled “ESTIMATING THE REFERENCE VALUE FOR TIMED UP-AND-GO TEST AMONG 

HEALTHY OLDER ADULTS – AGED ABOVE 60 YEARS: A DESCRIPTIVE STUDY” conducted by 

………………………….. 

I have been informed regarding the nature of the study and duration of the work. I have no objection 

to undertake the required procedure to undergo various testing procedure and various testing 

procedure pertaining to the study . 

The researcher has already assured me that I would be treated well without any untoward effects and 

the rights of confidentiality protected. 

Place: 

Date: 

Signature of Participant: 
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सहमनत पत्र 

 

  मैं .................................................... मेरी पूणा सहमनत स ेइस शैक्षनणक अध्ययन हतेु परीक्षण में सहभािी हो रही हु। 

अध्ययन परीक्षण का नवषय " स्वस्थ पुराने वयस्कों के बीि समय पर और जाने के परीक्षण के निए संिभा मूवय का 

आकिन-६० साि से अनधक आयु विा: एक वणानात्मक अध्ययन" 

मुझे अध्ययन परीक्षण के निए ििने वािा समय , सभी पद्धनत वैधदकया परीक्षण और ननयमों के बारे में मुझ े पहिे से 

बताया िया ह।ै 

शोधकताा शोधननबन्धक  न ेमुझे पहिे से ही नवश्वास दििाया ह ैके दकसी भी प्रकार क िषु्पररणाम  नबना अध्ययन परीक्षण 

िरनमयान मुझ ेअच्छी सवु्यवस्था नमिेंिी और मेरे तरफ स ेअध्ययन परररक्षण के सवा अनधकाररयों की नवश्वसनीयता 

स्वरूप स ेिुप्तता रािी जाएिी / रहिेी।अध्ययन पररक्षण मे ििने वाि ेसभी परीक्षा क निए मेरा नवरोध नहीं ह ैऔर मेरी 

पूरी अनुमनत ह।ै 

 

स्थान  व ताररि : 

 

हस्ताक्षर: 
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                                                                 समंती पत्र 

 

मी  .....................................................  माझ्या पूणा संमतीन ेया शैक्षनणक अध्ययन " एसोनसएशन ऑफ़ पेनववक 

ििाि पेन एिं मोि ऑफ़ नििीवरी इन नसक्सस्थ वीक पोस्टपाटाम  वूमेन नवथ रेस्पेक्सट तो पेन प्रोवोकेशन टेस््स - ऍन  

एनानिरटकि िॉस-सेक्सशनि स्टिी "  परीक्षणात सहभािी होत आह े । 

 

मिा िरम्यान होणा या अध्ययन परीक्षणा साठी िािणार वेळ सवा  पद्धती वैद्यकीय  ननयमांबाबत संपूणा कवपना मानहती 

पुरनवण्यात आिी आह े ।  शोधकत्यााने मिा आधीि िात्री दििी आह े दक कोणत्याही िषु्पररणाम नवषयी अध्ययन 

िरम्यान मिा िांििी वािणूक नमििे आनण माझ्याकिून अध्ययन परीक्षणािे सवा अनधकारािी ककंवा  

 

नवश्वसनीय िुप्तता रािण्यात येईि । 

अध्ययन परीक्षणािा िािणार  या  सवा  परीक्षकेररता  माझा नवरोध  नाही  । 

सहमती स्वीकृती आह े। 

स्थान व तारीक :परीक्षाथींिी  स्वाक्षरी : 
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ANNEXURE III 

TIMELINE/GANTT CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 Allotment of guide

2 Selection of topic

3 Formulation of research question

4 formulation of aim and objectives

5 Hypothesis

6 Research protocol

7 Research designing

8 Review of literature

9 methodology formulation

10 study designing

11 study setting

12 sample size estimation

13 selection of study instruments

14 method of data collection 

15 data mangement and analysis procedure

16 IEC and BORS clearance

17 compilation of synopsis

18 uploading of synopsis

19 data collection

20 data presentation and analysis

21 writing of discussion and conclusion

22 submission of thesis to MUHS

2021 jul-septsr.no 2020 april-june 2020 jul-sept 2020 oct-dec 2021 jan-mar 2021april-jun2019 nov 2019 dec 2020 jan 2020 feb 2020 march components 
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1) October-November 

2019 

Selection of Topic 

2) October-November 

2019 

Formulation of research 

question 

3) November – 

December 2019 

Formulation of aims and 

objectives 

4) December 2019- 

January 2020 

Hypothesis and null 

hypothesis 

5) December 2019- 

January 2020 

Research Protocol 

6) December 2019- 

January 2020 

Research Designing 

7) September 2019- 

January 2020 

Review of Literature 

8) November 2019- 

January 2020 

Methodology formulation 

9) November 2019- 

January 2020 

Study designing 

10 November 2019- 

January 2020 

Study setting 

11 November 2019- 

January 2020 

Sample size estimation 

12 November 2019- 

January 2020 

Selection of study tools and 

instruments 

13 December 2019- 

January 2020 

Method of data collection 

14 December 2019- 

January 2020 

Data management and 

analysis 
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15 December 2019- 

January 2020 

Statistical tests 

16 January 2020 Compilation of Synopsis 

17 January 2020 Ethical clearance 

18 January 2020- 

February 2020 

Incorporation of suggestions 

by IEC 

19 February 2020 BORS approval 

20 March 2020 Submission of synopsis 

21 July 2020– march 

2021  

Data collection 

22 April – June 2021 Data presentation and 

analysis 

23 April – September 

2021  

Writing of discussion and 

conclusion 

24 September 2021 Submission of thesis to 

MUHS 
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Master chart: 

SR 
NO GENDER AGE(YEAR) WEIGHT(KG) HEIGHT(METER) 

BMI 
(KG/M2) 

CHAIR TO 
STAND NO. OF 

REPITITON 

TIMED UP AND GO VALUES IN SECONDS 

RIGHT 
TURN 

LEFT 
TURN 

RIGHT 
TURN 

LEFT 
TURN 

1 M 65 70 1.64 27 7 9 10 9 9 

2 M 66 75 1.7 26.11 6 10 9 9 8 

3 F 60 40 1.51 17.54 7 11 10 10 9 

4 M 77 56 1.59 22.4 5 16 15 15 15 

5 M 84 62 1.6 24.21 3 17 17 17 16 

6 M 61 68 1.62 25.95 8 10 10 9 9 

7 F 60 62 1.53 26.49 6 9 9 9 8 

8 M 64 78 1.67 28 6 11 10 10 10 

9 F 65 56 1.5 24.88 7 10 9 9 9 

10 M 69 62 1.69 21.3 5 13 12 12 12 

11 M 60 75 1.65 27.57 7 10 9 9 9 

12 M 62 68 1.68 24.11 7 9 8 9 8 

13 M 62 63 1.62 24 5 13 12 12 12 

14 M 66 72 1.66 26.18 6 11 10 10 10 

15 F 72 46 1.5 20.44 3 16 15 15 15 

16 M 70 59 1.65 21.85 3 14 13 13 13 

17 F 82 48 1.49 21.62 2 17 17 17 16 

18 F 75 52 1.64 20 3 12 12 12 11 

19 M 85 54 1.68 19.28 3 17 16 16 16 

20 M 72 58 1.64 21.64 3 14 13 13 13 

21 F 72 46 1.46 21.6 2 20 18 18 18 

22 M 66 68 1.67 24.46 6 10 9 9 9 

23 F 75 50 1.5 22.2 2 17 16 16 16 

24 M 63 73 1.69 25.61 7 11 10 10 9 

25 M 62 68 1.67 24.4 6 10 9 9 9 

26 F 68 57 1.63 21.5 5 12 11 11 11 

27 M 61 65 1.65 24 7 11 11 10 10 

28 F 60 52 1.5 23.11 8 10 9 9 9 

29 F 69 56 1.56 23 5 14 13 13 13 

30 F 71 53 1.46 24.88 3 15 14 14 14 

31 M 68 67 1.62 25.57 4 14 13 13 13 

32 F 70 52 1.5 34.66 5 16 16 16 16 

33 F 60 59 1.56 24.27 8 9 8 8 8 

34 M 65 76 1.67 27.33 6 11 10 10 10 

35 F 62 48 1.49 21.62 6 10 9 9 9 

36 M 76 50 1.66 18.51 4 15 14 14 14 

37 F 68 52 1.52 22.6 5 13 12 12 12 

38 M 63 67 1.64 25.76 7 10 9 9 8 

39 M 62 63 1.65 23.3 8 11 10 9 9 
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40 M 78 60 1.65 22.2 4 15 15 15 15 

41 F 61 62 1.56 25.51 9 9 8 8 8 

42 F 60 58 1.64 22.3 8 10 10 9 9 

43 F 66 42 1.53 18.26 5 14 13 13 13 

44 F 61 52 1.58 20.88 7 11 10 10 10 

45 F 66 56 1.56 23 6 12 11 11 11 

46 M 72 59 1.62 22.51 3 14 13 131 13 

47 M 85 58 1.66 21 2 16 16 16 15 

48 F 82 45 1.42 22.5 3 15 15 15 15 

49 M 65 73 1.68 26 6 12 11 11 11 

50 F 66 48 1.56 19.73 5 12 12 11 11 

51 M 80 56 1.64 20.89 3 17 16 16 16 

52 M 67 62 1.68 22 5 12 11 11 11 

53 M 62 58 1.64 21.64 7 10 9 9 9 

54 M 65 56 1.66 20.36 7 12 11 12 11 

55 M 64 65 1.68 23 6 12 12 11 11 

56 M 68 67 1.66 24.36 5 12 11 11 11 

57 M 67 62 1.62 23.66 6 10 9 9 9 

58 M 68 57 1.64 21.26 6 12 12 12 11 

59 M 64 62 1.68 22 7 10 9 9 9 

60 M 62 65 1.67 23.38 8 9 9 9 8 

61 F 61 60 1.65 22 8 10 11 10 10 

62 M 69 58 1.73 19.39 5 14 13 13 13 

63 M 73 65 1.66 23.63 4 14 14 13 13 

64 M 64 58 1.7 20 6 12 11 11 11 

65 M 68 75 1.68 26.58 5 13 12 12 12 

66 M 62 75 1.72 25.86 8 11 10 10 10 

67 M 69 70 1.66 25.45 4 12 11 11 11 

68 M 62 72 1.68 25.53 7 9 8 8 8 

69 M 64 62 1.64 23.13 6 10 9 9 9 

70 M 63 56 1.76 18.12 7 10 9 9 9 

71 M 76 58 1.65 21.32 4 14 14 14 14 

72 F 70 45 1.5 20 4 15 14 14 14 

73 F 73 60 1.66 21.81 4 13 12 12 12 

74 M 76 68 1.7 23.52 3 13 12 12 12 

75 M 72 62 1.75 20.26 4 13 13 12 12 

76 F 70 56 1.64 20.89 2 16 16 16 16 

77 F 69 58 1.7 20 5 13 12 12 12 

78 M 65 52 1.68 18.43 6 12 11 11 11 

79 M 60 67 1.66 24.36 7 9 8 8 8 

80 M 61 67 1.73 22.4 7 9 9 8 8 

81 F 79 52 1.62 19.84 4 15 15 14 14 

82 F 81 55 1.56 22.63 4 15 14 14 14 

83 M 65 70 1.69 24.56 6 10 9 9 9 

84 F 65 58 1.6 22.65 7 10 9 9 9 

85 M 79 68 1.66 24.72 5 14 13 13 13 
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86 M 80 62 1.68 21.98 4 15 14 14 14 

87 F 91 40 1.51 18.18 2 20 20 20 20 

88 F 63 75 1.6 29.29 5 12 11 11 11 

89 F 61 42 1.64 15.67 7 9 8 8 8 

90 M 68 64 1.68 22.69 5 12 12 11 11 

91 M 76 69 1.67 24.8 4 15 14 14 14 

92 F 60 55 1.64 20.52 7 8 7 7 7 

93 F 63 52 1.65 19.11 6 8 7 7 7 

94 M 65 61 1.68 21.63 5 9 8 8 8 

95 M 83 59 1.64 22 2 16 15 15 15 

96 F 65 56 1.61 21.62 6 10 9 9 9 

97 F 62 60 1.59 23.8 6 10 9 9 9 

98 F 60 56 1.65 20 7 9 8 8 8 

99 M 65 72 1.73 24 6 10 9 9 9 

100 F 69 48 1.62 18.32 6 12 11 11 11 

101 M 73 72 1.75 23.52 5 13 13 13 13 

102 M 72 69 1.68 24.46 5 14 13 13 13 

103 F 68 42 1.66 15.27 4 15 14 14 14 

104 M 62 72 1.68 25.53 8 9 8 8 8 

105 M 66 75 1.69 26.31 6 11 10 10 10 

106 F 72 50 1.62 19 5 13 12 12 12 

107 M 65 62 1.67 22.3 8 10 9 9 9 

108 M 69 58 1.66 21 5 12 11 11 11 

109 M 63 68 1.65 18.38 8 9 8 8 8 

110 M 68 50 1.65 25 5 13 12 12 12 

111 M 62 67 1.66 24.36 8 9 8 8 8 

112 F 60 59 1.64 21.93 8 9 8 8 8 

113 M 65 64 1.64 24.7 7 10 9 9 9 

114 F 63 46 1.52 23.4 7 9 9 9 9 

115 M 66 63 1.6 24.6 6 10 9 9 9 

116 F 75 70 1.59 27.7 5 14 13 13 13 

117 F 60 50 1.55 20.8 9 7 7 7 7 

118 M 80 66 1.67 23.7 4 15 15 14 14 

119 F 65 78 1.68 27.6 7 11 11 11 11 

120 M 62 65 1.64 24.2 8 10 10 9 9 

121 F 69 65 1.58 26 6 12 12 12 12 

122 F 62 70 1.67 25.1 7 9 9 9 9 

123 M 64 55 1.7 19 7 10 9 9 9 

124 F 66 58 1.66 23.6 7 11 11 11 11 

125 M 72 70 1.73 23.4 5 13 13 13 13 

126 M 75 82 1.79 25.9 5 14 13 13 13 

127 M 63 74 1.73 24.7 8 10 10 10 10 

128 M 78 73 1.72 24 4 15 15 15 15 

129 F 70 55 1.65 20.2 4 14 14 14 14 

130 M 75 65 1.55 27.1 5 13 13 13 13 

131 F 68 56 1.61 21.6 1 12 12 11 12 
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132 M 80 58 1.66 21 3 15 15 15 15 

133 M 71 52 1.56 21.4 5 13 12 12 12 

134 M 79 65 1.6 25.4 4 14 14 14 14 

135 M 77 68 1.62 25.9 4 14 13 13 13 

136 M 68 72 1.66 26.18 6 12 12 12 12 

137 F 68 56 1.64 20.8 6 12 11 11 11 

138 M 63 60 1.68 21.3 8 9 8 8 8 

139 M 60 68 1.7 23.5 10 8 7 7 7 

140 M 63 70 1.73 23.41 9 9 8 8 8 

141 M 71 56 1.68 19.8 6 12 12 12 12 

142 M 66 69 1.76 22.5 8 11 10 10 10 

143 F 80 52 1.6 20.3 4 15 15 15 15 

144 M 75 54 1.66 19.6 5 13 13 13 13 

145 M 72 69 1.66 25 5 13 13 13 13 

146 M 66 55 1.72 18.6 7 12 11 11 11 

147 F 61 69 1.69 21 8 9 9 9 9 

148 M 62 65 1.66 23.63 8 9 8 8 8 

149 M 68 63 1.68 22.3 6 12 12 12 12 

150 F 80 53 1.51 23.8 3 18 17 17 17 

151 M 72 51 1.65 18.7 5 14 13 13 13 

152 F 77 61 1.52 27.4 4 14 14 14 14 

153 M 60 59 1.76 19 9 8 7 7 7 

154 M 75 68 1.64 25.3 5 13 13 13 13 

155 M 65 59 1.73 19.7 8 10 9 9 9 

156 F 60 57 1.66 20.7 9 9 8 8 8 

157 M 80 57 1.61 22 3 15 15 15 15 

158 M 69 64 1.68 22.7 6 12 12 12 12 

159 M 79 50 1.56 20.5 5 13 13 13 13 

160 M 60 66 1.78 20.8 8 9 8 8 8 

161 M 61 59 1.62 22.5 8 9 9 9 9 

162 F 77 50 1.49 22.5 4 13 13 13 13 

163 F 69 62 1.67 22.2 6 12 11 11 11 

164 M 63 70 1.68 24.8 8 9 9 9 9 

165 M 72 56 1.66 20.3 6 13 13 13 13 

166 M 64 59 1.68 20.9 8 10 9 9 9 

167 M 69 62 1.7 21.5 7 12 12 12 12 

168 M 75 60 1.64 22.3 5 13 13 13 13 

169 M 80 57 1.58 22.8 4 14 14 14 14 

170 M 61 62 1.62 21.7 9 9 8 8 8 

171 M 77 70 1.65 25.7 5 15 15 14 14 

172 M 60 80 1.68 28.3 9 9 8 8 8 

173 F 60 72 1.66 26.1 8 9 9 9 9 

174 F 63 56 1.59 22.2 7 9 9 9 9 

175 F 77 57 1.55 23.7 5 13 12 12 12 

176 F 75 59 1.69 20.7 5 12 12 12 12 

177 M 67 72 1.71 24.6 6 12 11 11 11 
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178 M 63 67 1.76 21.6 8 9 8 8 8 

179 M 66 80 1.78 25.2 7 11 11 11 11 

180 F 75 50 1.56 20.5 4 13 13 13 13 

181 F 74 60 1.66 21.8 5 13 13 12 12 

182 F 70 47 1.59 18.6 6 12 12 12 12 

183 F 63 52 1.66 18.9 9 9 8 8 8 

184 M 66 69 1.72 23.3 7 10 9 9 9 

185 M 75 64 1.6 24.2 5 13 12 12 12 

186 M 65 72 1.74 23.8 7 10 9 9 9 

187 M 63 65 1.68 23 8 9 9 9 9 

188 M 72 67 1.66 24.3 5 12 12 12 12 

189 M 65 69 1.78 22.5 7 10 9 9 9 

190 M 80 56 1.65 20.6 4 15 15 15 15 

191 M 60 63 1.72 21.3 9 8 7 7 7 

192 M 68 57 1.68 20.2 7 10 9 9 9 

193 F 74 50 1.56 20.5 5 13 12 12 12 

194 F 78 44 1.54 18.6 5 13 13 13 13 

195 M 63 65 1.65 23.9 8 9 9 9 9 

196 M 80 56 1.66 20.3 4 16 15 15 15 

197 F 72 52 1.59 20.6 5 14 13 13 13 

198 F 76 44 1.5 19.6 4 14 14 14 14 

199 M 74 62 1.63 23.3 5 13 13 13 13 

200 M 69 70 1.7 24.5 6 13 12 12 12 

201 M 60 75 1.75 24.5 9 9 9 9 9 

202 M 68 66 1.67 23.7 6 10 10 9 9 

203 F 61 58 1.65 21.3 9 8 8 8 8 

204 M 75 61 1.71 20.9 4 14 14 14 14 

205 F 65 55 1.62 20.99 7 11 10 10 10 

206 M 71 60 1.66 21.81 5 13 13 13 13 

207 F 66 42 1.62 16 7 11 10 10 10 

208 M 69 65 1.72 22 6 11 11 11 11 

209 M 70 62 1.69 21.75 5 13 13 13 13 

210 F 63 67 1.75 21.89 9 9 9 9 9 

211 F 61 52 1.67 18.7 8 9 8 8 8 

212 F 72 48 1.6 18.75 5 13 12 12 12 

213 M 78 58 1.67 20.86 4 15 14 14 14 

214 M 68 63 1.65 23.16 7 12 11 11 11 

215 F 62 52 1.64 19.33 9 9 9 9 9 

216 M 66 62 1.68 21.98 6 10 10 10 10 

217 F 91 45 1.56 18.51 2 18 18 18 18 

218 M 73 64 1.7 22.14 5 13 13 13 13 

219 F 62 56 1.65 20.58 8 9 9 9 9 

220 F 63 49 1.56  9 9 9 9 9 

 



ESTIMATING THE REFERENCE VALUE FOR 

TIMED UP-AND-GO TEST AMONG HEALTHY 

OLDER ADULTS – AGED ABOVE 60 YEARS: A 

DESCRIPTIVE STUDY



Introduction:

Aging represents a maturational process that includes a 

series of events influenced by environment, activity, 

illness and nutrition. Aging affects function and ability to 

maximize quality of life. The physical mobility refers to 

the capacity of a person to move around their 

surrounding and it largely depends on muscle strength, 

cardiorespiratory fitness, neuromuscular coordination 

and postural stability (2). Maintaining functional ability is 

becoming a challenge day by day because of life 

expectancy continue to increase dramatically because of 

medicine’s ability to fight diseases and manage chronic 

illness. In 20th century the normal life projection of Indian

population averaged only 66 years now the population is 

expected to live on an average 69 years. The geriatric 

population is increasing in relation with increase in life 

expectancy (3). The aging factors affect rate and 

magnitude of change in each system. Human body 

spends around 75% of its time undergoing the inevitable 

process of decline generating functional and structural 

modification (4). The census of 2011 clearly states that 

there are 104 million elderly people in India out of which 



53 million are females and 51 million are male (5). The 

average life expectancy of Indian population is 69 years, 

with women it is 70.4 years and for men it is 67.8 years, 

according to latest sample registration survey from 2013-

17. 

Therefore, maintenance or restoration of function of the 

aged population should be systematically evaluated and 

managed. Physiotherapist are in a unique position to 

conduct functional assessment and modify the functional

consequences. (1,2). 

The functional mobility is achieved by the capacity of 

person to move around in their surrounding and it largely

depends on muscle strength, cardio muscular fitness and 

postural balance. 

Balance is condition in which all the forces acting on 

body are work in collaboration to keep center of mass 

within base of support (6).

There are 2 type of balance:

1. Static balance, in which the forces are acting when 

body is at rest tend to restore its original position 

after its been displaced with the low Centre of 

gravity. 



2. Dynamic balance, in which the body is in motion 

and forces acting upon it increase initial 

displacement with high and forward Centre of 

gravity (7).

Balance is considered as an essential component in 

many activities of daily living, from simple activities 

such as quiet standing, to more complex activities such 

as walking while talking or while changing directions, 

running, functional reach. These different tasks require 

above component (8).

In an ideal standing posture, the line of gravity passes 

through all joint axes but in normal standing position 

body is unable to achieve the ideal position hence line of 

gravity passes through most of the joint axes. Elderly 

postural alignment has more flexed posture than the 

young adult. As age increases the line of gravity located 

more anteriorly with loss of lumbar lordosis and 

increased thoracic and thoracolumbar kyphosis. In 

kyphotic posture the anterior trunk flexors shortens and 

posterior trunk extensor lengthens therefore it affects 

the range of motion at knees, hip, ankles and trunk. The 

kyphotic posture is common in elderly which causes 

decreased lung volume and maximal inspiratory pressure



(9).

Compromised balance has been identified as risk factors 

for fall.

The gait disturbance can be due to adaptive cautious, 

stiff-legged, freezing, frontal, dystonic, cerebellar, 

sensory ataxic, psychogenic, antalgic, paretic, hypokinetic

, and dyskinetic (10,11).

The incidence of fall in elderly population from 65 to 75 

years of age group is 28-42%. A fall is identified as one of 

the external causes of unintentional injury by WHO and 

therefore evidence-based practice guidelines have 

suggested that early screening of fall and its detection is 

essential. Also, the treatment of fall associated injuries is 

like fracture is costly which lead to dependency, 

immobilization, depression and it develops fear of 

walking. This may be due to weak musculature, reduce 

balance, gait instability, reduce physical mobility 12 which

are age related changes in neurologic, musculoskeletal, 

cardiopulmonary and cognitive system. To find out the 

changes in physical mobility is of importance because of 

increased life expectancy (8).

 Collagen tissue composed of skin, tendon, ligaments, 

facia. These tissues hold the body parts together while 



giving the freedom of motion. Due to aging there is loss 

of water from matrix which causes shrinkage of articular 

cartilage and reduce shock absorb ability which leads to 

increase effort while performing any movement4.

The physiological changes in cardiovascular system are 

reduce contractibility of vascular walls and left ventricle 

which result in reduced arteriovenous oxygen uptake4.

The changes in cellular homeostatic mechanisms, for 

example, body temperature, blood, and extracellular 

fluid volumes which contribute in stable internal 

environment of body. It increases the incidences of 

diseases and trauma4.

The central nervous system is important factor in 

controlling balance. It is the integration of sensory 

information from the somatosensory, vestibular, and 

visual systems, which work together with the nervous 

muscular system to control body position in accordance 

to the environment and to stabilize the body’s center of 

mass during perturbations, with subsequent motor 

output (13).        

Strength is also in an important factor that changes with 

increase in age. Sarcopenia is term used when there is 

age related muscle loss (14).



Number of screening methods are used to identify the 

risk factor for fall which comprises an assessment of gait 

and balance. Such as berg balance scale, dynamic gait 

index, functional reach test, multidirectional reach test.

Out which timed up and go test has better reliability and 

sensitivity. Also, it does not suffer from ceiling effect 

limitations, is normally distributed (15).  

Timed Up and Go test is one of the most commonly used 

clinical tool for assessing dynamic balance and gait (16).

Podsiadlo developed a test TIMED UP AND GO as a test 

of basic  mobility skills, it was a modified timed version of

get up and go test  which was focusing on a balance 

assessment that is rated on a 1 to 5 score scale 1 =

normal, 2=slightly abnormal, 3=mildly abnormal 4=

moderately abnormal, 5=severely abnormal. Later they 

added timing as main measurement component; it is 

based on observer’s perception of participant’s fall risk (

16). 

The use of TUG has been recommended in emergency 

department to assess patients at risk of decline of 

function with minor trauma as its application is simpler 

and cost effective in every setting, requires easily 

available equipment, not at all time consuming and 



participants can easily made understood about its 

implication1.

In studies It was proven that duration and variability of 

trunk movement during chair stand can identify fall 

between elderly with high risk of fall and elderly with low

risk of fall. On an international level, the TUG has been 

validated through multiple studies on community-

dwelling, elderly individuals in Britain, Taiwan, Ireland, 

Norway, Japan and the United States. These cohort 

studies provide significant results in determining the risk 

of an individual who will suffer fall in future (17).

NEED OF STUDY:

The study focuses on risk of fall prevention in healthy 

adults by assessing the physical mobility and by finding 

the mean time the participants take to perform timed up 

and go test. The test is easy to administer, cost effective, 

takes about 2 mins to administer, is quick, therefore can 

be used as screening method. The study can not only 

help in prevention of fall but also used in prescribing the 

walking aids if necessary.



PRIMARY RESEARCH QUESTION: - What is the reference 

value of timed up and go test for healthy adults aged 

above 60 years? 

HYPOTHESIS: - N.A

REVIEW OF LITERATURE:

To meet the objective of study, strong database was formulated with 

help of pubmed, metascholar, google scholar as well as number of 

articles were searched to design the method to carry out the study 

titled.

1.  Nency khant et al (2018) conducted a study on Establishing the 

reference value for “timed up-and-go” test in healthy adults of 

Gujarat, India with sample size of 520 older adults. The study 

concluded that the reference value of TUG time in healthy 

individuals of Gujarat, India, was found to be 8.46 s which 

provides a standard to which patient performance can be 

compared with.

2. A cross sectional analytical study was carried out on Balance and 

functional assessment in ambulatory elderly patients using Timed 

Get Up and Go test conducted by Akanksha sharma et al. (2016). 

120 randomly selected ambulatory elderly patients aged from 60 

years and above who visited the outpatient geriatric clinic at 

medical college of Chandigarh center. The aim of this study was to

measure the TUG score in elderly patients and concluded that 

TUG is good screening to identify elders at high fall risk.



3. study on Modified 30-second Chair stand test predicts falls in a 

cohort of institutionalized older veterans performed by Eva v 

Applebaum and coworkers, it included sit to rise test and timed 

up and go test for physical performance measures. The study set 

up was in St-Anne’s Veterans Hospital (Quebec, Canada), with 

individuals aged 65 years and above. The study was helpful to 

discriminate between fallers and non-fallers.    

4. A study was conducted in township of central hospital of Chadian,

in in the surburban of Tianjin ,china by Heike A. bischoff (2003). It 

was based on Identifying a cut-off point for normal mobility: a 

comparison of the timed ‘up and go’ test in community-dwelling 

and institutionalized elderly women. which included 413 

community dwelling and 78 institutionalized adults. The study 

concluded that timed up and go test as a screening tool. 

Community-dwelling elderly women between 65 and 85 years of 

age should be able to perform the timed up and go test in 12 

seconds or less. 

5. Talia herman (2010) conducted a study on Properties of the 

‘Timed Up and Go’ Test: More than Meets the Eye using TUG, 

Berg balance scale, Dynamic gait index included 265 community 

dwelling older healthy adults aged between 70-90 years. The 

study was conducted in Boston, USA concluded that: The TUG 

appears to be an appropriate tool for clinical assessment of 

functional mobility even in healthy older adults. The average time 

taken to perform the test was 9.5 ± 1.7seconds.

6. A longitudinal study of the community-dwelling elderly on Timed 

Up and go Test can predict recurrent falls by Li kang peipei et al(

2017) using TUGT which include 541 older adults. Individuals aged

above 60 years took part in the study because approximately 30% 

of people above 65 years fall yearly. The study concluded that f



uture falls were best predicted by TUGT in recurrent fallers at 

baseline. A score of 15.96 seconds is used as a cut-point to screen 

recurrent falls in community-dwelling elderly Chinese individuals. 

The cut off point of timed up and go test was 10.15 seconds.

7. Targo S. alexander (2012) performed a study Accuracy of Timed 

Up and Go Test for screening risk of falls among community-

dwelling elderly. The number of elderly individuals registered with

the Family Health Program (FHP) in the city of Taubaté (Sao Paulo,

Brazil) were involve which included 63 community dwelling older 

adults aged 60 years and above. This study concluded that the 

TUGT proved to be an accurate measure for screening the risk of 

falls among elderly individuals. 12.47 seconds was the cut off 

value of Brazilian elderly. 

8. George M Savva (2013) Used Timed Up-and-Go to Identify Frail 

Members of the Older Population included 1,814 older adults age 

of 65 and above of Ireland. The study concluded that TUG is a 

sensitive and specific measure of frailty that gives quantitative 

measurement where the full application or interpretation of 

Fried’s criteria is impracticable; however, TUG cannot be used to 

reliably identify prefrail individuals.  

9. The study was carried out to describe balance abilities in 

individual with different ethnic background by Roberta A. Newton 

(1997) as Balance Screening of an Inner City Older Adult 

Population using Timed Up and Go Test, Berg balance scale, Reach

in four direction test which included 251 older adults from age 60 

– 90 years. The result shows that the three tests-BBS, TUG, and 

RFDT- can be used by practitioners as they examine balance 

abilities in community-dwelling older adults from diverse 

background. The average time taken to perform timed up and go 

test was 15seconds. 



10. Manjumi M. Noohu et al(2017) conducted a study on 

International classification of function, disability and health 

framework for fall risk stratification in community dwelling older 

adults using TUGT, Berg balance test, elderly fall screening test 

which included 255 older adults. The study concluded that In 

subjects with one fall and more than one fall, TUG, BBS, EFST, GDS

-S score, NSAIDS and antidepressants use showed a significant 

association with fall.

11. Azianah Ibrahim et al (2017) conducted a study on Timed Up

and Go’ test: Age, gender and cognitive impairment stratified 

normative values of older adults with and without mild cognitive(

MCI) includes 2084 adults in 5 years of span. The study concluded 

that the MCI should be taken in consideration wile performing 

TUG. 

12. Wesley de oliveira et al(2017) conducted a study on Test 

timed up and go and its correlation with age and functional 

exercise capacity in asymptomatic women which include 98 

women. The study concluded that TUG is reliable measure to 

asses physical mobility in healthy women.

13. Zunaidah abu samah et al.(2018) conducted a study on 

Discriminative and Predictive Ability of Physical Performance 

Measures in Identifying Fall Risk among Older Adults which 

included 325 community dwelling older adults. The aim of the 

study was to find out screening measure to identify fall of risk. 

They used 6-minute gait speed, TUG, and walking with talking test

and concluded that the TUG test to be an optimal screening tool 

for risk of fall among community dwelling older adults. 



14. Eric estes (2016) conducted a study on Timed up and go test 

and its effectiveness in fall risk screening and assessing the 

success of the stepping on program in fall prevention. The aim of 

the study was to determine if the Stepping On program displays a 

decrease in fall risk through the application of the TUG. It was 

concluded that the TUG displayed 37% participant improvement 

in the Stepping On program as an effective course in decreasing 

fall risk.

15. A cohort study was carried out in Medicare health 

maintenance organization clinic and a Veterans’ Affairs clinic, in 

Pittsburgh whose purpose was to determine the effectiveness of 

gait speed and the Short Physical Performance Battery as 

predictors of future health and function. O. BEAUCHET, B. 

FANTINO, G. ALLALI5, S.W. MUIR et al. included 457 participants 

in study with gait speed and timed up and go test as outcome 

measure. Timed Up and Go and gait speed both proved to be 

useful in prediction of health decline, Activity of daily living 

difficulty, and falls in older adults living in the community.

16. National survey of health and development is a Prospective 

cohort study to find out the effect of chair rise performance as 

useful measure for leg power with sample size of 5362 in England,

wales and Scotland done by Rebecca hardy, Rachel cooper, Imran 

shah et al. 

The study proved that the chair rise test cannot be a sole measure

to check the lower extensor power in middle aged group adults.

17. Barry R Greene et al.(2010) conducted a study on 

Quantitative Falls Risk Assessment Using the Timed Up and Go 

Test. The aim of the study was to show that body-worn kinematic 

sensors can be used to objectively quantify the TUG test and 

provide a comprehensive, quantitative analysis of timing, gait, and



stability for each of the segments of the TUG test and concluded 

that

PRIMARY OBJECTIVE:

 To measure timed up and go value in seconds

 To co-relate observed timed up and go value in seconds with age 

 To find out the influence of gender on timed up and go test.

METHODOLOGY: -

 STUDY DESIGN: Descriptive cross-sectional study.

In this descriptive cross-sectional study, the measurement of timed 

up and go test reference value will be calculated within 18 months 

for 60 years and above geriatric population. 

Quantitative data will be used to make statistical inference about the

balance measure in seconds for timed up and go test.

The time will be recorded for both the genders at fixed geographic 

location to estimate reference value for timed up and o test.

 STUDY SETTING: Community Physiotherapy OPD and community-

based setting

 STUDY POPULATION: geriatric population aged 60 years and 

above

 DURATION OF STUDY: one and half year

 SAMPLE SIZE ESTIMATION: - 



                    Sample size is determine considering mean Timed up and go

test as main outcome measure.

Following assumption are made from the study by khant et al, (2018)

1. Mean time for TUG test =10s

2. Standard deviation for TUG test =2.5s

3. Relative precision =10% of the mean (0.10*10)

4. α error = 1%  

 REQUIRED SAMPLE SIZE:

Formula: n= z2б2 ÷ d2

n =210

Therefore 210 eligible participants included in study aged 60 

years and above. 
                                     

 SAMPLING TECHNIQUE: Randomized sample of 210 

subjects will be selected from community population 

adjacent to study setting.  

 Random sample of aged population will be collected from total 

available population in the vicinity and proximity to study setting. There

will be equal opportunity of being chosen as a part of sampling process.

Every second subject above 60 years will be consider for the 

further recruitment.

INCLUSION CRITERIA: 

 Individual who perform well in chair stand test

 Healthy individual (Self-reported)

 Individuals using assistive devices 

 Age group 60-80 years and above



 Both genders included

EXCLUSION CRITERIA:

 Neurological disorder

 Musculoskeletal injury to lower extremity within a year

 Acute respiratory conditions

 Known C/O Cardiovascular conditions

 Audio-visual compromised

 Diabetes mellitus with sensory neuropathy

Recruitment of sample: 

                       Chair stand in 30 secs test will be administer to screen 

the subject for further proceedings. The expected minimum number

of rises will be 2 prior to timed up and go test. The 15 mins gap will 

be maintained between 2 trials.

Operational Definition:
• Geriatric population: according to Asian classification of 

geriatric in the developing countries people who age between 
60-69 are called as young old, people ranging from 70-79 years 
are older old and people who are 80 years and above are 
known as oldest old
   

• timed up and go test is simple test used to assess a person’s 
mobility and requires both static and dynamic balance. It uses 
the time that person takes to rise from chair walk 3 meters, 
turn around walk back to chair and sit.

• chair stand test to assess flexibility, balance and muscle 
strength of older population.



• Healthy aging- WHO defines healthy aging as the process of 
developing and maintaining the functional ability that enables 
wellbeing in older age.

• Self-reported healthy individuals:

STUDY INSTRUMENTS:

 CHAIR WITH AND WITHOUT ARMREST AND BACKREST

 STOPWATCH

 MEASURING TAPE

 WEIGHING MACHINE 

 BLOCKS

OUTCOME MEASURE:

 Chair stand test in 30 seconds

 Timed up and go test - time measure in seconds

MEASUREMENTS:

 Time in seconds

 Distance in meter (Can be converted into feet)

METHOD OF DATA COLLECTION: 

Prerequisite permission from head of the institution and approval from 

institutional ethics committee will be obtained to carry out the research work 

titled “ESTIMATING THE REFERENCE VALUE FOR TIMED UP-AND-GO 



TEST AMONG HEALTHY OLDER ADULTS – AGED ABOVE 60 YEARS: A 

DESCRIPTIVE STUDY”. After that title synopsis is submitted to board of research

study. Suggested corrections are incorporated thereafter it is forwarded to 

Maharashtra University Of Health Science, Nashik. 210 healthy older adults will 

be selected based on randomized sampling method.

The participants will be made aware of about the reason and pattern of study. 

The written consent form will be taken from the participants. Anthropometric 

data will be noted. Those with cognitive impairments, lower limb musculoskeletal 

injuries, neurological disorders, acute respiratory conditions will be excluded from

the study.

Chair stand test will be performed prior to timed up and go test to check the 

lower limb strength component of participants and those who can perform chair 

stand test minimum twice in 30 seconds will be part of timed up and go test.

TUG test will be administered; first the administrator will perform the test for 

visual feedback and better performance; participant will be asked to sit on chair 

of 46 centimeters in height  with armrest and backrest, tape will mark the 

distance to travel that is 3m (10 feet) from the chair after that the subject walk 

the distance then it will turn around from the block sit down. Participants will be 

asked to wear their daily used footwear and walk in their regular pace. The timer 

will be start when patient initiate the getting up from chair and stop as soon as 

they sit back. Participants will not be aware of the time duration, will perform test

thrice and average score in seconds will be noted. Data encryption will be done.

FLOW CHART OF GENERAL PROCEDURE:

Permission from the head of institution, approval from the ethics 

committee and BORS committee will be taken



The participants will be made aware of about the reason and pattern of 

study.

Written consent from the geriatric population who are willing to 

participate in the study as per the inclusion criteria

Anthropometric data and characteristics of the study will be collected 

from the proforma

                                chair stand test will be performed prior to timed up 

and go test (those who can perform at least twice in 30 seconds will       

be included)

Timed up and Go test will be administered

The data will be recorded and collected in excel sheet

Result will be analyzed.



DATA MANAEMENT AND ANALYSIS:

• Data Will be entered in MS Excel, coded and analyzed in 
software STATA, version 10.1,2011

• Data analysis will include both descriptive and inferential 
statistics.

• Descriptive statistics will be used to summarize quantitative 
variables with mean, standard deviation (SD), while frequency 
and percentages will be used to summarize categorical (
qualitative) variables.

• Inferential statistics mainly included hypothesis testing 
procedures like ANOVA (Analysis variance) and F test for 
comparing mean differences in five age groups. Post hoc 
Bonferroni multiple comparison test will be used for pair-wise 
comparisons. ??

               A p-value <0.05 will be considered statistically significant for all 

the comparisons.?

RESULT: 

The result will be discussed in the final copy of dissertation
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ANNEXURE I(a)

Proforma

Name:

Age:

Height:

BMI:



General information to research participants: 

1. Name: 

    Age: 

    Date:

    Gender:

2. You would be required to perform the tests during the study and the purpose of the 

research is to study “Estimating the reference value for timed up and go test among 

healthy older adult aged above 60 years: descriptive study ”

3. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filling consent till the completion of the test. 

4. If you are uncomfortable during this period then kindly let us know so that we can 

help you and overcome your problems without any untoward effect. 

5. You will not be given any reimbursement and compensation. 

6. If at any moment you want to discontinue from this research study then you are free 

to do so and there would not be any hindrance from our side.





7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.

 8. The data obtained from this study would be confidentially protected and maintained 

and if the photograph is used then your identity would not be revealed. If the photograph

is published then permission would be obtained. 

9. All the risk of various test procedures required for this study will be explained to you 

and accordingly the consent will be taken. 

10. If you feel exhausted or unable to complete the test you need not worry and let us 

know so that necessary steps can be initiated. 

11. If you are not satisfied at any moment then you can withdraw at any time without 

any consequences.

 12. Name of Researcher: 

      Phone number: 

      Address: 

13. Name of Guide: 

      Phone number: 

      Address:



14. Name of the Institution:

मरीज  क  जानकारी प

उ े य :

यह सु न त करने के  लए क   ल खत सू चत सहम त  ऑय सी ऍम आर क   नय मक आव यकता  

के अनुसार  तभा गय  से  ा त क  गयी है और  ऑय ई सी  ारा अनुमो दत  कआ गया है ।

कोप :

इस मानक प रचालन  या मे केवल  वही म हलाये  जनका  डलीवरी के बाद का छटवा ह ता शु  है 

और  वे छा से इस अ ययन मे भाग लेने क  लए तैयार है  ।

दा य व :

शोधकता इस अ ययन का  ह सा बनने वाले सभी  तभा गय  से  ल खत सू चत सहम त  ा त करेगा ।

या :

१. शोधकता केवल उ ही म हला  का चयन करेगी  जनका  डलीवरी क बाद का छटवा ह ता शु  है।

२. अ वेषक आशंका  र करने और  तभागी के सभी  शनो का उ र देने के  लए  योगा मक  ोटोकॉल 

क   ा या करेगा ।

३. य द भागीदार भाग लेने का फैसला करती है तो उ ह मानक प रचालन  या क अनुसार सहम त द  

जाएगी ।



४. य द भागीदार  च को   करता है ले कन उस मामले मे कुछ संदेह है तो उ ह हल  कआ जाएगा ।

५. य द  तभा गय  को  प ीकरण के साथ सहज है तो वे मानक प रचालन  या के अनुसार सू चत 

सहम त भरगे ।

६. भागीदारी क   चता के बाद अ ययन  याए शु  हो जाएंगी ।

७.  व तृत  च क सा और  कसी भी अ य शारी रक सम या का इ तहास  तभा गय  से  ा त  कए 

जायेगा ता क शा मल  कए जाने और ब ह करण मानदंड को स या पत  कआ जा सके ।

८. य द भागीदार इस जानकारी पर अपने प रवार के सद य  पर चचा करना चाहता है तो वे सहम त देने से

पहले ऐसा करने का हक़दार है ।

तभा गय  को अनुसंधान के  लए सामा य जानकारी:

१) नाम :

    उम्र :

   तारिक :

२) आपको सहम त प  को भरना होगा और अनुसंधान के उ े य  से " एसो सएशन ऑफ़ पे वक  गडले

पेन एंड मोड ऑफ़  डलीवरी इन  स थ वीक पो टपाटम वीमेन  वथ रे पे ट टू पेन  ोवोकेशन टे ट्स - 

ऍन एना ल टकल  ॉस से शनल  टडी "

३) य द आप  वे छा से भाग लेना चाहते ह तो आपको प र ण पूरा होने तक कायवाही भरने के समय से 

हमारे साथ भत  कराया जाएगा ।

४) य द आप अव ध के दौरान असु वधाजनक है तो कृपया हम बताए ता क हम आपक  मदद कर सक 

और  कसी भी अयो य  भाव के  बना आपक  सम या  को  र कर सक ।

५) आपको कोई  तपू त व  तपू त नह  द  जाएगी ।



६) अगर  कसी भी समय आप इस शोध अ ययन को बंद कराना चाहे तो आप ऐसा करने क  लए 

सवततं  है और हमारे प  मे कोई बाधानह  होगी ।

७) सहम त क प   ा त करने से पहले अ ययन, जो खम , असु वधा , फायदे और नुकसान का  ववरण 

आपको समझाया जाएगा ।

८) इस अ ययन से  ा त डाटा को गोपनीय  प से संर त और सुर त  कआ जाएगा और अगर त वीर

का इ तेमाल  कआ जाये तो आपक  पहचान  कट नह  होगी । य द त वीर  का शत क  जाती है तो 

अनुम त  ा त क  जाएगी ।

१०) य द आप थका  आ या परी ा को पूरा करने मे असमथ महसूस करते है तो आपको  चता करने क  

आव यकता नह  है और हम यह बताए क  आव यक कदम आर भ  कए जा सकते है ।

११) य द आप  कसी भी  ण संतु  नह  है तो आप  कसी भी समय  कसी भी प रणाम के  बना आप 

अ ययन से  नकल सकते है ।

१२) शोधकता का नाम :

      फ़ोन नंबर :

       पता :

१३) गाइड का नाम:

      फ़ोन नंबर :

      पता :

१४)संसथान का नाम :



णांची मा हती प क

उ ेशः

आयसीएमआर या  नयामक आव यकता आ ण आयईसीने मा यता  दले या मा हतीनुसार  ल खत मा हती  दली 

आहे.

ा ती: 

या मानक ऑपरेशनल प तीत  ६ ा आठव ात  ड ल हरी नंतर म हला समावेश आहे आ ण  ा अ यासात 

सहभागी हो यास  वे छेने इ छुक असतात.

जबाबदारी:

संशोधक या अ यासाचा भागहो यासाठ   वयंसेवा करणाया सव सहभाग चे लेखी  ात सहमती ा त करतील

कायप ती:

1. संशोधक येथे ६ ा आठव ात  ड ल हरी नंतर म हला  नवडेल

2.तपासनीस आ ेप  र कर यासाठ  आ ण सहभाग या सव  ांची उ रे दे यासाठ   ायो गक  ोटोकॉलचे 

प ीकरण करेल.

3. सहभागीन ेसहभागी हो याचा  नणय घेतला तर ते मानक संचालन  यनुसार संमती देईल.

4. जर सहभागीने  ची   केली परंत ु यात काही शंका असतील तर ते सोडवतील.

5.सहभागी जर  प ीकरण सोयी कर असतील तर ते मानक संचालन  येनुसार सू चत संमती भरतील.



6. सहभाग या  चते या नंतर अ यास  या सु  होईल.

7.समा व  आ ण ब ह कार  नकष स या पत कर यासाठ   हणून तपशीलवार वै क य आ ण इतर कोण याही 

शारी रक सम या इ तहास  ा त केल ेजाईल.

8.जर सहभा याने आप या कुटुंबीयांना या मा हतीवर चचा करायची असेल तर  यांना संमती दे यापूव  असे 

कर याचे अ धकार आहेत.

सहभाग ना संशोधन कर यासाठ  सामा य मा हती:

1. नाव:

   वय:

 तारीख:

2.आप याला परफॉ या भरण ेआव यक आहे आ ण संशोधनाचा हेतू” एसो सएशन ऑफ़ पे वक गडल पेन

एंड मोड ऑफ़ डलीवरी इन स थ वीक पो टपाटम  वूमेन वथ रे पे ट तो पेन ोवोकेशन टे ट्स

- ऍन  एना ल टकल ॉस-से शनल टडी “ हा अ यासकरणे आव यक आहे.

3.जर आपण  वे छेने अ यासात सहभागी होऊ इ छत असाल तर चाचणीपूण होईपयत आपण काय दशन 

भर यापासूनच आप याकडून न दणी करणे अपे त आहे.

4.या काळात तु ही अ व थ आहात तर मग कृपया आ हाला कळू ा जेणे क न आ ही आ यास मदत क  

आ ण आप या सम येवर कोण याही अयो य  भावा शवाय मात क  शक.ू

5. आप याला कोणतेही परतावा आ ण नुकसान भरपाई  दली जाणार नाही.

6.कोण याही  णी जर आपणया संशोधन अ यासातून थांबू इ छत असालतर आपण तसे कर यास मु  आहात 

आ ण आप याबाजूने कोणतीही अडथळानसता.



7. संमती प   ा त कर यापूव  अ यासाची जोखीम,अ व थता, फायदे आ ण तोट ेयांचा तपशील आप याला 

प केला जाईल.

8.या अ यासातून  ा त झालेला डेटा गु तपणे संर त आ ण देखरेखकेला जाईल आ ण जर छाया च वापरले 

असेल तर आपली ओळख  गट होणार नाही. छाया च   का शत झा यास परवानगी  ा त होईल.

9.या अ यासासाठ  आव यक असले या  व वध चाचणी  येचे सव जोडून आप याला

प  केले जाईल आ ण  यानुसार संमती  दली जाईल.

10.आपण थक यासारखे  कवा आपण पूण काळजी घे यास असमथ वाटत अस यास आप याला काळजी 

कर याची गरज नाही आ ण आव यकती पावले उचलता येतील याची आ हाला मा हती ा.

11.आपण कोण याही  णी समाधानी नस यास आपण कोण याही प रणामां  शवाय कधीही काढ ूशकता.

12. संशोधकाचे नाव:

    फोननंबर:

    प ा:

13. मागदशकांचे नाव:

      फोन नंबर:

      प ा:

14. सं थेचे नाव:

Annexure II (b)

 

INFORMED CONSENT LETTER



I ……………………………………………………………. am willing to participate 

voluntarily as a participant for the dissertation entitled “ Association of Pelvic girdle pain 

and mode of delivery in the 6th week postpartum women with respect to pain 

provocation tests-an analytical cross-sectional study”  conducted by 

………………………….. 

I have been informed regarding the nature of the study and duration of the work. I have 

no objection to undertake the required procedure to undergo various testing procedure 

and various testing procedure pertaining to the study .

The researcher has already assured me that I would be treated well without any 

untoward effects and the rights of confidentiality protected .

Place:

Date:

Signature of Participant:



सहम त प

  म .................................................... मेरी पूण सहम त से इस शै णक अ ययन हेत ुपरी ण म सहभागी 

हो रही । अ ययन परी ण का वषय " एसो सएशन ऑफ़ पे वक गडल पेन एंड मोड ऑफ़ डलीवरी इन स थ

वीक पो टपाटम  वूमेन वथ रे पे ट तो पेन ोवोकेशन टे ट्स - ऍन  एना ल टकल ॉस-से शनल टडी " 

मुझे अ ययन परी ण के लए लगन ेवाला समय , सभी प त वैध कया परी ण और नयम  क ेबारे म मुझे  पहले 

से बताया गया है।

शोधकता शोध नब धक  ने मुझे पहल ेसे ही व ास दलाया है क े कसी भी कार क प रणाम  बना अ ययन 

परी ण दर मयान मुझ ेअ छ  सु व था मलगी और मेरे तरफ से अ ययन प रर ण के सव अ धका रय  क  

व सनीयता व प से गु तता राखी जाएगी / रहेगी।अ ययन प र ण मे लगने वाले सभी परी ा क लए मेरा 

वरोध नह  है और मेरी पूरी अनुम त है।

थान  व ता रख :

ह ता र:

                                                                 संमती प



मी  .....................................................  मा या पूण संमतीने या शै णक अ ययन " एसो सएशन ऑफ़ 

पे वक गडल पेन एंड मोड ऑफ़ डलीवरी इन स थ वीक पो टपाटम  वूमेन वथ रे पे ट तो पेन ोवोकेशन 

टे ट्स - ऍन  एना ल टकल ॉस-से शनल टडी "  परी णात सहभागी होत आहे  ।

मला दर यान होणा या अ ययन परी णा साठ  लागणार वेळ सव  प ती वै क य  नयमांबाबत संपूण क पना 

मा हती पुर व यात आली आहे ।  शोधक याने मला आधीच खा ी दली आहे क कोण याही प रणाम वषयी 

अ ययन दर यान मला चांगली वागणूक मडेल आण मा याकडून अ ययन परी णाचे सव अ धकाराची कवा 

व सनीय गु तता राख यात येईल ।

अ ययन परी णाला लागणार  या  सव  परी ेक रता  माझा वरोध  नाही  ।

सहमती वीकृती आहे ।

थान व तारीक :
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INTRODUCTION: 

Foot is an intricate structure that serves as a base of kinetic chain, which plays an important role 

in static posture and dynamic activities.1,2 The structure and dynamicity of foot arches are required 

for various functions like absorption of shock, body weight transmission and to act as a lever for 

propelling the body forward while walking.3,4 During gait, foot must be stable at foot strike and 

push-off, then it must become a mobile adaptor and attenuate loads during mid-stance. It also 

possesses spring-like characteristics, storing and releasing elastic energy with each foot-strike and 

this is accomplished through deformation of arch. 2 

Our feet consist of bones, joints, muscles, tendons, and ligaments, which makes them stable and 

strong, while at the same time being flexible and adaptable. Feet can become deformed due to 

various external factors, different foot postures or diseases. Foot deformities may – but not always 

– cause problems, such as pain and walking difficulties. 

Foot posture is generally characterized by contour of medial longitudinal arch (MLA), which is 

higher than the lateral longitudinal arch.3 It contributes to shock absorption and the attenuation of 

forces transmitted to the body during gait.5 It is typically divided in to normal (rectus), low-arched 

(planus) which is usually hypermobile and is related to overpronation, or highly arched (cavus) 

which is rigid and characteristic of over supination.6 There are some studies reporting associations 

between planus and cavus foot types and different lower limb conditions. 7 In a study, planus foot 

posture was found to be more associated with arch pain, and particularly pronated foot was 

significantly associated with generalized foot and heel pain.6  

Medial longitudinal arch flattens to variable degree during weight bearing and had been 

excessively relaxed to the extent that it cannot be maintained. This causes the feet to be excessively 
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pronated and the ability to absorb impacts decreases. This leads to lost in sense of balance and 

decrease in stability during walking or running.8,9 

Pronated feet are characterized by adduction with medial rotation of the talus, eversion of the 

calcaneus, and supination with abduction of the forefoot.10 High prevalence of 21% to 57% has 

been reported among children of 2 to 6 years which further declines with age to 13.4% to 27.6% 

in primary school children. In one study pronated feet were reported in 35.6% females and 11.32% 

in males.11 And in another study prevalence of 5 to 14 % has been reported. Out of which among 

male it is 12.8% and in females is 14.4%.3 And there is other study showing pronation score for 

flat foot subjects mean as 7.44.12 

The medial longitudinal arch is augmented by various anatomical structures of the foot, such as 

direct actions of muscles as well as indirect anatomical structures such as the plantar fascia and 

plantar ligaments.13,14 Excessive pronation may also develop from lack of muscle strength and 

stability or from overuse and fatigue of intrinsic foot muscles (IFM).15 Plantar sensory feedback 

may activate the intrinsic foot muscles, which produces intrinsic foot shock absorption. There are 

many articular nerve fibres which terminate in mechanoreceptors in joint capsule, ligaments, 

muscle, and skin; these mechanoreceptors detect joint pressure and tension from both dynamic 

movement and static position. This afferent nerve fibres provide position and movement sense, 

and it plays an important role in a complex reflex system that controls posture and coordination. 

16,17 

Human upright postural control is determined by central nervous system control strategies. It is 

partially based on visual, vestibular, and somatosensory afferent information that it receives i.e., 

sensory input. The motor response attempts to match the cognitive appraisal of this Sensory 

input.18 Proprioception is a critical part of ankle and subtalar joint stability.19 Researchers have 
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associated pronated foot structures with deficits in some aspects of neuromuscular control 

compared with neutral foot structure. 20,21 

 

Lower leg neuromuscular postural control model18 

Neuromuscular control can be defined as the interaction between the nervous and musculoskeletal 

systems to produce a desired effect or response to a stimulus. Components of neuromuscular 

control consist of muscle strength, proprioception, balance, and muscle reaction time. 7,22 

Regarding arch of foot, the pronated foot can affect proprioceptive inputs through the movement 

of joints, changes in the contact area, and muscle strategy for maintaining stability in the given 

base of support, so more neurological control by the neuromuscular system is required to maintain 

stability and balance. 20,23  Cote et al have reported significantly poorer stability for a group of 

subjects with pronated feet compared to a group with supinated feet or neutral feet. 20,21 In addition, 

with over-pronation, the angle of pull of Achilles tendon and plantar flexors muscles is less than 
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ideal force.24 There is another study stating proprioception deficit in pronated foot can put a strain 

on ankle, which leads to injury. 

It is believed that the Intrinsic foot muscles provide stability and firmness for moving forward 

while allowing flexibility for shock absorption and attenuation of forces. This suggestion is 

possible, as the Intrinsic Foot Muscles originates proximally on the calcaneus and inserts distally 

into the tarsal joints, giving it an optimal angle of pull to provide a stabilizing effect on the medial 

longitudinal arch. 1,25 

In the biomechanics, it has been widely proposed that dysfunction of the plantar intrinsic muscles 

of the foot leads to an increase in foot pronation in static stance, while walking or running.24 It is 

considered important in maintaining the plantar arch and controlling foot posture along with the 

rest of its anatomical structures (i.e., bones, ligaments, extrinsic muscles, and fascia). Hence, 

weakness of the short or intrinsic muscle of the foot is related to greater incidence of pronation, 

fasciitis, sprains, and injuries of other body parts. 26,27 

Various other factors such as rear foot or forefoot deformities can also cause excessive pronation 

of feet.  

Healthy individuals with pronated foot do not experience discomfort immediately. However, when 

symptoms develop and become painful, walking becomes awkward and causes increased strain on 

feet and calves. From epidemiological perspectives, several authors already mentioned in past that, 

this malalignment often leads to multiple musculoskeletal dysfunctions such as plantar fasciitis, 

heel spurs, metatarsalgia, tendonitis or bunions distally. Proximally the biomechanical alterations 

associated with pronated feet causes increase internal rotation of the tibia and femur with excessive 

anterior titling of the pelvis, which is compensated by increased lumbar lordosis and thoracic 
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kyphosis resulting in low back pain10. Thus, while feet are supporting the body weight, the 

instability resulting from pronated foot could cause pathomechanical problems and compensatory 

movements in the closed kinematic chain of lower extremity.23 Furthermore, excessive internal 

rotation of tibia and femur has been shown to increase mechanical stresses across the knee, 

resulting in increased rotational stress on the load-bearing tissues of the tibio-femoral 

compartments and hence making pronated foot a major cause of knee osteoarthritis. 28 

Therefore, any small dynamic change in foot could causes both flexibility and strength of the 

intrinsic muscles to be compromised leading to alteration of balance and muscle activity in the 

lower extremities and affecting postural control of entire body. 23,21 

Pronated foot is a debilitating condition that has been shown to affect health-related quality of life 

and functionality that could result in the development of compensatory pathomechanical 

conditions in different parts of the body.  

Hence, early identification and prevention strategies needs to focus on reducing symptomatology 

and should address towards biomechanical discrepancies, which will help healthy individuals to 

prevent greater risk of developing foot disorders. 
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RATIONALE OF THE STUDY: 

Foot plays an important role in determining the biomechanical alignment of the body especially 

the lower limb. Alteration in foot posture is shown to affect the functioning of the entire lower 

limb.9,23 Several researches have correlated the improper functioning of medial longitudinal arch 

as well as pronation with numerous lower extremity injuries. There are many structures which 

contribute to varying degrees to support medial longitudinal arch including plantar fascia, 

ligaments such as calcaneo-navicular ligament, extrinsic foot muscle such as tibialis posterior 

and intrinsic foot muscles.5 

There are some literatures stating that foot pronation leads to decrease in strength of plantar 

flexors and intrinsic muscles, sense of balance and proprioception which all leads to decrease in 

stability during walking or running leading to walking difficulties and decrease in endurance 

with time.8,1,23 

 In most of the studies, interventions for foot related problems mostly are directed towards 

externally supporting the foot.15 Extrinsic foot musculature (EFM) was used to complement 

medial longitudinal arch in the past. However, recently it has been suggested that the intrinsic 

foot musculature (IFM) could also play a critical role in supporting the medial Arch. One of the 

study showed toe-flexion exercises, such as towel crunches or marble pickups, in order to 

strengthen this intrinsic muscles. But only toe-flexion exercises were not sufficient for 

strengthening of this muscle because they also use the extrinsic foot muscle.1 

Also, there are many papers directed at showing the effect of conventional balance training 

protocol on improving balance and proprioception. However, in one study, they resulted that 
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short foot exercise can immediately improve the dynamic balance in individuals with pronated 

foot. 17,23 

But there is limited literature which has been conducted on the effect of this complete foot core 

protocol on parameters of neuromuscular control i.e., Balance, proprioception and strength and 

change in rear foot angle, that too in an Indian setup. 

Thus, the present study aims to see the effect of foot core program on rear foot angle and 

neuromuscular control in individuals with pronated foot. Also, an attempt in increasing 

awareness of importance of foot core stability to normal foot and lower extremity function. 
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RESEARCH QUESTION: 

Is there any effect of foot core program on neuromuscular control and rear foot angle in healthy 

individuals with pronated foot aged 18-35 years? 
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HYPOTHESIS: 

NULL HYPOTHESIS: 

There is no significant effect of foot core program on neuromuscular control, rear foot angle in 

healthy individuals with pronated foot. 

ALTERNATE HYPOTHESIS: 

There is a significant effect of foot core program on neuromuscular control, rear foot angle in 

healthy individuals with pronated foot. 
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OBJECTIVES: 

To evaluate and compare neuromuscular control and rear foot angle pre and post foot core 

program in healthy individuals with pronated foot in age group of 18-35 years. 
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REVIEW OF LITERATURE: 

A randomized controlled trial titled “The Effect of Exercise of the Intrinsic Muscle on Foot 

Pronation.” Conducted by Iwona Sulowska et al. in 2020 on 85 asymptomatic participants 

with a bilateral Foot Posture Index (FPI) greater than 6 points. An experimental group was 

given Short Foot Exercises and other group carried out non-biomechanical function exercises 

consisted of dorsal and plantar flexion of the metatarsophalangeal joints. The foot posture was 

evaluated twice via the navicular drop test. They found decrease in navicular drop values in 

both group but statistically significant values were not found between them. And concluded, 

that Short Foot Exercises could be considered a useful treatment to deal with pathologies 

whose aetiology includes excessive pronation of the foot. 27 

A study titled, “Effects of Combining High-Definition Transcranial Direct Current Stimulation 

with Short-Foot Exercise on Chronic Ankle Instability: A Pilot Randomized and Double-

Blinded Study” conducted by Yuanbo Ma et. al in 2020 on 30 young adults with Chronic 

Ankle Instability having a history of the first acute ankle sprain more than one year ago; 

experience of two or more sprains to the same ankle in the three months prior to study; and 

having a Cumberland Ankle Instability Tool (CAIT) score less than 24 and had the ability to 

stand or walk for at least 6 mins. 5 baseline assessments were taken including the Active 

Movement Extent Discrimination Apparatus (AMEDA), Joint Position Reproduction (JPR) 

test, Y-balance test, and the Sensory Organization Test (SOT) both pre and post 4 weeks of 

protocol. Intervention consisted of Short Foot Exercise(SFE) in combination with high-

definition transcranial direct current stimulation(HD-tDCS) to one group and sham stimulation 

to the control group. They concluded that compared to the control group, the HD-tDCS+SFE 
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group exhibited significant improvements in the JPR test, the Y balance test, and the SOT at 

different time points.29 

A Cross Sectional study titled, “Factors affecting foot posture in young adults” conducted by 

Fayaz R. Khan et al. in 2020 on 252 healthy participants (106 males, 146 females) between 

the ages of 18 and 25 were selected. In this study BMI and the Foot Posture Index - 6 item 

version (FPI-6) was assessed, a Beighton score was obtained for each participant, and a lunge 

test was conducted and concluded that there was a mild relationship between ligament laxity 

and foot pronation, and females were more prone to have pronated feet than males and there 

was no correlation was found between body weight and pronated feet.11 

A study conducted in 2020 by Kazunori Okamura et al. titled, “Effects of plantar intrinsic 

foot muscle strengthening exercise on static and dynamic foot kinematics: A pilot randomized 

controlled single-blind trial in individuals with pes planus.” on 20 participants with pes planus 

which were randomly divided in 2 group the Exercise patients performed a progressive short-

foot exercise three times per week for 8 weeks and controls received no intervention. Before 

and after the 8-week intervention, foot kinematics during gait, including dynamic navicular 

drop were assessed and also static foot alignment by foot posture index and navicular drop test, 

and the thickness of the intrinsic and extrinsic foot muscles using ultrasound were assessed 

and concluded that after the 8-week intervention in the exercise group, foot posture index 

scores with regard to calcaneal inversion/eversion improved significantly and the time required 

for navicular height to reach the minimum value decreased significantly thus concluding that 

the short-foot exercise effectively corrected static foot alignment and temporal parameters of 

foot kinematics during gait.30 
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Eunsang Lee et al in 2019 conducted A randomized controlled trial titled “Short-Foot 

Exercise promotes quantitative somatosensory function in ankle instability” on 30 adults 

between 19-29 years, which were selected according to CAI (Cumberland Ankle Instability 

Tool <24). In this study they conducted 8 weeks protocol of Short Foot Exercise(SFE) in one 

group and Proprioceptive Sensory Exercise(PSE) in another group. Pre and post measurement 

of quantitative somatosensory of joint position sense and vibration sensory threshold, dynamic 

balance and ankle instability was done. They concluded that SFE group showed more 

significant improvement than PSE for treating ankle sprain.17 

A study titled “The Influence of Plantar Short Foot Muscle Exercises on the Lower Extremity 

Muscle Strength and Power in Proximal Segments of the Kinematic Chain in Long-Distance 

Runners” done by Iwona Sulowska et al. in 2019 on 47 long distance runners of 21 to 45 

years of age who were divided into two groups based on baseline measurement of Foot Posture 

Index Group 1 with neutral foot and Group 2 with slight and increased pronation. They were 

given exercises of plantar short foot muscles every day for 6 weeks along with running training. 

The knee flexors and extensors torque, work, and power on Isokinetic Dynamometer and 

Running-Based Anaerobic Sprint Test (RAST) were checked at pre and post 6 weeks protocol. 

They concluded that applied exercises had beneficial effect on strength of knee joint flexor 

muscles. In both group higher values of maximum power and improve energy transfer through 

body segments were noted.31 

Xianyi Zhang et. al conducted a study titled “Differences in foot muscle morphology and foot 

kinematics between symptomatic and asymptomatic pronated feet” in 2019 on 30 young 

physically active adults with 15 of them having recurring overuse injuries in the lower 

extremity 6 months prior to the study. Foot posture was assessed using the 6‐item Foot Posture 
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Index (FPI) where one foot of the participant was classified as pronated, with an FPI score 

between 6 and 12. An ultrasound system was used to measure the cross‐sectional area and 

thickness of foot muscles including peroneus muscles, flexor digitorum longus and brevis, and 

abductor hallucis and Foot kinematic data during walking was collected using a 3D motion 

capture system incorporating the Oxford Foot Model. They concluded that there were 

differences in both extrinsic and intrinsic foot muscle morphology between symptomatic and 

asymptomatic pronators in a physically active adult population and Strengthening of this foot 

muscles may contribute to injury prevention in pronators.32 

Farhan Alam et al conducted a randomized clinical trial titled “Effects of selective 

strengthening of tibialis posterior and stretching of iliopsoas on navicular drop, dynamic 

balance, and lower limb muscle activity in pronated feet” in 2018 on 28 subjects of 18–26 

years with bilateral pronated feet (ND> 10 mm), with body mass index of 18–25 kg/m2 , with 

IP muscle tightness, and who are not using any orthosis were included in the study and were 

randomly assigned to either the stretching and strengthening exercise group or conventional 

exercise group. Prior to the protocol Navicular drop, dynamic balance, and lower limb muscle 

activity were assessed. Significant group effects for the activity of tibialis anterior and abductor 

hallucis muscle as well as for the posterolateral and composite reach scores were detected. 

Hence, they concluded improvement in important clinical outcomes, such as navicular drop, 

muscle activity, and dynamic balance in flatfeet.33 

Roopika sabharwal, Sonia singh in 2017 published a study under title, “Foot postural 

deviations in female kathak dancers”. 40 females kathak dancers were assessed for postural 

deviations via. Foot posture index, medial longitudinal arch angle, navicular drop, rearfoot 

angle and forefoot angle. This study concluded that large population of kathak dancers have 
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pronated foot, increase in rearfoot angle, forefoot angle, and navicular drop and decrease in 

medial longitudinal arch angle.34 

A study titled, “Foot arch index during Jana’s short-foot maneuver in subjects with excessively 

pronated feet” done by Mohammad Mashhadi in 2017 on 35 subjects with excessively 

pronated foot. The purpose of this study was to evaluate the foot arch index during short foot 

sensory motor maneuver intervention in the subjects with poor formation of the arch (by the 

podoscope evaluation) and Helbing sign (≥10°) that was based on a valgus position of the heel 

and rear foot angle. They concluded that  short-foot maneuverers were effective in increasing 

the arch width and to improve the arch indexes.8 

A cross-sectional study titled, “Prevalence of flexible flat foot in adults” conducted by Ashok 

Aenumulapalli et al in 2017 on 500 healthy subjects (250 males and 250 females) between 

18 to 21 years who don’t have any lower extremity deformity, injury or neuromuscular disorder 

at the time of assessment. In this study Brody’s navicular drop test was performed and the 

correlation of navicular drop with weight, height and BMI was evaluated. The result of this 

study demonstrated the prevalence of flexible flat foot as13.6% (for males-12.8%; for females-

14.4%).3 

Hiroshi Akuzawa et al conducted a study in 2017 titled “The influence of foot position on 

lower leg muscle activity during a heel raise exercise measured with fine-wire and surface 

EMG” on fourteen healthy men who had no history of right leg injury for 6 months, no recent 

surgical treatment for the right leg within one year, and no neurological problems. Main 

outcome measure of this study was the muscle activity levels of the tibialis posterior, peroneus 

longus, flexor digitorum longus and medial gastrocnemius. The heel raises were given in three 

different foot positions: neutral, 30degree abduction, and 30degree adduction. The EMG data 
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for five repetitions of each foot position were normalized to maximum voluntary contraction. 

They concluded that TP and FDL showed the highest activity level in 30degree foot adduction 

while PL demonstrated the highest activity level in 30degree foot abduction.35 

A study titled “Foot core strengthening: relevance in injury prevention and rehabilitation for 

runners” was done by Fourchet F et al in 2016. In this study foot core training was 

incorporated in prevention and rehabilitation programmes for runner. Doming exercise was 

practised for 4 weeks along with neuromuscular electrical stimulation (NEMS) of the intrinsic 

foot muscles for 15mins duration around 75 contraction. This study concludes that training the 

intrinsic foot muscles offer benefit to the foot core system by increasing the medial longitudinal 

arch stiffness and ability to cope with changing demands of dynamic foot control.24 

Kyoung A chung et al conducted a study titled “The effect of intrinsic foot muscle training 

on medial longitudinal and ankle stability in patients with chronic ankle sprain accompanied 

by foot pronation” in 2016 on thirty men and women with pronated feet. The navicular drop 

test was used to assess medial longitudinal arch and Cumberland ankle instability tool was 

used to assess for ankle instability. In this study 15 people were allocated in Short foot exercise 

group (SFEG) and fifteen to the Towel curl exercise group (TCEG) for 8 weeks. This study 

concludes that SFE are more effective in providing intrinsic foot muscle training for patients 

with pronated foot among chronic ankle sprain patients.13 

A cross-sectional study titled “Reference values for the Y balance test and the lower extremity 

functional scale in young healthy adult” done by Ali H Alnahdi et al was published in 2015. 

In this study they established gender specific reference values for the Y Balance test and the 

Arabic version of the Lower Extremity function in healthy males and females between 18-29 

years of age. They found gender specific reference values for the YBT and LEFS-Ar. They 
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also found that males performed better than females in YBT and no gender differences were 

found in LEFS-Ar.36 

A study titled, “Immediate effect of short-foot exercise on dynamic balance of subjects with 

excessively pronated feet” conducted by Dong-chul moon, kyoung kim, Su-kyoung lee in 

2014 on 18 subjects with excessively pronated feet which were selected using the navicular 

drop test (navicular drop >10mm). Dynamic balance was examined using the limit of stability 

(LOS) test with the Biorescue system before and after short foot exercise in the standing and 

sitting position. This study concluded that after the SFE, LOS was increased in all areas i.e 

left, right, front, back and overall, and hence improving the dynamic balance of subjects with 

excessively pronated feet.23 

A randomized controlled trial titled “Exercise therapy and custom-made insoles are effective 

in patients with excessive pronation and chronic foot pain” conducted by Jane Andreasen et 

al in 2013 on 80 subjects between 18 to 70years who have excessive pronated foot which was 

measured by calcaneal angle, navicular drift, drop and height. Participants were randomized 

into 4 groups: standard intervention, insole, exercise and insole+exercise. This study showed 

that there was a significant pain reduction during walking in all 4 groups at 4 and 12 months 

follow up.15 

Hylton B. Menz et al conducted a study on “Planus foot posture and pronated foot function 

are associated with foot pain: The Framingham foot study” in 2013 on 3,378 members of the 

Framingham study who completed foot examination in 2002-2008. In this study foot function 

was categorized as normal, pronated or supinated using the center of pressure excursion index 

from dynamic pressure measurement. They studied the effect of foot posture and function on 

generalized and location specific foot pain. This study concluded that planus foot posture was 
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significantly associated with an increased likelihood of arch pain in men. This study also 

concludes that cavus foot posture was protective against ball of foot pain and arch pain in 

women. Also pronated foot function was significantly associated with an increased likelihood 

of generalized foot pain and heel pain.6 

A study titled, “Foot structure and muscle reaction time to a simulated ankle sprain” conducted 

by Joanna R. Denyer et al. in 2013. The aim of this study was to know whether pronated or 

supinated foot structures contribute to neuromuscular deficits by measuring muscle reaction 

time to a simulated ankle-sprain mechanism. Thirty participants were categorized into 3 

groups- neutral feet, pronated feet, and supinated feet according to navicular-drop–height 

measures. Muscle reaction time in milliseconds of the peroneus longus, tibialis anterior, and 

gluteus medius was evaluated by the tilt-platform perturbation. They concluded that there is 

slower peroneal reaction time in pronated and supinated foot structures.7 

Scott K. Lynn et al in 2012 published an article titled, “Differences in static and dynamic 

balance task  performance after 4 weeks of intrinsic-foot-muscle training: the short-foot 

exercise versus the towel-curl exercise” on 30 participants which were assigned one of 3 

groups (SFE, TCE, control). Static and dynamic balance were tested using single leg stance on 

the force plate and Y balance test respectively. In this study experimental group performed 

4wk of SFE and the other performed 4 weeks of towel-curl exercise. They concluded that SFE 

is more effective to train the IFM than TCE.1 

A study titled "Foot and ankle strength assessment using hand-held dynamometry: reliability 

and age-related differences" by Martin J. Spink et al. in 2010 aimed to evaluate the intra- and 

inter-rater reliability of hand-held dynamometry for the assessment of foot and ankle strength, 

and to compare the values obtained between young and older people. There were 72 
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participants out of which 36 were healthy young and 36 were older people. The result of this 

study showed that the reliability of the hand-held dynamometry procedure was excellent for 

both intrarater (ICC = 0.78–0.94) and interrater (ICC = 0.77–0.88) comparisons and concluded 

that Hand-held dynamometry is a reliable instrument to measure the foot and ankle strength.37 

Liang-Ching Tsai et al. conducted a study titled, “Comparison of different structural foot 

types for measures of standing postural control” in 2006. The objective of this study was to 

determine the subjects with different weight-bearing foot structure demonstrate the differences 

in static standing postural control. There were 3 groups consisting of individuals with pronated, 

neutral, or supinated feet, based on a weight-bearing foot classification scheme in the age group 

of 18 to 31 years. Postural control in single-limb stance with eyes closed was assessed using 

force plate measures. They concluded that, individuals with pronated feet or supinated feet 

have poorer postural control than individuals with neutral feet.19 

Ryoko Suzuki in 2004 conducted a study titled “The Effect of a 6-week strength and balance 

training program on navicular drop and proprioception in excessive pronated foot” on 11 

subjects who exhibited excessive pronated feet which was measured by navicular drop test. 

The Biodex stability system was used to determine balance. They included a 6-week program 

of simple one- leg standing and unilateral heel raise exercise. They found that 6-week program 

positively affect ND height and balance ability in subjects.38 

A study titled, “Reliability and validity of Ankle proprioceptive measures” done by Nandini 

Deshpande et al in 2003 on eight healthy adults which were recruited  into each of 3 groups 

i.e young(20-39yrs), middle aged(40- 59yrs), and adult(>60yrs). The main outcome measure 

in this study were threshold for perception of passive movement, error in active reproduction 

of position, error in reproduction of velocity and error in reproduction of torque. They found 
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excellent intersession reliability for threshold for perception of passive movement, error in 

active reproduction of position, error in reproduction of velocity and error in dorsiflexion 

torque reproduction and good intersession reliability was found in error in reproduction of 

plantarflexion torque.39 

A study titled “The role of impact forces and foot pronation: A new paradigm” done by Benno 

M. Nigg in 2001 to know the association between impact forces and foot pronation and the 

development of running-related injuries and the effect of impact forces and movement control 

during heel-toe running and to synthesis an understanding of the actual effects of impact forces 

as well as factors associated with leg and foot movements during running. This study proposes 

the concept for foot pronation and movement in control stating that forces acting on the foot at 

as input signal during the stance phase. Also, an optimal shoe inserts and orthotics has effect 

on the general muscle activity and therefore reduce fatigue and in muscle performance work 

and control.40 
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MATERIAL AND METHODS: 

1) Type of study design: Pre-test Post-test design. 

2) Study setting: Physiotherapy Out-Patient Department of Tertiary care hospital. 

3) Duration: 18 months 

4) Study population: Asymptomatic individuals having pronated foot aged 18-35 years from the 

hospital campus. 

5) Sample size: Sample size was determined considering pre-test post-test mean difference as an 

outcome measure. Following assumptions were made on the basis of the study “Differences in 

static-and dynamic-balance task performance after 4 weeks of intrinsic-foot-muscle training: the 

short-foot exercise versus the towel-curl exercise” conducted in 2012 by Lynn et al.1 

Pre-test mean± standard deviation = 53.4±6.2 

Post-test mean± standard deviation = 49.3±7.1 

Minimum significant difference (effect size) = 0.61 

Error (%) = 1 

Power = 95% (1- β) % 

Sample size formula for testing pre-test post-test mean difference was 

n=  
(𝑍𝛼+zβ)2 𝑆𝑑2

𝑑2
 

𝑍𝛼 = standard normal value corresponding to 𝛼 

Zβ= standard normal value corresponding to β 
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Sd= standard deviation of pre-test post-test differences 

d= mean of pre-test post-test differences 

Required sample size n = 50 

Therefore total 50 participants were included in the study. 

Assuming 10% drop out in 5 weeks, effective sample size was n= 50 + 5 =55 

Sample size was calculated using statistical software STATA. Version 10.1, 2011. 

6) Sampling technique: Study population was represented by a consecutive sample of 55 eligible 

subjects consenting to participate in study for 5 weeks were selected by convenience sampling 

method. 

7) Method of selection of study participants: 

a) INCLUSION CRITERIA: 

• Individuals willing to participate. 

• Females 

• Age: 18 to 35 years. 

• Individuals with Rear foot angle ≥5◦ 

• Absolute error of >2◦ on active reproduction test 

b) EXCLUSION CRITERIA: 

• History of any neural/ vestibular disease. 

• History of any lower extremity arthritis/ fracture/ dislocation. 

• Individuals having altered feet sensation. 
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• Individuals having polyneuropathy. 

• Metabolic and endocrinal disorder. 

c) WITHDRAWAL CRITERIA: 

• If the patient is diagnosed with any of the disorders stated in exclusion criteria during 

study period. 

• Discontinuity in the treatment 

8) Outcome measures: 

Rear foot angle using universal goniometer. 

Neuromuscular components were measured as: 

-Plantar flexors strength using Jamar handheld dynamometer. 

-Dynamic balance using Y balance test. 

-Ankle proprioception using Active reproduction test. 

9) Operational Definition: 

a) Rearfoot angle- The Rearfoot angle is referred to the angle that is formed between the bisecting 

line of the lower one third of the leg and the bisecting line of the calcaneal bone Rear Foot Angle 

≥ 5° valgus represents a pronated foot type. 34 

b) Neuromuscular control – Interaction of the sensory and motor system that enables synergist, 

agonist, and antagonist, as well as stabilizers and neutralizers to anticipate or respond to 

proprioceptive and kinesthetic information and subsequently to work in correct sequence to create 

coordinated movement. 
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The component of neuromuscular control are balance, strength, proprioception and muscle 

reaction time.7,41 

c) Strength - Muscle strength is a broad term that refers to the ability of contractile tissue to produce 

tension and a resultant force based on the demands placed on the muscle.41 

d) Dynamic Balance- Dynamic balance control to stabilize the body when the support surface is 

moving or when the body is moving on a stable surface such as sit-to-stand transfers or walking.41 

e) Proprioception- Proprioception can be defined as an individual’s ability to integrate the sensory 

signals from mechanoreceptors to thereby determine body segment positions and movements in 

space. It encompasses the sensation of joint movement (kinaesthesia) and joint position (joint 

position sense). 41,42 

Variables: 

Independent Variables: 

-Age 

-Body mass index (BMI) 

-Foot core program 

Dependent Variables: 

-Rear foot angle 

-Plantar flexors Strength 

-Dynamic balance 

-Ankle proprioception 
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MATERIALS: 

• Universal Goniometer  

• Jamar handheld dynamometer 

• Measuring tape 

• Stepper 

• Stool 

• Pen 

• Paper 
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PROCEDURE: 

Permission from the head of institution and approval from the ethics committee was obtained. 

Asymptomatic individuals with pronated foot were selected. Participants who meet the inclusion 

criteria were briefed about the study in the language best understood by them and informed written 

consent were taken. Demographic data was documented. Participant’s rear foot angle was 

measured. Also, Plantar flexors strength, ankle proprioception and dynamic balance was assessed. 

5 weeks protocol of foot core program  was given for 3 consecutive times a week. Reassessment 

of rear foot angle, plantar flexors strength, ankle proprioception and dynamic balance was taken 

post 5week intervention. Pre-test Post-test data were documented, analysed and results were 

obtained. 
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a) MEASUREMENT OF REARFOOT ANGLE (RFA): 

Universal goniometer was used to assess Rear foot Angle. The Rear Foot Angle is measured as 

the acute angle between the projection of line one and line two. Rear Foot Angle ≥ 5° valgus 

represents a pronated foot type. ICC for reliability for rear foot angle is 0.90. 34 

Participant position: Participant was made to stand on the foot stepper in the relaxed stance 

position. Thereafter, the subtalar joint was brought in neutral position via palpation method. 

Testing procedure: Fixed arm of the goniometer was placed along the bisecting line of the lower 

one third of the leg and the movable one was kept in line with the line bisecting the calcaneus. The 

angle between the two marked lines was noted. 

b) ASSESSMENT OF PLANTAR FLEXORS STRENGTH: 

Jamar hand-held dynamometer was used to assess plantar flexor strength. The dynamometer has a 

dual scale readout which displays isometric force from 0-90 kg (0-200 lb). The outer dial registers 

the result in kg and the inner dial registers the result in lb. It has a peak hold needle which 

automatically retains the highest reading until the device is reset.  

Hand-held dynamometry is valid and reliable tool for determining strength.43 

The data was measured in kilograms.  

Participant position: Participant was in lying supine with the ankle out of plinth in plantargrade 

with hips and knees extended.  

Testing procedure: Dynamometer was placed over the metatarsal heads on the sole of the foot. 

And the participant was asked to maximally perform plantarflexion against dynamometer. 

Standard 3rd handle position was used through-out the study. 3 trials were performed with regular 

interval of 2 minutes rest period between trials. The mean value was taken and documented. 
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c) ASSESSMENT OF ANKLE PROPRIOCEPTION: 

Method: Assessed by active reproduction of joint position test 

Participant Position: Participant was in standing position with support of wall and their one foot 

on stepper.  

Testing Procedure: subject’s ability to actively reproduce ankle joint position was tested in one 

of 3 positions (5° of plantarflexion, 10° of plantarflexion, 5° of dorsiflexion).39 

From a neutral start position, participants actively moved their ankle through their available ROM 

at a self-selected speed and then was stopped at 1 of the 3 test positions according to instructions. 

They were asked to concentrate on that position for5 seconds and then the ankle was moved 

through full range and back to the start position. Subjects were asked to reproduce the test position 

actively. The absolute difference i.e degree error between the test and the reproduced position was 

taken by goniometer. 

 
d) ASSESSMENT OF DYNAMIC BALANCE: 

Method: Balance was taken by using Y balance test 

It is valid and reliable measure of dynamic balance ICC: 0.81-0.96.36,44 

Testing Procedure: Firstly, lower limb length was measured from the ASIS to medial malleolus 

in supine position by using a tape. Participants were asked to stand on one 1 foot while reaching 

with the other leg out in 3 different direction in following order: anterior, posterolateral, and 

posteromedial.36 

Reach distance was recorded in cm and was normalized to each participant’s leg by  calculating 

using following formula: 

Composite reach distance = (Anterior + Posteromedial + Posterolateral)/(leg length x 3) x 100 

 



34 
 

5 weeks protocol of  Foot Core Program 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Week 1 Foot Core toe yoga x 10 (3 sets) 
Toe spreads x 10 (3 sets) 
Foot core doming (in sitting) x 10 (3 sets) 
Heel raise x 10 (3 sets) 
Soleus raise x 10 (3 sets) 
Calf strength isometrics (10 sec hold) x 10 

Week 2 Foot core toe yoga x10 (4 sets) 
Toe spreads x10 (4 sets) 
Foot core doming in standing x 10 (3 sets) 
Heel raise and soleus raise single leg x 10 (4 sets) 
Calf strength (20sec hold) x 10 

Week 3 Foot core toe yoga x10 (6 sets) 
Toe spreads x 10 (6 sets) 
Foot core doming in single leg x 10 (3 sets) 
heel raise and soleus raise x 10 (6 sets) 
Calf strength (30sec hold) x 10 

Week 4 Foot core toe yoga x10 (8sets) 
Toe spreads x 10 (8 sets) 
Foot core doming with single leg variations x 10 (3 sets) 
heel raise single leg x 10 (8sets) 
Calf strength (40sec hold) x 10 

Week 5 Foot core toe yoga x10 (10 sets) 
Toe spreads x 10 (10sets) 
Foot core doming with hopping drill 
heel raise and soleus raise x 10 (10 sets) 
Calf strength (45sec hold) x 10 
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FLOWCHART 

Permission from the Head of Institution and approval from the Institutional Ethics Committee 

and Board of Research was obtained. 

 

 55 Participants who met the inclusion and exclusion criteria were briefed about the study and 

informed written consent were taken. Demographic was documented. 

 

Participant’s rear foot angle was measured. 

Plantar flexors strength, ankle proprioception and dynamic balance were assessed.  

 

5 weeks protocol of foot core program was given for 3 consecutive times a week. 

 

Reassessment of rear foot angle, plantar flexors strength, ankle proprioception and dynamic 

balance were taken post 5 weeks intervention. 

 

Pre-test Post- test data were documented, analysed and results were obtained. 
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MATERIALS: 

 

 

 

 

 

 

 

PHOTO 1: MEASURING TAPE 

 

 

 

 

 

 

 

 

PHOTO 2: JAMAR HAND-HELD DYNAMOMETER 
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PHOTO 3: UNIVERSAL GONIOMETER 

 

 

 

 

 

 

 

 

 

 

 

 

 PHOTO 4: STOOL                                                       PHOTO 5: STEPPER 
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PHOTO 6: REAR FOOT ANGLE 

 

 

 

 

 

 

PHOTO 7 : ANKLE PROPRIOCEPTION 
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PHOTO 8 : Y BALANCE 

 

 

PHOTO 9 : PLANTAR FLEXORS STRENGTH 
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PHOTO 10: FOOT CORE TOE YOGA 

 

 

 

 

 

 

  PHOTO 11: FOOT CORE DOMING 
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PHOTO 12: CALF RAISE 

 

 

   

PHOTO 13: SOLEUS RAISE               PHOTO 14: CALF ISOMETRICS 
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RESULTS: 

DATA ANALYSIS 

Statistical software STATA. Version 10.1,2011 was used for data analysis. 

Test used for statistical analysis was:  

Paired t-test: 

-To compare pre and post mean of rear foot angle 

- To compare pre and post mean of dynamic balance by Y balance test 

- To compare pre and post mean of ankle proprioception by active reproduction test method 

- To compare pre and post mean of plantar flexor strength by handheld dynamometer  

Level of significance: 

p-value<0.05 was considered to be statistically significant. 
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The results of the study are: 

Total number of participants included in the study were 55 with pronated foot aged between 18-

35 years. Participants who met the inclusion criteria and having rear foot angle more than 5° were 

included in the study. 

Following were observations of the study: 

Age (in years): 

Total 55 participants with pronated foot were included in study with mean age 24.34 ± 2.38 years. 

Number of participants in the age group 19-21 were 5 (9.1%), in age group of 22-24 were 26 

(47.3%), in age group of 25-27 were 18 (32.7%), in age group of 28-35 were 6 (10.9%). 

(Table 1, Graph 1) 

Body mass index (in kg/m2): 

The mean body mass index was 21.70±2.51. Number of participants with BMI >18.5 were 5 

(9.1%), with BMI 18.5-24.99 were 46 (83.6%), and with BMI 25-29.99 were 4 (7.3%). 

(Table 2, Graph 2) 

Following were the Results of this study: 

Rear foot Angle (in degrees): 

Pre intervention mean of rear foot angle of dominant leg was 6.42±1.04 and post intervention mean 

was 5.33±0.66 ; whereas for non-dominant leg, pre intervention mean was 6.22±0.89 and post 

intervention mean was 5.18±0.54 in participants with pronated foot. 
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There was significant decrease in Rear foot angles of both the legs post intervention (p value 

<0.001). 

This suggest that foot core program for 5 weeks was effective in decreasing rear foot angle and 

thereby reducing foot pronation in participants with pronated foot.  

(Table 3, Graph 3) 

Neuromuscular control was assessed using following components: 

Dynamic Balance using Y balance test (in %): 

For dominant leg, pre intervention mean of composite reach score (%) was 87.76±10.28 and post 

intervention mean was 91.07±10.18. 

For non-dominant leg pre intervention mean was 87.505±10.09 and post intervention mean was 

90.76±9.62 in participants with pronated foot. 

There was significant increase in composite reach score of both the legs post intervention    (p 

value <0.001). 

This suggest that foot core program was effective in improving dynamic balance in participants 

with pronated foot.  

(Table 4, Graph 4) 

Plantar flexors Strength using handheld dynamometer (in Kg):  

For plantar flexors strength of dominant leg Pre intervention mean was 4.44±1.30 and post 

intervention mean was 6.15±1.38.  
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For non-dominant leg pre intervention mean was 4.44±1.30 and post intervention mean was 

5.96±1.36 in participants with pronated foot. 

There was significant increase in Plantar flexors strength of both the legs post intervention.  (p 

value <0.001). 

Hence, this shows that foot core program intervention was effective in improving plantar flexors 

strength in participants with pronated foot. 

(Table 5, Graph 5) 

Ankle proprioception using active reproduction test (in degree): 

Pre intervention mean of ankle proprioception error (in degrees) of dominant leg was 3.98±0.73 

and post intervention mean was 1.11±0.93 ; whereas for Non-Dominant leg pre intervention mean 

was 3.62±0.59 and post intervention mean was 1.07±0.766 in participants with pronated foot. 

There was significant difference decrease in degree error of Ankle Proprioception of both the legs 

post intervention. (p value <0.001). 

This implies that the above intervention was effective in improving ankle proprioception in 

participants with pronated foot. 

(Table 6, Graph 6) 

Thus, improvement in all the 3 components i.e., Dynamic balance, Plantar flexors strength and 

ankle proprioception suggests that foot core program given for 5 weeks was effective in improving 

neuromuscular control in healthy individuals with pronated foot aged 18-35 years. 
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DISCUSSION 

A pre-test post-test study was carried out to evaluate the effect of 5 weeks foot core program on 

rear foot angle and neuromuscular control consisting of- dynamic balance, plantar flexors strength 

and ankle proprioception in healthy individuals with pronated foot between age group of 18-35 

years. In present study, rear foot angle was measured using universal goniometer and there was 

significant decrease in Rear foot angles of both the legs post intervention (p value <0.001). 

Dynamic balance was assessed using Y balance test and post intervention there was significant 

increase in Composite reach score (p value <0.001), plantar flexors strength was measured by 

handheld dynamometer, resulting in increase in strength post foot core protocol (p value <0.001). 

Ankle proprioception was evaluated by active reproduction test and there was significant 

difference decrease in degree error post intervention (p value <0.001). Thus, Foot core program 

was found to be effective in decreasing rear foot angle as well as in improving neuromuscular 

control in participants with pronated foot. 

In current study, total 55 females participated having pronated foot with rear foot angle more than 

5°. A study by Khalid A. Alahmari et al (2021), reported that pronated foot posture was higher in 

women than men because of the structural changes, like excessive ligamentous laxity, joints 

hypermobility and decreased muscle strength, all of which are responsible for maintaining the 

height of the medial longitudinal arch that leads to pronated foot posture in women.45 Hagedorn et 

al. measured the center of pressure excursion index (CPEI) on adults and concluded that women 

had a lower CPEI which suggest more foot pronation than men.46 Another study also states that 

footwear is likely to contribute to such gender difference because women are more likely to wear 

ill-fitting footwear than men and which can be associated with foot disorders and foot pain.6 Thus, 

above studies supports the participation of female population in our present study.  
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Proper functioning of local stabilisers provides a stable base for global movers to cause gross 

motion. So, when core muscles are weak or are not recruited appropriately, the proximal 

foundation becomes unstable and mal-aligned, and abnormal movement patterns are seen. So, the 

concept of core stability may be extended to the arch of the foot. The arch is controlled with both 

local stabilisers and global movers of the foot. The local stabilisers are the four layers of plantar 

intrinsic muscles which function to stabilize the Medial longitudinal arch and modulate the rate of 

pronation during walking.2,23 

The concept of the foot core system suggests that the foot has multiple interacting subsystems of 

passive, active, and neural components and that functional variability exists between these 

subsystems. Integration of active and passive structures of the foot support the arch and contributes 

dynamic foot control.2,32 

 

Foot Core System2 
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In this study, foot core program intervention for 5 weeks played a significant role in decreasing 

rear foot angle and thereby reducing foot pronation. In pronated feet the medial longitudinal arch 

flattens to variable degree during weight bearing. The cross-sectional area and thickness of 

abductor hallucis(AbH) and flexor digitorum brevis(FDB) are smaller in pronated feet, which 

indicates the lower capacity of muscle strength.32 These muscle functions to regulate medial 

longitudinal arch deformation and helps in dynamic foot stability. The ‘short foot exercise’ which 

is also referred to as ‘foot doming’ has its role in isolate contraction of the plantar intrinsic muscles. 

The purpose of the doming exercise was to shorten the foot in the anterior–posterior direction by 

using the intrinsic muscles to pull the first metatarsophalangeal joint towards the calcaneus without 

flexing the toes as the medial longitudinal arch is elevated, emphasis to be  placed on the patient 

learning to sense subtalar neutral.2,17,23They are often recommended to strengthen intrinsic foot 

muscles and activates the abductor hallucis muscle. Mulligan and Cook in their study demonstrated 

that Short Foot Exercise for 4 weeks helps in decreasing navicular drop and increasing arch height 

index in subjects with neutrally aligned foot.47 In another study, EMG activity of the abductor 

hallucis, flexor digitorum brevis and quadratus plantae had been shown to increase substantially 

with increase in the postural demand.48 Activation of the abductor hallucis muscle had been shown 

to be over four times greater during short foot exercise compared to towel curl exercises in sitting 

and unipedal standing.1 Above studies supports to current findings that foot core exercise is 

effective in reducing rear foot angle by increasing and maintaining the medial longitudinal arch 

and by strengthening of intrinsic muscles. 

In the present study, ankle proprioception was assessed by active reproduction test, and showed 

significant decrease in degree error post foot core intervention. Ankle proprioception is one of the 

important components contributing to balance control, as ankle-foot complex is the only part of 
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the body contacting the ground. The cutaneous mechanoreceptors of the soles play an important 

role in balance control and provides all the essential information to enable adjustment of ankle 

positions and movement of upper body, to perform complex motor task.4 Reduced cross sectional 

area of muscles in pronated foot is associated with damage to inherent mechanoreceptors, which 

detrimentally alter the quality of proprioceptive information required for balance control. There is 

reduced mechanoreceptor sensory afferent inputs and/or weakened postural reflex responses, 

which is mediated by the spinal cord.50 Janda and Vavrova in a study, stated that short-foot exercise 

is the first step in sensory motor training i.e., proprioceptive training to improve proprioception 

and postural stability if applied along with other exercises as it stimulates the neurocircuitry in the 

sole of foot, which improves postural and core stability.17,23 Foot strength also has its influence on  

somatosensory control of standing posture and balance via its effects on muscle and tendinous 

receptors of the foot and ankle along with plantar cutaneous receptors. In another study,  Lee at al. 

in (2019), suggested this training (three times a week for a duration of eight weeks) as being more 

effective in preventing from foot sprains and helps in improving proprioception when compared 

to other proprioceptive exercises or even the use of plantar orthotics.17 Ryoko Suzuki in his study 

suggests that a 6-week program of simple one-leg standing and unilateral heel-raise exercises has 

positive affect on navicular drop height and proprioception in participants with pronated feet. This 

improvement might be due to a central tuning of a coordination program, a re-education of an 

impaired position sense, or improved in intrinsic and extrinsic muscular strength.38 This all might 

be the reasons for improved proprioception in present study. 

In current study, foot core program intervention for 5 weeks played a significant role in increasing 

ankle plantar flexors strength. Hiroshi Akuzawa et al. (2017) in a study proposed that heel raise is 

a popular exercise improving strength of the ankle plantar flexor muscles. Tibialis posterior, 
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peroneus longus, flexor digitorum longus(FDL) and the gastrocnemius function as an ankle plantar 

muscle, and heel raise helps to activate these muscles.35 Tibialis posterior and peroneus longus 

have synergic function and control the subtalar joint as a supinator and pronator. A strong tibialis 

posterior helps to control dynamically or eccentrically foot pronation and flexor digitorum longus 

muscle contracts isometrically to maintain the longitudinal arch.35 Also, soleus raise can increase 

soleus thickness within the triceps surae and therefore helps in contributing increase in ankle 

plantar flexors strength along with postural control and stability.  

In this study, result of  dynamic balance showed significant increase in composite reach score of 

both the legs post intervention which implies that foot core program was effective in improving 

dynamic balance. Previous research demonstrated that foot core exercise is effective in increasing 

the cross-sectional area of the abductor hallucis muscle and the strength of flexor hallucis muscle 

in pes planus. It also helps in enhancing foot posture and function, by reducing navicular drop, and 

thereby improving dynamic balance in healthy population.32,49 In another study, Lynn et al (2012) 

reported that short-foot exercise significantly decreased the mediolateral centre of pressure 

movement during the dynamic balance test.1 Healthy individuals who completed 4 weeks of short 

foot exercises demonstrated improved dynamic balance compared to those subjects who have 

performed 4 weeks of towel curl exercises.1 In our study, improvement was less in the anterior 

reach which might be because  anterior reach in pronators was farther than that in the neutrals and 

supinators. Moreover, the greater improvement  was seen in posterolateral direction which may be 

due to shift of collapse in subjects with pronated feet from the medial to the lateral side.33 

Furthermore, proprioceptive gains, and improvement in muscular strength, and maintenance of 

medial longitudinal arch could be another probable mechanism for the observed enhancement in 

dynamic balance post-intervention. 
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Thus, improvement in all the 3 components i.e., dynamic balance, plantar flexors strength and 

ankle proprioception suggests that foot core program was effective in improving neuromuscular 

control 

 As the foot core muscles  may have a functional role for stabilizing the foot during gait, during  

single-limb balance and function similar to elastic springs by giving a support to the medial 

longitudinal arch and maintaining the concavity of the foot. It is therefore suggested that effective 

neuromuscular control of the intrinsic foot muscles is essential in order to stabilize the tarsal and 

metatarsal bones and modulate the rate of pronation.16 

Therefore, according to this study 5 weeks of foot core program was effective in improving rear 

foot angle and neuromuscular control in healthy individuals with pronated foot. 
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CONCLUSION: 

A pre-test post-test study was carried out to evaluate the effect of 5 weeks Foot Core Program on 

rear foot angle and neuromuscular control which consist of 3 components- dynamic balance, 

plantar flexors strength and ankle proprioception in total 55 healthy individuals with pronated foot 

between age group of 18-35 years. Results of this study demonstrated significant improvement in 

decreasing rear foot angle and also was effective to improve all the three components of 

neuromuscular control. 

Thus, the study concludes that foot core program appeared to be effective in improving rear foot 

angle and thereby reducing foot pronation and improvising neuromuscular control in individuals 

with pronated feet. 
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STRENGTH AND LIMITATIONS: 

STRENGTH: 

Strengths of this study are: 

-Simple clinical methods and readily available instruments like universal goniometer and hand-

held dynamometer were used in the study for the outcome measures which offers accurate 

measurements. 

- Protocol in this study consist of simple exercises which can also be performed as home program. 

- This study was convenient to practice in available study setup. 

- Most participants of this study were educated and cooperative. 

LIMITATIONS: 

- Difference in Dominant leg and non-Dominant leg was not studied. 

  



54 
 

CLINICAL IMPLICATIONS 

 

Healthy individuals having pronated foot do not experience any pain or discomfort easily. 

however, as the pronation increases development of various symptoms and pain is observed. And 

this malalignment leads to multiple musculoskeletal dysfunctions. 

Current study has focused on the 5-week foot core program which consist of various simple 

exercises which can be performed without any requirement of big clinical set up and can be 

performed even as home program. This protocol can be recommended further for clinical purposes 

for correcting pronated foot deformity early in life.  Findings of this study showed the improvement 

in neuromuscular control and rear foot angle following this foot core intervention. 

Simple clinical methods like active reproduction test and rear foot angle with use of goniometer, 

could be useful for assessing ankle proprioception and foot pronation respectively.  

Y balance test is also a simple measure which can be used to assess dynamic balance even in a 

small clinical set up. 

Early identification of foot pronation and starting with early intervention is much needed to prevent 

the further complications even if the individuals are asymptomatic presently. 
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SUMMARY: 

A pre-test post-test study was carried out to evaluate the effect of 5 weeks Foot Core Program on 

Rear foot angle and neuromuscular control which consist of 3 components- dynamic balance, 

plantar flexors strength and ankle proprioception in healthy individuals with pronated foot between 

age group of 18-35 years. Around 55 females participated in the study, who met the inclusion 

criteria of  having Rear foot angle ≥5◦ and error of >2◦ on active reproduction test. Participant’s 

rear foot angle was measured. Also, Plantar flexors strength, ankle proprioception and dynamic 

balance was assessed. 5 weeks protocol of foot core program was given for 3 consecutive times a 

week. Reassessment of rear foot angle, plantar flexors strength, ankle proprioception and dynamic 

balance was taken post 5week intervention. Data was analysed using Paired t-test. Results of this 

study demonstrated significantly decrease in rear foot angles, increase in composite reach score, 

increase in plantar flexors strength, and decrease in degree error of ankle proprioception of both 

the legs post intervention (p value <0.001). The study concludes that the foot core program for 5-

week appeared to be effective in correcting rear foot angle and thereby reducing foot pronation 

and improvising neuromuscular control in individuals with pronated feet. 
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TABLES AND GRAPHS:  

 

Table 1. Age wise distribution of participants in years. 

Age in years Frequency Percent 

19-21 5 9.1 

22-24 26 47.3 

25-27 18 32.7 

28-30 6 10.9 

Total 55 100.0 

 

 

Graph 1. Age wise distribution of participants in years. 
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Table 2: Distribution of participants according to body mass index  

 

BMI (kg/m2) Frequency Percent 

>18.5 5 9.1 

18.5-24.99 46 83.6 

25-29.99 4 7.3 

Total 55 100.0 

 

 

Graph 2: Distribution of participants according to body mass index 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9%

84%

7%
BMI

>18.5

18.5-24.99

25-29.99



58 
 

Table 3. Changes in rear foot angle in degrees post foot core program 

 

Rear Foot Angle in Degree Mean Std. 

Deviation 

t value p value 

Dominant Leg 
Pre-intervention 6.42 1.049 

12.52 <0.001 
Post-intervention 5.33 0.668 

Non-

Dominant Leg 

Pre-intervention 6.22 0.896 
11.54 <0.001 

Post-intervention 5.18 0.547 

 

Graph 3. Changes in rear foot angle in degrees post foot core program 

 

 

 

There was significant decrease in Rear foot angles of both the legs post intervention (p value 

<0.001). 
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Table 4. Changes in  Y balance composite reach score in % post intervention 

 

Y balance composite reach score in % Mean Std. 

Deviation 

t value p value 

Dominant 

Leg 

Pre-intervention 87.764 10.283 
-20.51 <0.001 

  Post-intervention 91.070 10.186 

Non-

Dominant 

Leg 

     Pre-intervention 87.505 10.097 

-19.23 <0.001 
 Post-intervention 90.767 9.621 

 

Graph 4. Changes in  Y balance composite reach score in % post intervention 

 

 

 

There was significant increase in Composite reach score of both the legs post intervention    

(p value <0.001). 
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Table 5.  Changes in plantar flexor strength using dynamometer in kg post intervention 

Plantar flexors strength Mean Std. 

Deviation 

t value p value 

Dominant Leg 
Pre-intervention 4.44 1.302 

-7.33 <0.001 
Post-intervention 6.15 1.380 

Non-

Dominant Leg 

Pre-intervention 4.44 1.302 
-7.093 <0.001 

Post-intervention 5.96 1.360 

 

Graph 5. Changes in plantar flexor strength using dynamometer in kg post intervention 

 

 

 

There was significant increase in Plantar flexors strength of both the legs post intervention.   

(p value <0.001). 
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Table 6. Changes in degree error of ankle proprioception post intervention 

Ankle Proprioception in degree error Mean Std. 

Deviation 

t value p value 

Dominant Leg 
Pre-intervention 3.98 0.733 

23.57 <0.001 
Post-intervention 1.11 0.936 

Non-

Dominant Leg 

Pre-intervention 3.62 0.593 
27.39 <0.001 

Post-intervention 1.07 0.766 

 

Graph 6. Changes in degree error of ankle proprioception post intervention 

 

 

 

There was significant difference decrease in degree error of ankle proprioception of both the legs 

post intervention. (p value <0.001). 

 

 

 

 

  

3.98

1.11

3.62

1.07

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

PRE POST PRE POST

Dominant Leg Non Dominant Leg

A
n

k
le

 p
ro

p
ri

o
ce

p
ti

o
n

er
ro

r 
(◦

)



62 
 

REFERENCES 

1. Lynn SK, Padilla RA, Tsang KK. Differences in static-and dynamic-balance task 

performance after 4 weeks of intrinsic-foot-muscle training: the short-foot exercise versus 

the towel-curl exercise. Journal of sport rehabilitation. 2012 Nov 1;21(4):327-33. 

2. McKeon PO, Hertel J, Bramble D, Davis I. The foot core system: a new paradigm for 

understanding intrinsic foot muscle function. British journal of sports medicine. 2015 Mar 

1;49(5):290. 

3. Aenumulapalli A, Kulkarni MM, Gandotra AR. Prevalence of flexible flat foot in adults: a 

cross-sectional study. Journal of clinical and diagnostic research: JCDR. 2017 

Jun;11(6):AC17-20. 

4. Ker RF, Bennett MB, Bibby SR, Kester RC, Alexander RM. The spring in the arch of the 

human foot. Nature. 1987 Jan;325(6100):147-9. 

5. Jam B. Evaluation and retraining of the intrinsic foot muscles for pain syndromes related 

to abnormal control of pronation. Advanced Physical Therapy Education Institute. 2006 

May;21:1-8. 

6. Menz HB, Dufour AB, Riskowski JL, Hillstrom HJ, Hannan MT. Association of planus 

foot posture and pronated foot function with foot pain: the Framingham foot study. 

Arthritis care & research. 2013 Dec;65(12):1991-9. 

7. Denyer JR, Hewitt NL, Mitchell AC. Foot structure and muscle reaction time to a simulated 

ankle sprain. Journal of athletic training. 2013;48(3):326-30. 

8. Mashhadi M. Foot arch index during Jana's Short-Foot maneuver in subjects with 

excessively pronated feet. Medicina Sportiva: Journal of Romanian Sports Medicine 

Society. 2017 Apr 1;13(2):2935-9. 



63 
 

9. Flemister AS, Neville CG, Houck J. The relationship between ankle, hindfoot, and forefoot 

position and posterior tibial muscle excursion. Foot & ankle international. 2007 

Apr;28(4):448-55. 

10. Arangio GA, Reinert KL, Salathe EP. A biomechanical model of the effect of subtalar 

arthroereisis on the adult flexible flat foot. Clinical Biomechanics. 2004 Oct 1;19(8):847-

52. 

11. Khan FR, Chevidikunnan MF, Mazi AF, Aljawi SF, Mizan FH, BinMulayh EA, Sahu KS, 

Al-Lehidan NS. Factors affecting foot posture in young adults: a cross sectional study. 

Journal of musculoskeletal & neuronal interactions. 2020;20(2):216-22. 

12. Bhoir T, Anap DB, Diwate A. Prevalence of flat foot among 18-25 years old physiotherapy 

students: cross sectional study. Indian J Basic Appl Med Res. 2014 Sep;3(4):272-8. 

13. Chung KA, Lee E, Lee S. The effect of intrinsic foot muscle training on medial longitudinal 

arch and ankle stability in patients with chronic ankle sprain accompanied by foot 

pronation. Physical therapy rehabilitation science. 2016 Jun 30;5(2):78-83. 

14. Fuller EA. The windlass mechanism of the foot. A mechanical model to explain pathology. 

Journal of the American Podiatric Medical Association. 2000 Jan;90(1):35-46 

15. Andreasen J, Mølgaard CM, Christensen M, Kaalund S, Lundbye-Christensen S, Simonsen 

O, Voigt M. Exercise therapy and custom-made insoles are effective in patients with 

excessive pronation and chronic foot pain—A randomized controlled trial. The Foot. 2013 

Mar 1;23(1):22-8. 

16. Hung YJ. Neuromuscular control and rehabilitation of the unstable ankle. World journal of 

orthopedics. 2015 Jun 18;6(5):434-8. 



64 
 

17. Lee E, Cho J, Lee S. Short-foot exercise promotes quantitative somatosensory function in 

ankle instability: a randomized controlled trial. Medical science monitor: international 

medical journal of experimental and clinical research. 2019;25:618-26. 

18. Nyland J, Franklin T, Short A, Calik M, Kaya D. Posture, Kinesthesia, Foot Sensation, 

Balance, and Proprioception. Proprioception in Orthopaedics, Sports Medicine and 

Rehabilitation. 2018:13-24. 

19. Tsai LC, Yu B, Mercer VS, Gross MT. Comparison of different structural foot types for 

measures of standing postural control. Journal of Orthopaedic & Sports Physical Therapy. 

2006 Dec;36(12):942-53. 

20. Stagni R, Leardini A, O'Connor JJ, Giannini S. Role of passive structures in the mobility 

and stability of the human subtalar joint: a literature review. Foot & ankle international. 

2003 May;24(5):402-9. 

21. Cote KP, Brunet ME, II BM, Shultz SJ. Effects of pronated and supinated foot postures on 

static and dynamic postural stability. Journal of athletic training. 2005 Jan;40(1):41-6. 

22. Richie Jr DH. Functional instability of the ankle and the role of neuromuscular control: a 

comprehensive review. The journal of foot and ankle surgery. 2001 Jul 1;40(4):240-51. 

23. Moon DC, Kim K, Lee SK. Immediate effect of short-foot exercise on dynamic balance of 

subjects with excessively pronated feet. Journal of physical therapy science. 

2014;26(1):117-9. 

24. Fourchet F, Gojanovic B. Foot core strengthening: relevance in injury prevention and 

rehabilitation for runners. Schweizerische Zeitschrift für Sportmedizin & 

Sporttraumatologie. 2016 Mar 1;64(1). 



65 
 

25. Kura H, Luo ZP, Kitaoka HB, An KN. Quantitative analysis of the intrinsic muscles of the 

foot. The Anatomical Record: An Official Publication of the American Association of 

Anatomists. 1997 Sep;249(1):143-51. 

26. Schwartz EN, Su J. Plantar fasciitis: a concise review. The Permanente Journal. 

2014;18(1):e105-7. 

27. Pabón-Carrasco M, Castro-Méndez A, Vilar-Palomo S, Jiménez-Cebrián AM, García-Paya 

I, Palomo-Toucedo IC. Randomized clinical trial: The effect of exercise of the intrinsic 

muscle on foot pronation. International journal of environmental research and public 

health. 2020 Jan;17(13):4882. 

28. Gross KD, Felson DT, Niu J, Hunter DJ, Guermazi A, Roemer FW, Dufour AB, Gensure 

RH, Hannan MT. Association of flat feet with knee pain and cartilage damage in older 

adults. Arthritis care & research. 2011 Jul;63(7):937-44. 

29. Ma Y, Yin K, Zhuang W, Zhang C, Jiang Y, Huang J, Manor B, Zhou J, Liu Y. Effects of 

Combining High-Definition Transcranial Direct Current Stimulation with Short-Foot 

Exercise on Chronic Ankle Instability: A Pilot Randomized and Double-Blinded Study. 

Brain sciences. 2020 Oct;10(10):749. 

30. Okamura K, Fukuda K, Oki S, Ono T, Tanaka S, Kanai S. Effects of plantar intrinsic foot 

muscle strengthening exercise on static and dynamic foot kinematics: A pilot randomized 

controlled single-blind trial in individuals with pes planus. Gait & posture. 2020 Jan 

1;75:40-5. 

31. Sulowska I, Mika A, Oleksy Ł, Stolarczyk A. The influence of plantar short foot muscle 

exercises on the lower extremity muscle strength and power in proximal segments of the 

kinematic chain in long-distance runners. BioMed research international. 2019 Jan 2;2019. 



66 
 

32. Zhang X, Pauel R, Deschamps K, Jonkers I, Vanwanseele B. Differences in foot muscle 

morphology and foot kinematics between symptomatic and asymptomatic pronated feet. 

Scandinavian journal of medicine & science in sports. 2019 Nov;29(11):1766-73. 

33. Alam F, Raza S, Moiz JA, Bhati P, Anwer S, Alghadir A. Effects of selective strengthening 

of tibialis posterior and stretching of iliopsoas on navicular drop, dynamic balance, and 

lower limb muscle activity in pronated feet: A randomized clinical trial. The Physician and 

sportsmedicine. 2019 Jul 3;47(3):301-11. 

34. Sabharwal R, Singh S. Foot postural deviations in female Kathak dancers. International 

journal of physiotherapy. 2017 Jan 1;4(1):38-43. 

35. Akuzawa H, Imai A, Iizuka S, Matsunaga N, Kaneoka K. The influence of foot position on 

lower leg muscle activity during a heel raise exercise measured with fine-wire and surface 

EMG. Physical Therapy in Sport. 2017 Nov 1;28:23-8. 

36. Alnahdi AH, Alderaa AA, Aldali AZ, Alsobayel H. Reference values for the Y Balance 

Test and the lower extremity functional scale in young healthy adults. Journal of physical 

therapy science. 2015;27(12):3917-21. 

37. Spink MJ, Fotoohabadi MR, Menz HB. Foot and ankle strength assessment using hand-

held dynamometry: reliability and age-related differences. Gerontology. 2010;56(6):525-

32. 

38. Suzuki R. The Effect of a 6-Week Strength and Balance Training Program on Navicular 

Drop and Proprioception in Excessive Pronated Foot. 2004. 

39. Deshpande N, Connelly DM, Culham EG, Costigan PA. Reliability and validity of ankle 

proprioceptive measures. Archives of physical medicine and rehabilitation. 2003 Jun 

1;84(6):883-9. 



67 
 

40. Nigg BM. The role of impact forces and foot pronation: a new paradigm. Clinical journal 

of sport medicine. 2001 Jan 1;11(1):2-9. 

41. Kisner C, Colby LA. Therapeutic Exercise. 6th ed. F. A. Davis Company; 2012. 

42. Han J, Waddington G, Adams R, Anson J, Liu Y. Assessing proprioception: a critical 

review of methods. Journal of Sport and Health Science. 2016 Mar 1;5(1):80-90. 

43. Abizanda P, Navarro JL, García-Tomás MI, López-Jiménez E, Martínez-Sánchez E, 

Paterna G. Validity and usefulness of hand-held dynamometry for measuring muscle 

strength in community-dwelling older persons. Archives of gerontology and geriatrics. 

2012 Jan 1;54(1):21-7. 

44. Gribble PA, Hertel J. Considerations for normalizing measures of the Star Excursion 

Balance Test. Measurement in physical education and exercise science. 2003 Jun 

1;7(2):89-100. 

45. Alahmari KA, Kakaraparthi VN, Reddy RS, Samuel PS, Tedla JS, Rengaramanujam K, 

Ahmad I, Sangadala DR, Mukherjee D. Foot Posture Index Reference Values among 

Young Adults in Saudi Arabia and Their Association with Anthropometric Determinants, 

Balance, Functional Mobility, and Hypermobility. BioMed research international. 2021 

Mar 28;2021 

46. Hagedorn TJ, Dufour AB, Golightly YM, Riskowski JL, Hillstrom HJ, Casey VA, Hannan 

MT. Factors affecting center of pressure in older adults: the Framingham Foot Study. 

Journal of foot and ankle research. 2013 Dec;6(1):1-5. 

47. Mulligan EP, Cook PG. Effect of plantar intrinsic muscle training on medial longitudinal 

arch morphology and dynamic function. Manual therapy. 2013 Oct 1;18(5):425-30. 



68 
 

48. Kelly LA, Kuitunen S, Racinais S, Cresswell AG. Recruitment of the plantar intrinsic foot 

muscles with increasing postural demand. Clinical biomechanics. 2012 Jan 1;27(1):46-51. 

49. Han J, Anson J, Waddington G, Adams R, Liu Y. The role of ankle proprioception for 

balance control in relation to sports performance and injury. BioMed research international. 

2015 Oct 25;2015. 

50. Unver B, Erdem EU, Akbas E. Effects of short-foot exercises on foot posture, pain, 

disability, and plantar pressure in Pes Planus. Journal of sport rehabilitation. 2019 Oct 

18;29(4):436-40. 

 

 

 

 

 

 

 

 

 

 

 

  



69 
 

ANNEXURE I (A) 

PERMISSION LETTER 

To, 

The Head of Institute, 

Subject: Permission to carry out research work. 

Respected Sir/Madam, 

I, Miss, student of Master of Physiotherapy, would request you to grant me permission 

to carry out my research work. My research topic is, “EFFECT OF FOOT CORE PROGRAM ON 

NEUROMUSCULAR CONTROL AND REAR FOOT ANGLE IN HEALTHY INDIVIDUALS 

WITH  PRONATED FOOT AGED 18-35 YEARS: A PRE-TEST POST- TEST DESIGN.” 

For this purpose, I would be utilizing the institution and the equipment required for the same would 

be kept in the same premises and the subjects would be studied in the institution. 

I kindly request you to do the needful in this regard. 

Thanking you in anticipation. 

Yours sincerely, 

Research student 

Date: 

Place: 

Guide                                             

Head of Institute 
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ANNEXURE I (B) 

PERMISSION LETTER 

To, 

The Chairman, 

Ethics Committee 

Subject: Permission to carry out research work. 

I student of Master of Physiotherapy, would request you to grant me permission to carry 

out my research work. 

My research topic is, “EFFECT OF FOOT CORE PROGRAM ON NEUROMUSCULAR 

CONTROL AND REAR FOOT ANGLE IN HEALTHY INDIVIDUALS WITH  PRONATED 

FOOT AGED 18-35 YEARS: A PRE-TEST POST- TEST DESIGN.” 

I promise that the ethics as well as subjects care shall be duly complied. 

I kindly request you to do the needful in this regard. 

Yours sincerely, 

Research student 

Date: 

Place: 
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ANNEXURE I (C) 

 

PARTICIPANT INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from participants according to the regulatory 

requirements of ICMR and approved by IEC.  

Scope:  

These standard procedures include healthy individuals with pronated foot who will be voluntarily 

willing to participate in this study.  

Responsibilities: The researcher will obtain written informed consent from all the participants 

who are volunteering to be the part of this study.  

Procedure:  

1. The researcher will select the participants among healthy individuals with pronated foot.  

2. The investigator will explain the interventional protocol to allay apprehension and answer all 

the queries of the participant.  

3. If the participant decides to participate then they would be consented according to the standard 

procedure.  

4. If the participant expresses interest but has some doubts, in that case they would be solved.  

5. If the participants are comfortable with the explanation, then they will fill the informed consent 

according to standard operational procedure. Study procedures will begin after the participant’s 

concern.  
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6. Detailed medical and any other physical problem history will be obtained from the participants 

so as to verify the inclusion and exclusion criteria.  

7. If participant wants to discuss this information to their family members, then they are entitled 

to do so before giving the consent.  

General information to research participants:  

1. Name:  

Age:  

Date:  

2. You would be required to fill the proforma and the purpose of the research is to study “EFFECT 

OF FOOT CORE PROGRAM ON NEUROMUSCULAR CONTROL AND REAR FOOT 

ANGLE IN HEALTHY INDIVIDUALS WITH PRONATED FOOT AGED 18-35 YEARS: A 

PRE-TEST POST-TEST DESIGN.”  

3. If you are willing to voluntarily participate in the study, then you are expected to enroll with us 

right from the moment of filling proforma till the completion of the test.  

4. If you are uncomfortable during this period then, kindly let us know so that we can help you and 

overcome your problems without any untoward effect.  

5. You will not be given any reimbursement and compensation.  

6. If at any moment you want to discontinue from this research study then, you are free to do so 

and there would not be any hindrance from our side.  

7. The details of the risk, discomfort, advantages, and disadvantages of the study will be explained 

to you before obtaining the letter of consent.  
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8. The data obtained from this study would be confidentially protected and maintained and if the 

photograph is used then your identity would not be revealed. If the photograph is published then, 

permission would be obtained.  

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  

10. If you feel exhausted or unable to complete the test you need not worry and let us know so that 

necessary steps can be initiated.  

11. If you are not satisfied at any moment then, you can withdraw at any time without any 

consequences 

12. Name of Researcher:  

Phone number:  

Address: 

13. Name of Guide: 

Phone number:  

Address: 

14. Name of Institution: 
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ANNEXURE I (D) 

रुग्णांचीमणहितीपत्रक 

उदे्दशः 

आयसीएमआरच्यण हियणमक आवश्यकतणांिुसणर आहण आयईसीद्वणरे मांजूर झणलेल्यण सिभणगी ांकडूि लेखी 

सूहचत सांमती हमळहवली जणते िे सुहिहित करण्यणसणठी. 

व्याप्ती: 

यण मणिक प्रहियेत स्त्री मधे्य प्रोिेटेड पणय असलेल्यण हिरोगी व्यक्ीांचण समणवेश आिे जो यण अभ्यणसणमधे्य 

से्वचे्छिे सिभणगी िोण्यणस इचु्छक असतील. 

जबाबदा: 

यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण करणण  ् यण सवव सिभणगी ांकडूि सांशोधकणांिण लेखी मणहिती हिली 

जणईल. 

 

प्रक्रियाः 

1.  सांशोधक प्रोिेटेड पणय असलेल्यण   हिरोगी व्यक्ीांमधे्य सिभणगी ांची हिवड करेल. 

 

2. अने्वषण िूर करण्यणसणठी आहण सिभणगीच्यण सवव प्रश्णांची उत्तरे िेण्यणसांिभणवत इांटरटेंशिल 

प्रोटोकॉल समजणवूि सणांगण. 

 

3. जर सिभणगीिे भणग घेण्यणचण हिणवय घेतलण असेल तर त्णांिण मणिक प्रहियेिुसणर सांमती हिली 

जणईल. 

 

4. जर सिभणगीिे स्वणरस्य व्यक् केले परां तु त्णांिण कणिी शांकण असल्यणस त्ण प्रकरणणत त्णांचे 

हिरणकरण िोईल. 

 

5. जर सिभणगी त्ण स्पष्टीकरणणस आरणमिणयक असतील तर ते प्रमणहणत ऑपरेशि प्रहियेिुसणर 

मणहितीची सांमती भरतील. सिभणगीच्यण हचांतेिांतर अभ्यणसणची प्रहियण सुरू िोईल. 

 

6. समणवेश आहण वगळण्यणच्यण हिकषणांची पडतणळणी करण्यणसणठी सिभणगी ांकडूि तपशीलवणर 

वैद्यकीय आहण इतर कोणत्णिी शणरीररक समसे्यचण इहतिणस प्रणप्त केलण जणईल. 
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7. जर सिभणगीलण त्णांच्यण कुटुांबणतील सिस्यणांसि यण मणहितीवर चचणव करणयची असेल तर सांमती 

िेण्यणपूवी ते तसे करण्यणस पणत्र आिेत. 

 

 

सहभागीी ीींना सी ीींशोधन करण्यासाठी सामान्य माहहती:  

1. िणव:  

वय: 

तणरीख: 

 

2. आपल्यणलण परफॉम्णण भरणे आवशयक आिे आखख सांशोधिण चिेतु “१८ ते ३५ वषव वयोगटणतील 

प्रोिेटेड पणय असलेल्यण हिरोगी व्यक्ीांमधे्य नू्यरोमुस्क्युलर कां टर ोल आहण ररअर फूट अँगलमधे्य फूट 

कोर कणयविमणचण प्रभणव : पूवव तथण पिणत अध्ययि.” िण अभ्यणसकररे आवशयक आिे.  

 

3. जर आपण से्वचे्छिे अभ्यणसणमधे्य भणग घेऊ इखच्छत असणल तर आपण परीके्षची पूतवतण िोईपयंत 

प्रोफणमणव भरण्यणच्यण क्षणणपणसूि आमच्यणसि आमच्यणकडे िोांिणी करणे अपेहक्षत आिे. 

 

4. जर आपणणस यण कणलणवधीत अस्वस्क्थतण वणटत असेल तर कृपयण ियणपूववक आम्हणलण कळवण 

जेणेकरूि आम्ही कोणतीिी अहप्रय पररणणम ि करतण आम्ही आपल्यणलण मित करू आहण 

आपल्यण अडचणी ांवर मणत करू. 

 

5. तुम्हणलण कोणतीिी भरपणई आहण िुकसणिभरपणई हिली जणणणर िणिी. 

 

6. जर तुम्हणलण यण क्षणी यण अभ्यणसणचण अभ्यणस बांि करणवणसण वणटलण असेल तर तुम्ही तसे करण्यणस 

मोकळे आिणत आहण आमच्यण बणजूिे कोणतणिी अडथळण हिमणवण िोणणर िणिी. 

 

7. अभ्यणसणचे जोखीम, अस्वस्क्थतण, फणयिे आहण तोटे यणांचे तपशील आपल्यणलण सांमतीपत्र प्रणप्त 

करण्यणपूवी स्पष्ट केले जणईल. 

 

8. यण अभ्यणसणमधूि हमळणलेलण डेटण गुप्तपणे सांरहक्षत आहण रणखलण जणईल आहण जर फोटो वणपरलण 

गेलण तर आपली ओळख उघड िोणणर िणिी. जर छणयणहचत्र प्रकणहशत झणले तर परवणिगी घेतली 

जणईल. 

9. यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचण्यण प्रहियेचण सवव धोकण आपल्यणलण समजणवूि 

सणांहगतलण जणईल आहण त्णिुसणर सांमती घेतली जणईल.  

 

10. आपण थकल्यणसणरखे हकां वण कसोटी पूणव करण्यणत अक्षम झणल्यणस आपल्यणलण कणळजी करण्यणची 

आवश्यकतण िणिी आहण आम्हणलण कळवण जेणेकरुि आवश्यक पणवले उचलतण येतील. 
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11. आपण कोणत्णिी क्षणी समणधणिी िसल्यणस आपण कोणत्णिी पररणणमणहशवणय कधीिी मणघणर 

घेऊ शकतण. 

 

12. सांशोधकणचे िणव:  

फोि िांबर:  

पत्तण: 

 

13. मणगविशवकणचे िणव: 

फोि िांबर: 

पत्तण: 

 

14. सांस्क्थेचे िणव: 
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Annexure I (E) 

 

रोगीसूचनापत्र : 

 

उदे्दश्य: 

यि सुहिहित करिे के हलए हक प्रहतभणहगयोां से हलखखत सूहचत सिमहत प्रणप्त की जणती िै। 

 

स्कोप: 

इस मणिक सांचणलि प्रहियण में महिलण की जिसांख्यण शणहमल िै और से्वच्छण से इस अध्ययि में भणग लेिे के 

हलए तैयणर िै। 

 

दाक्रयत्व: 

शोधकतणव उि सभी प्रहतभणहगयोां से हलखखत सूहचत सिमहत प्रणप्त करेगण जो इस अध्ययि कण हिस्सण बििे के 

हलए स्वयां सेवण कर रिे िैं 

 

प्रक्रिया: 

1. शोधकर्ता प्रोनटेड पैर वतले  स्वस्थ नतगररकोों के बीच प्रतर्भततगयोों कत चयन करेगत। 

2. जणांचकतणव सभी आशांकणओां के हलए प्रयोगणत्मक प्रोटोकॉल की व्यणख्यण करेगण और प्रहतभणगी के सभी 

प्रश्ोां कण उत्तर िेगण।  

  

3. यहि प्रहतभणगी भणग लेिे कण फैसलण करतण िै तो मणिक सांचणलि प्रहियण के अिुसणर उिकी सिमहत 

िोगी।  

 

4. यहि प्रहतभणगी रुहच व्यक् करतण िै, लेहकि उस मणमले में कुछ सांिेि िैं, तो वे िल िो जणएां गे।  

 

5. यहि प्रहतभणगी स्पष्टीकरण के सणथ सिज िैं तो वे मणिक सांचणलि प्रहियण के अिुसणर सूहचत सिमहत को 

भर िेंगे।  
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6. अध्ययि की प्रहियण प्रहतभणगी की सिमहत के बणि शुरू िोगी।  

 

7. समणवेशी और बहिष्करण मणििांडोां को सत्णहपत करिे के हलए प्रहतभणहगयोां से हवसृ्तत हचहकत्सण और 

हकसी भी अन्य शणरीररक समस्यण कण इहतिणस प्रणप्त हकयण जणएगण।  

 

8. यहि प्रहतभणगी अपिे पररवणर के सिस्योां के सणथ इस जणिकणरी पर चचणव करिण चणिते िैं तो वे सिमहत 

िेिे से पिले ऐसण करिे के िकिणर िैं। 

 

 

अनुसीींधान प्रक्रतभाक्रगयो ीीं को सामान्य जानकारी:  

1. िणम: 

 उम्र:  

हििणांक: 

 

2. आपको प्रोफणमणव भरिण िोगण और शोध कण उदे्दश्य अध्ययि करिण िोगण 

“18 से 25 वषव  आयु के  प्रोिटेड पैर वणले  स्वस्क्थ िणगररकोां मे नु्यरोांमस्क्युलणर कण्ट्र ोल और रेअर 

फूट कोि पर फूट कोर कणयविम कण असर: पुवव पिणत चणचणी 

 

3. यहि आप से्वच्छण से अध्ययि में भणग लेिे के इचु्छक िैं तो आपसे यि अपेक्षण की जणती िै हक परफॉमणव 

भरिे के क्षण से लेकर परीक्षण पूरण िोिे तक िमणरे सणथ िणमणांकि करें।  

 

4. यहि आप इस अवहध के िौरणि असिज िैं, तो कृपयण िमें बतणएां  तणहक िम आपकी मिि कर सकें  

और हबिण हकसी अहप्रय प्रभणव के आपकी समस्यणओां को िूर कर सकें ।  

 

5. आपको कोई प्रहतपूहतव और मुआवजण ििी ां हियण जणएगण।  

6. यहि हकसी भी क्षण आप इस शोध अध्ययि से िटिण चणिते िैं तो आप ऐसण करिे के हलए स्वतांत्र िैं 

और िमणरी ओर से कोई बणधण ििी ां िोगी। 

 

7. सिमहत पत्र प्रणप्त करिे से पिले अध्ययि के जोखखम, असुहवधण, फणयिे और िुकसणि कण हववरण 

आपको समझणयण जणएगण।  

 

8. इस अध्ययि से प्रणप्त आांकडोां को गोपिीय रूप से सांरहक्षत और बिणए रखण जणएगण और यहि तस्वीर 

कण उपयोग हकयण जणतण िै तो आपकी पिचणि उजणगर ििी ां की जणएगी। यहि तस्वीर प्रकणहशत िोती 
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िै, तो अिुमहत प्रणप्त की जणएगी।  

 

9. इस अध्ययि के हलए आवश्यक हवहभन्न परीक्षण प्रहियणओां के सभी जोखखमोां को आपको समझणयण 

जणएगण और तििुसणर सिमहत ली जणएगी। 

 

10. यहि आप थकणवट मिसूस करते िैं यण परीक्षण पूरण करिे में असमथव िैं, तो आपको हचांतण करिे 

की आवश्यकतण ििी ां िै और िमें बतणएां  तणहक आवश्यक किम उठणए जण सकें । 

 

11. यहि आप हकसी भी क्षण सांतुष्ट ििी ां िैं तो आप हबिण हकसी पररणणम के हकसी भी समय वणपस ले 

सकते िैं।  

 

12. शोधकतणव कण िणम:  

फोि िांबर:  

पतण:  

 

13. गणइड कण िणम:  

फोि िांबर: 

पतण:  

 

14. सांस्क्थण कण िणम: 
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Annexure II (A) 

LETTER OF CONSENT 

“EFFECT OF FOOT CORE PROGRAM TO IMPROVE NEUROMUSCULAR CONTROL IN 

HEALTHY INDIVIDUALS WITH PRONATED FOOT AGED 18-35 YEARS: A PRE-TEST 

POST-TEST DESIGN.” 

 

• I have received an explanation of the nature, purpose, duration and foreseeable effects and risks 

of the trial and what I will be expected to do. My questions have been answered satisfactorily. 

• I understand that my participation in the trial is voluntary and that I may refuse to participate or 

may withdraw from the trial at any time, without penalty or loss of benefits to which I am otherwise 

entitled. 

• I further understand that any information that becomes available during the course of the study 

that may affect my willingness to take part will be informed to me. 

• Institutional Ethics Committee authorities may wish to examine my medical records to verify the 

information collected. By signing this document, I give permission for this review of my records. 

• I understand that my identity will not be revealed in any report or publication. 

• I agree to take part in the above study. 

 

_____________________                                                                   __________                      

Name of research participant                                                            Signature/Thumb                                                           

Date: 
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ANNEXURE II (B) 

 

सणांमती 

“१८ ते ३५ वषव वयोगटणतील हिरोगी व्यक्ीांमधे्य नू्यरोमुस्क्युलर कां टर ोल आहण ररअर  फूट अँगलमधे्य फूट 

कोर  कणयविमणचण प्रभणव : पूवव तथण पिणत अध्ययि .” 

 

• उपक्रमतचे स्वरूप,कतरण, कतलतवधी त्यतचे पुढील पररणतम आतण उपक्रमतचे धोके र्सेच यत 

अभ्यतसतर्ील मतझी भूतमकत मलत समजतवली गेली आहे .मतझे सगळे प्रश्न समतधतनकतरकररत्यत 

सोडवले गेले आहे . 

• मतझत यत उपक्रमतर्ील सहभतग पूणापणे ऐच्छिक आहे आतण मी  कोणत्यतही वेळी, कोणरे्ही कतरण 

न देर्त, कुठलतही दोंड न भरर्त  आतण मलत तमळण्यतचत अपेतिर् फतयदत यतोंमधे्य कुठलतही बदल न 

होर्त मी यत अभ्यतसतरू्न कुठल्यतही िणी मतघतर घेऊ शकरे् /शकर्ो. 

• उपक्रमतदरम्यतन उपलब्ध होणतऱ्यत कोणत्यतही मततहर्ीमुळे मतझ्यत उपक्रमतर्ील भतग घेण्यतवर 

पररणतम होऊ शकर्ो हे मलत सतोंतगर्ले जतईल . 

• तवद्यतलयीन सोंतमर्ीमततहर्ी गोळत करण्यतसतठी मतझी आधीची वैद्यकीय पत्रक पतहू शकर्तर् .यत 

पत्रकतवर सही केल्यतवर मी त्यतोंनत र्शी अनुमर्ी देरे् /देर्ो. 

• मी हे जतणरे्/जतणर्ो तक मतझी ओळख कुठल्यतही र्सेच कोणत्यतही मततहर्ीर्/प्रकतशनतर् प्रदतशार् 

केली जतणतर नतही .    

• मी ह्यत उपक्रमतर् सहभतगी होण्यतसतठी सोंमर्ी देर् आहे. 

 

 

 

 

____________________                                                  ____________________ 

           सिभणगी सिस्यणचे िणव                                                  स्वणक्षरी/ अांगठण ठसण 

          तणरीख: 
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ANNEXURE II(C) 

       सहमतर् – पत्र 

“18 से 25 वर्ा आयु के प्रोनटेड पैर वतले स्वस्थ नतगररकोों मे नु्यरोोंमस्युलतर कण्ट्र ोल और रेअर फूट कोन 

पर फूट कोर कतयाक्रम कत असर: पुवा पश्चतर् चतचणी.” 

 

• इस अभ्यतस कत स्वरुप, अवकतश, इससे जुड़े सोंभतव्य खर्रे, सोंभततवर् प्रभतव और मुझे जो करनत 

है उस के बतरे में स्पष्ट जतनकतरी तमली है।  

• इस अभ्यतस में सहभतगी होने कत मेरत खुद कत तनणाय है.मैं तकसी समय अभ्यतस को छोड़कर 

जत सकर्ी/सकर्तहू। इसके तलए मैं कोई भी मतनदोंड यत भरपतई करने के तलए बोंधी/बोंधत नही ों 

हूूँ।   

• अभ्यतस के दौरतन उपलब्ध अन्य जतनकतरी तजस से अभ्यतसक्रम में भतग लेने पर असर पड़ेगत 

वह मुझे बर्तयत जतयेगत।  

• मेरी जतोंच कत जो मूल्यतोंकन हुआ है, उसे सोंस्थत के समतलोचक मोंडल के अतधकतरी परख सकरे् 

है।इस पत्र पर हस्ततिर कर के मैं यह अनुमतर् देर्त हूूँ यत देर्ी हूूँ । 

• मेरी पहचतन तकसीभी वृर्तोंर् यत प्रकतशन में 

प्रकततशर् नही ों होगी। 

• मैं अभ्यतसक्रम के तलए सहमर् हूूँ। 

 

 

 

_________________                                                               ____________________               

सहभतगी कत नतम                                                     हस्ततिर यत अोंगूठे कत तनशतन                

      तदनतोंक:  
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ANNEXURE III (A) 

PARAMETERS FOR ASSESSMENT OF OUTCOME MEASURES 

a) MEASUREMENT OF REARFOOT ANGLE: 

Universal goniometer was used to assess Rear foot Angle. The Rear Foot Angle is measured as 

the acute angle between the projection of line one and line two. Rear Foot Angle ≥ 5° valgus 

represents a pronated foot type. ICC for reliability for rear foot angle is 0.90.36 

Participant position: Participant was made to stand on the foot stepper in the relaxed stance 

position. Thereafter, the subtalar joint was brought in neutral position via palpation method. 

Testing procedure: Fixed arm of the goniometer was placed along the bisecting line of the lower 

one third of the leg and the movable one was kept in line with the line bisecting the calcaneus. The 

angle between the two marked lines was noted. 

 
b) ASSESSMENT OF PLANTAR FLEXORS STRENGTH: 

Jamar hand-held dynamometer was used to assess plantar flexor strength. The dynamometer has a 

dual scale readout which displays isometric force from 0-90 kg (0-200 lb). The outer dial registers 

the result in kg and the inner dial registers the result in lb. It has a peak hold needle which 

automatically retains the highest reading until the device is reset.  

Hand-held dynamometry is valid and reliable tool for determining strength. The data was 

measured in kilograms.  

Participant position: Participant was in lying supine with the ankle out of plinth in plantargrade 

with hips and knees extended.  
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Testing procedure: Dynamometer was placed over the metatarsal heads on the sole of the foot. 

And the participant was asked to maximally perform plantarflexion against dynamometer. 

Standard 3rd handle position was used through-out the study. 3 trials were performed with regular 

interval of 2 minutes rest period between trials. The mean value was taken and documented. 

 
c) ASSESSMENT OF ANKLE PROPRIOCEPTION: 

Method: Assessed by active reproduction of joint position test 

Participant Position: Participant was in standing position with support of wall and their one foot 

on stepper.  

Testing Procedure: subject’s ability to actively reproduce ankle joint position was tested in one 

of 3 positions (5° of plantarflexion, 10° of plantarflexion, 5° of dorsiflexion).41 

From a neutral start position, participants actively moved their ankle through their available ROM 

at a self-selected speed and then was stopped at 1 of the 3 test positions according to instructions. 

They were asked to concentrate on that position for5 seconds and then the ankle was moved 

through full range and back to the start position. Subjects were asked to reproduce the test position 

actively. The absolute difference i.e degree error between the test and the reproduced position was 

taken by goniometer. 

 
d) ASSESSMENT OF DYNAMIC BALANCE: 

Method: Balance was taken by using Y balance test 

It is valid and reliable measure of dynamic balance ICC: 0.81-0.96.39,44 

Testing Procedure: Firstly, lower limb length was measured from the ASIS to medial malleolus 

in supine position by using a tape. Participants were asked to stand on one 1 foot while reaching 
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with the other leg out in 3 different direction in following order: anterior, posterolateral and 

posteromedial.39 

Reach distance was recorded in cm and was normalized to each participant’s leg by  calculating 

using following formula: Composite reach distance = (ANT + PM + PL)/(leg length x 3) x 100 
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ANNEXURE III (B) 

DATA COLLECTION TOOLS: 

1. Universal Goniometer to assess Ankle Proprioception and Rear foot angle: 

Product description: constructed of metal with three parts- Body, Fulcrum, 

moving and stationary arm. Full circle protractor having a scale from 0° to 360°. 

 

 

 

2. Jamar handheld dynamometer: 

The dynamometer has a dual scale readout which displays isometric grip force 

from 0-90 kg (0-200 lb). The outer dial registers the result in kg and the inner dial 

registers the result in lb. It has a peak hold needle which automatically retains the 

highest reading until the device is reset. The data will be measured in kilograms. 

 

 

 

 

 

3. Measuring tape: 

Product description: Flexible fiberglass measuring tape  

Dimensions: 60 inches/ 150 cm long × 5 inches/ 12.7 mm wide  

Specifications: Metric measurements in 1 mm divisions 
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ANNEXURE III (C) 

CASE RECORD FORM 

DATE: 

NAME: 

AGE: 

WEIGHT: 

HEIGHT: 

ADDRESS: 

OCCUPATION: 

DOMINANCE: 

LIMB LENGTH: 

 

Sr.no 

Test Pre-intervention Post-intervention Comments 

1 Rare-foot angle(in 

degree) 

   

2 Strength(in Kg)    

3 Active 

reproduction 

test(degree error) 

   

4 Y balance test(in 

%LL) 

anterior Pre- 

lateral 

Pre- 

medial 

anterior Pre- 

lateral 

Pre- 

medial 

 

 Right lower limb       

Left lower limb       

Reach distance    

 Composite reach 

score 
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TIMELINE/ GANNT CHART 

 

Sr.no components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

March  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

Mar 

2021 

April-Jun 

2021 

Jul-

Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 

Formulation of 
research question                       

4 

Formulation of 
aim and objectives                       

5 

Hypothesis, null 
hypothesis                       

6 Research protocol                       

7 

Research 
designing                       

8 

Review of 
literature                       

9 

methodology 
formulation                       

10 study designing                       

11 study setting                       

12 

sample size 
estimation                       

13 

selection of study 
instruments                       

14 

method of data 
collection                        

15 

data management 
and analysis 
procedure                       

16 

IEC and BORS 
clearance                       

17 

compilation of 
synopsis                       

18 

uploading of 
synopsis                       

19 data collection                       

20 

data presentation 
and analysis                       

21 

writing of 
discussion and 
conclusion                       

22 

submission of 
thesis to MUHS                       
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MASTERCHART 

 

sr. 

no age BMI 

 Rear foot angle in 

degree Y Balance Plantar flexor strength Ankle proprioception 

Dominant 

leg 

Non-

dominant 

Leg 

Dominant 

Leg 

Non-dominant 

Leg Dominant 

leg 

Non-

dominant 

Leg 

Dominant 

leg 

Non-

dominant 

Leg Composite composite 

pre post pre post pre post pre post pre post Pre post pre post Pre post 

1 25 19 6 5 6 5 89.15 91.47 93.80 96.51 6 7 6 7 4 1 4 2 

2 21 22 8 6 7 5 87.30 90.48 89.29 92.06 4 5 4 5 4 0 3 0 

3 23 18 5 4 5 4 94.72 97.15 89.84 92.68 2 5 2 5 4 1 4 2 

4 22 24 7 6 7 6 102.30 103.83 99.62 101.92 3 6 3 5 5 3 4 2 

5 23 19 7 6 7 6 86.21 88.51 85.82 89.27 4 7 4 6 3 1 3 1 

6 22 20 5 4 5 4 73.64 76.74 74.81 78.68 6 5 6 5 4 1 4 1 

7 24 25 8 6 7 6 67.82 70.50 65.13 68.97 6 8 6 6 4 2 4 2 

8 25 19 6 6 6 5 82.20 85.61 89.02 92.05 5 4 5 4 4 0 3 0 

9 24 27 6 5 5 5 74.56 79.39 74.12 79.82 4 7 4 6 4 1 4 1 

10 28 23 8 6 7 6 81.20 85.47 82.48 86.75 5 8 5 8 4 2 4 2 

11 24 22 6 5 6 5 98.68 103.07 96.49 101.32 4 6 4 6 4 1 4 1 

12 26 26 5 5 5 5 90.48 93.65 91.27 94.84 6 6 6 6 3 0 2 0 

13 23 22 6 5 6 5 69.66 74.53 67.42 70.41 3 8 3 6 3 0 3 0 

14 30 22 7 6 7 6 84.47 88.64 81.82 85.61 5 7 5 7 5 2 4 2 

15 27 19 6 5 6 5 96.90 100.39 94.96 98.84 4 7 4 7 4 1 4 2 

16 22 22 7 6 7 6 67.48 71.95 64.23 70.33 3 5 3 5 4 2 4 2 

17 24 24 6 5 6 5 100.39 103.92 103.14 105.10 4 4 4 4 3 0 3 1 

18 26 19 7 5 6 5 95.61 99.12 96.49 102.63 3 5 3 4 4 1 3 1 

19 26 17 5 5 5 5 98.02 99.60 96.03 99.21 2 4 2 4 5 2 3 1 

20 23 23 5 5 5 5 92.28 96.75 91.06 93.90 6 7 6 7 5 1 4 2 

21 22 23 8 6 7 6 54.62 57.43 55.82 59.84 2 5 2 4 5 2 4 2 

22 24 22 6 5 6 5 93.02 95.74 96.12 98.45 6 4 6 4 4 1 3 1 

23 28 24 6 5 6 5 77.63 82.02 78.51 82.02 5 8 5 8 5 2 4 2 

24 21 19 7 5 6 5 78.93 80.46 80.46 84.29 5 8 5 8 3 0 3 0 

25 19 22 5 5 5 5 106.14 110.09 105.70 107.02 4 8 4 8 3 0 3 0 

26 27 24 8 6 7 6 76.36 78.68 72.48 77.52 5 5 5 5 5 1 4 1 

27 23 22 7 6 7 6 90.48 93.65 93.65 98.02 2 5 2 4 4 0 4 1 

28 26 22 6 5 6 5 85.44 88.89 90.42 94.25 3 6 3 6 4 1 4 0 

29 28 22 5 5 5 5 97.32 99.62 96.17 97.32 6 6 6 6 3 0 3 0 

30 24 20 5 4 5 5 99.19 101.22 96.34 97.97 4 7 4 7 5 0 4 1 

31 22 23 7 6 7 5 82.11 84.15 84.15 87.80 5 7 5 7 4 1 4 1 

32 26 23 8 6 8 6 88.16 93.42 89.04 92.11 3 6 3 6 4 1 4 0 

33 25 22 6 5 6 5 81.30 83.33 81.71 85.37 6 7 6 7 3 0 3 0 
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34 21 19 5 4 5 4 88.12 90.42 88.51 91.95 6 8 6 8 4 0 4 1 

35 23 19 8 7 7 6 93.65 95.24 92.46 96.03 5 8 5 7 5 2 4 1 

36 22 16 7 6 7 6 80.84 81.99 79.31 81.61 5 4 5 4 5 1 5 1 

37 29 24 7 6 7 6 89.84 94.31 86.18 88.21 5 4 5 5 3 1 3 0 

38 23 22 6 5 6 5 92.34 96.93 94.64 97.70 2 5 2 5 3 0 3 1 

39 24 21 5 5 5 5 90.65 93.90 91.46 95.12 3 5 3 5 4 2 4 2 

40 27 19 8 6 7 5 86.18 89.43 84.55 88.21 5 8 5 8 4 1 4 1 

41 24 24 7 5 7 5 80.83 86.67 86.25 88.33 4 6 4 6 5 1 4 1 

42 26 20 6 5 6 5 96.90 100.39 92.64 94.57 5 8 5 8 4 1 4 1 

43 22 17 6 5 6 5 80.56 84.52 78.17 82.94 6 7 6 7 3 3 3 2 

44 21 21 7 5 7 5 95.93 100.81 92.28 96.34 4 5 4 4 3 0 3 0 

45 26 24 8 6 8 6 75.64 79.49 79.06 84.19 6 4 6 4 4 2 4 2 

46 25 20 7 5 7 5 83.33 88.10 83.73 86.51 5 6 5 6 5 3 4 2 

47 23 26 5 5 5 5 95.35 98.45 93.02 96.51 2 7 2 7 4 2 3 2 

48 27 22 6 5 6 5 95.79 96.55 91.95 95.02 5 6 5 6 3 0 3 0 

49 25 25 7 6 6 5 83.73 89.68 82.94 82.14 5 8 5 8 5 1 5 1 

50 29 17 7 6 7 5 94.70 98.11 95.83 98.48 4 7 4 7 5 2 4 2 

51 22 23 5 5 5 5 88.33 90.83 89.17 92.92 6 5 6 6 4 1 4 1 

52 26 24 5 4 5 4 100.41 104.47 97.56 99.19 6 6 6 6 4 3 4 2 

53 22 23 6 5 6 5 104.37 107.94 101.98 103.17 4 6 4 6 4 1 3 0 

54 25 24 8 6 8 5 93.33 97.08 90.42 93.75 4 8 4 8 3 3 3 1 

55 24 24 7 6 7 5 92.46 94.05 93.25 96.43 6 4 6 4 3 0 3 1 
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Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  “EFFECT OF FOOT CORE PROGRAM ON NEUROMUSCULAR CONTROL 
AND REAR FOOT ANGLE IN HEALTHY INDIVIDUALS WITH PRONATED 
FOOT AGED 18-35 YEARS: A PRE-TEST POST-TEST DESIGN.” 

02) Introduction :-   Foot is an intricate structure that serves as a base of kinetic chain, 

which plays an important role in static posture and dynamic 

activities.(1) During gait, foot must be stable at foot strike and 

push-off, then it must become a mobile adaptor and attenuate loads 

during mid-stance. It also possesses spring-like characteristics, 

storing and releasing elastic energy with each foot-strike and this is 

accomplished through deformation of arch.(2)  

Foot posture is generally characterized by contour of Medial 

longitudinal arch (MLA), which has been described as critical 

structure of foot and helps in shock absorption and attenuation of 

forces transmitted to the body during gait.(3) Medial longitudinal 

arch is typically divided into normal, low arch (planus) or highly 

arch(cavus). Individuals with Low arch foot have excessive subtalar 

joint pronation in stance as compared to high arch individuals.(4) The 

lower extremity chain is connected to foot, ankle, knee and hip joint, 

out of which foot is placed at farthest point and it acts as a support 

base. Therefore, any small dynamic change in foot could affect 

postural control of entire body.(5) 

 High prevalence of 21% to 57% has been reported among children 

of 2 to 6 years which further declines with age to 13.4% to 27.6% in 

primary school children. And in adult population prevalence of 5 to 

14 % has been reported. Out of which among male it is 12.8% and in 

females is 14.4%. And there is other study showing pronation score 

for flat foot subjects mean as 7.44.(6) 
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Foot pronation causes pronation of subtalar joint or mid tarsal joint 

during weight bearing activities.(7) Various other factors such as rear 

foot or forefoot deformities can also cause excessive pronation of 

feet. Rear foot angle is used to assess angle between bisecting line 

of lower one third of leg and bisecting line of calcaneal bone, which 

has an excellent reliability of 0.90.(8) 

Excessive pronation may also develop from lack of muscle strength 

and stability or from overuse and fatigue of intrinsic foot muscles. (9) 

Plantar sensory feedback may activate the intrinsic foot 

musculature, which induces intrinsic foot shock absorption. There 

are many articular nerve fibres which terminate in 

mechanoreceptors in joint capsule, ligaments, muscle, and skin; 

these mechanoreceptors detect joint pressure and tension from 

both dynamic movement and static position. This afferent nerve 

fibres provide position and movement sense and it plays an 

important role in a complex reflex system that controls posture and 

coordination.(10) 

Researchers have associated excessively pronated foot structures 

with deficits in some aspects of neuromuscular control compared 

with neutral foot structure. Components of neuromuscular control 

include proprioception, muscle strength, postural control, and 

muscle reaction time.(11) 

Healthy individuals with pronated foot do not experience discomfort 

immediately. However, when symptoms develop and become 

painful, walking becomes awkward and causes increased strain on 

feet and calves. From epidemiological perspectives, several authors 

already mentioned in past that, this malalignment often leads to 

multiple musculoskeletal dysfunctions such as plantar fascitis, heel 

spurs, metatarsalgia, tendonitis or bunions distally and proximally it 

may cause low back pain,  because when the foot pronates it 

causes the leg to internally rotate, resulting in improper posture of 
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entire leg and back.(12) 

Hence, early identification and prevention is always better to 

prevent permanent changes to foot structure that will require 

surgery to fix. 

Rationale for the study 

Foot plays an important role in determining the biomechanical 

alignment of the body especially the lower limb. Alteration in foot 

posture is shown to affect the functioning of the lower limb.(1) 

Many researches have correlated the Improper functioning of 

Medial longitudinal arch as well as over-pronation with numerous 

lower extremity injuries. There are many structures which 

contribute to varying degrees to support Medial longitudinal arch 

including plantarfascia, ligaments such as calcaneo navicular 

ligament, extrinsic foot muscle such as tibialis posterior and 

intrinsic foot muscles.(3) There are also literatures stating that 

overpronation leads to decrease in strength of plantarflexors and 

intrinsic muscles, sense of balance and proprioception which all 

leads to decrease in stability during walking or running leading to 

walking difficulties and decrease in endurance with time.(13) 

 In most of the studies, interventions for foot related problems 

mostly are directed towards externally supporting the foot  and 

there are many papers describing the role of plantar fascia and 

extrinsic muscle rather than training the core muscles and also 

directed at showing effect of conventional balance training on 

improving balance and proprioception. (3)But there is very limited 

literature which has been conducted on the effect of this complete 

foot core protocol on parameters of neuromuscular control i.e 

Balance, proprioception and strength and change in rear foot angle, 

that too in an Indian setup. 

Thus, the present study aims to see the effect of foot core program 

on neuromuscular control in individuals with pronated foot. Also, 
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an attempt in increasing awareness of importance of foot core 

stability to normal foot and lower extremity function. 

 

3.1) Primary Research 
Question :- 

Is there any effect of foot core program on neuromuscular control 
and rear foot angle in individuals with pronated foot aged 18-35 
years? 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not Applicable 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not Applicable 

4.1) Primary 
Hypothesis :- 

NULL HYPOTHESIS: 
 
There is no significant effect of foot core program on neuromuscular 
control, rear foot angle in healthy individuals with pronated foot  
 
ALTERNATE HYPOTHESIS: 
 
There is a significant effect of foot core program on neuromuscular 
control, rear foot angle in healthy individuals with pronated foot  

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not Applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

Not Applicable 

05) Review of 
Literature :- 

1) A randomized controlled trial titled “Short-Foot Exercise 

promotes quantitative somatosensory function in ankle 

instability” conducted by Eunsang Lee et al in 2019 on 30 

adults between 19-29 years, which were selected according 
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to CAI (Cumberland Ankle Instability Tool <24). In this study 

they conducted 8 weeks protocol of SFE in one group and PSE 

in another group. Pre and post measurement of quantitative 

somatosensory of joint position sense and vibration sensory 

threshold, dynamic balance and ankle instability was done. 

They concluded that SFE group showed more significant 

improvement than PSE for treating ankle sprain.(14) 

2) Masanobu Kimura et al conducted a study titled 

“Development and reliability of a hand- held dynamometer 

device to measure the ankle dorsiflexor muscle strength” in 

2018 on 30 ankles of 15 individuals at two time point, to 

determine the inter-and intra-rater reliability. They calculated 

intraclass correlation coefficients which was >0.90 considered 

as excellent reliability. This study indicates excellent reliability 

and responsiveness of the device.(15) 

3) Roopika sabharwal, Sonia singh in 2017 published a study 

under title, “Foot postural deviations in female kathak 

dancers”. 40 females kathak dancers were assessed for 

postural deviations via. Foot posture index, medial 

longitudinal arch angle, navicular drop, rearfoot angle and 

forefoot angle. This study concluded that large population of 

kathak dancers have pronated foot, increase in rearfoot 

angle, forefoot angle, and navicular drop and decrease in 

medial longitudinal arch angle.(8) 

4) A cross-sectional study titled, “Prevalence of flexible flat foot 

in adults” conducted by Ashok Aenumulapalli et al in 2017 on 

500 healthy subjects between 18 to 21 years. In this study 

Brody’s navicular drop test was performed.  And they 

quantified the prevalence of flexible flat foot and gender wise 
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normative values of ND among 18-21year old Indian adult.(16) 

5) A study titled “Foot core strengthening: relevance in injury 

prevention and rehabilitation for runners” was done by 

Fourchet F et al in 2016. In this study foot core training was 

incorporated in prevention and rehabilitation programmes 

for runner. SFE was practised for 4 weeks along with 

neuromuscular electrical stimulation of the intrinsic foot 

muscles for 15mins duration around 75 NEMS contraction. 

This study concludes that training the intrinsic foot muscles 

offer benefit to the foot core system by increasing the medial 

longitudinal arch stiffness and ability to cope with changing 

demands of dynamic foot control.(12) 

6) Kyoung A chung et al conducted a study titled “The effect of 

intrinsic foot muscle training on medial longitudinal and ankle 

stability in patient with chronic ankle sprain accompanied by 

foot pronation” in 2016 on thirty men and women with 

pronated feet. The navicular drop test was used to assess 

medial longitudinal arch and Cumberland ankle instability 

tool was used to assess for ankle instability. In this study 

15people were allocated SFE and fifteen to the TCEG for 8 

weeks. This study concludes that SFE are more effective in 

providing intrinsic foot muscle training for patients with 

pronated foot among chronic ankle sprain patients.(7) 

7) You-jou Hung conducted a study titled “Neuromuscular 

control and rehabilitation of the unstable ankle” in 2015. In 

this study they concluded that neuromuscular training has 

the potential to improve latency and magnitude of muscle 

response of the long latency reflex and voluntary muscle 

activation in initial and recurrent ankle sprains.(17) 
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8) A cross-sectional study titled “Reference values for the Y 

balance test and the lower extremity functional scale in 

young healthy adult” done by Ali H Alnahdi et al was 

published in 2015. In this study they established gender 

specific reference values for the Y Balance test and the Arabic 

version of the Lower Extremity function in healthy males and 

females between 18-29 years of age. They found gender 

specific reference values for the YBT and LEFS-Ar. They also 

found that males performed better than females in YBT and 

no gender differences were found in LEFS-Ar.(18) 

9) A study titled, “Immediate effect of short-foot exercise on 

dynamic balance of subjects with excessively pronated feet” 

conducted by Dong-chul moon, kyoung kim, Su-kyoung lee in 

2014 on 18 subjects with excessively pronated feet which 

were selected using the navicular drop test (navicular drop 

>10mm). Dynamic balance was examined using the limit of 

stability (LOS) test with the Biorescue system before and 

after short foot exercise in the standing and sitting position. 

This study concluded that after the SFE, LOS was increased in 

all areas i.e left, right, front, back and overall, and hence 

improving the dynamic balance of subjects with excessively 

pronated feet.(5) 

10) A randomized controlled trial titled “Exercise therapy and 

custom-made insoles are effective in patients with excessive 

pronation and chronic foot pain” conducted by Jane 

Andreasen et al in 2013 on 80 subjects between 18 to 

70years who have excessive pronated foot which was 

measured by calcaneal angle, navicular drift, drop and height. 

Participants were randomized into 4 groups: standard 

intervention, insole, exercise and insole+exercise. This study 
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showed that there was a significant pain reduction during 

walking in all 4 groups at 4 and 12 months follow up. (9) 

11) Hylton B. Menz et al conducted a study on “Planus foot 

posture and pronated foot function are associated with foot 

pain: The Framingham foot study” in 2013 on 3,378 members 

of the Framingham study who completed foot examination in 

2002-2008. In this study foot function was categorized as 

normal, pronated or supinated using the center of pressure 

excursion index from dynamic pressure measurement. They 

studied the effect of foot posture and function on generalized 

and location specific foot pain. This study concluded that 

planus foot posture was significantly associated with an 

increased likelihood of arch pain in men. This study also 

concludes that cavus foot posture was protective against ball 

of foot pain and arch pain in women. Also pronated foot 

function was significantly associated with an increased 

likelihood of generalized foot pain and heel pain.(4) 

12) Scott K. Lynn et al in 2012 published an article titled, 

“Differences in static and dynamic balance task  

performance after 4 weeks of intrinsic-foot-muscle training: 

the short-foot exercise versus the towel-curl exercise” on 30 

participants which were assigned one of 3 groups (SFE, TCE, 

control). Static and dynamic balance were tested using single 

leg stance on the force plate and Y balance test respectively. 

In this study experimental group performed 4wk of SFE and 

the other performed 4 weeks of towel-curl exercise. They 

concluded that SFE is more effective to train the IFM than 

TCE.(1) 

13) Liang-ching tsai et al in 2006 conducted a study titled 

“Comparison of different structural foot types for measures 
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of standing postural control” on 3 subject groups consisted of 

individuals with pronated, neutral, or supinated feet which 

was based on a weight bearing foot classification scheme. 

Each group consisted of 8 males and 7 females between 18 

and 31 years of age. In this study postural control in single 

limb stance with eyes closed was assessed using force plate 

measure. They found that individuals with pronated feet or 

supinated feet have poorer postural control than individuals 

with neutral feet.(19) 

14) Ryoko Suzuki conducted a study titled “The Effect of a 6-week 

strength and balance training program on navicular drop and 

proprioception in excessive pronated foot” in 2004 on 11 

subjects who exhibited excessive pronated feet which was 

measured by navicular drop test. The Biodex stability system 

was used to determine balance. They included a 6-week 

program of simple one- leg standing and unilateral heel raise 

exercise. They found that 6-week program positively affect 

ND height and balance ability in subjects.(20) 

15) A study titled, “Reliability and validity of Ankle proprioceptive 

measures” done by Nandini Deshpande et al in 2003 on eight 

healthy adults which were recruited  into each of 3 groups 

i.e young(20-39yrs), middle aged(40- 59yrs), and 

adult(>60yrs). The main outcome measure in this study were 

threshold for perception of passive movement, error in active 

reproduction of position, error in reproduction of velocity and 

error in reproduction of torque. They found excellent 

intersession reliability for threshold for perception of passive 

movement, error in active reproduction of position, error in 

reproduction of velocity and error in dorsiflexion torque 

reproduction and good intersession reliability was found in 

error in reproduction of plantarflexion torque.(21) 
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16) A study titled “The role of impact forces and foot pronation: A 

new paradigm” done by Benno M. Nigg in 2001 to know the 

association between impact forces and foot pronation and 

the development of running-related injuries and the effect of 

impact forces and movement control during heel-toe running 

and to synthesis an understanding of the actual effects of 

impact forces as well as factors associated with leg and foot 

movements during running. This study proposes the concept 

for foot pronation and movement in control stating that 

forces acting on the foot at as input signal during the stance 

phase. Also, an optimal shoe, inserts and orthotics will affect 

the general muscle activity and therefore reduce fatigue and 

in muscle performance work and control.(22) 

 

6.1) Primary 
Objectives :-  

To evaluate and compare Neuromuscular control and rear foot 

angle pre and post foot core program in healthy individuals with 

pronated foot in age group of 18-35 years. 

 

6.2) Other Objectives 1:- 

(if any)  

Not Applicable 

6.3) Other Objectives 2:- 

(if any) 

Not Applicable 

07) Methodology :- 
1) Type of study design: Pre-test Post-test design 

 
2) Study Setting: Physiotherapy Out-Patient Department of 

Tertiary care hospital. 

 
3) Duration: 18 months 
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4) Study population: Asymptomatic individuals having 

pronated foot from the hospital campus. 

5) Sample size: Sample size is determined considering 
pre-test post-test mean difference as an outcome 
measure. Following assumptions are made on the basis 
of the study “Differences in static-and dynamic-balance 
task performance after 4 weeks of intrinsic-foot-muscle 
training: the short-foot exercise versus the towel-curl 
exercise” conducted in 2012 by Lynn et al.(1)ss 

Pre-test mean± standard deviation = 53.4±6.2 

Post-test mean± standard deviation = 49.3±7.1 

Minimum significant difference (effect size) = 0.61 

Error (%) = 1 

Power = 95% (1- β) % 

Sample size formula for testing pre-test post-test mean 

difference is                                

 n=  

𝑍𝛼 = standard normal value corresponding to 𝛼  

Zβ= standard normal value corresponding to β 

Sd= standard deviation of pre-test post-test differences 

d= mean of pre-test post-test differences 

Required sample size n = 50  

Therefore total 50 participants will be included in the 

study. 

Assuming 10% drop out in 5 weeks, effective sample size 
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is n= 50 + 5 =55 

Sample size is calculated using statistical software 

STATA. Version 10.1, 2011. 

6) Sampling Technique: Study population will be 

represented by a consecutive sample of 55 eligible 

subjects consenting to participate in study for 5 weeks 

will be selected by convenience sampling method. 

7) Method of selection of study participants: 

a) INCLUSION CRITERIA: 

• Individuals willing to participate. 

• Age: 18 to 35 years. 

• Both genders 

• Individuals with Rear foot angle ≥5◦ 

• Absolute error of >2◦ on active reproduction test 

 

b) EXCLUSION CRITERIA:  
• History of any neural/ vestibular disease. 

• History of any lower extremity arthritis/ fracture/ dislocation. 

• Individuals having altered feet sensation. 

• Individuals having polyneuropathy. 

• Metabolic and endocrinal disorder. 

 

c) WITHDRAWAL CRITERIA: 

• If the patient is diagnosed with any of the disorders stated in 
exclusion criteria during study period. 

• Discontinuity in the treatment 
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Variables: 

 
Independent Variables: 

Gender. 

 
Age. 

 
Foot core program. 
 

Dependent Variables: 
 

Rear foot angle 

Plantarflexors Strength 

Dynamic balance 

Ankle proprioception 

 

Operational Definition: 

 

a) Rearfoot angle- The Rearfoot angle is referred to the 

angle that is formed between the bisecting line of the 

lower one third of the leg and the bisecting line of the 

calcaneal bone Rear Foot Angle ≥ 5° valgus represents a 

pronated foot type.(8)  

b) Neuromuscular control – interaction of the sensory and 

motor system that enables synergist, agonist and 

antagonist, as well as stabilizers and neutralizers to 

anticipate or respond to proprioceptive and kinesthetic 

information and subsequently to work in correct 

sequence to create coordinated movement.  

The component of neuromuscular control are balance 

strength proprioception and muscle reaction time(11) 

c) Strength - Muscle strength is a broad term that 

refers to the ability of contractile tissue to 
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produce tension and a resultant force based on 

the demands placed on the muscle.(23) 

d) Dynamic Balance- dynamic balance control to 

stabilize the body when the support surface is 

moving or when the body is moving on a stable 

surface such as sit-to-stand transfers or 

walking.(23) 

e) Proprioception- Proprioception encompasses 

the sensation of joint movement (kinesthesia) 

and joint position (joint position sense) 

Absolute error of >2◦ on active reproduction 

test. (23)  

 

9) Methods of measurement 
Rear foot angle- 

 
Method: [Annexure I (B)] 

 
Parameter: In centimeters 

 
Instrument: Universal Goniometer [Annexure I (C)] 
 

Neuromuscular components are measured as: 

a.  Plantar flexors strength- 

i. Method: [Annexure I (B)] 

ii. Parameter: In Kilogram 

iii. Instrument: Jamar handheld dynamometer  
[Annexure I (C)] 

 
b. Dynamic balance- 

i. Method: Y balance test [Annexure I (B)] 

ii. Parameter: In percentage 
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c. Ankle proprioception- 

i. Method: Active reproduction test 
[Annexure I (B)] 

ii. Parameter: In degrees 
iii. Instrument: Universal Goniometer [Annexure I 

(C)] 

 

9) Study instrument / data collection tool: 

• Universal Goniometer to assess Rear foot angle in degrees 

• Universal Goniometer to assess ankle proprioception 

in degrees. [Annexure I (E)] 

• Jamar handheld dynamometer  

• Measuring tape 

• Stool 

• Pen 

• Paper 

 

A. Methods of data collection relevant to objectives: 

 
Permission from the head of institution and approval from the 

ethical committee will be obtained. Participants who meet the 

inclusion criteria will be briefed about the study in the language 

best understood by them and informed written consent will be 

taken. Demographic data will be documented. Participant’s rear 

foot angle will be measured. Also, Plantar flexors strength, ankle 

proprioception and dynamic balance will be assessed. 5 weeks 

protocol of foot core program will be given for 3 consecutive times a 

week. Reassessment of rear foot angle, plantar flexors strength, 

ankle proprioception and dynamic balance will be taken post 

5week intervention. Pre-test Post-test data will be documented, 

analysed and results will be obtained. 
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B. Data management & analysis procedure: 

 
[1]. The participants identity will be kept confidential. 

Anthropometric data will be spread in Microsoft 

Excel 2007 for data analysis. The participants identity 

will be kept confidential. 

[2]. Descriptive statistics like Mean and SD will be 

used to summarize quantitative variables. 

[3]. Frequencies and percentage will be used to 

summarize categorical variables. 

[4]. Inferential statistics will include paired t-test for 

assessing significance of difference in mean of 

balance, proprioception, strength, rear foot angle. 

[5]. p-value<0.05 will be considered statistically significant 

for all comparisons. 

[6]. Data will be analyzed in statistical software STATA. 

Version 10.1,2011. 
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9) Timeline/Gantt 
Chart :- 

OCTOBER 2019 ALLOCATION OF THE GUIDE 

NOVEMBER 2019 TOPIC FINALIZTAION FOR THE SYNOPSIS 

DECEMBER 2019 STARTED WORKING FOR THE SYNOPSIS 

JANUARY 2020 INSTITUATIONAL ETHICAL CLEARENACE OBTAINED 

FEBRUARY 2020 BORS APPROVAL 

MARCH 2020 

 

SYNOPSIS SUBMISSION TO MUHS 

APRIL 2020 TO MARCH 

2021 

DATA PRESENTATION AND ANALYSIS 

APRIL 2021 DISCUSSION AND 

CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 
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Gantt Chart: 

SR 
NO 

 oct 
201
9 

Nov 
2019 

Dec 
202
0 

Jan 2020 Feb 2020 March 
2020 

1. 
 

Allocation of 
guide             

2. Topic finalization 
for the synopsis             

3. Formulation of 
research 
question            

4. Formulation of 
aim and 
objectives             

5. Hypothesis and 
null hypothesis             

6. Protocol of 
research             

7. Institutional 
ethical clearance 
obtained             

8. Research 
designing             

9. Review of 
literature             

10. 
Methodology 
formulation             

11. 

study designing             

12. 
study setting             

13. sample size 
estimation             

14. selection of 
study tools and 
instruments             

15. Method of data 
collection             

16. management 
and data analysis             

17. statistical tests             

18. compilation of 
synopsis             

19. uploading of 
synopsis             
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10) Annexures :- 
Annexure I(A) -Case Record Form  

Annexure I(B) –Methods of data collection  

Annexure I(C) -Data collection tools 

Annexure I(D)- Foot Core Program 

Annexure II (A, B, C) -Participant Information Sheet(English, Marathi, 

Hindi) 

Annexure II(D,E,F) -Consent Letter(English, Marathi, Hindi) 

Annexure III - Timeline/ Gantt chart. 

Annexure IV(A,B) -Permission letter 

Annexure V - Abbrevations  
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ANNEXURE I (A) 
Case record form 

 
 

• DATE: 
 

• NAME:  
 

• AGE: 
 

• GENDER: 
 

• ADDRESS: 
 

• OCCUPATION: 
 

• DOMINANCE: 
 

Sr. 
No. 

Test Pre- intervention Post-intervention Comments 

1 Rare-foot angle (in 
degree) 

      

2 Strength (in Kg)       

3 Active-reproduction 
test (absolute error) 

      

4 Y balance test (in %LL) Anterior Post-lateral Post-medial Anterior Post-lateral Post-medial   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



C:\Users\convert\AppData\Local\Temp\1\task-601096936\b2a3ed675330e70b90f7e117543ef3d2.doc [Page : 22] 
   

 

 

 

 

 

 

 
 
 

ANNEXURE I (B) 
Methods of Data Collection: 

a) MEASUREMENT OF REARFOOT ANGLE: 
 
Procedure: 

• Subject position: The subject will be made to stand on the foot stepper in the 
relaxed stance position.  

• Testing procedure: Fixed arm of the goniometer will be placed along the bisecting 
line of the lower one third of the leg and the movable one will be kept in line with 
the line bisecting the calcaneus. The angle between the two marked lines will be 
noted. 
The Rear Foot Angle is measured as the acute angle between the projection of line 
one and line two.  
Rear Foot Angle ≥ 5° valgus represents a pronated foot type. 

• ICC for reliability for rear foot angle is 0.90 
 
 

b) ASSESSMENT OF PLANTAR FLEXORS STRENGTH: 
 
Procedure: 

• Method: It will be taken by Jamar hand-held dynamometer. 
• Subject position: Participant lying supine with the ankle in plantargrade and hips and 

knees extended.  
• Testing procedure: Dynamometer placed over the metatarsal heads on the sole of 

the foot. 
Strength will be measured in kilograms 
3 trials will be performed with regular interval of 2 minutes rest period between 
trials. The mean value will be taken and documented. 
 
 

c) ASSESSMENT OF ANKLE PROPRIOCEPTION: 
 
Procedure: 

• Method: Assessed by active reproduction of joint position test 
• Subject Position: Subject will stand with support of wall and their one foot on 

stepper.  
• Testing Procedure: subject’s ability to actively reproduce ankle joint position will be 

tested once in each of 3 positions (5° of plantarflexion, 10° of plantarflexion, 5° of 
dorsiflexion) in random order. 
From a neutral start position, subjects will actively move their ankle through their 
available ROM at a self-selected speed and then will stop at 1 of the 3 test positions 
according to instructions. They will concentrate on this position for 5 seconds and 
then will move the ankle through full range and back to the start position. Subjects 
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will be asked to reproduce the test position actively 
The absolute difference between the test and the reproduced position will be taken 
by goniometer. 

 
d) ASSESSMENT OF DYNAMIC BALANCE: 

 
      Procedure: 
• Method: Balance will be taken by using Y balance test 
• Testing Procedure: Firstly, lower limb length will be measured from the ASIS to medial 

malleolus in supine position by using a tape. Participants will be asked to stand on one 1 
foot while reaching with the other leg out in 3 different direction in following order: 
anterior, posterolateral and posteromedial. 
Reach distance will be recorded in cm and will be normalized to each participant’s leg by           

reach distance/ limb length x100 
Measurement in each direction will be taken and will be compared with standard reference 
value        
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ANNEXURE I (C) 
DATA COLLECTION TOOLS: 

1. Universal Goniometer to assess Ankle Proprioception and Rear foot angle: 
Product description: constructed of metal with three parts- Body, Fulcrum, 
moving and stationary arm. Full circle protractor having a scale from 0° to 
360°. 

 
 
 

 
 

 
2. Jamar handheld dynamometer: 

The dynamometer has a dual scale readout which displays isometric grip 
force from 0-90 kg (0-200 lb). The outer dial registers the result in kg and the 
inner dial registers the result in lb. It has a peak hold needle which 
automatically retains the highest reading until the device is reset. The data 
will be measured in kilograms. 

 
 

3. Measuring Tape: 
Product description: Flexible fiberglass measuring tape  

Dimensions: 60 inches/ 150 cm long × 5 inches/ 12.7 mm wide  

Specifications: Metric measurements in 1 mm divisions 
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ANNEXURE I (D) 
FOOT CORE PROGRAM 

 
 

Week 1 Foot Core toe yoga x 10 (3 sets) 
Toe spreads x 10 (3 sets) 
Foot core doming (in sitting) x 10 (3 sets) 
Heel raise x 10 (3 sets) 
Soleus raise x 10 (3 sets) 
Calf strength isometrics (10 sec hold) x 10 

Week 2 Foot core toe yoga x10 (4 sets) 
Toe spreads x10 (4 sets) 
Foot core doming in standing x 10 (3 sets) 
Heel raise and soleus raise single leg x 10 (4 sets) 
Calf strength (20sec hold) x 10 

Week 3 Foot core toe yoga x10 (6 sets) 
Toe spreads x 10 (6 sets) 
Foot core doming in single leg x 10 (3 sets) 
heel raise and soleus raise x 10 (6 sets) 
Calf strength (30sec hold) x 10 

Week 4 Foot core toe yoga x10 (8sets) 
Toe spreads x 10 (8 sets) 
Foot core doming with single leg variations x 10 (3 sets) 
heel raise single leg x 10 (8sets) 
Calf strength (40sec hold) x 10 

Week 5 Foot core toe yoga x10 (10 sets) 
Toe spreads x 10 (10sets) 
Foot core doming with hopping drill 
heel raise and soleus raise x 10 (10 sets) 
Calf strength (45sec hold) x 10 
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                   ANNEXURE II (A) 

Participant information sheet 
Purpose: 
To ensure that written informed consent is obtained from participants according to the 
regulatory requirements of ICMR and approved by IEC. 
 
Scope: 

These standard procedures include healthy individuals with pronated foot both male 

and female who will be voluntarily willing to participate in this study. 

Responsibilities: The researcher will obtain written informed consent from all the 

participants who are volunteering to be the part of this study. 

Procedure: 

1. The researcher will select the participants among healthy individuals 

with pronated foot. 

2. The investigator will explain the interventional protocol to allay 

apprehension and answer all the queries of the participant. 

3. If the participant decides to participate then they would be consented 

according to the standard procedure. 

4. If the participant expresses interest but has some doubts, in that case 

they would be solved. 

5. If the participants are comfortable with the explanation then, they will 

fill the informed consent according to standard operational procedure. 

Study procedures will begin after the participant’s concern. 

6. Detailed medical and any other physical problem history will be 

obtained from the participants so as to verify the inclusion and exclusion 

criteria. 

7.  If participant wants to discuss this information to their family members 

then, they are entitled to do so before giving the consent. 
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General information to research participants: 

 

1. Name: 

Age: 

Sex: 

Date: 

 

2. You would be required to fill the proforma and the purpose of the research is to 

study “EFFECT OF FOOT CORE PROGRAM ON NEUROMUSCULAR CONTROL AND 

REAR FOOT ANGLE IN HEALTHY INDIVIDUALS WITH PRONATED FOOT AGED 18-35 

YEARS: A PRE-TEST POST-TEST DESIGN.” 

3. If you are willing to voluntarily participate in the study, then you are 

expected to enroll with us right from the moment of filling proforma till the 

completion of the test. 

4. If you are uncomfortable during this period then, kindly let us know so that 

we can help you and overcome your problems without any untoward effect. 

5. You will not be given any reimbursement and compensation. 

 
6. If at any moment you want to discontinue from this research study then, you 

are free to do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the 

study will be explained to you before obtaining the letter of consent. 

8. The data obtained from this study would be confidentially protected and 

maintained and if the photograph is used then your identity would not be 

revealed. If the photograph is published then, permission would be obtained. 

9. All the risk of various test procedures required for this study will be explained 

to you and accordingly the consent will be taken. 

10. If you feel exhausted or unable to complete the test you need not worry and 
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let us know so that necessary steps can be initiated. 

11. If you are not satisfied at any moment then, you can withdraw at any time 

without any consequences 

Name of Researcher:     
Phone number:  
Address: 
 
Name of Guide: 
Phone number:  
Address: 
 
Name of Institution: 
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ANNEXURE II (B) 

Participant information sheet (In Marathi) 

 

उदे्दशः 

आयसीएमआरच्या नियामक आवश्यकताांिुसार आनि आयईसीद्वारे मांजूर झालेल्या सहभागी ांकडूि लेखी 

सूनित सांमती नमळनवली जाते हे सुनिनित करण्यासाठी. 

व्याप्ती: 

या मािक प्रनियेत स्त्री आनि पुरुष दोन्हीमधे्य प्रोिेटेड पाय असलेल्या निरोगी व्यक्ीांिा समावेश आहे 

जो या अभ्यासामधे्य से्वचे्छिे सहभागी होण्यास इचु्छक असतील. 

जबाबदा: 

या अभ्यासािा भाग होण्यासाठी स्वयांसेवा करिा  ् या सवव सहभागी ांकडूि सांशोधकाांिा लेखी मानहती 

नदली जाईल. 

 

प्रक्रियाः 

1.  सांशोधक प्रोिेटेड पाय असलेल्या   निरोगी व्यक्ीांमधे्य सहभागी ांिी निवड करेल. 

 

2. अने्वषि दूर करण्यासाठी आनि सहभागीच्या सवव प्रश्ाांिी उत्तरे देण्यासांदभावत इांटरटेंशिल 

प्रोटोकॉल समजावूि साांगा. 

 

3. जर सहभागीिे भाग घेण्यािा नििवय घेतला असेल तर त्ाांिा मािक प्रनियेिुसार सांमती नदली 

जाईल. 

 

4. जर सहभागीिे स्वारस्य व्यक् केले परां तु त्ाांिा काही शांका असल्यास त्ा प्रकरिात त्ाांिे 

निराकरि होईल. 

 

5. जर सहभागी त्ा स्पष्टीकरिास आरामदायक असतील तर ते प्रमानित ऑपरेशि प्रनियेिुसार 

मानहतीिी सांमती भरतील. सहभागीच्या निांतेिांतर अभ्यासािी प्रनिया सुरू होईल. 

 

6. समावेश आनि वगळण्याच्या निकषाांिी पडताळिी करण्यासाठी सहभागी ांकडूि तपशीलवार 

वैद्यकीय आनि इतर कोित्ाही शारीररक समसे्यिा इनतहास प्राप्त केला जाईल. 

 

7. जर सहभागीला त्ाांच्या कुटुांबातील सदस्याांसह या मानहतीवर ििाव करायिी असेल तर सांमती 

देण्यापूवी ते तसे करण्यास पात्र आहेत. 
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सहभागीी ीींना सी ीींशोधन करण्यासाठी सामान्य माहहती:  

1. िाव:  

वय:  

नलगां:  

तारीन्: 

 

2. आपल्यान््ा परफॉम्ाा भररे आवशयक आहे आखख सांशोधिान््ा हेतू “१८ ते ३५ वषव 

वयोगटातील प्रोिेटेड पाय असलेल्या निरोगी व्यक्ीांमधे्य नू्यरोमुस्क्युलर कां टर ोल आनि ररअर फूट 

अँगलमधे्य फूट कोर कायविमािा प्रभाव : पूवव तथा पिात अध्ययि.” हा अभ्यासकररे आवशयक 

आहे.  

 

3. जर आपि से्वचे्छिे अभ्यासामधे्य भाग घेऊ इखच्छत असाल तर आपि परीके्षिी पूतवता होईपयंत 

प्रोफामाव भरण्याच्या क्षिापासूि आमच्यासह आमच्याकडे िोांदिी करिे अपेनक्षत आहे. 

 

4. जर आपिास या कालावधीत अस्वस्क्थता वाटत असेल तर कृपया दयापूववक आम्हाला कळवा 

जेिेकरूि आम्ही कोितीही अनप्रय पररिाम ि करता आम्ही आपल्याला मदत करू आनि 

आपल्या अडििी ांवर मात करू. 

 

5. तुम्हाला कोितीही भरपाई आनि िुकसािभरपाई नदली जािार िाही. 

 

6. जर तुम्हाला या क्षिी या अभ्यासािा अभ्यास बांद करावासा वाटला असेल तर तुम्ही तसे 

करण्यास मोकळे आहात आनि आमच्या बाजूिे कोिताही अडथळा निमावि होिार िाही. 

 

7. अभ्यासािे जोखीम, अस्वस्क्थता, फायदे आनि तोटे याांिे तपशील आपल्याला सांमतीपत्र प्राप्त 

करण्यापूवी स्पष्ट केले जाईल. 

 

8. या अभ्यासामधूि नमळालेला डेटा गुप्तपिे सांरनक्षत आनि राखला जाईल आनि जर फोटो 

वापरला गेला तर आपली ओळख उघड होिार िाही. जर छायानित्र प्रकानशत झाले तर 

परवािगी घेतली जाईल. 

9. या अभ्यासासाठी आवश्यक असलेल्या नवनवध िािण्या प्रनियेिा सवव धोका आपल्याला 

समजावूि साांनगतला जाईल आनि त्ािुसार सांमती घेतली जाईल.  

 

10. आपि थकल्यासारखे नकां वा कसोटी पूिव करण्यात अक्षम झाल्यास आपल्याला काळजी 

करण्यािी आवश्यकता िाही आनि आम्हाला कळवा जेिेकरुि आवश्यक पावले उिलता 

येतील. 
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11. आपि कोित्ाही क्षिी समाधािी िसल्यास आपि कोित्ाही पररिामानशवाय कधीही माघार 

घेऊ शकता. 

 

12. सांशोधकािे िाव:  

फोि िांबर:  

पत्ता: 

 

13. मागवदशवकािे िाव: 

फोि िांबर: 

पत्ता: 

 
14. सांस्क्थेिे िाव: 
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Annexure II (c) 

Participant information sheet (In Hindi) 

उदे्दश्य: 

यह सुनिनित करिे के नलए नक प्रनतभानगयोां से नलखखत सूनित सहमनत प्राप्त की जाती है। 

 

स्कोप: 

इस मािक सांिालि प्रनिया में पुरुष और मनहला दोिोां की जिसांख्या शानमल है और से्वच्छा से इस 

अध्ययि में भाग लेिे के नलए तैयार है। 

 

दाक्रयत्व: 

शोधकताव उि सभी प्रनतभानगयोां से नलखखत सूनित सहमनत प्राप्त करेगा जो इस अध्ययि का नहस्सा बििे 

के नलए स्वयां सेवा कर रहे हैं 

 

प्रक्रिया: 

1. शोधकर्ता प्रोनटेड पैर वतले  स्वस्थ नतगररकोों के बीच प्रतर्भततगयोों कत चयन करेगत। 

2. जाांिकताव सभी आशांकाओां के नलए प्रयोगात्मक प्रोटोकॉल की व्याख्या करेगा और प्रनतभागी के सभी 

प्रश्ोां का उत्तर देगा।  

  

3. यनद प्रनतभागी भाग लेिे का फैसला करता है तो मािक सांिालि प्रनिया के अिुसार उिकी सहमनत 

होगी।  

 

4. यनद प्रनतभागी रुनि व्यक् करता है, लेनकि उस मामले में कुछ सांदेह हैं, तो वे हल हो जाएां गे।  

 

5. यनद प्रनतभागी स्पष्टीकरि के साथ सहज हैं तो वे मािक सांिालि प्रनिया के अिुसार सूनित सहमनत 

को भर देंगे।  

 

6. अध्ययि की प्रनिया प्रनतभागी की सहमनत के बाद शुरू होगी।  

 

7. समावेशी और बनहष्करि मािदांडोां को सत्ानपत करिे के नलए प्रनतभानगयोां से नवसृ्तत निनकत्सा और 

नकसी भी अन्य शारीररक समस्या का इनतहास प्राप्त नकया जाएगा।  

 

8. यनद प्रनतभागी अपिे पररवार के सदस्योां के साथ इस जािकारी पर ििाव करिा िाहते हैं तो वे सहमनत 

देिे से पहले ऐसा करिे के हकदार हैं। 

 

 

अनुसीींधान प्रक्रतभाक्रगयो ीीं को सामान्य जानकारी:  

1. िाम: 

 उम्र: 

 नलांग:  

नदिाांक: 
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2. आपको प्रोफामाव भरिा होगा और शोध का उदे्दश्य अध्ययि करिा होगा 

“18 से 25 वषव  आयु के  प्रोिटेड पैर वाले  स्वस्क्थ िागररकोां मे नु्यरोांमस्क्युलार कण्ट्र ोल और 

रेअर फूट कोि पर फूट कोर कायविम का असर: पुवव पिात िाििी 

 

3. यनद आप से्वच्छा से अध्ययि में भाग लेिे के इचु्छक हैं तो आपसे यह अपेक्षा की जाती है नक 

परफॉमाव भरिे के क्षि से लेकर परीक्षि पूरा होिे तक हमारे साथ िामाांकि करें।  

 

4. यनद आप इस अवनध के दौराि असहज हैं, तो कृपया हमें बताएां  तानक हम आपकी मदद कर 

सकें  और नबिा नकसी अनप्रय प्रभाव के आपकी समस्याओां को दूर कर सकें ।  

 

5. आपको कोई प्रनतपूनतव और मुआवजा िही ां नदया जाएगा।  

6. यनद नकसी भी क्षि आप इस शोध अध्ययि से हटिा िाहते हैं तो आप ऐसा करिे के नलए स्वतांत्र 

हैं और हमारी ओर से कोई बाधा िही ां होगी। 

 

7. सहमनत पत्र प्राप्त करिे से पहले अध्ययि के जोखखम, असुनवधा, फायदे और िुकसाि का 

नववरि आपको समझाया जाएगा।  

 

8. इस अध्ययि से प्राप्त आांकडोां को गोपिीय रूप से सांरनक्षत और बिाए रखा जाएगा और यनद 

तस्वीर का उपयोग नकया जाता है तो आपकी पहिाि उजागर िही ां की जाएगी। यनद तस्वीर 

प्रकानशत होती है, तो अिुमनत प्राप्त की जाएगी।  

 

9. इस अध्ययि के नलए आवश्यक नवनभन्न परीक्षि प्रनियाओां के सभी जोखखमोां को आपको 

समझाया जाएगा और तदिुसार सहमनत ली जाएगी। 

 

10. यनद आप थकावट महसूस करते हैं या परीक्षि पूरा करिे में असमथव हैं, तो आपको निांता करिे 

की आवश्यकता िही ां है और हमें बताएां  तानक आवश्यक कदम उठाए जा सकें । 

 

11. यनद आप नकसी भी क्षि सांतुष्ट िही ां हैं तो आप नबिा नकसी पररिाम के नकसी भी समय वापस ले 

सकते हैं।  

 

12. शोधकताव का िाम:  

फोि िांबर:  

पता:  

 

13. गाइड का िाम:  

फोि िांबर:पता:  

 

14. सांस्क्था का िाम: 

 
 



C:\Users\convert\AppData\Local\Temp\1\task-601096936\b2a3ed675330e70b90f7e117543ef3d2.doc [Page : 34] 
   

 

 

 

 

 

 

ANNEXURE II (D) 

 
LETTER OF CONSENT 

“EFFECT OF FOOT CORE PROGRAM TO IMPROVE NEUROMUSCULAR CONTROL IN HEALTHY 

INDIVIDUALS WITH PRONATED FOOT AGED 18-35 YEARS: A PRE-TEST POST-TEST DESIGN.” 

 

• I have received an explanation of the nature, purpose, duration and foreseeable 

effects and risks of the trial and what I will be expected to do. My questions have 

been answered satisfactorily. 

• I understand that my participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of 

benefits to which I am otherwise entitled. 

• I further understand that any information that becomes available during the course 

of the study that may affect my willingness to take part will be informed to me. 

• Institutional Ethics Committee authorities may wish to examine my medical records 

to verify the information collected. By signing this document, I give permission for 

this review of my records. 

• I understand that my identity will not be revealed in any report or publication. 

• I agree to take part in the above study. 

  

 

 

 

_____________________                   __________                              

Name of research participant                  Signature/Thumb                                                               

  Date: 
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ANNEXURE II (E) 

सोंमर्ी 
“१८ ते ३५ वषव वयोगटातील निरोगी व्यक्ीांमधे्य नू्यरोमुस्क्युलर कां टर ोल आनि ररअर  फूट अँगलमधे्य 
फूट कोर  कायविमािा प्रभाव : पूवव तथा पिात अध्ययि .” 
 

• उपक्रमतचे स्वरूप,कतरण, कतलतवधी त्यतचे पुढील पररणतम आतण उपक्रमतचे धोके र्सेच यत 
अभ्यतसतर्ील मतझी भूतमकत मलत समजतवली गेली आहे .मतझे सगळे प्रश्न समतधतनकतरकररत्यत 
सोडवले गेले आहे . 

• मतझत यत उपक्रमतर्ील सहभतग पूणापणे ऐच्छिक आहे आतण मी  कोणत्यतही वेळी, कोणरे्ही 
कतरण न देर्त, कुठलतही दोंड न भरर्त  आतण मलत तमळण्यतचत अपेतिर् फतयदत यतोंमधे्य 
कुठलतही बदल न होर्त मी यत अभ्यतसतरू्न कुठल्यतही िणी मतघतर घेऊ शकरे् /शकर्ो . 

• उपक्रमतदरम्यतन उपलब्ध होणतऱ्यत कोणत्यतही मततहर्ीमुळे मतझ्यत उपक्रमतर्ील भतग घेण्यतवर 
पररणतम होऊ शकर्ो हे मलत सतोंतगर्ले जतईल . 

• तवद्यतलयीन सोंतमर्ीमततहर्ी गोळत करण्यतसतठी मतझी आधीची वैद्यकीय पत्रक पतहू शकर्तर् .यत 
पत्रकतवर सही केल्यतवर मी त्यतोंनत र्शी अनुमर्ी देरे् /देर्ो. 

• मी हे जतणरे्/जतणर्ो तक मतझी ओळख कुठल्यतही र्सेच कोणत्यतही मततहर्ीर्/प्रकतशनतर् 
प्रदतशार् केली जतणतर नतही .    

• मी ह्यत उपक्रमतर् सहभतगी होण्यतसतठी सोंमर्ी देर् आहे 

 

 

 

 

 

सहभतगी सदस्यतचे नतव          स्वतिरी /अोंगठ्यतचत ठसत           तदनतोंक : 
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ANNEXURE II (F) 

सहमतर् – पत्र 

“18 से 25 वर्ा आयु के प्रोनटेड पैर वतले स्वस्थ नतगररकोों मे नु्यरोोंमस्युलतर कण्ट्र ोल और रेअर फूट 

कोन पर फूट कोर कतयाक्रम कत असर: पुवा पश्चतर् चतचणी.” 

 

• इस अभ्यतस कत स्वरुप, अवकतश, इससे जुड़े सोंभतव्य खर्रे, सोंभततवर् प्रभतव और मुझे जो 

करनत है उस के बतरे में स्पष्ट जतनकतरी तमली है।  

• इस अभ्यतस में सहभतगी होने कत मेरत खुद कत तनणाय है.मैं तकसी समय अभ्यतस को 

छोड़कर जत सकर्ी/सकर्तहू। इसके तलए मैं कोई भी मतनदोंड यत भरपतई करने के तलए 

बोंधी/बोंधत नही ों हूूँ।   

• अभ्यतस के दौरतन उपलब्ध अन्य जतनकतरी तजस से अभ्यतसक्रम में भतग लेने पर असर 

पड़ेगत वह मुझे बर्तयत जतयेगत।  

• मेरी जतोंच कत जो मूल्यतोंकन हुआ है, उसे सोंस्थत के समतलोचक मोंडल के अतधकतरी परख 

सकरे् है।इस पत्र पर हस्ततिर कर के मैं यह अनुमतर् देर्त हूूँ यत देर्ी हूूँ । 

• मेरी पहचतन तकसीभी वृर्तोंर् यत प्रकतशन में 

प्रकततशर् नही ों होगी। 

• मैं अभ्यतसक्रम के तलए सहमर् हूूँ। 

 

____________         _________________              

सहभतगी कत नतम          हस्ततिर यत अोंगूठे कत 

तनशतन              तदनतोंक 
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ANNEXURE III 

TIMELINE AND GANTT CHART 

 

OCTOBER 2019 ALLOCATION OF THE GUIDE 

NOVEMBER 2019 TOPIC FINALIZTAION FOR THE SYNOPSIS 

DECEMBER 2019 STARTED WORKING FOR THE SYNOPSIS 

JANUARY 2020 INSTITUATIONAL ETHICAL CLEARENACE 

OBTAINED 

FEBRUARY 2020 BORS APPROVAL 

MARCH 2020 

 

SYNOPSIS SUBMISSION TO MUHS 

APRIL 2020 TO 

MARCH 2021 

DATA PRESENTATION AND ANALYSIS 

APRIL 2021 DISCUSSION AND 

CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 
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ANNEXURE IV (A) 

PERMISSION LETTER 

 
Subject: Permission to carry out research work. Respected Sir/Madam, 

 

I, Miss, student of Master of Physiotherapy, would request you to grant me permission to 

carry out my research work. My research topic is, “EFFECT OF FOOT CORE PROGRAM ON 

NEUROMUSCULAR CONTROL AND REAR FOOT ANGLE IN HEALTHY INDIVIDUALS WITH 

PRONATED FOOT AGED 18-35 YEARS: A PRE-TEST POST-TEST DESIGN.” 

 

For this purpose, I would be utilizing the institution and the equipments required for the 

same would be kept in the same premises and the subjects would be studied in the 

institution. 

 

I kindly request you to do the needful in this regard. Thanking you in anticipation. 

 

Yours sincerely,  

Research student 

Date: 

Place: 

Guide: 

Head of Institute 
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ANNEXURE IV (B) 

PERMISSION LETTER 
 

To, 

The Chairman, 

Ethical Committee 

 
Subject: Permission to carry out research work. 

I student of Master of Physiotherapy, would request you to grant me permission to carry 

out my research work. 

My research topic is, “EFFECT OF FOOT CORE PROGRAM ON NEUROMUSCULAR 

CONTROL AND REAR FOOT ANGLE IN HEALTHY INDIVIDUALS WITH PRONATED FOOT 

AGED 18-35 YEARS: A PRE-TEST POST-TEST DESIGN.” 

I promise that the ethics as well as subjects care shall be duly complied. I kindly request 

you to do the needful in this regard. 

Yours sincerely,  

Research student  

Date: 

Place: 
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ANNEXURE V 

Abbreviations: 
 
 

1. MLA- medial longitudinal arch 
2. RFA- Rear Foot Angle 
3. Kg- Kilogram 
4. Cm- Centimeter 
5. SD- Standard deviation 
6. IEC- Institutional ethical committee 
7. BORS- Board Of Research Science 
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Introduction: 

           In today’s world,urbanisation  has played a huge role in increasing incidence of various 

medical conditions,owing to the changes in lifestyle,diet and work culture.One such condition 

is obesity.The terms obesity and overweight are frequently  heard now as compared to 

yesteryears, and are gaining momentum. 

As per the World Health Organisation(WHO), overweight and obesity are defined as abnormal 

or excessive fat/adipose tissue mass accumulation having potential to imapir health of 

individuals various ways.It is a multifactorial chronic disease which is related to genetic 

factors, change in dietary habits and sedentary lifestyle.(1) Obesity is a common eating disoder  

in developed countries. The prevalance of overweight and obesity has grown in the developed 

and developing countries making it a global concern.WHO declared obesity as a global 

epidemic,due to the increasing prevalance day by day.(2)  It is approximately affecting three 

hundred million people in the world, which has increased the risk of death and reduced life 

expectancy. It was once considered a high-income country problem but now it is on the rise in 

low and middle-income countries, particularly in urban settings.(3) 

 In India, obesity is growing it’s roots and the prevalence  was found to be 30-65% of adult 

urban population as per ICMR-INDIAB Study (PhaseI).(4)  Comparing men and women, 

prevalance of overweight/obesity in indian women is higher. Among the various age groups, it 

is observed that women in late 30’s are more overweight or obese than the reference group in 

15-24 years, as physical activity declines, along with metabolic rate, in the middle years of 

women.(5)  

The terms normal weight, overweight, obese, are classified as per WHO guidelines. This 

classification was given on the basis of Body Mass Index(BMI). BMI is calculated as 

𝐰𝐞𝐢𝐠𝐡𝐭(𝐤𝐠)

𝐡𝐞𝐢𝐠𝐡𝐭 (𝐦𝟐)
 The BMI classification for Asians ranges as; 
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Underweight; <17.50, 

Normal weight; 17.50 - 22.99,  

Overweight; 23.00 - 27.9 

Obese; > 28.00 kg/m2. (6) 

It is well known that obesity has a negative impact on life, in terms of both quality and 

quantity, thus, increasing the risk of mortality. Over the time obesity has been strongly 

associated with several co-morbidities like hypertension, dyslipidemia, diabetes mellitus, 

coronary heart diseases, stroke, myocardial infarction, respiratory ailments, colon and breast 

cancers, osteoarthritis and other musculoskeletal disorders. (6, 7, 8, 9)  It has been found in many 

studies that overweight and obese individuals suffer from a greater prevalence of 

musculoskeletal pain, disorders, particularly in the lower limbs. (10, 11, 12) Despite the 

multifactorial nature of musculoskeletal disorder, increased BMI has been repeatedly found to 

be an essential and potentially modifiable risk factor in the onset and progression of 

musculoskeletal disorders that affect the lower limbs, such as knee and hip osteoarthritis. (13, 14)   

In addition, a higher BMI is known to have profound effects on soft-tissue structures, such as 

tendons, fascia and cartilage, ligaments. (15)   The negative impact of a higher BMI extends 

beyond physiological aspects; as large number of work-related tasks and daily activities that 

involve upright standing positions, stair climbing, squatting, walking requires efficiency. 

Individuals who are obese/overweight lack this efficiency and at greater risk for injury when 

compared to those who are normal weight while performing these tasks of daily life. Lower 

extremity plays an important role in executing these tasks, as it requires individuals to be on 

their feet for all their weight bearing activities. Being on the higher side of BMI also puts an 

individual at a risk of various orthopedic complications. These complications include 
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musculoskeletal pain, low back pain and discomfort, fractures, tibia vara (Blount’s disease) 

both valgus and Varus deformity and other lower extremity misalignments. (10, 16, 17)  

Out of all the misalignments, pronation of foot in obese/overweight individuals is quite 

common and important. It might be a consequence of increased stress within the bones, joints 

and soft tissues due to excess weight. (11)   Foot problems are common because the interface 

between body and ground is subjected to high stresses and load. The foot provides a stable 

support for the body, attenuates impact and rotational forces, provides sensory information 

and combines flexibility and stability for propulsion of the body (8, 18) 

There are various biomechanical variables that are taken into consideration while evaluating 

lower limb alignment like tibiofemoral angle, femur anteversion, Q-angle, genu recurvatum, 

tibial torsion, navicular drop, leg heel alignment, etc. Out of all of them, Q-angle is the most 

recurrently studied variable. It gives an idea of how the thigh muscles work to move the knee 

and also how the patella tracks in the groove of the knee joint. Along with this, it is a 

multifactorial measure of pelvic position, hip rotation, tibial torsion, patella position and foot 

position. There is an inverse relation of Q-angle with quadriceps strength, signifying that those 

who have beyond normal Q-angle values have lesser quadriceps strength, placing them at 

higher risk of developing patellofemoral joint disorders by altering the patellar tracking. (18)    

Apart from this, the rotational abnormalities of the lower extremity, is considered as an 

important assessment of the alignment. One such rotational alignment is tibial torsion, which 

is equalizer between the proximal and distal segments of leg. Tibia and fibula twist from 

proximal to distal, in the transverse plane. Tibial torsion is measurement of the angle of lateral 

rotation of the tibia. (19) The common most sign of torsion is seen at younger age in the form of 

“In-toeing or Out-toeing” deformities. However these deformities resolve with time and it is a 

course of the development of normal tibia torsion angle. It is an important mediator of lower 

limb alignment as torsion transmits to the foot altering normal alignment.(20) Leg-heel 
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alignment is the angle between calcaneus and tibia, an indicator of supinated or pronated foot, 

another important determinant of lower limb alignment. Pronation of foot, flat feet and 

calcaneal eversion are highly prevalent in obese individuals (8, 18)   

Any changes in these determinants causes misalignment of lower limb that can cause 

permanent damage and can progress to degenerative changes in the future especially in 

women.(21)  Women have a higher risk of lower extremity misalignment due to different 

anatomical alignments, lower pain thresholds than males. (22, 23) 

It becomes even more important to assess Q-angle, tibial torsion, leg heel alignment 

considering the higher risk of injuries due to misalignment in women.  

 

 

 

 

 

 

 

 

 

 

 

 



10 
 

RATIONALE OF THE STUDY:  

Lower limb alignment plays an important role in proper functioning of the limbs, like gait, 

posture and in maintaining balance. Disturbance in this is known to cause various 

musculoskeletal disorders, misalignment and functional impairment. (24)  Q-angle, tibial 

torsion, and leg heel alignment, are important determinants of lower limb alignment and 

biomechanics. The malalignment like pronation/supination of foot, (8) rotational deformities 

and genu valgum or Varus are known to increase the risk of musculoskeletal pain and injuries. 

Increased Q-angle, tibial torsion and pronated foot is strongly associated with patellofemoral 

conditions, ACL injury, tibial stress fractures, plantar fasciitis (25) Lower limb misalignment is 

known to further alter joint and bone health leading to acceleration of the degenerative 

changes at an early age. (21)    

Numerous studies have reported that overweight and obese individuals are at increased risk of 

musculoskeletal injuries. It was found that in obese individuals the locomotor system is loaded 

additionally due to excess weight, raising stress within the connective tissue structures, 

leading to functional limitations and structural changes that might lead to misalignment. Other 

than obesity being women was also a risk factor for malalignment. (25) 

Women are at increased risk of malalignment, particularly greater Q-angle, abnormal tibial 

torsion and leg heel alignment as compared to males. (26) This may be a result of increased 

pelvic width (22), reduced knee muscle strength leading to excessive abnormal joint loading 

and knee injury, resulting in knee misalignment. (27)  

Identifying parameters that affect the normal alignment of lower limb facilitates development 

of an understanding of important risk factors related to any misalignment. Also, knowledge of 

these parameters will support more accurate therapy treatments for the rehabilitation. 
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Obesity is commonly associated with flat feet particularly in children, orthopedic conditions, 

knee alignment,(25) but there is less literature available where more than one alignment 

parameters are collectively assessed and compared among categories BMI, in women . 

Therefore, in the present study Q-angle, heel alignment and tibial torsion were selected.  

So, it is of great interest to examine whether there is an increase in abnormal values of leg heel 

alignment, tibial torsion and Q-angle among the overweight and obese as compared to normal 

weight women. It is important to correlate these angles with BMI, as it gives an understanding 

of the malalignment of the lower limbs in the overweight and obese women. The findings of 

this study will be helpful for adequate management of the problems of obese women, and to 

give healthy lifestyle advice proactively. Therefore, present study aims to associate Leg heel 

alignment, tibial torsion and Q-angle with normal weight, overweight and obese women, aged 

30-40 years. 
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Primary Research question: Is there any statistically significant association of leg heel 

alignment, tibial torsion, and Q-angle in bilateral lower limbs with normal weight, overweight, 

obese women aged 30-40 years? 

 

Secondary research question 1/2: NA 
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Primary Hypothesis (alternate): There is a statistically significant association of leg heel 

alignment, tibial torsion, and Q-angle in bilateral lower limbs with normal weight, overweight, 

obese women aged 30-40 years 

Null hypothesis: There is no statistically significant association of leg heel alignment, tibial 

torsion, and Q-angle in bilateral lower limbs with normal weight, overweight, obese women 

aged 30-40 years 

Other hypothesis: NA 
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Review of literature: 

Ehab M. Kamel, et al(2021) attempted to study “Association between spinal, knee, ankle 

pain, and obesity in preadolescent female students in Ha’il, Saudi Arabia” on 571 

preadolescent females. They were divided as obese and non-obese groups on the basis of 

Body Mass Index (BMI) values. Out of the total sample population, 162 (28.37%) 

females were categorized as obese. A significant relationship was found between obesity 

and cervical and knee pain in this study, indicating that obese were more likely to 

experience cervical and knee pain than non-obese students. They also concluded that 

there was no significant relation between obesity and spinal and ankle pain. (28)   

A prospective cohort research by Farzaneh Saki, Ali Yalfani et al. entitled as, 

“Anatomical Risk Factors of Lateral Ankle Sprain in Adolescent Athletes: A Prospective 

Cohort Study” was published in the year 2020. The purpose to pilot this study was to 

recognize anatomical and functional intrinsic risk factors for lateral ankle sprain (LAS) in 

152 adolescent athletes participating in team sports. Out of the outcome measures 

navicular drop, tibia vara, Q angle, tibia torsion, knee recurvatum, and ankle ROM, 

increased navicular drop (OR=1.767,p<0.001), and knee recurvatum (OR=1.881, 

p=0.002) were highly associated with ankle sprain incidence. Q-angle and tibial torsion 

didn’t show any significant relation with prevalence of ankle sprains. (l) 

K.Vijayakumar and D.Dineshkumar (2020)conducted an interventional study, “Effects of 

Therapeutic Weight Loss Exercises on Obese Indivduals with Genu Valgum Deformity” 

in 50 overweight and obese males. Weight reduction exercises were given to patients with 

a view, to assess the difference between pre and post values of Q-angle. It was evident 

from the results that genu valgum is associated with BMI and that sedentary lifestyle and 

physical inactivity has a vital role to play for obesity in the advancement of genu valgum. 

Therefore early detection is important for planning better treatment strategies. (30) 
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Egret C et al (2019) conducted a study to investigate the differences between ascending 

and descending stairs in an obese population compared to normal body mass population. 

Lower extremity kinematic and kinetic data were collected while ascending and 

descending the stairs at self-selected walking speeds. Results indicated that obese 

individuals adopt a different kinematic and kinetic stair ascending and descending 

strategies. (31)  

Nihar Ranjan Mohanty (2019) conducted a study to find out the effects of various lower 

extremity biomechanical alignment variables on Q-angles bilaterally in state level female 

basket-ball players. Bilateral lower extremity alignment variables, i.e. tibiofemoral angle, 

Q-angle, tibial torsion, calcaneal eversion were measured. Significant positive correlation 

of right Q-angle was seen with right tibiofemoral angle /right navicular drop and of left 

Q-angle was observed with left tibiofemoral angle, left tibial torsion and left navicular 

drop. (32) 

A survey was piloted by Noam Shohat et al entitled “Clinical Knee Alignment among 

Adolescents and Association with Body Mass Index: A large prevalence study” in the 

year 2018. A total of 47,588 candidates were enrolled in this study and the analysis of 

clinical knee alignment was done for a period of 11 years. The prevalence rates of genu 

varum and genu valgum were evaluated using intercondylar distance (ICD) or 

intermalleolar distance (IMD). The prevalence rate of varum was 11.4% and that of 

valgum was 5.6%. From the results, it was evident that genu valgum was more prevalent 

in females significantly. Also it had more significant prevalence in obese and overweight 

subjects as compared to normal and underweight subjects.(33) 

In a Single-center retrospective review (2017) entitled “The impact of obesity on 

compensatory mechanisms in response to progressive sagittal malalignment”, done by 

Cyrus M.Jalai et al, on 554 subjects, concluded that with progressive sagittal 

malalignment, obese patients differentially recruit lower extremity compensatory 
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mechanisms, whereas non-obese patients preferentially recruit pelvic mechanisms. The 

ability to compensate for progressive sagittal malalignment with the pelvic retroversion is 

limited by obesity. (34) 

Rajeev Choudhary, Mudasir Malik et al. related the Q-angle values with age, weight, 

height, gender, bilateral and postural variations in 450 adult healthy individuals including 

males, females students and labourers. This was a cross sectional study named, “Effect of 

various parameters on Quadriceps angle in adult Indian population”, published in the year 

2017 concluded that females had higher significant Q-angle values as compared to males, 

also that left lower limb had higher values as compared to right lower limb. The results 

indicated that there was negative correlation of height with Q-angle also weight didn’t 

have a significant relation with Q-angle. It’s important to take these factors into 

consideration before planning a treatment protocol. (35) 

A study conducted by Supa Pengpid and Karl Peltzer titled “Prevalence and correlates of 

underweight and overweight/obesity among women in India: results from the National 

Family Health Survey 2015–2016”, which is a population based cross-sectional study, 

states that Indian women of the age 15-49 years have higher prevalence of overweight 

and obesity. (5) 

A study titled “A correlation between leg heel alignment, tibial torsion and Q angle 

amongst normal, overweight and obese Individuals” in the year 2016 was conducted by 

Heggannavar A, Battula L and Metgud S in 60 adult subjects with 20 in each group. The 

authors concluded that with increase in weight, there are changes seen in Q angle, tibial 

torsion and leg heel alignment. There was significant correlation between leg heel 

alignment, tibial torsion and Q angle, indicating that lower limb alignment alters as one 

angle increases the other (36) 
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In the year 2016, literature given by Sami S. AlAbdulwahab and Shaji John Kachanathu 

entitled, “Effects of body mass index on foot posture alignment and core stability in a 

healthy adult population” aimed to observe the impact of BMI on FPI and core stability. 

Sample population included 39 healthy adults, including who were on the higher side of 

BMI. Spearman correlation coefficient was used, which indicated significant correlation 

between BMI and FPI with r value of 0.504 and p value of 0.001. The findings of this 

study implement that foot posture and core stability bears the brunt of higher BMI.(37)  

Alyssa B. Dufour et al carried out a review (2015) entitled, "Does Foot Structure or Foot 

Function Protect against Hallux Valgus”, to find the associations between obesity 

categories, with foot pain and foot disorders (hallux valgus, claw, hammer, overlapping 

toes), and to determine if these associations differ by foot structure or by foot function. In 

women, there was an increased odds of foot pain with all categories of obesity. Severely 

obese women were 40% likely to have hallux valgus compared to normal weight women. 

(38) 

Usa Karukunchit, Rungthip Puntumetakul et al. on the basis of cross-sectional survey 

named “Prevalence and risk factor analysis of lower extremity abnormal alignment 

characteristics among rice farmers”, in 2015 with a sample size of 249, estimated female 

sex and overweight/obesity as risk factors for lower extremity misalignment. As per 

statistics, there was highest prevalence of leg heel misalignment followed by abnormal Q-

angle and tibial torsion in women. (26) 

A literature presented by Pooja P Popat, Ankur R Parekh in 2014 titled, “Biomechanical 

variation of joint angles in overweight females”, aimed to determine biomechanical 

variation of the joint angles of the lower limb such as calcaneal eversion (CE), 

gastrocnemius extensibility (GE), angle of toe-out (ATO), and Q-angle in overweight 

females. The results showed that there was significant increase in CE and ATO among 

overweight females as compared to normal females. (39) 
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A review was done by Hugo Machado Sanchez, in the year 2014, labelled as “evaluation 

of q angle in different static postures”. This descriptive cross sectional study, with a 

sample size of 62 including both male and females, compared the Q-angle in various 

positions with the lower extremities internally and externally rotated. The positions 

adapted in this review were supine with feet neutral, supine with limbs externally rotated, 

standing with feet neutral, and standing with external rotation of limbs. There were 

significant differences seen in supine and standing positions with feet neutral and 

externally rotated limbs in females on the left side.(40) 

In a huge population sample of (n = 44,793), an investigation was conducted by Laura 

Viester et al. in the year 2013 named, “The relation between body mass index and 

musculoskeletal symptoms in the working population”. They applied logistic regressions 

with an objective to study the association between BMI and musculoskeletal symptoms. 

Among the overweight and obese, a higher prevalence of musculoskeletal symptoms 

particularly of lower extremities was found where overweight had OR 1.13, 95% CI and 

obesity had OR 1.28, 95% CI. Also it was evident that obesity has a direct relation with 

development of these symptoms, and inverse relation with recovery from the same 

symptoms. These findings clearly support that lower limbs are at increased risk of 

musculoskeletal symptoms with high BMI. (25)  

M C Liebensteiner, Larsson J et al (2011) conducted a study that reports musculoskeletal 

changes specifically in overweight/obese women (n=80) and also found muscular 

deficiencies, mobility difficulties and altered biomechanics of lower limb when compared 

with the normal weight women, as the reference group. (41) 

Andrzej Czamara et al (2011) concluded with his study done “To evaluate the effect of 

physiotherapy on the strength of muscles responsible for tibial internal rotation (IR) in 

patients after anterior cruciate ligament reconstruction (ACLR)”,that the 21-week 
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physiotherapy in ACLR patients favorably affected the PT values of tibial rotator muscles 

of the operated knees. In the third group, the IT values did not indicate a complete 

improvement after 12 months without systematic physiotherapy. (42) 

Sandra J Shultz et al.(2007) tried to estimate the relation between the knee joint laxity 

and lower limb alignment. Variables like anterior pelvic angle, hip anteversion, 

tibiofemoral angle, genu recurvatum, and navicular drop were measured in both the 

genders. Lower anterior pelvic tilt, greater knee hyperextension and foot pronation 

predicted greater anterior knee laxity in both the genders, while genu recurvatum and 

navicular drop had the greatest effects on anterior knee laxity. These findings showed 

associations between lower extremity alignment and anterior knee laxity proposing that 

alignment of the hip, knee, and ankle joints might have a relation with or add to abnormal 

loading patterns at the knee, possibly putting up excess stress on the capsuloligamentous 

structures and boosting joint laxity. (43)  

S. C. Wearing, E. M. Hennig, N. M. Byrne, J. R. Steele, A. P. Hills (2006) led a study 

entitled “Musculoskeletal disorders associated with obesity: a biomechanical 

perspective”, indicates that obesity may have a significant effect on soft‐tissues, such as 

tendon, fascia and cartilage. The functional and structural limitations caused by the excess 

loading of the locomotor system in obesity have been known to produce aberrant 

mechanics during locomotor tasks, thereby raising stress within connective‐tissue 

structures and the risk for musculoskeletal injury.(11) 

Felson DT, Goggins J, et al concluded with their study “The Effect of Body Weight on 

Progression of Knee Osteoarthritis is Dependent on Alignment”,(2004) that 22% of the 

sample subjects(obese) reported disease progression and there was association of lower 

limb alignment with progression risk.(21)  

https://pubmed.ncbi.nlm.nih.gov/?term=Shultz+SJ&cauthor_id=20948985
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In a study conducted by Kristiansen L et al., in the year 2001 on “The normal 

development of Tibial torsion”; the tibial torsion angle was evaluated by computed 

tomography (CT). Seventy eight normal individuals aged 3-51 years were examined and 

conclusion was made that tibial torsion in children mainly develops during the first 4 

years of life and after that it remains constant throughout life. (20) 

In a cross-sectional study (2000) titled “The mechanism of the effect of obesity in knee 

osteoarthritis: the mediating role of malalignment”, involving 300 cases of OA of the knee, 

Sharma et al. found that BMI was positively associated with the severity of joint-space 

narrowing in individuals with varus alignment of the knee, but not in those with valgus 

alignment when determined by full-limb radiographs. It was revealed that varus alignment 

of the knee joint results in increased medial compartment loading. (44) 

Syed and Davis (2000) proposed in a study “Obesity and osteoarthritis of the knee: 

hypotheses concerning the relationship between ground reaction forces and quadriceps 

fatigue in long-duration walking”, that reduced muscle strength relative to body weight 

induces earlier fatigue of the quadriceps muscles in the obese which, in turn, reduces 

shock attenuation and increases the loading rate and variability at the knee during gait. (45) 

In 1987 “The Effect of Excessive Subtalar Joint Pronation on Patellofemoral Mechanics: 

A Theoretical Model”, by David tiberio states that whenever a patient has excessive 

pronation of the foot, Q-angle stresses are magnified. Prolonged time in pronation causes 

excessive internal rotation of the tibia, impeding its normal external rotation during gait 

progression in the stance phase. This excessive internal tibial rotation transmits abnormal 

forces upward in the Kinetic Chain and produces medial knee stresses, force vector 

changes of the quadriceps mechanism, and lateral tracking of the patella. (32)   
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Primary Objective: 

1) To find the association of leg heel alignment, tibial torsion and Q-angle in bilateral 

lower limbs with normal weight, overweight, obese women aged 30-40 years.  

Other objective 1: To compare leg heel alignment, tibial torsion and Q-angle values among 

normal weight, overweight, obese group. 
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Materials and methodology: 

     Study design- An analytical cross-sectional study 

     Study setup- tertiary health care center 

     Study duration- 18 months 

     Sampling technique- convenient sampling method  

     Study population- normal weight, overweight, obese women 

     Sample size- 90 (n); 30 in each group 

The calculation of the sample size was based on the mean and standard deviation, of a 

previously done study. (40) Mean and standard deviation in normal weight group is 

13.88±4.26 and in overweight group is 20.12±4.52 

By keeping α= 5% and β= 20% using the following formula sample size was calculated 

n = 
4(𝑍𝛼+𝑍𝛽)²𝑆𝐷2

�̅�1−�̅�2
 

Where 𝑍𝛼 is standard normal variate at α level 

         𝑍𝛽 is standard normal variate at β level 

         SD is combined standard deviation 

     �̅�1 is mean with standard deviation of normal weight participants 

     �̅�2 is mean with standard deviation of overweight participants 

Sample size was 90, (30 for each group) 

Inclusion criteria-   
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 Age: 30-40 years old 

 Gender: females   

 BMI (Kg/m2)  

 Group A; 18 -22.99 (Normal weight)  

 Group B; 23.00 - 27.9 (Overweight)  

 Group C; 28≤ (Obese)  

 Individuals who are willing to participate 

 

Exclusion criteria: 

• Any recent/ misaligned fractures of lower limb  

• Congenital conditions-genu valgus/Varus/CTEV, etc. 

• Corrective surgeries, or using foot orthotics 

• Flexion deformities of  knee  

• Any knee or foot pathology 

• Any unilateral lower limb misalignment  

• Limb length discrepancy 

• Underweight females (BMI <17.99 kg/m2) 
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    Operational definitions: 

• Overweight/Obesity is defined as excess or abnormal accumulation of the body fat or 

adipose tissue mass, where overweight includes females having BMI ≥ 23 kg/m2 and 

obese females having BMI ≥ 28 kg/m2  (1)  

• Q-angle is the angle formed by lines representing 

the pull of the quadriceps muscle and the axis of the patellar tendon i.e. intersection of 

line from ASIS to midpoint of patella with line from tibial tuberosity to patellar 

midpoint. Normally it is 13 degrees for males and 18 degrees for females (18) 

• Tibial torsion is the measurement of angle of lateral rotation of the tibia. The angle 

formed is 13 degrees to 18 degrees normally (18) 

• Leg-heel alignment is measuring angle between calcaneus and tibia. If the line are 

parallel or in slight Varus, that is 2 degree to 8 degree, the leg-to-heel alignment is 

considered normal (18)  

Variables: 

Independent 

• BMI 

Dependent  

• Tibial torsion angle  

• Q-angle  

• leg heel alignment  
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Materials required: 

 Universal goniometer 

 Weighing machine  

 Pen  

 Measuring tape  

 Plinth  

 Stool  
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PROCEDURE:   

Permission from the head of institution and approval from the ethics committee, BOR was 

obtained. Procedure was explained in the language understood by the patient. The participants 

willing to participate in the study were informed the need and importance of the study. A 

written consent was taken from them. Participants were selected and grouped onto the basis of 

BMI and as per selection criteria. Measurements of Q-angle, Tibial torsion, leg heel alignment 

were taken as per the procedure in the three groups which is explained below. The data was 

documented and analyzed. Results were obtained. The above given procedure was conducted 

with all due measures and precautions in regards to SARS:CoV  pandemic.  

Outcome measures: 

Q-angle 

Tibial torsion 

Leg heel alignment 

Measurement of Q angle: 

Patient position- standing with hands at the side  

   Q angle will be measured by placing lower limbs at right angle to the line joining two ASIS. 

A line will be drawn from ASIS to midpoint of patella on the same side and from the tibial 

tubercle to the midpoint of patella .The angle formed by crossing these two lines is Q angle 

which normally is 13 degrees for males and 18 degrees for females will be measured by 

goniometer. (18) 

Measurement of tibial torsion:      

Patient position- prone 
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Subject will be asked to lie prone with knees flexed to 90 degrees and subtalar joint in neutral 

position. Neutral position of the subtalar joint is equal palpation of the medial and lateral 

aspects of the head of talus in relation to navicular. A thigh-foot ankle (TFA) will be measured 

between the line bisecting the posterior thigh and another line bisecting the foot. This method 

is a reliable method for measuring tibial torsion angle. Lateral rotation of 13 degrees is 

normally present. If tibial torsion is more than 18 degrees, it is referred to as a toe-out position 

and less than 13 degrees as toe-in position. (18)     

Measurement of leg heel alignment: 

Patient position- prone for marking; standing for measuring 

Subject will be first asked to lie prone with 1 leg extended and the other leg externally rotated 

and bent at the knee at approximately 90° so that the lower one-third of their leg and calcaneus 

could be bisected bilaterally using a pen. The subject will be then made to stand on the foot 

stepper in the relaxed stance position with subtalar joint in neutral position with help of 

palpation method. Neutral position of the subtalar joint is equal palpation of the medial and 

lateral aspects of the head of talus in relation to navicular. 

Fixed arm of the goniometer will be placed along the bisecting line of the lower one third of 

the leg and the movable one will be kept in line with the line bisecting the calcaneus. The 

angle between the two marked lines will be noted. This method is a reliable method for 

measuring leg heel alignment. 

Angle ≥5 degrees valgus represents a pronated foot type, 4 degrees valgus to 4 degrees Varus 

a neutral foot and ≥5 degrees Varus a supinated foot. (18)  
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General procedure  

FLOWCHART:  

Permission from the head of institution and approval from 

Institutional Ethics Committee was obtained. 

↓ 

                   Participants fulfilling inclusion criteria were selected and divided 

on the basis of basis of their BMI in three groups 

↓ 

Procedure of the study was explained and written consent was taken. 

↓ 

Measurement of Q-angle, tibial torsion, leg heel alignment was done 

↓ 

                     Data obtained was recorded and analyzed statistically and results 

were obtained. 
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Materials: 

The materials used were as follows 

 

 

 

 

 

 

 

 

                        Figure 2 Goniometer 

 

 

 

                   Figure 1 Measuring tape 
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                            Figure 3 Plinth 

 

 

                           Figure 4 Stool 
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            Figure 5 Weighing machine 

 

 

 

Figure 6 Measurement of Q-angle 
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Figure 7 Measurement of leg heel alignment 

 

 

 

Figure 8 Measurement of tibial torsion 
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Results:  

Data analysis  

Statistical software STATA version 14.0 was used for data analysis. 

Tests used for statistical analysis were: 

- One-way ANOVA test 

- Multiple comparison Bonferroni test 

- Pearson Correlation coefficient 

 

One-way ANOVA test: 

- To test the significant difference of Q-angle in both right and left lower limbs among 

normal weight, overweight, obese categories and association with BMI. 

- To test the significant difference of Tibial Torsion in both right and left lower limbs 

among normal weight, overweight, obese categories and association with BMI. 

- To test the significant difference of Leg heel alignment in both right and left lower 

limbs among normal weight, overweight, obese categories and association with BMI. 

Level of significance: 

- p-value of <0.05 was considered to be statistically significant 

 

Multiple comparison Bonferroni test: 

For group wise comparison of each variable  

- Q-angle of right and left side will be compared between: 

- Normal vs Overweight 
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- Normal vs Obese 

- Overweight vs Obese 

- Tibial torsion of right and left side will be compared between: 

- Normal vs Overweight 

- Normal vs Obese 

- Overweight vs Obese 

- Leg heel alignment of right and left side will be compared between: 

- Normal vs Overweight 

- Normal vs Obese 

- Overweight vs Obese 

 Level of significance: 

- p-value of <0.05 was considered to be statistically significant 

 

Pearson Correlation coefficient: 

- To correlate Q-angle with BMI in both lower limbs. 

- To correlate Q-angle with BMI in both lower limbs. 

- To correlate leg heel alignment with BMI in both lower limbs. 

Level of significance: 

- p-value of <0.05 was considered to be statistically significant 

 

The results of the study are: 

Total 90 women were included in this study of age 30-40 years. Participants meeting the 

inclusion criteria were selected. They were then divided in three groups on the basis of BMI. 

Each group of normal weight, overweight and obese had 30 participants. Leg heel alignment, 
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tibial torsion and Q-angle were measured with goniometer as per their respective study 

procedures.  

AGE: 

Total 90 participants were included in this study aged 30-40 years and were divided on the 

basis of BMI of which 32 participants were there in the age range of 31-35 (35.5%), 58 

participants were of the range 36-40 years (64.4%). (Table No 1,Graph No 2) 

BMI:  

The mean Body Mass Index in normal weight group was 20.93 ± 1.11; 

 In overweight group was 25.81 ± 1.28; 

 In obese group was 31.49 ± 1.77. 

(Table 2, Graph 2) 

Q-angle: 

Mean Q-angle of right side in Normal weight group was 17.63 ± 0.55; 

In Overweight group, it was 20.06 ±1.14; 

In obese group, it was 21.43 ±1.10. 

Mean Q-angle of left side in Normal weight group was 18.03 ± 0.41 

In Overweight group, it was 20.73 ±1.11 

  In obese group, it was 21.83 ±1.01 

- There was significant difference found in values of Q-angle of right and left side across 

different category of BMI with a one-way ANOVA test. Mean Q-angle was significantly 

higher in obese category as compared to Normal and overweight with p-value of 
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<0.0001, which is highly significant. It infers that there was increase in Q-angle with 

increase in BMI.    (Table 3, Graph 3) 

Q-angle of right side was compared using multiple comparison test between the following 

groups; 

Normal vs Overweight showed mean difference of 2.43 

            Normal vs Obese showed mean difference of 3.8 

               Overweight vs Obese showed mean difference of 1.36 

Q-angle of left side was compared using multiple comparison test between the following 

groups; 

Normal vs Overweight showed mean difference of 2.70 

Normal vs Obese showed mean difference of 3.8 

Overweight vs Obese showed mean difference of 1.1 

- p-value was highly significant < 0.001 in all comparisons, while the mean difference was 

highest when normal group was compared with obese group, followed by normal vs 

overweight group in both right and left sides, inferring that highest difference in Q-angle 

occurred in obese, followed by overweight women. (table 6) 

 

Tibial torsion: 

Mean Tibial torsion of right side in Normal weight group 13.3 ± 0.93 

In Overweight group, it was 18.6 ± 0.81 

In obese group, it was 20.1 ± 0.71 

Mean Tibial torsion of right side Normal weight group 13.43 ± 0.86 
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In Overweight group, it was 18.86 ± 0.82 

In obese group, it was 20.46 ± 0.77 

- There was significant difference found in values of tibial torsion of right and left side 

across different category of BMI with a one-way ANOVA test. Mean of tibial torsion was 

significantly higher in obese category as compared to Normal and overweight with p-value 

of <0.0001, which is highly significant. It infers that there was increase in tibial torsion 

with increase in BMI. (Table 4, Graph 4) 

Tibial torsion of right side was compared using multiple comparison test between the 

following groups; 

         Normal vs Overweight showed mean difference of 5.36 

         Normal vs Obese showed mean difference of 6.86 

         Overweight vs Obese showed mean difference of 1.5 

Tibial torsion of left side was compared using multiple comparison test between the following 

groups; 

         Normal vs Overweight showed mean difference of 5.43 

         Normal vs Obese showed mean difference of 7.03 

         Overweight vs Obese showed mean difference of 1.5 

 

- p-value was highly significant < 0.001 in all comparisons, while the mean difference 

was highest when normal group was compared with obese group, followed by 

normal vs overweight group in both right and left sides, inferring that highest 

difference in tibial torsion occurred in obese, followed by overweight women. (table 

6) 
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Leg heel alignment: 

Mean of Leg heel alignment of right side in Normal weight group5.03 ± 1.06 

In Overweight group, it was 6.96 ± 0.76 

In obese group, it was 8.4 ± 0.62 

Mean of Leg heel alignment of left side in Normal weight group5.40 ± 1.0 

In Overweight group, it was 7.13± 0.68 

In obese group, it was 8.67 ± 0.71 

- There was significant difference found in values of Leg heel alignment of right and left side 

across different category of BMI with a one-way ANOVA test. Mean of Leg heel alignment 

was significantly higher in obese category as compared to Normal and overweight with p-

value of <0.0001, which is highly significant. It infers that there was increase in Leg heel 

alignment with increase in BMI (Table 5, Graph 5) 

 

Leg heel alignment of right side was compared using multiple comparison test between the 

following groups; 

         Normal vs Overweight showed mean difference of 1.93  

         Normal vs Obese showed mean difference of 3.36 

         Overweight vs Obese showed mean difference of 1.43 

Leg heel alignment of left side was compared using multiple comparison test between the 

following groups; 
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         Normal vs Overweight showed mean difference of 1.73 

         Normal vs Obese showed mean difference of 3.26 

         Overweight vs Obese showed mean difference of 1.5 

- p-value was highly significant < 0.001 in all comparisons, while the mean 

difference was highest when normal group was compared with obese group, 

followed by normal vs overweight group in both right and left sides, inferring that 

highest difference in Leg heel alignment occurred in obese, followed by overweight 

women. (table 6) 

  

 

 Correlation of BMI with Q-angle, tibial torsion, leg heel alignment  

Highly Significant Correlation was seen between Q-angle of right side and BMI (r= 0.8998, p-

value <0.0001) 

Highly Significant Correlation was seen between Q-angle of left side and BMI (r=0.8821, p 

value <0.0001) (Table no 7) 

Highly Significant Correlation was seen between tibial torsion of right side and BMI (r= 

0.8751, p value <0.0001) 

Highly Significant Correlation was seen between tibial torsion of left side and BMI (r= 

0.8756, p value <0.0001) (Table no 8) 

Highly Significant Correlation was seen between leg heel alignment of right side and BMI (r= 

0.8338, p-value <0.0001) 
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Highly Significant Correlation was seen between leg heel alignment of left side and BMI (r= , 

p-value <0.0001) (Table no 9) 
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Discussion: 

An analytical cross sectional study was undertaken, with an objective to study the association 

of leg heel alignment, tibial torsion, Q-angle in bilateral lower limbs with normal weight, 

overweight, and obese women aged 35 to 45 years. Participants were selected, as per the set 

inclusion criteria, and were classified on the basis of their BMI (kg/m2) in three groups.  

 Each group had 30 participants, group 1 had normal weight women whose BMI ranged from 

18.5 to 22.99, group 2 had overweight women whose BMI ranged from 23 to 27.99 and group 

3 had obese women with BMI above 28. Every participant gave their written consent, 

following which their leg heel alignment, tibial torsion and Q-angle were measured as per the 

procedure. The data taken was then documented and analyzed. 

In the present study, we tried to analyze whether there is an increase/decrease in the angles of 

leg heel alignment, tibial torsion, Q-angle as the BMI increases. Our results showed that mean 

value of Q-angle in both the lower limbs was significantly higher in obese women as 

compared to normal weight and overweight women. Similarly, tibial torsion and leg heel 

alignment were significantly higher bilaterally, in obese women as compared to normal weight 

and overweight women. This analysis was done using One-way ANOVA test for the 

normalized data. The p value of each variable came out to be less than 0.0001 i.e. it was highly 

significant. Further, the three variables were compared group wise using multiple comparison 

test. Comparison of Q-angle, tibial torsion and leg heel alignment, was done among the 

categories of BMI as follows; normal weight versus overweight, normal weight versus obese, 

overweight versus obese. In both right and left lower limbs, all the three variables had highly 

significant difference between normal weight versus obese, followed by normal weight versus 

overweight, overweight versus obese. This study also observed Correlation of BMI with leg 

heel alignment, tibial torsion, Q-angle which was highly significant in bilateral lower limbs. 
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In a cohort study, (10) Taylor et al. (2006) tried to investigate the effects of pediatric obesity on 

musculoskeletal health, where they found a higher prevalence of abnormal lower limb 

alignment among obese children. Being overweight was found to be a risk factor for lower 

extremity malalignment, chiefly abnormal pelvic tilt, Q angle, and tibiofemoral angle, rear 

foot angle. (46, 25, 47)  Obesity has damaging effects on the musculoskeletal system especially on 

the lower extremity, thus altering the alignment of the hip, knee and ankle.(48, 49)  The reason 

might be increased joint loading that predisposes these weight-bearing joints in the lower 

limbs to injury and strength deficits. The abnormal lower extremity alignment in the obese 

individuals may be a result of compensation for increased loading. (25) 

 (39) P. P. Popat and A. R. Parekh (2014) analyzed biomechanical variation of joint angles in 

overweight females. They concluded that there was a significant increase in calcaneal eversion 

and angle of toe out in overweight as compared to normal weight females. They also obtained 

a positive correlation between calcaneal eversion and angle of toe out. This study within the 

limitations stated that females with increased BMI have higher calcaneal eversion angle and 

that obesity is a risk factor for foot pronation. Similar, were the findings of the current study, 

as a positive correlation was observed between BMI and leg heel alignment. The mean of leg 

heel alignment was highest and above the normal value in the obese, followed by overweight 

women, indicating pronation of foot. While the normal weight women had values within the 

normal range.  

 

A supportive literature given by (26)  Usa Karukunchit et al(2015) exhibited an association 

between overweight and lower extremity malalignment in rice farmers. Their analysis showed 

that among the lower limb malalignments, foot pronation had the highest prevalence 

(36.14%), which was followed by the abnormal Q-angle (34.94%), pelvic tilt angle (30.52%), 

femoral antetorsion (28.11%) and tibial torsion (21.29%) in the obese farmers. This study 

identified female sex as a major risk factor for lower limb malalignment. Another study by (50) 
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Messier et al. incorporating 29 women, reported that participants who were obese had 

remarkably greater rear foot eversion and foot abduction than those who were of normal 

weight. It was also proposed that obese women developed greater rear foot motion, foot angle, 

and Q angle, when compared with normal weight females.  

Evidence collected by (51) G. C. Michael et al. denoted that increase in calcaneal 

eversion/pronation of foot was significantly related with greater torsion of tibia in overweight. 

In our study significant correlation was found between tibial torsion and BMI among normal 

weight, overweight and obese women. The mean value of tibial torsion was highest and 

exceeding the normal range in the group of obese, followed by overweight group, indicating 

that obese women had greater external rotation of tibia. (52)Houck J et al., (2005) stated that 

increased amounts of adipose tissue accumulated in obese person particularly in the thighs 

leads to greater thigh girth, contributing to the larger knee abduction moments resulting in 

greater tibial torsion angle. The force with which the tibiofemoral contact is made during the 

screw home mechanism increases, as a result of higher peak joint moments in the knee (53) 

which in turn increases the risk of onset of osteoarthritis in the overweight population in early 

age. (11) It was found in a research report that increased tibial torsion changes the dynamic 

interface between the involved muscles and the skeletal system during tasks such as squatting; 

the activity which is commonly adapted by women for household work. The human body has 

a multi-articular nature, where excess tibial torsion, a transverse plane misalignment of the 

lower leg, has a potential contribution in changing the movement in other planes (frontal) as 

well as proximal joints like the knee and hip.(19)  

A study previously done indicated that the Q angle increases with increased tibial external 

rotation. There is increased load on weight bearing joint with increase in weight. (36) 

Aforementioned studies, have found a higher prevalence of abnormal Q angle in the obese and 

overweight individuals. Our study also found a significant r and p value, when BMI was 

correlated with Q angle; indicating correlational association of Q angle with obesity. In line 
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with the literature, a study by (54)Bout-Tabaku et al.(2015) investigated the knee alignment 

among obese and non-obese children, and obtained significantly greater changes in alignment 

of knee in the females who had higher BMI and greater valgus alignment (increased Q-angle) 

was observed in obese adolescents in late puberty. A supporting literature was proposed by (35) 

Rajeev Chaudhary (2017) where females had significantly higher prevalence of abnormal Q-

angle than males in the Indian population. It was also inferred from the study that left leg had 

higher values as compared to right. Previous study assessed bilateral variability in the knee 

alignment and found significant difference in Q-angle values in both the lower limbs. 

Livingston and Mandingo (55) suggested this difference is due to increased muscle tone in the 

dominant side, exerting more force on the patella and thus reducing the Q-angle on the right 

side. (52)  However the present study did not intend to study bilateral variability in the 

alignment; hence variables were not compared among left and right lower limbs. Another 

study of correlation between Q-angle, tibial torsion and leg heel alignment in normal weight, 

overweight and obese subjects was assessed  by (36) Heggannavar A et al (2016), and a positive 

correlation was established. It was stated that leg heel alignment increases as the tibial torsion 

increases, so does the Q-angle, among categories of BMI. The change in one of the angles of 

the lower extremity alignment leads to change in the biomechanics of other proximal and 

distal joints.  

On assessment, obesity and overweight had marked impact on postural parameters in many 

children. It was argued that excess body weight in obese/overweight children might have 

caused a decrease in the stability and the need to seek postural mechanisms of adaptation. This 

can initiate changes in habitual balance axis leading to increased lumbar lordosis and pelvic 

anteversion. Over time it further accentuates internal rotation of the hip joint and initiation of 

valgus knees and altered alignment of feet. (56) This sums up the biomechanics of lower limb 

malalignment. 
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This altered alignment is known to cause various difficulties in daily activities such as 

walking. An abnormally Varus rear foot at touchdown phase of gait has been observed by (57) 

Roy and Irvin to result in a compensatory eversion, which moves the head of the first 

metatarsal to a stable, weight bearing position. This extreme motion may cause miss 

coordination between lower extremity segments and place, adding stress on musculotendinous 

structures of the lower limbs, thus worsening problems during walking, which are caused by 

the severe obesity. Also increase in foot pronation can result in lower extremity strain and 

disorders including compressive knee loading that causes lower extremity musculoskeletal 

disorders like plantar fasciitis, stress fractures of the foot and tibia, medial tibial stress 

syndrome, and patellofemoral pain syndrome, osteoarthritis.(58, 59) 

It is worth emphasizing that in all of the collected evidence, females commonly had higher 

prevalence of malalignment than males and being obese/ overweight female was a risk for 

lower limb malalignment. This is due to different anatomical alignments, lower pain 

thresholds, than males. (22) Earlier literatures stated that females due to their wider pelvis are at 

increased risk of abnormal anterior pelvic tilt, femoral antetorsion, Q-angle, tibiofemoral 

malalignment, and genu recurvatum. (23)  Contrary to this, it was suggested that sex differences 

in Q angle might be due to differences in the placement of tibial tuberosity. It was reported to 

be placed more laterally due to an increase in the valgus angle or tibial torsion in females as 

compared to males. (60, 61)   

Among females, those who have attained menopause were more prone to musculoskeletal pain 

and malalignment of lower limbs due to cartilage damage, which occurs as a result of lack of 

estrogen. (62) It was found that average age for menopause in Indian women was 46.2 years, 

but it was possible for women to attain menopause early also. (63) Therefore, to avoid the 

overlap of symptoms, women aged between 30-40 years were selected, also in this age range 

degenerative changes in the joints were rarely observed. Thus the age selection in the present 

study was well supported. 
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The results of the present study showed significant difference in the Q-angle, tibial torsion and 

leg heel alignment in the overweight and obese women, also a significant correlation between 

these angles and BMI. On the basis of the aforementioned literature, the result of our study 

upholds the biomechanical basis that the malalignment of the lower extremity is conspicuous 

in obese individuals and that it further gets altered with increase in BMI. 

In this study we conclude that leg heel alignment, tibial torsion and Q-angle were associated in 

terms of correlation with normal weight, overweight and obese women aged 30-40 years.  
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Conclusion: 

An analytical cross sectional study was carried out in 90 women aged 30-40 years who were 

then divided into three groups as per their Body Mass Index, to find association of leg heel 

alignment, tibial torsion and Q-angle with normal weight, overweight and obese women. 

Results of this study demonstrated highly significant difference in the Q-angle, tibial torsion 

and leg heel alignment in the overweight and obese women as compared to normal weight 

women, stating that these angles increase with increase in BMI. There was significant 

association in terms of correlation between leg heel alignment, tibial torsion and Q-angle with 

normal weight, overweight and obese women aged. 
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Strengths: 

Strengths of this study are; 

- Sample included normal weight, overweight and obese participants. 

- Both the lower extremities were assessed. 

- Time saving, as it is a one-time study and no inconveniences were caused to the 

participants. 

- Reliable and convenient methods were used. 

- Affordable as no expensive instruments were used. 

- Sample size was large enough. 

- Study was convenient to practice in available study set-up. 

- Most participants of this study were educated and co-operative.   

 

Limitations:  

- Study was limited by gender specific sample, only women were included, which are 

not representative of general population. 

- Proximal joints that are known to alter the alignment of the lower limbs, were not 

assessed. 
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Clinical implications: 

Obesity is associated with metabolic, neurological, cardiovascular and musculoskeletal 

conditions. Musculoskeletal conditions and deformities in obesity are well known and studied 

previously. Out of them all, lower extremity malalignment is quite common. 

Our focus was on the presence of alterations in the alignment of lower limbs, which was 

assessed by measuring Q-angle, tibial torsion and leg heel alignment. Our findings showed 

significant increase in these angles with increase in BMI. Obese women group in our study 

showed significantly higher values of these angles as compared to overweight and normal 

weight women.  

Identifying the obesity related malalignment in early stage is very important, as this can 

further increase the risk of various musculoskeletal disorders like plantar fasciitis, 

patellofemoral pain, and osteoarthritis. Measurement of Q-angle, tibial torsion and leg heel 

alignment should be included in the assessment of the obese and overweight women on their 

first visit to clinics, to prevent progression of malalignment. Treatment protocols should be 

planned while considering this and appropriate correction exercises should be included.  
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Summary:  

 

An analytical cross sectional study was undertaken, with an objective to study the association 

of leg heel alignment, tibial torsion, Q-angle in bilateral lower limbs with normal weight, 

overweight, and obese women aged 35 to 45 years. Participants were selected, as per the set 

inclusion criteria, and were classified on the basis of their BMI (kg/m2) in three groups.  

 Each group had 30 participants, group 1 had normal weight women whose BMI ranged from 

18.5 to 22.99, group 2 had overweight women whose BMI ranged from 23 to 27.99 and group 

3 had obese women with BMI above 28. Every participant gave their written consent, 

following which their leg heel alignment, tibial torsion and Q-angle were measured as per the 

procedure. The data taken was then analyzed using one-way ANOVA, multiple comparison 

test for group wise comparison and Pearson correlation coefficient value.  

The results obtained showed significant increase in the Q-angle, tibial torsion and leg heel 

alignment in the overweight and obese women as compared to normal weight women. The 

study concludes that there was a significant association in terms of correlation between Q-

angle, tibial torsion and leg heel alignment with BMI in normal weight, overweight and obese 

women. 
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Tables and graphs: 

Table No.1 Age wise distribution of participants 

Age range frequency percentage 

31 -35 32 35.5 

35- 40 58 64.4 

 

 

Graph No. 1 Age wise distribution of participants 
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Table No. 2   Category wise mean values of body mass index  

 

 

Graph No. 2   Category wise mean values of body mass index  
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Normal 20.93 1.11 18.7 – 22.7 

Overweight 25.81 1.28 23 – 27.5 

Obese 31.49 1.77 28.5 – 35.6 
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Table No.3 Comparison of Q-angle across categories of BMI  

Category 

Q-angle (in degrees) 

Right side Left side 

Mean SD Mean SD 

Normal 17.63 0.55 18.03 0.41 

Overweight 20.06 1.14 20.73 1.11 

Obese 21.43 1.10 21.83 1.01 

F-value 117.63 140.55 

p-value <0.0001,HS <0.0001,HS 

 

 

Graph no. 3 Comparison of Q-angle across categories of BMI  

 

Mean Q-angle in normal weight, of right side-17.63 ± 0.55 and of left side-18.03 ± 0.41; in 

overweight of right side-20.06 ± 1.14 and of left side-20.73 ± 1.11; in obese of right-21.43± 

1.10 and of left- 21.83 ± 1.01. A significant difference was seen in Q -angle in right and left 

side across different category of BMI. It was significantly higher in obese category as 

compared to Normal and overweight with p-value of <0.0001, which is highly significant. 
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Table No.4 comparison of tibial torsion across categories of BMI 

Category 

 

Tibial Torsion 

Right side Left side 

Mean SD Mean SD 

Normal 13.23 0.93 13.43 0.86 

Overweight 18.6 0.81 18.86 0.82 

Obese 20.1 0.71 20.46 0.77 

F-value 573.98 608.47 

p-value <0.0001,HS <0.0001,HS 

 

Graph No.4 comparison of tibial torsion across categories of BMI 

 

Mean tibial torsion in normal weight of right side- 13.23 ± 0.93 and of left side-13.43±0.86; in 

overweight of right side-18.6±0.8 and of left side-18.86 ± 0.82; in obese of right-20.1 ±0.71 

and of left-20.46 ± 0.77. A significant difference was seen in tibial torsion in right and left side 

across different categories of BMI. It was significantly higher in obese category as compared 

to Normal and overweight with p-value of <0.0001, which is highly significant. 
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Table No. 5 comparison of Leg heel alignment across categories of BMI 

Category 

Leg heel alignment 

Right side Left side 

Mean SD Mean SD 

Normal 5.03 1.06 5.40 1.00 

Overweight 6.96 0.76 7.13 0.68 

Obese 8.4 0.62 8.67 0.71 

F-value 121.87 121.60 

p-value <0.0001,HS <0.0001,HS 

 

Graph No.5      comparison of Leg heel alignment across categories of BMI  

 

Mean leg heel alignment in normal weight, of right side- 5.03 ± 1.06  and of left side- 5.40 ± 

1.0; in overweight of right side- 6.96± 0.76and of left side-7.13± 0.68; in obese of right-± and 

of left-8.4 ±0.62. A significant difference was seen in leg heel alignment in right and left side 

across different category of BMI. It was significantly higher in obese category as compared to 

Normal and overweight with p-value of <0.0001, which is highly significant. 
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Table No. 6 Multiple comparison test to compare different study parameters between 

categories of BMI 

Parameter  

Side 

Normal vs Overweight Normal vs Obese  Overweight vs Obese 

Mean 

diff 

p-value Mean 

diff 

p-value Mean 

diff 

p-value 

Q-angle Right 2.43 <0.001,HS 3.8 <0.001,HS 1.36 <0.001,HS 

Left 2.70 <0.001,HS 3.8 <0.001,HS 1.1 <0.001,HS 

Tibial 

Torsion 

Right 5.36 <0.001,HS 6.86 <0.001,HS 1.5 <0.001,HS 

Left 5.43 <0.001,HS 7.03 <0.001,HS 1.5 <0.001,HS 

Leg heel 

Alignment 

Right 1.93 <0.001,HS 3.36 <0.001,HS 1.43 <0.001,HS 

Left 1.73 <0.001,HS 3.26 <0.001,HS 1.53 <0.001,HS 

 

Comparison of Q-angle among groups of BMI in both sides 

p-value was highly significant < 0.001 in all comparisons of , while the mean difference was 

highest when normal group was compared with obese group, followed by normal vs 

overweight group in both right and left sides, inferring that highest difference in Q-angle 

occurred in obese, followed by overweight women.  

Comparison of tibial torsion among groups of BMI in both sides 

p-value was highly significant < 0.001 in all comparisons, while the mean difference was 

highest when normal group was compared with obese group, followed by normal vs 

overweight group in both right and left sides, inferring that highest difference in tibial torsion 

occurred in obese, followed by overweight women. 

Comparison of leg heel alignment among groups of BMI in both sides 

p-value was highly significant < 0.001 in all comparisons, while the mean difference was 

highest when normal group was compared with obese group, followed by normal vs 
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overweight group in both right and left sides, inferring that highest difference in leg heel 

alignment occurred in obese, followed by overweight women. 

 

 

 

Table No. 7 Correlation of Q-angle with BMI side wise. 

 Q-angle 

 Right Left 

 r-value p-value r-value p-value 

BMI 0.8998 <0.0001,HS 0.8821 <0.0001,HS 

 

 

Highly Significant Correlation was seen between Q-angle of right side and BMI (r= 0.8998, p-

value <0.0001) 

Highly Significant Correlation was seen between Q-angle of left side and BMI (r=0.8821, p 

value <0.0001) 
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Table No. 8 Correlation of Tibial Torsion  with BMI side wise. 

 Tibial Torsion 

 Right Left 

 r-value p-value r-value p-value 

BMI 0.8751 <0.0001,HS 0.8756 <0.0001,HS 

 

Highly Significant Correlation was seen between tibial torsion of right side and BMI (r= 

0.8751, p value <0.0001) 

Highly Significant Correlation was seen between tibial torsion of left side and BMI (r= 

0.8756, p value <0.0001) 

 

Table No. 9 Correlation of  Leg heel alignment  with BMI side wise. 

 Leg heel alignment 

 Right Left 

 r-value p-value r-value p-value 

BMI 0.8338 <0.0001,HS 0.8287 <0.0001,HS 

 

Highly Significant Correlation was seen between leg heel alignment of right side and BMI (r= 

0.8338, p-value <0.0001) 

Highly Significant Correlation was seen between leg heel alignment of left side and BMI (r= , 

p-value <0.0001) 
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ANNEXURE I (A) 

PERMISSION LETTER 

To,  

The Head of Institute, 

Subject: Permission to carry out research work. 

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work in geriatric home.  

      My research topic is: “Association of leg heel alignment, tibial torsion, and Q-angle in 

bilateral lower limbs with normal weight, overweight and obese women, aged 30-40 years: an 

analytical cross-sectional study”.I promise that the ethics as well as participants care shall be 

duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 

           

           Guide                                                                                       Head of Institute 
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ANNEXURE I (B) 

PERMISSION LETTER  

To,  

The Chairman,  

Ethics Committee.  

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________, student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

      My research topic is, “Association of leg heel alignment, tibial torsion, and Q-angle in 

bilateral lower limbs with normal weight, overweight and obese women, aged 30-40 years: an 

analytical cross-sectional study”.I promise that the ethics as well as participants care shall be 

duly complied.  

     I kindly request you to do the needful in this regard. 

  

Yours sincerely,  

Research student  

Date:  

Place: 
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ANNEXURE I (C) 

 

PARTICIPANT INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC.  

Scope:  

These standard procedures include normal weight, overweight, obese women who will be 

voluntarily willing to participate in this study.  

Responsibilities: The researcher will obtain written informed consent from all the participants 

who are volunteering to be the part of this study.  

Procedure:  

1. The researcher will select the participants as per their BMI and divided into 3 groups.   

2. The investigator will explain the assessment protocol to allay apprehension and answer all 

the queries of the participant.  

3. If the participant decides to participate then they would be consented according to the 

standard procedure.  

4. If the participant expresses interest but has some doubts, in that case they would be solved.  

5. If the participants are comfortable with the explanation, then they will fill the informed 

consent according to standard operational procedure. Study procedures will begin after the 

participant’s concern.  

6. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  
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7. If participant wants to discuss this information to their family members, then they are 

entitled to do so before giving the consent.  

General information to research participants:  

1. Name:  

Age:  

Date:  

2. You would be required to fill the proforma and the purpose of the research is to study 

“Association of leg heel alignment, tibial torsion, and Q-angle in bilateral lower limbs with 

normal weight, overweight and obese women, aged 30-40 years: an analytical cross-sectional 

study.”  

3. If you are willing to voluntarily participate in the study, then you are expected to enroll with 

us right from the moment of filling proforma till the completion of the test.  

4. If you are uncomfortable during this period then, kindly let us know so that we can help you 

and overcome your problems without any untoward effect.  

5. You will not be given any reimbursement and compensation.  

6. If at any moment you want to discontinue from this research study then, you are free to do 

so and there would not be any hindrance from our side.  

7. The details of the risk, discomfort, advantages, and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then your identity would not be revealed. If the photograph is 

published then, permission would be obtained.  

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  
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10. If you feel exhausted or unable to complete the test you need not worry and let us know so 

that necessary steps can be initiated.  

11. If you are not satisfied at any moment then, you can withdraw at any time without any 

consequences 

12. Name of Researcher:  

Phone number:  

Address: 

13. Name of Guide: 

Phone number:  

Address: 

14. Name of Institution: 
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ANNEXURE I (D) 

रुग्णांचीमणहितीपत्रक 

उदे्दशः 

आयसीएमआरच्यण हियणमक आवश्यकतणांिुसणर आहण आयईसीद्वणरे मांजूर झणलेल्यण सिभणगी ांकडूि लेखी 

सूहचत सांमती हमळहवली जणते िे सुहिहित करण्यणसणठी. 

व्याप्ती: 

यण मणिक प्रहियणांमधे्य सणमणन्य वजि, जणस्त वजि, लठ्ठ स्त्रियण समणहवष्ट आिेत जे से्वचे्छिे यण अभ्यणसणत 

सिभणगी िोण्यणस इचु्छक असतील. 

जबाबदा: 

यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण करणण  ् यण सवव सिभणगी ांकडूि सांशोधकणांिण लेखी मणहिती 

हिली जणईल. 

 

प्रक्रियाः 

1.  सांशोधक त्णांच्यण BMI िुसणर सिभणगी ांची हिवड करेल आहण 3 गटणांमधे्य हवभणगले जणईल. 

 

 

2. अने्वषक आशांकण िूर करण्यणसणठी मूल्यणांकि प्रोटोकॉल स्पष्ट करेल आहण सिभणगीच्यण सवव 

प्रश्णांची उत्तरे िेईल. 

 

3. जर सिभणगीिे भणग घेण्यणचण हिणवय घेतलण असेल तर त्णांिण मणिक प्रहियेिुसणर सांमती हिली 

जणईल. 

 

4. जर सिभणगीिे स्वणरस्य व्यक्त केले परां तु त्णांिण कणिी शांकण असल्यणस त्ण प्रकरणणत त्णांचे 

हिरणकरण िोईल. 

 

5. जर सिभणगी त्ण स्पष्टीकरणणस आरणमिणयक असतील तर ते प्रमणहणत ऑपरेशि प्रहियेिुसणर 

मणहितीची सांमती भरतील. सिभणगीच्यण हचांतेिांतर अभ्यणसणची प्रहियण सुरू िोईल. 

 

6. समणवेश आहण वगळण्यणच्यण हिकषणांची पडतणळणी करण्यणसणठी सिभणगी ांकडूि तपशीलवणर 

वैद्यकीय आहण इतर कोणत्णिी शणरीररक समसे्यचण इहतिणस प्रणप्त केलण जणईल. 
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7. जर सिभणगीलण त्णांच्यण कुटुांबणतील सिस्यणांसि यण मणहितीवर चचणव करणयची असेल तर सांमती 

िेण्यणपूवी ते तसे करण्यणस पणत्र आिेत. 

 

 

सहभागीी ीींना सी ीींशोधन करण्यासाठी सामान्य माहहती:  

1. िणव: 

वय: 

तणरीख: 

 

2. आपल्यणलण प्रोफणमणव भरणे आवश्यक आिे आहण सांशोधिणचण िेतू "30-40 वषे वयणच्यण, सणमणन्य 

वजि, जणिण वजि आहण लठ्ठ महिलण असलेल्यण हद्वपक्षीय खणलच्यण अांगणांमधे्य असोहसएशि ऑफ 

लेग िील अलणइिमेंट, हटहबयल टॉसवि आहण कू्य-एां गलचण अभ्यणस करणे आिे. एक 

हवशे्लषणणत्मक िॉस-हवभणगीय अभ्यणस. 

 

3. जर आपण से्वचे्छिे अभ्यणसणमधे्य भणग घेऊ इस्त्रच्छत असणल तर आपण परीके्षची पूतवतण िोईपयंत 

प्रोफणमणव भरण्यणच्यण क्षणणपणसूि आमच्यणसि आमच्यणकडे िोांिणी करणे अपेहक्षत आिे. 

 

4. जर आपणणस यण कणलणवधीत अस्वस्थतण वणटत असेल तर कृपयण ियणपूववक आम्हणलण कळवण 

जेणेकरूि आम्ही कोणतीिी अहप्रय पररणणम ि करतण आम्ही आपल्यणलण मित करू आहण 

आपल्यण अडचणी ांवर मणत करू. 

 

5. तुम्हणलण कोणतीिी भरपणई आहण िुकसणिभरपणई हिली जणणणर िणिी. 

 

6. जर तुम्हणलण यण क्षणी यण अभ्यणसणचण अभ्यणस बांि करणवणसण वणटलण असेल तर तुम्ही तसे 

करण्यणस मोकळे आिणत आहण आमच्यण बणजूिे कोणतणिी अडथळण हिमणवण िोणणर िणिी. 

 

7. अभ्यणसणचे जोखीम, अस्वस्थतण, फणयिे आहण तोटे यणांचे तपशील आपल्यणलण सांमतीपत्र प्रणप्त 

करण्यणपूवी स्पष्ट केले जणईल. 

 

8. यण अभ्यणसणमधूि हमळणलेलण डेटण गुप्तपणे सांरहक्षत आहण रणखलण जणईल आहण जर फोटो 

वणपरलण गेलण तर आपली ओळख उघड िोणणर िणिी. जर छणयणहचत्र प्रकणहशत झणले तर 

परवणिगी घेतली जणईल. 

 

9. यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचण्यण प्रहियेचण सवव धोकण आपल्यणलण 

समजणवूि सणांहगतलण जणईल आहण त्णिुसणर सांमती घेतली जणईल.  
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10. आपण थकल्यणसणरखे हकां वण कसोटी पूणव करण्यणत अक्षम झणल्यणस आपल्यणलण कणळजी 

करण्यणची आवश्यकतण िणिी आहण आम्हणलण कळवण जेणेकरुि आवश्यक पणवले उचलतण 

येतील. 

 

11. आपण कोणत्णिी क्षणी समणधणिी िसल्यणस आपण कोणत्णिी पररणणमणहशवणय कधीिी मणघणर 

घेऊ शकतण. 

12. सांशोधकणचे िणव:  

फोि िांबर:  

पत्तण: 

 

13. मणगविशवकणचे िणव: 

फोि िांबर: 

पत्तण: 
 

14. सांस्थेचेिणव: 
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रोगीसूचनापत्र : 

 

उदे्दश्य: 

यि सुहिहित करिे के हलए हक प्रहतभणहगयोां से हलस्त्रखत सूहचत सिमहत प्रणप्त की जणती िै। 

 

स्कोप: 

इि मणिक प्रहियणओां में सणमणन्य वजि, अहधक वजि, मोटणपे से ग्रस्त महिलणएां  शणहमल िैं जो से्वच्छण से 

इस अध्ययि में भणग लेिे के हलए इचु्छक िोांगी। 

 

दाक्रयत्व: 

शोधकतणव उि सभी प्रहतभणहगयोां से हलस्त्रखत सूहचत सिमहत प्रणप्त करेगण जो इस अध्ययि कण हिस्सण बििे 

के हलए स्वयां सेवण कर रिे िैं 

 

प्रक्रिया: 

1. शोधकतणव अपिे बीएमआई के अिुसणर प्रहतभणहगयोां कण चयि करेगण और 3 समूिोां में हवभणहजत िोगण। 

 

2. अने्वषक आशांकण को िूर करिे के हलए मूल्यणांकि प्रोटोकॉल की व्यणख्यण करेगण और प्रहतभणगी के 

सभी प्रश्ोां कण उत्तर िेगण। 

 

3. यहि प्रहतभणगी भणग लेिे कण फैसलण करतण िै तो मणिक सांचणलि प्रहियण के अिुसणर उिकी सिमहत 

िोगी।  

 

4. यहि प्रहतभणगी रुहच व्यक्त करतण िै, लेहकि उस मणमले में कुछ सांिेि िैं, तो वे िल िो जणएां गे।  

 

5. यहि प्रहतभणगी स्पष्टीकरण के सणथ सिज िैं तो वे मणिक सांचणलि प्रहियण के अिुसणर सूहचत सिमहत 

को भर िेंगे।  
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6. अध्ययि की प्रहियण प्रहतभणगी की सिमहत के बणि शुरू िोगी।  

 

7. समणवेशी और बहिष्करण मणििांडोां को सत्णहपत करिे के हलए प्रहतभणहगयोां से हवसृ्तत हचहकत्सण और 

हकसी भी अन्य शणरीररक समस्यण कण इहतिणस प्रणप्त हकयण जणएगण।  

 

8. यहि प्रहतभणगी अपिे पररवणर के सिस्योां के सणथ इस जणिकणरी पर चचणव करिण चणिते िैं तो वे 

सिमहत िेिे से पिले ऐसण करिे के िकिणर िैं। 

 

 

अनुसीींधान प्रक्रतभाक्रगयो ीीं को सामान्य जानकारी:  

1. िणम: 

 उम्र:  

हििणांक: 

 

 

2. आपको प्रोफणमणव भरिे की आवश्यकतण िोगी और शोध कण उदे्दश्य "30-40 वषव की आयु के 

सणमणन्य वजि, अहधक वजि और मोटणपे से ग्रस्त महिलणओां के सणथ हद्वपक्षीय हिचले अांगोां में 

पैर की एडी सांरेखण, हटहबअल टोरसि, और कू्य-एां गल कण अध्ययि करिण िै: एक 

हवशे्लषणणत्मक पणर-अिुभणगीय अध्ययि।" 

3.  

यहि आप से्वच्छण से अध्ययि में भणग लेिे के इचु्छक िैं तो आपसे यि अपेक्षण की जणती िै हक 

परफॉमणव भरिे के क्षण से लेकर परीक्षण पूरण िोिे तक िमणरे सणथ िणमणांकि करें।  

 

4. यहि आप इस अवहध के िौरणि असिज िैं, तो कृपयण िमें बतणएां  तणहक िम आपकी मिि कर 

सकें  और हबिण हकसी अहप्रय प्रभणव के आपकी समस्यणओां को िूर कर सकें ।  

 

5. आपको कोई प्रहतपूहतव और मुआवजण ििी ां हियण जणएगण।  

6. यहि हकसी भी क्षण आप इस शोध अध्ययि से िटिण चणिते िैं तो आप ऐसण करिे के हलए 

स्वतांत्र िैं और िमणरी ओर से कोई बणधण ििी ां िोगी। 

 

7. सिमहत पत्र प्रणप्त करिे से पिले अध्ययि के जोस्त्रखम, असुहवधण, फणयिे और िुकसणि कण 

हववरण आपको समझणयण जणएगण।  

 

8. इस अध्ययि से प्रणप्त आांकडोां को गोपिीय रूप से सांरहक्षत और बिणए रखण जणएगण और यहि 

तस्वीर कण उपयोग हकयण जणतण िै तो आपकी पिचणि उजणगर ििी ां की जणएगी। यहि तस्वीर 

प्रकणहशत िोती िै, तो अिुमहत प्रणप्त की जणएगी।  

 

9. इस अध्ययि के हलए आवश्यक हवहभन्न परीक्षण प्रहियणओां के सभी जोस्त्रखमोां को आपको 
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समझणयण जणएगण और तििुसणर सिमहत ली जणएगी। 

 

10. यहि आप थकणवट मिसूस करते िैं यण परीक्षण पूरण करिे में असमथव िैं, तो आपको हचांतण करिे 

की आवश्यकतण ििी ां िै और िमें बतणएां  तणहक आवश्यक किम उठणए जण सकें । 

11. यहि आप हकसी भी क्षण सांतुष्ट ििी ां िैं तो आप हबिण हकसी पररणणम के हकसी भी समय वणपस 

ले सकते िैं।  

 

12. शोधकतणव कण िणम:  

फोि िांबर:  

पतण:  

 

13. गणइड कण िणम:  

फोि िांबर: 

पतण:  

 

14. सांस्थण कण िणम: 
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ANNEXURE II (A) 

LETTER OF CONSENT 

Association of leg heel alignment, tibial torsion, and Q-angle in bilateral lower limbs with 

normal weight, overweight and obese women, aged 30-40 years: an analytical cross-sectional 

study 

I __________________ agree to participate voluntarily as a subject for the study. I have been 

informed regarding the nature and purpose of the study regarding my participation. I have no 

objection to various testing procedures pertaining to the study that I will have to undergo.  

The researcher has already assured me that I would be treated well, without any untoward 

effect and the rights of confidentiality will be protected. 

 

Name of subject:  

Signature/Thumbprint: 

 Date: 

 

 

 

 

 

 

 



79 
 

ANNEXURE II (B) 

 संमतीचा पत्र 

30-40 वरे्ष वयोगटातील सामान्य वजन, जादा वजन आणि लठ्ठ मणिला असलेल्या णिपक्षीय खालच्या 

अवयवांमधे्य लेग टाच संरेखि, णटणियल टॉरशन आणि कू्य एंगलची असोणसएशन: णवशे्लर्षिात्मक 

क्रॉससेक्शनल अभ्यास 

"मी ___________________ अभ्यासाचा णवर्षय म्हिून से्वचे्छने सिभागी िोण्यास सिमत आिे. माझ्या 

सिभागाच्या संदभाात मला अभ्यासाचे स्वरूप आणि िेतू यािद्दल माणिती देण्यात आली आिे. मला 

अभ्यासाशी संिंणित असलेल्या णवणवि चाचण्या प्रणक्रयेवर माझा आके्षप नािी. संशोिकाने मला आिीच 

आश्वासन णदले आिे की माझ्याशी चांगले वागिूक णदली जाईल, कोितािी अणप्रय पररिाम न घेता आणि 

गोपनीयतेचे िक्क संरणक्षत केले जातील. 

णवर्षयाचे नाव: 

स्वाक्षरी / लघुप्रणतमा: 

 तारीख: 
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ANNEXURE II (C) 

सिमणत पत्र 

पैर एडी संरेखि, णटणियल टोरणसयन, और कू्य कोि के सियोग सामान्य वजन, अणिक वजन और 

मोटापे से ग्रस्त मणिलाओ ंके साथ णिपक्षीय णनचले अंगो ंमें, 30-40 साल आयु वगा: एक णवशे्लर्षिात्मक 

क्रोसे्सक्शनल अध्ययन 

मैं ___________________ अध्ययन के णलए एक णवर्षय के रूप में से्वच्छा से भाग लेने के णलए सिमत 

िैं । मुझे अपनी भागीदारी के संिंि में अध्ययन की प्रकृणत और उदे्दश्य के िारे में सूणचत णकया गया िै । 

मुझे उस अध्ययन से संिंणित णवणभन्न परीक्षि प्रणक्रयाओ ंसे कोई आपणि निी ंिै णजससे मुझे गुजरना िोगा 

।शोिकताा ने मुझे पिले िी आश्वासन णदया िै णक मेरे साथ अच्छा व्यविार णकया जाएगा, णिना णकसी 

अणप्रय प्रभाव के और गोपनीयता के अणिकारो ंकी रक्षा की जाएगी ।   

णवर्षय का नाम:  

िस्ताक्षर/थंिणपं्रट: 

णतणथ: 
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ANNEXURE III (A) 

ASSESSMENT OF OUTCOME MEASURES 

 

Measurement of Q angle: 

Patient position- standing with hands at the side  

   Q angle will be measured by placing lower limbs at right angle to the line joining two ASIS. 

A line will be drawn from ASIS to midpoint of patella on the same side and from the tibial 

tubercle to the midpoint of patella .The angle formed by crossing these two lines is Q angle 

which normally is 13 degrees for males and 18 degrees for females will be measured by 

goniometer.  

Measurement of tibial torsion:      

Patient position- prone 

Subject will be asked to lie prone with knees flexed to 90 degrees and subtalar joint in neutral 

position. Neutral position of the subtalar joint is equal palpation of the medial and lateral 

aspects of the head of talus in relation to navicular. A thigh-foot ankle (TFA) will be measured 

between the line bisecting the posterior thigh and another line bisecting the foot. This method 

is a reliable method for measuring tibial torsion angle. Lateral rotation of 13 degrees is 

normally present. If tibial torsion is more than 18 degrees, it is referred to as a toe-out position 

and less than 13 degrees as toe-in position.  

Measurement of leg heel alignment: 

Patient position- prone for marking; standing for measuring 

Subject will be first asked to lie prone with 1 leg extended and the other leg externally rotated 

and bent at the knee at approximately 90° so that the lower one-third of their leg and calcaneus 
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could be bisected bilaterally using a pen. The subject will be then made to stand on the foot 

stepper in the relaxed stance position with subtalar joint in neutral position with help of 

palpation method. Neutral position of the subtalar joint is equal palpation of the medial and 

lateral aspects of the head of talus in relation to navicular. 

Fixed arm of the goniometer will be placed along the bisecting line of the lower one third of 

the leg and the movable one will be kept in line with the line bisecting the calcaneus. The 

angle between the two marked lines will be noted. This method is a reliable method for 

measuring leg heel alignment. 

Angle ≥5 degrees valgus represents a pronated foot type, 4 degrees valgus to 4 degrees varus a 

neutral foot and ≥5 degrees varus a supinated foot.  
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ANNEXURE III (B) 

DATA COLLECTION TOOLS 

 

ELECTRONIC WEIGHING MACHINE 

 1. Product name: Easy-care Electronic bathroom scale  

2. Weighing range: 6kg – 150kg (180kg)                         

3. Division: 100g (0.2lb)  

4. LCD digital display  

5. Automatic switch  

6. Auto zero resetting and power off 

7. Overload/low battery indication. 

 

 

 

MEASURING TAPE: 

 

Product description: Flexible fiberglass measuring tape 

Dimensions: 60 inches/ 150 cm long × 5 inches/ 12.7 mm wide   

Specifications: Metric measurements in 1 mm divisions 
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GONIOMETER: 

 

Product description: Movable and stationary arms with 

                                      Fixed fulcrum 

Specifications: Measurements in degrees 

 

 

 

 

STOOLS 
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PLINTH 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



86 
 

 

ANNEXURE III (C) 

CASE RECORD FORM: 

 

DATE:  

NAME:  

AGE:  

GENDER: 

HEIGHT:  

WEIGHT:  

BMI (Kg/m2): 

  

      RIGHT     LEFT 

LEG HEEL ALIGNMENT   

TIBIAL TORSION ANGLE   

Q-ANGLE   
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GANTT CHART 

 

 

Sr.no Components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

March  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

Mar 

2021 

April-Jun 

2021 

Jul-

Sept 

1 
Allotment of 
guide                       

2 Selection of topic                       

3 

Formulation of 

research question                       

4 

Formulation of 
aim and 

objectives                       

5 

Hypothesis, null 

hypothesis                       

6 Research protocol                       

7 

Research 

designing                       

8 

Review of 

literature                       

9 

methodology 

formulation                       

10 study designing                       

11 study setting                       

12 

sample size 

estimation                       

13 

selection of study 

instruments                       

14 

method of data 

collection                        

15 

data management 

and analysis 

procedure                       

16 
IEC and BORS 
clearance                       

17 

compilation of 

synopsis                       

18 
uploading of 
synopsis                       

19 data collection                       

20 

data presentation 

and analysis                       

21 

writing of 
discussion and 

conclusion                       

22 

submission of 

thesis to MUHS                       
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Master chart 

Group 

BMI 
(kg/m²) 
normal 
weight 

age q-
angle 
(left) 

q-angle 
(right) 

tibial 
torsion 
(left) 

tibial 
torsion 
(right) 

Leg heel 
alignme
nt(left) 

Leg 
heel 
alignm
ent(rig
ht) 

1 18.7 31 18 18 14 14 6 6 

1 21.3 32 17 17 12 13 5 5 

1 19.9 32 18 18 13 13 3 3 

1 22.1 33 18 18 13 13 4 4 

1 21.1 31 17 17 12 14 4 5 

1 21.9 31 18 18 13 14 5 5 

1 20.1 31 17 18 13 13 5 6 

1 19.7 32 18 18 13 13 5 5 

1 20.1 34 18 18 13 13 4 5 

1 21.5 35 18 18 14 15 7 7 

1 21.2 32 18 18 14 13 5 6 

1 20.9 34 18 18 13 12 6 6 

1 18.8 34 17 18 12 13 5 5 

1 22.1 35 18 18 14 14 4 5 

1 22.5 31 18 18 14 15 5 5 

1 21.8 33 18 18 13 13 6 6 

1 21 36 18 18 12 13 4 4 

1 20.1 37 18 19 15 14 6 6 

1 19.2 32 16 18 12 12 3 4 

1 22.2 39 17 18 13 13 6 6 

1 20.2 37 18 18 13 14 5 6 

1 20.7 38 17 18 12 13 5 5 

1 22.1 36 18 19 15 15 7 7 

1 21.6 37 17 18 13 14 5 5 

1 22.5 40 18 18 15 15 7 8 

1 21.7 39 17 18 13 13 4 5 

1 22 32 18 18 15 14 5 6 

1 20 31 17 18 13 12 4 5 

1 19.5 34 18 18 13 13 6 6 

1 21.6 33 18 19 13 13 5 5 

2 25.4 31 20 21 18 18 7 7 

2 23.4 32 19 20 19 19 7 7 

2 26.5 34 20 21 18 18 6 7 

2 24.9 36 20 21 17 18 7 7 

2 26.1 39 21 22 19 20 7 8 

2 24.5 38 20 21 18 19 6 6 

2 25.6 37 21 21 20 20 8 8 

2 23 40 19 20 18 19 7 8 

2 26.9 39 21 21 19 19 7 7 

2 27.2 38 22 22 19 20 7 7 

2 27.5 37 21 21 18 19 7 8 

2 26.5 36 20 20 19 17 6 6 

2 23.4 38 19 20 18 19 8 7 
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2 25.7 37 19 20 18 18 7 7 

2 25 39 19 21 18 19 6 7 

2 24.9 40 18 18 18 18 5 6 

2 23.3 32 18 18 19 19 6 7 

2 25.8 31 19 20 18 19 7 7 

2 25.2 33 19 21 18 18 7 7 

2 26.5 34 20 22 19 20 8 8 

2 26.7 35 20 20 19 19 8 8 

2 27.4 35 22 22 20 20 8 8 

2 26.9 34 20 21 17 18 7 7 

2 26.7 36 21 22 19 19 8 8 

2 25.8 37 19 20 19 19 7 7 

2 26.6 38 20 20 20 20 7 7 

2 26.2 40 21 21 19 19 7 6 

2 27 40 22 23 20 20 8 8 

2 27.3 39 22 22 19 18 6 6 

2 26.5 37 20 20 18 18 7 7 

3 28.9 36 21 22 20 20 8 9 

3 29.3 40 22 22 20 21 9 9 

3 30.4 39 22 22 21 21 9 9 

3 29.8 37 21 22 21 22 9 9 

3 31.1 36 21 21 20 20 8 8 

3 30 40 21 21 19 20 8 8 

3 31.5 39 22 23 19 20 8 9 

3 32.4 38 22 23 20 21 8 9 

3 29.5 38 20 21 20 21 8 9 

3 32 40 21 22 19 19 7 7 

3 30.6 39 21 21 19 20 8 8 

3 30.9 37 21 20 19 19 9 9 

3 31.2 38 22 22 20 21 9 10 

3 32.9 37 22 22 21 20 9 9 

3 30.3 39 21 21 20 20 8 9 

3 32.5 40 23 22 21 21 8 8 

3 31.4 39 21 22 20 21 9 9 

3 32.1 39 22 22 20 20 9 9 

3 30.1 37 21 21 21 21 8 9 

3 30.9 38 20 21 20 20 7 7 

3 32.9 40 23 23 21 22 8 8 

3 31.6 40 21 22 21 21 9 9 

3 33.3 38 22 23 21 21 8 8 

3 34.7 38 23 23 20 20 9 9 

3 35.6 38 23 24 20 21 9 9 

3 32.4 40 21 22 19 19 8 8 

3 29.6 36 20 21 20 20 9 9 

3 28.5 36 18 19 21 21 9 9 

3 34.2 39 22 22 20 20 8 8 

3 34.2 37 23 23 20 21 9 10 
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Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  Association of leg heel alignment, tibial torsion, and Q-angle in 
bilateral lower limbs with normal weight, overweight and obese 
women, aged 30-40 years: An analytical cross-sectional study 

02) Introduction :- World Health Organization defines overweight and obesity as 
abnormal or excessive fat/adipose tissue mass accumulation that 
may impair health. It is a multifactorial chronic disease which is 
related to genetic factors, change in dietary habits and sedentary 
lifestyle.(1) 

   The prevalence of overweight and obesity has grown in the 
developed and developing countries making it a global concern. WHO 
declared obesity as a global epidemic, due to the increasing 
prevalence day by day.(2) It was once considered a high-income 
country problem but now it is on the rise in low and middle-income 
countries, particularly in urban settings.(3) 

 In India, prevalence of obesity was found to be 30-65% of adult 
urban population as per ICMR-INDIAB Study (Phase I). (4) Also the 
prevalence of overweight/obesity in Indian women is higher as 
compared to males. Comparing women of different age-groups, it is 
observed that women in 30’s are more overweight or obese than the 
reference group in 15-24 years, as physical activity declines, along 
with metabolic rate, in the middle years of women.(5) 

The terms normal weight, overweight, obese, are classified as per 
WHO guideline on the basis of Body Mass Index calculated as 

  

The BMI classification as per WHO for Asians ranges as Underweight; 
<17.50, Normal weight; 17.50 - 22.99, Overweight; 23.00 - 27.9 and 
Obese; > 28.00 kg/m2. (6) 

It has been found in many studies that overweight and obese 
individuals suffer from a greater prevalence of musculoskeletal pain, 
particularly in the lower limbs. (7, 8, 9) Obesity and overweight are 
often related to musculoskeletal disorders and orthopedic 
complications, particularly of lower limbs and feet. (10) These 
complications include musculoskeletal pain and discomfort, 
fractures, tibia vara (Blount’s disease) and both valgus and varus, 
lower extremity misalignment specially. (7, 11, 12) 

Musculoskeletal impairment such as misalignment of the lower 
extremity is a consequence of increased stress within the bones, 
joints and soft tissues due to excess weight. (8) It’s important to assess 
Q-angle, tibial torsion, leg heel alignment, as these are important 
determinants of lower limb alignment. (13) 
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The Q-angle gives an idea of how the thigh muscles work to move the 
knee and also how the patella tracks in the groove of the knee joint. 
(14)  Tibial torsion is measurement of the angle of lateral rotation of 
the tibia. (14) Leg-heel alignment is measuring angle between 
calcaneus and tibia, an indicator of supinated or pronated foot. (14)  

Any changes in these determinants causes misalignment of lower 
limb that can cause permanent damage and can progress to 
degenerative changes in the future especially in women.(15)  Women 
have a higher risk of lower extremity misalignment due to different 
anatomical alignments, lower pain thresholds than males. (16, 17) 

It becomes even more important to assess Q-angle, tibial torsion, leg 
heel alignment considering the higher risk of injuries due to 
misalignment in women.  

Rationale of study-  

Lower limb alignment plays an important role in biomechanics of the 
body. Q-angle, tibial torsion, leg heel alignment, are very important 
determinants of lower limb alignment and biomechanics. (13) 

Disturbance in these is known to cause misalignment and functional 
impairment. (18) 

Numerous studies have reported that overweight and obese 
individuals are at increased risk of pathologies and injuries. The loco 
motor system is loaded due to excess weight, raising stress within 
the connective tissue structures, leading to functional limitations and 
structural changes like misalignment, thereby increasing risk of 
musculoskeletal injuries. (19)  

Lower limb misalignment is known to further alter joint and bone 
health leading to acceleration of the degenerative changes at an 
early age. (15)   

Women are at increased risk of misalignment, particularly greater 
Q-angle, abnormal tibial torsion and leg heel alignment as compared 
to males. (20) This may be a result of increased pelvic width (16), 
reduced knee muscle strength leading to excessive abnormal joint 
loading and knee injury, resulting in knee misalignment. (21)  

Identifying parameters that affect the normal alignment of lower 
limb facilitates development of an understanding of important risk 
factors related to any misalignment. Also, knowledge of these 
parameters will support more accurate therapy treatments for the 
rehabilitation. 

There are many studies where overweight and obesity are linked to 
bone and joint health, whereas literature on association of leg heel 
alignment, tibial torsion and Q-angle with normal weight, 
overweight, obese women is less available. 

So, it is of great interest to examine whether overweight as well as 
obesity can alter lower limb alignment in women and also to provide 
adequate management of their problems, and to give healthy lifestyle 
advice proactively. Therefore, present study aims to associate Leg 
heel alignment, tibial torsion and Q-angle with normal weight, 
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overweight and obese women, aged 30-40 years. 

3.1) Primary Research 
Question :- 

Is there any statistically significant association of leg heel alignment, 
tibial torsion, and Q-angle in bilateral lower limbs with normal 
weight, overweight, obese women, aged 30-40 years? 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not applicable  

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not applicable 

4.1) Primary 
Hypothesis :- 

Null hypothesis - There is no statistically significant association of leg 
heel alignment, tibial torsion, and Q-angle in bilateral lower limbs 
with normal weight, overweight, obese women, aged 30-40 years 

Alternate hypothesis - There is a statistically significant association of 
leg heel alignment, tibial torsion, and Q-angle in bilateral lower limbs 
with normal weight, overweight, obese women, aged 30-40 years 

 

4.2) Other Hypothesis 1:- 

(if any) 

Not applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

 Not applicable 

05) Review of 
Literature :- 

1) A study conducted by Supa Pengpid and Karl Peltzer titled 
“Prevalence and correlates of underweight and 
overweight/obesity among women in India: results from the 
National Family Health Survey 2015–2016”, which is a population 
based cross-sectional study, states that Indian women of the age 
15-49 years have higher prevalence of overweight and obesity. (5) 

2) Egret C et al (2019) conducted a study to investigate the 
differences between ascending and descending stairs in an obese 
population compared to normal body mass population. Lower 
extremity kinematic and kinetic data were collected while 
ascending and descending the stairs at self-selected walking 
speeds. Results indicate that obese individuals adopt a different 
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kinematic and kinetic stair ascending and descending strategies. 
(22)  

3) Nihar Ranjan Mohanty (2018-19) conducted a study to find out the 
effects of various lower extremities biomechanical alignment 
variables on Q-angles bilaterally in state level female basket-ball 
players. Bilateral lower extremity alignment variables, i.e. 
tibiofemoral angle, Q-angle, tibial torsion, calcaenial eversion 
were measured. Significant positive correlation of right Q-angle 
was seen with right tibiofemoral angle /right navicular drop and of 
left Q-angle was observed with left tibiofemoral angle, left tibial 
torsion and left navicular drop. (23) 

4) In a Single-center retrospective review entitled “The impact of 
obesity on compensatory mechanisms in response to progressive 
sagittal malalignment”, done by Cyrus M.Jalai et al, on 554 
subjects, concluded that with progressive sagittal malalignment, 
obese patients differentially recruit lower extremity compensatory 
mechanisms, whereas non-obese patients preferentially recruit 
pelvic mechanisms. The ability to compensate for progressive 
sagittal malalignment with the pelvic retroversion is limited by 
obesity. (24) 

5) A study titled “A correlation between leg heel alignment, tibial 
torsion and Q angle amongst normal, overweight and obese 
Individuals” in the year 2016 was conducted by Heggannavar A, 
Battula L and Metgud S in 60 adult subjects with 20 in each group. 
The authors concluded that with increase in weight, there are 
changes seen in Q angle, tibial torsion and leg heel alignment. (25) 

6) Alyssa B. Dufour et al conducted a study (2015) entitled, "Does 
Foot Structure or Foot Function Protect against Hallux Valgus”, to 
find the associations between obesity categories, with foot pain 
and foot disorders (hallux valgus, claw, hammer, overlapping toes), 
and to determine if these associations differ by foot structure or by 
foot function. In women, there was an increased odds of foot pain 
with all categories of obesity. Severely obese women were 40% 
likely to have hallux valgus compared to normal weight women. (26) 

7) Usa Karukunchit, Rungthip Puntumetakul, Manida Swangnetr, and 
Rose Boucaut, on the basis of cross-sectional survey named 
“Prevalence and risk factor analysis of lower extremity abnormal 
alignment characteristics among rice farmers”, in 2015 with a 
sample size of 249, estimated female sex and overweight/obesity 
as risk factors for lower extremity misalignment. As per statistics, 
there was highest prevalence of leg heel misalignment followed by 
abnormal Q-angle and tibial torsion in women. (20) 

8) A literature presented by Pooja P Popat, Ankur R Parekh in 2014 
titled, “Biomechanical variation of joint angles in overweight 
females”, aimed to determine biomechanical variation of the joint 
angles of the lower limb such as calcaneal eversion (CE), 
gastrocnemius extensibility (GE), angle of toe-out (ATO), and 
Q-angle in overweight females. The results showed that there was 
significant increase in CE and ATO among overweight females as 
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compared to normal females. (27) 

9) M C Liebensteiner, Larsson J et al (2011) conducted a study that 
reports musculoskeletal changes specifically in overweight/obese 
women (n=80) and also found muscular deficiencies, mobility 
difficulties and altered biomechanics of lower limb when 
compared with the normal weight women, as the reference 
group. (28) 

10) Andrzej Czamara et al (2011) concluded with his study done “To 
evaluate the effect of physiotherapy on the strength of muscles 
responsible for tibial internal rotation (IR) in patients after 
anterior cruciate ligament reconstruction (ACLR)”,that the 
21-week physiotherapy in ACLR patients favorably affected the PT 
values of tibial rotator muscles of the operated knees. In the third 
group, the IT values did not indicate a complete improvement 
after 12 months without systematic physiotherapy. (29) 

11) S. C. Wearing, E. M. Hennig, N. M. Byrne, J. R. Steele, A. P. Hills 
(2006) conducted a study entitled “Musculoskeletal disorders 
associated with obesity: a biomechanical perspective”, indicates 
that obesity may have a significant effect on soft‐tissues, such as 
tendon, fascia and cartilage. The functional and structural 
limitations caused by the excess loading of the locomotor system 
in obesity have been known to produce aberrant mechanics 
during locomotor tasks, thereby raising stress within 
connective‐tissue structures and the risk for musculoskeletal 
injury.(8) 

12) Felson DT, Goggins J, et al concluded with their study “The Effect 
of Body Weight on Progression of Knee Osteoarthritis is 
Dependent on Alignment”,(2004) that 22% of the sample 
subjects(obese) reported disease progression and there was 
association of lower limb alignment with progression risk.(15)  

13) In a cross-sectional study (2000) titled “The mechanism of the 
effect of obesity in knee osteoarthritis: the mediating role of 
malalignment”, involving 300 cases of OA of the knee, Sharma et 
al. found that BMI was positively associated with the severity of 
joint-space narrowing in individuals with varus alignment of the 
knee, but not in those with valgus alignment when determined by 
full-limb radiographs. It was revealed that varus alignment of the 
knee joint results in increased medial compartment loading. (30) 

14) Syed and Davis (2000) proposed in a study “Obesity and 
osteoarthritis of the knee: hypotheses concerning the 
relationship between ground reaction forces and quadriceps 
fatigue in long-duration walking”, that reduced muscle strength 
relative to body weight induces earlier fatigue of the quadriceps 
muscles in the obese which, in turn, reduces shock attenuation 
and increases the loading rate and variability at the knee during 
gait. (31) 

 

15) In 1987 “The Effect of Excessive Subtalar Joint Pronation on 
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Patellofemoral Mechanics: A Theoretical Model”, by David tiberio 
states that whenever a patient has excessive pronation of the 
foot, Q-angle stresses are magnified. Prolonged time in pronation 
causes excessive internal rotation of the tibia, impeding its 
normal external rotation during gait progression in the stance 
phase. This excessive internal tibial rotation transmits abnormal 
forces upward in the Kinetic Chain and produces medial knee 
stresses, force vector changes of the quadriceps mechanism, and 
lateral tracking of the patella. (32) 

6.1) Primary Objectives :-  To study the association of leg heel alignment, tibial torsion, Q-angle 
in bilateral lower limbs with normal weight, overweight, obese 
women aged 30-40 years 

6.2) Other Objectives 1:- 

(if any)  

Not applicable 

6.3) Other Objectives 2:- 

(if any) 

Not applicable 

07) Methodology :- • Study design- An analytical cross-sectional study 

• Study setup- tertiary health care centre 

• Study duration- 18 months 

• Sampling technique- convenient sampling method  

• Study population- normal weight, overweight, obese     
women 

• Sample size- 90 (n)  

The calculation of the sample size is based on the mean and 
standard deviation, of a previously done study. (33) Mean and 
standard deviation in normal weight group is 13.88±4.26 and 
in overweight group is 20.12±4.52 

By keeping α= 5% and β= 20% using the following formula 
sample size is calculated 
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  Where is standard normal variate at α level 

  is standard normal variate at β level 

 SD is combined standard deviation 

 is mean with standard deviation of normal weight 
participants 

 is mean with standard deviation of overweight 
participants 

Sample size for each group is 30 

Sample size was calculated using EPI info software version 7 

 METHOD OF SELECTION OF STUDY SUBJECTS (ELIGIBILITY 
CRITERIA): 

Inclusion criteria-   

• Age: 30-40 years old 

• Gender: females   

• BMI (Kg/m2)  

• Group A; 18 -22.99 (Normal weight)  

• Group B; 23.00 - 27.9 (Overweight)  

• Group C; 28≤ (Obese)  

• Individuals who are willing to participate 

 

Exclusion criteria-  

• Any recent/ misaligned fractures of lower limb  

• Congenital conditions-genu valgus/Varus/CTEV, etc. 

• Corrective surgeries, or using foot orthotics 

• Flexion deformities of knee  

• Any knee or foot pathology 

• Any unilateral lower limb misalignment  

• Limb length disc-repancy 

• Under weight females (BMI <17.99 kg/m2) 

Variables-  

Independent Variables: 

• BMI 

Dependent Variables:  

• Tibial torsion angle  

• Q-angle  

• leg heel alignment  
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• Universal goniometer, 

• Measuring tape 

• Weighing machine  

• Plumb line  

• Pen & paper 

  OPERATIONAL DEFINITIONS- 

• Overweight/Obesity is defined as excess or abnormal 

accumulation of the body fat or adipose tissue mass, where 

overweight includes females having BMI ≥ 23 kg/m2 and obese 

females having BMI ≥ 28 kg/m2. (1)  

• Q-angle is the angle formed by lines representing the pull of the 

quadriceps muscle and the axis of the patellar tendon i.e. 

intersection of line from ASIS to mid point of patella with line 

from tibial tuberosity to patellar midpoint. Normally it is 13 

degrees for males and 18 degrees for females. (14) 

• Tibial torsion is the measurement of angle of lateral rotation of 

the tibia. The angle formed is 12 degrees to 18 degrees normally. 
(14)  

• Leg-heel alignment is measuring angle between calcaneus and 
tibia. If the lines are parallel or in slight Varus, that is 2degree to 8 
degree, the leg-to-heel alignment is considered normal. (14) 

METHODS OF MEASUREMENTS- 

• Weight 

    Parameter: Weight in kg 

• Instrument: Electronic weighing machine 

• Height 

  Parameter: Height in meters 

  Instrument : Measuring tape 

• Body Mass Index 

   Formula: (weight/height2) 

STUDY INSTRUMENTS/ DATA COLLECTION TOOLS- 

• Universal goniometer, 

• Measuring tape 

• Weighing machine  

• Plumb line  

• Pen & paper 
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METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE: 

 Permission from the head of institution and approval from the 

ethics committee, BOR will be obtained. Participants will be selected 

on the basis of selection criteria. The participants willing to 

participate in the study will be informed the need and importance of 

the study and written consent from them will be taken. All three 

angles will be assessed as per the procedure in the three groups. 

Measurement of Q angle: 

   Q angle will be measured by placing lower limbs at right angle to 

the line joining two ASIS. A line will be drawn from ASIS to midpoint 

of patella on the same side and from the tibial tubercle to the 

midpoint of patella .The angle formed by crossing these two lines is 

Q angle which normally is 13 degrees for males and 18 degrees for 

females(14) 

Measurement of tibial torsion : 

  It is taken with subject taken in sitting position with knees flexed 

to 90 degrees over the edge of the examination table. The footprints 

will be taken on blank paper. Using plumb line medial & lateral 

condyles of tibia and medial & lateral malleolus points will be 

marked on paper, then these points will be joined to form tibial 

torsion angle which will be measured. The angle formed is 12 

degrees to 18 degree normally (14)     

Measurement of leg heel alignment: 

 Subject lies in the prone position with the foot extending over the 

end of the examining table. A mark will be placed over the midline 

of the calcaneus at the insertion of the Achilles tendon. Second 

mark will be placed approximately 1cm distal to the first mark and 

as close to the midline of the calcaneus as possible. A calcaneal line 

will be then made to join the two marks. Then tibial line will be 

drawn making two marks on the lower third of leg in the midline. 

Subtalar joint is then placed in prone neutral position and the lines 

are studied. If the line are parallel or in slight Varus, that is 2 degree 

to 8 degree, the leg-to-heel alignment is considered normal (14) 

DATA MANAGEMENT AND ANALYSIS PROCEDURE: 

The data collected will be entered into excel sheet, the backup of 

data will be maintained. In any way the participant’s identity and 

information will not be disclosed the data will be utilized for 

further analysis. 

Sample size was calculated using EPI info software version 7 
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Chi-square or Fisher exact test which ever will be applicable will be 

used. The level of significance will be kept 0.005 

DATA ANALYSIS PLAN AND METHODS: 

Data obtained will be entered in Microsoft excel sheet (2007) and 

would be analyzed. 

The statistical tests will be applied to find out association using 

quantitative and categorical variables.  

8) Reference Style :- 1. Smith SM, Sumar B, Dixon KA. Musculoskeletal pain in 
overweight and obese children. Int J Obes. 2013; 38(1):11–15. 

2. Choudhary K, Mathur P, Garg M, Gupta PP. Prevalence of 
overweight and obesity amongst adolescents and identification 
of risk factors. Int J Contemp Pediatr. 2017;4(4):1153-1159. 

3. Park K. Park's textbook of Preventive and Social medicine. 23rd 
ed. Bhanot. 2015. 397 p. 
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India-the ICMR-INDIAB Study (Phase-I)[ICMR-INDIAB-3]. The 
Indian journal of medical research. 2015 Aug;142(2):139.  

5. Gouda J, Prusty RK. Overweight and obesity among   women 
by economic stratum in urban India. Journal of health, 
population, and nutrition. 2014 Mar;32(1):79. 

6. Snehalatha C, Viswanathan V, Ramachandran A. Cutoff values 
for normal anthropometric variables in Asian Indian adults. 
Diabetes Care. 2003;26:1380– 4 

7.  Taylor ED, Theim KR, Mirch MC, Ghorbani S, Tanofsky-kraff M. 
Orthopedic Complications of Overweight in Children and 
Adolescents. Pediatrics. 2006;117(6):2167-2174. 

8. Wearing S. C, Hennig E. M, Byrne N. M, Steele J. R, Hills A. P. 
Musculoskeletal disorders associated with obesity: a 
biomechanical perspective. Obesity Reviews. 2006 Aug; 
7(3):239-50. 

9. Chan G, Chen CT. Musculoskeletal effects of obesity. Curr Opin 
Pediatr. 2009;21:65-70. 

10. Mauch M, Grau S, Krauss I, Maiwald C, Horstmann T. Foot 
morphology of normal, underweight and overweight children. 
Int J Obes. 2008;32(7):1068–1075. 

11. Riddiford-Harland DL, Steele JR, Baur LA. Are the feet of obese 
children fat or flat? Revisiting the debate. Int J Obes. 
2011;35(1):115-120. 

12. Krul M, Wouden J, Schellevis F, Suijleko-Smit L, Koes B. 
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Musculoskeletal Problems in Overweight and Obese Children. 
Ann Fam Med. 2009;7(4):352-356. 

13. Butterworth P A, Landorf K, Smith S E, Menz H B. The 
association between body mass index and musculoskeletal foot 
disorders: A systematic review. Obesity reviews. 2012 March; 
13:630-42. 

14. Magee DJ. Orthopedic Physical Assessment. 6th ed. Elsevier. 

15. Felson DT, Goggins J, Niu J, Zhang Y, Hunter DJ. The effect of 
body weight on progression of knee osteoarthritis is dependent 
on alignment. Arthritis & rheumatism. 2004 Dec;50(12):3904-9. 

16. Medina McKeon JM, Hertel J. Sex differences and 
representative values for 6 lower extremity alignment 
measures. Journal of athletic training. 2009 May;44(3):249-55. 

17. Keogh E, Herdenfeldt M. Gender, coping and the perception of 
pain. Pain. 2002 Jun 1;97(3):195-201. 

18. Sarkar A, Singh M, Bansal N, Kapoor S. Effects of obesity on 
balance and gait alterations in young adults. Indian j 
physiolpharmacol. 2011 Aug ;55(3):227-233. 

19. Viester L, Verhagen EA, Hengel KM, Koppes LL, van der Beek AJ, 
Bongers PM. The relation between body mass index and 
musculoskeletal symptoms in the working population. BMC 
musculoskeletal disorders. 2013 Dec 1;14(1):238. 

20. Nguyen AD, Shultz SJ. Sex differences in clinical measures of 
lower extremity alignment. Journal of orthopaedic & sports 
physical therapy. 2007 Jul;37(7):389-98. 

21. Scerpella TA, Stayer TJ, Makhuli BZ. Ligamentous laxity and 
non-contact anterior cruciate ligament tears: a gender-based 
comparison. Orthopedics. 2005 Jul 1;28(7):656-60. 

22. Egret C, Ransom A, Amasay T, Ludwig K. Lower Extremities 
Biomechanics Patterns of Obese and Normal Body Mass Adults 
during Stairs Ascent and Descent. Int J Anat Appl Physiol. 2019 
Oct 28;5(4):119-23. 

23. Mohanty NR, Tiwari A, Koley S. Bilateral Correlation Of Q-Angle 
With Selected Lower Extremity Biomechanical Alignment 
Variables In State Level Female Basket-Ball Players. European 
Journal of Physical Education and Sport Science. 2019 Mar 22. 

24. Jalai CM, Diebo BG, Cruz DL, Poorman GW, Vira S, Buckland AJ, 
Lafage R, Bess S, Errico TJ, Lafage V, Passias PG. The impact of 
obesity on compensatory mechanisms in response to 
progressive sagittal malalignment. The Spine Journal. 2017 May 
1;17(5):681-8. 

25. Heggannavar A, Battula L, Metgud S. A correlatıon between 
leg-heel alignment, tibial torsion and Q angle amongst normal, 
overweight and obese individuals. Int J Physiother Res. 
2016;4(3):1530-4. 
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Obesity and Foot Problems in the Framingham Foot Study: Does 
Foot Structure or Foot Function Protect Against Hallux Valgus?: 
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27. Popat P P, Parekh A R. Biomechanical variation of joint angles in 
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Research. 2014 Nov; 1(4):251-4. 
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obesity. 2001 Nov;25(11):1705-12. 

29. Czamara A, Szuba Ł, Krzemińska A, Tomaszewski W, 
Wilk-Frańczuk M. Effect of physiotherapy on the strength of 
tibial internal rotator muscles in males after anterior cruciate 
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international medical journal of experimental and clinical 
research. 2011;17(9):CR523. 

30. Sharma L, Lou C, Cahue S, Dunlop DD. The mechanism of the 
effect of obesity in knee osteoarthritis: the mediating role of 
malalignment. Arthritis Rheum 2000; 43: 568–575 
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9) Timeline/Gantt 
Chart :- 

Sr. 
no. 

Months   

1 NOVEMBER 2019 ALLOCATION OF THE GUIDE 

2 DECEMBER 2019 TOPIC FINALISATION FOR THE 
SYNOPSIS 

3 JANUARY 2020 FORMULATION OF RESEARCH 
QUESTION, HYPOTHESIS AND 
OBJECTIVES 

4 FEBRUARY 2020 INSTITUTIONAL ETHICS AND BOR 
APPROVAL OBTAINED 
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5 March 2020 MUHS SUBMISSION 

6 APRIL 2020 TO 
FEBRUARY 2021 

DATA COLLECTION 

7 MARCH 2021 DATA PRESENTATION AND ANALYSIS 

8 APRIL 2021 WRITING DISCUSSION AND 
CONCLUSION 

9 MAY 2021 SUBMISSION OF THESIS TO MUHS 

 

10) Annexures :- Annexure I 

 A. CASE RECORD FORM 

 B. METHODS OF DATA COLLECTION  

 C. DATA COLLECTION TOOLS 

Annexure II 

A. LETTER OF CONSENT (INCLUDING ENGLISH, MARATHI, HINDI)  

B.  PERMISSION LETTER 

C.  ABBREVATIONS 

Annexure III  

TIMELINE/GANT CHART 
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ANNEXURE I (A) 

 

CASE RECORD FORM: 

 

DATE:  

NAME:  

AGE:  

GENDER: 

HEIGHT:  

WEIGHT:  

BMI (Kg/m2): 

 

 RIGHT LEFT 

LEG HEEL ALIGNMENT   

TIBIAL TORSION ANGLE   

Q-ANGLE   
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ANNEXURE I (B) 

 

METHODS OF DATA COLLECTION:  

 

Procedure: Participants height in centimeter with a measuring tape and weight in kilogram 

on weighing machine will be taken. Body Mass Index calculated. 

Measurement of Q angle: 

   Q angle will be measured by placing lower limbs at right angle to the line joining two 

ASIS. A line will be drawn from ASIS to midpoint of patella on the same side and from the 

tibial tubercle to the midpoint of patella .The angle formed by crossing these two lines is Q 

angle which normally is 13 degrees for males and 18 degrees for females (14) 

Measurement of tibial torsion: 

  It is taken with subject taken in sitting position with knees flexed to 90 degrees over the 

edge of the examination table . The footprints will be taken on blank paper. Using plumb 

line medial & lateral condyles of tibia and medial & lateral malleolus points will be marked 

on paper, then these points will be joined to form tibial torsion angle which will be 

measured. The angle formed is 12 degrees to 18 degree normally (14)     

Measurement of leg heel alignment: 

 Subject lies in the prone position with the foot extending over the end of the examining 

table. A mark will be placed over the midline of the calcaneus at the insertion of the 

Achilles tendon. Second mark will be placed approximately 1cm distal to the first mark and 

as close to the midline of the calcaneus as possible. A calcaneal line will be then made to 

join the two marks. Then tibial line will be drawn making two marks on the lower third of 

leg in the midline. Subtalar joint is then placed in prone neutral position and the lines are 

studied. If the lines are parallel or in slight Varus, that is 2 degree to 8 degree, the 

leg-to-heel alignment is considered normal (14) 
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ANNEXURE I (C) 

DATA COLLECTION TOOLS:  

 

ELECTRONIC WEIGHING MACHINE 

 1. Product name: Easy-care Electronic bathroom scale  

2. Weighing range: 6kg – 150kg (180kg)                         

3. Division: 100g (0.2lb)  

4. LCD digital display  

5. Automatic switch  

6. Auto zero resetting and power off 

7. Overload/low battery indication. 

 

 

 

MEASURING TAPE: 

Product description: Flexible fiberglass measuring tape 

Dimensions: 60 inches/ 150 cm long × 5 inches/ 12.7 mm wide  

Specifications: Metric measurements in 1 mm divisions 

 

GONIOMETER: 

 

Product description: Movable and stationary arms with 

                fixed fulcrum 

Specifications: Measurements in degrees 

 

 

 

 

 

PLUMB LINE: 

Product description: metal plumb/piece with a long thread 
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Annexure II (A) 

LETTER OF CONSENT  

Association of leg heel alignment, tibial torsion, and Q-angle in bilateral lower limbs with 

normal weight, overweight and obese women, aged 30-40 years: an analytical 

cross-sectional study 

I __________________ agree to participate voluntarily as a subject for the study. I have 

been informed regarding the nature and purpose of the study regarding my participation. I 

have no objection to various testing procedures pertaining to the study that I will have to 

undergo.  

The researcher has already assured me that I would be treated well, without any untoward 

effect and the rights of confidentiality will be protected. 

 

Name of subject:  

Signature/Thumbprint: 

 Date: 
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Annexure II (A) 

संमतीचा पत्र 

30-40 वरे्ष वयोगटातील सामान्य वजन, जादा वजन आणि लठ्ठ मणिला असलेल्या णिपक्षीय खालच्या 

अवयवांमधे्य लेग टाच संरेखि, णटणियल टॉरशन आणि कू्य एंगलची असोणसएशन: णवशे्लर्षिात्मक 

क्रॉससेक्शनल अभ्यास 

"मी ___________________ अभ्यासाचा णवर्षय म्हिून से्वचे्छने सिभागी िोण्यास सिमत आिे. माझ्या 

सिभागाच्या संदभाात मला अभ्यासाचे स्वरूप आणि िेतू यािद्दल माणिती देण्यात आली आिे. मला 

अभ्यासाशी संिंणित असलेल्या णवणवि चाचण्या प्रणक्रयेवर माझा आके्षप नािी. संशोिकाने मला आिीच 

आश्वासन णदले आिे की माझ्याशी चांगले वागिूक णदली जाईल, कोितािी अणप्रय पररिाम न घेता आणि 

गोपनीयतेचे िक्क संरणक्षत केले जातील. 

 

णवर्षयाचे नाव: 

स्वाक्षरी / लघुप्रणतमा: 

तारीख: 
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Annexure II (A) 

सिमणत पत्र 

पैर एडी संरेखि, णटणियल टोरणसयन, और कू्य कोि के सियोग सामान्य वजन, अणिक वजन और 

मोटापे से ग्रस्त मणिलाओ ंके साथ णिपक्षीय णनचले अंगो ंमें, 30-40 साल आयु वगा: एक णवशे्लर्षिात्मक 

क्रोसे्सक्शनल अध्ययन 

मैं ___________________ अध्ययन के णलए एक णवर्षय के रूप में से्वच्छा से भाग लेने के णलए सिमत 

िैं । मुझे अपनी भागीदारी के संिंि में अध्ययन की प्रकृणत और उदे्दश्य के िारे में सूणचत णकया गया िै । 

मुझे उस अध्ययन से संिंणित णवणभन्न परीक्षि प्रणक्रयाओ ंसे कोई आपणि निी ंिै णजससे मुझे गुजरना िोगा 

।शोिकताा ने मुझे पिले िी आश्वासन णदया िै णक मेरे साथ अच्छा व्यविार णकया जाएगा, णिना णकसी 

अणप्रय प्रभाव के और गोपनीयता के अणिकारो ंकी रक्षा की जाएगी ।   

 

णवर्षय का नाम:  

िस्ताक्षर/थंिणपं्रट: 
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INTRODUCTION 

Smartphones have made ubiquitous internet access possible with no bounds on time or place 

with more than 50% of worldwide prevalence rate.[1] India has been ranked 2nd in a global 

ranking of countries with large population of smartphone users approximately 345.92 million 

as of September 2019 with highest penetration rate in the age group of 11 – 35 years.[2] 

Extended use of smartphones is prevalent among young adults including university students 

who spend a large amount of time on mobile devices for social leisure or school activities.[3]  

Posture seems to have great impact on sensorimotor function of cervical spine.[4] Berolo et al. 

suggested that prolonged smartphone usage could lead to use of a non-neutral neck posture or 

development of musculoskeletal disorders.[5] Many may use smartphones with the head shifted 

forward and the smartphone placed near the waist or lap while in a seated posture.[6] This flexed 

neck posture can increase the moment of the cervical spine and produce muscle strain in 

surrounding structures of the cervical region.[7] Moreover, maintenance of this position (head 

shifted forward) decreases lordosis of lower cervical vertebrae and creates a posterior curve in 

upper thoracic vertebrae to maintain balance known as forward head posture (FHP) also known 

as ‘text neck’, ‘turtle neck’ or ‘anterior head syndrome’ which can be quantified with 

measurement of Craniovertebral angle (CVA).[8, 9]  

One of the common postural deviations in excessive smartphone users is forward head posture 

(FHP) and is described as “head positioned anterior to a vertical line passing through the centre 

of gravity, the line of vision will extend downward if the normal angle at which the head and 

neck connection are preserved.[6] To correct these for visual desires, there is posterior cranial 

rotation resulting in tilting of the head backward, along with flexion of the neck over the 

thoracic spine and posterior migration of mandible”.[10] Higher levels of disability are 

associated with severe forward head posture (FHP).[6] It increases external flexion torque, 
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placing a bigger load on cervical extensors and some parts of connective tissues which may 

cause many harmful symptoms such as neck pain, shoulder pain, chronic headaches, upper 

back pain, increased curvature of spine, and scapular dyskinesis.[6]  

 

             A conceptual model of smartphone usage, adapted from Dennerlein (2015). [4, 11] 

Neck pain symptoms result from prolonged static maintenance of posture and muscle overload. 

Many studies have stated that forward head posture (FHP) is correlated with 

temporomandibular disorders, headache, abnormal scapular movement, and myofascial pain 

syndrome.[12] Usually, neck pain increases as age increases, but nowadays due to advancements 

in technology younger populations are spending long hours on their smartphones thus they are 

likely to develop incorrect head and shoulder position.[7] Sustained pressure in cervical region 

due to hunching over smartphones increases activity in neck extensor muscles leading to 

muscle fatigue, decrease in work capacity and affects musculoskeletal system causing 

disturbed signals to brain that might cause balance problems and impaired proprioception.[7] 

Proprioception includes the sensation of joint movement (kinaesthesia) and joint position (joint 

position sense). Perception of the orientation of our head in space as well as on the trunk 
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demands the contribution of vestibular and visual cues along with proprioceptive information 

from the neck and other body regions.[12] Cervical proprioception contributes to correct head 

in space and trunk orientation, as well as to correct body orientation and balance control.[10] 

Altered cervical proprioception has an adverse effect on motor control leading to balance 

disturbances, increased postural sway and poor head neck posture awareness.[13] Cervical 

proprioception has a significant influence on postural control, gait control, and body balance.[10] 

The cervical muscles are rich in muscle spindles and contribute to enhance the sensorimotor 

function. They play an important role in maintaining head and neck control during static and 

dynamic activities.[10] 

Several studies have investigated the impact of using smartphones on pain elicited in different 

parts of the body. Berolo et al. conducted a survey in a Canadian university population and 

reported that the duration and frequency of use of mobile handheld devices were associated to 

the prevalence of neck pain.[5] A cause of neck disorders among smartphone users may be the 

ability to position the display of the mobile device, such as on a desk or below the shoulder 

level.[5] Although smartphone use is associated with causal factors of neck pain or 

musculoskeletal dysfunction, fewer experimental studies have been performed on the effects 

of smartphone use than on the effects of visual display terminal (VDT) work.[13] Szeto, Straker, 

and O’Sullivan reported that more symptomatic than asymptomatic individuals used forward 

head posture (FHP) while using a visual display terminal (VDT).[13, 14] In a previous study, 

small forward shifts of the head in the sagittal plane enhanced the load on the adjacent 

structures and activated the neck muscles.[13] 

Harrison et al. found that the compressive load on the cervical discs in the flexed neck posture 

was 10 kg greater than that in the upright neck position.[13, 15] Adult head weighs 10-12 pounds 

in neutral position but when head tilts forward at 15°, forces on the neck amount to 12 kg; at 

30°, 18 kg; at 45°, 22 kg; and at 60°, 27 kg. However, at 90°, the model prediction was no 



9 
 

longer reliable.[8] Fatigue of neck and shoulder muscles at different cervical flexion angles of 

smartphone usage was measured using electromyography which revealed that Right Upper 

Trapezius and Left Upper Trapezius showed highest muscle fatigue at an angle of 50° and 

lowest at 30°.[16] These biomechanical variations or the presence of neck pain can lead to 

proprioceptive deficits in the cervical region. 

Previously many studies have investigated the alterations in cervical spine posture caused due 

to pain during computer or smartphone use.[6] However, few studies have addressed how 

smartphones change cervical spine posture in asymptomatic users. Additionally, very limited 

literature is available that has reported the impact of excessive smartphone use on cervical spine 

posture and cervical proprioception in Indian population. Use of a faulty posture by 

asymptomatic smartphone users may bring about changes in functional anatomical structures, 

causing damage to muscles, joints, connective tissues and may alter proprioceptive and postural 

sense. Studies suggest that these changes in the alignment of cervical spine may cause severe 

neck pain and associated disorders in future, which are being unnoticed as there is no symptom 

of pain at present. 

Therefore, the present study is based on the hypothesis that the cervical spine of young adults 

with excessive smartphone usage would be more flexed and thus have lower craniovertebral 

angle which may result in impaired cervical proprioception. 
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RATIONALE OF THE STUDY 

A recent global survey showed that about 70 percent of worldwide internet users, especially 

the young generation, were using their smartphones more as a direct result of lockdown due to 

the coronavirus outbreak.[17] Such findings suggest that COVID19 pandemic situation lead to 

the overuse or excessive usage of smartphones. Smartphone overuse may cause physical and 

psychological health issues, develop different musculoskeletal pain, depression, and anxiety.[17, 

18] Excessive use of smartphones can eventually lead to gaming disorders and internet use 

disorders and ultimately be considered to cause psychosocial crisis (i.e., sleep deprivation, 

stress, mood disorder and anxiety), which could develop particular harmful health issues and 

remain unchanged in the post-lockdown period.[17] 

Considering the young generation, one study suggested that 61% of parents classified their 

children as addicted to their smart devices for doing activities. As educational institutions are 

temporarily closed and children are passing their time at home or pursuing online classes, they 

can potentially be more exposed to using the internet and smart devices for their 

communication and entertainment purposes.[17] 

Prolonged use of smartphones leads to unknowing attainment of a flexed neck posture, 

characterized by altered craniovertebral angle (CVA) and postural changes in cervico-scapular 

region with symptoms like neck pain, muscle fatigue and reduced cervical range of motion. 

There are literatures suggesting that with increase in neck pain there is impaired cervical 

proprioception. [7, 19, 20]  

Cervical spine is the most intricate region of spine as it contains high density of muscle spindle 

especially in the suboccipital muscles. [21, 22] Proprioception is essential for proper joint function 

in activities of daily living or work-related tasks. Mechanoreceptors in cervical region are 
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considered to play a crucial role in the transmission of information. [21,22,23] Multifactorial 

problems in this region are mainly caused by decreased joint sense.[24] 

Previous studies have shown significant deviation of cervical spine posture with smartphone 

addiction. Also, studies suggest that smartphone usage leads to development of forward head 

posture (FHP) and neck pain which further affects proprioceptive function in the cervical 

region. [22, 25] Since the usage of smartphones has increased over a period of time, studies related 

to its impact on individuals ideal posture becomes of a particular interest. However, limited 

literature is available on impact of smartphone usage in asymptomatic users, who tend to use 

their smartphones in a non – neutral neck posture. Resultant of which might be underlying 

changes in the ideal cervical spinal alignment and alterations in the connections between 

cervical receptors and sympathetic nervous system responsible for maintaining postural 

control, gait control and body balance. Hence, it becomes important to make an individual 

aware about these changes as they are unidentified just because there are no associated 

symptoms of pain. 

Thus, the current study aims to correlate alterations in the cervical spine posture considering 

craniovertebral angle (CVA) of young adults with cervical proprioception using head 

repositioning accuracy (HRA) test in excessive smartphone users and also, attempts to make 

individuals aware about their deficient postural adaptations while using smartphones for 

prolonged period of time. 
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RESEARCH QUESTION: 

 

What is the correlation between craniovertebral angle and cervical proprioception in 

excessive smartphone users in age group of 18 – 35 years? 
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OBJECTIVES: 

 

PRIMARY OBJECTIVE: 

To find correlation of craniovertebral angle using MB Ruler Software with cervical 

proprioception using head repositioning accuracy test in excessive (score > 30) smartphone 

users in age group of 18-35 years. 

 

SECONDARY OBJECTIVE: 

To study the correlation of craniovertebral angle and cervical proprioception between male 

and females with excessive smartphone usage in age group of 18-35 years. 
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REVIEW OF LITERATURE: 

 

A study titled, “Posture deviation of head and neck in heavily using smart phone 

adolescents: An observational cross-sectional study”, was conducted by Amal Youssef 

Elsaeed Wahba et. al in the year 2021. Objectives.224 undergraduate male students were 

recruited to evaluate the head and neck posture in heavy using smart phone and assigned into 

three groups according to the number of hours spent daily on the smart phone. Group A used 

the smart phone for 10-16 hours/day (n = 25); group B used the smart phone for 5-9 hours/day 

(n = 64); group C used the smart phone for 1 - 4 hours/day (n = 11). The postural assessment 

software (PAS/SAPO) was used to assess head and neck posture from digitalized pictures from 

anterior, right lateral and left lateral views. The results obtained revealed that the horizontal 

alignment of the head and acromion from anterior view, and the vertical alignment of the head 

from right and left lateral views showed non-significant differences (p> 0.05) among three 

groups. However, the horizontal alignment of the head from right and left lateral views was 

significantly higher in group B compared to group A (p< 0.05), while there were 

non-significant differences (p> 0.05) between (group A versus C) and (group B versus C). the 

study concluded that Heavily use of the smart phone negatively affects head and neck posture 

in adolescents and postural deviations in head and neck are directly proportional to the hours 

of using the smart phone daily.[26] 

 

A study titled, “Effect of Body Mass Index on Craniovertebral Angle and Shoulder 

Angle in Egyptian Adolescents”, was conducted by Somaya NM Elsayad et. al in the year 

2020. The study consisted of 86 randomly selected physical therapy students in the age group 

of 18 – 27 years. These participants were then divided into 3 groups based on their BMI as 

Normal, Overweight and Obesity Class – I. the study analysed craniovertebral angle, shoulder 
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angle and BMI of each participant. The craniovertebral angle (CVA) and shoulder angle (SA) 

were analysed with Photogrammetry method using Samsung J7 mobile phone with Corel Draw 

Software. The study revealed that overweight and obesity change CVA and forward head 

posture and Overweight changed shoulder angle and so rounded shoulder appearance. 

However, obesity did not change SA and rounded shoulder.[27] 

 

A study titled, “The Effect of Calling Duration on Cervical Joint Repositioning Error 

Angle and Discomfort In University Students”, was conducted by Gamze Yalcinkaya et. al in 

the year 2020. The study consisted of 63 university students in which Joint Repositioning error 

sense, CVA, Cervicothoracic muscle strength and endurance of neck flexors was measured and 

potential pain and disability levels were assessed. The study revealed that university students 

spending twenty minutes or more for calling on smartphone daily had significantly higher joint 

repositioning error sense. Also, it suggested that there was fair relationship between the daily 

calling time on smartphone and potential neck pain and disability. The study concluded that 

prolonged calling duration on smartphone could affect cervical joint repositioning error sense 

and this might be related to potential discomfort on cervical region in future.[28] 

 

Ibrahim M. Moustafa et. al in the year 2020 conducted a study, “Is forward head 

posture relevant to autonomic nervous system function and cervical sensorimotor control? 

Cross sectional study”. The study consisted of 160 participants which were divided into 2 

groups based on their CVA , one of ˃50° and other of ˂50° with matched age, gender and BMI 

were recruited. Sensorimotor control variables include smooth pursuit neck torsion test 

(SPNT), Overall stability index (OSI) and left and right rotation repositioning accuracy. 

Autonomic nervous system function includes amplitude and latency of skin sympathetic 
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response (SSR). Differences in variable measures were examined using the parametric t-test 

and Pearson correlation was used to evaluate the relationship between FHP, sensorimotor 

control, and autonomic nervous system function. The results obtained that there were 

statistically significant differences between the FHP group and control group for all of the 

sensorimotor measured variables including SPNT, OSI and left and right rotation repositioning 

accuracy. Also, there was a significant difference in neurophysiological findings, including 

SSR amplitude, but there was no significant difference for SSR Latency. The CVA 

significantly correlated with all measured variables. Thus, the study concluded that Participants 

with FHP exhibited abnormal sensorimotor control and autonomic nervous system dysfunction 

compared to those with normal head alignment.[29] 

 

A study titled, “The Influence of Forward Head Posture on Cervical Proprioception in 

Dentists”, was conducted by Ravi Shankar Reddy in the year 2020. The study recruited 84 

dentists which were divided into 2 groups based on their Craniovertebral angle measurements 

into Healthy (CVA ˃ 50°) and FHP (CVA ˂50°) group. The cervical Joint Position Error (JPE) 

testing was performed as an estimate of cervical proprioception in sagittal (flexion, extension) 

and transverse plane (rotation to the left and the right). Three trials of JPE’s were tested in each 

direction, and the mean of these errors was used for analysis. The study revealed that there 

were significant differences between the FHP and healthy subjects in the cervical JPEs 

(p<0.001) in all four directions. There was a weak to moderate negative correlation between 

the CV angle and the JPEs tested. The study concluded that the dentists with FHP demonstrated 

reduced cervical proprioception due to changes in the length-tension relationship in cervical 

musculature due to FHP may affect cervical position sense. Also, results suggested that cervical 

proprioception may become worse as the degree of FHP increases.[10] 
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A study titled, “Cervical proprioception and its relationship with neck pain intensity in 

subjects with cervical spondylosis”, was conducted by Ravi Shankar Reddy et. al, in the year 

2019 on 132 subjects with cervical spondylosis (CS) and 132 age matched healthy control 

subjects. To measure cervical proprioception, this study implemented the active head 

repositioning to the target method. The results of this study demonstrated that joint 

proprioceptive errors (JPEs) are significantly larger in the CS group than in the healthy control 

group indicating that cervical proprioception is impaired in subjects with CS. Cervical 

proprioceptive errors in the CS group significantly and positively correlated with neck pain 

intensity. The cervical JPE increased with increased neck pain intensity showing that an 

increase in pain intensity will impair the proprioceptive functionality.[19] 

 

A study titled, “The effect of posture on neck proprioception and head/neck 

stabilization in asymptomatic participants” was conducted by Dean L. Smith et. al, in the year 

2019. This study sought to determine the role of body postures on two tasks – a head 

repositioning task as well as a head still task. The study included 12 healthy college students 

who completed head repositioning task and a ‘head still’ task while wearing a headpiece 

(helmet) with laser fixed on top during different postures. They found that there was a 

significant effect of both posture and vision for both vertical and horizontal head movements 

during head still task. Standing and kneeling generated more variable head movement than 

sitting with or without support. The main findings of this study were that body posture did not 

influence head repositioning accuracy (either with head rotation to the right or to the left) but 

did influence head stabilization (head still) performance.[24] 
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A study titled, “Comparative joint position error in patients with non-specific neck 

disorders and asymptomatic age – matched individuals” was conducted by Jonathan Quartey 

et. al, in the year 2019. The study examined proprioceptive deficits of the neck using a laser 

pointer attached to head. The study included 20 subjects within the age group of 21- 60 years, 

with at least 5 points on the neck disability index (NDI) and 20 age and sex matched controls 

with less than 5 points on neck disability index (NDI). The joint position error (JPE) was 

determined wearing a headlight laser pointer directed towards a Cartesian coordinate system 

mounted on the wall on a graph chart paper. The results depicted that control participants 

showed larger JPE values for all errors. Also, the study concluded that it did not reveal any 

meaningful difference between patients with mild disabled neck movement compared with 

control.[30] 

 

A study title, “Correlation among smartphone addiction, craniovertebral angle, scapular 

dyskinesis and selected anthropometric variable in physiotherapy undergraduates” was 

conducted by Ashiyat K. A et. al in the year 2018. The study included 77 undergraduates who 

were addicted to smartphones which was assessed using the short version Smartphone 

Addiction Scale (SAS – SV). They found that there was a significant difference in 

craniovertebral angle between male and female participants. Also, there was a significant 

relationship among smartphone addiction, craniovertebral angle and scapular dyskinesis in 

male and female participants. Thus, the study concluded that a high level of smartphone 

addiction reduces the craniovertebral angle and increases scapular dyskinesis. Therefore, the 

smartphone addiction level should be assessed in all patients with neck and shoulder pain to 

plan appropriate management.[6] 
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A study titled, “Impact of smartphone usage on cervical proprioception and balance in 

healthy adults” was conducted by Adel Alshshrani et. al, in the year 2018. The study included 

30 participants aged from 18-27 years. This study looked at Craniovertebral angle (CVA), joint 

position error (JPE), and balance measurements on healthy individuals who used smartphones 

for a long period of time (4 h+) during any daytime. The results obtained showed no significant 

difference on CVA when comparison was made between smartphone heavy- and light-use 

individuals. However, they found a significant increase of JPE for right and left rotation and 

balance measures that included Overall Stability Index (OSI), Anterior-Posterior Stability 

Index (APSI) and medial-lateral stability index (MLSI) with higher scores indicating worse 

postural control. Thus, the study concluded that prolonged duration of smartphone use could 

negatively affect cervical proprioception and dynamic balance ability.[7] 

 

A study titled, “Effect of whole-body vibration on cervical (neck) proprioception in 

young, healthy individuals serving as their own control: a pilot study” by Joseph Morley et 

al. in the year 2018 suggested that head re-positioning errors are increased by whole body 

vibration. The possible reason for which is due to altered proprioceptive input from the 

elements in the neck muscle spindles. The pilot study used Head Repositioning Accuracy test 

to measure cervical proprioception with the subject standing on a vibrating platform. The co-

ordinates (x,y) marked on the wall mounted graph paper were converted using Pythagorean 

method. This value was a straight line and hence represented the actual direct distance between 

the 0,0 point and where the study participant stopped his/her movement. This distance in cm 

was the repositioning error. It was the length of this repositioning error that allowed for a 

statistical comparison between normal head repositioning and that done under whole body 

vibration. Additionally, tabulation of movements ending in the different Cartesian coordinate 
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quadrants were also studied which determined overshoot or undershoot of head re-positioning 

that identifies which muscle groups are responsible for the overshoot or undershoot errors.[31] 

 

A study titled, “Musculoskeletal disorder and pain associated with smartphone use: A 

systematic review of biomechanical evidence” was conducted by Aitthanatt Chacris 

Etivipart et. al, in the year 2018. The study focused on the changes in musculoskeletal 

symptoms caused by smartphone usage. This systematic review has provided information 

about the change and associations with musculoskeletal symptoms in the neck, the shoulder, 

the upper limb, the hands and the thumb associated with smartphone use. The results showed 

that muscle activity of upper trapezius, erector spinae and the neck extensor muscles are 

increased, as well as head flexion angle, head tilt angle and forward shifting also increased 

during smartphone usage. Also, smartphone use in sitting position seems to cause more shift 

in head-neck angle than in a standing position.[32] 

 

A study titled, “Is forward head posture relevant to cervical muscle performance and 

neck pain? A case-control study “, was conducted by Leila Ghamkhar et. al, in year 2018. 

The study included 32 patients with chronic neck pain and 35 asymptomatic participants. 

Forward head posture (FHP) in standing, extensor and flexor muscles endurance and 

dimensions were assessed using digital photography, clinical tests and ultrasonographic 

imaging, respectively. The study results depicted that deep flexor and extensor muscle size 

were found to be significantly smaller in CNP patients. Chronic neck pain (CNP) patients also 

demonstrated lower levels of flexor and global extensor endurance capacity. Also, the study 

concluded that forward head posture (FHP) was found neither different between groups nor 

correlated with muscle performance or chronic neck pain (CNP) clinical characteristics; while 
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cervical endurance was found lower in CNP patients, it did not show any association with pain 

or disability.[33] 

 

A study titled, “Effect of different head-neck-jaw postures on cervico-cephalic 

kinaesthetic sense” conducted by H. Zafar et. al, in the year 2017. The study investigated the 

effect of different induced head-neck-jaw postures on head-neck relocation error among 30 

healthy male subjects. Cervicocephalic kinesthetic sense was measured while standing, 

habitual sitting, habitual sitting with clenched jaw and habitual sitting with forward head 

posture during right rotation, left rotation, flexion and extension using kinesthetic sensibility 

test. The study results obtained concluded that head – neck relocation error was least while 

standing, followed by habitual sitting with forward head posture and habitual sitting with jaw 

clenched. However, there was no significant difference in error between tested postures during 

all the movements. Thus, the study suggested that assuming a posture for a short duration of 

time doesn’t affect head-neck relocation error in normal healthy subjects.[21] 

 

A study titled, “Correlations among Visual Analogue scale, neck disability index, 

shoulder joint range of motion and muscle strength in young women with forward head 

posture” was conducted by Young Jun Shin et. al, in the year 2017. This study investigated 

the correlation between the neck disability index (NDI) and visual analogue scale (VAS), 

which are indicators of neck pain, shoulder joint range of motion (ROM), and muscle strength 

in 42 women with a slight forward head posture. In conclusion the study showed a significant 

negative correlation between neck pain and range of motion in external rotation i.e., as the neck 

pain increases, the external rotation range decreases. The study also showed a significant 

negative correlation between neck pain and muscle strength in abduction i.e., as the neck pain 
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increases, the muscle strength in abduction decreases. Thus, results indicate that shoulder joint 

should also be considered when treating and assessing patients with forward head posture 

(FHP) complaining of neck pain.[34] 

 

A study titled, “Correlation between head posture and proprioceptive function in the 

cervical region”, was conducted by Min-Sik Yong et. al, in the year 2016. The study included 

72 healthy young individuals. For measurement of head posture, the craniovertebral angle was 

calculated based on the angle between a horizontal line passing through C7 (seventh cervical 

vertebrae) and a line extending from the tragus of the ear to C7. The joint position sense was 

evaluated using a dual digital inclinometer. They found a significant negative correlation 

between craniovertebral angle and position sense error for flexion and extension i.e., as the 

craniovertebral angle decreases the joint repositioning error increases. They also concluded 

that forward head posture is correlated with greater repositioning error than a more upright 

posture and further research is needed to determine whether correction of forward head posture 

has any impact on repositioning error.[35] 

 

A study titled, “Effect of duration of smartphone use on muscle fatigue and pain caused 

by forward head posture in adults” was conducted by Seong – Yeol Kim et. al, in year 2016. 

The study included 34 adults with forward head posture which were classified into groups by 

duration of smartphone use. The results obtained depicted that the group that used the phone 

for 10 minutes showed decreased median frequency of fatigue in all of the muscles studied, but 

without significance (p>0.05). In the 20-minute group, there was a slight decrement in median 

frequency, and fatigue decreased significantly in the left upper trapezius (p<0.05). There were 

no significant differences in muscle fatigue in the right cervical erector spinae (p>0.05), but 
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significant differences were noted in the left cervical erector spinae and the left and right upper 

trapezius muscles (p<0.05) in the group that used the phone for 30 minutes. A significant 

difference in muscle fatigue in the left upper trapezius was shown between the 10-minute and 

30- minute groups. Thus, the conclusion of the study was that pain and fatigue worsened with 

longer smartphone use. Also, the study provided proper duration of smartphone use with 

correct postures to be attained and at least 20 minutes of breaks are recommended while using 

smartphones for prolonged period of time.[36] 

 

A study titled, “Influence of neck pain on cervical movement in the sagittal plane during 

smartphone use”, was conducted by Man-Sig Kim in the year 2015. This study examined 

changes in the posture of young adults with and without mild neck pain (MNP) when using a 

smartphone. The study recruited 13 control subjects and 14 subjects with MNP who used 

smartphones. The upper cervical (UC) and lower cervical (LC) angles in the sagittal plane were 

measured using an ultrasound-based motion analysis system while the seated subjects used a 

smartphone for 5 min. The results obtained revealed that during smartphone use, the mild neck 

pain (MNP) group exhibited greater UC and LC flexion angles than the control group. These 

findings suggest that young adults with mild neck pain (MNP) are more careful and more 

frequently utilize a neutral neck posture than young adults without MNP when using a 

smartphone while sitting.[13] 

 

A study titled, “Effect of the cervical flexion angle during smartphone use on muscle 

fatigue of the cervical erector spinae and upper trapezius” by Sangyong Lee et al. in the year 

2015 examined the influence of the cervical flexion angle in 12 healthy young adults when 

using a smartphone on muscle fatigue of the cervical erector spinae (CES) and upper trapezius 
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(UT). The results obtained suggested that muscle fatigue of the Right and Left upper trapezius 

(UT) were highest when the cervical flexion angle was 50° and lowest when it was 30°. There 

were no significant differences in muscle fatigue of the Right and Left cervical erector spinae 

(CES) between any of the cervical flexion angles. However, during the use of portable 

electronic devices, the user inclines forward which extends the muscle behind the neck too 

much, placing a substantial load and stress on the cervical vertebrae. This abnormal posture, 

together with the changes in the mechanism of contraction, places pressure on the facet joint 

and discs, causing headaches and neck pain. Thus, the study concluded that to reduce such 

fatigue of the neck muscles, the cervical flexion angle should be maintained at 30° rather than 

50° or 0°.[16] 

 

A study done by Junhyuk Park et. al, in the year 2015, on “The effects of heavy 

smartphone use on the cervical angle, pain threshold of neck muscles and depression.” The 

study included 20 healthy university students which were divided equally into heavy 

smartphone user group and a control group. The study evaluated the craniovertebral angle, head 

position angle, pain threshold of the sternocleidomastoid and upper trapezius muscles, and 

presence of depression. The results obtained concluded that heavy smartphone use may 

produce considerable stresses on the cervical spine, thus changing the cervical curve and pain 

threshold of the muscles around the neck. Smartphones could also cause negative effect on a 

person’s psychological status, such as depression. Therefore, individuals should make an effort 

to look at their phone with a neutral spine and to avoid spending hours hunched over their 

screens each day.[8] 
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A study titled, “reliability of photographic posture analysis of adolescents” was done 

by Zeynep Hazar et. al, in the year 2015. The purpose of the study was to investigate the inter 

and intra-rater reliability of photographic posture analysis using MB Ruler software. The 

method was thus found to be an easy and non- invasive method and it may be utilized by 

researchers who are in search of an alternative method for photographic postural assessments, 

as their inter-rater (ICC > 0.972) and test – retest (ICC > 0.774) reliability were found to be in 

the range of acceptable to excellent. Thus, reference angles for postural evaluation were found 

to be reliable and repeatable. They also reported that photographic posture analysis is a cheap 

and simple method of posture analysis. The most important features of the method used in the 

present study are that it is easy-to-use, portable, and cheap.[37] 

 

 

A study titled, “Characteristics of cervical position sense in subjects with forward head 

posture” was done by Mi- Young Lee et. al, in the year 2014. The study included 39 subjects 

which were divided into 2 groups based on their craniovertebral angles: the forward head 

posture (FHP) group (n = 19) and the control group (n = 20). The study results found that there 

were significant differences in error value of joint position sense between forward head posture 

and control group. Also, study concluded that there was an inverse correlation between the 

craniovertebral angle (CVA) and error value of the head repositioning accuracy test i.e., as the 

CVA decreases the head repositioning error (HRE) distance increases. The results of the study 

imply that the change in muscle length caused by Forward head posture decrease the joint 

position sense; also, proprioception becomes worse as forward head posture becomes more 

severe.[12] 
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A study titled, “Assessment of smartphone addiction in Indian adolescents: a mixed 

method study by systematic review and meta- analysis approach” was conducted by Sanjeev 

Davey et. al, in the year 2014. The study concluded that smartphone addiction among teens 

can not only damage interpersonal skills, but also it may lead to significant negative health 

risks and harmful psychological effects on Indian adolescents. Also, the demographic profile 

of global distribution of smartphones usage revealed that exposure rate in the age group of 11 

– 24 years is 72 % and that of 25 – 34 years is 62 %. Also, 53% of smartphone users are male 

and 47% are females. The systematic review which they derived, found explosive growth of 

smartphones use in the world with its rapid penetration among adolescents in India. The 

systematic review in this study revealed that smartphones cause a wide range of problems, 

spanning from abuse to addiction to the device and thus affecting work and home life. [3] 

 

A study done by Min Kwon et. al, in the year 2013, the objective of which was to 

investigate the revised and short versions of the smartphone addiction scale and the proof of its 

validity in adolescents. The final 10 questions were selected and the questionnaire was 

provided to 540 selected participants. The internal consistency and concurrent validity of SAS 

were verified with a Cronbach’s alpha of 0.911. thus SAS-SV showed good reliability and 

validity for the assessment of smartphone addiction. The study suggests that smartphone 

addiction scale - short version (SAS – SV), which was developed and validated in this study, 

could be used efficiently for the evaluation of smartphone addiction in community and research 

areas. [38] 

 

A study titled. “Musculoskeletal symptoms among mobile hand-held device users and 

their relationship to device use: A preliminary study in a Canadian university population” by 
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Sophia Berolo et al. in the year 2011 conducted an observational study in 140 individuals who 

used mobile hand – held devices. The study described herein was therefore designed to: 1) 

determine the distribution of seven measures of mobile device use among a population of 

university students, staff, and faculty, 2) determine the distribution of musculoskeletal 

symptoms of the upper extremity, upper back and neck among a population of university 

students, staff, and faculty, and 3) assess the relationship between measures of device use and 

musculoskeletal symptoms among this population. This study, however, looked at the 

distribution of pain among different anatomical regions of the hand, providing new insight into 

risk factors for the presence of musculoskeletal symptoms among mobile hand-held device 

users. Results of the study indicated significant associations between time spent gaming on a 

typical day and any pain reported in the middle of the right thumb, and between time spent 

internet browsing on a typical day and any pain reported in the base of the right thumb.[5] 

 

A study titled, “Head and Neck Position Sense” by Bridget Armstrong et al. in the 

year 2008 suggested that traumatic minor cervical strains are reported to cause premature 

degenerative changes in sports people exposed to recurrent impact trauma. The article 

highlights the importance of anatomical structures in the cervical spine responsible for position 

sense, and how their interaction with the central nervous system (CNS) affects one’s ability to 

plan and execute effective purposeful movements. The article includes a review of studies 

examining position sense in subjects with and without pathology and describes the effects of 

rehabilitation programmes that have sought to improve position sense. Thus, the study 

concluded that the high densities and complex arrays of spindles found in cervical muscles play 

a key role in providing proprioceptive input which is relayed to the CNS and this pattern is 

recognized in the system is used to establish joint position sense and movement. Also, position 

sense in the cervical spine can be accurately measured using simple position-matching tasks 
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and these show that in subjects without pathology errors are relatively low. However, in 

individuals with pathology (both acute and chronic), notable increases in errors have been 

observed. In addition, studies suggest that those subjects with considerably decreased levels of 

function have greater position sense deficits, and these deficits are not always related to pain 

levels. It is apparent that there is limited information concerning the most efficacious 

rehabilitation programmes to target position-sense deficits. [39] 
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MATERIAL AND METHODS: 

 

1) Type of study design: Observational Cross-sectional study. 

2) Study Setting: Physiotherapy Out Patient Department of Tertiary care hospital. 

3) Duration: 18 months. 

4) Study population: An observational study was conducted in hospital setting where a 

random sample was drawn from the excessive smartphone users age group of 18-35 

years comprising of University students, relatives or attendee from hospital campus 

were included. 

5) Sample size: 110.  

Sample size is determined considering correlation between Craniovertebral angle and 

head repositioning error distance of Right Lateral Flexion as the main outcome 

measure. Following assumptions are made from the Pilot study. 

Correlation co-efficient = 0.39 

Power [1-β] = 95%  

Alpha error = 1% (2 sided). 

Required Sample size = n =110. 

The formula used for Sample size calculation: 

Sample Size= N= [(Zα +Zβ)/C]2 +3 

                           = [(2.58 + 1.64) / 0.41]2 + 3 

                           = 108 ˜ 110. 

Where, C=0.5 x ln (
𝟏+𝒓

𝟏−𝒓
) 

Zα - Standard Normal deviation for α 

Zβ - Standard Normal deviation for β 
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r - Expected correlation coefficient  

Therefore, total 110 subjects were included in the study. 

Sample size was calculated using statistical software STATA. Version 10.1,2011. 

6) Sampling Technique: Convenient sampling technique. 

7) Outcome measures:  

- Craniovertebral angle using Photogrammetry analyzed using MB Ruler Software 

- Cervical Proprioception calculating error distance using Head Repositioning 

Accuracy Test. 

8) Method of selection of study participants: 

INCLUSION CRITERIA:  

• Age group of 18-35 

• Both gender 

• Excessive Smartphone users (>4 hours per day) [5, 38] 

• Neck Disability Index Score of (<5/50) [40, 41] 

•  Smartphone Addiction Scale – Short Version score of (>30/60) [38, 42] 

• Individuals willing to participate. 

EXCLUSION CRITERIA: 

• Any dysfunction associated to cervical-thoracic region  

• Cervical radiculopathy or myelopathy 

• Vestibular disorder 

• Sensorimotor disease 

• Endocrinal disorders 

• Tumor or infection of Cervical spine. 
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9) Operational Definitions: 

a. Excessive smartphone user- Individuals who use their smartphones for more than 

4 hours per day and those whose Smartphone Addiction Scale (SAS-SV) 

questionnaire score >30 is considered as excessive smartphone users. [5, 38] 

b. Proprioception - Proprioception encompasses the sensation of joint movement 

(kinaesthesia) and joint position (joint position sense). Perception of the 

orientation of our head in space as well as on the trunk demands not only the 

contribution of vestibular and visual cues but also proprioceptive information 

from the neck and likely from other body regions.[5]   

c. Craniovertebral angle - It is defined as angle calculated between the line 

connecting the tragus of the ear and the seventh cervical vertebra to the horizontal 

plane. [37, 35] 

10)  Variables: 

Independent Variables: 

Age  

Gender  

Body mass index (BMI) 

Dependent Variables: 

Craniovertebral Angle (CVA) 

Head Repositioning Error (HRE) Distance 

Smartphone Addiction Scale – Short Version (SAS-SV) Score 

Neck Disability Index (NDI) Score 
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MATERIALS / DATA COLLECTION TOOLS: 

a. Markus Bader Ruler software to analyze the picture to calculate the 

Craniovertebral angle in degrees. 

b. Bicycle Helmet with Laser Pointer to be fastened on participants head during 

Head Repositioning Accuracy Test 

c. Mobile phone Camera to click the picture 

d. Electronic weighing machine for measuring weight in kilogram.        

e. Measuring tape for measuring height in centimeter. 

f. Graph chart paper 

g. Stool 

h. Pen 

i. Paper 
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PROCEDURE: 

Permission from the head of institution and approval from the Institutional Ethics Committee 

and Board of Research Science was obtained. Participants who meet the inclusion and 

exclusion criteria were briefed about the study and informed written consent was taken. 

Demographic data was documented. Participant’s Craniovertebral angle was analyzed using 

MB Ruler software and Cervical proprioception was assessed using Head Repositioning 

Accuracy Test. The data was documented, analyzed and following results were obtained. 

Outcome Measures: 

Methods of measurements: 

a. Craniovertebral angle 

Method: Photogrammetry 

Parameter: In Degree 

Instrument: Mobile Phone Camera and Markus Bader software 

b. Cervical Proprioception 

Method: Head Repositioning Accuracy Test  

Parameter: In centimeter 

Instrument: Laser light fastened on a bicycle helmet and Graph chart paper 

c. Weight 

Parameter: Weight in Kg 

Instrument: Electronic weighing machine  

d. Height 

Parameter: Height in cm 

Instrument: Measuring tape (inch/cm scale) 
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METHODS OF DATA COLLECTION: 

• Procedure: Participants height in centimeter with a measuring tape and weight in 

kilogram on weighing machine was evaluated. 

a. To assess Craniovertebral Angle using Photogrammetry - It is defined as angle 

calculated between the line connecting the tragus of the ear and the seventh cervical 

vertebra to the horizontal plane. 

• Participants position: Subject in upright sitting position on a stool. 

• Therapist position: Facing the participant in lateral view (Right profile). 

• Testing procedure: A lateral view photograph using mobile phone was taken with 

subject in upright sitting position which was analyzed on Markus Bader Ruler 

software (2003-14). 

Mid-point of the protractor was placed on spinous process of C7 vertebrae and the 

angle was measured by connecting line to tragus of the ear. 

• Reliability and validity: This method has inter-rater (ICC > 0.972) and test – retest 

(ICC > 0.774) reliability with significant validity (p-value=<0.001).[37] 

 

b. To assess Cervical Proprioception using Head Repositioning Accuracy Test -  

• Participants position: Subject in upright sitting position on a stool with eyes closed. 

• Therapist position: Stands just behind the participant. 

• Testing procedure: 

Helmet with a laser pointer fastened on participant’s head. Participant sitting upright 

on a stool at a distance of 90cm from wall mounted graph chart paper. Laser beam 

adjusted on (0,0) point on wall graph chart. Participant closes his/her eyes and told to 

do Flexion of his/her head maximally. Participant told to bring head back to perceived 

neutral (0,0) point. Laser beam point marked and Head re-positioned to (0,0) point by 
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study investigator. Same procedure repeated for 3 times and average distance was 

calculated. Repeat the same procedure for other 5 neck movements (Extension, Right 

Rotation, Left Rotation, Right Lateral Flexion and Left Lateral Flexion) also.  

• Reliability and validity: This method has inter-rater (ICC > 0.69) and test – retest 

(ICC > 0.89) reliability with significant validity (p-value=<0.05). [12, 31] 
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FLOWCHART: 

 

 

Permission from the Head of Institution and Approval from Institutional Ethics 

Committee was obtained 

↓ 

200 Individuals were screened 

↓ 

110 Participants (55 males and 55 females) in the age group of 18 – 35 years fulfilling 

Inclusion criteria were selected. 

↓ 

Procedure of the study was explained and written consent was taken 

↓ 

A lateral view (Right Profile) photograph was taken using mobile phone camera and 

picture was analysed to assess Craniovertebral Angle using MB Ruler Software 

↓ 

Cervical Proprioception was assessed by Performing Head Repositioning Accuracy 

Test by calculating the Head repositioning error distance 

↓ 

Data was obtained and Analysed Statistically 
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MATERIALS: 

 

 

Photo 1: Laser pointer fastened on a bicycle helmet. 

 

 

 

Photo 2: Markus Bader Software (Version 2013-14) 
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Photo 3: Stool 

 

 

Photo 4: Marker Pen 
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Photo 5: Measuring Tape 

 

 

Photo 6: Graph chart paper with Cartesian coordinate system 
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Photo 7: Head repositioning accuracy (HRA) test position 

 

Photo 8: Head repositioning accuracy (HRA) test for flexion movement 
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Photo 9: Head repositioning accuracy (HRA) test for extension movement 

 

 

Photo 10: Head repositioning accuracy (HRA) test for right rotation movement 
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RESULTS: 

 

Plan for Statistics and Data Analysis: 

Statistical software STATA. Version 10.1,2011 was used for data analysis.  

Descriptive statistics like Mean and SD are used to summarize quantitative variables. 

Frequencies and percentage are used to summarize categorical variables. 

 

• Quantitative variables: 

Age 

Craniovertebral angle 

Head repositioning error distance 

Smartphone Addiction Scale – short version score. 

 

• Categorical variables: 

Gender. 

 

• Pearson’s correlation was used to correlate values of Craniovertebral angle with 

Head Repositioning Error distance for all the six neck movements and SAS-SV Score. 

 

• Level of Significance:  

p value < 0.05 was considered statistically significant. 
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Variables: 

Independent Variables: 

Age  

Gender  

Body mass index 

Dependent Variables: 

Craniovertebral Angle (CVA) 

Head Repositioning Error (HRE) Distance 

Smartphone Addiction Scale – Short Version (SAS-SV) Score 
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OBSERVATION AND RESULTS: 

Total number of participants included in the study were 110. Both males and females (55 

each) aged between 18 – 35 years who met the inclusion criteria were included in the study. 

Craniovertebral angle (in degrees) was calculated after clicking a lateral picture (Right 

profile) with mobile phone camera and analysis was done using MB Ruler Software. 

Cervical Proprioception was assessed using Head Repositioning Accuracy test and Head 

Repositioning Error (HRE) distance (in cms) was documented for all the six cervical 

movements. 

Following were the Observations of the study: 

Age: 

Total 110 participants were included in study with mean age 24.32 ± 2.88 years. Number of 

participants in the age group of 18 - 22 were 26 (23.6%), in age group of 23 - 27 were 73 

(66.4%) and in age group of 28 – 35 were 11 (10%). 

(Table 1, Graph 1) 

Gender: 

Total 55 males and 55 females participated in the study.  

(Table 2, Graph 2) 

Body mass index: 

The mean body mass index was found to be 22.09 ± 2.99 Kg/m2.  

(Table 3, Graph 3) 
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Craniovertebral Angle: 

Mean Craniovertebral Angle (CVA) was found to be 45.68° with SD of ± 4.44°. Mean CVA 

in males was found to be 45.20° ± 4.54° while in females it was 46.16° ± 4.36°. Statistically 

no significant difference was found between CVA of males and females (p = 0.262). 

(Table 4, Graph 4) 

Smartphone Addiction Scale – Short Version (SAS-SV) Score: 

Mean SAS-SV Score was found to be 39.76 with SD of ± 5.28. Mean SAS-SV Score in 

males was found to be 40.71 ± 5.62 and that of females it was 38.82 ± 4.83. Statistically no 

significant difference was found between SAS-SV Scores of males and females (p = 0.061). 

(Table 5, Graph 5) 

Cervical Proprioception: 

Following Head Repositioning Error (HRE) distances (in cms) for all the six cervical 

movements were obtained and their Mean ± SD are as follows:  

Flexion - (6.74 ± 2.72),  

Extension - (7.1 ± 2.77),  

Right Rotation - (6.04 ± 2.23),  

Left Rotation - (6.13 ± 2.23),  

Right Lateral Flexion - (5.99 ± 2.2) and  

Left Lateral Flexion - (6.21 ± 2.2). 
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Statistically no significant difference (p > 0.05) was found in Head Repositioning Error 

(HRE) distances (in cms) between males and females i.e., the data is uniform in the present 

study. 

(Table 6, Graph 6) 

 

Following were the Results of the study: 

Correlation of Craniovertebral Angle (CVA) with Head Repositioning Error (HRE) 

Distance (Cervical Proprioception): 

Pearson’s Correlation was used to correlate Craniovertebral Angle (in degrees) with Head 

Repositioning Error (HRE) Distance (in cms) of all the six cervical movements. 

The coefficient of correlation (r) was found to be:  

Flexion - (-0.752), 

Extension - (-0.688),  

Right rotation - (-0.700),  

Left rotation - (-0.679),  

Right lateral flexion - (-0.659) and  

Left lateral flexion - (-0.745). 

Results obtained were found to be statistically significant in all the cervical directions 

(flexion, extension, right rotation, left rotation, right lateral flexion and left lateral flexion) 

and the coefficient of correlation (r) value was negative which suggest that Craniovertebral 

Angle and Head Repositioning Error distance are inversely proportional to each other i.e., as 

the Craniovertebral Angle decreases, the Head Repositioning Error Distance increases. 
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However, after Regression analysis only Flexion and Left lateral flexion movement were 

found to be most significantly correlated (p < 0.05). 

Additionally, coefficient of correlation (r) was calculated in males and females separately 

which revealed that CVA is inversely proportional to HRE distance of all the six cervical 

movements which was statistically significant (p < 0.05).  

However, on Regression analysis none of the six neck movements were found to be 

significant in males and only Left lateral flexion was found to be significant in females (p < 

0.05).  

(Table 7a – 7f, Graph 7.1 – 7.6)  

Thus, results obtained in the present study suggests that Craniovertebral Angle (CVA) and 

Head Repositioning Error (HRE) distance are inversely correlated i.e., as the CVA decreases, 

the HRE distance increases. 

 

Correlation of Craniovertebral angle (CVA) with Smartphone Addiction Scale – Short 

Version (SAS – SV) Score: 

Additionally, we also found the correlation of CVA and SAS-SV Scores. The correlation 

coefficient (r) value was negative (-0.793) which was found to be statistically significant at 

the 0.01 level (2-tailed).  

Results obtained suggests that as the SAS – SV Score increases, the Craniovertebral Angle 

decreases i.e., it is inversely proportional to each other. Thus, increased usage of smartphones 

is the possible cause for development of malalignment in the ideal posture of the cervical 

spine. 

(Table 8, Graph 8)  
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Correlation of Smartphone Addiction Scale – Short Version Score with Head 

Repositioning Error (HRE) Distance (Cervical Proprioception): 

The coefficient of correlation (r) was found to be:  

Flexion - (0.753),  

extension - (0.680),  

right rotation - (0.631),  

left rotation - (0.594),  

right lateral flexion - (0.597) and  

left lateral flexion - (0.655).  

Results obtained were found to be statistically significant in all the cervical directions 

(flexion, extension, right rotation, left rotation, right lateral flexion and left lateral flexion) 

and the coefficient of correlation (r) value was positive which suggest that Smartphone 

Addiction Scale – Short Version Score and Head Repositioning Error distance are directly 

proportional to each other i.e., as the Smartphone Addiction Scale – Short Version Score 

increases, the Head Repositioning Error Distance also increases. 

However, after Regression analysis only Flexion movement was found to be most 

significantly correlated (p < 0.05). 

(Table 9a – 9b, Graph 9.1 – 9.6) 
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DISCUSSION: 

The present study aimed to correlate the Craniovertebral angle (CVA) and Cervical 

proprioception in Excessive smartphone users in the age group of 18 – 35 years. The results 

obtained suggested that individuals with lower degree of Craniovertebral angle (CVA) have 

larger absolute head repositioning error (HRE) distances. This was found significant in all the 

cervical directions (flexion, extension, right rotation, left rotation, right lateral flexion and left 

lateral flexion). However, after Regression analysis only Flexion and Left lateral flexion 

movement were found to be most significantly correlated. The mean value of Craniovertebral 

angle (45.68 ± 4.44 degrees) obtained in the current study reflect the development of forward 

head posture. Smaller Craniovertebral angle (CVA) angles mean greater protraction and 

forward head posture, while larger angles reflect good head and neck alignment in the sagittal 

plane. 

The mean Head Repositioning Error (HRE) distance in the present study was more 

considerable in extension (7.10 ± 2.75 cms), followed by HRE distance in flexion (6.73 ± 2.71), 

left lateral flexion (6.21 ± 2.19), left rotation (6.13 ± 2.22), right rotation (6.04 ± 2.22) and right 

lateral flexion (5.99 ± 2.19). Reddy RS. study in forward head posture (FHP) subjects have 

shown larger Joint Position Error (JPE) in extension (8.18 ± 2.31 degrees), followed by JPE in 

flexion (7.18 ± 2.1), left rotation (6.93 ± 1.8) and right rotation (6.31 ± 2.05). The increase in 

error distance of cervical movements in the current study is in accordance with Reddy RS.[9] 

study, however the present study also assessed the right and left lateral flexion movements 

which also showed significant involvement. The possible reason for the differences could be 

due to methodological considerations adopted between these studies. Reddy RS. study used 

Cervical Range of Motion (CROM) device to assess the cervical JPE, whereas the current study 

used a laser pointer to assess Head Repositioning Accuracy test.[10] 
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The results obtained by Lee et al. support our findings. Lee et al. study in forward head posture 

(FHP) subjects of age (22.2 ± 1.9 years) have shown larger joint position error (JPE) in right 

rotation (7.08 ± 2.27 degrees) followed by flexion (6.23 ± 1.91 degrees), extension (6.23 ± 2.20 

degrees) and left rotation (5.60 ± 2.03 degrees). Overall mean joint position errors (JPE) in this 

study are more significant compared to the Lee et al. study.[12] The possible reason for this is 

that subjects who are Excessive Smartphone Users adopt a more – static neck posture compared 

to other activities and thereby greater magnitude in error distances. [10, 13] 

Nowadays, the use of visual display terminal (VDT) of computers and smartphones in almost 

all homes and organizations is very common. Most smartphone tasks require users to stare 

sharply downward or to hold their arms out in front to read the screen, which makes the head 

move forward.[6] Moreover, the maintenance of this head shifted forward position decreases 

the lordosis of the lower cervical vertebrae and creates a posterior curve in the upper thoracic 

vertebrae to maintain balance, which decreases the craniovertebral angle (CVA).[7] Excessive 

use of VDTs results in musculoskeletal disorders among which forward head posture (FHP) is 

one of the most common condition.[12] According to previous studies, the possible cause for 

impaired cervical proprioception or increase in the Head Repositioning Error (HRE) distance 

of an individual is the underlying neck pain.[19] Individuals with neck pain might experience 

difficulty in maintaining a neutral cervical spine posture during smartphone use which leads to 

increased cervical flexion angles and thus altering the motor control of the neck muscles.[19] 

However, in the present study individuals without neck pain were included and the obtained 

results with increased head repositioning error distances could be due to attainment of altered 

cervical spine posture for such long period of time. One of the most common postural 

adaptation in excessive smartphone users is the forward head posture (FHP), which is 

considered by upper cervical extension and lower cervical flexion. Forward head posture (FHP) 

maintained for a prolonged period of time increases stress on contractile and non – contractile 
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structures thus resulting in neck pain.[10] Furthermore, altered cervical lordosis and increased 

anterior head translation can lead to premature acceleration of degenerative changes in the 

muscles, ligaments, bony structures and neural elements.[10] 

Watson et al. states that the insidious, painless nature of repetitive microtrauma, like the 

continued flexed posture of head and neck while using smartphone, alters the length-tension 

relationship of cervical muscles and thereby increase in flexion moment of the head. This may 

result in forward head posture (FHP) individuals using different motor synergy strategies when 

they are trying to relocate to the target head position, resulting in higher absolute Head 

Repositioning Error (HRE) distance.[10] Another possible reason could be due to a change in 

muscle spindle afferent signalling pattern due to forward head posture (FHP).[24] Previous 

studies demonstrated impaired muscle spindle afferent signalling affecting proprioception due 

to fatigue, disease, or aging.[19] Muscle spindle inputs form a continuous “proprioceptive chain” 

from the feet to the eyes with its density being very high in the deep muscles of the human 

neck. This high cervical muscle spindle density along with the limited lever action of these 

muscles suggest that the deep neck muscles allow not only great precision of movement but 

also, adequate proprioceptive information needed both for control of head position and 

movements and for eye/head movement coordination.[24] Further, forward head posture (FHP) 

leads to myofascial imbalance in cervical muscles resulting in shortening and contraction of 

suboccipital musculature which causes Central Nervous System (CNS) input from this region 

to become nociceptive and thus disrupts the sensitivity of neck proprioception.[24]  

Kim et al. conducted a cross-sectional study in 292 smartphone users and found the neck region 

as the most painful area of the body.[28, 43] Additionally, the frequency of neck and shoulder 

pain in the age group between 20–34 years has increased over the past two decades and the 

most possible reason for this is due to overuse of computers and smartphones.[6, 44] The 

biomechanical aspect of this impairment in young generation has gained popular interest in the 
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current literature. Khatir et al. conducted a research that suggests increased static cervical 

flexion postures for more than ten minutes changed the elongation of posterior cervical tissues, 

reduced the excitability of mechanoreceptors, and decreased neural conduction activity.[20, 28] 

In another study, Park et al. indicated that static smartphone usage altered neck-trunk posture 

and erector spine muscle activation and neck pain started only sixteen minutes later.[3, 36] 

Furthermore, joint repositioning error (JRE) sense and forward head posture (FHP) are more 

common in young people spending more than four hours on the smartphone.[8]  

Additionally, the present study also correlated Craniovertebral angle (CVA) with Smartphone 

Addiction Scale – Short Version (SAS – SV) scores and the results obtained suggest a negative 

correlation between them i.e., as the Smartphone Addiction Scale – Short Version (SAS – SV) 

scores increases, the Craniovertebral angle (CVA) decreases. The result implies that with 

increased usage of smartphones there is development of postural malalignment as characterized 

by lower degrees of CVA due to increased flexion angles while using it for long period of time. 

The above findings are in accordance with the study of Jung et al., which concluded that 

subjects who are addicted to smartphones and use it for more than four hours per day are likely 

to develop lower Craniovertebral angle (CVA).[7]   

Also, the current study correlated Smartphone Addiction Scale – Short Version (SAS – SV) 

scores with head repositioning error (HRE) distances. Results obtained were found to be 

statistically significant (p < 0.05) in all the cervical directions (flexion, extension, right rotation, 

left rotation, right lateral flexion and left lateral flexion) and the coefficient of correlation (r) 

value was positive which suggested that Smartphone Addiction Scale – Short Version (SAS – 

SV) Score and Head Repositioning Error (HRE) distance are directly proportional to each other 

i.e., as the Smartphone Addiction Scale – Short Version (SAS – SV ) score increases, the Head 

Repositioning Error (HRE) Distance also increases. However, after Regression analysis only 

flexion movement was found to be most significantly correlated (p < 0.05). The possible reason 
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for the obtained results might be due to attainment of faulty posture for long hours which alters 

the specific connections between cervical mechanoreceptors and sympathetic nervous system. 

Poor head, neck and shoulder posture sustained for a longer duration of time leads to changes 

in the muscle length further leading to development of musculoskeletal problems.[45] Poor 

posture exploits body structures beyond their capacity and changes in the working capacity of 

the neck musculature can affect its proprioceptive function.[21] Research has shown that muscle 

relaxation allows proprioceptors to perform relatively better while one feels unsteady and has 

difficulty in carrying out skilled activities after performing intense exercises, which is due to 

disturbance in proprioception.[39] Similarly, maintenance of an induced posture for a 

considerable duration of time, as in our study, while using smartphone for prolonged duration 

could lead to local fatigue and deteriorate joint position sense.[21] 

Due to the scarcity of research in this area, further investigations are needed to determine the 

effectiveness of cervical proprioception in the prevention and treatment of cervical disorders. 

Proprioceptive training is an invaluable component of rehabilitation in the recovery process of 

major joints, including the shoulder, knee, hip, and ankle which could potentially be 

incorporated into cervical joint rehabilitation pending further examination. Our findings 

suggest that young adults must be aware of their posture and modify their non – neutral cervical 

alignment when using a smartphone. Thus, reducing the risk of developing severe neck pain 

and associated cervical disorders in future. 
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CONCLUSION: 

Thus, the study concludes that in Excessive Smartphone users there is a greater risk of 

development of a forward head posture (FHP). Furthermore, the present study also found a 

negative correlation between Craniovertebral angle and Cervical Proprioception as the 

resultant head repositioning error (HRE) distances were found to be significantly higher with 

lower degrees of craniovertebral angle (CVA). 

Smartphone usage with deficient postures has an impact on neck and shoulder posture of 

asymptomatic individuals, which in long run may result in musculoskeletal disorders. 

Simply cutting back on smartphone scrolling and making better posture a priority is key to 

protecting both our spine and neck. 
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STRENGTH: 

• Laser light and Helmet used in the study for measurement of Cervical Proprioception 

offers affordable and accurate measurements. 

•  As it is a one-time study individual who participated did not experience any type of 

discomfort.  

•  Large sample size was recruited in the study. 

• This study was convenient to practice in available study setup.  

• Most participants of this study were educated and cooperative. 

 

 

LIMITATIONS: 

• Single investigator measured the proprioceptive outcome measures, so the 

investigator was not blinded. 

 

FUTURE SCOPE: 

Considering the present situation of Covid 19 pandemic which lead to work from home 

strategies and online educational programs, different age groups had increased exposure to 

smartphones. Thus, the teenage as well as adolescent group of population can be recruited for 

further studies.  
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CLINICAL IMPLICATIONS: 

The findings in the present study suggests that excessive smartphone users must be aware of 

their posture and modify their non – neutral cervical alignment when using a smartphone. 

Assessment of Craniovertebral angle using MB Ruler software to quantify the postural 

deviation can be used in various neck disorders.  

Cervical proprioception using head repositioning accuracy test is a simple clinical method 

which does not require large clinical setup. This test should be included in routine assessment 

of individuals who are smartphone users with and without complaints of neck pain.  

In addition, the Smartphone Addiction Scale – Short Version (SAS – SV) can be used to 

identify a potential high-risk group for smartphone addiction, both in the community and 

educational fields. 

 The result of this study could be applied to educational programs about the correct posture 

when using a smartphone for extended periods. It can also help in differential diagnosis of the 

cause of neck pain in the clinical setting, and inform physiotherapists to include proper neck 

postural information in neck care education.  
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SUMMARY: 

An observational study was carried out to correlate Craniovertebral Angle (CVA) and Cervical 

Proprioception in Excessive Smartphone Users in the Age group of 18 – 35 years. Around 200 

individuals were screened for the study out of which 110 participants (55 males and 55 females) 

who were willing to participate and fulfilled the inclusion criteria were included in the study. 

Participants were assessed for their Craniovertebral angle using Photogrammetry method using 

MB Ruler Software and their Cervical Proprioception was evaluated using Head Repositioning 

Accuracy test by calculating Head Repositioning Error (HRE) Distance for all the six cervical 

movements. Mean score for Craniovertebral Angle was 45.68 ± 4.64 degrees. Results obtained 

in this study demonstrated a lower degree of Craniovertebral Angle in Excessive Smartphone 

users which suggests that with increased usage of smartphones there is development of forward 

head posture (FHP). Furthermore, the present study also found a negative correlation between 

Craniovertebral Angle and Cervical Proprioception, suggesting cervical proprioceptive 

impairment and affecting both the genders equally. Additionally, correlation of CVA and SAS-

SV Score was also calculated. The correlation coefficient (r) value was negative (-0.793) which 

was found to be statistically significant at the 0.01 level (2-tailed). Results obtained suggests 

that as the SAS – SV Score increases, the Craniovertebral Angle decreases i.e., it is inversely 

proportional to each other. Thus, increased usage of smartphones is the possible cause for 

development of malalignment in the ideal posture of the cervical spine. Also, correlation of 

SAS – SV scores and Head Repositioning Error (HRE) Distance for all the six cervical 

movements was calculated. Results obtained were found to be statistically significant in all the 

cervical directions (flexion, extension, right rotation, left rotation, right lateral flexion and left 

lateral flexion) and the coefficient of correlation (r) value was positive which suggest that they 

are directly proportional to each other.  
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TABLES AND GRAPHS:  

Table 1: Age wise distribution of participants in years: 

 

 

 

Age Group Frequency Percent 

18-22 26 23.6 

23-27 73 66.4 

28-35 11 10.0 

Total 110 100.0 

 

 

 

 

Graph 1: Age wise distribution of participants in years: 
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Table 2: Gender wise distribution of participants: 

 

Sex Frequency Percent 

Female 55 50.0 

Male 55 50.0 

Total 110 100.0 

 

 

 

 

Graph 2: Gender wise distribution of participants:  
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Table 3: Distribution of participants according to body mass index (BMI): 

 

 

BMI Frequency Percent 

>18.5 
Low Weight 18 16.4 

18.5-24.99 
Normal 77 70.0 

25-29.99 
Pre -Obese 14 12.7 

>30 
Obese 1 0.9 

Total 
110 100 

 

 

   

Graph 3: Distribution of participants according to body mass index (BMI): 
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Table 4: Comparison of mean Craniovertebral angle (CVA) in males and females: 

 

Craniovertebral Angle Mean SD 

Female 46.16 ± 4.36 

Male 45.20 ± 4.54 

Total 45.68 ± 4.64 

t = 1.128, p = 0.262 

 

  

Graph 4: Comparison of mean Craniovertebral angle (CVA) in males and females: 
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Table 5: Comparison of mean Smartphone Addiction Scale – Short Version (SAS-SV) Score 

in males and females: 

SAS-SV Score Mean Std. Deviation 

Female 38.82 ± 4.83 

Male 40.71 ± 5.62 

Total 39.76 ± 5.3 

t = 1.89, p = 0.061 

 

 

Graph 5: Comparison of mean Smartphone Addiction Scale – Short Version (SAS-SV) Score 

in males and females: 
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Table 6: Comparison of Head Repositioning Error Distances (in cms) of all the six cervical 

movements in males and females: 

 

 

Cervical movement 
Sex N Mean Std. 

Deviation 

t value p value 

Flexion 
Female 55 6.53 ± 2.746 

-0.787 0.433 
Male 55 6.94 ± 2.710 

Extension 
Female 55 6.824 ± 2.743 

-1.045 0.298 
Male 55 7.376 ± 2.7981 

Right Rotation 
Female 55 6.047 ± 2.423 

0.029 0.977 
Male 55 6.035 ± 2.045 

Left Rotation 
Female 55 6.162 ± 2.443 

0.121 0.904 
Male 55 6.11 ± 2.026 

Right Lateral 

Flexion 

Female 55 6.077 ± 2.309 
0.368 0.713 

Male 55 5.921 ± 2.120 

Left Lateral Flexion 
Female 55 6.349 ± 2.264 

0.638 0.525 
Male 55 6.079 ± 2.158 
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Graph 6: Comparison of mean Head Repositioning Error Distances (in cms) of all the six 

cervical movements in males and females: 
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Table 7a: Pearson’s Correlation was used to correlate Craniovertebral Angle with Head 

Repositioning Error Distance of all the six cervical movements: 

 Mean Std. Deviation r value p value 

Craniovertebral Angle 45.686 ± 4.464   

Flexion 6.74 ± 2.723 -0.752 <0.01 

Extension 7.100 ± 2.772 -0.688 <0.01 

Right Rotation 6.041 ± 2.232 -0.700 <0.01 

Left Rotation 6.136 ± 2.234 -0.679 <0.01 

Right Lateral Flexion 5.999 ± 2.207 -0.659 <0.01 

Left Lateral Flexion 6.214 ± 2.206 -0.745 <0.01 

 

 

Table 7b: Regression Analysis: 

Coefficientsa 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t  p value 

B Std. Error Beta 

C
ra

n
io

v
er

te
b
ra

l 
A

n
g
le

 

(Constant) 55.994 0.835  67.025 0.000 

Flexion -0.496 0.194 -0.302 -2.559 0.012 

Extension -0.208 0.171 -0.129 -1.214 0.227 

Right Rotation -0.381 0.226 -0.191 -1.689 0.094 

Left Rotation -0.035 0.223 -0.018 -0.158 0.875 

Right Lateral 

Flexion 
0.243 0.258 0.120 0.941 0.349 

Left Lateral 

Flexion 
-0.713 0.296 -0.352 -2.407 0.018 

a. Dependent Variable: Craniovertebral Angle 
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Graph 7.1: Correlation of HRE distance of Flexion with Craniovertebral Angle: 

 

 

 

 

 

Graph 7.2: Correlation of HRE distance of Extension with Craniovertebral Angle: 
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Graph 7.3: Correlation of HRE distance of Right Rotation with Craniovertebral Angle: 

 

 

 

 

Graph 7.4: Correlation of HRE distance of Left Rotation with Craniovertebral Angle: 
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Graph 7.5: Correlation of HRE distance of Right Lateral Flexion with Craniovertebral Angle: 

 

 

 

 

Graph 7.6: Correlation of HRE distance of Left Lateral Flexion with Craniovertebral Angle:  
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Table 7c: Correlation of Craniovertebral Angle with Head Repositioning Error Distance of all 

the six cervical movements in Females: 

 Mean Std. Deviation r value p value 

Craniovertebral Angle 46.166 ± 4.369   

Flexion 6.53 ± 2.746 -0.630 <0.01 

Extension 6.824 ± 2.744 -0.471 <0.01 

Right Rotation 6.048 ± 2.424 -0.553 <0.01 

Left Rotation 6.162 ± 2.444 -0.528 <0.01 

Right Lateral Flexion 6.077 ± 2.309 -0.493 <0.01 

Left Lateral Flexion 6.349 ± 2.264 -0.648 <0.01 

 

 

Table 7d: Regression Analysis: 

 

Coefficientsa 

 Unstandardized 

Coefficients 

Standardize

d 

Coefficients 

t p value 

B Std. Error Beta 

C
ra

n
io

v
er

te
b
ra

l 
A

n
g
le

 

(Constant) 54.712 1.456  37.573 0.000 

Flexion -0.459 0.281 -0.289 -1.634 0.109 

Extension -0.039 0.239 -0.024 -0.162 0.872 

Right Rotation -0.313 0.304 -0.174 -1.031 0.307 

Left Rotation 0.070 0.296 0.039 0.236 0.814 

Right Lateral Flexion 0.310 0.351 0.164 0.882 0.382 

Left Lateral Flexion -0.898 0.402 -0.465 -2.232 0.030 

a. Dependent Variable: Craniovertibral Angle 
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Table 7e: Correlation of Craniovertebral Angle with Head Repositioning Error Distance of all 

the six neck movements in Males: 

 

 Mean Std. Deviation r value p value 

Craniovertebral Angle 45.207 ± 4.545   

Flexion 6.942 ± 2.710 -0.867 <0.01 

Extension 7.376 ± 2.798 -0.886 <0.01 

Right Rotation 6.035 ± 2.046 -0.884 <0.01 

Left Rotation 6.110 ± 2.027 -0.875 <0.01 

Right Lateral Flexion 5.922 ± 2.120 -0.851 <0.01 

Left Lateral Flexion 6.079 ± 2.158 -0.870 <0.01 

 

 

Table 7f: Regression Analysis: 

 

Coefficientsa 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t p value 

B Std. Error Beta 

C
ra

n
io

v
er

ti
b
ra

l 
A

n
g
le

 

(Constant) 57.351 ± 0.836  68.607 0.000 

Flexion -0.251 ± 0.305 -0.150 -0.823 0.415 

Extension -0.509 ± 0.348 -0.313 -1.465 0.149 

Right Rotation -0.443 ± 0.481 -0.199 -0.922 0.361 

Left Rotation -0.454 ± 0.439 -0.202 -1.034 0.306 

Right Lateral Flexion -0.320 ± 0.487 -0.149 -0.657 0.514 

Left Lateral Flexion 0.115 ± 0.580 0.055 0.198 0.844 

a. Dependent Variable: Craniovertibral Angle 
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Table 8: Correlation between Craniovertebral angle (CVA) and Smartphone Addiction Scale 

– Short Version (SAS-SV) Score: 

 Mean Std. Deviation Pearson 

Correlation 

(r value) 

P value 

Craniovertebral Angle 45.686 ± 4.464   

SAS-SV Score 39.76 ± 5.307 -0.793** <0.000 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Graph 8: Correlation between CVA and SAS-SV Scores: 
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Table 9a: Pearson’s Correlation was used to correlate Smartphone Addiction Scale – Short 

Version Score with Head Repositioning Error (HRE) Distances (in cms) of all the six neck 

movements: 

 

 

 Mean Std. Deviation r value p value 

Smart Phone Addiction Scale 39.76 ± 5.307   

Flexion 6.74 ± 2.723 0.753 <0.01 

Extension 7.100 ± 2.772 0.680 <0.01 

Right Rotation 6.041 ± 2.232 0.631 <0.01 

Left Rotation 6.136 ± 2.234 0.594 <0.01 

Right Lateral Flexion 5.999 ± 2.207 0.597 <0.01 

Left Lateral Flexion 6.214 ± 2.206 0.655 <0.01 

 

Table 9b: Regression Analysis: 

 

Coefficientsa 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

t p value 

B Std. Error Beta 

S
m

ar
tp

h
o
n
e 

A
d
d
ic

ti
o
n
 

S
ca

le
 –

 S
h
o
rt

 V
er

si
o
n
 

S
co

re
 

(Constant) 28.744 1.064  27.023 .000 

Flexion .966 .247 .496 3.919 .000 

Extension .368 .218 .192 1.691 .094 

Right Rotation .303 .287 .127 1.054 .294 

Left Rotation -.171 .284 -.072 -.604 .547 

Right Lateral Flexion -.161 .328 -.067 -.492 .624 

Left Lateral Flexion .336 .377 .140 .890 .376 

a. Dependent Variable: Smartphone Addiction Scale – Short Version 
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Graph 9.1: Correlation of HRE distance of Flexion with SAS – SV Score: 

 

 

 

 

Graph 9.2: Correlation of HRE distance of Extension with SAS – SV Score: 
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Graph 9.3: Correlation of HRE distance of Right Rotation with SAS – SV Score: 

 

 

 

 

Graph 9.4: Correlation of HRE distance of Left Rotation with SAS – SV Score: 
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Graph 9.5: Correlation of HRE distance of Right Lateral Flexion with SAS – SV Score: 

 

 

 

Graph 9.6: Correlation of HRE distance of Left Lateral Flexion with SAS – SV Score: 
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ANNEXURE I (A) 

PERMISSION LETTER  

To,  

The Head of Institute,  

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I student of Master of Physiotherapy, would request you to grant me permission to carry out 

my research work. My research topic is, “CORRELATION BETWEEN 

CRANIOVERTEBRAL ANGLE AND CERVICAL PROPRIOCEPTION IN 

EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 18-35 YEARS: AN 

OBSERVATIONAL STUDY.”  

For this purpose, I would be utilizing the institution and the equipment’s required for the 

same would be kept in the same premises and the subjects would be studied in the institution. 

I kindly request you to do the needful in this regard. Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                        Head of Institute 
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ANNEXURE I (B) 

PERMISSION LETTER   

To,  

The Chairman,  

Ethics Committee 

Subject: Permission to carry out research work.  

I student of Master of Physiotherapy, would request you to grant me permission to carry out 

my research work.  

My research topic is, “CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE 

AND CERVICAL PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN 

AGE GROUP OF 18-35 YEARS: AN OBSERVATIONAL STUDY.”  

I promise that the ethics as well as subjects care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student                                                             Guide 

Date:  

Place: 
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ANNEXURE I (C) 

PARTICIPANT INFORMATION SHEET 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

These standard procedures includes Excessive Smartphone users both male and female who 

will be voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the participants among Excessive smartphone users  population 

having minimal neck pain i.e. with NDI Score of <5 and Smartphone Addiction Scale – Short 

Version score of >30. 

 

2. The investigator will explain the observational protocol to allay apprehension and answer all 

the queries of the participant. 

 

3. If the participant decides to participate then they would be consented according to the 

standard procedure. 

 

4. If the participant expresses interest but has some doubts in that case they would be solved.  

 

5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

 

6. Study procedures will begin after the participant’s concern.  
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7. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  

 

8. If participant wants to discuss this information to their family members then they entitled to 

do so before giving the consent. 

General information to research participants:  

1. Name:  

    Age:  

    Sex:  

    Date: 

2. You would be required to fill the Proforma and the purpose of the research is to study 

“CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND CERVICAL 

PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 18-35 

YEARS: AN OBSERVATIONAL STUDY.” 

3. If you are willing to voluntarily participate in the study then you are expected to enrol with 

us right from the moment of filling proforma till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help you 

and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

 

6. If at any moment you want to discontinue from this research study then you are free to do so 

and there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  

 

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then your identity would not be revealed. If the photograph is published 

then permission would be obtained.  
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9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the test you need not worry and let us know so 

that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 

 12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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Annexure I (D) 

रुग्णांची मणहिती पत्रक 

उदे्दशः 

आयसीएमआरच्यण हियणमक आवश्यकतण आहि आयईसीिे मणन्यतण हिलेल्यण मणहितीिुसणर हलखित 

मणहिती हिली आिे. 

व्यणप्ती: 

यण मणिक पद्धतीत  १८ ते ३५ वरे्ष वयोगटातील अत्यधिक स्माटटफोन वापरकत्याांमधे्य  ह्यण पुरुष 

आहि महिलणांचण समणवेश आिे आहि ह्यण अभ्यणसणत सिभणगी िोण्यणस से्वचे्छिे इचु्छक असतणत. 

जबणबिणरी: 

सांशोधक यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण करिणयणा सवा सिभणगी ांचे लेिी ज्ञणत सिमती प्रणप्त 

करतील. 

कणयापद्धती: 

1. सांशोधक  येथे १८ ते ३५ वरे्ष वयोगटातील अत्यधिक स्माटटफोन वापरकत्याां लोकसंख्या हिवडेल. 

2.तपणसिीस आके्षप िूर करण्यणसणठी आहि सिभणगी ांच्यण सवा प्रश्िणांची उत्तरे िेण्यणसणठी प्रणयोहगक 

प्रोटोकॉलचे स्पष्टीकरि करेल. 

3. सिभणगीिे सिभणगी िोण्यणचण हििाय घेतलण तर ते मणिक सांचणलि प्रहियिुसणर सांमती िेईल. 

4. जर सिभणगीिे रूची व्यक्त केली परां तु त्यणत कणिी शांकण असतील तर ते सोडवतील. 

5.सिभणगी जर स्पष्टीकरि सोयीस्कर असतील तर ते मणिक सांचणलि प्रहियेिुसणर सूहचत सांमती भरतील. 

6. सिभणगी ांच्यण हचांतेच्यण िांतर अभ्यणस प्रहियण सुरू िोईल. 

7.समणहवष्ट आहि बहिष्कणर हिकष सत्यणहपत करण्यणसणठी म्हिूि तपशीलवणर वैद्यकीय आहि इतर 

कोित्यणिी शणरीररक समस्यण इहतिणस प्रणप्त केले जणईल. 

8.जर सिभणग्यणिे आपल्यण कुटुांबीयणांिण यण मणहितीवर चचणा करणयची असेल तर त्यणांिण सांमती िेण्यणपूवी 

असे करण्यणचे अहधकणर आिेत. 

सिभणगी ांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 

1. िणव: 

   वय: 

   हलां ग: 

   तणरीि: 
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2.आपल्यणलण प्रोफामाट भरिे आवश्यक आिे आहि सांशोधिणचण िेतू “१८ ते ३५ वरे्ष वयोगटातील अत्यधिक 

स्माटटफोन वापरकत्याांमधे्य कॅ्रधनओव्हटेब्रल एंगल आधि मान ग्रीवेच्या स्वाधमत्वातील परस्परसंबंि: 

पयटवेक्षि अभ्यास” िण अभ्यणसकरिे आवश्यक आिे. 

3.जर आपि से्वचे्छिे अभ्यणसणत सिभणगी िोऊ इखच्छत असणल तर चणचिीपूिा िोईपयंत आपि 

कणयाप्रिशाि भरण्यणपणसूिच आपल्यणकडूि िोांििी करिे अपेहक्षत आिे. 

4.यण कणळणत तुम्ही अस्वस्थ आिणत तर मग कृपयण आम्हणलण कळूद्यण जेिे करूि आम्ही आल्यणस मित 

करू आहि आपल्यण समसे्यवर कोित्यणिी अयोग्य प्रभणवणहशवणय मणत करू शकू. 

5. आपल्यणलण कोितेिी परतणवण आहि िुकसणि भरपणई हिली जणिणर िणिी. 

6.कोित्यणिी क्षिी जर आपि यण सांशोधि अभ्यणसणतूि थणांबू इखच्छत असणल तर आपि तसे करण्यणस मुक्त 

आिणत आहि आपल्यणबणजूिे कोितीिी अडथळण िसतण. 

7. सांमती पत्र प्रणप्त करण्यणपूवी अभ्यणसणची जोिीम,अस्वस्थतण,फणयिे आहि तोटे यणांचण तपशील 

आपल्यणलण स्पष्टकेलण जणईल. 

8.यण अभ्यणसणतूि प्रणप्त झणलेलण डेटण गुप्तपिे सांरहक्षत आहि िेिरेिकेलण जणईल आहि जर 

छणयणहचत्रवणपरले असेल तर आपली ओळि प्रगट िोिणर िणिी. छणयणहचत्र प्रकणहशत झणल्यणस परवणिगी 

प्रणप्त िोईल. 

9.यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचिी प्रहियेचे सवा जोडूि आपल्यणलण 

स्पष्ट केले जणईल आहि त्यणिुसणर सांमती हिली जणईल. 

10.आपि थकल्यणसणरिे हकां वण आपि पूिा कणळजी घेण्यणस असमथा वणटत असल्यणस आपल्यणलण 

कणळजी करण्यणची गरज िणिी यणची आम्हणलण मणहितीद्यण आवश्यकती पणवले उचलतण येतील. 

11.आपि कोित्यणिी क्षिी समणधणिी िसल्यणस आपि कोित्यणिी पररिणमणां हशवणय भाग कधीिी कणढू 

शकतण. 

12. सांशोधकणचे िणव: 

    फोििांबर: 

    पत्तण: 

13. मणगािशाकणांचे िणव: 

      फोि िांबर: 

      पत्तण: 

14. सांस्थेचे िणव: 
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ANNEXURE I (E) 

रोगीसूचनापत्र : 

 

उदे्दश्य: 

आईसीएमआर की हियणमक आवश्यकतण के अिुसणर सुहिहित करिे के हिए हक हिखित सूहचत सिमहत 

पुरुष और महििण से प्रणप्त की गई िै और आईईसी द्वणरण अिुमोहित हकयण गयण िै। 

 

स्कोप: 

इस मणिकपररचणिि प्रहियण में १८ से ३५ वर्षट के आयु वगट के अत्यधिक स्माटटफोन उपयोगकताटओ ंकी 

जिसांख्यण शणहमि िैं जो से्वच्छण से अस्पतणि से भणग िे रिे िैं। 

हजमे्मिणरी: 

शोधकतणा इस अध्ययि में भणग करिे वणिे सभी पुरुष और महििण से हिखित सूहचत सिमहत प्रणप्त करेगण। 

 

प्रहियण: 

1. अने्वषक १८ से ३५ वर्षट के आयु वगट के अत्यधिक स्माटटफोन उपयोगकताटओ ं  के 

जनसंख्या कण चयि करेगण। 

2. अने्वषक आशांकण िूर करिे और प्रहतभणगी के सभी प्रश्ोां कण उत्तर िेिे के हिए प्रयोगणत्मक 

प्रोटोकॉि की व्यणख्यण करेगण। 

3. यहि मरीज अध्ययि में भणग िेिे के हिए सिमत िैं तो उन्हें मणिक पररचणिि प्रहियण के अिुसणर 

सिमहत िी जणएगी। 

4. यहि मरीज रुहच व्यक्त करतण िै िेहकि उस मणमिे में कुछ सांिेि िै तो उन्हें िि हकयण जणएगण। 

5. यहि मरीज़ हववरि के सणथ सिज िोते िैं तो वे मणिक पररचणिि प्रहियण के अिुसणर सूहचत 

सिमहत भरें गे। 

6. रोहगयोां की सिमहत के बणि अध्ययि प्रहियण शुरू िोगी। 

7. हवसृ्तत हचहकत्सण और हकसी भी अन्य शणरीररक समस्यण कण इहतिणस रोहगयोां से प्रणप्त हकयण जणएगण 

तणहक शणहमि हकए जणिे और बहिष्करि मणििांड को सत्यणहपत हकयण जण सके। 

8. अिुसांधणि हवषय की सणमणन्य जणिकणरी: 

1 िणम 
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2. उम्र 

3. हिांग 

4. हििणांक 

 

9. यहि आप इस अवहध के िौरणि असुहवधणजिक िैं तो कृपयण िमें यि बतणएां  ताधक िम आपकी 

मिि कर सकते िैं और आपकी समस्यण को हकसी भी अयोग्य प्रभणव के हबिण पणर कर सकते िैं। 

10. आपको कोई प्रहतपूहता और क्षहतपूहता ििी ां िी जणएगी। 

11. यहि हकसी भी समय आप इस शोध अध्ययि को बांि करिण चणिते िैं तो आप ऐसण करिे के हिए 

स्वतांत्र िैं और िमणरे पक्ष से कोई बणधण ििी ां िोगी। 

12. सिमहत के पत्र प्रणप्त करिे से पििे परीक्षि, जोखिम, असुहवधण, फणयिे और िुकसणि कण हववरि 

आपको समझणयण जणएगण। 

13. इस अध्ययि से प्रणप्त आांकडे गोपिीय रूप से सांरहक्षत और बिणए रिे जणएां गे और अगर तस्वीर 

कण इसे्तमणि हकयण जणए तो आपकी पिचणि प्रकट ििी ां की जणएगी और यहि तस्वीर प्रकणहशत की 

गई तो अिुमहत प्रणप्त की जणएगी। 

14. परीक्षि प्रहियण कण सभी जोखिम आपको समझणयण जणएगण और तििुसणर सिमहत िी जणएगी 

15. यहि आप हकसी भी समय सांतुष्ट ििी ां िैं तो आप हकसी भी समय हकसी भी पररिणम के हबिण वणपस 

िे सकते िैं 

 

शोधकतणा कण िणम: 

फोििांबर: 

पतण: 

गणइड कण िणम: 

फोििांबर: 

पतण: 

सांस्थण कण िणम: 
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ANNEXURE II (A) 

LETTER OF CONSENT 

“CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND CERVICAL 

PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 

18-35 YEARS: AN OBSERVATIONAL STUDY.” 

1) I have received an explanation of the nature, purpose, duration and foreseeable 

effects and risks of the trial and what I will be expected to do. My questions have 

been answered satisfactorily. 

2) I understand that my participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of 

benefits to which I am otherwise entitled. 

3) I further understand that any information that becomes available during the course 

of the study that may affect my willingness to take part will be informed to me. 

4) Institutional Ethics Committee authorities may wish to examine my medical records 

to verify the information collected. By signing this document, I give permission for 

this review of my records. 

5) I understand that my identity will not be revealed in any report or publication. 

6) I agree to take part in the above study. 

 

 _____________________                   __________                              

Name of research participant                  Signature/Thumb                                                               

  

 Date: 
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ANNEXURE II (B) 

सांमती 

१८ ते ३५ वरे्ष वयोगटातील अत्यधिक स्माटटफोन वापरकत्याांमधे्य कॅ्रधनओव्हटेब्रल एंगल आधि 

मान ग्रीवेच्या स्वाधमत्वातील परस्परसंबंि: पयटवेक्षि अभ्यास. 

 

• उपिमणचे स्वरूप,कणरि, कणिणवधी त्यणचे पुढीि पररिणम आहि उपिमणचे धोके तसेच यण 

अभ्यणसणतीि मणझी भूहमकण मिण समजणविी गेिी आिे .मणझे सगळे प्रश् समणधणिकणरकररत्यण 

सोडविे गेिे आिे . 

• मणझण यण उपिमणतीि सिभणग पूिापिे ऐखच्छक आिे आहि मी  कोित्यणिी वेळी, कोितेिी कणरि 

ि िेतण, कुठिणिी िांड ि भरतण  आहि मिण हमळण्यणचण अपेहक्षत फणयिण यणांमधे्य कुठिणिी बिि 

ि िोतण मी यण अभ्यणसणतूि कुठल्यणिी क्षिी मणघणर घेऊ शकते /शकतो . 

• उपिमणिरम्यणि उपिब्ध िोिणऱ्यण कोित्यणिी मणहितीमुळे मणझ्यण उपिमणतीि भणग घेण्यणवर 

पररिणम िोऊ शकतो िे मिण सणांहगतिे जणईि . 

• हवद्यणियीि सांहमतीमणहिती गोळण करण्यणसणठी मणझी आधीची वैद्यकीय पत्रक पणहू शकतणत .यण 

पत्रकणवर सिी केल्यणवर मी त्यणांिण तशी अिुमती िेते /िेतो. 

• मी िे जणिते/जणितो हक मणझी ओळि कुठल्यणिी तसेच कोित्यणिी मणहितीत/प्रकणशिणत 

प्रिहशात केिी जणिणर िणिी .    

• मी ह्यण उपिमणत सिभणगी िोण्यणसणठी सांमती िेत आिे 

 

 

सिभणगी सिस्यणचे िणव          स्वणक्षरी /अांगठ्यणचण ठसण           

 हििणांक : 
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ANNEXURE II (C) 

सिमहत – पत्र 

१८ से ३५ वर्षट के आयु वगट के अत्यधिक स्माटटफोन उपयोगकताटओ ंमें क्राधनयोवेटेब्रल कोि और 

गरदन ग्रीवा प्रसार के बीच संबंि: एक अवलोकन अध्ययन 

 

• इस अभ्यणस कण स्वरुप, अवकणश, इससे जुडे सांभणव्य ितरे, सांभणहवत प्रभणव और मुझे जो करिण 

िै उस के बणरे में स्पष्ट जणिकणरी हमिी िै।  

• इस अभ्यणस में सिभणगी िोिे कण मेरण िुि कण हििाय िै.मैं हकसी समय अभ्यणस को छोडकर जण 

सकती/सकतणहू। इसके हिए मैं कोई भी मणििांड यण भरपणई करिे के हिए बांधी/बांधण ििी ां हूूँ।   

• अभ्यणस के िौरणि उपिब्ध अन्य जणिकणरी हजस से अभ्यणसिम में भणग िेिे पर असर पडेगण वि 

मुझे बतणयण जणयेगण।  

• मेरी जणांच कण जो मूल्यणांकि हुआ िै, उसे सांस्थण के समणिोचक मांडि के अहधकणरी परि सकते 

िै।इस पत्र पर िस्तणक्षर कर के मैं यि अिुमहत िेतण हूूँ यण िेती हूूँ । 

• मेरी पिचणि हकसीभी वृतणांत यण प्रकणशि में प्रकणहशत ििी ां िोगी। 

• मैं अभ्यणसिम के हिए सिमत हूूँ। 

____________         _________________             _______                  

सिभणगी कण िणम          िस्तणक्षर यण अांगूठे कण हिशणि              हििणांक 
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ANNEXURE III (A) 

PARAMETERS FOR ASSESSMENT OF OUTCOME MEASURES: 

• Procedure: Participants height in centimeter with a measuring tape and weight in 

kilogram on weighing machine will be taken. 

 

A) To assess Craniovertebral Angle using Photogrammetry - It is defined as angle 

calculated between the line connecting the tragus of the ear and the seventh cervical 

vertebra to the horizontal plane. 

• Participants position: Subject in upright sitting position on a stool. 

• Therapist position: Facing the participant in lateral view (Right profile). 

• Testing procedure: A lateral view photograph will be taken with subject in upright 

sitting position which will be analysed on Markus Bader Ruler software (2003-14). 

Mid-point of the protractor will be placed on spinous process of C7 vertebrae and the 

angle will be measured by connecting line to tragus of the ear. 

• Reliability and validity: This method has inter-rater (ICC > 0.972) and test – 

retest (ICC > 0.774) reliability with significant validity (p-value=<0.001).[17] 

 

B) To assess Cervical Proprioception using Head Repositioning Accuracy Test -  

• Participants position: Subject in upright sitting position on a stool with eyes closed. 

• Therapist position: Stands just behind the participant. 

• Testing procedure: 

Helmet with a laser pointer fastened on participant’s head. Participant sitting upright 

on a stool at a distance of 90cm from wall mounted graph chart paper. Laser beam 

adjusted on (0,0) point on wall graph chart. Participant closes his/her eyes and told to 

flex head maximally. Participant told to bring head back to perceived neutral (0,0) 

point. Laser beam point marked and Head re-positioned to (0,0) point by study 

investigator. Same procedure repeated for 3 times and average distance to be calculated. 

Repeat the same procedure for other 5 neck movements also.  

• Reliability and validity: This method has inter-rater (ICC > 0.69) and test – 

retest (ICC > 0.89) reliability with significant validity (p-value=<0.05). [8, 26] 
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ANNEXURE III (B) 

 

SCALES 

 

1) NECK DISABILITY INDEX (IN ENGLISH) 

Section 1: Pain Intensity  

 I have no pain at the moment  

 The pain is very mild at the moment  

 The pain is moderate at the moment  

 The pain is fairly severe at the moment  

 The pain is very severe at the moment  

 The pain is the worst imaginable at the moment  

Section 2: Personal Care (Washing, Dressing, etc.)  

 I can look after myself normally without causing extra pain  

 I can look after myself normally but it causes extra pain  

 It is painful to look after myself and I am slow and careful  

 I need some help but can manage most of my personal care  

 I need help every day in most aspects of self-care  

 I do not get dressed, I wash with difficulty and stay in bed  

Section 3: Lifting  

 I can lift heavy weights without extra pain  

 I can lift heavy weights but it gives extra pain  

 Pain prevents me lifting heavy weights off the floor, but I can manage if they are     

conveniently placed, for example on a table  

 Pain prevents me from lifting heavy weights but I can manage light to medium weights if 

they are conveniently positioned 

 I can only lift very light weights  

 I cannot lift or carry anything 

 

Section 4: Reading  

 I can read as much as I want to with no pain in my neck  

 I can read as much as I want to with slight pain in my neck  

 I can read as much as I want with moderate pain in my neck  

 I can’t read as much as I want because of moderate pain in my neck 

 I can hardly read at all because of severe pain in my neck 

 I cannot read at all 

Section 5: Headaches  

 I have no headaches at all  

 I have slight headaches, which come infrequently  

 I have moderate headaches, which come infrequently  

 I have moderate headaches, which come frequently  
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 I have severe headaches, which come frequently  

 I have headaches almost all the time  

 

Section 6: Concentration  

 I can concentrate fully when I want to with no difficulty  

 I can concentrate fully when I want to with slight difficulty  

 I have a fair degree of difficulty in concentrating when I want to  

 I have a lot of difficulty in concentrating when I want to  

 I have a great deal of difficulty in concentrating when I want to  

 I cannot concentrate at all  

 

Section 7: Work  

 I can do as much work as I want to  

 I can only do my usual work, but no more  

 I can do most of my usual work, but no more  

 I cannot do my usual work 

 I can hardly do any work at all 

 I can’t do any work at all  

Section 8: Driving  

 I can drive my car without any neck pain  

 I can drive my car as long as I want with slight pain in my neck  

 I can drive my car as long as I want with moderate pain in my neck  

 I can’t drive my car as long as I want because of moderate pain in my neck  

 I can hardly drive at all because of severe pain in my neck  

 I can’t drive my car at all  

 

Section 9: Sleeping   

 I have no trouble sleeping  

 My sleep is slightly disturbed (less than 1 hr sleepless)  

 My sleep is mildly disturbed (1-2 hrs sleepless)  

 My sleep is moderately disturbed (2-3 hrs sleepless)  

 My sleep is greatly disturbed (3-5 hrs sleepless)  

 My sleep is completely disturbed (5-7 hrs sleepless) 

Section 10: Recreation  

 I am able to engage in all my recreation activities with no neck pain at all  

 I am able to engage in all my recreation activities, with some pain in my neck  

 I am able to engage in most, but not all of my usual recreation activities because of pain in 

my neck  

 I am able to engage in a few of my usual recreation activities because of pain in my neck  

 I can hardly do any recreation activities because of pain in my neck  

 I can’t do any recreation activities at all. 
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Score:        /50  Transform to percentage score x 100 =      %points  

 

 

Scoring: For each section the total possible score is 5: if the first statement is marked the 

section score = 0, if the last statement is marked it = 5.  If all ten sections are completed the 

score is calculated as follows:    Example:16 (total scored)  

  50 (total possible score) x 100 = 32%  

If one section is missed or not applicable the score is calculated:  16 (total scored)  

  45 (total possible score) x 100 = 35.5%  

Minimum Detectable Change (90% confidence): 5 points or 10 %points  
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मान विकलाांगता वनरे्दशाांक (IN MARATHI) 
 

मान धवकलांगता धनरे्दशांक आपल्या गळ्यातील वेर्दना कशी आहे याची माधहती रे्दण्यासाठी ही प्रश्नावली तयार केली 

गेली आहे रै्दनंधर्दन जीवनात व्यवस्थाधपत करण्याच्या आपल्या क्षमतेवर पररिाम झाला. कृपया प्रते्यक धवभागात 

उत्तर द्या आधि प्रते्यकात धचन्ांधकत करा आपल्यावर लागू होिारा एकच बॉक्स धवभाग. आम्हाला समजले की 

आपि त्या र्दोन धकंवा त्याहून अधिक गोष्ीचंा धवचार करू शकता कोित्याही एका धवभागातील धविाने आपल्याशी 

संबंधित आहेत, परंतु कृपया त्या बॉक्सला सवाटत जवळून धचन्ांधकत करा आपल्या समसे्यचे विटन करते. 

 

धवभाग 1: वेर्दना तीव्रता  

 मला क्षिी वेर्दना होत नाही  

 या क्षिी वेर्दना खूपच सौम्य आहे  

 या क्षिी वेर्दना मध्यम आहे  

 क्षिी वेर्दना बयाटपैकी तीव्र आहे  

 या क्षिी वेर्दना खूप तीव्र आहे  

 वेर्दना ही सवाटत वाईट कल्पना आहे 

 

धवभाग 2: वैयक्तिक काळजी (वॉधशंग, ड्र ेधसंग इ.)  

 मी अधतररि वेर्दना न करता सामान्यपिे स्वत: ची काळजी घेऊ शकतो  

 मी सामान्यपिे माझा सांभाळ करू शकतो परंतु यामुळे अधतररि वेर्दना होतात  

 स्वत: कडे् लक्ष ठेविे वेर्दनार्दायक आहे आधि मी सावकाश आधि सावि आहे  

 मला काही मर्दतीची आवश्यकता आहे परंतु माझ्या बहुतेक वैयक्तिक काळजी मी व्यवस्थाधपत करू 

शकतो  

 मला स्वत: ची काळजी घेण्याच्या बहुतेक बाबीमंधे्य र्दररोज मर्दतीची आवश्यकता आहे  

 मी कपडे् घालत नाही, मी अड्चिीने िुऊन अंथरुिावर पड्तो 

 

धवभाग 3: उचल  

 मी अधतररि वेर्दनाधशवाय वजन कमी करू शकतो  

 मी वजन कमी करू शकतो परंतु यामुळे अधतररि वेर्दना होते  

 वेर्दना मला मजल्यावरील वजन कमी करण्यास प्रधतबंि करते, परंतु ती असल्यास मी व्यवस्थाधपत करू 

शकतो सोयीस्करपिे ठेवले आहे, उर्दाहरिाथट टेबलवर  

 वेर्दना मला वजन कमी करण्यास प्रधतबंि करते परंतु मी प्रकाश ते मध्यम व्यवस्थाधपत करू शकतो जर 

ते सोयीस्करपिे क्तस्थतीत असतील तर वजन  

 मी केवळ खूपच हलके वजन वाढवू शकतो  

 मी काहीही उचलून धकंवा वाहून घेऊ शकत नाही 

 

धवभाग 4: वाचन  

 माझ्या गळ्यात रु्दखत न येण्याइतपत मी वाचू शकतो  

 माझ्या गळ्यातील थोड्ीशी वेर्दना मला पाधहजे धततके मी वाचू शकते  

 माझ्या गळ्यात मध्यम रु्दखण्याने मला पाधहजे तेवढे वाचता येते  

 माझ्या गळ्यात मध्यम रु्दखण्यामुळे मला पाधहजे धततके वाचता येत नाही  

 माझ्या गळ्यात तीव्र वेर्दना झाल्यामुळे मी क्वधचतच वाचू शकतो  

 मी अधजबात वाचू शकत नाही  
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धवभाग 5: ड्ोकेरु्दखी  

 मला ड्ोकेरु्दखी मुळीच नाही  

 मला थोड्ा ड्ोकेरु्दखी आहे, जी वारंवार येत नाही  

 मला ड्ोकेरु्दखी मध्यम आहे, जी वारंवार येत नाही  

 मला ड्ोकेरु्दखी मध्यम आहे, जी वारंवार येतात  

 मला ड्ोकेरु्दखी आहे, जी वारंवार येतात  

 मला जवळजवळ नेहमीच ड्ोकेरु्दखी असते  

 

धवभाग 6: एकाग्रता  

 जेव्हा मला कोितीही अड्चि नसावी अशी इच्छा असेल तेव्हा मी पूिटपिे लक्ष कें धित करू शकतो  

 जेव्हा मला धकंधचत अड्चिी आल्या पाधहजेत तेव्हा मी पूिटपिे लक्ष कें धित करू शकतो I  

 मला हवे असल्यास लक्ष कें धित करण्यात मला बयाटपैकी अड्चि आहे I 

 मला हवे असल्यास एकाग्र होण्यास मला खूप अड्चि आहे I  

 मला हवे असल्यास एकाग्र होण्यास मला खूप त्रास होतो  

 मी अधजबात लक्ष कें धित करू शकत नाही 

 

धवभाग 7: कायट 

 मला पाधहजे तेवढे काम करता येईल  

 मी फि माझे नेहमीचे कायट करू शकतो, परंतु यापुढे नाही  

 मी माझे नेहमीची कामे बरीच करू शकतो, परंतु यापुढे नाही  

 मी माझे नेहमीचे काम करू शकत नाही  

 मी क्वधचतच कोितीही कामे करू शकत नाही  

 मी कोितीही कामे अधजबात करू शकत नाही  

 

धवभाग 8: वाहन चालधविे  

 मी मान न रु्दखता माझी गाड्ी चालवू शकतो  

 माझ्या मानेवर थोड्ासा त्रास होईपयांत मी माझी कार चालवू शकतो  

 माझ्या गळ्यामधे्य मध्यम रु्दखिे येईपयांत मी माझी कार चालवू शकतो  

 माझ्या गळ्यात मध्यम वेर्दना झाल्यामुळे मला पाधहजे धततकी मी माझी कार चालवू शकत नाही  

 माझ्या गळ्यामधे्य तीव्र वेर्दना झाल्यामुळे मी गाड्ी चालवू शकत नाही  

 मी माझी कार अधजबात चालवू शकत नाही  

 

 धवभाग 9: झोपलेला  

 मला झोपायला त्रास होत नाही  

 माझी झोप धकंधचत त्रासलेली आहे (1 तासापेक्षा कमी झोपलेला)  

 माझी झोप हळू हळू व्यधथत झाली आहे (1-2 तास झोप न घेता)  

 माझी झोप मध्यम धवस्कळीत आहे (२- 2-3 तास झोप न घेता)  

 माझी झोप खूप धवस्कळीत आहे (3-5 तास धनधिस्त)  

 माझी झोप पूिटपिे धवस्कळीत झाली आहे (5-- sleep तास झोप न घेता)  
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धवभाग 10: मनोरंजन  

 मानस रु्दखिे अधजबात नसल्यामुळे मी माझ्या सवट मनोरंजन कायाटत व्यस्त राहण्यास सक्षम आहे  

 मी माझ्या सवट मनोरंजन कायाटत व्यस्त राहू शकतो, माझ्या गळयात काही वेर्दना होत आहे  

 मी बयाटचर्दा व्यस्त राहण्यास सक्षम आहे, परंतु माझ्या नेहमीच्या मनोरंजन कायाटत नाही माझ्या गळ्यातील 

वेर्दना  

 वेर्दना झाल्यामुळे मी माझ्या नेहमीच्या काही मनोरंजन कायाटत व्यस्त राहण्यास सक्षम आहे 

 माझ्या गळ्यातील रु्दखण्यामुळे मी मनोरंजनासाठी कोितीही धक्रया करु शकत नाही  

 मी कोित्याही करमिुकीच्या गोष्ी अधजबात करू शकत नाही 

 

स्कोअर: / 50 टके्कवारी स्कोअरमधे्य रूपांतररत करा 100 100%% गुि स्कोअररंग: प्रते्यक धवभागासाठी एकूि 

संभाव्य स्कोअर 5 आहे: जर पधहल्या धविानात सेक्शन स्कोर = 0 धचन्ांधकत केले असेल तर जर शेवटचे से्टटमेंट 

धचन्ांधकत केले असेल तर = 5. जर सवट र्दहा धवभाग असतील पूिट केलेल्या स्कोअरची गिना खालीलप्रमािे केली 

जाते: उर्दाहरिः 16 (एकूि िावसंख्या) 50 (एकूि शक्य स्कोअर) x 100 = 32% जर एखार्दा धवभाग चुकला धकंवा 

लागू नसेल तर स्कोअर मोजले जाईल: 16 (एकूि िावसंख्या) 45 (एकूि शक्य स्कोअर) x 100 = 35.5% धकमान 

शोिण्यायोग्य बर्दल (90% आत्मधवश्वास): 5 गुि धकंवा 10% गुि 
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गदटन धवकलांगता सूचकांक (IN HINDI) 

  
गर्दटन धवकलांगता सूचकांक यह प्रश्नावली हमें इस बात की जानकारी रे्दने के धलए धड्जाइन की गई है धक 

आपकी गर्दटन का र्दर्दट  कैसा है रोजमराट की धजंर्दगी में प्रबंिन करने की आपकी क्षमता को प्रभाधवत धकया। 

कृपया प्रते्यक अनुभाग का उत्तर र्दें  और प्रते्यक में धचधित करें  आप पर लागू होने वाले केवल एक बॉक्स को 

सेक्शन करें। हमें लगता है धक आप र्दो या अधिक पर धवचार कर सकते हैं धकसी एक खंड् में धर्दए गए कथन 

आपके धलए संबंधित हैं, लेधकन कृपया उस बॉक्स को धचधित करें  जो सबसे अधिक धनकटता से है आपकी 

समस्या का विटन करता है। 

 

िारा 1: र्दर्दट  की तीव्रता  

 मुझे धफलहाल कोई र्दर्दट  नही ंहै  

 र्दर्दट  इस समय बहुत हल्का है  

 र्दर्दट  इस समय मध्यम है  

 र्दर्दट  इस समय काफी गंभीर है  

 र्दर्दट  इस समय बहुत गंभीर है  

 र्दर्दट  इस समय सबसे खराब कल्पना है 

 

िारा 2: पसटनल केयर (िुलाई, ड्र ेधसंग, आधर्द)  

 मैं अधतररि र्दर्दट  पैर्दा धकए धबना अपने आप को सामान्य रूप से रे्दख सकता हंू  

 मैं अपने आप को सामान्य रूप से रे्दख सकता हंू लेधकन यह अधतररि र्दर्दट  का कारि बनता है  

 खुर्द की रे्दखभाल करना र्दर्दटनाक है और मैं िीमा और साविान हंू  

 मुझे कुछ मर्दर्द की जरूरत है लेधकन मैं अपनी अधिकांश व्यक्तिगत रे्दखभाल का प्रबंिन कर 

सकता हंू  

 मुझे सेल्फ केयर के ज्यार्दातर पहलुओ ंमें हर धर्दन मर्दर्द की जरूरत है मैं कपडे नही ंउतारता, 

 मैं मुक्तिल से िोता हंू और धबस्तर पर रहता हंू 

 

िारा 3: भारोत्तोलन  

 मैं धबना अधतररि र्दर्दट  के भारी वजन उठा सकता हंू  

 मैं भारी वजन उठा सकता हंू लेधकन यह अधतररि र्दर्दट  रे्दता है  

 र्दर्दट  मुझे फशट से भारी वजन उठाने से रोकता है, लेधकन अगर वे हैं तो मैं प्रबंधित कर सकता हंू 

आसानी से रखा गया है, उर्दाहरि के धलए एक मेज पर  

 र्दर्दट  मुझे भारी वजन उठाने से रोकता है लेधकन मैं प्रकाश से मध्यम तक का प्रबंिन कर सकता हंू 

वजन अगर वे आसानी से तैनात हैं 

 मैं केवल बहुत हले्क वजन उठा सकता हंू  

 मैं कुछ भी उठा या ले नही ंजा सकता 

 

िारा 4: पढ़ना  

 मैं अपनी गर्दटन में धबना र्दर्दट  के धजतना चाहे उतना पढ़ सकता हंू  

 मैं अपनी गर्दटन में मामूली र्दर्दट  के साथ धजतना चाहे उतना पढ़ सकता हंू  

 मैं अपनी गर्दटन में मध्यम र्दर्दट  के साथ धजतना चाहे उतना पढ़ सकता हंू  

 मैं अपनी गर्दटन में मध्यम र्दर्दट  के कारि धजतना चाहे उतना नही ंपढ़ सकता हंू  

 मैं शायर्द ही कभी मेरी गर्दटन में गंभीर र्दर्दट  के कारि पढ़ सकता हंू  

 मैं धबलु्कल नही ंपढ़ सकता 
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िारा 5: धसरर्दर्दट   

 मुझे कोई धसरर्दर्दट  नही ंहै  

 मेरे धसर में हल्का र्दर्दट  है, जो बार-बार आता है  

 मेरे पास मध्यम धसरर्दर्दट  हैं, जो बार-बार आते हैं  

 मेरे पास मध्यम धसरर्दर्दट  हैं, जो अक्सर आते हैं  

 मेरे धसर में गंभीर र्दर्दट  है, जो बार-बार आते हैं  

 मैं लगभग हर समय धसरर्दर्दट  है  

 

 

िारा 6: एकाग्रता  

 मै पूरी तरह से ध्यान कें धित कर सकता हंू 

 जब मैं धबना धकसी कधठनाई के चाहता हंू  

 जब मैं थोडी सी कधठनाई के साथ चाहता हंू तो मैं पूरी तरह से ध्यान कें धित कर सकता हंू  

 जब मैं चाहता हंू तो मुझे ध्यान कें धित करने में कधठनाई की एक बडी धड्ग्री है जब मैं चाहता हंू तो 

मुझे ध्यान कें धित करने में बहुत कधठनाई होती है  

 जब मैं चाहता हंू तो मुझे ध्यान कें धित करने में बहुत कधठनाई होती है  

 मैं धबलु्कल ध्यान कें धित नही ंकर सकता 

 

िारा 7: कायट  

 मैं धजतना चाहे उतना काम कर सकता हंू  

 मैं केवल अपना सामान्य काम कर सकता हंू, लेधकन अब और नही ं 

 मैं अपने अधिकांश सामान्य कायट कर सकता हंू, लेधकन अब और नही ं 

 मैं अपना सामान्य काम नही ंकर सकता  

 मैं शायर्द ही कोई काम कर सकता हूूँ  

 मैं कोई काम नही ंकर सकता  

 

िारा 8: ड्र ाइधवंग  

 मैं अपनी कार को धबना धकसी गर्दटन के र्दर्दट  के चला सकता हंू  

 मैं अपनी कार को तब तक चला सकता हंू जब तक मैं अपनी गर्दटन में मामूली र्दर्दट  के साथ चाहता हंू  

 मैं अपनी कार को तब तक चला सकता हंू जब तक मैं अपनी गर्दटन में मध्यम र्दर्दट  के साथ चाहता हंू  

 मैं अपनी कार को तब तक नही ंचला सकता जब तक मैं अपनी गर्दटन में मध्यम र्दर्दट  के कारि नही ं

चाहता  

 मैं अपनी गर्दटन में गंभीर र्दर्दट  के कारि मुक्तिल से ही गाडी चला सकता हूूँ  

 मैं अपनी कार धबलु्कल नही ंचला सकता 

 

 िारा 9: सो रहा है  

 मुझे सोने में कोई परेशानी नही ंहै  

 मेरी नीरं्द थोडा परेशान है (1 घंटे से कम)  

 मेरी नीरं्द हले्क से परेशान है (1-2 घंटे की नीरं्द हराम)  

 मेरी नीरं्द मध्यम रूप से परेशान (2-3 घंटे की नीरं्द)  

 मेरी नीरं्द बहुत परेशान है (3-5 घंटे की नीरं्द हराम)  

 मेरी नीरं्द पूरी तरह से परेशान है (5-7 घंटे की नीरं्द हराम)  
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िारा 10: मनोरंजन  

 मैं धबना धकसी गर्दटन र्दर्दट  के अपने सभी मनोरंजन गधतधवधियो ंमें संलग्न होने में सक्षम हंू  

 मैं अपनी गर्दटन में कुछ र्दर्दट  के साथ, अपने सभी मनोरंजन गधतधवधियो ंमें संलग्न होने में सक्षम हंू  

 मैं अधिकांश में संलग्न होने में सक्षम हंू, लेधकन मेरे सभी सामान्य मनोरंजन गधतधवधियो ंके कारि 

नही ंमेरी गर्दटन में र्दर्दट   

 मैं र्दर्दट  के कारि अपने कुछ सामान्य मनोरंजन गधतधवधियो ंमें संलग्न होने में सक्षम हंू मेरी गर्दटन  

 मैं अपनी गर्दटन में र्दर्दट  के कारि धकसी भी मनोरंजन गधतधवधियो ंको शायर्द ही कर सकता हंू  

 मैं धकसी भी तरह की मनोरंजन गधतधवधियाूँ नही ंकर सकता 

 

 

स्कोर: / 50 प्रधतशत अंक x 100 =% अंको ंके धलए रूपांतरि स्कोररंग: प्रते्यक अनुभाग के धलए कुल संभव स्कोर 

5 है: यधर्द पहला बयान अनुभाग स्कोर = 0 के रूप में धचधित धकया गया है, यधर्द अंधतम धववरि इसे धचधित धकया 

गया है = 5. यधर्द सभी र्दस खंड् हैं पूरा स्कोर इस प्रकार है: उर्दाहरि: 16 (कुल स्कोर) 50 (कुल संभव स्कोर) x 

100 = 32% यधर्द एक खंड् छूट गया है या लागू नही ंहै तो स्कोर की गिना की जाएगी: 16 (कुल स्कोर) 45 (कुल 

संभव स्कोर) x 100 = 35.5% नू्यनतम पता लगाने योग्य पररवतटन (90% आत्मधवश्वास): 5 अंक या 10% अंक 
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B) SMARTPHONE ADDICTION SCALE – SHORT VERSION (IN ENGLISH) 
 

 Strongly 

disagree 

Disagree  Weakly 

disagree 

Weakly 

agree 

Agree  Strongly 

agree 

1) Missing planned work due to smartphone use  

 

1 2 3 4 5 6 

2) Having a hard time concentrating in class, 

while doing assignments, or while working 

due to smartphone use 

 

1 2 3 4 5 6 

3) Feeling pain in the wrists or at the back of the 

neck while using a smartphone  

 

1 2 3 4 5 6 

4) Won’t be able to stand not having a 

smartphone  

 

1 2 3 4 5 6 

5) Feeling impatient and fretful when I am not 

holding my smartphone  

 

1 2 3 4 5 6 

6) Having my smartphone in my mind even 

when I am not using it  

 

1 2 3 4 5 6 

7) I will never give up using my smartphone 

even when my daily life is already greatly 

affected by it.  

 

1 2 3 4 5 6 

8) Constantly checking my smartphone so as not 

to miss conversations between other people 

on Twitter or Facebook 

 

1 2 3 4 5 6 

9) Using my smartphone longer than I had 

intended  

 

1 2 3 4 5 6 

10) The people around me tell me that I use my 

smartphone too much. 

1 2 3 4 5 6 

Score of >30 – Excessive Smartphone Users 
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स्माटटफोन व्यसन प्रमािात: लहान आवृत्ती (IN MARATHI) 

 
 अधजबात 

मान्य नाही 

असहमत अशिपिे 

सहमत नाही 

कमकुवत 

सहमत 

सहमत पूिटपिे 

सहमत 

1. स्माटटफोन वापरल्यामुळे धनयोधजत 

काम होत नाही 

1 2 3 4 5 6 

2. स्माटटफोन वापरल्यामुळे लक्ष 

कें धित करिे, गृहपाठ करिे धकंवा 

काम करिे औघड् जाने  

1 2 3 4 5 6 

3. स्माटटफोन वापरताना मनगटामधे्य 

धकंवा मानच्या मागील बाजूस 

वेर्दना जािवते 

1 2 3 4 5 6 

4. स्माटटफोन नसताना रहावत नाही 1 2 3 4 5 6 

5. स्माटटफोन हातात नसल्याच अिीर 

आधि धचड्धचडे्पिा जािवतो 

1 2 3 4 5 6 

6. स्माटटफोन वापरत नसतानाही मी 

कायम त्याचा च धवचार करत 

राहतो 

1 2 3 4 5 6 

7. माझ्या रै्दनंधर्दन जीवनावर 

आिीपासूनच त्याचा मोठा पररिाम 

झाला असला तरीही मी माझा 

स्माटटफोन वापरिे किीही 

सोड्िार नाही. 

 

1 2 3 4 5 6 

8. मी सतत स्माटटफोन तपासतो 

जेिेकरुन माझा इतर लोकांशी 

संवार्द तुटु नये 

1 2 3 4 5 6 

9. ठरवलेल्या वेळापेक्षा जास्त काळ 

स्माटटफोनचा उपयोग करतो 

1 2 3 4 5 6 

10. आजूबाजूचे लोक मला सांगतात 

की मी माझा स्माटटफोन खूप 

वापरतो 

1 2 3 4 5 6 
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स्माटटफोन की लत का पैमाना- छोटा संस्करि (IN HINDI) 

 
 दृढ़तापूवटक 

असहमत 

असहमत कमजोर 

रूप से 

असहमत 

कमजोर रूप 

से सहमत 

सहमत दृढ़तापूवटक 

सहमत 

1) स्माटटफोन के उपयोग के कारि 

धनयोधजत कायट में चूक 

1 2 3 4 5 6 

2) स्माटटफोन के उपयोग के कारि 

काम करते समय असाइनमेंट 

करते समय, क्लास में ध्यान कें धित 

करने में कधठन  होना 

1 2 3 4 5 6 

3) स्माटटफोन का उपयोग करते समय 

कलाई या गर्दटन के पीछे र्दर्दट  

महसूस करना 

1 2 3 4 5 6 

4) स्माटटफोन के धबना नही ंरह सकते 1 2 3 4 5 6 

5) जब मैं अपना स्माटटफोन उपयोग 

नही ंकरता हंू, मैं अिीर महसूस 

करता हंू 

1 2 3 4 5 6 

6) स्माटटफोन मेरे धर्दमाग में है भले ही 

मैं इसका इसे्तमाल नही ंकर रहा हंू 

1 2 3 4 5 6 

7) मैं अपने स्माटटफोन का उपयोग 

करना कभी नही ंछोडंूगा, भले ही 

मेरा रै्दधनक जीवन इससे प्रभाधवत 

हो 

1 2 3 4 5 6 

8) लगातार अपने स्माटटफोन की जांच 

कर रहे हैं ताधक अन्य लोगो ंके 

बीच बातचीत न छूटे 

1 2 3 4 5 6 

9) अपने स्माटटफोन का उपयोग करने 

के धलए धजतना मैंने इरार्दा धकया 

था उससे अधिक समय तक 

उपयोग करना 

1 2 3 4 5 6 

10) मेरे आसपास के लोग मुझे बताते 

हैं धक मैं अपने स्माटटफोन का बहुत 

अधिक उपयोग करता हंू 

1 2 3 4 5 6 
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ANNEXURE III (C) 

DATA COLLECTION TOOLS: 

 

1. Laser light and helmet - A laser pointer attached to a cycling helmet to be 

placed on the subject’s heads, the beam of which is to be projected onto the 

target to be used in Head Repositioning Accuracy Test. 

 

 

 

 

2. Markus Bader Software (Version 2013-14) – used to assess Craniovertebral 

angle. A lateral view photograph (using Samsung M20 mobile camera) will be 

taken with subject in upright sitting position which will be analysed on Markus 

Bader Ruler software (2003-14). Mid-point of the protractor will be placed on 

spinous process of C7 vertebrae and the angle will be measured by connecting 

line to tragus of the ear. 
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ANNEXURE III (D) 

CASE RECORD FORM 

• DATE: 

• NAME:  

• AGE: 

• GENDER: 

• WEIGHT: 

• HEIGHT: 

• HAND DOMINANCE: 

• CRANIOVERTEBRAL ANGLE: 

• NDI SCORE: 

• SAS-SV SCORE: 

• HEAD REPOSITIONING ACCURACY TEST (distance of error in cms): 

Movement Co-ordinates Distance (in cms) Average (in cms) 

Flexion 

   

  

  

Extension 

   

  

  

Right Rotation 

   

  

  

Left Rotation 

   

  

  

Right Lateral 

flexion 

   

  

  

Left Lateral 

flexion 
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TIMELINE / GANTT CHART 

 

 

sr.no components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

March  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

Mar 

2021april-

jun 

2021 

Jul-

sept 

1 

Allotment of 
guide                       

2 Selection of topic                       

3 

Formulation of 
research question                       

4 

Formulation of 
aim and 
objectives                       

5 

Hypothesis, null 
hypothesis                       

6 Research protocol                       

7 

Research 
designing                       

8 

Review of 
literature                       

9 

methodology 
formulation                       

10 study designing                       

11 study setting                       

12 

sample size 
estimation                       

13 

selection of study 
instruments                       

14 

method of data 
collection                        

15 

data 
management and 
analysis 
procedure                       

16 

IEC and BORS 
clearance                       

17 

compilation of 
synopsis                       

18 

uploading of 
synopsis                       

19 data collection                       

20 

data presentation 
and analysis                       

21 

writing of 
discussion and 
conclusion                       

22 

submission of 
thesis to MUHS                       
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MASTERCHART 

 

Sr 

No. 

Age Sex Weight Height CVA SAS-SV Flex Ext RR LR RLF LLF 

1 24 F 57 1.54 40.86 45 9 8.95 7.96 7.06 8.38 8.06 

2 23 F 53 1.7 51.58 31 3.48 4.43 4.74 4.1 5.36 4.24 

3 24 F 44 1.46 51.03 36 3.71 5.44 5.43 4.24 3.56 3.43 

4 25 F 65 1.63 40.98 46 7.1 8.71 8.73 7.01 9.19 8.39 

5 25 F 68 1.7 43.64 42 6.57 4.3 10.63 10.79 7.06 7.56 

6 25 F 52 1.6 50.23 35 2.85 3.85 3.41 2.68 4.21 2.26 

7 25 F 58 1.57 45.66 41 6.77 6.87 5.73 5.65 6.04 5.7 

8 25 F 54 1.57 51.07 34 2.26 2.82 3.41 2.68 3.71 3.41 

9 25 F 59 1.63 46.14 42 4.99 5.65 5.08 5.36 6.66 6.57 

10 24 F 44 1.45 43.21 44 7.77 8.21 7.06 7.88 6.56 6.87 

11 25 F 80 1.63 49.28 38 3.85 4.57 3.41 3.71 3.85 4.21 

12 25 F 50 1.54 45.35 40 6.66 7.2 5.73 5.65 5.48 5.08 

13 25 F 54 1.63 47.44 42 5.65 6.66 4.43 4.65 4.39 5.08 

14 26 F 58 1.61 43.51 44 8.14 8.95 7.06 7.41 6.56 6.87 

15 27 F 50 1.6 46.6 41 6.4 6.77 5.48 5.65 5.08 5.36 

16 26 F 63 1.61 50.4 35 2.85 3.71 2.26 3.56 3.43 3.48 

17 24 F 45 1.52 50.7 34 2.68 2.85 2.26 3.43 3.43 2.85 

18 24 F 50 1.65 51.2 32 2.26 3.43 3.43 3.48 2.85 2.68 

19 24 F 60 1.63 48.3 35 6.47 7.2 4.65 4.21 5.08 6.04 

20 24 F 54 1.61 49.11 34 3.85 4.14 4.39 3.71 3.85 4.21 

21 24 F 52 1.7 50.21 31 2.85 3.41 2.26 2.68 2.26 2.68 

22 26 F 68 1.72 50.32 33 3.85 4.21 3.41 4.39 3.43 4.21 

23 24 F 65 1.65 51.8 32 4.67 5.08 2.85 3.71 2.68 2.85 

24 24 F 62 1.68 49.7 36 3.48 4.14 3.56 4.24 4.39 4.65 

25 26 F 45 1.48 50.81 40 6.04 5.48 4.21 5.08 3.56 3.85 

26 24 F 48 1.57 43.26 43 8.06 8.56 7.06 7.7 6.15 6.87 

27 25 F 40 1.6 41.25 38 8.39 8.93 8.24 2.26 7.47 4.14 

28 25 F 47 1.49 48.88 35 7.61 15.57 8.51 10.73 8.34 7.23 

29 22 F 53 1.53 50.55 33 7.54 4.33 11.43 7.16 11.74 8.1 
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30 24 F 59 1.57 47.11 41 10.33 8.38 5.73 9.8 4.65 6.87 

31 24 F 59 1.49 47.01 32 7.19 9.11 5.21 8.69 9 7.78 

32 24 F 53 1.56 40.27 45 8.95 8.41 7.96 7.41 8.06 8.93 

33 24 F 48 1.62 44.32 44 7.06 7.7 6.57 6.04 6.15 7.2 

34 26 F 59 1.6 40.11 41 9.58 3.11 11.23 7.14 4.49 7.83 

35 24 F 48 1.68 50.23 39 11.41 6.16 4.54 7.23 3.93 6.2 

36 21 F 54 1.57 48.39 37 4.99 8.71 7.2 10.33 8.92 7.56 

37 22 F 57 1.56 46.94 32 2.99 2.93 8.37 2.8 6.05 5.31 

38 23 F 47 1.6 46.06 32 8.41 8.22 8.21 7.37 6.4 8.33 

39 22 F 55 1.57 49.92 41 5.57 5.91 4.84 5.84 8.16 4.23 

40 23 F 70 1.63 39.11 38 4.55 6.31 5.27 9.38 5.56 8.11 

41 26 F 62 1.63 40.08 35 6.04 7.97 2.68 5.08 6.76 8.06 

42 24 F 61 1.55 38.99 46 8.32 10.57 6.73 6.44 8.14 9.92 

43 23 F 40 1.55 47.88 37 8.71 4.57 6.57 7.77 6.66 7.43 

44 24 F 38 1.47 46.24 47 7.95 12.81 8.44 4.93 6.06 6.47 

45 22 F 45 1.6 47.37 46 9.48 8.96 8.76 7.23 9.08 8.8 

46 23 F 64 1.75 37.47 45 10.46 5.48 7.96 9.45 5.65 6.15 

47 22 F 51 1.52 37.9 43 9.9 9.94 9.59 13.23 8.95 11.11 

48 23 F 42 1.52 46.75 40 3.41 7.41 2.85 4.21 3.85 7.7 

49 23 F 49 1.55 51.98 36 6.77 8.46 7.88 7.06 5.41 8.56 

50 22 F 66 1.65 48.34 39 9.38 9.07 5.88 6.56 11.23 11.01 

51 24 F 60 1.62 40.5 44 8.56 8.71 7.96 7.43 7.95 8.93 

52 24 F 64 1.65 35.97 47 15.57 13.23 10.33 9.4 11.41 10.46 

53 23 F 46 1.6 46.27 39 5.73 6.15 4.43 5.08 3.85 4.93 

54 25 F 70 1.62 41.12 44 8.71 8.38 7.06 7.96 8.56 8.96 

55 25 F 54 1.59 49.72 33 3.48 4.24 3.56 4.21 4.57 5.43 

56 18 M 52 1.8 43.67 46 8.14 8.96 7.88 7.43 8.33 8.21 

57 18 M 60 1.67 47.66 40 6.15 7.2 4.99 5.08 5.36 6.04 

58 28 M 56 1.68 48.52 38 3.56 4.21 3.85 3.43 3.41 4.14 

59 27 M 76 1.76 42.11 47 9 8.21 7.56 7.96 8.39 8.56 

60 25 M 70 1.74 43.3 46 8.95 8.14 7.41 7.43 8.21 8.32 

61 26 M 62 1.9 49.96 45 3.85 2.85 3.41 3.71 3.43 3.48 

62 27 M 65 1.7 40.66 45 9.83 8.74 5.7 6.45 4.39 4.67 
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63 18 M 44 1.7 43.63 43 7.06 7.43 6.4 5.65 6.06 6.15 

64 21 M 50 1.78 47.87 40 4.99 4.65 5.08 5.7 5.36 4.92 

65 22 M 74 1.77 41.45 46 8.56 8.14 5.73 6.44 8.14 7.77 

66 25 M 60 1.68 35.03 52 11.74 12.81 10.33 9.92 11.01 10.33 

67 24 M 87 1.72 45 42 6.87 7.2 6.04 6.15 5.73 5.36 

68 33 M 68 1.7 45.48 41 6.73 7.06 6.06 6.04 5.43 5.08 

69 24 M 80 1.79 31.43 51 11.41 15.57 11.01 10.46 9.48 11.74 

70 19 M 45 1.7 44 43 7.37 7.43 6.04 6.15 6.87 6.76 

71 25 M 68 1.66 42.36 45 8.46 8.56 7.43 7.96 8.39 7.88 

72 27 M 95 1.79 48.56 38 6.45 5.08 4.21 3.41 2.85 3.71 

73 29 M 70 1.63 45.88 42 6.87 6.76 5.73 5.48 4.57 4.14 

74 33 M 65 1.84 50.31 32 4.21 3.71 2.26 3.41 4.14 2.85 

75 24 M 64 1.72 35.91 50 9.83 10.73 7.95 8.74 7.7 7.06 

76 24 M 52 1.52 44.8 44 8.96 8.39 6.77 6.4 4.99 5.7 

77 20 M 82 1.8 49.89 34 4.14 5.36 6.15 5.7 4.21 4.64 

78 26 M 70 1.65 42.71 43 8.46 8.71 7.88 7.96 8.06 7.95 

79 22 M 66 1.82 47.38 42 6.87 7.37 6.15 5.48 5.73 6.06 

80 22 M 56 1.56 49.67 36 3.85 5.08 5.73 5.65 4.14 4.39 

81 22 M 67 1.78 49.54 37 6.15 4.99 4.14 2.85 3.41 3.71 

82 32 M 68 1.63 41.44 43 8.32 8.41 7.43 7.77 8.06 8.71 

83 24 M 64 1.68 41.21 45 8.33 8.71 7.88 7.96 8.14 8.74 

84 34 M 68 1.8 49.07 38 4.14 3.85 4.14 4.67 3.41 3.71 

85 30 M 63 1.72 33.54 49 11.01 11.74 10.33 9.83 8.96 9.07 

86 26 M 62 1.63 42.8 43 8.33 8.56 7.56 7.95 7.97 7.56 

87 22 M 52 1.68 44.14 40 8.56 8.33 5.73 6.06 4.67 5.65 

88 20 M 66 1.65 49.99 33 2.68 3.43 3.41 6.06 2.85 3.85 

89 21 M 57 1.56 50 31 2.26 2.85 2.68 3.41 3.43 2.68 

90 30 M 59 1.57 46.4 39 5.65 6.06 4.43 5.08 3.85 4.57 

91 29 M 66 1.72 51.42 32 2.82 3.71 4.1 3.48 3.56 3.43 

92 22 M 60 1.78 50.8 31 2.23 3.56 3.71 3.43 3.48 2.82 

93 20 M 58 1.65 46.45 42 6.57 6.77 5.08 5.36 5.7 6.04 

94 25 M 75 1.74 41.28 45 8.71 9.07 7.96 7.88 8.95 8.71 

95 26 M 70 1.68 39.4 50 11.01 12.81 10.46 9.92 8.96 9.83 
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96 29 M 68 1.72 42.66 46 8.96 9.38 7.77 7.7 8.41 8.14 

97 24 M 75 1.7 51.2 33 3.16 4.24 3.71 3.43 3.43 3.56 

98 28 M 70 1.74 48.27 35 4.24 5.65 5.08 4.65 4.99 4.93 

99 23 M 84 1.78 49.33 32 4.1 5.43 4.43 4.14 4.67 4.65 

100 20 M 72 1.75 45.62 43 8.06 9 4.99 4.67 5.48 5.7 

101 20 M 68 1.74 46.54 42 7.95 9.59 4.99 5.08 5.65 5.73 

102 20 M 60 1.68 47.82 36 7.43 8.41 4.24 4.67 5.08 5.7 

103 24 M 62 1.7 46 38 7.88 8.71 5.48 6.06 6.15 6.45 

104 22 M 64 1.71 48 35 6.87 7.96 7.06 6.87 5.73 6.56 

105 26 M 72 1.73 49.51 33 2.82 3.43 3.85 4.14 4.24 4.65 

106 24 M 75 1.77 47.8 37 7.37 8.74 5.36 5.08 4.99 5.36 

107 26 M 65 1.68 50.24 32 1.41 2.82 3.41 3 2.85 3.16 

108 25 M 78 1.78 40.66 48 11.43 10.73 8.95 8.14 7.77 8.71 

109 25 M 82 1.76 44.81 40 10.33 9.83 7.77 8.95 8.14 7.96 

110 25 M 70 1.73 43.2 40 10.73 10.57 8.06 9.59 8.33 8.14 
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Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND CERVICAL 
PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN AGE GROUP 
OF 18-35 YEARS: AN OBSERVATIONAL STUDY. 

02) Introduction :- Smartphones have made ubiquitous internet access possible with 

no bounds on time or place with more than 50% of worldwide 

prevalence rate.[1] India has been ranked 2nd in a global ranking of 

countries with high number of smartphone users approximately 

345.92 million as of September 2019. Age group between 11-35 

years has highest smartphone penetration rate.[2] Prolonged use 

of smartphones is prevalent among young adults including 

university students who spend a large amount of time on mobile 

devices for social leisure or school activities. Adult head weighs 

10-12 pounds in neutral position but when the head tilts forward at 

15°, forces on the neck amount to 12 kg; at 30°, 18 kg; at 45°, 22 kg; 

and at 60°, 27 kg. However, at 90°, the model prediction was no 

longer reliable.[3, 6] Fatigue of neck and shoulder muscles at 

different cervical flexion angles of phone usage was measured 

using electromyography which revealed that the right upper 

trapezius and left upper trapezius showed highest muscle fatigue 

at an angle of 50° and lowest at 30°.[4] 

Posture seems to have great impact on sensorimotor function of 

cervical spine. Berolo et al. suggested that prolonged smartphone 

usage could lead to use of a non-neutral neck posture or the 

development of musculoskeletal disorders.[5] Moreover, the 

maintenance of this position (head shifted forward) decreases 

lordosis of the lower cervical vertebrae and creates a posterior 

curve in upper thoracic vertebrae to maintain balance known as 

forward head posture also known as ‘text neck’ or ‘turtle neck’ or 



 

C:\Users\convert\AppData\Local\Temp\1\task-091077240\bd8c0bb4799a47509fe035b2cfbf6f2e.doc [Page : 2] 
   

‘anterior head syndrome’ which can be quantified with 

measurement of Craniovertebral angle. A forward head posture 

increases external flexion torque, placing a bigger load on neck 

extensors and some parts of connective tissues. A forward head 

posture may cause many harmful symptoms such as neck pain, 

shoulder pain, upper back pain, chronic headaches, increased 

curvature of spine, and scapular dyskinesis.[6]  

Usually, neck pain increases as age increases, but nowadays due to 

advancements in technology younger populations are spending 

long hours on their smartphones thus they are likely to develop 

incorrect head and shoulder position. Sustained pressure in 

Cervical region due to hunching over smartphones increases 

activity in neck extensor muscles leading to muscle fatigue, 

decrease in work capacity and affects musculoskeletal system 

causing disturbed signals to the brain that might cause balance 

problems and impaired proprioception.[7] 

Proprioception encompasses the sensation of joint movement 

(kinaesthesia) and joint position ( joint position sense). Perception 

of the orientation of our head in space as well as on the trunk 

demands not only the contribution of vestibular and visual cues 

but also proprioceptive information from the neck and likely from 

other body regions.[8] Spatial orientation of head on trunk 

demands not only the contribution of vestibular and visual cues 

but also proprioceptive information from the neck and other body 

regions. Cervical proprioception contributes to correct head in 

space and trunk orientation, as well as to correct body orientation 

and balance control. Altered cervical proprioception has an 

adverse effect on motor control leading to balance disturbances, 

increased postural sway and poor head neck posture awareness.[9] 

RATIONALE OF THE STUDY:  

Cervical spine is the most intricate region of spine as it contains 
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high density of muscle spindle especially in the suboccipital 

muscles.[9] Proprioception is essential for proper joint function in 

activities of daily living or work-related tasks. Mechanoreceptors in 

cervical region are considered to play a crucial role in the 

transmission of information. Multifactorial problems in this region 

are mainly caused by decreased joint sense.[8] 

Up to 67% of young population have reported smartphone 

penetration for both communication and entertainment purposes. 

Prolonged use of smartphones leads to unknowing attainment of 

a flexed neck posture, characterized by altered craniovertebral 

angle and postural changes in cervico-scapular region with 

symptoms like neck pain, muscle fatigue and reduced cervical 

range of motion. There are literatures suggesting that with 

increase in neck pain there is impaired cervical proprioception. [7, 

28]  

Previous studies have shown significant correlation of 

craniovertebral angle with smartphone addiction. Also, studies 

suggest that there is a negative correlation between forward head 

posture and proprioceptive function in cervical region. However, 

limited literature is available on correlation between 

craniovertebral angle with cervical proprioception in Excessive 

smartphone using individuals having minimal pain. 

Therefore, this study aims to determine the correlation between 

craniovertebral angle and cervical proprioception in excessive 

smartphone users in age group of 18-35 years; also, an attempt to 

make individuals aware about their deficient postural adaptations 

while using smartphones for prolonged period of time. 

 

3.1) Primary Research 
Question :- 

What is the correlation between Craniovertebral angle and cervical 

proprioception in excessive smartphone users in age group of 18 – 35 

years? 
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3.2) Secondary Research 
Question 1 :- 

(if any) 

Not Applicable 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not Applicable 

4.1) Primary 
Hypothesis :- 

Not Applicable 

4.2) Other Hypothesis 
1:- 

(if any) 

Not Applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

Not Applicable 

05) Review of 
Literature :- 

1) A study titled, “The effect of posture on neck 

proprioception and head/neck stabilization in 

asymptomatic participants” was conducted by Dean L. 

Smith et. al, in the year 2019, included 12 healthy college 

students who completed head repositioning task and a 

‘head still’ task while wearing a headpiece (helmet) with 

laser fixed on top during different postures. They found 

that there was a significant effect of both posture and 

vision for both vertical and horizontal head movements 

during head still task. Standing and kneeling generated 

more variable head movement than sitting with or without 

support. Posture did not significantly affect head 
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repositioning accuracy.[8] 

2) A study titled, “Comparative joint position error in patients 

with non-specific neck disorders and asymptomatic age – 

matched individuals conducted by Jonathan Quartey et. al, 

in the year 2019 was done to examine proprioceptive 

deficits of the neck using a laser pointer attached to head 

in 20 patients within age group of 21- 60 years. The JPE was 

determined wearing a headlight laser pointer directed 

towards a Cartesian coordinate system. The results 

depicted that control participants showed larger JPE values 

for all errors. Also, the study concluded that it did not 

reveal any meaningful difference between patients with 

mild disabled neck movement compared with control.[21] 

3) A study title, “Correlation among smartphone addiction, 

craniovertebral angle, scapular dyskinesis and selected 

anthropometric variable in physiotherapy undergraduates” 

was conducted by Ashiyat K. A et. al in the year 2018 

included 77 undergraduates who were addicted to 

smartphones. They found that there was a significant 

difference in craniovertebral angle between male and 

female participants. Also, there was a significant 

relationship among smartphone addiction, craniovertebral 

angle and scapular dyskinesis in male and female 

participants. Thus they concluded- a high level of 

smartphone addiction reduces the craniovertebral angle 

and increases scapular dyskinesis.[6] 

4) A study done by Adel Alshshrani et. al, in the year 2018 on, 

“Impact of smartphone usage on cervical proprioception 

and balance in healthy adults with 30 participants aged 

from 18-27 years concluded that prolonged duration of 
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smartphone use could negatively affect cervical 

proprioception and dynamic balance ability.[7] 

5) A study titled, “Is forward head posture relevant to cervical 

muscle performance and neck pain? A case-control study “, 

was conducted by Leila Ghamkhar et. al, in year 2018. 32 

patients with chronic neck pain and 35 participants were 

included in study. The study results concluded that FHP was 

found neither different between groups nor correlated with 

muscle performance or CNP clinical characteristics; while 

cervical endurance was found lower in CNP patients, it did 

not show any association with pain or disability.[24] 

6) A study titled, “Effect of different head-neck-jaw postures 

on cervicocephalic kinesthetic sense” conducted by H. 

Zafar et. al, in the year 2017, concluded that head – neck 

relocation error was least while standing, followed by 

habitual sitting with forward head posture and habitual 

sitting with jaw clenched. However, there was no significant 

difference in error between tested postures during all the 

movements.[9] 

7) A study titled, “Musculoskeletal disorder and pain 

associated with smartphone use: A systematic review of 

biomechanical evidence” was conducted by Aitthanatt 

Chacris Etivipart et. al, in the year 2018. The results show 

that muscle activity of upper trapezius, erector spinae and 

the neck extensor muscles are increased as well as head 

flexion angle, head tilt angle and forward shifting which 

increased during smartphone usage. Also, smartphone use 

in sitting position seems to cause more shift in head-neck 

angle than in a standing position.[23] 

8) A study done by Min-Sik Yong et. al, in the year 2016 on 
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Correlation between head posture and proprioceptive 

function in the cervical region on 72 healthy young 

individuals. They found a significant negative correlation 

between craniovertebral angle and position sense error for 

flexion and extension. They also concluded that forward 

head posture is correlated with greater repositioning error 

than a more upright posture and further research is needed 

to determine whether correction of Forward head posture 

has any impact on repositioning error.[16] 

9) A study done by Junhyuk Park et. al, in the year 2015, on 

“The effects of heavy smartphone use on the cervical angle, 

pain threshold of neck muscles and depression” concluded 

that heavy smartphone use may produce considerable 

stresses on the cervical spine, thus changing the cervical 

curve and pain threshold of the muscles around the neck. 

Smartphones could also cause negative effect on a 

person’s psychological status, such as depression. 

Therefore, individuals should make an effort to look at their 

phone with a neutral spine and to avoid spending hours 

hunched over their screens each day.[3] 

10) A study done by Zeynep Hazar et. al, in the year 2015 

conducted a study to investigate the inter and intra-rater 

reliability of photographic posture analysis using MB Ruler 

software. The method was thus found to be an easy and 

non- invasive method and it may be utilized by researchers 

who are in search of an alternative method for 

photographic postural assessments, as their inter-rater (ICC 

> 0.972) and test – retest (ICC > 0.774) reliability were 

found to be in the range of acceptable to excellent. Thus, 

reference angles for postural evaluation were found to be 
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reliable and repeatable.[10] 

11) A study titled, “The presence of altered craniocervical 

posture and mobility in smartphone addicted teenagers 

with temporomandibular disorders” conducted by 

In-Kyung Kee et. al, on 100 recruited teenage subjects in 

the year 2015. The findings of which suggest the 

smartphone addiction has a negative influence on 

craniocervical postural and mobility. Further, the study also 

concluded that, smartphone addicted teenagers may be 

more frequently subjected to muscular disturbance in 

craniocervical area, which probably affects the pathologic 

process of temporomandibular disorders in teenagers.[14] 

12) A study titled, “Effect of duration of smartphone use on 

muscle fatigue and pain caused by forward head posture in 

adults” was conducted by Seong – Yeol Kim et. al, in year 

2015 on 34 adults with forward head posture. The 

conclusion of the study was that pain and fatigue worsened 

with longer smartphone use. Also, the study provided 

proper duration of smartphone use with correct postures 

to be attained and 20 minutes of breaks while using 

smartphones for prolonged period of time.[17] 

13) A study titled, “Effect of the cervical flexion angle during 

smartphone use on muscle fatigue of the cervical erector 

spinae and upper trapezius” was conducted by Sangyong 

Lee et. al, in the year 2015. This study recruited 12 healthy 

adults which were asked to use their smartphones and the 

fatigue of Neck and Shoulder muscles at different cervical 

flexion angles i.e. 0°, 30° and 50° was measured by 

electromyography. The results revealed that RtUT and LtUT 

showed highest muscle fatigue at a cervical flexion angle of 
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50° and lowest fatigue at an angle of 30°. Thus, the study 

concluded that UT muscle fatigue depends on the Cervical 

flexion angle when using a smartphone and hence to 

reduce such fatigue of the neck muscles, the cervical flexion 

angle should be maintained at 30° rather than 50° or 0°.[4] 

14) A study titled, “Mobile Phone Head and Neck Pain 

Syndrome: Proposal of a New Entity” was conducted by 

Bader K Alzarea et. al, in the year 2015. The study revealed 

that mobile phone users usually experience subjective 

symptoms, the intensity of which is dependent on the 

intensity of use of mobile phones. Excessive smartphone 

users pose significant health related problems, more 

specifically in head and neck region of which cervical pain 

was the most commonly reported complaint. The authors 

also recommend that to minimise the adverse effects of 

long-term smartphone use one should limit the frequency 

of duration of talking over mobile phones, holding the 

device as much away from the head, use of handsfree 

devices, maintaining the proper body posture while texting 

and avoiding usage of mobile during sleeping hours.[19] 

15) A study titled, “Characteristics of cervical position sense in 

subjects with forward head posture” done by Mi- Young 

Lee et. al, in the year 2014 found that there were significant 

differences in error value of joint position sense between 

forward head posture and control group. Also, study 

concluded that there was an inverse correlation between 

the craniovertebral angle and error value of joint position 

sense. The results of the study implies that the change in 

muscle length caused by Forward head posture decrease 

the joint position sense; also proprioception becomes 
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worse as forward head posture becomes more severe.[18] 

16) A study titled, “Assessment of smartphone addiction in 

Indian adolescents: a mixed method study by systematic 

review and meta- analysis approach conducted by Sanjeev 

Davey et. al, in the year 2014 concluded that smartphone 

addiction among teens can not only damage interpersonal 

skills, but also it may lead to significant negative health risks 

and harmful psychological effects on Indian adolescents. 

Also, the demographic profile of global distribution of 

smartphones usage confirmed that age group of 11 – 24 

years usage is 72 % and that of 25 – 34 years is 62 %.[2] 

17) A study done by Min Kwon et. al, in the year 2013, the 

objective of which was to investigate the revised and short 

versions of the smartphone addiction scale and the proof 

of its validity in adolescents. The final 10 questions were 

selected and the questionnaire was provided to 540 

selected participants. The internal consistency and 

concurrent validity of SAS were verified with a Cronbach’s 

alpha of 0.911. thus SAS-SV showed good reliability and 

validity for the assessment of smartphone addiction.[11] 

18) A study titled, “The Neck Disability Index: A study of 

reliability and validity” was conducted by Vernon Howard 

et. al in the year 1991, developed a 10 – item scaled 

questionnaire entitled the Neck Disability Index (NDI). Test 

– retest reliability was conducted on an sample of 17 

consecutive ‘whiplash’ injured patients in an outpatient 

clinic resulting in good statistical significance (Pearson’s r = 

0.89, p ≤ 0.5). The alpha coefficients were calculated from a 

pool of questionnaires completed by 52 such subjects 

resulting in a total index alpha of 0.80, with all items having 
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individual alpha scores above 0.75.[12,13] 

 

 

 

6.1) Primary 
Objectives :-  

To find Correlation of Craniovertebral angle using MB Ruler Software 

with Cervical Proprioception using Head Repositioning Accuracy Test 

in Excessive (score > 30) Smartphone users in age group of 18-35 

years. 

 

6.2) Other Objectives 1:- 

(if any)  

To study the Correlation of Craniovertebral angle and Cervical 

Proprioception between Male and Females with Excessive 

Smartphone usage in age group of 18-35 years. 

 

6.3) Other Objectives 2:- 

(if any) 

Not Applicable 

07) Methodology :- 1) Type of study design: Observational Cross-sectional study. 

2) Study Setting: Physiotherapy Out Patient Department of 

Tertiary care hospital. 

3) Duration: 18 months. 

4) Study population: An observational study will be conducted in 

hospital setting where a random sample will be drawn from 

the excessive smartphone users age group of 18-35 years 

comprising of University students, relatives or attendee from 

hospital campus will be included. 

5) Sample size: 110.  

Sample size is determined considering correlation between 

Craniovertebral angle and head repositioning error distance of 

Right Lateral Flexion as the main outcome measure. Following 

assumptions are made from the Pilot study. 
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Correlation co-efficient = 0.39 

Power [1-β] = 95%  

Alpha error = 1% (2 sided). 

Required Sample size = n =110. 

The formula used for Sample size calculation: 

Sample Size= N= [(Zα +Zβ)/C]2 +3 

                           = [(2.58 + 1.64) / 0.41]2 + 3 

                           = 108 ˜ 110. 

Where, C=0.5 x ln ( ) 

Zα - Standard Normal deviation for α 

Zβ - Standard Normal deviation for β 

r - Expected correlation coefficient  

Therefore, total 110 subjects will be included in this study. 

Sample size is calculated using statistical software STATA. Version 

10.1,2011. 

 

6) Sampling Technique: Convenient sampling technique. 

7) Method of selection of study participants: 

a) INCLUSION CRITERIA:  

• Age group of 18-35 

• Both gender 

• Excessive Smartphone users (>4 hours per 

day) 

• Neck Disability Score of (<5/50)  

•  Smartphone Addiction Scale – Short 

Version score of (>30/60) 

• Individuals willing to participate. 
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b) EXCLUSION CRITERIA: 

• Any dysfunction associated to 

cervical-thoracic region  

• Cervical radiculopathy or myelopathy 

• Vestibular disorder 

• Sensorimotor disease 

• Endocrinal disorders 

• Tumour or infection of Cervical spine. 

Variables: 

Independent Variables: 

• Gender 

• Age 

• Body mass index 

• Hand dominance. 

Dependent Variables: 

• Craniovertebral angle 

• Head repositioning error distance  

• Neck Disability Index score 

• Smartphone Addiction Scale – Short 

Version score. 

 

8)Operational Definitions: 

a) Excessive smartphone user- Individuals who use their 

smartphones for more than 4 hours per day and those 

whose Smartphone Addiction Scale (SAS-SV) questionnaire 

score was >30 are considered as excessive smartphone 
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users. [6, 11]        

b) Proprioception - Proprioception encompasses the 

sensation of joint movement (kinesthesia) and joint 

position (joint position sense). Perception of the 

orientation of our head in space as well as on the trunk 

demands not only the contribution of vestibular and visual 

cues but also proprioceptive information from the neck 

and likely from other body regions.[5]   

c) Craniovertebral angle - It is defined as angle calculated 

between the line connecting the tragus of the ear and the 

seventh cervical vertebra to the horizontal plane.[11] 

   

9) Methods of measurements: 

a. Craniovertebral angle 

Method: Photogrammetry 

Parameter: In Degree 

   Instrument: Camera and Markus Bader software 

 

b. Cervical Proprioception 

Method: Head Repositioning Accuracy Test  

Parameter: In centimeter 

Instrument: Graph chart paper 

 

c. Weight 

     Parameter: Weight in Kg 

   Instrument: Electronic weighing machine  

 

d. Height 

Parameter: Height in cm 

Instrument: Measuring tape (inch/cm scale) 
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10)   Study instrument / data collection tool: 

I. Markus Bader Ruler software to analyze the picture to 

calculate the Craniovertebral angle in degrees. 

II. Bicycle Helmet to be fasten on participants head during 

Head Repositioning Accuracy Test 

III. Laser Pointer to be fasten on participants head during Head 

Repositioning Accuracy Test 

IV. Camera to click the picture 

V. Electronic weighing machine for measuring weight in 

kilogram.        

VI. Measuring tape for measuring height in centimeter. 

VII. Graph chart paper 

VIII. Stool 

IX. Pen 

X. Paper 

 

A. Methods of data collection relevant to objectives:  

Permission from the head of institution and approval from the 

ethics committee and Board of Research Science will be 

obtained. Participants who meet the inclusion and exclusion 

criteria will be briefed about the study and informed written 

consent will be taken. Demographic data will be documented. 

Participant’s Craniovertebral angle will be analyzed using MB 

Ruler software and Cervical proprioception will be assessed 

using Head Repositioning Accuracy Test. The data will be 

documented, analyzed and results will be obtained. 
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B. Data management & analysis procedure: 

The following data will be stored in the Excel spreadsheet: 

• Craniovertebral angle (in degrees) 

• Head Repositioning Error distance (in centimeters) 
 

The participants will be coded with the help of numbers so that 

identity is not revealed.  

Anthropometric data will be spread in Microsoft Excel 2010 for 

data analysis. 

Descriptive statistics like Mean and SD will be used to summarize 

quantitative variables. 

Frequencies and percentage will be used to summarize 

categorical variables. 

• Quantitative variables: 
Age 

Craniovertebral angle 

Head repositioning error distance 

Smartphone Addiction Scale – short version score. 

• Categorical variables: 
Gender. 

Pearson’s correlation will be used to correlate values of 

Craniovertebral angle with Head Repositioning Error distance for 

all the six neck movements.  

p value<0.05 will be considered statistically significant. 

Data will be analyzed in statistical software STATA. Version     

10.1,2011 
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Chart :- 

OCTOBER 2019 ALLOCATION OF THE GUIDE 

NOVEMBER 2019 TOPIC FINALIZTAION FOR THE 

SYNOPSIS 

DECEMBER 2019 STARTED WORKING FOR THE 

SYNOPSIS 

JANUARY 2020 INSTITUATIONAL ETHICAL 

CLEARENACE OBTAINED 

FEBRUARY 2020 BORS APPROVAL 

MARCH 2020 

 

SYNOPSIS SUBMISSION TO MUHS 

APRIL 2020 TO MARCH 2021 DATA PRESENTATION AND ANALYSIS 

APRIL 2021 DISCUSSION AND 

CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 

http://dx.doi.org/10.1016/j.math.2009.06.002
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Gantt chart: 

SR 
NO 

 oct 
201
9 

Nov 
2019 

Dec 
202
0 

Jan 2020 Feb 2020 Marc
h 
2020 

1. 
 

Allocation of 
guide             

2. Topic finalization 
for the synopsis             

3. Formulation of 
research 
question            

4. Formulation of 
aim and 
objectives             

5. Hypothesis and 
null hypothesis             

6. Protocol of 
research             

7. Institutional 
ethical clearance 
obtained             

8. Research 
designing             

9. Review of 
literature             

10. 

Methodology 
formulation             

11. 

study designing             

12. 

study setting             

13. sample size 
estimation             

14. selection of 
study tools and 
instruments             

15. Method of data 
collection             

16. management 
and data analysis             

17. statistical tests             

18. compilation of 
synopsis             

19. uploading of 
synopsis             

 

10) Annexures :-     Annexure I(A)  - Case Record Form  

Annexure I (B)  - Methods of data collection  

Annexure I (C, D)     - Data collection tools 

Annexure I (E, F, G, H, I, J) - Scales 
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Annexure II (A, B, C) -Participant Information Sheet (English, 

Marathi, Hindi) 

Annexure II (D, E, F) -Consent Letter (English, Marathi, Hindi) 

Annexure III      - Timeline/ Gantt chart. 

Annexure IV (A, B, C) - Permission letter  

Annexure V       - Abbreviations  
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ANNEXURE I (A) 
CASE RECORD FORM 

• DATE: 

• NAME:  

• AGE: 

• GENDER: 

• WEIGHT: 

• HEIGHT: 

• DOMINANCE: 

• CRANIOVERTEBRAL ANGLE: 

• NDI SCORE: 

• SAS-SV SCORE: 

• HEAD REPOSITIONING ACCURACY TEST (distance of error in cms): 

 

CVA ANGLE FLEX EXT RR LR RLF LLF 
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ANNEXURE I (B) 
METHODS OF DATA COLLECTION: 

• Procedure: Participants height in centimeter with a measuring tape and weight in 

kilogram on weighing machine will be taken. 

 

a. To assess Craniovertebral Angle using Photogrammetry - It is defined as angle 

calculated between the line connecting the tragus of the ear and the seventh 

cervical vertebra to the horizontal plane. 

• Participants position: Subject in upright sitting position on a stool. 

• Therapist position: Facing the participant in lateral view (Right profile). 

• Testing procedure: A lateral view photograph will be taken with subject in upright 

sitting position which will be analysed on Markus Bader Ruler software (2003-14). 

Mid-point of the protractor will be placed on spinous process of C7 vertebrae and 

the angle will be measured by connecting line to tragus of the ear. 

• Reliability and validity: This method has inter-rater (ICC > 0.972) and test 

– retest (ICC > 0.774) reliability with significant validity (p-value=<0.001).[10] 

 

b. To assess Cervical Proprioception using Head Repositioning Accuracy Test -  

• Participants position: Subject in upright sitting position on a stool with eyes closed. 

• Therapist position: Stands just behind the participant. 

• Testing procedure: 

Helmet with a laser pointer fastened on participant’s head. Participant sitting upright 

on a stool at a distance of 90cm from wall mounted graph chart paper. Laser beam 

adjusted on (0,0) point on wall graph chart. Participant closes his/her eyes and told 

to flex head maximally. Participant told to bring head back to perceived neutral (0,0) 

point. Laser beam point marked and Head re-positioned to (0,0) point by study 

investigator. Same procedure repeated for 3 times and average distance to be 

calculated. Repeat the same procedure for other 5 neck movements also.  

• Reliability and validity: This method has inter-rater (ICC > 0.69) and test 

– retest (ICC > 0.89) reliability with significant validity (p-value=<0.05).[21] 
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ANNEXURE I (C) 

 

DATA COLLECTION TOOLS: 

 

1. Laser light - A laser pointer attached to a cycling helmet to be placed on 

the subject’s heads, the beam of which is to be projected onto the target to 

be used in Head Repositioning Accuracy Test. 

 

 

                            

 

 

 

2. Helmet - For Head Repositioning Accuracy Test measurement a bicycle 

helmet with the laser pointer attached to its top is used; participants had to 

move into full range of motion for all directions measured with it. 
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ANNEXURE I (D) 

 

3. Markus Bader Software (Version 2013-14) – used to assess 

Craniovertebral angle. A lateral view photograph will be taken with subject in 

upright sitting position which will be analysed on Markus Bader Ruler 

software (2003-14).Mid-point of the protractor will be placed on spinous 

process of C7 vertebrae and the angle will be measured by connecting line to 

tragus of the ear. 
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ANNEXURE I (E) 
NECK DISABILITY INDEX 

Section 1: Pain Intensity  

 I have no pain at the moment  

 The pain is very mild at the moment  

 The pain is moderate at the moment  

 The pain is fairly severe at the moment  

 The pain is very severe at the moment  

 The pain is the worst imaginable at the moment  

Section 2: Personal Care (Washing, Dressing, etc.)  

 I can look after myself normally without causing extra pain  

 I can look after myself normally but it causes extra pain  

 It is painful to look after myself and I am slow and careful  

 I need some help but can manage most of my personal care  

 I need help every day in most aspects of self-care  

 I do not get dressed, I wash with difficulty and stay in bed  

Section 3: Lifting  

 I can lift heavy weights without extra pain  

 I can lift heavy weights but it gives extra pain  

 Pain prevents me lifting heavy weights off the floor, but I can manage if they are     

conveniently placed, for example on a table  

 Pain prevents me from lifting heavy weights but I can manage light to medium weights if 

they are conveniently positioned 

 I can only lift very light weights  

 I cannot lift or carry anything 

 

Section 4: Reading  

 I can read as much as I want to with no pain in my neck  

 I can read as much as I want to with slight pain in my neck  

 I can read as much as I want with moderate pain in my neck  

 I can’t read as much as I want because of moderate pain in my neck  

 I can hardly read at all because of severe pain in my neck 

 I cannot read at all  

Section 5: Headaches  

 I have no headaches at all  

 I have slight headaches, which come infrequently  

 I have moderate headaches, which come infrequently  

 I have moderate headaches, which come frequently  

 I have severe headaches, which come frequently  
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 I have headaches almost all the time  

Section 6: Concentration  

 I can concentrate fully when I want to with no difficulty  

 I can concentrate fully when I want to with slight difficulty  

 I have a fair degree of difficulty in concentrating when I want to  

 I have a lot of difficulty in concentrating when I want to  

 I have a great deal of difficulty in concentrating when I want to  

 I cannot concentrate at all  

 

Section 7: Work  

 I can do as much work as I want to  

 I can only do my usual work, but no more  

 I can do most of my usual work, but no more  

 I cannot do my usual work  

 I can hardly do any work at all £ I can’t do any work at all  

Section 8: Driving  

 I can drive my car without any neck pain  

 I can drive my car as long as I want with slight pain in my neck  

 I can drive my car as long as I want with moderate pain in my neck  

 I can’t drive my car as long as I want because of moderate pain in my neck  

 I can hardly drive at all because of severe pain in my neck  

 I can’t drive my car at all  

 

Section 9: Sleeping   

 I have no trouble sleeping  

 My sleep is slightly disturbed (less than 1 hr sleepless)  

 My sleep is mildly disturbed (1-2 hrs sleepless)  

 My sleep is moderately disturbed (2-3 hrs sleepless)  

 My sleep is greatly disturbed (3-5 hrs sleepless)  

 My sleep is completely disturbed (5-7 hrs sleepless) 

Section 10: Recreation  

 I am able to engage in all my recreation activities with no neck pain at all  

 I am able to engage in all my recreation activities, with some pain in my neck  

 I am able to engage in most, but not all of my usual recreation activities because of pain in 

my neck  

 I am able to engage in a few of my usual recreation activities because of pain in my neck  

 I can hardly do any recreation activities because of pain in my neck  

 I can’t do any recreation activities at all. 

 
Score:        /50   Transform to percentage score x 100 =      %points  
 



 

C:\Users\convert\AppData\Local\Temp\1\task-091077240\bd8c0bb4799a47509fe035b2cfbf6f2e.doc [Page : 29] 
   

 
Scoring: For each section the total possible score is 5: if the first statement is marked the 
section score = 0, if the last statement is marked it = 5.  If all ten sections are completed the 
score is calculated as follows:    Example:16 (total scored)  
  50 (total possible score) x 100 = 32%  
If one section is missed or not applicable the score is calculated:  16 (total scored)  
  45 (total possible score) x 100 = 35.5%  
Minimum Detectable Change (90% confidence): 5 points or 10 %points  
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ANNEXURE I (F) 

मान विकलाांगता वनरे्दशाांक  

 

मान विकलाांगता वनरे्दशाांक आपल्या गळ्यातील िेर्दना कशी आहे याची मावहती रे्दण्यासाठी ही 

प्रश्नािली तयार केली गेली आहे रै्दनांवर्दन जीिनात व्यिस्थावपत करण्याच्या आपल्या क्षमतेिर पररणाम 

झाला. कृपया प्रते्यक विभागात उत्तर द्या आवण प्रते्यकात वचन्ाांवकत करा आपल्यािर लागू होणारा 

एकच बॉक्स विभाग. आम्हाला समजले की आपण त्या र्दोन वकां िा त्याहून अविक गोष्ी ांचा विचार करू 

शकता कोणत्याही एका विभागातील वििाने आपल्याशी सांबांवित आहेत, परां तु कृपया त्या बॉक्सला 

सिाात जिळून वचन्ाांवकत करा आपल्या समसे्यचे िणान करते. 

 

 

विभाग 1: िेर्दना तीव्रता  

मला क्षणी िेर्दना होत नाही  

या क्षणी िेर्दना खूपच सौम्य आहे  

या क्षणी िेर्दना मध्यम आहे  

क्षणी िेर्दना बयाापैकी तीव्र आहे  

या क्षणी िेर्दना खूप तीव्र आहे  

िेर्दना ही सिाात िाईट कल्पना आहे 

 

 

विभाग 2: िैयक्तिक काळजी (िॉवशांग, ड्र े वसांग इ.)  

मी अवतररि िेर्दना न करता सामान्यपणे स्वत: ची काळजी घेऊ शकतो  

मी सामान्यपणे माझा साांभाळ करू शकतो परां तु यामुळे अवतररि िेर्दना होतात  

स्वत: कडे् लक्ष ठेिणे िेर्दनार्दायक आहे आवण मी सािकाश आवण सािि आहे  

मला काही मर्दतीची आिश्यकता आहे परां तु माझ्या बहुतेक िैयक्तिक काळजी मी व्यिस्थावपत करू 

शकतो  

मला स्वत: ची काळजी घेण्याच्या बहुतेक बाबी ांमधे्य र्दररोज मर्दतीची आिश्यकता आहे  

मी कपडे् घालत नाही, मी अड्चणीने िुऊन अांथरुणािर पड्तो 

 

 

विभाग 3: उचल  

मी अवतररि िेर्दनावशिाय िजन कमी करू शकतो  

मी िजन कमी करू शकतो परां तु यामुळे अवतररि िेर्दना होते  

िेर्दना मला मजल्यािरील िजन कमी करण्यास प्रवतबांि करते, परां तु ती असल्यास मी व्यिस्थावपत 

करू शकतो सोयीस्करपणे ठेिले आहे, उर्दाहरणाथा टेबलिर  

िेर्दना मला िजन कमी करण्यास प्रवतबांि करते परां तु मी प्रकाश ते मध्यम व्यिस्थावपत करू शकतो 

जर ते सोयीस्करपणे क्तस्थतीत असतील तर िजन  

मी केिळ खूपच हलके िजन िाढिू शकतो  

मी काहीही उचलून वकां िा िाहून घेऊ शकत नाही 

 

 

विभाग 4: िाचन  

माझ्या गळ्यात रु्दखत न येण्याइतपत मी िाचू शकतो  

माझ्या गळ्यातील थोड्ीशी िेर्दना मला पावहजे वततके मी िाचू शकते  

माझ्या गळ्यात मध्यम रु्दखण्याने मला पावहजे तेिढे िाचता येते  

माझ्या गळ्यात मध्यम रु्दखण्यामुळे मला पावहजे वततके िाचता येत नाही  

माझ्या गळ्यात तीव्र िेर्दना झाल्यामुळे मी क्ववचतच िाचू शकतो  

मी अवजबात िाचू शकत नाही  
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विभाग 5: ड्ोकेरु्दखी  

मला ड्ोकेरु्दखी मुळीच नाही  

मला थोड्ा ड्ोकेरु्दखी आहे, जी िारांिार येत नाही  

मला ड्ोकेरु्दखी मध्यम आहे, जी िारांिार येत नाही  

मला ड्ोकेरु्दखी मध्यम आहे, जी िारांिार येतात  

मला ड्ोकेरु्दखी आहे, जी िारांिार येतात  

मला जिळजिळ नेहमीच ड्ोकेरु्दखी असते  

 

 

विभाग 6: एकाग्रता  

जेव्हा मला कोणतीही अड्चण नसािी अशी इच्छा असेल तेव्हा मी पूणापणे लक्ष कें वित करू शकतो  

जेव्हा मला वकां वचत अड्चणी आल्या पावहजेत तेव्हा मी पूणापणे लक्ष कें वित करू शकतो I  

मला हिे असल्यास लक्ष कें वित करण्यात मला बयाापैकी अड्चण आहे I 

मला हिे असल्यास एकाग्र होण्यास मला खूप अड्चण आहे I  

मला हिे असल्यास एकाग्र होण्यास मला खूप त्रास होतो  

मी अवजबात लक्ष कें वित करू शकत नाही 

 

विभाग 7: काया 

मला पावहजे तेिढे काम करता येईल  

मी फि माझे नेहमीचे काया करू शकतो, परां तु यापुढे नाही  

मी माझे नेहमीची कामे बरीच करू शकतो, परां तु यापुढे नाही  

मी माझे नेहमीचे काम करू शकत नाही  

मी क्ववचतच कोणतीही कामे करू शकत नाही  

मी कोणतीही कामे अवजबात करू शकत नाही  

 

 

विभाग 8: िाहन चालविणे  

मी मान न रु्दखता माझी गाड्ी चालिू शकतो  

माझ्या मानेिर थोड्ासा त्रास होईपयंत मी माझी कार चालिू शकतो  

माझ्या गळ्यामधे्य मध्यम रु्दखणे येईपयंत मी माझी कार चालिू शकतो  

माझ्या गळ्यात मध्यम िेर्दना झाल्यामुळे मला पावहजे वततकी मी माझी कार चालिू शकत नाही  

माझ्या गळ्यामधे्य तीव्र िेर्दना झाल्यामुळे मी गाड्ी चालिू शकत नाही  

मी माझी कार अवजबात चालिू शकत नाही  

 

 

विभाग 9: झोपलेला  

मला झोपायला त्रास होत नाही  

माझी झोप वकां वचत त्रासलेली आहे (1 तासापेक्षा कमी झोपलेला)  

माझी झोप हळू हळू व्यवथत झाली आहे (1-2 तास झोप न घेता)  

माझी झोप मध्यम विस्कळीत आहे (२- 2-3 तास झोप न घेता)  

माझी झोप खूप विस्कळीत आहे (3-5 तास वनविस्त)  

माझी झोप पूणापणे विस्कळीत झाली आहे (5-- sleep तास झोप न घेता)  
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विभाग 10: मनोरांजन  

मानस रु्दखणे अवजबात नसल्यामुळे मी माझ्या सिा मनोरांजन कायाात व्यस्त राहण्यास सक्षम आहे  

मी माझ्या सिा मनोरांजन कायाात व्यस्त राहू शकतो, माझ्या गळयात काही िेर्दना होत आहे  

मी बयााचर्दा व्यस्त राहण्यास सक्षम आहे, परां तु माझ्या नेहमीच्या मनोरांजन कायाात नाही माझ्या 

गळ्यातील िेर्दना  

िेर्दना झाल्यामुळे मी माझ्या नेहमीच्या काही मनोरांजन कायाात व्यस्त राहण्यास सक्षम आहे 

माझ्या गळ्यातील रु्दखण्यामुळे मी मनोरांजनासाठी कोणतीही विया करु शकत नाही  

मी कोणत्याही करमणुकीच्या गोष्ी अवजबात करू शकत नाही 

 

 

 

स्कोअर: / 50 टके्किारी स्कोअरमधे्य रूपाांतररत करा 100 100%% गुण स्कोअररांग: प्रते्यक विभागासाठी एकूण 

सांभाव्य स्कोअर 5 आहे: जर पवहल्या वििानात सेक्शन स्कोर = 0 वचन्ाांवकत केले असेल तर जर शेिटचे से्टटमेंट 

वचन्ाांवकत केले असेल तर = 5. जर सिा र्दहा विभाग असतील पूणा केलेल्या स्कोअरची गणना खालीलप्रमाणे केली जाते: 

उर्दाहरणः 16 (एकूण िािसांख्या) 50 (एकूण शक्य स्कोअर) x 100 = 32% जर एखार्दा विभाग चुकला वकां िा लागू नसेल 

तर स्कोअर मोजले जाईल: 16 (एकूण िािसांख्या) 45 (एकूण शक्य स्कोअर) x 100 = 35.5% वकमान शोिण्यायोग्य 

बर्दल (90% आत्मविश्वास): 5 गुण वकां िा 10% गुण 
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ANNEXURE I (G) 

गर्दान विकलाांगता सूचकाांक 

  
गर्दान विकलाांगता सूचकाांक यह प्रश्नािली हमें इस बात की जानकारी रे्दने के वलए वड्जाइन की गई है वक आपकी 

गर्दान का र्दर्दा कैसा है रोजमराा की वजांर्दगी में प्रबांिन करने की आपकी क्षमता को प्रभावित वकया। कृपया प्रते्यक 

अनुभाग का उत्तर र्दें और प्रते्यक में वचवित करें  आप पर लागू होने िाले केिल एक बॉक्स को सेक्शन करें। हमें 

लगता है वक आप र्दो या अविक पर विचार कर सकते हैं वकसी एक खांड् में वर्दए गए कथन आपके वलए सांबांवित हैं, 

लेवकन कृपया उस बॉक्स को वचवित करें  जो सबसे अविक वनकटता से है आपकी समस्या का िणान करता है। 

 

धारा 1: ददद की तीव्रता  

मुझे फिलहाल कोई ददद नह ीं है  

ददद इस समय बहुत हल्का है  

ददद इस समय मध्यम है  

ददद इस समय कािी गींभीर है  

ददद इस समय बहुत गींभीर है  

ददद इस समय सबसे खराब कल्पना है 
 

 

धारा 2: पसदनल केयर (धुलाई, ड्रेससींग, आदद)  

मैं अततररक्त ददद पदैा फकए बबना अपने आप को सामान्य रूप से देख सकता ह ीं  

मैं अपने आप को सामान्य रूप से देख सकता ह ीं लेफकन यह अततररक्त ददद का कारण बनता है  

खुद की देखभाल करना दददनाक है और मैं धीमा और सावधान ह ीं  

मुझे कुछ मदद की ज़रूरत है लफेकन मैं अपनी अधधकाींश व्यक्क्तगत देखभाल का प्रबींधन कर सकता ह ीं  

मुझे सेल्ि केयर के ज्यादातर पहलुओीं में हर ददन मदद की जरूरत है मैं कपड ेनह ीं उतारता, 
मैं मुक्ककल से धोता ह ीं और बबस्तर पर रहता ह ीं 
 

 

धारा 3: भारोत्तोलन  

मैं बबना अततररक्त ददद के भार  वजन उठा सकता ह ीं  

मैं भार  वजन उठा सकता ह ीं लफेकन यह अततररक्त ददद देता है  

ददद मुझे िशद से भार  वजन उठाने से रोकता है, लेफकन अगर वे हैं तो मैं प्रबींधधत कर सकता ह ीं आसानी से रखा गया 
है, उदाहरण के सलए एक मेज पर  

ददद मुझे भार  वजन उठाने से रोकता है लेफकन मैं प्रकाश से मध्यम तक का प्रबींधन कर सकता ह ीं वजन अगर वे 
आसानी से तनैात हैं 
मैं केवल बहुत हल्के वजन उठा सकता ह ीं  

मैं कुछ भी उठा या ले नह ीं जा सकता 
 

 

धारा 4: पढ़ना  

मैं अपनी गददन में बबना ददद के क्जतना चाहे उतना पढ़ सकता ह ीं  

मैं अपनी गददन में माम ल  ददद के साथ क्जतना चाहे उतना पढ़ सकता ह ीं  

मैं अपनी गददन में मध्यम ददद के साथ क्जतना चाहे उतना पढ़ सकता ह ीं  

मैं अपनी गददन में मध्यम ददद के कारण क्जतना चाहे उतना नह ीं पढ़ सकता ह ीं  

मैं शायद ह  कभी मेर  गददन में गींभीर ददद के कारण पढ़ सकता ह ीं  

मैं बबल्कुल नह ीं पढ़ सकता 
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धारा 5: ससरददद  

मुझे कोई ससरददद नह ीं है  

मेरे ससर में हल्का ददद है, जो बार-बार आता है  

मेरे पास मध्यम ससरददद हैं, जो बार-बार आते हैं  

मेरे पास मध्यम ससरददद हैं, जो अक्सर आते हैं  

मेरे ससर में गींभीर ददद है, जो बार-बार आते हैं  

मैं लगभग हर समय ससरददद है  

 

 

धारा 6: एकाग्रता  

मै प र  तरह से ध्यान कें दित कर सकता ह ीं 
जब मैं बबना फकसी कदठनाई के चाहता ह ीं  

जब मैं थोडी सी कदठनाई के साथ चाहता ह ीं तो मैं प र  तरह से ध्यान कें दित कर सकता ह ीं  

जब मैं चाहता ह ीं तो मुझे ध्यान कें दित करन ेमें कदठनाई की एक बडी डिग्री है जब मैं चाहता ह ीं तो मुझे ध्यान 

कें दित करने में बहुत कदठनाई होती है  

जब मैं चाहता ह ीं तो मुझे ध्यान कें दित करने में बहुत कदठनाई होती है  

मैं बबल्कुल ध्यान कें दित नह ीं कर सकता 
 

 

धारा 7: कायद  

मैं क्जतना चाहे उतना काम कर सकता ह ीं  

मैं केवल अपना सामान्य काम कर सकता ह ीं, लफेकन अब और नह ीं  

मैं अपने अधधकाींश सामान्य कायद कर सकता ह ीं, लफेकन अब और नह ीं  

मैं अपना सामान्य काम नह ीं कर सकता  

मैं शायद ह  कोई काम कर सकता ह ूँ  

मैं कोई काम नह ीं कर सकता  

 

 

धारा 8: ड्राइववींग  

मैं अपनी कार को बबना फकसी गददन के ददद के चला सकता ह ीं  

मैं अपनी कार को तब तक चला सकता ह ीं जब तक मैं अपनी गददन में माम ल  ददद के साथ चाहता ह ीं  

मैं अपनी कार को तब तक चला सकता ह ीं जब तक मैं अपनी गददन में मध्यम ददद के साथ चाहता ह ीं  

मैं अपनी कार को तब तक नह ीं चला सकता जब तक मैं अपनी गददन में मध्यम ददद के कारण नह ीं चाहता  

मैं अपनी गददन में गींभीर ददद के कारण मुक्ककल से ह  गाडी चला सकता ह ूँ  

मैं अपनी कार बबल्कुल नह ीं चला सकता 
 

 

 धारा 9: सो रहा है  

मुझे सोने में कोई परेशानी नह ीं है  

मेर  नीींद थोडा परेशान है (1 घींटे से कम)  

मेर  नीींद हल्के से परेशान है (1-2 घींटे की नीींद हराम)  

मेर  नीींद मध्यम रूप से परेशान (2-3 घींटे की नीींद)  

मेर  नीींद बहुत परेशान है (3-5 घींटे की नीींद हराम)  

मेर  नीींद प र  तरह से परेशान है (5-7 घींटे की नीींद हराम)  
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धारा 10: मनोरींजन  

मैं बबना फकसी गददन ददद के अपने सभी मनोरींजन गततववधधयों में सींलग्न होने में सक्षम ह ीं  

मैं अपनी गददन में कुछ ददद के साथ, अपने सभी मनोरींजन गततववधधयों में सींलग्न होने में सक्षम ह ीं  

मैं अधधकाींश में सींलग्न होने में सक्षम ह ीं, लफेकन मेरे सभी सामान्य मनोरींजन गततववधधयों के कारण नह ीं मेर  
गददन में ददद  

मैं ददद के कारण अपने कुछ सामान्य मनोरींजन गततववधधयों में सींलग्न होने में सक्षम ह ीं मेर  गददन  

मैं अपनी गददन में ददद के कारण फकसी भी मनोरींजन गततववधधयों को शायद ह  कर सकता ह ीं  

मैं फकसी भी तरह की मनोरींजन गततववधधयाूँ नह ीं कर सकता 
 

 

 

स्कोर: / 50 प्रततशत अींक x 100 =% अींकों के सलए रूपाींतरण स्कोररींग: प्रत्येक अनुभाग के सलए कुल सींभव स्कोर 5 है: 

यदद पहला बयान अनुभाग स्कोर = 0 के रूप में धचक्ननत फकया गया है, यदद अींततम वववरण इसे धचक्ननत फकया गया 
है = 5. यदद सभी दस खींि हैं प रा स्कोर इस प्रकार है: उदाहरण: 16 (कुल स्कोर) 50 (कुल सींभव स्कोर) x 100 = 32% 

यदद एक खींि छ ट गया है या लाग  नह ीं है तो स्कोर की गणना की जाएगी: 16 (कुल स्कोर) 45 (कुल सींभव स्कोर) x 

100 = 35.5% न्य नतम पता लगाने योग्य पररवतदन (90% आत्मववकवास): 5 अींक या 10% अींक 
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ANNEXURE I (H)  
SMARTPHONE ADDICTION SCALE – SHORT VERSION 

 

 Strongly 
disagree 

Disagree  Weakly 
disagree 

Weakly 
agree 

Agree  Strongly 
agree 

1) Missing planned work due to 
smartphone use  
 

1 2 3 4 5 6 

2) Having a hard time concentrating in 
class, while doing assignments, or 
while working due to smartphone 
use 
 

1 2 3 4 5 6 

3) Feeling pain in the wrists or at the 
back of the neck while using a 
smartphone  
 

1 2 3 4 5 6 

4) Won’t be able to stand not having a 
smartphone  
 

1 2 3 4 5 6 

5) Feeling impatient and fretful when I 
am not holding my smartphone  
 

1 2 3 4 5 6 

6) Having my smartphone in my mind 
even when I am not using it  
 

1 2 3 4 5 6 

7) I will never give up using my 
smartphone even when my daily life 
is already greatly affected by it.  
 

1 2 3 4 5 6 

8) Constantly checking my smartphone 
so as not to miss conversations 
between other people on Twitter or 
Facebook 
 

1 2 3 4 5 6 

9) Using my smartphone longer than I 
had intended  
 

1 2 3 4 5 6 

10) The people around me tell me that I 
use my smartphone too much. 

1 2 3 4 5 6 

Score of >30 – Excessive Smartphone Users 
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ANNEXURE I (I) 

स्माटाफोन व्यसन प्रमाणात: लहान आिृत्ती 

 अवजबात 

मान्य नाही 

असहमत अशिपणे 

सहमत 

नाही 

कमकुित 

सहमत 

सहमत पूणापणे 

सहमत 

1. स्माटाफोन िापरल्यामुळे 

वनयोवजत काम होत नाही 

1 2 3 4 5 6 

2. स्माटाफोन िापरल्यामुळे लक्ष 

कें वित करणे, गृहपाठ करणे 

वकां िा काम करणे औघड् जाने  

1 2 3 4 5 6 

3. स्माटाफोन िापरताना 

मनगटामधे्य वकां िा मानच्या 

मागील बाजूस िेर्दना जाणिते 

1 2 3 4 5 6 

4. स्माटाफोन नसताना रहाित 

नाही 

1 2 3 4 5 6 

5. स्माटाफोन हातात नसल्याच 

अिीर आवण वचड्वचडे्पणा 

जाणितो 

1 2 3 4 5 6 

6. स्माटाफोन िापरत नसतानाही 

मी कायम त्याचा च विचार 

करत राहतो 

1 2 3 4 5 6 

7. माझ्या रै्दनांवर्दन जीिनािर 

आिीपासूनच त्याचा मोठा 

पररणाम झाला असला तरीही 

मी माझा स्माटाफोन िापरणे 

किीही सोड्णार नाही. 
 

1 2 3 4 5 6 

8. मी सतत स्माटाफोन तपासतो 

जेणेकरुन माझा इतर लोकाांशी 

सांिार्द तुटु नये 

1 2 3 4 5 6 

9. ठरिलेल्या िेळापेक्षा जास्त 

काळ स्माटाफोनचा उपयोग 

करतो 

1 2 3 4 5 6 

10. आजूबाजूचे लोक मला साांगतात 

की मी माझा स्माटाफोन खूप 

िापरतो 

1 2 3 4 5 6 
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ANNEXURE I (J) 

स्माटाफोन की लत का पैमाना- छोटा सांस्करण 
 दृढ़तापूिाक 

असहमत 

असहमत कमजोर 

रूप से 

असहमत 

कमजोर रूप 

से सहमत 

सहमत दृढ़तापूिाक 

सहमत 

1) स्माटाफोन के उपयोग के कारण 

वनयोवजत काया में चूक 

1 2 3 4 5 6 

2) स्माटाफोन के उपयोग के कारण 

काम करते समय असाइनमेंट करते 

समय, क्लास में ध्यान कें वित करने 

में कवठन  होना 

1 2 3 4 5 6 

3) स्माटाफोन का उपयोग करते समय 

कलाई या गर्दान के पीछे र्दर्दा  

महसूस करना 

1 2 3 4 5 6 

4) स्माटाफोन के वबना नही ां रह सकते 1 2 3 4 5 6 

5) जब मैं अपना स्माटाफोन उपयोग 

नही ां करता हूां, मैं अिीर महसूस 

करता हूां 

1 2 3 4 5 6 

6) स्माटाफोन मेरे वर्दमाग में है भले ही 

मैं इसका इसे्तमाल नही ां कर रहा हूां 

1 2 3 4 5 6 

7) मैं अपने स्माटाफोन का उपयोग 

करना कभी नही ां छोडूांगा, भले ही 

मेरा रै्दवनक जीिन इससे प्रभावित 

हो 

1 2 3 4 5 6 

8) लगातार अपने स्माटाफोन की जाांच 

कर रहे हैं तावक अन्य लोगोां के बीच 

बातचीत न छूटे 

1 2 3 4 5 6 

9) अपने स्माटाफोन का उपयोग करने 

के वलए वजतना मैंने इरार्दा वकया था 

उससे अविक समय तक उपयोग 

करना 

1 2 3 4 5 6 

10) मेरे आसपास के लोग मुझे बताते हैं 

वक मैं अपने स्माटाफोन का बहुत 

अविक उपयोग करता हूां 

1 2 3 4 5 6 
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ANNEXURE II (A) 

PATIENT INFORMATION SHEET 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

These standard procedures includes Excessive Smartphone users both male and female who 

will be voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the participants among Excessive smartphone users having 

minimal neck pain i.e. with NDI Score of <5 and Smartphone Addiction Scale – Short Version 

score of >30. 

 

2. The investigator will explain the observational protocol to allay apprehension and answer 

all the queries of the participant. 

 

3. If the participant decides to participate then they would be consented according to the 

standard procedure. 

 

4. If the participant expresses interest but has some doubts in that case they would be 

solved.  

 

5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

 

6. Study procedures will begin after the participant’s concern.  
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7. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  

 

8. If participant wants to discuss this information to their family members then they entitled 

to do so before giving the consent. 

General information to research participants:  

1. Name:  

    Age:  

    Sex:  

    Date: 

2. You would be required to fill the Proforma and the purpose of the research is to study 

“CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND CERVICAL 

PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 18-35 YEARS: 

AN OBSERVATIONAL STUDY.” 

3. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filling proforma till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

 

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  

 

8. The data obtained from this study would be confidentially protected and maintained and 

if the photograph is used then your identity would not be revealed. If the photograph is 

published then permission would be obtained.  

 

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  
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10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 

 12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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Annexure II (B) 

रुग्णांची मणहिती पत्रक 

उद्देशः 

आयसीएमआरच्यण हियणमक आवश्यकतण आहि आयईसीिे मणन्यतण हिलेल्यण मणहितीिुसणर हलखित 

मणहिती हिली आिे. 

व्यणप्ती: 

यण मणिक पद्धतीत  १८ ते ३५ िरे्ष ियोगटातील अत्यविक स्माटाफोन िापरकत्यांमधे्य  ह्यण पुरुष आहि 

महिलणांचण समणवेश आिे आहि ह्यण अभ्यणसणत सिभणगी िोण्यणस से्वचे्छिे इचु्छक असतणत. 

जबणबिणरी: 

सांशोधक यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण करिणयणा सवा सिभणगी ांचे लेिी ज्ञणत सिमती प्रणप्त 

करतील. 

कणयापद्धती: 

1. सांशोधक  येथे १८ ते ३५ िरे्ष ियोगटातील अत्यविक स्माटाफोन िापरकत्यां लोकसंख्या हिवडेल. 

2.तपणसिीस आके्षप िूर करण्यणसणठी आहि सिभणगी ांच्यण सवा प्रश्िणांची उत्तरे िेण्यणसणठी प्रणयोहगक 

प्रोटोकॉलचे स्पष्टीकरि करेल. 

3. सिभणगीिे सिभणगी िोण्यणचण हििाय घेतलण तर ते मणिक सांचणलि प्रहियिुसणर सांमती िेईल. 

4. जर सिभणगीिे रूची व्यक्त केली परां तु त्यणत कणिी शांकण असतील तर ते सोडवतील. 

5.सिभणगी जर स्पष्टीकरि सोयीस्कर असतील तर ते मणिक सांचणलि प्रहियेिुसणर सूहचत सांमती 

भरतील. 

6. सिभणगी ांच्यण हचांतेच्यण िांतर अभ्यणस प्रहियण सुरू िोईल. 

7.समणहवष्ट आहि बहिष्कणर हिकष सत्यणहपत करण्यणसणठी म्हिूि तपशीलवणर वैद्यकीय आहि इतर 

कोित्यणिी शणरीररक समस्यण इहतिणस प्रणप्त केले जणईल. 

8.जर सिभणग्यणिे आपल्यण कुटुांबीयणांिण यण मणहितीवर चचणा करणयची असेल तर त्यणांिण सांमती िेण्यणपूवी 

असे करण्यणचे अहधकणर आिेत. 

सिभणगी ांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 

1. िणव: 

   वय: 

   हलां ग: 

   तणरीि: 

2.आपल्यणलण प्रोफार्ाा भरिे आवश्यक आिे आहि सांशोधिणचण िेतू “१८ ते ३५ िरे्ष ियोगटातील 
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अत्यविक स्माटाफोन िापरकत्यांमधे्य िॅवनओव्हटेब्रल एां गल आवण मान ग्रीिेच्या स्वावमत्वातील 

परस्परसांबांि: पयािेक्षण अभ्यास” िण अभ्यणसकरिे आवश्यक आिे. 

3.जर आपि से्वचे्छिे अभ्यणसणत सिभणगी िोऊ इखच्छत असणल तर चणचिीपूिा िोईपयंत आपि 

कणयाप्रिशाि भरण्यणपणसूिच आपल्यणकडूि िोांििी करिे अपेहक्षत आिे. 

4.यण कणळणत तुम्ही अस्वस्थ आिणत तर मग कृपयण आम्हणलण कळूद्यण जेिे करूि आम्ही आल्यणस मित 

करू आहि आपल्यण समसे्यवर कोित्यणिी अयोग्य प्रभणवणहशवणय मणत करू शकू. 

5. आपल्यणलण कोितेिी परतणवण आहि िुकसणि भरपणई हिली जणिणर िणिी. 

6.कोित्यणिी क्षिी जर आपि यण सांशोधि अभ्यणसणतूि थणांबू इखच्छत असणल तर आपि तसे करण्यणस 

मुक्त आिणत आहि आपल्यणबणजूिे कोितीिी अडथळण िसतण. 

7. सांमती पत्र प्रणप्त करण्यणपूवी अभ्यणसणची जोिीम,अस्वस्थतण,फणयिे आहि तोटे यणांचण तपशील 

आपल्यणलण स्पष्टकेलण जणईल. 

8.यण अभ्यणसणतूि प्रणप्त झणलेलण डेटण गुप्तपिे सांरहक्षत आहि िेिरेिकेलण जणईल आहि जर 

छणयणहचत्रवणपरले असेल तर आपली ओळि प्रगट िोिणर िणिी. छणयणहचत्र प्रकणहशत झणल्यणस परवणिगी 

प्रणप्त िोईल. 

9.यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचिी प्रहियेचे सवा जोडूि आपल्यणलण 

स्पष्ट केले जणईल आहि त्यणिुसणर सांमती हिली जणईल. 

10.आपि थकल्यणसणरिे हकां वण आपि पूिा कणळजी घेण्यणस असमथा वणटत असल्यणस आपल्यणलण 

कणळजी करण्यणची गरज िणिी यणची आम्हणलण मणहितीद्यण आवश्यकती पणवले उचलतण येतील. 

11.आपि कोित्यणिी क्षिी समणधणिी िसल्यणस आपि कोित्यणिी पररिणमणां हशवणय भाग कधीिी कणढू 

शकतण. 

12. सांशोधकणचे िणव: 

    फोििांबर: 

    पत्तण: 

13. मणगािशाकणांचे िणव: 

      फोि िांबर: 

      पत्तण: 

14. सांस्थेचे िणव: 
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ANNEXURE II (C) 

रोगीसूचनापत्र : 

 

उदे्दश्य: 

आईसीएमआर की हियणमक आवश्यकतण के अिुसणर सुहिहित करिे के हिए हक हिखित सूहचत सिमहत 

पुरुष और महििण से प्रणप्त की गई िै और आईईसी द्वणरण अिुमोहित हकयण गयण िै। 

 

स्कोप: 

इस र्ानकपरिचालन प्रक्रिया र्ें १८ से ३५ िर्षा के आयु िगा के अत्यविक स्माटाफोन उपयोगकतााओां की 

जनसंख्या शामर्ल हैं जो स्वेच्छा से अस्पताल से भाग ले िहे हैं। 

जजम्र्ेदािी: 

शोधकताा इस अध्ययन र्ें भाग किने वाले सभी पुरुष औि र्हहला से मलखित सूचचत सहर्तत प्राप्त 

किेगा। 

 

प्रहियण: 

1. अने्वषक १८ से ३५ िर्षा के आयु िगा के अत्यविक स्माटाफोन उपयोगकतााओां  के जनसंख्या 

कण चयि करेगण। 

2. अने्वषक आशांकण िूर करिे और प्रहतभणगी के सभी प्रश्ोां कण उत्तर िेिे के हिए प्रयोगणत्मक 

प्रोटोकॉि की व्यणख्यण करेगण। 

3. यहि मरीज अध्ययि में भणग िेिे के हिए सिमत िैं तो उन्हें मणिक पररचणिि प्रहियण के 

अिुसणर सिमहत िी जणएगी। 

4. यहि मरीज रुहच व्यक्त करतण िै िेहकि उस मणमिे में कुछ सांिेि िै तो उन्हें िि हकयण 

जणएगण। 

5. यहि मरीज़ हववरि के सणथ सिज िोते िैं तो वे मणिक पररचणिि प्रहियण के अिुसणर सूहचत 

सिमहत भरें गे। 

6. रोहगयोां की सिमहत के बणि अध्ययि प्रहियण शुरू िोगी। 

7. हवसृ्तत हचहकत्सण और हकसी भी अन्य शणरीररक समस्यण कण इहतिणस रोहगयोां से प्रणप्त हकयण 

जणएगण तणहक शणहमि हकए जणिे और बहिष्करि मणििांड को सत्यणहपत हकयण जण सके। 

8. अिुसांधणि हवषय की सणमणन्य जणिकणरी: 

1 िणम 
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2. उम्र 

3. हिांग 

4. हििणांक 

 

9. यहि आप इस अवहध के िौरणि असुहवधणजिक िैं तो कृपयण िमें यि बतणएां  ताक्रक िम आपकी 

मिि कर सकते िैं और आपकी समस्यण को हकसी भी अयोग्य प्रभणव के हबिण पणर कर सकते िैं। 

10. आपको कोई प्रहतपूहता और क्षहतपूहता ििी ां िी जणएगी। 

11. यहि हकसी भी समय आप इस शोध अध्ययि को बांि करिण चणिते िैं तो आप ऐसण करिे के 

हिए स्वतांत्र िैं और िमणरे पक्ष से कोई बणधण ििी ां िोगी। 

12. सिमहत के पत्र प्रणप्त करिे से पििे परीक्षि, जोखिम, असुहवधण, फणयिे और िुकसणि कण 

हववरि आपको समझणयण जणएगण। 

13. इस अध्ययि से प्रणप्त आांकडे गोपिीय रूप से सांरहक्षत और बिणए रिे जणएां गे और अगर 

तस्वीर कण इसे्तमणि हकयण जणए तो आपकी पिचणि प्रकट ििी ां की जणएगी और यहि तस्वीर 

प्रकणहशत की गई तो अिुमहत प्रणप्त की जणएगी। 

14. परीक्षि प्रहियण कण सभी जोखिम आपको समझणयण जणएगण और तििुसणर सिमहत िी जणएगी 

15. यहि आप हकसी भी समय सांतुष्ट ििी ां िैं तो आप हकसी भी समय हकसी भी पररिणम के हबिण 

वणपस िे सकते िैं 

 

शोधकतणा कण िणम: 

फोििांबर: 

पतण: 

गााइड का नार्: 

फोननंबि: 

पता: 

सांस्थण कण िणम: 
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ANNEXURE II(D) 

LETTER OF CONSENT 

“CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND CERVICAL PROPRIOCEPTION IN 

EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 18-35 YEARS: AN OBSERVATIONAL 

STUDY.” 

1) I have received an explanation of the nature, purpose, duration and foreseeable 

effects and risks of the trial and what I will be expected to do. My questions have 

been answered satisfactorily. 

2) I understand that my participation in the trial is voluntary and that I may refuse 

to participate or may withdraw from the trial at any time, without penalty or loss 

of benefits to which I am otherwise entitled. 

3) I further understand that any information that becomes available during the 

course of the study that may affect my willingness to take part will be informed 

to me. 

4) Institutional Ethics Committee authorities may wish to examine my medical 

records to verify the information collected. By signing this document, I give 

permission for this review of my records. 

5) I understand that my identity will not be revealed in any report or publication. 

6) I agree to take part in the above study. 

 

 

 

 _____________________                   __________                              

Name of research participant                  Signature/Thumb                                                               

  Date: 
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ANNEXURE II (E) 

सांमती 

१८ ते ३५ वरे्ष वयोगटातील अत्यधिक स्माटटफोन वापरकत्याांमधे्य कॅ्रधनओव्हटेब्रल एंगल आधि 

मान ग्रीवेच्या स्वाधमत्वातील परस्परसंबंि: पयटवेक्षि अभ्यास. 

 

• उपिमणचे स्वरूप,कणरि, कणलणवधी त्यणचे पुढील पररिणम आहि उपिमणचे धोके तसेच यण 

अभ्यणसणतील मणझी भूहमकण मलण समजणवली गेली आिे .मणझे सगळे प्रश्ि समणधणिकणरकररत्यण 

सोडवले गेले आिे . 

• मणझण यण उपिमणतील सिभणग पूिापिे ऐखच्छक आिे आहि मी  कोित्यणिी वेळी, कोितेिी 

कणरि ि िेतण, कुठलणिी िांड ि भरतण  आहि मलण हमळण्यणचण अपेहक्षत फणयिण यणांमधे्य 

कुठलणिी बिल ि िोतण मी यण अभ्यणसणतूि कुठल्यणिी क्षिी मणघणर घेऊ शकते /शकतो . 

• उपिमणिरम्यणि उपलब्ध िोिणऱ्यण कोित्यणिी मणहितीमुळे मणझ्यण उपिमणतील भणग घेण्यणवर 

पररिणम िोऊ शकतो िे मलण सणांहगतले जणईल . 

• हवद्यणलयीि सांहमतीमणहिती गोळण करण्यणसणठी मणझी आधीची वैद्यकीय पत्रक पणहू शकतणत .यण 

पत्रकणवर सिी केल्यणवर मी त्यणांिण तशी अिुमती िेते /िेतो. 

• मी िे जणिते/जणितो हक मणझी ओळि कुठल्यणिी तसेच कोित्यणिी मणहितीत/प्रकणशिणत 

प्रिहशात केली जणिणर िणिी .    

• मी ह्यण उपिमणत सिभणगी िोण्यणसणठी सांमती िेत आिे 

 

 

 

सिभणगी सिस्यणचे िणव          स्वणक्षरी /अांगठ्यणचण ठसण           हििणांक : 
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ANNEXURE II(F) 

सिमहत – पत्र 

१८ से ३५ िर्षा के आयु िगा के अत्यविक स्माटाफोन उपयोगकतााओां में िावनयोिेटेब्रल कोण और गरर्दन 

ग्रीिा प्रसार के बीच सांबांि: एक अिलोकन अध्ययन 

 

• इस अभ्यणस कण स्वरुप, अवकणश, इससे जुडे सांभणव्य ितरे, सांभणहवत प्रभणव और मुझे जो 

करिण िै उस के बणरे में स्पष्ट जणिकणरी हमली िै।  

• इस अभ्यणस में सिभणगी िोिे कण मेरण िुि कण हििाय िै.मैं हकसी समय अभ्यणस को छोडकर जण 

सकती/सकतणहू। इसके हलए मैं कोई भी मणििांड यण भरपणई करिे के हलए बांधी/बांधण ििी ां हूूँ।   

• अभ्यणस के िौरणि उपलब्ध अन्य जणिकणरी हजस से अभ्यणसिम में भणग लेिे पर असर पडेगण 

वि मुझे बतणयण जणयेगण।  

• मेरी जणांच कण जो मूल्यणांकि हुआ िै, उसे सांस्थण के समणलोचक मांडल के अहधकणरी परि सकते 

िै।इस पत्र पर िस्तणक्षर कर के मैं यि अिुमहत िेतण हूूँ यण िेती हूूँ । 

• मेरी पिचणि हकसीभी वृतणांत यण प्रकणशि में प्रकणहशत ििी ां िोगी। 

• मैं अभ्यणसिम के हलए सिमत हूूँ। 

 

 

 

____________         _________________             _______                  

सिभणगी कण िणम          िस्तणक्षर यण अांगूठे कण हिशणि              हििणांक 
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ANNEXURE III 

TIMELINE / GANTT CHART 

OCTOBER 2019 ALLOCATION OF THE GUIDE 

NOVEMBER 2019 TOPIC FINALIZTAION FOR THE 

SYNOPSIS 

DECEMBER 2019 STARTED WORKING FOR THE 

SYNOPSIS 

JANUARY 2020 INSTITUATIONAL ETHICAL 

CLEARENACE OBTAINED 

FEBRUARY 2020 BORS APPROVAL 

MARCH 2020 

 

SYNOPSIS SUBMISSION TO MUHS 

APRIL 2020 TO MARCH 2021 DATA PRESENTATION AND ANALYSIS 

APRIL 2021 DISCUSSION AND 

CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 
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ANNEXURE IV (A) 

PERMISSION LETTER  

To,  

The Head of Institute,  

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I, Master, student of Master of Physiotherapy, would request you to grant me permission to 

carry out my research work. My research topic is, “CORRELATION BETWEEN 

CRANIOVERTEBRAL ANGLE AND CERVICAL PROPRIOCEPTION IN EXCESSIVE SMARTPHONE 

USERS IN AGE GROUP OF 18-35 YEARS: AN OBSERVATIONAL STUDY.”  

For this purpose, I would be utilizing the institution and the equipment’s required for the 

same would be kept in the same premises and the subjects would be studied in the 

institution. I kindly request you to do the needful in this regard. Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                        

Head of Institute 
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ANNEXURE IV (B) 

PERMISSION LETTER   

To,  

The Chairman,  

Ethical Committee 

Subject: Permission to carry out research work.  

I student of Master of Physiotherapy, would request you to grant me permission to carry out 

my research work.  

My research topic is, “CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND CERVICAL 

PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 18-35 YEARS: AN 

OBSERVATIONAL STUDY.”  

I promise that the ethics as well as subjects care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student                                                             

Guide 

Date:  

Place: 
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ANNEXURE IV (C) 

PERMISSION LETTER 

To, 

The Head of the Physiotherapy department, 

___________________________ 

__________________________ 

Subject: Permission to carry out physiotherapy research work 

Respected Sir/Madam, 

      I, Mr. ______________________________ student of Master of Physiotherapy would 

request you to grant me permission to carry out my research work in your esteemed work 

place. My research topic is “CORRELATION BETWEEN CRANIOVERTEBRAL ANGLE AND 

CERVICAL PROPRIOCEPTION IN EXCESSIVE SMARTPHONE USERS IN AGE GROUP OF 18-35 

YEARS: AN OBSERVATIONAL STUDY.”  

For this purpose, An observational study will be conducted in hospital setting where a 

random sample will be drawn from the excessive smartphone users age group of 18-35 years 

comprising of University students, relatives or attendee from hospital campus will be 

included. I kindly request you to do the needful in this regard. Thanking you in anticipation. 

Yours sincerely, 

Research student                                                                

Guide    

Date: 
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ANNEXURE V 

ABBREVIATIONS: 

1. CVA- Craniovertebral Angle  

2. C7- Seventh cervical spinous process 

3. FHP- Forward Head Posture 

4. MB Ruler- Markus Bader Ruler 

5. CNP- Chronic Neck Pain 

6. JPE- Joint Position Error 

7. HRA- Head Repositioning Accuracy 

8. SAS-SV – Smartphone Addiction Scale – Short Version 

9. NDI – Neck Disability Index 

10. BMI- Body mass index 

11. Kg- Kilogram 

12. Cm- Centimeter 

13. SD- Standard deviation 

14. WHO- World health Organization 

15. ICMR- Indian council of medical research 

16. IEC- Institutional ethical committee 

17. BORS- Board of Research Science 
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Introduction 

Frozen shoulder defined as a gradual loss of range of motion which persists from several 

months to years with minimal pain throughout the range except at the end range of motion 
(1).

 

Frozen shoulder causes pain around the shoulder joint and reduces the ranges especially 

abduction, internal rotation, and external rotation of the shoulder and the patients in the initial 

phase complains of limitations in daily activities and pain in their shoulder joints. The limitation 

of range of motion is caused due to the adhesion of the joints, hypoplasia of the synovial 

membrane through reduction of the area of joint cavity, contraction of the articular capsule and 

historical tissue proliferation. This condition decreases the abduction, internal rotation and 

external rotation of the shoulder. 
(2) 

 

 Incidence of frozen shoulder is estimated at 2.4 per 1000 population per year. It occurs in the 

general population with an incidence of approximately 2% and of these 20 to 30% develops the 

condition bilaterally. It is more common in females, age between 40-60 years. It is commonly 

observed among peoples in 40–60yr old, and it is known as “frozen shoulder” 

(3, 27) 

.Clinical 

presentation of frozen shoulder is in three overlapping phases. 

Phase 1 – characterized by intense pain even at rest and limitation of motion by 2 to 3 

weeks after onset. Acute symptom lasts 3-4 months. 

Phase 2 –Stiffening or frozen, where pain is gradual reduce but stiffness occurs with 

restriction in range of motion lasting 4 months to 12 months. 

Phase 3 – No pain & Synovitis but capsular restriction seen due to adhesion lasting 12 

months to 42 months or longer. Thawing phase, there is improvement in range of 

motion with resolution of stiffness. 
(3).

 

 

Treatment of frozen shoulder can either be conservative or surgical. Studies have shown that 

most of the health professionals prefer conservative treatment with physiotherapy. Studies 

have also shows rehabilitation is very effective in improving ROM and reducing pain, increasing 

function.
( 4) 

Many treatments and assessment methods are practiced clinically of management 
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of frozen shoulder syndrome.
 
Different techniques, such as rhythmic initiation, repeated 

contractions, rhythmic stabilization, combination of isotonic, dynamic reversals, hold-relax, and  

contract-relax can be used to improve muscle strength and flexibility. Whereas Hold-relax, 

contract-relax techniques are based on the neurophysiology of reciprocal innervation helps to 

improve ROM and reducing pain in frozen shoulder 
(5).  

 

The Shoulder Pain and Disability Index (SPADI) is a self-administered questionnaire that consists 

of two dimensions, one for pain and the other for functional activities. The SPADI takes 5 to 10 

minutes for a patient to complete and is the only reliable and valid region-specific measure for 

the shoulder. A more recent systematic review has found reliability coefficients of ICC ≥ 0.89 in a 

variety of patient populations (Roy et al 2009) (7,9).

 
The pain level was measured using VAS, 

which is widely used in clinical studies to objectively quantify pain severity. Ibrahim et al. (2014) 

also used VAS in their study to evaluate the level of pain felt by people with adhesive capsulitis 

in the shoulder. The reliability study rho values varied from 0.60 to 0.77 and in the validity study 

rho values of VAS pain scores from 0.76 to 0.84 (8) . 

 

 
The ROM in the shoulder joint was measured using a goniometer, according to the instructions 

of the American Medical Association, to measure the flexion, abduction, and internal and exter-

nal rotations, which were subject to limitations (American Medical Association,  1993) 

Goniometric measurements are highly reliable ,test-retest reliability: 0.94–0.98- 
(10).                   

The purpose of the kaltenborn mobilization for a frozen shoulder is
 
to increase shoulder ranges 

by stretching the glenohumeral joint capsule. Research has shown that PNF and Kaltenborn 

techniques have similar effect in reducing pain and improving ROM in frozen shoulder patients. 
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Kaltenborn’s sustained technique is used clinically to treat adhesive capsulitis. The purpose of 

the mobilizing exercise therapy for a frozen shoulder is primarily to increase shoulder 

movement by stretching the glenohumeral joint capsule. Research has shown that Kaltenborn’s 

techniques are similarly effective in reducing pain and improving ROM in frozen shoulder 

patients. These techniques mobilize the glenohumeral joint while keeping the scapula fixed 

relative to the thorax and glenohumeral joint.  

 

To improve the external rotation ROM of the shoulder, glenohumeral anterior glide 

mobilization has been used by physical therapists, which follows the principle of the “convex on 

concave rule” of joint movement. Harryman et al. postulated the capsular constraint 

mechanism, which contrasts the convex on concave theory. The external and internal rotation 

ROM increases with posterior gliding manipulation of the shoulder. Caudal glide increased 

flexion and abduction ROM
 (10). 

 

The proprioceptive neuromuscular facilitation (PNF), developed by Knott and Kabat, and is a 

type of therapeutic exercise composed of a pattern of muscular Contractions and diagonal 

movement. The PNF technique are effective in frozen shoulder patient consisted of reduction 

pain, improving ROM, and other therapeutic benefits 
(2)   

Among PNF techniques, the hold-relax 

technique is frequently used in clinics to relieve pain, and to increase the range of motion of 

joints (15). 
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Rationale for the Study 

 Frozen shoulder is likely to cause major limitations in range -abduction, external 

rotations, and flexion of motion and increased pain, which limits activities of daily living 

of patients. Both Range of motion, pain and activities of daily living are essential for 

appropriate and smooth function of upper extremities 
(15).

 

•  There are studies about the application of PNF techniques in sports injuries, 

orthopedics, and neurological condition recently; the application of these techniques in 

orthopedic conditions is evolving 
(4). 

However, there is inadequate research in the 

literature including upper extremity PNF (holds relax) in exercise protocol in the upper 

extremity pathologies particularly in frozen shoulder 
(15).

 

•  Kaltenborn’s technique is regularly used clinically to treat frozen shoulder. The purpose 

of the mobilizing exercise therapy for a frozen shoulder is primarily to increase shoulder 

range of motion. Research has shown that Kaltenborn’s techniques are similarly effective 

in reducing pain and improving ROM in frozen shoulder patients 
(10)

. 

• Recent studies, have found that D2 flexion with hold relax  PNF technique can be 

effective in the management of frozen shoulder 
(27,5) 

The purpose of the current study is 

to study the effect of D2 flexion with hold relax in combination with other exercises, 

mobilization techniques to improve ranges , reduce pain and daily activities of patients. 

• Therefore we intend to study the effects of PNF (D2 flexion with hold relax) techniques 

on pain, ranges and overhead reach activity in patient with frozen shoulder.  
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AIM 

‘To study the effect of Proprioceptive neuromuscular facilitation in improving range of motion 

and pain in frozen shoulder patients aged 40-60 years after 3 weeks of exercise intervention’. 
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 Research Question:- 

Is there any difference in Effect of Proprioceptive neuromuscular facilitation versus kaltenborn 

mobilization technique to improve ranges in frozen shoulder patients? 
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NULL HYPOTHESIS: 

There is no significant effect of Proprioceptive neuromuscular facilitation in improving range of 

motion and pain in frozen shoulder patients aged 40-60 years after 3 weeks of exercise 

intervention. 

ALTERNATE HYPOTHESIS: 

There is a significant effect of Proprioceptive neuromuscular facilitation in improving range of 

motion and pain in frozen shoulder patients aged 40-60 years after 3 weeks of exercise 

intervention. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



13 
 

Objectives 

 To study and compare the effect of PNF technique and kaltenborn technique in 

shoulder Range of motion in frozen shoulder patients after 3 weeks. 

  To study and compare the effect of PNF technique and kaltenborn technique on pain 

and Shoulder Functional activities after 3 weeks 
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Review of Literature:- 

1. Jongchan Junga , Yijung Chung  (2020) the study was conducted the “Effects of 

combining both mobilization and hold-relax technique on the function of post-surgical 

patients with shoulder adhesive capsulitis” Forty-five surgical patients with shoulder 

adhesive capsulitis participated in this study and were randomly divided into three 

groups; both mobilization with movement (MWM) and HR technique (HR-MWM) group 

(n=15), the MWM group (n=15), and control group (n=15). All participants received 

three different interventions; 1) MWM combined with HR technique in PNF stretching 

on the shoulder, 2) MWM on the shoulder, 3) general physical therapy and intervention 

with neither MWM nor HR stretching. Pre- and post-intervention, each subject was 

randomly evaluated for shoulder flexion range of motion (ROM), shoulder flexor muscle 

strength, Visual Analogue Scale (VAS), and the Korean version of the Shoulder Pain And 

Disability Index (SPADI).Results: The MWM combined with HR technique group had 

significant effects on shoulder flexion ROM, shoulder flexor muscle strength, VAS and 

SPADI compared to the MWM and control group (p<0.05). The MWM group showed a 

significantly greater increase in shoulder flexion ROM compared to the control group 

(p<0.050) Phys Ther Rehabil Sci 2020.(32) 

2. Yashodhara S Joshi1, Shridhar S2, Manju Jayaram A Comparative Study on “the Effect 

of Scapular Proprioceptive Neuromuscular Facilitation and Maitland Glenohumeral 

Mobilization Versus Scapular Mobilization and Maitland Glenohumeral Mobilization in 

Adhesive Capsulitis” A 60 subjects with adhesive capsulitis based on inclusion and 

exclusion criteria were divided into Group-A and Group-B. Group-A subjects received 

scapular PNF and Maitland glenohumeral mobilization whereas Group-B subjects 

received scapular mobilization and Maitland glenohumeral mobilization. The outcome 

measures used were Visual Analog Scale (VAS), Universal goniometer for ROM, Lateral 

Scapular Slide Test (LSST), and Shoulder Pain and Disability Index (SPADI) and were 

measured pre-treatment, and at the 9th session of treatment. The duration of the 

treatment was for three weeks, thrice a week. Results: Subjects showed statistically 

significant differences in the pre and post values of VAS, ROM, LSST, and SPADI in both, 
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Group-A and Group-B (p=<0.05). Post-treatment values of VAS, ROM except for shoulder 

extension, LSST, and SPADI in Group-A showed more improvement than the post-

treatment values of VAS, ROM, LSST, and SPADI in Group. International Journal of Health 

Sciences and Research (www.ijhsr.org) Vol.10; Issue: 11; November 2020.(36) 

3. Jaya Shanker Tedla, Devika Rani Sangadala conducted a study in 2019 entitled on “the 

effectiveness of proprioceptive neuromuscular facilitation (PNF) treatment techniques in 

adhesive capsulitis for decreasing pain and disability and increasing range of motion 

(ROM) and function”. A thorough, computerized search was done using database search 

engines by two reviewers. After meticulous scrutiny and screening of 410 studies, 

according to the selection criteria, 10 full-text articles were included in the review and 

metaanalysis. All 10 studies had undergone a methodological quality assessment by the 

Physiotherapy Evidence Database Scale. Meta-analysis was done for external rotation, 

abduction ROM and pain. The most common PNF techniques used by most of the 

studies were, hold-relax and contract-relax in upper limb D2 flexion, abduction, and an 

external rotation pattern, while some studies used scapular PNF patterns. Among the 10 

included studies, nine showed that the PNF group is superior in decreasing pain and 

reduce disability, increasing ROM, improving function. Result shows the meta-analysis 

also show significant effect size and that the PNF is superior to conventional physical 

therapy in decreasing pain, increasing external rotation. Musculoskeletal Neuronal 

Interact 2019; 19(4):482-491.(4)  

4. Purva Pande, Bharti Arora, Priyanka Rishi (2017) the study was conducted to “Effect of 

PNF and joint mobilization along with ultrasound on abduction and external rotation 

range of motion and pain in patients with frozen shoulder” PNF and Mobilization are the 

two techniques used in improving Range of motion and reducing pain in patients with 

frozen shoulder but there is limited evidence for the comparison of PNF movement 

pattern and Mobilization in the treatment of frozen shoulder. Objectives of the study 

was to compare the effectiveness of PNF movement pattern and mobilization along with 

ultrasound on abduction and external rotation range of motion and pain in patients with 

frozen shoulder. 30 clinically diagnosed subjects with frozen shoulder were randomly 
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assigned to either PNF movement pattern with Ultrasound (Group A) and Mobilization 

technique with Ultrasound (Group B) and were evaluated by measuring passive ROM 

with the help of Goniometry at baseline, last day of 2nd week and last day of 4th week. 

Data analysis was performed using SPSS 16. Results: There was significant improvement 

in ROM and pain after 4 weeks. The result of the study revealed that PNF movement 

pattern with Ultrasound is better than mobilization technique and ultrasound in 

improving ROM July 2017; Page No. 64-67. (27) 

5. Gadpal Pratiksha *1, Bhave Shobha 2, Deshpande N.K conducted a study on 

“Immediate effect on external rotation and overhead reach in patient with shoulder 

pathology using proprioceptive neuromuscular facilitation and soft tissue mobilization”. 

It is postulated that restriction in glenohumeral external rotation when measured at 45 

degree of abduction represent subscapularis muscle flexibility deficits as compared to 

when it is measured at 90 degrees of abduction which indicates capsular restriction. 

Adequate glenohumeral external rotation is believed to be essential for the ability to 

reach overhead. Patients coming to physiotherapy department with shoulder pathology 

often have to attend various sessions of therapy to get free range of motion of the joint. 

Thus the aim of this study was to find out whether a single session of soft tissue 

mobilization and proprioceptive neuromuscular facilitation improves the range of 

shoulder abduction and thus the ability to reach overhead. A single session of soft tissue 

mobilization with proprioceptive neuromuscular facilitation showed immediate 

improvement in glenohumeral external rotation and overhead reach The results 

obtained in the study, showed ‘p value’< 0.05 , indicating that there was statistically 

significant improvement in external rotation and overhead reach following the single 

intervention session. Int J Physiother Res 2017, Vol 5(4):2259-64. (22) 

6. K Jothi Prasanna*, Rajeswari R and Sivakumar (2017) “Effectiveness of Scapular 

Proprioceptive Neuromuscular Facilitation (PNF) Techniques in Adhesive Capsulitis of 

the Shoulder Joint”. To compare the effectiveness of Scapular PNF with conventional 

physiotherapy in subjects with adhesive capsulitis. Experimental study design and 

comparative type. Procedure: 24 subjects, 12 subjects in group a received Scapular PNF 
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along with wax bath therapy, stretching, and shoulder mobilization exercises with pre 

and posttest. And 12 subjects in group B received only the wax bath therapy, stretching 

and shoulder mobilization exercises with pre and posttest. Results- statistical analysis 

was done by using paired “t” test which showed more significant improvement in group 

A. J Physiother Res. 2017, Vol.1 No.2:9. (1) 

7. Deepak Joshi, Jeba Chitra the study was conducted in 2017 on “Effect of scapular 

proprioceptive neuromuscular facilitation on shoulder pain, range of motion, and upper 

extremity function in hemiplegic patients: A randomized controlled trial” Post stroke 

shoulder pain is one of the most prevalent impairments (34%–86%) and it hinders the 

performance of daily activities and also interferes with stroke rehabilitation. Thirty 

hemiplegic patients were recruited and randomly allocated to Group A (n = 15) and 

Group B (n = 15). Experimental group received conventional treatment plus scapular 

PNF‑hold relax technique while control group received only conventional treatment 

comprised passive shoulder ROM and stretching exercises and, transcutaneous electrical 

nerve stimulation for 12 sessions (4 sessions /week). The outcome measures used were 

visual analog scale, shoulder ROM, lateral scapular slide test, and Fugl‑Meyer motor 

assessment. RESULTS: Statistical analysis showed significant change in shoulder pain and 

UE function in both the groups with no significant differences between the groups; 

significant improvement in shoulder ROM in both the groups. Scapular PNF has positive 

impact on post stroke shoulder pain and ROM, helps in strengthening of proximal 

muscles of UE, thereby correcting scapular alignment and improving the UE function in 

stroke patients Indian Journal of Health Sciences and Biomedical Research KLEU - 

Volume 10, Issue 3, September-December 2017. (37) 

8. Surabhi Agarwal, Shahid Raza,* Jamal Ali Moiz, Shahnawaz Anwer, and Ahmad H. 

Alghadir,(2016) This study was conducted  to “compare the effects of two different 

mobilization techniques in the management of patients with adhesive capsulitis”. 

*Subjects and Methods+ Thirty non-diabetic men and women with adhesive capsulitis 

were randomly allocated to the reverse distraction group (n=15) or Kaltenborn group 

(n=15). The reverse distraction technique and Kaltenborn’s caudal and posterior glides 
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(grades III and IV) were applied 10–15 times along with conventional physical therapy for 

18 treatment sessions in 6 weeks. Pain was measured with a visual analog scale, 

abduction and external rotation range of motion with goniometry, hand behind back 

reach with inch tape, and functional disability with the Flexi level scale of shoulder 

function before and after the treatment. *Results+ Although all the variables improved 

significantly in both groups after 18 intervention sessions, reverse distraction was 

significantly better than Kaltenborn caudal and posterior glides in decreasing pain and 

improving abduction range of motion and functional scores. *Conclusion+ This study 

supports the clinical use of reverse distraction as an alternative to conventional 

mobilization techniques to decrease pain and improve range of motion and functional 

scores in patients with adhesive capsulitis. J Phys Ther Sci. 2016 Dec; 28(12): 3342–

3349.(10) 

9. Yıldırım MS, Ozyurek S, Tosun OÇ  The study was conducted in 2016 to compare “the 

effects of static stretching, proprioceptive neuromuscular facilitation (PNF) stretching 

and Mulligan technique on hip flexion range of motion (ROM) in subjects with bilateral 

hamstring tightness”. A total of 40 students (mean age: 21.5±1.3 years, mean body 

height: 172.8±8.2 cm, mean body mass index: 21.9±3.0 kg · m-2) with bilateral 

hamstring tightness were enrolled in this randomized trial, of whom 26 completed the 

study.  A statistically significant change in initial–final assessment differences of hip 

flexion ROM was found between groups (p<0.001) in favors of PNF stretching and 

Mulligan TSLR technique in comparison to typical static stretching (p=0.016 and p=0.02, 

respectively). No significant difference was found between Mulligan TSLR technique and 

PNF stretching (p=0.920). The initial–final assessment difference of hip flexion ROM was 

similar in typical static stretching and no intervention (p=0.491).(23) 

10. Nilay Comuk Balcı , Zeliha Ozlem Yuruk, this study was conducted on “Acute effect of 

scapular proprioceptive neuromuscular facilitation (PNF) techniques and classic 

exercises in adhesive capsulitis: a randomized controlled trial” Fifty-three subjects were 

allocated to 3 groups: scapular proprioceptive neuromuscular facilitation exercise and 

physiotherapy modalities, classic exercise and physiotherapy modalities, and only 
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physiotherapy modalities. The intervention was applied in a single session. The Visual 

Analog Scale, Lateral Scapular Slide Test, range of motion and Simple Shoulder Test 

were evaluated before and just after the one-hour intervention in the same session (all 

in one session). [Results] All of the groups showed significant differences in shoulder 

flexion and abduction range of motion and Simple Shoulder Test scores. There were 

statistically significant differences in Visual Analog Scale scores in the proprioceptive 

neuromuscular facilitation and control groups, and no treatment method had significant 

effect on the Lateral Scapular Slide Test results. There were no statistically significant 

differences between the groups before and after the intervention. J. Phys. Ther. Sci. 28: 

1219–1227, 2016. (29) 

11. Byung-Ki Lee*This study was conducted in 2015 to influence of “ combined exercise 

using proprioceptive neuromuscular facilitation (PNF) and deep breathing exercise on 

range of motion (ROM) and visual analog scale (VAS) score in acute frozen shoulder 

patient”. The subject of this study was woman complained disabilities in daily routine 

due as a frozen left shoulder. The exercise program was composed of 11 sessions and 

continued four weeks. The program was composed of PNF and deep breathing exercise, 

and the subject was compared by passive ROM (shoulder flexion, abduction, and 

internal and external rotation) test and VAS score in shoulder movement before and 

after the exercise. The results showed that patient who practiced this program, the ROM 

of the shoulder joint increased and the VAS score decreased. Thus, this pro-gram was 

shown to be effective in suppressing pain and increasing the ROM of the shoulder joint 

in acute frozen shoulder patient.(2) 

12. Hariharasudhan Ravichandran, Janakiraman Balamurugan The purpose of this study 

was to evaluate ‘’Effect of proprioceptive neuromuscular facilitation stretch and muscle 

energy technique in the management of adhesive capsulitis of the shoulder’’ To 

determine the efficacy of Proprioceptive neuromuscular facilitation (PNF) technique and 

muscle energy technique (MET) in limiting pain and disability among subjects with 

adhesive capsulitis of shoulder. A single center experimental design study was done. A 

total 132 male subjects were screened. After fulfilling inclusion and exclusion criteria, 
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with convenient sampling 60 subjects were selected for the study. Mean age of Groups A 

and B subjects were 46 and 50 years respectively. Double blinded baseline and post 

interventional (after 2 weeks) assessment was performed. Intervention includes 

Proprioceptive neuromuscular facilitation technique for group A and Muscle energy 

technique for group. Conclusion: Proprioceptive neuromuscular facilitation technique 

was effective in relieving pain, restoring ROM and restoring function among subjects 

with adhesive capsulitis. Saudi Journal of Sports Medicine | May - August 2015 | Volume 

15 | Issue 2 (31) 

13. Akbaş E, Güneri S, Taş S, Erdem EU, Yüksel This study is  performed to investigate the 

“effectiveness of upper extremity and scapula Proprioceptive Neuro-muscular 

Facilitation (PNF) techniques in adhésive capsulites (AC). Thirty-six subjects were 

randomized into two groups. Control group (n=18) was treated with conventional 

physiotherapy applications consisting of hot-pack and ultrasound, and wall and wand 

exercises instructed as a home program; study group (n=18) was treated with upper 

extremity and scapula PNF patterns besides conventional physiotherapy Intensity of 

pain during activity significantly decreased and ROM increased in both groups (p<0.05). 

While increase amounts of shoulder flexion and abduction ROMs were higher in the PNF 

group (p<0.05), there was no difference between groups in internal and external 

rotation movements. Although, night pain significantly decreased in the study group 

(p<0.05), it remained unchanged in the control group (p>0.05). Scapula position didn’t 

change after therapy in both groups (p>0.05). SPADI scores decreased in both groups 

(p<0.05). Physiothery Rehabilta. 2015; 26(2):78-85.(15) 

14. Gui Do Moon, Jin Yong Lim, study was conducted in 2015 on “Comparison of Maitland 

and Kaltenborn mobilization techniques for improving shoulder pain and range of 

motion in frozen shoulder” This study compared the use of the Maitland mobilization 

and Kaltenborn mobilization techniques for improving pain and range of motion in 

patients with frozen shoulders. [Subjects and Methods] The subjects were 20 patients 

with frozen shoulder who visited Hospital H, Ulsan, Korea. The subjects were divided 

randomly into two groups to receive Maitland or Kaltenborn mobilization to the 



21 
 

affected shoulder. Grade III antero-posterior oscillation and posterior translation were 

used for the Maitland and Kaltenborn mobilization groups, respectively. Pain and range 

of motion of external and internal rotation were evaluated pre- and post-intervention in 

both groups. Paired t-tests were used to compare the pre- and post-intervention results 

in both groups, and independent t-tests were used to compare groups. [Results] Both 

groups exhibited significant decreases in pain post-intervention. Moreover, the range of 

motion of internal and external rotation increased significantly post-intervention in both 

groups. However, there was no significant difference between groups with respect to 

pain improvement or range of motion. [Conclusion] The posterior Maitland and 

Kaltenborn mobilization techniques are effective for improving pain and range of 

motion in frozen shoulder patients. J. Phys. T 1392 her. Sci. Vol. 27, No. 5, 2015.(35) 

15. Abhijit Kalita, Andrew Milton study was conducted in 2015 on “The combine 

effectiveness of glenohumeral end range mobilization and contract relax technique for 

glenohumoral internal rotators in subject with adhesive capsulities”. 60 frozen shoulder 

patients randomized 30 subjects into each experimental and control group. Group A 

(experimental group) received Glenohumeral End-Range Mobilization, Contract-Relax 

Technique for glenohumeral internal rotators and Shoulder Pendular Exercises 2 times a 

week for a period of 4 weeks (8 sessions).Group B (control group) received Shoulder 

Pendular exercises 2 times a week for a period of 4 weeks (8 sessions). Outcome 

measures included are VAS, SPADI and goniometry for assessing pain, functional ability 

and ROM for the shoulder joint. Results: The average improvement of VAS for Group A 

and Group B were 4.5 and 3 respectively using median. The U-value was 176, which is 

statistically highly significant (p value = 0.000).The average improvement of Shoulder 

Pain and Disability Index for Group A and group B were 56.9333 and 10.3667 

respectively using mean and Standard Deviation. The t-value was 35.91181, which is 

statistically highly significant (p value = 0.000). International Journal of Physiotherapy, 

2(5), 691-697. (28) 

16. Salameh Bweir Al Dajah (2014) conducted a study to evaluate “The effects of soft tissue 

mobilization and PNF on pain level, and shoulder ROM in patients with shoulder 
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impingement syndrome”. *Subjects and Methods+ Thirty patients with painful and 

limited glenohumeral ROM activities were selected. The subjects were randomly 

assigned to an experimental group (n=15), which received treatment consisting of soft 

tissues mobilization and the PNF technique. The control group received an ultrasound 

treatment. Pain level, glenohumeral external rotation and overhead reach were 

measured before and after the intervention in groups. *Results+ The experimental group 

showed a significant reduction in pain level in comparison with the control group.  

             The values for Shoulder external rotation showed a significant improvement. 

              2014;26(11):1803-5 (5) 

17. Jung-Ho Lee, Soo-Jin Park, The present study on “the effects of treatment using PNF 

extension techniques on the pain, pressure pain, and neck and shoulder functions of the 

upper trapezius muscles of myofascial pain syndrome(MPS) patients”. *Subjects+ Thirty-

two patients with MPS in the upper trapezius muscle were divided into two groups: a 

PNF group (n=16), and a control group (n=16) [Methods]. The PNF group received upper 

trapezius muscle relaxation therapy and shoulder joint stabilizing exercises. Subjects in 

the control group received only the general physical therapies for the upper trapezius 

muscles. Subjects were measured for pain on a visual analog scale (VAS), pressure pain 

threshold (PPT), the neck disability index (NDI), and the Constant-Murley scale (CMS). 

[Results]None of the VAS, PPT, and NDI results showed significant differences between 

the groups, while performing postures, internal rotation, and external rotation among 

the CMS items showed significant differences between the groups. [Conclusion] Exercise 

programs that apply PNF techniques can be said to be effective at improving the 

function of MPS patients. J. Phys. Ther. Sci.25: 713–716, 2013. (21) 

18. Mahendran, Dinku Chetia , this study was conducted on Combined ‘’Effects of Joint 

Mobilization with Proprioceptive Neuromuscular Facilitation Subjects with Adhesive 

Capsulitis of Shoulder’’ This study includes 30 subjects. Two groups including 15 subjects 

in each group was made whose mean age in the control group (group A) was 51.80 ± 

8.15 years and in experimental group (group B) was 50.47 ± 5.87 years. Both male and 

female were included in the groups. Subject’s ROM and pain assessment was made 
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before the execution of treatment. ROM was done with the help of Universal 

Goniometer and the pain level measurement was done by VAS (visual analogue scale). 

Control group was treated with joint mobilization of the shoulder, whereas the 

experimental group was treated with combination of joint mobilization with PNF 

techniques. After commencing of all the treatment sessions to both the groups again 

ROM and VAS was measured to authenticate subject’s progression. Each group was 

treated for a session of 5 days in a week for 4 weeks. Conclusion: The combination of 

joint mobilization with PNF techniques yields better improvement in increasing ROM 

and reduction in pain for patients with adhesive capsulitis. Journal of Chalmeda Anand 

Rao Institute of Medical Sciences Vol 6 Issue 1 November 2013. (3) 

19. Therapeutic exercise : foundations and techniques / Carolyn Kisner, Lynn Allen Colby. — 

5th ed (16) 

20. José González-Ravé;Angela Sánchez-Gómez;Daniel Santos-García Conducted a study on 

“Efficacy of 2 different stretch training programs (passive vs. proprioceptive 

neuromuscular facilitation) on shoulder and hip range of motion in older people”. The 

aim of this study was to determine the influence of 2 methods of stretch training 

(passive and proprioceptive neuromuscular facilitation [PNF]) on range of motion (ROM) 

in older people between the age of 60 and 70 years over a period of 13 weeks. Fifty-four 

participants (39 women and 15 men) were divided into 3 groups: passive (n = 17; 66.5 ± 

6.5 years), PNF (n = 17; age, 64.7 ± 4.0 years old), and control (n = 17; age, 66.4 ± 4.5 

years). The subjects trained 2 times per week on nonconsecutive days for 13 weeks. The 

control group did not perform any stretching. In the PNF group, there was an increase in 

hip ROM (p < 0.001) between pretest and posttest in the passive group and an 

improvement (p < 0.001) was observed between pretest and posttest, whereas in the 

control group, there was a significant decrease (p < 0.01) in hip ROM between pretest 

and posttest. In shoulder ROM, there was an increase (p < 0.001) between pretest and 

posttest in the passive group and an improvement (p < 0.001) was observed between 

pretest and posttest in the PNF group. There were no changes in shoulder ROM 

between pretest and posttest in the control group. The analysis of variance showed 
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significant differences in hip and shoulder ROM between passive and control groups and 

PNF and control groups, but no significant differences were found between passive and 

PNF. Results- The main finding was that the ability of physically active older people to 

increase ROM in response to stretching techniques is similar for both passive and PNF 

techniques. Journal of Strength and Conditioning Research. 26(4):1045–1051, APRIL 

2012. (20) 

21. Manual Mobilization of the Joints The Kaltenborn Method of Joint Examination and 

Treatment Volume Iby Freddy M.Kaltenbom6th Edition 2002 Reprint 2006.(30) 

22. Decicco PV1, Fisher MM. conducted study on compare “The effects of proprioceptive 

neuromuscular facilitation stretching on shoulder range of motion in overhand athletes.” 

The subjects were male and female adults between the ages of 25 to 50 years old. 

Subjects also had been involved in at least one overhand throwing sport (tennis, 

baseball, quarterback in football, etc.) in the past year. There were 30 participants whom 

were randomly assigned to 1 of 3 groups (CRC PNF, HRC PNF, control) with 10 subjects 

per group. Measurement of ROM for external rotation of the shoulder was performed 

prior to and after 6 weeks of training using a goniometer tests to pinpoint significant 

differences relative to the interaction between group and time. There was an increase in 

ROM. PNF stretching techniques are effective at increasing external shoulder ROM when 

consistently performed 2 times a week for 6 weeks .RESULTS: There was an increase in 

ROM from pretest to post-test for the HRC group (+13.50 degrees) and CRC group 

(+14.60 degrees), but not in the control group (+0.30 degrees). The improvement in 

ROM however, was similar between the HRC and CRC groups. J Sports Med Phys Fitness. 

2005 Jun;45(2):183-7 (19) 

23. Joseph J. Godges, Melodie Mattson-Bell, The purpose of this study was to evaluate” the 

immediate effect of soft tissue mobilization (STM) with proprioceptive neuromuscular 

facilitation (PNF) to increase glenohumeral external rotation at 45° of shoulder 

abduction and overhead reach”. The treatment group improved by a mean of 16.4° (95% 

confidence interval [CI], 12.5°-20.3°) of glenohumeral external rotation, as compared to 

less than a 1° gain (95% CI, 0.2°-2.0°) in the control group (P_.0005). Overhead reach in 
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the treatment group improved by a mean of 9.6 cm (95% CI, 5.2-14.0 cm) in comparison 

to a mean gain of 2.4 cm (95% CI,_0.8-5.6 cm) for the control group (P = .009). J Orthop 

Sports Phys Ther 2003; 33:713-718. (24) 

24. Lim, Weon-Sik, Shin, Hyung-Soo  this study was conducted in 2002 February 15 to find 

“The effects of scapular pattern and hold-relax technique of proprioceptive 

neuromuscular facilitation(PNF) on the range of motion(ROM) and to find the effects of 

pain relieve through visual analogue scale(VAS) in frozen shoulder patients”. The 

subjects were consisted of thirty frozen shoulder patients (men; 9, women; 21). The 

measurement of the shoulder range of motion was taken by measuring the degrees of 

flexion, abduction, and external rotation with a goniometer and the measurement of 

pain was performed by VAS from pretreatment to one to four weeks The results were as 

follows: 1. There was the statistical significance not only in the range of motion such as 

shoulder flexion, abduction, and external rotation, but also in VAS during four weeks 

(p<.05). (25) 

25. Clinical Orthopaedic Rehabilitation s. Brent Brotzman, M.D. 

Second Edition page no-227.(26) 
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Methodology:- 

1) Type of study design: Randomized controlled tried. 

2) Study Setting: Physiotherapy OPD of a Tertiary care hospital. 

3) Duration:  18 months. 

4) Study population: Diagnosed frozen shoulder patient by an orthopaedician.  

5) Sample size : The sample size is estimated based on findings of the mean VAS score from 

the study of Salameh Bweir Al Dajah 
(5)

 

 Group A ( Pnf ) :  mean 3.83 with standard deviation 0.7.  

 Group B ( kaltenborn): Mean 5.23 with standard deviation 0.72 
(5). 

 

• By keeping α = 5%  & β = 20% 

• The sample size is calculated by formula   

         N=   4 x ( Z
α 

 + Z
β
)

2

 SD
2

 

                                   (Ⴟ
1
 - Ⴟ

2
)

2

 

 Where, Zα = standard normal variants of α level. 

     Zβ = standard normal variants of β level. 

  Standard deviation is combined SD of both groups. 

 X1 is mean vas score of group 1 & X2 is mean vas score of group 2. 

The required sample size is 30 in each group. 

6) Sampling Technique: Convenient sampling. 

7) Method of selection of study participants: block randomization method. 

8) 

I. INCLUSION CRITERIA :    

• Age : 40-60 year 

• Gender- male & female 

• Patients with normal joint play will be included. 
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• Patient with pain in shoulder for least 3 months  

• Patients diagnosed with frozen shoulder 

• Unilateral frozen shoulder. 

II. EXCLUSION CRITERIA : 

• Open wound and infection 

• Bilateral frozen shoulder. 

• Acute injury or fracture. 

• RCT and Recent surgery. 

• Swelling 

• Rheumatoid arthritis, RSD, impingements 

III. Subject Withdrawal Criteria : 

• Participants not willing to participate. 

• Those who will be not continue for 3 weeks program. 
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Variables: 

Independent Variables: 

 Gender. 

 Age. 

  

Dependent Variables: 

 ROM 

 VAS 

 Functional and overhead activities 

 

 

9) Operational definitions: 

1. Frozen shoulder: Frozen shoulder is defined as a painful restriction of Glenohumeral joint 

motion in all planes 
18

 

2. Kaltenborn mobilization: The oscillations may be performed using physiological 

(osteokinematic) motions or joint-play (arthrokinematic) techniques. 

Grade I: Small-amplitude distraction is applied. 

Grade II: Enough distraction or glide is applied to tighten the tissues around the joint. 

Grade III: A distraction or glide is applied with amplitude large enough to place stretch on the 

joint capsule and surrounding periarticular structures. 
(16).

 

3. PNF (Hold relax): Proprioceptive neuromuscular facilitation (PNF) is an exercise modality 

defined to facilitate the responses of neuromuscular mechanism by stimulating proprioceptors. 

Effective mechanisms of PNF techniques are stimulating postural reflexes using gravity force to 

facilitate muscles, using eccentric contractions for muscle activation and utilizing diagonal 

movement patterns in activation of bi-articular muscles. 
(15) 
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4. Visual analogues scale: Visual analogue scales (VAS) are psychometric response scales used 

to measure subjective characteristics or attitudes for shoulder pain 
(12) 

 

5. SPADI:  The Shoulder Pain and Disability Index (SPADI) is a self-administered questionnaire 

that consists of two dimensions, one for pain and the other for functional activities of shoulder 

in frozen shoulder patients
.(9)

  

 

10) Methods of measurements 

  a) Shoulder range of motion: 

Method:  

Parameter: In Degree  

Instrument: Universal Goniometer 

METHODS OF DATA COLLECTION: 

 Participants: They were randomly divided in two Group A and Group B of 30 subjects each. 

Therapist position: standing and facing towards Treatment table. 

 Participant’s position: ROM in the shoulder joint was measured using goniometer, with the 

patient in the supine position.  

Measurement of the range of motion of the shoulder joint – pre and post: The flexion of the 

shoulder was measured as the angle of the arm lifted vertically, and the abduction movement 

was measured at the angle of the arm spread sideways from the position in which the upper 

trunk was fixed and the palm side of the arm was touching the body. The internal and external 

rotations were measured as the maximum angle of movement of the arm toward the head, 

with the upper trunk fixed, the arm abducted by 90 degree, and the elbow bent by 90 degree 
(2)

.  

Reliability and validity: (American Medical Association, 1993) Goniometric measurements are 

highly reliable ,test-retest reliability: 0.94–0.98- 
(10). 
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fig No-1 and 2-shows range of motion flexion and abduction. 

 

 

Fig No-3 and 4 shows range of motion External rotation and internal rotation. 
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b) Pain: 

      Method: visual analogous scale. 

 

Participant’s position: Participants will be in a relaxed sitting position with both the hands by 

side of the body.  

Therapist Position: Standing and facing towards participant. 

 VAS - A VAS is usually a 100-mm long horizontal line with verbal descriptors (word anchors) at 

each end to express the extremes of the feeling 
(12). 

 

Testing Procedure: The pain level was measured using VAS, which is widely used in clinical 

studies to objectively quantify pain severity. VAS will be used to evaluate the level of pain feel 

by patients with frozen shoulder in the shoulder, before first session and after last sessions.2 

 

Reliability and validity : The reliability study  rho values varied from 0.60 to 0.77 and in the 

validity study rho values of VAS pain scores from 0.76 to 0.84 (8). 
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c) Functional activity of shoulder: 

Instrument:  SPADI. 

Participant’s position: Participants will be in a relaxed sitting position with both the hands by 

side of the body.  

Therapist Position: Standing and facing towards participant 

Functional Performance: Functional performance of the patients was assessed by using 

“Shoulder Pain and Disability Index” (SPADI). SPADI contains 13 items that assess two domains; 

a 5-item sub-scale measuring pain and an 8-item sub-scale measuring disability. 

Testing Procedure : 
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Reliability and validity: A more recent systematic review has found reliability coefficients of ICC 

≥ 0.89 in a variety of patient populations (Roy et al 2009).  (6,8) 
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11)  Study instrument / data collection tool 

1. Universal Goniometer  

2. Pen 

Treatment table 

DATA COLLECTION TOOLS:  A.Universal goniometer  

 

B.Pen & Paper 

 

C.Treatment Table 
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12)  Methods of data collection relevant to objectives: Permission from the head of institution 

and approval from the ethical committee was obtained. Diagnosed patients frozen shoulder 

was selected. Participants who meet the inclusion criteria were briefed about the study in the 

language best understood by them and informed written consent was taken. Participants 

shoulder ranges, pain score was taken. Demographic data was documented. The data was 

documented and analyzed. Result was obtained. 

  13)  Data management & analysis procedure: 

 The participant identity was kept confidential. Anthropometric data was spread in Microsoft 

Excel 2007 for data analysis. The participant’s identity was kept confidential. Descriptive 

statistics like Mean and SD was used to summarize quantitative variables. Frequencies and 

percentage was used to summarize categorical variables.  

Independent sample paired t-test was used for comparison of mean differences of quantitative 

variables within a group A and group B (pre-post) and Mann Whitney U Test  was used in 

between two groups A and B. P-value <0.05 was be considered statistically significant for all 

comparisons. 

Data was analyzed in statistical software STATA. Version 10.1,2011 
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PROCEDURE:  

GENERAL PROCEDURE 

 Permission from the Head of Institution and approval from the Institutional Ethics 

Committee obtained.  

 Ethics and board of research (BORS) committee clearance taken. 

 Participant meeting the selection criteria was briefed about their confidentiality, 

possible benefits of the study and informed written consent taken. Demographic data 

documented.  

 Participant’s shoulder ranges and pain on visual analogues scale and functional activities 

for the same hand measured on shoulder pain and disability index (SPADI) taken. 

 Intervention in group 1 (kaltenborn) & group 2(PNF) 3 weeks program was given in 12 

session. 

 Participant’s  post intervention shoulder ranges and pain on  visual  analogues scale and 

functional activities for the same hand is measured on shoulder pain and disability 

index(SPADI) is taken . 

 The data was documented, analyzed and result was obtained. 
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14) Additional Points for Randomized control trial. 

All 60 subjects were randomly assigned into experimental and control groups using 

Randomization was according to block randomization method.  

  

 

INTERVENTION:  group 1(mobilization) kaltenborn mobilization and group 2(Proprioceptive 

neuromuscular facilitation): The PNF techniques i.e. the hold-relax with D2 Flexion pattern with 

home program exercises given to both the groups in common. 

Group 1 Intervention:  

1. Kaltenborn mobilization  

Starting position: The patient and the extremity to be treated should be positioned so the 

patient can relax. Examination of joint play is initially performed in the resting position. 

Glenohumeral Distraction  
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Indications Testing; initial treatment (sustained grade II); pain control (grade I or II oscillations); 

general mobility (sustained grade III)  

Patient Position Supine, with arm in the resting position. Support the forearm between your 

trunk and elbow. 

Hand Placement: Use the hand nearer the part being treat (e.g., left hand if treating the 

patient’s left shoulder) and place it in the patient’s axilla with your thumb just distal to the joint 

margin anteriorly and fingers posteriorly. Your other hand supports the humerus from the 

lateral surface. 

 Mobilizing Force: With the hand in the axilla, moves the humerus laterally 
(16) 

.

 Glenohumeral Posterior Glide 

• Indications-To increase flexion; to increase internal rotation. 

• Patient Position-Supine, with the arm in resting position. 

• Therapist Position and Hand Placement-Stand with your back to the patient, between 

the patient’s trunk and arm. Support the arm against your trunk, grasping the distal 

humerus with your lateral hand. This position provides grade I distraction to the joint. 

Place the lateral border of your top hand just distal to the anterior margin of the joint, 

with your fingers pointing superiorly. This hand gives the mobilizing force. 

• Mobilizing Force-Glide the humeral head posteriorly by moving the entire arm as you 

bend your knees. To increase posterior gliding when flexion approaches 90Supine, with 

the arm flexed to 90 and internally rotated and with the elbow flexed. 
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Fig No-1: shows glenohumeral posteror glide 

 

Glenohumeral Caudal Glide 

• Indication-To increase abduction (sustained grade III); to reposition the humeral head if 

superiorly positioned.  

• Patient Position-Same as for distraction. 

• Hand Placement-Place one hand in the patient’s axilla to provide a grade I distraction. 

The web space of your other hand is placed just distal to the acromion process. 

• Mobilizing Force-With the superiorly placed hand, glide the humerus in an inferior 

direction. 

 

Fig No-2: shows Glenohumeral Caudal Glide (Gliding towards inferior direction) 
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Glenohumeral Anterior Glide 

• Indications -To increase extension; to increase external rotation. 

• Patient Position-Prone, with the arm in resting position over the edge of the treatment 

table, supported on your thigh. Stabilize the acromion with padding. Supine position 

may also be used 

• . Therapist Position and Hand Placement-Stand facing the top of the table with the leg 

closer to the table in a forward stride position. Support the patient’s arm against your 

thigh with your outside hand; the arm positioned on your thigh provides a grade I 

distraction. Place the ulnar border of your other hand just distal to the posterior angle of 

the acromion process, with your fingers pointing superiorly; this hand gives the 

mobilizing force. 

• Mobilizing Force-Glide the humeral head in an anterior and slightly medial direction. 

Bend both knees so the entire arm moves anteriorly. 

 

Fig No-3: shows Glenohumeral Anterior Glide 

 

2. Passive supine forward elevation, passive external rotation, and active assisted range of 

motion in extension, horizontal adduction and internal rotation with 20 repetitions were given.  

3. Scapular retraction and shoulder elevation. Pendulum exercises were used in flexion or 

abduction with 20 repetitions was given. Patients were also gave pulley exercises in pain free 
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range.
 (11)

  Intervention given for 12 sessions for 3 weeks. Both the groups underwent the same 

protocol for therapy of 12 sessions. The outcome measures assessed once again after 12 

sessions.  

 

 

Group 2 Intervention: 

1. PNF 

Starting position: “Flexion-abduction-external rotation” (D2F pattern) with elbow 

straight pattern of PNF with “hold relax” technique. D2F pattern of PNF and hold-relax 

technique preferred to increase the range of affected shoulder motions in this study. 

“Hold-relax technique” is a relaxing tool based on isometric contractions against to 

maximum resistance using for improving passive ROM and decreasing pain. Isometric 

contractions for 5-8 seconds performed against to maximum resistance for not balking 

antagonist muscles to contract including rotation at limitation point. Technique will be 

repeated a few times at edge limitation point and then, proceed. While applying D2F 

pattern with elbow straight pattern of PNF, the therapist used his hand to hold the 

patient’s upper limb on the opposite side of hip in a posture of shoulder extension/ 

adduction/internal rotation, elbow extension and forearm pronation. The 

physiotherapist asked the patient to raise his hand over head. The patient attempted to 

perform this movement, by doing shoulder flexion/abduction/external rotation. During 

these movements, the therapist supported the patient’s arm with his other hand 
(15).
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Fig No-4, 5, 6 shows D2 flexion pattern of Proprioceptive neuromuscular facilitation with hold 

and relax. 

2. Passive supine forward elevation, passive external rotation, and active assisted range of 

motion in extension, horizontal adduction, and internal rotation with 20 repetitions were given.  

3. Scapular retraction and shoulder elevation. Pendulum exercises were used in flexion or 

abduction with 20 repetitions was given. Patients were also gave pulley exercises in pain free 

range.
 (11)

  Intervention given for 12 sessions for 3 weeks. Both the groups underwent the same 

protocol for therapy of 12 sessions. The outcome measures assessed once again after 12 

sessions. 
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RESULTS: 

The results revealed a significant difference between Group A and Group B at the end of the 

study depicting that Mobilization was more effective than PNF when combined with active 

Range of motion exercises in increasing Range of motion and decreasing pain of shoulder joint. 

Mann Whitney U Test was used statistically to compare inter groups comparison between two 

groups. 

Statistical analysis showed that, pain in activity decreased after therapy (p<0.01) in both 

groups. SPADI scores of the patients indicated that pain and disability decreased significantly 

after therapy (p<0.01) (Table 3). Inter-groups of SPADI scores showed that decrease in pain 

score was higher in the group A (p<0.01) while decrease in disability score and total score was 

almost same between both the groups (p<0.001) (Table 9). 

 

Within group analysis showed that there was a significant improvement in Flexion, Abduction, 

Internal rotation and External rotation ROM in group A and group B in 12 sessions. Shoulder 

ROM increased after intervention in both groups (p<0.05) (Table 1&4). But, this increase in 

range of flexion and abduction, internal rotation and External rotation movements was higher 

in the kaltenborn group after intervention with mean value of 137.23, 111.07, 48.50, and 34.13 

whereas PNF group shows mean value of 140.47, 121.10, 46.53 and 33.53 which is less in 

percentile (showed in table 1& 4) as compared to post mean values of kaltenborn group. Since 

kaltenborn Group showed a greater percentage of change than PNF Group, we can infer that 

kaltenborn Group showed better improvement in ROM of the glenohumeral joint than PNF 

Group. 

Table 2 & 5 represents pre and post VAS scores of both the groups. Statistically significant 

changes were seen within both the groups (p<=0.01). Statistically significant changes were also 

seen between the groups (p<=0.05). And, the percentages of pre-post differences observed for 

the VAS scale were 36.29% vs. 20.61% in Group-A and Group-B respectively. So the outcome of 

Group-A for reducing pain was found to be better than Group-B. 
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Table 3 and 6 represents pre and post SPADI scores of both groups. Statistically significant 

changes were seen within both the groups A& B (p<=0.05). Statistically significant changes were 

also seen between the groups A & B (p<=0.05). And, the percentages of pre-post differences 

observed for SPADI were 32.49% vs. 21.81% in Group-A and Group-B respectively. So the 

outcome of Group-A for reducing pain and disability was found to be better than Group-B. 
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Discussions  

The objective of the present study was to compare two mobilization techniques, PNF and 

Kaltenborn’s glide with lateral distraction, in frozen shoulder patients. The patients were 

treated for 4 sessions per week for 3 weeks, and changes in pain, ROM, and functional disability 

were recorded before and after the intervention. Although some studies have evaluated, The 

effectiveness of the proprioceptive neuromuscular facilitation technique along with other 

mobilization techniques. The effectiveness of proprioceptive neuromuscular facilitation along 

with Kaltenborn’s glides in increasing mobility and reducing pain has not been investigated. 

 

Results of this study showed that joint mobilization movement pattern is more effective 

technique than PNF in reducing pain (measured by VAS) and increasing ROM (measured by 

Goniometer). The VAS and ROM of both groups came out to be significant at baseline when 

compared using Mann Whitney U Test. Pain intensity was measured with mean difference of 

2.817 for Group A and 1.533 for Group B which was significant p≤0.001. SPADI was measured 

with mean dfference of 17.119 for group A and 6.037 for group B which was significant p< 

0.001. ROM of shoulder for Group A was measured with pre & post treatment mean difference 

of 125.87, 98.83, 38.70, 26.47 and 137.23, 111, 07, 48.50, 34.13 as shown in Table No- 1. This 

study pointed out that, range of shoulder motion improved more in the mobilization group 

than the PNF group. ROM of shoulder for Group B was measured with pre & post treatment 

mean difference of 133.90, 111.40, 41.00, 29.53 and 140.47, 121.10, 46.53, 33.53 as shown in 

Table No- 4.  

In current study, there was a significant improvement in pain in both groups, which is in 

accordance with previous studies (10). A decrease in pain after joint mobilization has been 

attributed to various mechanisms, such as neurophysiological effects achieved by the 

stimulation of type II mechanoreceptors and by inhibition of type IV nociceptor, Stimulation of 

Golgi tendon organ activity, and reflex inhibition of the muscle at the end of the passive joint 

mobilization. Joint mobilization decreases muscle activity, reducing muscle concentric 

activation, pain, and muscle tension in periarticular tissue. (10)  And the biomechanical effect 

achieved when forces are directed towards resistance but within the limits of a frozen patients 



46 
 

tolerance. Also the mechanical changes may include breaking up of adhesions, realigning 

collagen, or increasing fiber glide when specific movements stress the specific parts of the 

capsular tissue. 

The comparison of the two techniques revealed that the Kaltenborn technique was significantly 

better than the PNF technique. In current study, active shoulder ROM increased significantly 

after 12 treatment sessions in both groups, which supports the results of the studies conducted 

Surabhi Agarwal et al, Shahid Raza et al (10), This can be attributed to the following mechanical 

effects of mobilization on joint mobility: adhesions break up, realignment of  Moreover, the 

induced changes in synovial fluid, increased exchange of fluid between synovial tissue and the 

cartilage matrix, and enhanced synovial fluid turnover are found to be affected by joint 

mobilization. 

 

 Similar study, Purva Pande (27) et al the study concluded that both PNF and Joint mobilization 

along with US are effective in improving shoulder ROM in patients with Frozen shoulder. 

However patients treated with PNF showed statistically significant improvement than the 

patients treated with joint mobilization. 

Gui Do Moon et al(35) this study Concluded that The posterior Maitland and Kaltenborn 

mobilization techniques are effective for improving pain and range of motion in frozen shoulder 

patients. The results of the study shows, there were significant differences in pain and the ROM 

Of both internal and external shoulder rotation pre- and post-intervention in the MM and KM 

groups. Various mechanisms explaining the pain reduction after joint mobilization have been 

proposed. Mangus et al. stated that joint mobilization improves pain through 

neurophysiological effects by stimulating type II mechanoreceptors while inhibiting type IV 

nociceptors. Passive joint mobilization increases Golgi tendon organ activity at the end of the 

joint mobilization and causes reflex inhibition of the muscle. (39) 

The PNF technique shows less significant difference for improving external and internal rotation 

Movements but was significant for flexion and abduction movements. It is thought that PNF 

exercises expedite neuromuscular responses by stimulating proprioceptors. Thus, PNF are 

significantly effective in increasing range of motion when compared with single direction and 

single plane exercises. D2F pattern of PNF group was not include internal rotation movement 
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and applying PNF pattern with straight elbow could not provide significant difference in 

increasing external rotation movement of frozen shoulder patients . 

Panjabi M [38] et al studied that proprioceptive neuromuscular technique demonstrated 

significant improvement in terms of pain relief, restoration of ROM and early return to ADL. The 

mechanism by which proprioceptive neuromuscular technique caused improvement in 

shoulder ROM and function could be elongation of tissues, which could be the probable reason 

helping to improve ROM and function. Panjabi explains that every movement segment depends 

on three subsystems; the passive, the active and the neural subsystem, which stresses the 

diagonal pattern of movement in PNF technique. 

The SPADI score decreased significantly in both groups, with Kaltenborn technique showing 

better result than the PNF technique. This study demonstrated that shoulder function gets 

better with improvement in shoulder movements. The decrease in the disability contribute in 

reduction in pain and also the increase in the ROM, thus this allows the individuals to 

participate in the activities of daily living. Eda AKBAŞ, PT, PhD (2015) (15) shows SPADI scores 

decreased in both groups (p<0.05).Therefore, the significant improvements in mobility and pain 

achieved by the kaltenborn technique can correlate with functional improvement. 

In this study for both group A and group B VAS is used for measuring shoulder pain, 

GONIOMETER for active shoulder range of motion and SPADI for shoulder disability as their 

validity and reliability are already established. When Group A and Group B were compared, 

Group A showed better results than Group B. VAS Scores, shoulder range of motion , Shoulder 

Pain And Disability Index scores across baseline and post intervention showed a highly 

statistically significant in their mean values within Group A and Group B(p value =0.001). 

Thus, with this discussion kaltenborn mobilization is more effective than proprioceptive 

neuromuscular facilitation technique for frozen shoulder and can be incorporated into 

rehabilitation of patients with frozen shoulder. 
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Conclusion: 

Result of the study showed that both PNF and joint mobilization along are effective in 

improving shoulder ROM in patients with frozen shoulder. However subjects treated with 

mobilization showed statistically significant improvement than the subjects treated with PNF. 
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Limitations: 

The limitations of the present study are as follows. First, convenience sampling was used in this 

study, which limits the generalizability of the results to the entire population. Second, the 

duration of the treatment was relatively low, and further studies are recommended to evaluate 

the effect of longer treatment. Third, the study allowed all movements during daily activities, 

making it impossible to control for individual differences in motions. Future studies are 

therefore necessary, which may also involve scapular dyskinesia to investigate. 
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Clinical Implication: The result of this study will help in understanding the importance of both 

the techniques can be used in rehabilitation of frozen shoulder patients in clinical practice. Also 

scapular stabilization exercises should be included in complete rehabilitation protocol as it is 

evident from this study. 
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SUMMARY: A Randomized controlled trial was carried out to the Effect of Proprioceptive 

neuromuscular facilitation versus kaltenborn mobilization technique to improve ranges in frozen 

shoulder patients aged 40-60 years. Around 60 participants were assessed for the 

Study 30 in each group, who met the inclusion criteria. Participants were assessed for shoulder 

ROM, VAS, functional activities pre-treatment and post-treatment. Data was analyzed using 

Independent Mann Whitney U Test to find the comparison between two groups and the results 

significance was seen. Post-treatment mean score for shoulder flexion- 137.23, Abduction-111, 

07, internal rotation- 48.50, External rotation- 34.13 of group A and Post-treatment mean score 

for shoulder flexion-140.47, Abduction- 121.10, internal rotation- 46.53, External rotation- 

33.53. Results of this study demonstrated significantly improved in ranges, VAS score, and 

Functional activities. 
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TABLES AND GRAPHS:  

Group 1: MOBI 

Table 1: comparison of ROM of mobilization group A (pre & post treatment) 

 

 Mean Std. Deviation % T 

value 

P 

value 

Shoulder ROM degree(F) 
Pre 125.87 28.184 

8.27% -6.48 <0.01 
Post 137.23 28.190 

Shoulder ROM degree(AB) 
Pre 98.83 28.204 

12.38% -4.76 <0.01 
Post 111.07 30.521 

Shoulder ROM degree(IR) 
Pre 38.70 17.945 

25.32% -6.17 <0.01 
Post 48.50 20.149 

Shoulder ROM degree(ER) 
Pre 26.47 17.220 

28.98% -6.14 <0.01 
Post 34.13 18.632 

 

Within group analysis showed that there was significant improvement in ROM in group A with p 

valve of <0.01. 

 

Graph 1: showed increases in shoulder flexion ROM post treatment. 
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Graph 2: showed increases in shoulder abduction ROM post treatment. 

 

 
Graph 3: showed increases in shoulder internal rotation ROM post treatment. 
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Graph 4: showed increases in shoulder External rotation ROM post treatment. 

 

 

Table 2:  comparison of VAS of mobilization group A (pre & post treatment) 

 Mean Std. Deviation % T value P value 

VAS 
Pre 7.77 1.455 36.29

% 
14.19 <0.01 

Post 4.950 1.577 

within group analysis showed that there was a significant reduction in VAS score in Group A 

with p value of <0.01. 

 

Graph 5: showed decrease in VAS post treatment. 
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Table 3: comparison of SPADI score of mobilization group A (pre & post treatment) 
 

 Mean Std. 

Deviation 

% T value P 

value 

SPADI 
Pre 52.69% 16.705% 32.49% 14.97 <0.01 
Post 35.57% 16.269% 

Within group analysis showed that there was significant improvement in SPADI score in group A 

with p valve of <0.01 

Graph 6: showed decrease in SPADI score post treatment. 

SPADI 
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Group 2 PNF: 

Table 4: comparison of ROM of PNF group B (pre & post treatment) 

 Mean Std. 

Deviation 

% T value P value 

Shoulder ROM 

degree(F) 

Pre 133.90 26.255 
4.91% -2.24 <0.01 

Post 140.47 26.329 

Shoulder ROM 

degree(AB) 

Pre 111.40 30.428 
8.71% -3.17 <0.01 

Post 121.10 32.433 

Shoulder ROM 

degree(IR) 

Pre 41.00 14.384 
13.49% -5.32 <0.01 

Post 46.53 15.690 

Shoulder ROM 

degree(ER) 

Pre 29.53 13.821 
13.54% -6.08 <0.01 

Post 33.53 14.531 
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Within group analysis showed that there was significant improvement in ROM in group B with p 

valve of <0.01 

Graph 7: showed increases in shoulder flexion ROM post treatment of group 2 
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Graph 8: showed increases in shoulder abduction ROM post treatment of group 2. 

 

 

Graph 9: showed increases in shoulder internal rotation ROM post treatment of group 2. 
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Graph 10: showed increases in shoulder External rotation ROM post treatment group 2. 

 

 

Table 5: comparison of VAS of PNF group B (pre & post treatment) 

 Mean Std. 

Deviation 

% T 

value 

P 

value 

VAS 
Pre 7.47 1.737 20.61

% 
8.96 <0.01 

Post 5.93 1.982 

Within group analysis showed that there was significant improvement in VAS score in group B 

with p valve of <0.01 

 

Graph 11: showed decrease in VAS post treatment group 2. 
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Table 6: comparison of SPADI score of PNF group B (pre & post treatment) 

 

 Mean Std. Deviation % T value P value 

SPADI 
Pre 41.44% 19.506% 

21.81% 9.42 <0.01 
Post 35.40% 19.925% 

Within group analysis showed that there was significant improvement in SPADI score in group B 

with p valve of <0.01  

 

Graph 12: showed decrease in SPADI score post treatment group 2. 
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Table 7: Group 1 Vs. Group 2   (Difference Pre & Post) 

Group 

Group 1 Group 2 Mann 
Whitney 
U Test  

 

Mean Std. 
Deviation 

Median Mean Std. 
Deviation 

Median P value 

shoulder ROM 
degree(F) 

11.37 9.608 10.00 6.57 16.038 3.50 0.001 

shoulder ROM 
degree(AB) 

12.23 14.070 8.50 9.70 16.764 4.00 0.02 

shoulder ROM 
degree(IR) 

9.80 8.696 7.50 5.53 5.698 4.00 0.006 

shoulder ROM 
degree(ER) 

7.67 8.159 8.00 4.00 3.601 4.00 0.001 

 

Between two groups analysis showed that there was significant improvement in ROM in both 

group A and B. 

 

 

 

Graph 13: showed post treatment difference of flexion ROM between two groups 1 & 2. 
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Graph 14: showed post treatment difference of abduction ROM between two groups 1 & 2. 
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Graph 15: showed post treatment difference of internal rotation between two groups 1 & 2. 
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Graph 16: showed post treatment difference of External rotation ROM between two groups 1  

& 2. 
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Table 8: comparison of vas (pain) score between group A and group B 

 

VAS Mann Whitney U Test 

Group Mean Std. Deviation Median P value 

1 2.817 1.0866 3.000 
<0.001 

2 1.533 .9371 1.500 

Between two groups analysis showed that there was significant improvement in vas score in 

group A and B with p valve of <0.001 

Graph 17: showed post treatment difference of VAS between two groups 1 & 2. 
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Group Mean Std. Deviation Median P value 

1 17.119 6.260 16.380 
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Between two groups analysis showed that there was significant improvement in SPADI score in 

both group A and B with p value <0.001 
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Graph 18: showed post treatment difference of SPADI score between two groups 1 & 2. 
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                                                                          ANNEXURE I 

PERMISSION LATTER 

To, 

The Chairman, Ethical Committee 

Subject: Permission to carry out research work 

I ,                                                       , student of master of Physiotherapy, would request you to 

grant me permission to carry out my research work. My research topic is, “Effect of 

Proprioceptive neuromuscular facilitation versus kaltenborn mobilization technique to improve 

ranges in frozen shoulder patients aged 40-60 years- A Randomized controlled trial.” 

I promise that the ethics as well as subjects care shall be duty complied. 

I kindly request you to do the needful in this regard. 

Yours sincerely, 

Research student. 

Date: 
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ANNEXURE II (A) 

Patient information sheet 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

These standard procedures include diagnosed frozen shoulder participants both male and 

female who will be voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the participants of frozen shoulder population. 

 

2. The investigator will explain the interventional protocol to allay apprehension and answer all 

the queries of the participant. 

 

3. If the participant decides to participate then they would be consented according to the 

standard procedure. 

 

4. If the participant expresses interest but has some doubts in that case they would be solved.  

 

5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

 

6. Study procedures will begin after the participant’s concern.  
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7. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  

 

8. If participant wants to discuss this information to their family members then they entitled to 

do so before giving the consent. 

General information to research participants:  

1. Name:  

    Age:  

    Sex:  

    Date: 

2. You would be required to fill the Proforma and the purpose of the research is to study “Effect 

of Proprioceptive neuromuscular facilitation versus kaltenborn mobilization technique to 

improve ranges in frozen shoulder patients aged 40-60 years- A Randomized controlled trial” 

 

3. If you are willing to voluntarily participate in the study then you are expected to enroll with 

us right from the moment of filling proforma till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help you 

and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

 

6. If at any moment you want to discontinue from this research study then you are free to do so 

and there would not be any hindrance from our side. 

 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  



72 
 

 

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then your identity would not be revealed. If the photograph is published 

then permission would be obtained.  

 

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the test you need not worry and let us know so 

that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 

 12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 
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Annexure II (B) 

उद्देळ् 

आमवीएभआयच्मा ननमाभक आलश्मकता आणण आमईवीने भान्मता ददरेल्मा भादशतीनुवाय 

लरणित भादशती ददरी आशे. 

व्माप्ती: - मा भानक प्रक्रिमाॊभध्मे ननदान झारेल्मा गोठरेल्मा िाॊद्माच्मा वशबागी ऩुरुऴ आणण 
भदशरा दोघाॊचा वभालेळ आशे जे मा अभ्मावाभध्मे स्लेच्छेने वशबागी शोण्माव इच्छुक अवतीर. 

 

जफाफदायी: 

वॊळोधक मा अभ्मावाचा बाग शोण्मावाठी स्लमॊवेला कयणामाा वला वशबागीॊचे रेिी सात वशभती 

प्राप्त कयतीर. 

कामाऩद्धती: 

1. वॊळोधक गोठरेल्मा िाॊद्माच्मा रोकवॊख्मेच्मा वशबागीॊची ननलड कयेर. 

2. अन्लेऴण कभी कयण्मावाठी आणण वशबागीच्मा वला प्रश्नाॊची उत्तये देणाये इॊटयव्शेंळनर 

प्रोटोकॉर स्ऩष्टीकयणकताा देईर 

3. वशबागीने वशबागी शोण्माचा ननणाम घेतरा तय ते भानक वॊचारन प्रक्रिमनुवाय वॊभती देईर. 

4. जय वशबागीने रूची व्मक्त केरी ऩयॊतु त्मात काशी ळॊका अवतीर तय ते वोडलतीर. 

5.वशबागी जय स्ऩष्टीकयण वोमीस्कय अवतीर तय ते भानक वॊचारन प्रक्रिमेनुवाय वूचचत वॊभती 

बयतीर. 

6. वशबागीॊच्मा चचॊतेच्मा नॊतय अभ्माव प्रक्रिमा वरुू शोईर. 

7.वभावलष्ट आणण फदशष्काय ननकऴ वत्मावऩत कयण्मावाठी म्शणून तऩळीरलाय लैद्मकीम आणण 

इतय कोणत्माशी ळायीरयक वभस्मा इनतशाव प्राप्त केरे जाईर. 
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8.जय वशबाग्माने आऩल्मा कुटुॊफीमाॊना मा भादशतीलय चचाा कयामची अवेर तय त्माॊना वॊभती 

देण्माऩूली अवे कयण्माचे अचधकाय आशेत. 

वशबागीॊना वॊळोधन कयण्मावाठी वाभान्म भादशती: 

1. नाल: 

   लम: 

   लर ॊग: 

   तायीि: 

2.आऩल्मारा प्रोपाभाा बयणे आलश्मक आशे आणण वॊळोधनाचा शेतू “प्रोप्रामवीप्मूदटव्श 

न्मूयोभुस्क्मुरय पॎ लवलरटी व्शवाव कॎ ल्टनफॉनाचा ऩरयणाभ 40 लऴाांच्मा गोठलरेल्मा ळलू्टय 

ऩेजेवभधीर येंज वुधायण्मावाठी भोबफरामझेळन टेक्क्नकर -60 लऴ-े एक मादृक्च्छक ननमॊबित 

चाचणी” शा अभ्मावकयणे आलश्मक आशे. 

3.जय आऩण स्लेच्छेने अभ्मावात वशबागी शोऊ इक्च्छत अवार तय चाचणीऩूणा शोईऩमांत आऩण 

कामाप्रदळान बयण्माऩावूनच आऩल्माकडून नोंदणी कयणे अऩेक्षषत आशे. 

4.मा काऱात तुम्शी अस्लस्थ आशात तय भग कृऩमा आम्शारा कऱूद्मा जेणे करून आम्शी 

आल्माव भदत करू आणण आऩल्मा वभस्मेलय कोणत्माशी अमोग्म प्रबालालळलाम भात करू ळकू. 

5. आऩल्मारा कोणतेशी ऩयताला आणण नुकवान बयऩाई ददरी जाणाय नाशी. 

6.कोणत्माशी षणी जय आऩण मा वॊळोधन अभ्मावातून थाॊफू इक्च्छत अवार तय आऩण तवे 

कयण्माव भुक्त आशात आणण आऩल्माफाजूने कोणतीशी अडथऱा नवता. 

7. वॊभती ऩि प्राप्त कयण्माऩूली अभ्मावाची जोिीभ,अस्लस्थता,पामदे आणण तोटे माॊचा तऩळीर 

आऩल्मारा स्ऩष्टकेरा जाईर. 
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8.मा अभ्मावातून प्राप्त झारेरा डेटा गुप्तऩणे वॊयक्षषत आणण देियेिकेरा जाईर आणण जय 

छामाचचिलाऩयरे अवेर तय आऩरी ओऱि प्रगट शोणाय नाशी. छामाचचि प्रकालळत झाल्माव 

ऩयलानगी प्राप्त शोईर. 

9.मा अभ्मावावाठी आलश्मक अवरेल्मा वलवलध चाचणी प्रक्रिमेचे वला जोडून आऩल्मारा 

स्ऩष्ट केरे जाईर आणण त्मानुवाय वॊभती ददरी जाईर. 

10.आऩण थकल्मावायिे क्रकॊ ला आऩण ऩूणा काऱजी घेण्माव अवभथा लाटत अवल्माव आऩल्मारा 

काऱजी कयण्माची गयज नाशी माची आम्शारा भादशतीद्मा आलश्मकती ऩालरे उचरता मेतीर. 

11.आऩण कोणत्माशी षणी वभाधानी नवल्माव आऩण कोणत्माशी ऩरयणाभाॊ लळलाम बाग कधीशी 

काढू ळकता. 

12. वॊळोधकाचे नाल: 

    पोननॊफय: 

    ऩत्ता: 

13. भागादळाकाॊचे नाल: 

      पोन नॊफय: 

      ऩत्ता: 

14. वॊस्थेचे नाल: 
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Annexure II (C) 

उद्देश्म: 

आईवीएभआय की ननमाभक आलश्मकता के अनुवाय वुननक्श्चत कयने के लरए क्रक लरणित वचूचत 

वशभनत ऩुरुऴ औय भदशरा वे प्राप्त की गई शै औय आईईवी द्लाया अनुभोददत क्रकमा गमा शै। 

 

स्कोऩ: इन भानक प्रक्रिमाओॊ भें ळालभर शैं जभे शुए कॊ धे प्रनतबाचगमों का ननदान ऩुरुऴ औय 

भदशरा दोनों जो स्लेच्छा वे इव अध्ममन भें बाग रेने के लरए तैमाय शोंगे 

क्जम्भेदायी: 

ळोधकताा इव अध्ममन भें बाग कयने लारे वबी ऩुरुऴ औय भदशरा वे लरणित वूचचत वशभनत 

प्राप्त कयेगा। 

प्रक्रिमा: 

1. ळोधकताा जभे शुए कॊ धे की आफादी के प्रनतबाचगमों का चमन कयेगा 

2. अन्लेऴक इॊटयएक्क्टल प्रोटोकॉर को वबी आळॊकाओॊ को वभझाएगा औय प्रनतबागी के वबी 

प्रश्नों का उत्तय देगा। 

3. मदद भयीज़ वललयण के वाथ वशज शोते शैं तो ले भानक ऩरयचारन प्रक्रिमा के अनुवाय 

वूचचत वशभनत बयेंगे। 

4. योचगमों की वशभनत के फाद अध्ममन प्रक्रिमा ळरुू शोगी। 

5. वलस्ततृ चचक्रकत्वा औय क्रकवी बी अन्म ळायीरयक वभस्मा का इनतशाव योचगमों वे प्राप्त 

क्रकमा जाएगा ताक्रक ळालभर क्रकए जाने औय फदशष्कयण भानदॊड को वत्मावऩत क्रकमा जा 

वके। 

6. अनुवॊधान वलऴम की वाभान्म जानकायी: 
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1 नाभ 

2. उम्र 

3. लर ॊग 

4. ददनाॊक 

 

7. मदद आऩ इव अलचध के दौयान अवुवलधाजनक शैं तो कृऩमा शभें मश फताएॊ ताक्रक शभ 

आऩकी भदद कय वकते शैं औय आऩकी वभस्मा को क्रकवी बी अमोग्म प्रबाल के बफना 

ऩाय कय वकते शैं। 

8. आऩको कोई प्रनतऩूनत ा औय षनतऩूनत ा नशीॊ दी जाएगी। 

9. मदद क्रकवी बी वभम आऩ इव ळोध अध्ममन को फॊद कयना चाशते शैं तो आऩ ऐवा कयने 

के लरए स्लतॊि शैं औय शभाये ऩष वे कोई फाधा नशीॊ शोगी। 

10. वशभनत के ऩि प्राप्त कयने वे ऩशरे ऩयीषण, जोणिभ, अवुवलधा, पामदे औय नुकवान 

का वललयण आऩको वभझामा जाएगा। 

11. इव अध्ममन वे प्राप्त आॊकडे गोऩनीम रूऩ वे वॊयक्षषत औय फनाए यिे जाएॊगे औय अगय 

तस्लीय का इस्तेभार क्रकमा जाए तो आऩकी ऩशचान प्रकट नशीॊ की जाएगी औय मदद 

तस्लीय प्रकालळत की गई तो अनुभनत प्राप्त की जाएगी। 

12. ऩयीषण प्रक्रिमा का वबी जोणिभ आऩको वभझामा जाएगा औय तदनुवाय वशभनत री 

जाएगी 

13. मदद आऩ क्रकवी बी वभम वॊतुष्ट नशीॊ शैं तो आऩ क्रकवी बी वभम क्रकवी बी ऩरयणाभ के 

बफना लाऩव रे वकते शैं 
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ळोधकताा का नाभ: 

फोननॊफय: 

ऩता: 

गाइड का नाभ: 
फोननॊफय: 

ऩता: 

वॊस्था का नाभ: 
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ANNEXURE II (D) 

LETTER OF CONSENT 

“Effect of Proprioceptive neuromuscular facilitation versus kaltenborn mobilization technique to 

improve ranges in frozen shoulder patients aged 40-60 years- A Randomized controlled trial.” 

 

1. I have received an explanation of the nature, purpose, duration and foreseeable 

effects and risks of the trial and what I will be expected to do. My questions have been 

answered satisfactorily. 

2. I understand that my participation in the trial is voluntary and that I may refuse 

to participate or may withdraw from the trial at any time, without penalty or loss of 

benefits to which I am otherwise entitled. 

3. I further understand that any information that becomes available during the 

course of the study that may affect my willingness to take part will be informed to me. 

4. Institutional Ethics Committee authorities may wish to examine my medical 

records to verify the information collected. By signing this document, I give permission 

for this review of my records. 

5. I understand that my identity will not be revealed in any report or publication. 

6. I agree to take part in the above study. 

 

 

 

_____________________                                                                                       __________                              

Name of research participant                                                                               Signature/Thumb                                                               

   

Date: 
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Annexure II (E) 

वॊभती 

प्रोप्रामवीप्मूदटव्श  न्मूयोभुस्क्मुरय पॎ लवलरटी व्शवाव कॎ ल्टनफॉनाचा ऩरयणाभ 40 लऴाांच्मा 

गोठलरेल्मा ळलू्टय ऩेजेवभधीर येंज वुधायण्मावाठी भोबफरामझेळन टेक्क्नकर -60 लऴ-े एक 

मादृक्च्छक ननमॊबित चाचणी 

 उऩिभाचे स्लरूऩ,कायण, कारालधी त्माचे ऩुढीर ऩरयणाभ आणण उऩिभाचे धोके तवेच मा 

अभ्मावातीर भाझी बलूभका भरा वभजालरी गेरी आशे .भाझे वगऱे प्रश्न 

वभाधानकायकरयत्मा वोडलरे गेरे आशे . 

 भाझा मा उऩिभातीर वशबाग ऩूणाऩणे ऐक्च्छक आशे आणण भी  कोणत्माशी लेऱी, 

कोणतेशी कायण न देता, कुठराशी दॊड न बयता  आणण भरा लभऱण्माचा अऩेक्षषत पामदा 

माॊभध्मे कुठराशी फदर न शोता भी मा अभ्मावातून कुठल्माशी षणी भाघाय घेऊ ळकते 

/ळकतो . 

 उऩिभादयम्मान उऩरब्ध शोणाऱ्मा कोणत्माशी भादशतीभुऱे भाझ्मा उऩिभातीर बाग 

घेण्मालय ऩरयणाभ शोऊ ळकतो शे भरा वाॊचगतरे जाईर . 

 वलद्मारमीन वॊलभतीभादशती गोऱा कयण्मावाठी भाझी आधीची लैद्मकीम ऩिक ऩाशू 

ळकतात .मा ऩिकालय वशी केल्मालय भी त्माॊना तळी अनुभती देते /देतो. 

 भी शे जाणते/जाणतो क्रक भाझी ओऱि कुठल्माशी तवेच कोणत्माशी भादशतीत/प्रकाळनात 

प्रदलळात केरी जाणाय नाशी .    

 भी ह्मा उऩिभात वशबागी शोण्मावाठी वॊभती देत आशे 

  

  वशबागी वदस्माचे नाल          स्लाषयी /अॊगठ्माचा ठवा           ददनाॊक  
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ANNEXURE II (F) 

वशभनत – ऩि 

40-60 लऴा की आमु के जभे शुए कॊ धे के योचगमों भें शे्रणी वुधायने के लरए प्रोरेरयमोवेक्प्टल 

न्मूयोभस्कुरय पैलवलरटी फनाभ कल्टफॉना की जुटान तकनीक का प्रबाल- एक मादृक्च्छक ननमॊबित 

ऩयीषण 

 इव अभ्माव का स्लरुऩ, अलकाळ, इववे जुडे वॊबाव्म ितये, वॊबावलत प्रबाल औय भुझे जो 

कयना शै उव के फाये भें स्ऩष्ट जानकायी लभरी शै।  

 इव अभ्माव भें वशबागी शोने का भेया िुद का ननणाम शै.भैं क्रकवी वभम अभ्माव को 

छोडकय जा वकती/वकताशू। इवके लरए भैं कोई बी भानदॊड मा बयऩाई कयने के लरए 

फॊधी/फॊधा नशीॊ शूॉ।   

 अभ्माव के दौयान उऩरब्ध अन्म जानकायी क्जव वे अभ्माविभ भें बाग रेने ऩय अवय 

ऩडेगा लश भुझे फतामा जामेगा।  

 भेयी जाॊच का जो भूल्माॊकन शुआ शै, उवे वॊस्था के वभारोचक भॊडर के अचधकायी ऩयि 

वकते शै।इव ऩि ऩय शस्ताषय कय के भैं मश अनुभनत देता शूॉ मा देती शूॉ । 

 भेयी ऩशचान क्रकवीबी लतृाॊत मा प्रकाळन भें प्रकालळत नशीॊ शोगी। 

 भैं अभ्माविभ के लरए वशभत शूॉ। 

____________             _________________                   _______                  

वशबागी का नाभ          शस्ताषय मा अॊगूठे का ननळान                  ददनाॊक 
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 GANTT CHART 

 

sr.no  components  
2019 
nov 

2019 
dec 

2020 
jan  

2020 
feb 

2020 
march  

2020 
april-
june 

2020 
jul-
sept 

2020 
oct-
dec 

2021 
jan-
mar 

2021april-
june 

2021 
jul-
sept 

1 Allotment of guide                       

2 Selection of topic                       

3 
Formulation of 
research question                       

4 
formulation of aim 
and objectives                       

5 
hypothesis, null 
hypothesis                       

6 Research protocol                       

7 
Research 
designing                       

8 
Review of 
literature                       

9 
methodology 
formulation                       

10 study designing                       

11 study setting                       

12 
sample size 
estimation                       

13 
selection of study 
instruments                       

14 
method of data 
collection                        

15 

data management 
and analysis 
procedure                       

16 
IEC and BORS 
clearance                       

17 
compilation of 
synopsis                       

18 
uploading of 
synopsis                       

19 data collection                       

20 
data presentation 
and analysis                       

21 

writing of 
discussion and 
conclusion                       

22 
submission of 
thesis to MUHS                       
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MASTERCHART: 

Group 1: Kaltenborn mobilization  

Group 2: PNF 

Group 1: Kaltenborn mobilization  

Pre- treatment kaltenborn group 

 

Post-treatment kaltenborn group 

 

Sr.N 
shoulder 
ROM (F) 

shoulder 
ROM 
(AB) 

shoulder 
ROM 
(IR) 

shoulder 
ROM 
(ER) VAS SPADI 

shoulder 
ROM(F) 

shoulder 
ROM 
(AB) 

shoulder 
ROM IR 

shoulder 
ROM ER VAS SPADI 

1 120 90 80 70 8 42.08% 170 160 90 80 3 13% 

2 160 90 40 20 6 63.07% 169 120 85 45 3 35.70% 

3 90 50 20 10 7 66.15% 110 90 30 20 5 52.26% 

4 130 110 45 25 8 61.53% 137 115 53 33 7 41.22% 

5 110 80 20 20 7 63.87% 120 80 40 30 6 48.60% 

6 90 90 20 10 8 66.32% 110 90 30 20 6 52.30% 

7 160 90 30 20 9 64.50% 170 100 40 30 7 55% 

8 110 80 30 10 9 62% 140 93 43 15 6 43.57% 

9 110 90 21 17 5 67.60% 121 98 25 20 4 45.60% 

10 97 50 21 19 6 57.90% 108 55 27 20 6 42% 

11 120 90 45 39 7 49.50% 115 95 52 15 4 31.20% 

12 70 62 20 9 10 76.89% 82 65 25 13 7 61.50% 

13 170 153 72 60 8 20.34% 180 171 85 78 4 7% 

14 140 120 60 57 9 29.67% 154 130 64 61 5 11.62% 

15 132 120 70 48 6 31.10% 139 125 80 54 3 23.60% 

16 93 72 20 10 9 61.90% 99 77 25 19 7 52.30% 

17 180 164 60 58 8 14.54% 185 170 69 64 5 6.71% 

18 131 89 21 10 8 67% 149 95 28 16 5 54.80% 

19 165 131 35 22 6 48.90% 173 150 44 31 2 26.70% 

20 95 79 30 17 10 65.80% 99 88 60 30 7.5 43.70% 

21 129 98 43 30 8 55.90% 140 115 50 39 5 30.80% 

22 158 130 58 31 10 40.15% 165 141 64 44 7 29.90% 

23 110 90 30 21 8 58% 125 102 35 29 4 34.87% 

24 90 82 12 9 9 70.10% 95 87 17 12 5 62.60% 

25 130 100 40 20 8 66.70% 136 105 42 25 5 38.60% 

26 125 90 41 25 7 60.90% 131 114 41 30 4 38.50% 

27 134 110 40 15 8 49.65% 145 120 45 39 5 28.70% 

28 115 85 32 15 9 47.00% 120 85 38 20 5 30.60% 

29 152 130 50 35 8 28.90% 160 135 60 40 5 12.54% 

30 160 150 55 42 4 22.90% 170 161 68 52 1 11.80% 
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Group B- PNF 

 

 

Pre-treatment PNF  group 

 

Post-treatment PNF group 

 

s .No 
shoulder 
ROM (F) 

shoulder 
ROM 
(AB) 

shoulder 
ROM IR 

shoulder 
ROM ER VAS SPADI 

shouder 
ROM(F) 

shoulder 
ROM 
(AB) 

shoulder 
ROM IR 

shoulder 
ROM ER VAS SPADI 

1 160 150 50 40 9 38.90% 170 155 60 45 7 30.70% 

2 135 80 40 25 7 44.60% 140 90 48 31 6 34.70% 

3 130 80 30 10 8 79.23% 140 105 40 15 7 67.85% 

4 90 80 45 20 7 40.76% 120 100 60 30 4 35.76% 

5 110 90 50 30 7 21.58% 175 170 65 47 4 14.50% 

6 130 110 38 10 4 14.60% 160 155 60 15 1 6.56% 

7 160 150 50 50 4 14.87% 180 160 60 60 4 7.60% 

8 112 90 10 10 9 52.90% 120 90 20 15 7 46.95% 

9 112 97 40 19 6 58.90% 125 100 45 25 5 45.70% 

10 140 95 60 45 8 38.90% 141 100 60 45 6 22.70% 

11 109 62 32 27 8 28.90% 109 62 32 27 7 28.90% 

12 162 150 60 55 6 20.70% 165 155 65 60 4 14.90% 

13 117 90 25 21 8 61.90% 117 90 25 21 6 60.10% 

14 149 130 60 49 6 36.91% 151 133 62 52 5 27.95% 

15 144 119 42 36 8 32.43% 149 125 49 40 7 26.80% 

16 157 131 42 39 4 30.60% 116 131 58 42 2 27% 

17 160 142 51 39 9 23.10% 160 142 51 39 8 17.80% 

18 142 101 50 41 9 20.10% 148 120 55 44 9 13.50% 

19 158 132 57 41 8 18% 160 159 60 45 5 9.80% 

20 85 50 21 10 10 71.80% 85 50 21 10 8 70.90% 

21 146 128 39 29 8 28.91% 150 130 40 31 7 25% 

22 90 81 13 8 10 74.80% 95 84 15 11 8 70.85% 

23 139 129 40 29 7 45.85% 142 134 44 33 6 41.00% 

24 167 155 55 31 8 28.90% 168 155 57 35 5 23.90% 

25 95 86 21 15 6 59.90% 100 91 25 19 5 56.87% 

26 170 151 50 41 10 43.07% 170 155 52 44 8 39% 

27 95 75 16 10 10 78.90% 98 77 16 10 10 72% 

28 166 149 56 45 6 25% 170 150 60 50 4 21.90% 

29 150 136 49 31 8 59.30% 150 140 51 35 7 55% 

30 137 123 38 30 6 48.90% 140 125 40 30 6 45.90% 
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Templet to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  Effect of Proprioceptive neuromuscular facilitation versus kaltenborn  

mobilization technique to improve ranges in frozen shoulder patients 

aged 40-60 years- A Randomized controlled trial 

 

02) Introduction :- Frozen shoulder defined as a gradual loss of range of motion 

which persists from several months to years with minimal pain 

throughout the range except at the end range of motion 
(1).

 

Frozen shoulder causes pain around the shoulder joint and 

reduces the ranges especially abduction, internal rotation, and 

external rotation of the shoulder and the patients in the initial 

phase complains of limitations in daily activities and pain in 

their shoulder joints. The limitation of range of motion is 

caused due to the adhesion of the joints, hypoplasia of the 

synovial membrane through reduction of the area of joint 

cavity, contraction of the articular capsule and historical tissue 

proliferation. This condition decreases the abduction, internal 

rotation and external rotation of the shoulder. 
(2)

 Incidence of 

frozen shoulder is estimated at 2.4 per 1000 population per 

year 
(3)

.Clinical presentation of frozen shoulder is in three 

overlapping phases. 

Phase 1 – characterized by intense pain even at rest and 

limitation of motion by 2 to 3 weeks after onset. Acute 

symptoms lasting 3-4 months. . 

Phase 2 –Stiffening or frozen, where pain is gradual reduce but 

stiffness occurs with restriction in range of motion lasting 4 

months to 12 months. 

Phase 3 – No pain & synovities but capsular restriction seen 
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due to adhesion lasting 12 months to 42 months or longer. 

Thawing phase, there is improvement in range of motion with 

resolution of stiffness. 
(3)

Treatment of frozen shoulder can 

either be conservative or surgical. Studies have shown that 

most of the health professionals prefer conservative 

treatment with physiotherapy. Studies have also shows 

rehabilitation is very effective in improving ROM and reducing 

pain, increasing function 
( 4).

Many treatments methods are 

practiced clinically of management of frozen shoulder 

syndrome 
(5). 

The proprioceptive neuromuscular facilitation 

(PNF), developed by Knott and Kabat, is a type of therapeutic 

exercise composed of a pattern of muscular Contractions and 

diagonal movement. The PNF technique are effective in frozen 

shoulder patient consisted of reduction pain, improving ROM, 

and other therapeutic benefits 
(2). 

Different techniques, such 

as rhythmic initiation, repeated contractions, rhythmic 

stabilization, combination of isotonic, dynamic reversals, 

hold-relax, and contract-relax can be used to improve muscle 

strength and flexibility.  Whereas Hold-relax, contract-relax 

techniques are based on the neurophysiology of reciprocal 

innervation helps to improve ROM and reducing pain in frozen 

shoulder 
(5). The Shoulder Pain and Disability Index (SPADI) is a 

self-administered questionnaire that consists of two 

dimensions, one for pain and the other for functional 

activities. The SPADI takes 5 to 10 minutes for a patient to 

complete and is the only reliable and valid region-specific 

measure for the shoulder.  A more recent systematic review 

has found reliability coefficients of ICC ≥ 0.89 in a variety of 

patient populations (Roy et al 2009) (7,9).

 
The pain level was 

measured using VAS, which is widely used in clinical studies to 
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objectively quantify pain severity. Ibrahim et al. (2014) also 

used VAS in their study to evaluate the level of pain felt by 

people with adhesive capsulitis in the shoulder (2) The 

reliability study rho values varied from 0.60 to 0.77 and in the 

validity study rho values of VAS pain scores from 0.76 to 0.84 

(8).The purpose of the kaltenborn mobilization for a frozen 

shoulder is
 
to increase shoulder ranges by stretching the 

glenohumeral joint capsule. Research has shown that PNF and 

Kaltenborn techniques have similar effect in reducing pain and 

improving ROM in frozen shoulder patients 10. 

The ROM in the 

shoulder joint was measured using a goniometer, according to 

the instructions of the American Medical Association, to 

measure the flexion, abduction, and internal and external 

rotations, which were subject to limitations (American Medi-

cal Association, 1993) Goniometric measurements are highly 

reliable{test-retest reliability: 0.94–0.98} 
(10).

 

Rational for Study 

• Frozen shoulder is likely to cause major limitations in range 

-abduction, external rotations, flexion of motion and 

increased pain, which limits activities of daily living of 

patients. Both Range of motion, pain and activities of daily 

living are essential for appropriate and smooth function of 

upper extremities 
(15).

 

•  There are studies about the application of PNF techniques in 

sports injuries, orthopedics, and neurological condition 

recently; the application of these techniques in orthopedic 

conditions is evolving 
(4). 

However, there is inadequate 

research in the literature including upper extremity PNF (holds 

relax) in exercise protocol in the upper extremity pathologies 
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particularly frozen shoulder 
(15).

 

•  Kaltenborn technique is regularly used clinically to treat 

frozen shoulder. The purpose of the mobilizing exercise 

therapy for a frozen shoulder is primarily to increase shoulder 

range of motion. Research has shown that Kaltenborn 

techniques are similarly effective in reducing pain and 

improving ROM in frozen shoulder patients 
(10)

. 

• Recent studies, have found that D2 flexion with hold relax  

PNF technique can be effective in the management of frozen 

shoulder 
(10) 

The purpose of the current study is to study the 

effect of D2 flexion with hold relax in combination with other 

exercises, mobilization techniques to improve ranges , reduce 

pain and daily activities of patients. 

• Therefore we intend to study the effects of PNF ( D2 flexion 

with hold relax) techniques on pain , ranges and overhead 

reach activity in patient with frozen shoulder 
(5). 

 

  

  

 

 

3.1) Primary Research 
Question :- 

 Is there any difference in Effect of Proprioceptive neuromuscular 

facilitation verses kaltenborn mobilization technique to improve 

ranges in frozen shoulder patients? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not applicable 
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3.3) Secondary Research 
Question 2 :- 

(if any) 

Not applicable 

4.1) Primary 
Hypothesis :- 

NULL HYPOTHESIS: 

There is no significant effect of Proprioceptive neuromuscular 

facilitation in improving range of motion and pain in frozen shoulder 

patients aged 40-60 years after 3 weeks of exercise intervention. 

ALTERNATE HYPOTHESIS: 

There is a significant effect of Proprioceptive neuromuscular 

facilitation in improving range of motion and pain in frozen shoulder 

patients aged 40-60 years after 3 weeks of exercise intervention. 

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not Applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

 Not Applicable 

05) Review of 
Literature :- 

1. Jaya Shanker Tedla, Devika Rani Sangadala conducted a study 

entitled “the effectiveness of proprioceptive neuromuscular 

facilitation (PNF) treatment techniques in adhesive capsulitis 

for decreasing pain and disability and increasing range of 

motion (ROM) and function”. A thorough, computerized 

search was done using database search engines by two 

reviewers. After meticulous scrutiny and screening of 410 

studies, according to the selection criteria, 10 full-text articles 

were included in the review and meta-analysis. All 10 studies 

had undergone a methodological quality assessment by the 

Physiotherapy Evidence Database Scale. Meta-analysis was 

done for external rotation, abduction ROM and pain. The most 

common PNF techniques used by most of the studies were, 
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hold-relax and contract-relax in upper limb D2 flexion, 

abduction, and an external rotation pattern, while some 

studies used scapular PNF patterns. Among the 10 included 

studies, nine showed that the PNF group is superior in 

decreasing pain and reduce disability, increasing ROM, 

improving function. result  shows the meta-analysis also 

show significant effect size and that the PNF is superior than 

conventional physical therapy in decreasing pain, increasing 

external rotation. Musculoskeletal Neuronal Interact 2019; 

19(4):482-491.4  

2. Purva Pande, Bharti Arora, Priyanka Rishi  the study was 

conducted to “ Effect of PNF and joint mobilization along with 

ultrasound on abduction and external rotation range of 

motion and pain in patients with frozen shoulder” PNF and 

Mobilization are the two techniques used in improving Range 

of motion and reducing pain in patients with frozen shoulder 

but there is limited evidence for the comparison of PNF 

movement pattern and Mobilization in the treatment of 

frozen shoulder. Objectives of the study was to compare the 

effectiveness of PNF movement pattern and mobilization 

along with ultrasound on abduction and external rotation 

range of motion and pain in patients with frozen shoulder. 30 

clinically diagnosed subjects with frozen shoulder were 

randomly assigned to either PNF movement pattern with 

Ultrasound (Group A) and Mobilization technique with 

Ultrasound (Group B) and were evaluated by measuring 

passive ROM with the help of Goniometry at baseline, last day 

of 2nd week and last day of 4th week. Data analysis was 

performed using SPSS 16. Results: There was significant 

improvement in ROM and pain after 4 weeks. The result of 

the study revealed that PNF movement pattern with 

Ultrasound is better than mobilization technique and 

ultrasound in improving ROM July 2017; Page No. 64-67.27 
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3. Gadpal Pratiksha *1, Bhave Shobha 2, Deshpande N.K 

conducted a study on “ IMMEDIATE EFFECT ON EXTERNAL 

ROTATION AND OVERHEAD REACH IN PATIENTS WITH 

SHOULDER PATHOLOGY USING PROPRIOCEPTIVE 

NEUROMUSCULAR FASCILITATION AND SOFT TISSUE 

MOBILIZATION”.It is postulated that restriction in 

glenohumeral external rotation when measured at 45 degree 

of abduction represent subscapularis muscle flexibility deficits 

as compared to when it is measured at 90 degrees of 

abduction which indicates capsular restriction. Adequate 

glenohumeral external rotation is believed to be essential for 

the ability to reach overhead . Patients coming to 

physiotherapy department with shoulder pathology often 

have to attend various sessions of therapy to get free range of 

motion of the joint. Thus the aim of this study was to find out 

whether a single session of soft tissue mobilization and 

proprioceptive neuromuscular fascilitation improves the range 

of shoulder abduction and thus the ability to reach overhead. 

A single session of soft tissue mobilization with proprioceptive 

neuromuscular fascilitation showed immediate improvement 

in glenohumeral external rotation and overhead reach The 

results obtained in the study, showed ‘p value’< 0.05 , 

indicating that there was statistically significant improvement 

in external rotation and overhead reach following the single 

intervention session. Int J Physiother Res 2017, Vol 

5(4):2259-64.22 

4. K Jothi Prasanna*, Rajeswari R and Sivakumar  

“Effectiveness of Scapular Proprioceptive Neuromuscular 

Facilitation (PNF)Techniques in Adhesive Capsulitis of the 

Shoulder Joint”.  To compare the effectiveness of Scapular 

PNF with conventional physiotherapy in subjects with 

adhesive capsulitis. Experimental study design and 

comparative type. Procedure: 24 subjects, 12 subjects in 



 

C:\Users\convert\AppData\Local\Temp\1\task-938456076\f8ff22a97305f70f63dfbc15706fe8ec.doc [Page : 8] 
   

group a received Scapular PNF along with wax bath 

therapy,stretching, and shoulder mobilization exercises with 

pre and posttest. And 12 subjects in group B received only the 

wax bath therapy, stretching and shoulder mobilization 

exercises with pre and posttest.results- statistical analysis was 

done by using paired “t” test which showed more significant 

improvement in group A. J Physiother Res. 2017, Vol.1 

No.2:9.1 

5. Surabhi Agarwal, BPT, MPT,1 Shahid Raza, MPT,1,* Jamal Ali 

Moiz, MPT,1 Shahnawaz Anwer, MPT,2,3 and Ahmad H. 

Alghadir, MS, PhD, PT This study was conducted  to 

“compare the effects of two different mobilization techniques 

in the management of patients with adhesive capsulitis”. 

[Subjects and Methods] Thirty non-diabetic men and women 

with adhesive capsulitis were randomly allocated to the 

reverse distraction group (n=15) or Kaltenborn group (n=15). 

The reverse distraction technique and Kaltenborn caudal and 

posterior glides (grades III and IV) were applied 10–15 times 

along with conventional physical therapy for 18 treatment 

sessions in 6 weeks. Pain was measured with a visual analog 

scale, abduction and external rotation range of motion with 

goniometry, hand behind back reach with inch tape, and 

functional disability with the Flexi level scale of shoulder 

function before and after the treatment. [Results] Although all 

the variables improved significantly in both groups after 18 

intervention sessions, reverse distraction was significantly 

better than Kaltenborn caudal and posterior glides in 

decreasing pain and improving abduction range of motion and 

functional scores. [Conclusion] This study supports the clinical 

use of reverse distraction as an alternative to conventional 

mobilization techniques to decrease pain and improve range 

of motion and functional scores in patients with adhesive 

capsulitis. J Phys Ther Sci. 2016 Dec; 28(12): 3342–3349.10 
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6. Yıldırım MS, Ozyurek S, Tosun OÇ  The study was conducted 

in 2016 to compare “the effects of static stretching, 

proprioceptive neuromuscular facilitation (PNF) stretching and 

Mulligan technique on hip flexion range of motion (ROM) in 

subjects with bilateral hamstring tightness”. A total of 40 

students (mean age: 21.5±1.3 years, mean body height: 

172.8±8.2 cm, mean body mass index: 21.9±3.0 kg · m-2) with 

bilateral hamstring tightness were enrolled in this randomized 

trial, of whom 26 completed the study.  A statistically 

significant change in initial–final assessment differences of hip 

flexion ROM was found between groups (p<0.001) in favour of 

PNF stretching and Mulligan TSLR technique in comparison to 

typical static stretching (p=0.016 and p=0.02, respectively). No 

significant difference was found between Mulligan TSLR 

technique and PNF stretching (p=0.920). The initial–final 

assessment difference of hip flexion ROM was similar in 

typical static stretching and no intervention (p=0.491).23 

7. Byung-Ki Lee*This study was conducted in 2015 to influence 

of “ combined exercise using proprioceptive neuromuscular 

facilitation (PNF) and deep breathing exercise on range of 

motion (ROM) and visual analog scale (VAS) score in acute 

frozen shoulder patient”. The subject of this study was woman 

complained disabilities in daily routine due as a frozen left 

shoulder. The exercise program was composed of 11 sessions 

and con-tinued four weeks. The program was composed of 

PNF and deep breathing exercise, and the subject was 

compared by passive ROM (shoulder flexion, abduction, and 

internal and external rotation) test and VAS score in shoulder 

movement before and after the exercise. The results showed 

that patient who practiced this program, the ROM of the 

shoulder joint increased and the VAS score decreased. Thus, 

this pro-gram was shown to be effective in suppressing pain 

and increasing the ROM of the shoulder joint in acute frozen 
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shoulder patient.2 

8. Akbaş E, Güneri S, Taş S, Erdem EU, Yüksel This study is  

performed to investigate the “effectiveness of upper extremity 

and scapula Proprioceptive Neuromuscular Facilitation (PNF) 

techniques in adhesive capsulitis  (AC). Thirty-six subjects 

were randomized into two groups. Control group (n=18) was 

treated with conventional physiotherapy applications 

consisting of hot-pack and ultrasound, and wall and wand 

exercises instructed as a home program; study group (n=18) 

was treated with upper extremity and scapula PNF patterns 

besides conventional physiotherapy Intensity of pain during 

activity significantly decreased and ROM increased in both 

groups (p<0.05). While increase amounts of shoulder flexion 

and abduction ROMs were higher in the PNF group (p<0.05), 

there was no difference between groups in internal and 

external rotation movements.Although, night pain 

significantly decreased in the study group (p<0.05), it 

remained unchanged in the control group (p>0.05). Scapula 

position didn’t change after therapy in both groups(p>0.05). 

SPADI scores decreased in both groups (p<0.05). Physiother 

Rehabil. 2015; 26(2):78-85.15 

9. Abhijit Kalita 2Andrew Milton  study was conducted in 2015 

on “THE COMBINED EFFECTIVENESS OF GLENOHUMERAL 

END-RANGE MOBILIZATION AND CONTRACT-RELAX 

TECHNIQUE FOR GLENOHUMERAL INTERNAL ROTATORS IN 

SUBJECTS WITH ADHESIVE CAPSULITIS”. 60 frozen shoulder 

patients randomized 30 subjects into each experimental and 

control group. Group A (experimental group) received 

Glenohumeral End-Range Mobilization, Contract-Relax 

Technique for glenohumeral internal rotators and Shoulder 

Pendular Exercises 2 times a week for a period of 4 weeks (8 

sessions).Group B (control group) received Shoulder Pendular 

exercises 2 times a week for a period of 4 weeks (8 sessions). 
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Outcome measures included are VAS, SPADI and goniometry 

for assessing pain, functional ability and ROM for the shoulder 

joint. Results: The average improvement of VAS for Group A 

and Group B were 4.5 and 3 respectively using median. The 

U-value was 176, which is statistically highly significant (p 

value = 0.000).The average improvement of Shoulder Pain and 

Disability Index for Group A and group B were 56.9333 and 

10.3667 respectively using mean and Standard Deviation. The 

t-value was 35.91181, which is statistically highly significant (p 

value = 0.000).  International Journal of Physiotherapy, 2(5), 

691-697.28 

10. Salameh Bweir Al Dajah1 conducted a study to evaluate “ the 

effects of soft tissue mobilization and PNF on pain level, and 

shoulder ROM in patients with shoulder impingement 

syndrome”. [Subjects and Methods] Thirty patients with 

painful and limited glenohumeral ROM activities were 

selected. The subjects were randomly assigned to an 

experimental group (n=15), which received treatment 

consisting of soft tissues mobilization and the PNF technique. 

The control group received an ultrasound treatment. Pain 

level, glenohumeral external rotation and overhead reach 

were measured before and after the intervention in groups. 

[Results] The experimental group showed a significant 

reduction in pain level in comparison with the control group. 

The values for Shoulder external rotation showed a significant 

improvement.52014;26(11):1803-5 

11. Jung-Ho Lee, MS1), Soo-Jin Park, The present study on “the 

effects of treatment using PNF extension techniques on the 

pain, pressure pain, and neck and shoulder functions of the 

upper trapezius muscles of myofascial pain syndrome(MPS) 

patients”. [Subjects] Thirty-two patients with MPS in the 

upper trapezius muscle were divided into two groups: a PNF 

group (n=16), and a control group (n=16) [Methods] The PNF 
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group received upper trapezius muscle relaxation therapy and 

shoulder joint stabilizing exercises. Subjects in the control 

group received only the general physical therapies for the 

upper trapezius muscles. Subjects were measured for pain on 

a visual analog scale (VAS),pressure pain threshold (PPT), the 

neck disability index (NDI), and the Constant-Murley scale 

(CMS). [Results]None of the VAS, PPT, and NDI results showed 

significant differences between the groups, while performing 

postures, internal rotation, and external rotation among the 

CMS items showed significant differences between the 

groups. [Conclusion] Exercise programs that apply PNF 

techniques can be said to be effective at improving the 

function of MPS patients. J. Phys. Ther. Sci.25: 713–716, 

2013.21 

12. Therapeutic exercise : foundations and techniques / Carolyn 

Kisner, Lynn Allen Colby. — 5th ed 16 

13. José González-Ravé;Angela Sánchez-Gómez;Daniel 

Santos-García Santos-García, DJ.  Conducted a study on 

“Efficacy of 2 different stretch training programs (passive vs. 

proprioceptive neuromuscular facilitation) on shoulder and 

hip range of motion in older people”. The aim of this study 

was to determine the influence of 2 methods of stretch 

training (passive and proprioceptive neuromuscular 

facilitation [PNF]) on range of motion (ROM) in older people 

between the age of 60 and 70 years over a period of 13 

weeks. Fifty-four participants (39 women and 15 men) were 

divided into 3 groups: passive (n = 17; 66.5 ± 6.5 years), PNF (n 

= 17; age, 64.7 ± 4.0 years old), and control (n = 17; age, 66.4 

± 4.5 years). The subjects trained 2 times per week on 

nonconsecutive days for 13 weeks. The control group did not 

perform any stretching. In the PNF group, there was an 

increase in hip ROM (p < 0.001) between pretest and posttest 

in the passive group and an improvement (p < 0.001) was 
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observed between pretest and posttest, whereas in the 

control group, there waswas a significant decrease (p < 0.01) 

in hip ROM between pretest and posttest. In shoulder ROM, 

there was an increase (p < 0.001) between pretest and 

posttest in the passive group and an improvement (p < 0.001) 

was observed between pretest and posttest in the PNF group. 

There were no changes in shoulder ROM between pretest and 

posttest in the control group. The analysis of variance showed 

significant differences in hip and shoulder ROM between 

passive and control groups and PNF and control groups, but 

no significant differences were found between passive and 

PNF.Results- The main finding was that the ability of physically 

active older people to increase ROM in response to stretching 

techniques is similar for both passive and PNF techniques. 

Journal of Strength and Conditioning Research. 

26(4):1045–1051, APRIL 2012.20 

14. Decicco PV1, Fisher MM. conducted study on compare “The 

effects of proprioceptive neuromuscular facilitation stretching 

on shoulder range of motion in overhand athletes.” The 

subjects were male and female adults between the ages of 25 

to 50 years old. Subjects also had been involved in at least one 

overhand throwing sport (tennis, baseball, quarterback in 

football, etc.) in the past year. There were 30 participants 

whom were randomly assigned to 1 of 3 groups (CRC PNF, HRC 

PNF, control) with 10 subjects per group. Measurement of 

ROM for external rotation of the shoulder was performed 

prior to and after 6 weeks of training using a goniometer tests 

to pinpoint significant differences relative to the interaction 

between group and time.There was an increase in ROM. PNF 

stretching techniques are effective at increasing external 

shoulder ROM when consistently performed 2 times a week 

for 6 weeks .RESULTS: There was an increase in ROM from 

pretest to post-test for the HRC group (+13.50 degrees) and 
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CRC group (+14.60 degrees), but not in the control group 

(+0.30 degrees). The improvement in ROM however, was 

similar between the HRC and CRC groups. J Sports Med Phys 

Fitness. 2005 Jun;45(2):183-719 

15. Joseph J. Godges, DPT, MA, OCS1 Melodie Mattson-Bell, DPT, 

OCS2Donna The purpose of this study was to evaluate” the 

immediate effect of soft tissue mobilization (STM) with 

proprioceptive neuromuscular facilitation (PNF) to increase 

glenohumeral external rotation at 45° of shoulder abduction 

and overhead reach”. The treatment group improved by a 

mean of 16.4° (95% confidence interval [CI], 12.5°-20.3°) of 

glenohumeral external rotation, as compared to less than a 1° 

gain (95% CI, 0.2°-2.0°) in the control group (P_.0005). 

Overhead reach in the treatment group improved by a mean 

of 9.6 cm (95% CI, 5.2-14.0 cm) in comparison to a mean gain 

of 2.4 cm (95% CI,_0.8-5.6 cm) for the control group (P = 

.009). J Orthop Sports Phys Ther 2003;33:713-718.24 

16. Lim, Weon-Sik, Shin, Hyung-Soo  this study was conducted 

in 2002 February 15 to find “the effects of scapular pattern 

and hold-relax technique of proprioceptive neuromuscular 

facilitation(PNF) on the range of motion(ROM) and to find the 

effects of pain relieve through visual analogue scale(VAS) in 

frozen shoulder patients”. The subjects were consisted of 

thirty frozen shoulder patients(men ; 9, women ; 21). The 

measurement of the shoulder range of motion was taken by 

measuring the degrees of flexion, abduction, and external 

rotation with a goniometer and the measurement of pain was 

performed by VAS from pre treatment to one to four weeks 

The results were as follows : 1. There was the statistical 

significance not only in the range of motion such as shoulder 

flexion, abduction, and external rotation, but also in VAS 

during four weeks(p<.05). 25 
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17. Clinical Orthopedic Rehabilitation s. Brent Brotzman, M.D. 

Second Edition page no-227.26 

 

 

 
 

 

6.1) Primary 
Objectives :-  

To study and compare the effect of PNF technique and kaltenborn 

technique in shoulder Range of motion in frozen shoulder patients 

after 3 weeks.  

 

6.2) Other Objectives 1:- 

(if any)  

To study and compare the effect of PNF technique and kaltenborn 

technique on pain, Shoulder Functional activities after 3 weeks. 

 

6.3) Other Objectives 2:- 

(if any) 

Not applicable. 

07) Methodology :- 1)  Type of study design: Randomized controlled tried. 

2) Study Setting: Physiotherapy OPD of a Tertiary care hospital. 

3) Duration:  18 months. 

4) Study population: Diagnosed frozen shoulder patient by an 

orthopaedician.  

5) Sample size : The sample size is estimated based on findings of 

the mean VAS score from the study of Salameh Bweir Al Dajah 

(5)
 

• Group A ( pnf ) :  mean 3.83 with standard deviation 0.7.  

• Group B (kaltenborn): Mean 5.23 with standard deviation 0.72 

(5). 
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• By keeping α = 5%  & β = 20% 

• The sample size is calculated by formula   

         N=   4 x ( Z
α 

 + Z
β
)
2
 SD

2
 

                        (Ⴟ
1
 - Ⴟ

2
)
2
 

 Where, Zα = standard normal variants of α level. 

     Zβ = standard normal variants of β level. 

  Standard deviation is combined SD of both groups. 

 X1 is mean vas score of group 1 &  X2 is mean vas score of group 2. 

The required sample size is 30 in each group. 

6) Sampling Technique: Convenient sampling. 

7) Method of selection of study participants: block randomization 

method. 

8) 

I. INCLUSION CRITERIA :    

• Age : 40-60 year 

• Gender- male & female 

• Patients with normal joint play will be included. 

• Patient with pain in shoulder for least 3 months  

• Patients diagnosed with frozen shoulder 

• Unilateral frozen shoulder. 

II. EXCLUSION CRITERIA : 

• Open wound and infection 

• Bilateral frozen shoulder. 

• Acute injury or fracture. 
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• RCT and Recent surgery. 

• Swelling 

• Rheumatoid arthritis, RSD, impingements 

III. Subject Withdrawal Criteria : 

• Participants not willing to participate. 

• Those who will be not continue for 3 weeks program. 

Variables: 

Independent Variables: 

• Gender. 

• Age. 

  

Dependent Variables: 

• ROM 

• VAS 

• Functional and overhead activities 

 

 

9) Operational definitions : 

1. Frozen shoulder : Frozen shoulder is defined as a painful restriction 

of  Glenohumoral joint motion in all planes 
18

 

2. Kaltenborn  mobilisation: The oscillations may be performed 

using physiological (osteokinematic) motions or joint-play 

(arthrokinematic) techniques. 

Grade I: Small-amplitude distraction is applied. 

Grade II: Enough distraction or glide is applied to tighten the tissues 

around the joint. 

Grade III: A distraction or glide is applied with an amplitude large 
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enough to place stretch on the joint capsule and surrounding 

periarticular structures. 
(16).

 

3. Pnf ( Hold relax ): Proprioceptive neuromuscular facilitation (PNF) 

is an exercise modality defined to facilitate the responses of 

neuromuscular mechanism by stimulating proprioceptors. Effective 

mechanisms of PNF techniques are stimulating postural reflexes using 

gravity force to facilitate muscles, using eccentric contractions for 

muscle activation and utilizing diagonal movement patterns in 

activation of bi-articular muscles 
(15) 

. 

4. Visual analogues scale: Visual analogue scales (VAS) are 

psychometric response scales used to measure subjective 

characteristics or attitudes for shoulder pain 
(12) 

 

5. SPADI:  The Shoulder Pain and Disability Index (SPADI) is a 

self-administered questionnaire that consists of two dimensions, one 

for pain and the other for functional activities of shoulder in frozen 

shoulder patients
.(9)

  

 

10) Methods of measurements 

  a) Shoulder range of motion: 

Method: Annexure I (B)  

Parameter: In Degree  

Instrument: Universal Goniometer 

  b) Pain : 

      Method: visual analogous scale annexure I (C). 

 c) Functional activity of shoulder : 

Instrument: SPADI Annexure I (D). 

 

11)  Study instrument / data collection tool: Annexure I (E) 

1. Universal Goniometer  

2. Pen 
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3. Treatment table  

 

ANNEXURE I (B) 

METHODS OF DATA COLLECTION: 

 Participants: They were randomly divided in two Group A and Group 

B of 30 subjects each. 

Therapist position: standing and facing towards Treatment table. 

 Participant’s position: ROM in the shoulder joint was measured 

using goniometer With the patient in the supine position.  

Measurement of the range of motion of the shoulder joint – pre and 

post: The flexion of the shoulder was measured as the angle of the 

arm lifted vertically, and the abduction movement was measured at 

the angle of the arm spread sideways from the position in which the 

upper trunk was fixed and the palm side of the arm was touching the 

body. The internal and external rotations were measured as the 

maximum angle of movement of the arm toward the head, with the 

upper trunk fixed, the arm abducted by 90 degree, and the elbow 

bent by 90 degree 
(2)

.  

Reliability and validity: (American Medical Association, 1993) 

Goniometric measurements are highly reliable {test-retest reliability: 

0.94–0.98} 
(10). 

 

Annexure I (c) 

 

Participant’s position: Participants will be in a relaxed sitting position 

with both the hands by side of the body.  

Therapist Position: Standing and facing towards participant. 

 VAS - A VAS is usually a 100-mm long horizontal line with verbal 

descriptors (word anchors) at each end to express the extremes of 
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the feeling 
(12). 

 

Testing Procedure: The pain level was measured using VAS, which is 

widely used in clinical studies to objectively quantify pain severity. 

VAS will be used to evaluate the level of pain feel by patients with 

frozen shoulder in the shoulder, before first session and after last 

sessions.2 

 

Reliability and validity : The reliability study  rho values varied from 

0.60 to 0.77 and in the validity study rho values of VAS pain scores 

from 0.76 to 0.84 (8). 

Annexure I (D) 

Participant’s position: Participants will be in a relaxed sitting position 

with both the hands by side of the body.  

Therapist Position: Standing and facing towards participant 

Functional Performance: Functional performance of the patients was 

assessed by using “Shoulder Pain and Disability Index” (SPADI). SPADI 

contains 13 items that assess two domains; a 5-item sub-scale 

measuring pain and an 8-item sub-scale measuring disability. 

Testing Procedure : 
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Reliability and validity: A more recent systematic review has found 

reliability coefficients of ICC ≥ 0.89 in a variety of patient populations 

(Roy et al 2009).  (6,8) 

ANNEXURE I ( E) 

DATA COLLECTION TOOLS:  A.Universal goniometer 

 

B.Pen & Paper 
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C.Treatment Table 

 

 

12)  Methods of data collection relevant to objectives: Permission 

from the head of institution and approval from the ethical committee 

will be obtained. Diagnosed patients frozen shoulder will be selected. 

Participants who meet the inclusion criteria will be briefed about the 

study in the language best understood by them and informed written 

consent will be taken. Participants shoulder ranges, pain score will be 

taken. Demographic data will be documented. The data will be 

documented and analyzed. Results will be obtained. 

  13)  Data management & analysis procedure: 

 The participant identity will be kept confidential. Anthropometric 

data will be spread in Microsoft Excel 2007 for data analysis. The 

participant’s identity will be kept confidential. Descriptive statistics 

like Mean and SD will be used to summarize quantitative variables. 

Frequencies and percentage will be used to summarize categorical 

variables. Independent sample t-test will be used for comparison of 

mean differences of quantitative variables in two groups. P-value 

<0.05 will be considered statistically significant for all comparisons. 

Data will be analyzed in statistical software STATA. Version 10.1,2011 



 

C:\Users\convert\AppData\Local\Temp\1\task-938456076\f8ff22a97305f70f63dfbc15706fe8ec.doc [Page : 24] 
   

 

• RESULTS: 

Result will be discussed in the final copy of dissertation 

 

 

                 GENERAL PROCEDURE 

 

Permission from the Head of Institution and approval from the 

Institutional Ethics Committee will be obtained.  

  

Ethics and board of research (BORS) committee clearance will be 

taken. 

Participants meeting the selection criteria will be briefed about their 

confidentiality, possible benefits of the study and informed written 

consent will be taken. Demographic data will be documented.  

  

Participant’s shoulder ranges and pain on visual analogues scale and 

functional activities for the same hand will be measured on shoulder 

pain and disability index (SPADI) will be taken. 

 

Intervention in group 1 (pnf ) & group 2( kaltenborn ) 3 weeks 

program  will be  given in 12 session. 

  

Participant’s  post intervention shoulder ranges and pain on  visual  

analogues scale and functional activities for the same hand will be 

measured on shoulder pain and disability index(SPADI) will be taken . 

  

The data will be documented, analyzed and results will be obtained. 

 

 

14) Additional Points for Randomized control trial. 

All 60 subjects will be randomly assigned into experimental and 
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control groups using random and predetermined computer generated 

software random allocation software version 10.1,2011. 

Randomization will be according block randomization method. The 

patients will not know about group allocation procedure. 

 

 

 

15) Additional points for all Experimental Studies:  

INTERVENTION:  group 1(Proprioceptive neuromuscular facilitation) 

: The PNF techniques i.e. the hold-relax  with D2 Flexion pattern and 

group 2 ( mobilization) kaltenborn mobilization with home program 

exercises given to both the groups in common. 

Group 1 Interventions:  

1.PNF 

Starting position: “Flexion-abduction-external rotation” (D2F pattern) 

with elbow straight pattern of PNF with “hold relax” techniqueD2F 

pattern of PNF and hold-relax technique preferred to increase the 

range of affected shoulder motions in this study. “Hold-relax 
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technique” is a relaxing tool based on isometric contractions against 

to maximum resistance using for improving passive ROM and 

decreasing pain. Isometric contractions for 5-8 seconds performed 

against to maximum resistance for not balking antagonist muscles to 

contract including rotation at limitation point. Technique will be 

repeated a few times at edge limitation point and then, proceed. 

While applying D2F pattern with elbow straight pattern of PNF, the 

therapist used his hand to hold the patient’s upper limb on the 

opposite side of hip in a posture of shoulder extension/ 

adduction/internal rotation, elbow extension and forearm pronation. 

The physiotherapist asked the patient to raise his hand over head. 

The patient attempted to perform this movement, by doing shoulder 

flexion/abduction/external rotation. During these movements, the 

therapist supported the patient’s arm with his other hand
(15

 

2. Passive supine forward elevation, passive external rotation, and 

active assisted range of motion in extension, horizontal adduction, 

and internal rotation with 20 repetitions will be given.  

3. Scapular retraction and shoulder elevation. Pendulum exercises will 

be used in flexion or abduction with 20 repetitions will be given. 

Patients will also give pulley exercises in pain free range and neck or 

scapular muscle releases 
(11).

 

 Intervention given for 12 sessions for 3 weeks. Both the groups 

underwent the same protocol for therapy of 12 sessions. The 

outcome measures assessed once again after 12 sessions. 

Group 2 Intervention: 

1.Kaltenborn mobilization  

Starting position: The patient and the extremity to be treated should 

be positioned so the patient can relax. Examination of joint play is 

initially performed in the resting position. 

Glenohumeral Distraction  

Indications Testing; initial treatment (sustained grade II); pain control 

(grade I or II oscillations); general mobility (sustained grade III)  



 

C:\Users\convert\AppData\Local\Temp\1\task-938456076\f8ff22a97305f70f63dfbc15706fe8ec.doc [Page : 27] 
   

Patient Position Supine, with arm in the resting position. Support the 

forearm between your trunk and elbow. 

Hand Placement: Use the hand nearer the part being treat (e.g., left 

hand if treating the patient’s left shoulder) and place it in the 

patient’s axilla with your thumb just distal to the joint margin 

anteriorly and fingers posteriorly. Your other hand supports the 

humerus from the lateral surface. 

 Mobilizing Force : With the hand in the axilla, move the humerus 

laterally 
(16) 

.

 Glenohumeral Posterior Glide 

• Indications-To increase flexion; to increase internal rotation. 

• Patient Position-Supine, with the arm in resting position. 

• Therapist Position and Hand Placement-Stand with your back 

to the patient, between the patient’s trunk and arm. Support 

the arm against your trunk, grasping the distal humerus with 

your lateral hand. This position provides grade I distraction to 

the joint. Place the lateral border of your top hand just distal 

to the anterior margin of the joint, with your fingers pointing 

superiorly. This hand gives the mobilizing force. 

• Mobilizing Force-Glide the humeral head posteriorly by 

moving the entire arm as you bend your knees. To increase 

posterior gliding when flexion approaches 90Supine, with the 

arm flexed to 90 and internally rotated and with the elbow 

flexed. 

Glenohumeral Caudal Glide 

• Indication-To increase abduction (sustained grade III); to 

reposition the humeral head if superiorly positioned. Patient 

Position-Same as for distraction. 

• Hand Placement-Place one hand in the patient’s axilla to 

provide a grade I distraction. The web space of your other 
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hand is placed just distal to the acromion process. 

• Mobilizing Force-With the superiorly placed hand, glide the 

humerus in an inferior direction. 

Glenohumeral Anterior Glide 

• Indications -To increase extension; to increase external 

rotation. 

• Patient Position-Prone, with the arm in resting position over 

the edge of the treatment table, supported on your thigh. 

Stabilize the acromion with padding. Supine position may also 

be used 

• . Therapist Position and Hand Placement-Stand facing the top 

of the table with the leg closer to the table in a forward stride 

position. Support the patient’s arm against your thigh with 

your outside hand; the arm positioned on your thigh provides 

a grade I distraction. Place the ulnar border of your other 

hand just distal to the posterior angle of the acromion 

process, with your fingers pointing superiorly; this hand gives 

the mobilizing force. 

• Mobilizing Force-Glide the humeral head in an anterior and 

slightly medial direction. Bend both knees so the entire arm 

moves anteriorly. 

2. passive supine forward elevation, passive external rotation, and 

active assisted range of motion in extension, horizontal adduction, 

and internal rotation with 20 repetitions will be given. 

3.  Scapular retraction and shoulder elevation. Pendulum exercises 

will be used in flexion or abduction 20 repetitions will be given. 

Patients will also give try pulley exercises, as tolerated, and neck or 

scapular muscle releases 
(11)

 

Intervention given for 12 sessions for 3 weeks. Both the groups 

underwent the same protocol for therapy of 12 sessions. The 

outcome measures assessed once again after 12 sessions 
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9) Timeline/Gantt 
Chart :- 

                                                           

TIMELINE / GANTT CHART 

NOVEMBER 2019 
 

ALLOCATION OF THE GUIDE 

JANUARY 2020 TOPIC FINALISATION FOR THE SYNOPSIS 

JANUARY 2020 STARTED WORKING FOR THE SYNOPSIS 

FEBRUARY 2020 INSTITUTIONAL ETHICS CLEARANCE OBTAINED 

MARCH 2020 MUHS SUBMISSION 

APRIL 2020 TO FEBRUARY 2021 DATA COLLECTION 

MARCH 2021 DATA PRESENTATION AND ANALYSIS 

APRIL 2021 WRITING DISCUSSION AND CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 

  

Gantt chart 

for synopsis             

Sr 

no Component 2019 2019 2019 2020 2020 2020 

    Oct Nov Dec Jan Feb March 

1 

Selection of 

topic             

2 

formulation 

of research 

question     
 

      

3 

formulation 

of aim and 

objectives             

4 

hypothesis 

and null             
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hypothesis 

5 

research 

protocol             

6 

ethical 

clearance             

7 

research 

designing             

8 

Review of 

literature             

9 

Methodology 

formulation             

10 

study 

designing             

11 study setting             

12 

sample size 

estimation             

13 

selection of 

study tools 

and 

instruments             

14 

Method of 

data 

collection             

15 

management 

and data 

analysis             

16 

statistical 

tests             

17 

compilation 

of synopsis             

18 

uploading of 

synopsis           
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10) Annexures :- ANNEXURE I (A)-CASE RECORD FORM 

ANNEXURE II (A)-Patient information sheet-English 

Annexure II (B)-Marathi 

Annexure II (C)-Hindi 

ANNEXURE II (D)-LETTER OF CONSENT-English 

Annexure II (E)-Marathi 

ANNEXURE II(F)- Hindi 

ANNEXURE III - TIMELINE / GANTT CHART 

ANNEXURE IV (A)-PERMISSION LATTER 

ANNEXURE IV (B)-ABBERAVATIONS 

 

                                             

 

 

 

 

 

 

 

ANNEXURE II (A) 

Patient information sheet 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC. 

 

Scope:  

These standard procedures include diagnosed frozen shoulder participants both male and 

female who will be voluntarily willing to participate in this study.  

 

Responsibilities:  
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The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher will select the participants of frozen shoulder population. 

 

2. The investigator will explain the interventional protocol to allay apprehension and answer 

all the queries of the participant. 

 

3. If the participant decides to participate then they would be consented according to the 

standard procedure. 

 

4. If the participant expresses interest but has some doubts in that case they would be 

solved.  

 

5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

 

6. Study procedures will begin after the participant’s concern.  

 

7. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  

 

8. If participant wants to discuss this information to their family members then they entitled 

to do so before giving the consent. 

General information to research participants:  

1. Name:  

    Age:  

    Sex:  

    Date: 

2. You would be required to fill the Proforma and the purpose of the research is to study 

“Effect of Proprioceptive neuromuscular facilitation versus kaltenborn mobilization 

technique to improve ranges in frozen shoulder patients aged 40-60 years- A Randomized 

controlled trial” 
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3. If you are willing to voluntarily participate in the study then you are expected to enroll 

with us right from the moment of filling proforma till the completion of the test.  

 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect.  

 

5. You will not be given any reimbursement and compensation.  

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  

 

8. The data obtained from this study would be confidentially protected and maintained and 

if the photograph is used then your identity would not be revealed. If the photograph is 

published then permission would be obtained.  

 

9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  

 

10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.  

 

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 

 12. Name of Researcher:  

      Phone number:  

      Address:  

 

13. Name of Guide:  

      Phone number:  

      Address:  
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14. Name of Institution: 

 

Annexure II (B) 

उद्देशः 

आयसीएमआरच्या नियामक आवश्यकता आणि आयईसीिे मान्यता ददलेल्या मादितीिुसार ललणित 

मादिती ददली आिे. 

व्याप्ती: - या मानक प्रक्रियाांमध्ये ननदान झालेल्या गोठलेल्या खाांद्याच्या सहभागी पुरुष आणि 
महहला दोघाांचा समावेश आहे जे या अभ्यासामध्ये स्वेच्छेने सहभागी होण्यास इच्छुक असतील. 

 

जबाबदारी: 

संशोधक या अभ्यासाचा भाग िोण्यासाठी स्वयंसेवा करिायाा सवा सिभागींचे लेिी ज्ञात सिमती 

प्राप्त करतील. 

कायापद्धती: 

1. सांशोधक गोठलेल्या खाांद्याच्या लोकसांख्येच्या सहभागीांची ननवड करेल. 

2. अन्वेषि कमी करण्यासाठी आणि सहभागीच्या सवव प्रशनाांची उत्तरे देिारे इांटरव्हेंशनल प्रोटोकॉल 

स्पष्टीकरिकताव देईल 

3. सिभागीिे सिभागी िोण्याचा नििाय घेतला तर ते मािक संचालि प्रक्रियिुसार संमती देईल. 

4. जर सिभागीिे रूची व्यक्त केली परंतु त्यात कािी शंका असतील तर ते सोडवतील. 

5.सिभागी जर स्पष्टीकरि सोयीस्कर असतील तर ते मािक संचालि प्रक्रियेिुसार सूचचत संमती 

भरतील. 

6. सिभागींच्या चचतंेच्या िंतर अभ्यास प्रक्रिया सुरू िोईल. 

7.समाववष्ट आणि बदिष्कार निकष सत्यावपत करण्यासाठी म्ििूि तपशीलवार वैद्यकीय आणि 

इतर कोित्यािी शारीररक समस्या इनतिास प्राप्त केले जाईल. 

8.जर सिभाग्यािे आपल्या कुटंुबीयांिा या मादितीवर चचाा करायची असेल तर त्यांिा संमती 

देण्यापूवी असे करण्याचे अचधकार आिेत. 

सिभागींिा संशोधि करण्यासाठी सामान्य मादिती: 
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1. िाव: 

   वय: 

   ललगं: 

   तारीि: 

2.आपल्याला प्रोफामाा भरिे आवश्यक आिे आणि संशोधिाचा िेतू “प्रोप्रायसीप्यूहटव्ह 

न्यूरोमुस््युलर फॅसससलटी व्हसवस कॅल्टनबॉनवचा पररिाम 40 वषाांच्या गोठवलेल्या शूल्टर 

पेजेसमधील रेंज सुधारण्यासाठी मोबबलायझेशन टेक््नकल -60 वष-े एक यादृक्च्छक ननयांबित 

चाचिी” िा अभ्यासकरिे आवश्यक आिे. 

3.जर आपि स्वेच्छेिे अभ्यासात सिभागी िोऊ इच्च्छत असाल तर चाचिीपूिा िोईपयतं आपि 

कायाप्रदशाि भरण्यापासूिच आपल्याकडूि िोंदिी करिे अपेक्षित आिे. 

4.या काळात तुम्िी अस्वस्थ आिात तर मग कृपया आम्िाला कळूद्या जेिे करूि आम्िी आल्यास 

मदत करू आणि आपल्या समस्येवर कोित्यािी अयोग्य प्रभावालशवाय मात करू शकू. 

5. आपल्याला कोितेिी परतावा आणि िुकसाि भरपाई ददली जािार िािी. 

6.कोित्यािी ििी जर आपि या संशोधि अभ्यासातूि थांबू इच्च्छत असाल तर आपि तसे 

करण्यास मुक्त आिात आणि आपल्याबाजूिे कोितीिी अडथळा िसता. 

7. संमती पत्र प्राप्त करण्यापूवी अभ्यासाची जोिीम,अस्वस्थता,फायदे आणि तोटे यांचा तपशील 

आपल्याला स्पष्टकेला जाईल. 

8.या अभ्यासातूि प्राप्त झालेला डेटा गुप्तपिे संरक्षित आणि देिरेिकेला जाईल आणि जर 

छायाचचत्रवापरले असेल तर आपली ओळि प्रगट िोिार िािी. छायाचचत्र प्रकालशत झाल्यास 

परवािगी प्राप्त िोईल. 

9.या अभ्यासासाठी आवश्यक असलेल्या ववववध चाचिी प्रक्रियेचे सवा जोडूि आपल्याला 

स्पष्ट केले जाईल आणि त्यािुसार संमती ददली जाईल. 

10.आपि थकल्यासारिे क्रकंवा आपि पूिा काळजी घेण्यास असमथा वाटत असल्यास आपल्याला 

काळजी करण्याची गरज िािी याची आम्िाला मादितीद्या आवश्यकती पावले उचलता येतील. 
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11.आपि कोित्यािी ििी समाधािी िसल्यास आपि कोित्यािी पररिामां लशवाय भाग कधीिी 

काढू शकता. 

12. संशोधकाचे िाव: 

    फोििंबर: 

    पत्ता: 

13. मागादशाकांचे िाव: 

      फोि िंबर: 

      पत्ता: 

14. संस्थेचे िाव: 

 

Annexure II (C) 

उद्देश्य: 

आईसीएमआर की नियामक आवश्यकता के अिुसार सुनिच्श्चत करिे के ललए क्रक ललणित सूचचत 

सिमनत पुरुष और मदिला से प्राप्त की गई िै और आईईसी द्वारा अिुमोददत क्रकया गया िै। 

 

 

स्कोप: इन मानक प्रक्रियाओां में शासमल हैं जम ेहुए कां धे प्रनतभागगयों का ननदान पुरुष और महहला 

दोनों जो स्वेच्छा से इस अध्ययन में भाग लेने के सलए तैयार होंग े

च्जम्मेदारी: 

शोधकताा इस अध्ययि में भाग करिे वाले सभी पुरुष और मदिला स ेललणित सूचचत सिमनत प्राप्त 

करेगा। 

प्रक्रिया: 

1. शोधकताव जमे हुए कां धे की आबादी के प्रनतभागगयों का चयन करेगा 

2. अन्वेषक इांटरएक््टव प्रोटोकॉल को सभी आशांकाओां को समझाएगा और प्रनतभागी के सभी 

प्रशनों का उत्तर देगा। 
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3. यदद मरीज़ वववरि के साथ सिज िोते िैं तो वे मािक पररचालि प्रक्रिया के अिुसार 

सूचचत सिमनत भरेंगे। 

4. रोचगयों की सिमनत के बाद अध्ययि प्रक्रिया शुरू िोगी। 

5. ववस्ततृ चचक्रकत्सा और क्रकसी भी अन्य शारीररक समस्या का इनतिास रोचगयों से प्राप्त 

क्रकया जाएगा ताक्रक शालमल क्रकए जािे और बदिष्करि मािदंड को सत्यावपत क्रकया जा 

सके। 

6. अिुसंधाि ववषय की सामान्य जािकारी: 

1 िाम 

2. उम्र 

3. ललगं 

4. ददिांक 

 

7. यदद आप इस अवचध के दौराि असुववधाजिक िैं तो कृपया िमें यि बताएं ताक्रक िम 

आपकी मदद कर सकते िैं और आपकी समस्या को क्रकसी भी अयोग्य प्रभाव के बबिा पार 

कर सकते िैं। 

8. आपको कोई प्रनतपूनत ा और िनतपूनत ा ििीं दी जाएगी। 

9. यदद क्रकसी भी समय आप इस शोध अध्ययि को बंद करिा चािते िैं तो आप ऐसा करिे 

के ललए स्वतंत्र िैं और िमारे पि से कोई बाधा ििीं िोगी। 

10. सिमनत के पत्र प्राप्त करिे से पिले परीिि, जोणिम, असुववधा, फायदे और िुकसाि 

का वववरि आपको समझाया जाएगा। 
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11. इस अध्ययि से प्राप्त आकंडे गोपिीय रूप से संरक्षित और बिाए रिे जाएंगे और अगर 

तस्वीर का इस्तेमाल क्रकया जाए तो आपकी पिचाि प्रकट ििीं की जाएगी और यदद तस्वीर 

प्रकालशत की गई तो अिमुनत प्राप्त की जाएगी। 

12. परीिि प्रक्रिया का सभी जोणिम आपको समझाया जाएगा और तदिुसार सिमनत ली 

जाएगी 

13. यदद आप क्रकसी भी समय संतुष्ट ििीं िैं तो आप क्रकसी भी समय क्रकसी भी पररिाम 

के बबिा वापस ले सकते िैं 

 

शोधकताा का िाम: 

फोििंबर: 

पता: 

गाइड का िाम: 
फोििंबर: 

पता: 

संस्था का िाम: 

 

 

ANNEXURE II (D) 

LETTER OF CONSENT 

“Effect of Proprioceptive neuromuscular facilitation versus kaltenborn mobilization 

technique to improve ranges in frozen shoulder patients aged 40-60 years- A Randomized 

controlled trial.” 

 

1. I have received an explanation of the nature, purpose, duration and 

foreseeable effects and risks of the trial and what I will be expected to do. My 

questions have been answered satisfactorily. 



 

C:\Users\convert\AppData\Local\Temp\1\task-938456076\f8ff22a97305f70f63dfbc15706fe8ec.doc [Page : 42] 
   

2. I understand that my participation in the trial is voluntary and that I may 

refuse to participate or may withdraw from the trial at any time, without penalty or 

loss of benefits to which I am otherwise entitled. 

3. I further understand that any information that becomes available during 

the course of the study that may affect my willingness to take part will be informed 

to me. 

4. Institutional Ethics Committee authorities may wish to examine my 

medical records to verify the information collected. By signing this document, I give 

permission for this review of my records. 

5. I understand that my identity will not be revealed in any report or 

publication. 

6. I agree to take part in the above study. 

 _____________________                   __________                              

Name of research participant                  Signature/Thumb                                                               

  Date: 

 

Annexure II (E) 

संमती 

प्रोप्रायसीप्यूहटव्ह  न्यूरोमुस््युलर फॅसससलटी व्हसवस कॅल्टनबॉनवचा पररिाम 40 वषाांच्या 

गोठवलेल्या शूल्टर पेजेसमधील रेंज सुधारण्यासाठी मोबबलायझेशन टेक््नकल -60 वष-े एक 

यादृक्च्छक ननयांबित चाचिी 

 

• उपिमाचे स्वरूप,कारि, कालावधी त्याचे पुढील पररिाम आणि उपिमाचे धोके तसेच या 

अभ्यासातील माझी भूलमका मला समजावली गेली आिे .माझे सगळे प्रश्ि 

समाधािकारकररत्या सोडवले गेले आिे . 
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• माझा या उपिमातील सिभाग पूिापिे ऐच्च्छक आिे आणि मी  कोित्यािी वळेी, कोितेिी 

कारि ि देता, कुठलािी दंड ि भरता  आणि मला लमळण्याचा अपेक्षित फायदा यांमध्ये 

कुठलािी बदल ि िोता मी या अभ्यासातूि कुठल्यािी ििी माघार घेऊ शकते /शकतो . 

• उपिमादरम्याि उपलब्ध िोिाऱ्या कोित्यािी मादितीमुळे माझ्या उपिमातील भाग 

घेण्यावर पररिाम िोऊ शकतो िे मला सांचगतले जाईल . 

• ववद्यालयीि संलमतीमादिती गोळा करण्यासाठी माझी आधीची वैद्यकीय पत्रक पािू शकतात 

.या पत्रकावर सिी केल्यावर मी त्यांिा तशी अिुमती देते /देतो. 

• मी िे जािते/जाितो क्रक माझी ओळि कुठल्यािी तसेच कोित्यािी मादितीत/प्रकाशिात 

प्रदलशात केली जािार िािी .    

• मी ह्या उपिमात सिभागी िोण्यासाठी संमती देत आिे 

 

 

सिभागी सदस्याचे िाव          स्वािरी /अंगठ्याचा ठसा           ददिांक : 

 

ANNEXURE II(F) 

सिमनत – पत्र 

40-60 वषव की आय ुके जम ेहुए कां धे के रोगगयों में शे्रिी सुधारन ेके सलए प्रोलेररयोसेक्प्टव 

न्यूरोमस्कुलर फैसससलटी बनाम कल्टबॉनव की जुटान तकनीक का प्रभाव- एक यादृक्च्छक ननयांबित 

परीक्षि 

• इस अभ्यास का स्वरुप, अवकाश, इससे जुडे संभाव्य ितरे, संभाववत प्रभाव और मुझे जो 

करिा िै उस के बारे में स्पष्ट जािकारी लमली िै।  

• इस अभ्यास में सिभागी िोिे का मेरा िुद का नििाय िै.मैं क्रकसी समय अभ्यास को छोडकर 

जा सकती/सकतािू। इसके ललए मैं कोई भी मािदंड या भरपाई करिे के ललए बंधी/बंधा 

ििीं िूूँ।   
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• अभ्यास के दौराि उपलब्ध अन्य जािकारी च्जस से अभ्यासिम में भाग लेिे पर असर 

पडेगा वि मुझे बताया जायेगा।  

• मेरी जांच का जो मूल्यांकि िुआ िै, उसे संस्था के समालोचक मंडल के अचधकारी परि 

सकते िै।इस पत्र पर िस्तािर कर के मैं यि अिमुनत देता िूूँ या देती िूूँ । 

• मेरी पिचाि क्रकसीभी वतृांत या प्रकाशि में प्रकालशत ििीं िोगी। 

• मैं अभ्यासिम के ललए सिमत िूूँ। 

____________         _________________             _______                  

सिभागी का िाम          िस्तािर या अंगूठे का निशाि              ददिांक 
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The Chairman, Ethical Committee 

Subject: Permission to carry out research work 
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I,                                                       , student of master of 

Physiotherapy, would request you to grant me permission to carry out my research work. 

My research topic is, “Effect of Proprioceptive neuromuscular facilitation versus kaltenborn 

mobilization technique to improve ranges in frozen shoulder patients aged 40-60 years- A 

Randomized controlled trial.” 

I promise that the ethics as well as subjects care shall br duty complied. 

I kindly request you to do the needful in this regard. 

Yours sincerely, 

Research student. 

Date: 
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ABBERAVATIONS 

PNF- proprioceptive neuromuscular facilitation 

VAS- Visual analogous scale 

 SPADI -Shoulder Pain and Disability Index 

RCT- Rotator cuff tear 

RSD- Reflex sympathetic dystrophy 
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INTRODUCTION: 

Mechanical low back pain refers to low back pain arising from intrinsic spine, surrounding 

soft tissues or intervertebral discs.1 Mechanical pain is a term which refers to any type of 

back pain caused by placing abnormal stress and strain on muscles of vertebral column. Low 

back pain is becoming a leading cause of activity limitation and work-related participation 

restrictions imposing high social and economic burden on individuals. According to Indian 

Council of Medicine and Research report (2017) nearly about 8% of Indian population suffer 

from yearly lived with disability (YLD) of low back pain.2 

Mechanical low back pain affects up to 23% of the population worldwide, with an estimated 

24%-80% of patients having a recurrence in one year.3 Majority of low back pain patients 

recover within 6 weeks without any medical treatment, but 20% of these cases become 

chronic.4 In patients with chronic mechanical low back pain (CLBP), some structural and 

functional changes occur in articular and periarticular structures. Also, these patients 

frequently demonstrate difficulty adopting and maintaining a neutral or midrange position of 

the lumbar spine.5 Maintenance of posture is important in static and dynamic situations 

during activities of daily living. Postural control is control of body position to maintain the 

balance and orientation of body in space.6 It is studied by analysing Postural sway. 

Postural sway is affected by three major functions- feedforward control (preparatory), 

feedback control (reactive) and regulation of muscle stiffness.7 These functions play a major 

role in terms of joint position sense i.e., proprioception. Previous research shows that low 

back pain patients exhibit poor postural control, 8 altered muscle recruitment patterns,9 longer 

muscle reflex latencies associated with difference in strategies of motor control and increased 

postural sway.8An increase in postural sway is observed when conscious efforts are made to 

maintain it. Subjects with low back pain show a preference for stiffening strategy in maintain 
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a standing posture reducing the contribution of proprioceptive feedback and feedforward 

control to postural control.10 Previous studies also suggest that individuals suffering from low 

back pain have established changes in motor control which play an important role in 

recurrence of this disability.11 

Lumbar pain and physical disability would correlate with worse functional performance in 

terms of both static and dynamic posture maintenance. Both static as well as dynamic 

postural conditions are imperative, but dynamic postural control plays a crucial role as 

individuals are imposed to different threats during their daily activities and is associated with 

functional parameters such as power, flexibility, muscle balance, muscle co-ordination and 

proprioceptive ability.12 Balance of body can be impaired leading to insufficiencies in 

strength as well as mechanical instability of hip, knee and ankle. Studies suggest that 

individuals with low back pain compared with asymptomatic group have balance 

impairments.13 

Balance deficits which affect the lower extremities have an impact on functional ability of the 

spine and vice-versa.13 Spinal movement restrictions impose shear forces on the spine. A 

survey conducted on healthy individuals showed that individuals tend to control the centre of 

mass and adapt a more stiffed function at ankle and hip joints under postural ‘risk’.14 This 

stiffened strategy could be a result of trunk muscle contraction, which increases the 

compression forces over the spine in turn decreasing preparatory movement resulting in 

affected spinal control. Individuals suffering from low back pain are associated with trunk 

and hip muscle imbalance and poor muscular endurance.15 The agonist-antagonist muscle 

activation of hamstrings, gluteus maximus muscle and erector spinae can be possible causes 

for triggering low back pain.15 This altered muscle activation in the lumbar region rearranges 

the activation pattern between the synergistic muscles leading to balance impairments in the 
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lumbar spine.16 These impairments can be a result of the stiffening position of lumbar spine 

which is compensated by ankle or hip movements.17 

Dynamic balance is an important indicator for functional ability of non-healthy individuals. 

Also, dynamic ability assessment can be a means of measuring the proprioceptive integrity.13 

It has also been proposed that balance impairments in low back pain patients may correlate 

with deficits in musculoskeletal and neural systems, which directly is associated with 

compromised lumbar proprioception and delayed muscle response which finally decreases 

lumbar stabilization.8 

Chirstos T et al. in their study described proprioception as a complex relation between 

afferent and efferent pathways which is regulated by mechanoreceptors in the joint and it one 

of the most important mainstays of musculoskeletal rehabilitation.13 Proprioceptive signals in 

our body are provided by mechanoreceptors which are present at various sites like ligaments, 

muscles, capsule and the skin. These signals are transmitted to a spinal level which affects 

arthrokinetic responses- which play an important role in maintaining dynamic segmental 

stability.18 

Under stressful conditions such as any mechanical loading or fatigue, the ability to sense a 

change in lumbar position may be highly affected. Proprioceptive deficit may lead to delayed 

neuromuscular protective reflexes and coordination such that muscle contraction occurs too 

late to protect the joint from excessive joint movement.19 Though chronic low back pain may 

be related to many causes, but poor neuromuscular control has been identified as one of the 

most important reason for occurrence of musculoskeletal dysfunctions. 

Given the number of impairments associated with low back pain, treatment of chronic low 

back pain is complicated by multi-dimensional approaches which include biopsychosocial 

factors (biological, psychological and social).20 Conservative approaches like exercise 
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therapy, spinal manipulative therapy, acupuncture, taping, etc. have shown success in 

reducing pain intensity. However, very less emphasis in our knowledge has been placed on 

approaches directly targeting the improvement in lumbar proprioception deficits and dynamic 

balance impairments which are associated with low back pain. 

Previous researches have established a relationship between spino-pelvic posture and chronic 

mechanical low back pain. There is a significant association between forward head posture 

and lumbopelvic sagittal alignment in these patients.21Forward head posture is associated 

with weakness of deep neck flexors and tightness of the posterior neck muscles specifically 

the suboccipital muscles. Studies have shown a positive correlation between suboccipital 

muscle inhibition technique and forward head posture.22 

Suboccipital muscles are a part of superficial myofascial chain- which determines their role 

in postural control as well as in maintaining coordinated movement of muscles down the 

chain. These muscles are situated in depth of cranio-cervical junction and connect and move 

the joints of head.23 Suboccipital muscles have a high density of muscle spindles. Muscle 

spindles per gram are found between 98 (rectus capitis posterior major) and 242 (M. obliquus 

inferior), which is immense compared to well-structured hand muscles.24 Higher number of 

muscle spindles of the suboccipital muscles seems to be a pre-requisite both for function as 

well as receptor, as well as an effector for integration with various equilibrium and 

orientation system. Higher densities of muscle spindles serve as the basis for cervico-

vestibular interaction.23 With a complex linkage of suboccipital muscles to other sensory 

organs and higher number of muscles spindles, they play a significant role in orientation in 

space.  

There are various studies exploring the effect of suboccipital muscle inhibition technique on 

hamstring tightness, tension-type headache and functional disability but still there is a dearth 



 

10 
 

of literature stating its role on low back pain and various aspects related to low back pain like 

lumbar proprioception and dynamic balance. 

Hence, the present study aims to study the effect of suboccipital muscle inhibition technique 

on lumbar proprioception, dynamic balance in individuals suffering from mechanical low 

back pain in an attempt to reduce the risk of recurrence and improve health related quality of 

life in individuals seeking no treatment for the said dysfunction. 
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RATIONALE OF THE STUDY:  

Low back pain is a common disorder; challenging socioeconomic and medical problems in 

working-age adults.25 Various physical and psychosocial factors are commonly associated 

with low back pain. However, delayed muscle activation, and lumbar proprioception have 

been reported as contributing factors for persistent low back pain. 

Chronic low back pain patients, compared to asymptomatic individuals, present with a larger 

and higher velocity of Centre of pressure (COP), which represents as decreased ability to 

control postural balance, and difficulty in adapting to changing conditions leading to 

alterations in balance correlating with worst functional performance in terms of both static 

and dynamic posture maintenance.6 A study conducted by Christos T et al. addressed the 

matters of dynamic balance in chronic low back pain patients. They have stated that static and 

dynamic balance abilities are decreased in chronic low back pain patients which highlights 

the alterations in proprioceptive mechanism in individuals suffering from low back pain.13 

Available literatures show that most of the treatment techniques advocated for low back pain 

usually involve the treatment of localised area which is majorly focussed on reduction of pain 

and improving functional ability. Complications associated to low back pain especially 

proprioceptive deficits and balance impairments are usually neglected while planning a 

rehabilitation program for low back pain patients.  

Proprioceptive signals are regulated by mechanoreceptors situated at various muscles of our 

body. These signals maintain postural control of our body. The suboccipital muscles have the 

highest number of proprioceptors and these muscles are a part of the superficial myofascial 

chain which forms a posterior kinetic chain from toes to the back continuing up to the 

cervical region.  
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Suboccipital muscle inhibition technique is a manual technique which inhibits the tone of the 

deep cervical suboccipital muscles and being a part of the myofascial chain, can have an 

effect on the muscles down the chain. Also, mechanical low back pain is a condition which 

intrinsically arises from the spine and surrounding soft tissues. Therefore, the need of the 

study is to observe the effect of treatment at a proximal component i.e., suboccipital muscles 

on the distal component i.e., muscles of low back. There are various literatures available on 

effects of suboccipital muscle inhibition technique on tension type headache, forward head 

posture,23 trigger points in trapezius and sternocleidomastoid muscle etc.26 Also, there are 

studies exploring the role of this technique on pain, range of motion and disability in 

mechanical low back pain patients but there exists a dearth of literature studying the effect of 

suboccipital muscle inhibition technique on associated complications of low back pain 

especially lumbar proprioceptive deficits and dynamic balance impairments. Treating theses 

associated complications can help develop a complete rehabilitation program considering all 

the aspects of low back pain.   

Therefore, the present study aims to study the effect of suboccipital muscle inhibition 

technique on lumbar proprioception, dynamic balance, and pain intensity in individuals with 

mechanical low back pain taking no treatment for the said dysfunction. 
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RESEARCH QUESTION: 

Is suboccipital muscle inhibition technique effective in improving lumbar proprioception, 

dynamic balance, pain intensity in individuals with mechanical low back pain aged 25-40 

years?  
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HYPOTHESIS: 

NULL HYPOTHESIS: 

There is no statistical significant effect of suboccipital muscle inhibition technique on lumbar 

proprioception, dynamic balance, pain intensity in individuals with mechanical low back 

pain. 

 

ALTERNATE HYPOTHESIS: 

There is a statistical significant effect of suboccipital muscle inhibition technique on lumbar 

proprioception, dynamic balance, pain intensity in individuals with mechanical low back 

pain. 
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OBJECTIVES: 

• To assess the effectiveness of suboccipital muscle inhibition technique on lumbar 

proprioception using Target reposition sense(TRS) with bubble inclinometer in individuals 

with mechanical low back pain aged 25-40 years. 

 

• To evaluate the effectiveness of suboccipital muscle inhibition technique on dynamic 

balance using modified Star excursion balance test in individuals with mechanical low back 

pain aged 25-40 years. 

 

 

• To analyse the effectiveness of suboccipital muscle inhibition technique on pain 

intensity using Numeric rating scale (NRS) in individuals with mechanical low back pain 

aged 25-40 years. 
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REVIEW OF LITERATURE: 

Han-Sol Kang et al. conducted a randomized controlled trial recently in 2021 titled 'Effects 

of the Suboccipital Muscle Inhibition Technique on the Range of Motion of the Ankle Joint 

and Balance According to Its Application Duration: A Randomized Controlled Trial'. This 

study aimed to investigate the effects of suboccipital muscle inhibition technique (SMIT) on 

active range of motion (AROM) of the ankle joint, lunge angle (LA), and balance in healthy 

adults, according to the duration of its application. Total 80 subjects participated in this study 

who were randomly allocated into four groups- 4-min suboccipital muscle inhibition (SMI) 

group, 8-min SMI group, 4-min sham-SMI (SSMI) group and 8-min SSMI group. The results 

of the study concluded that the SMIT, at durations of both 4 and 8 min, could be effective 

tools for improving active range of motion (AROM), Lunge angle (LA), and balance.27 

 

A study was recently conducted in 2021 by Scott D Tagliaferri et al. entitled ' Domains of 

chronic low back pain and assessing treatment effectiveness: A clinical perspective'. The aim 

of their study was to discuss the current scientific understanding of pain and present why 

additional factors should be considered in conservative Chronic Low Back pain management 

(CLBP). They recommended that that clinicians  should consider assessing a broad range of 

physical, psychological, social, and health-related quality of life  measures in patients with 

CLBP and they also recommend clinicians should include the Oswestry Disability Index 

(physical), Pain Catastrophizing Scale or Tampa Scale of Kinesiophobia (psychological), 

PROMIS social functioning (social)  and the SF-12 (health-related quality of life), with 

additional measures to be based on what is deemed relevant for the individual  patient. 

Ultimately, they concluded that all this will enable enhanced clinical decision making and 

lead to improved clinical outcomes specific to the individual patient.28 
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A cross sectional correlational study on 100 older adults having chronic low back pain 

entitled 'Relationships between forward head posture and lumbopelvic sagittal alignment in 

older adults with chronic low back pain' was carried out recently in 2021 by Alia Elabd and 

Omar Elabd. The purpose of their study was to examine the relationships among pain 

intensity, forward head posture and lumbopelvic sagittal alignment (pelvic incidence, pelvic 

tilt, sacral slope, and lumbar lordosis). The results of their study concluded that abnormal 

spinopelvic posture is related to chronic mechanical low back pain. Also, there are significant 

associations among pain intensity, forward head and lumbopelvic sagittal alignment in these 

patients.21 

 

Ushaben Prajapati and Yagna Shukla recently conducted a study in 2021 entitled 'Effect of 

Suboccipital Muscle Inhibition Technique on Hamstring Tightness in Healthy Adults - An 

Interventional Study'. The aim of the present study is to see the effectiveness of suboccipital 

muscle inhibition technique on hamstring tightness. The aim of their study was to evaluate 

the effectiveness of suboccipital muscle inhibition technique on hamstring tightness. 52 

subjects between 18-25 years participated in the study. They were divided into two groups - 

Group A received suboccipital muscle inhibition technique and static stretching. Group B 

received static stretching only. Treatment was given for 6 days a week for 2 weeks. They 

concluded that Suboccipital muscle inhibition technique is effective in improving flexibility 

of hamstring muscle.29 

 

Edrish Saifee Contractor et al. conducted a study in 2019 entitled ‘To Study the Immediate 

Effect of Suboccipital Muscle Energy Technique on Craniovertebral Angle and Cranio-

Horizontal Angle on Subjects with Forward Head Posture’. In their study they compared the 

immediate effects of deep neck flexor exercise and suboccipital release combined with deep 
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neck flexor exercise on craniovertebral angle and cranio-horizontal angle on subjects with 

forward head posture. They included 20 males and 20 females in their study after assessing 

forward head posture by electronic head posture instrument. They concluded that the addition 

of suboccipital muscle energy technique to deep neck flexor exercise resulted in reduced 

Craniovertebral angle and cranio-horizontal angle.22 

 

Rene Reinhardt (2018) in his publication entitled ‘Suboccipital musculature- morphology, 

functions, and variants- an update’ has mentioned about the suboccipital musculature, 

introduction of the muscles, sensomotoric, coordination and perception in the space, 

morphologic and anatomical aspects, myodural bridges. The study concluded that 

suboccipital muscles play a very important role in many dysfunctional processes in our 

human body and it also influences the balance, coordination mechanisms, mobility of 

temporomandibular joints as well as the neurodynamic situations down the lower extremity.30 

 

Seong-Joong Kim et al. (2018) in their study entitled ‘Effects of sternocleidomastoid muscle 

and suboccipital muscle soft tissue release on muscle hardness and pressure pain of the 

sternocleidomastoid muscle and upper trapezius muscle in smartphone users with latent 

trigger points’ investigated the effects of effects of soft tissue release intervention on the 

Sternocleidomastoid muscle (SCM) and suboccipital muscles with regard to muscle hardness 

and pressure pain threshold (PPT) of the SCM and upper trapezius (UT) muscles in 

smartphone users with latent myofascial trigger points (MTrPs) in the UT muscle. 17 

participants took part in this single bind, cross over design that had latent trigger points in 

upper trapezius muscle. The outcome measures were muscle hardness and pressure pain 

threshold of sternocleidomastoid and upper trapezius. The duration of study was one week. 

They concluded that applying both the techniques sternocleidomastoid soft tissue release and 
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suboccipital release to smartphone users who had latent trigger points resulted in decrease in 

muscle hardness and increase in pressure pain threshold in sternocleidomastoid and upper 

trapezius muscle.31 

 

A study entitled ‘Effects of the suboccipital muscle inhibition technique on pain intensity, 

range of motion, and functional disability in patients with chronic mechanical low back pain’ 

by Basma H. Hasaneen et.al (2017) have investigated the effects of suboccipital muscle 

inhibition technique on pain intensity, range of motion (ROM), and functional disability in 30 

female patients with chronic mechanical low back pain who were divided into two equal 

groups. Group A received stretching and strengthening exercises along with suboccipital 

muscle inhibition technique and Group B received stretching and strengthening exercises 

only. Their study concluded that the suboccipital muscle inhibition technique combined with 

exercises have better clinical effects than exercises alone in patients with chronic mechanical 

low back pain.32 

 

‘Relationship between head posture and lumbar curve in a sitting position: a biomechanical 

study’ by Rozilene Maria Cota Aroeira et al (2017) was conducted with an objective to 

compare the position of head with the lumbar curve in three different positions. They 

calculated the approximate force and flexion moment of the head extensor muscles in static 

equilibrium in the following positions: a) without back rest b) using a backrest with 100° tilt 

angle c) using a 100° tilted backrest associated with a cylindrical lumbar support cushion at 

level of L3 vertebra. The results of this study revealed that sitting position using a 100° tilt 

backrest and lumbar support with the smallest L3 tragus horizontal distance required less 

effort by the head and neck-extensor muscles to retain the head in equilibrium.33 
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A case control study entitled ‘Evaluation of Static and Dynamic Balance Tests in Single and 

Dual Task Conditions in Participants with Nonspecific Chronic Low Back Pain’ was 

conducted by Ladan Hemmati et al. (2017). The main purpose of this study was to 

investigate static and dynamic balance tests in single, dual cognitive, and dual manual task 

conditions in participants with and without nonspecific chronic low back pain. 40 healthy 

participants matched for age, weight, height, and sex participated were selected. Balance 

performance was evaluated using static (One Leg Stance) and dynamic (Modified Star 

Excursion Balance Test, 10-m walk test, and Timed Up and Go) balance tests. The study 

concluded that static and dynamic balance performance under dual task conditions (excluding 

the Modified Star Excursion Balance Test) was impaired in each group. 34 

 

Malarvizhi D et al. (2017) conducted an observational study entitled ‘Measurement of 

anterior pelvic tilt in low back pain’ with the objective to measure the anterior pelvic tilt for 

both males and females of low back pain patients. 120 subjects were approached. In that 70 

were males and 50 were females. Using i@handy application in mobile anterior pelvic tilt 

was calculated among low back pain patients. Anterior pelvic tilt was increased in low back 

pain patients (male - 14.15° and female - 16.26°). In that correlation between males and 

visual analog scale (VAS) was not significant. However, there was a significant correlation 

found in female anterior pelvic tilt and VAS. The study concluded that there was an increase 

in anterior pelvic tilt among low back pain patients. Anterior pelvic tilt and VAS was highly 

correlated in females, not in males.35 

 

A Systemic Review entitled 'Is there a relationship between lumbar proprioception and low 

back Pain? A Systemic Review with meta-analysis' was carried out by Matthew Tong et al. 

(2017). The objective of their study was to systemically review relationship between lumbar 
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proprioception and low back pain. They used four electronic databases- PubMed, EMBASE, 

CINAHL, SPORTDiscus and studied 17 studies from March-April 2014. Their review 

concluded that patients with low back pain have impaired lumbar proprioception compared 

with controls when it is measured actively in sitting positions of via threshold to detection of 

passive motion (TTDPM).36 

 

A study titled ‘A Comparative Study between Combinations of Ultrasound Therapy with 

Active Chin Tuck Exercise and Ultrasound Therapy with Sub Occipital Muscle Release in 

the Management of Non-Specific Neck Pain due to Sub Occipital Muscle Tightness among 

Computer Professionals’ was conducted by Franklin Shahu, Kannabiran Bhojan (2016). 

They determined the efficacy of physiotherapeutic techniques in the treatment of Non-

Specific Neck Pain due to Sub-occipital muscle tightness among computer professionals. 

Their study concluded that combination of Ultrasound Therapy with Active Chin Tuck 

Exercise training group showed statistically significant improvement & found superior in 

improving neck function, whereas Ultrasound Therapy with Sub Occipital Muscle Release 

Technique training group showed statistically significant reduction in pain.37 

 

Christos Tsigkanos et al. (2016) conducted a study entitled 'Static and dynamic balance 

deficiencies in chronic low back pain'. The aim of their study was to compare static, as well 

as dynamic balance ability between Chronic Low Back Pain (CLBP) and healthy subjects. 

The CLBP group comprised of 17 subjects and the control group conprised of 16 subjects. 

They assessed balance ability when performing the Star Excursion Balance Test (SEBT) and 

the static 1-leg stance position and recorded the target sway (TS). They concluded that 

Dynamic and static balance ability provide can be used as supplementary information for the 

identification of the presence of CLBP, with dynamic balance being more instrumental.13 
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A systemic review on 'Prevalence of low back pain' was done by Rodrigo Meucci et al. in 

2015 to estimate worldwide prevalence of chronic low back pain according to age and 

gender. A total of 28 studies were included. They found that Chronic low back pain 

prevalence was 4.2% in individuals aged between 24 and 39 years old and 19.6% in those 

aged between 20 and 59 concluding that prevalence increases linearly from the third decade 

of life on until the 60 years and is more prevalent in women.38 

 

Sonal Balani ,Chitra Kataria (2015) in their study titled ‘ Comparing Effectiveness of 

Suboccipital Muscle Energy Technique Alone, Passive Hamstring Stretching Technique 

Alone and Combination of both for Improving Hamstring Muscle Flexibility in Healthy 

Collegiate Subjects’ had a purpose of comparing the effectiveness of sub occipital muscle 

energy technique alone, passive hamstring stretching technique alone and combination of 

both the techniques for improving Hamstring flexibility in collegiate subjects. They 

concluded that all three techniques are very simple and safe and could be used to improve 

hamstring flexibility. But Combination of both the techniques was much more effective in 

comparison of two techniques alone.39 

 

A cohort study was conducted on 215 individuals by Henri Kiers et al. (2014) entitled 

‘Postural sway and integration of proprioceptive signals in subjects with LBP’. Subjects were 

made to stand on a force plate in bipedal stance. Seven trials were conducted. In first trial 

eyes were open and no perturbations were applied. In the next following 6 trials, vision was 

occluded and subjects stood under various conditions of vibration/ no vibration of lumbar 

spine on triceps surae muscle on firm and foam surface. Subjects with LBP showed a smaller 

response to TSM vibration and a slower balance recovery after cessation of vibration when 
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standing on a solid surface. Their study showed that there is a reduced weighting of 

proprioceptive signals in subjects with LBP, which was associated with the changes in sway 

when standing on foam.40 

 

A randomized, single-blind, clinical study was conducted by Alberto M. Heredia Rizo et al. 

(2012) with a sample of 24 subjects entitled ‘Immediate effects of the suboccipital muscle 

inhibition technique in craniocervical posture and greater occipital nerve mechanosensitivity 

in subjects with a history of orthodontia use: a randomized trial’. The objective was to 

measure the immediate differences in craniocervical posture and pressure pain threshold of 

the greater occipital nerve in asymptomatic subjects with a history of having used 

orthodontics, after intervention by a suboccipital muscle inhibition technique. Subjects were 

divided into an experimental group (n = 12) who underwent the suboccipital muscle 

inhibition technique and a sham group (n = 12) who underwent a sham (placebo) 

intervention. The sitting and standing craniovertebral angle and the pressure pain threshold of 

the greater occipital nerve in both hemispheres were measured. Their study concluded that 

suboccipital muscle inhibition technique immediately improved the position of the head with 

the subject seated and standing, the clinical effect size being large in the former case. It also 

immediately decreased the mechanosensitivity of the greater occipital nerve in the non-

dominant hemisphere.41 

 

Sung-Hak Cho et al. in their study (2012) titled ‘The comparison of the immediate effects 

of application of the suboccipital muscle inhibition and self-myofascial release techniques in 

the suboccipital region on short hamstring’ and compared the suboccipital muscle inhibition 

(SMI) and self-myofascial release (SMFR) techniques in the suboccipital area and researched 

the effect on flexibility of the hamstring muscles. 50 participants (25 in each group) with 
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short hamstrings participated in this study. The outcome measures used were finger-floor 

distance (FFD) test and straight leg raise (SLR) test and the popliteal angle (PA) test. The 

evaluator in this study was blindfolded. Results of the study showed that there was significant 

improvement in FFD, SLR, and PA tests following Suboccipital muscle release and 

significant change in only the SLR test post SMFR technique. Thus, SMI technique was 

proven to be more effective in increasing flexibility of the hamstring muscles when examined 

immediately.42 

 

A control group cross-sectional study entitled ‘Lumbar Repositioning Accuracy as a Measure 

of Proprioception in Patients with Back Dysfunction and Healthy Controls’ was conducted by 

Ehab E. Georgy (2011) to compare the difference in repositioning accuracy, as a measure of 

lumbar proprioception, between patients with back dysfunction and healthy subjects. Study 

consisted Forty-five participants, representing three groups. Subjects in group one (n = 15) 

were healthy subjects. Subjects in group two (n = 15) had a history of non-specific 

mechanical back dysfunction, while subjects in group three (n = 15) had discogenic back 

dysfunction. Subjects were required to reproduce a target position of 30° lumbar flexion and 

the absolute error (AE) was calculated. The results of the study represented that Differences 

in proprioception do exist between subjects with back dysfunction and normal subjects. The 

proprioceptive deficits do exist regardless of the cause of the back dysfunction, and may 

represent an important aspect of the pathophysiology of such a condition.43 

 

Kurt Clayes et al. (2011) In their study titled – ‘Decreased variability in postural control 

strategies in young people with non-specific low back pain is associated with altered 

proprioceptive reweighting’ in young individuals with NSLBP (n = 106) and healthy controls 

(n = 50) tested different postural conditions (i.e., sitting, stable support standing and unstable 
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support standing) on a force plate with a purpose to investigate if young people have the 

ability to choose the optimal postural control strategy according to the postural condition and 

to investigate if non-specific low back pain (NSLBP) influences the variability in 

proprioceptive postural control strategies. The results obtained Postural robustness was 

significantly less in individuals with NSLBP during the more complex postural conditions (p 

< 0.05) suggesting less ability to rely on back muscle proprioceptive inputs for postural 

control.44 

 

Angela S. Lee, BS et al. (2010) in their study titled ‘Comparison of Trunk Proprioception 

Between Patients with Low Back Pain and Healthy Controls’ aimed to determine if 

proprioceptive impairments exist in patients with low back pain (LBP). They hypothesized 

that patients with LBP would exhibit larger trunk proprioception errors than healthy controls 

concluded that impairments in proprioception may be detected in patients with LBP when 

assessed with a motion perception threshold measure.45 

 

M. R. Pierrynowski (2009)in his study entitled ‘Immediate Effects of the Suboccipital 

Muscle Inhibition Technique in subjects With Short Hamstring Syndrome’ to identify the 

effects on the suboccipital muscle inhibition technique in patients with short hamstring 

syndrome by means of tests designed to evaluate the elasticity of the hamstring muscles and 

pressure algometry of myofascial trigger points. 70 subjects (47 male and 23 female) were 

randomly divided into a control group (n =34) and an intervention group (n =36). The control 

group was subjected to a placebo technique, whereas the intervention group were subjected to 

the suboccipital muscle inhibition technique. Their study concluded that the suboccipital 

muscle inhibition technique modified the elasticity of the hamstring muscles for intervention 

group.46 
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A study entitled ‘Trigger Points in the Suboccipital Muscles and Forward Head Posture in 

Tension-Type Headache’ conducted by Cristina Alonso-Blanco et al. (2006) assessed the 

presence of trigger points (TrPs) in the suboccipital muscles and forward head posture (FHP) 

in subjects with chronic tension-type headache (CTTH) and in healthy subjects, and to 

evaluate the relationship of TrPs and FHP with headache intensity, duration, and frequency. 

Twenty CTTH subjects and 20 matched controls without headache participated in the study. 

Side-view pictures of each subject were taken in sitting and standing positions, in order to 

assess FHP by measuring the craniovertebral angle. Their study concluded that Suboccipital 

active TrPs and FHP were associated with CTTH. CCTH subjects with active TrPs reported a 

greater headache intensity and frequency than those with latent TrPs. The degree of FHP 

correlated positively with headache duration, headache frequency, and the presence of 

suboccipital active TrPs.47 

 

George E. Ehrlich in his publication (2003) titled ‘Low back pain’ has explained Low back 

pain is a leading cause of disability. It occurs in similar proportions in all cultures, interferes 

with quality of life and work performance, and is the most common reason for medical 

consultations. Chronic back pain is a more difficult problem, which often has strong 

psychological overlay: work dissatisfaction, boredom, and a generous compensation system 

contribute to it. No single treatment is superior to others; patients prefer manipulative 

therapy.48 
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MATERIAL AND METHODS: 

 

1) Type of study design: Pre-test post-test design 

2) Study Setting: Physiotherapy Outpatient Department (OPD) of Tertiary care hospital 

3) Duration: 18 months 

4) Study population: Individuals with Mechanical low back aged 25-40 years seeking no 

treatment for the same 

5) Sample size estimation: Sample size is determined considering pre-test post- test mean 

difference in lumbar proprioception as the main outcome measure. Following assumptions 

are made on the basis of pilot study conducted in the study setting. 

Mean (±SD) lumbar proprioception (pre) = 1.586±1.181 

Mean (±SD) lumbar proprioception (post) = 0.926±0.712  

Effect size (mean difference) = 0.66 

α error =1% (2 sided) 

Power (1- β) % = 95% 

Sample size formula for testing pre-test – post-test mean difference is 

                                  (Z (1-α) + Z (1-β) )
2 σ2 

                                 n = _____________________________ 

                                               d2                       

 

Z (1-α) = standard normal value corresponding to 𝛼 error 

Z (1-β) = standard normal value corresponding to β error 
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σ = standard deviation of pre-test post-test differences 

d= mean of pre-test- post-test differences 

Required sample size n = 40  

Therefore total 40 participants will be included in the study. 

Assuming 10% drop out in 7 days, effective sample size is n= 40 + 4 =44 

Sample size is calculated using statistical software STATA Version 10.1, 2011 

 

6) Sampling technique: Convenience sampling was done to recruit the participants who 

were diagnosed as mechanical low back pain in which consecutive sample of 44 eligible 

subjects fulfilling the inclusion criteria and consenting to participate in study for 7days were 

included from the hospital campus and nearby community.  

 

7) Method of selection of study participants:  

 

INCLUSION CRITERIA 

• Individuals with mechanical low back pain aged 25-40 years with affected lumbar 

proprioception [A 10◦ of anterior pelvic tilt on Target reposition sense 

(TRS)]Individuals notseeking any treatment for low back pain. 

• Negative Straight leg raising(SLR) test 

• Sub-acute or chronic mechanical low back pain patients 

• Pain on NPRS ≤7 

• Asymptomatic/ not taking any treatment for Cervical region 

• Individuals with Craniovertebral angle (CVA) < 50◦ 

• Individuals willing to participate 
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EXCLUSION CRITERIA:   

• Low back pain patients with radicular or radiating pain symptoms 

• Individuals with severe iliopsoas or hamstring tightness 

• Non-specific neck pain patients taking treatment 

• Any other Lumbar pathology like ankylosing spondylitis, PIVD, Tumour, Infection, 

Fracture of spine, Cauda equine syndrome etc. 

• Pregnant patients 

• Any previous Lumbar surgery 

• Use of any tranquilizer which would affect balance 

• Presence of neurologic symptoms or vestibular dysfunction 

 

WITHDRAWAL CRITERIA:  

• If the patient is diagnosed with any of the disorders stated in exclusion criteria during 

study period. 

• Discontinuity in the treatment 

8) Outcome measures:  

Lumbar Proprioception using bubble inclinometer 

Dynamic balance by modified Star excursion balance test (mSEBT) 

Pain assessment by Numeric rating scale (NRS) 
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9) Operational definitions:  

 

a) Mechanical Low back pain – Any back pain with no referral below the knee which 

may be caused by injury to muscles (strain) or ligaments (sprain), the facet joints, or 

in some cases, the sacroiliac joints, is called as Mechanical low back pain.49 

 

b) Proprioception -Proprioception encompasses the sensation of joint movement 

(kinesthesia) and joint position (joint position sense).50 

A 10◦ of anterior pelvic tilt on Target reposition sense (TPS) is a measure of Lumbar 

proprioception. 

 

c) Dynamic Balance- dynamic balance control to stabilize the body when the support 

surface is moving or when the body is moving on a stable surface such as sit-to-stand 

transfers or walking.50 
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Variables: 

 

• Independent variables 

Suboccipital muscle inhibition technique   

Age 

Gender 

Body mass index 

• Dependent variables 

Lumbar proprioception 

Dynamic balance  

Pain score 

 

 

MATERIALS: 
 

 
1. Bubble inclinometer 

 
2. MB ruler software 

 
3. Adhesive tape 

 

4. Measuring tape 
 

5. Examination table  
 

6. Stool 
 

7. Pen 
 

8. Paper   
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PROCEDURE: 

Permission from the head of institution and approval from the Ethics Committee was 

obtained. Individuals with mechanical low back pain seeking no treatment were selected. 

Participants who met the inclusion criteria were briefed about the study in the language best 

understood by them and informed written consent was taken. Demographic data was 

documented. Participants’ lumbar proprioception was measured by Target reposition sense 

(TRS) using the bubble inclinometer; dynamic balance was calculated in % after performing 

modified Star excursion balance test in three directions (anterior, anterolateral, anteromedial) 

and pain score was assessed on Numeric rating scale (NRS). Suboccipital muscle inhibition 

technique was given for 7 days to the participants. Reassessment of lumbar proprioception, 

dynamic balance and pain score was done. The data was documented, analysed and results 

were obtained. 
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a) Lumbar proprioception 

• Procedure: Target reposition sense (TRS) method 

• Assessment of anterior pelvic tilt of patients was done. 

• Target reposition sense (TRS) was used as a measure of lumbar proprioception. 

• Patient position: Patient was positioned in quadruped position with hip and knee at 

right angles. Hands of patient were placed shoulder width apart. Bubble inclinometer 

was placed at S2 region. 

• Testing procedure: To perform target reposition sense patient was taken into fixed 

position i.e., 10◦ anterior pelvic tilt in the quadruped position and was asked to 

maintain that position for 5 seconds. They were brought back to neutral position and 

asked to readapt the target position. A 10◦ of anterior pelvic tilt on Target reposition 

sense (TPS) was the measure of lumbar proprioception. The difference in degrees as 

error was measured.51 

• 3 readings were recorded and averages of 3 readings were taken for analysis. 

• Bubble inclinometer used for measuring spinal mobility yields a good intra-rater and 

inter-rater with interclass correlation coefficient ICC ≥0.81.52 

 

b) Dynamic balance 

• Procedure: modified Star excursion balance test (mSEBT) 

It is a commonly used method for assessment of dynamic balance on clinical basis. 

Measurement:  % lower limb  

• Patient position: patients were made to stand  

• Testing procedure: lower limb length was measured from the ASIS to medial 

malleolus in supine position by using a tape. Participants were asked to stand on one 1 
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foot while reaching with the other leg out in 3 different directions in following order: 

anterior, posterolateral and posteromedial. Reach distance was recorded in cm and 

was normalized to each participant’s leg by:                     

Composite reach distance = (Anterior + Posteromedial + Posterolateral)/ (leg length x 3) x 100 

• Measurement in each direction was taken and was compared with standard reference 

values.53 

 

c) Pain intensity 

• Procedure: Numeric rating scale(NRS) 

The NRS is a segmented numeric version of the visual analog scale (VAS) in 

which a respondent selects a whole number (0–10 integers) that best reflects the 

intensity of his/her pain 

• Testing procedure: The 11-point numeric scale ranges from '0' representing one 

pain extreme (e.g., “no pain”) to '10' representing the other pain extreme (e.g., 

“pain as bad as you can imagine” or “worst pain imaginable”).The respondent 

was asked to indicate the numeric value on the segmented scale that best 

described their pain intensity. Scores range from 0-10 points, with higher scores 

indicating greater pain intensity.54 

 

d) Craniovertebral Angle  

• It is defined as angle calculated between the line connecting the tragus of the ear and 

the seventh cervical vertebra to the horizontal plane. 

• Method: using Photogrammetry   

• Participant’s position: Subject in upright sitting position on a stool. 

• Therapist position: Facing the participant in lateral view (Right profile). 
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• Testing procedure: A lateral view photograph was taken with subject in upright 

sitting position which was analyzed on Markus Bader Ruler software (2003-14). 

Mid-point of the protractor was placed on spinous process of C7 vertebrae and the 

angle will be measured by connecting line to tragus of the ear. 

• Photographic posture analysis by M B ruler software is a reliable method of 

measuring craniovertebral angle with inter-rater reliability of 0.4-0.75 and intra-rater 

reliability of 0.75-0.90.55 

 

e)Suboccipital muscle inhibition technique  

• The suboccipital muscle inhibition technique was performed as follows: 

• Patient was in supine lying position with therapist sitting at head end of the plinth. 

• Both hands were placed under patient’s head making contact with the suboccipital 

muscles in the region of the posterior arch of atlas. 

• Pressure was applied upwards towards the ceiling for about 4 minutes. 

• During the procedure, patients were asked to keep their eyes closed to avoid eye 

movements that affect the suboccipital muscle tone.   

• This technique was performed for a period of 7 days in individuals with mechanical 

low back pain, taking no treatment for the same.32 
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FLOWCHART:  

Permission from the head of institution and approval from Institutional Ethics Committee was 

obtained. 

↓ 

68 individuals were screened. 

↓ 

44 participants with mechanical low back pain between 25-40 years, both genders, fulfilling 

inclusion criteria were selected. 

↓ 

Procedure of the study was explained and written consent was taken. 

↓ 

 
Lumbar proprioception was measured using a bubble inclinometer by target reposition sense 

method 

 ↓ 

Dynamic balance was calculated by modified star excursion balance test 

↓ 

Pain intensity was recorded by modified star excursion balance test 

↓ 

       Suboccipital muscle inhibition technique was given to the participants for 7 days 

↓ 

  Re-assessment of Lumbar proprioception, Dynamic balance and 

Pain intensity was done 

↓ 

        Data obtained was recorded and analyzed statistically and 

results were obtained. 
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MATERIALS: 

 

 

PHOTO 1: BUBBLE INCLINOMETER 

 

 

PHOTO 2: M B RULER SOFTWARE 
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PHOTO 3: MEASURING TAPE 

 

 

 

PHOTO 4: STOOL 
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PHOTO 5: APPLICATION OF SUBOCCIPITAL MUSCLE INHIBITION 

TECHNIQUE 

 

PHOTO 6: DYNAMIC BALANCE ASSESSMENT (ANTERIOR DIRECTION) 

USING MODIFIED STAR EXCURSION BALANCE TEST 
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PHOTO 7: DYNAMIC BALANCE ASSESSMENT (POSTERO-MEDIAL 

DIRECTION) USING MODIFIED STAR EXCURSION BALANCE TEST 

 

PHOTO 8: DYNAMIC BALANCE ASSESSMENT (POSTERO-LATERAL 

DIRECTION) USING MODIFIED STAR EXCURSION BALANCE TEST 
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PHOTO 9: ASSESSMENT OF PAIN INTENSITY BY NUMERIC RATING SCALE 

(NRS) 
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RESULTS: 

 

DATA ANALYSIS  

 

Statistical software STATA. Version 10.1,2011 was used for data analysis.  

 

Test used for statistical analysis is:  

 

Independent sample t-test:  

 

-To compare pre and post mean of lumbar proprioception by target reposition sense (TRS) 

method. 

-To compare pre and post mean of dynamic balance by modified star excursion balance test 

 

-To compare pre and post mean of pain intensity by numeric pain rating score. 

 

Level of significance:  

 

p-value <0.05 was considered to be statistically significant.  
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The results of the study are: 

Total numbers of participants included in the study were 44 between 25-40 years. Participants 

who met the inclusion criteria and had chronic mechanical low back pain were included in 

the study. Bubble inclinometer was used to assess lumbar proprioception using target 

reposition sense (TRS) method. modified Star excursion balance test was used to evaluate 

dynamic balance. Numeric rating scale (NRS) was used to analyze pain score. Following 

were observations of the study: 

 

Age: - 

Total 44 participants with mechanical low back pain were included in study with mean age 

30.80 ± 5.08 years. Number of participants in the age group of 21-25 were 6 (13.6%), in age 

group of 26-30 were 18 (40.9%), in age group of 31-35 were 11 (25.0%), in age group of 36-

40 were 9 (20.50%) in both groups. (Table 1, Graph 1) 

 

Gender:-  

32 (72.7%) females and 12 (27.3%) males with mechanical low back pain participated in the 

study. (Table 2, Graph 2) 

 

Body mass index (BMI):- 

The mean body mass index was 24.78 ± 4.96. Number of participants with BMI >18.5 were 2 

(4.5%), with BMI 18.5-24.99 were25 (56.8%), with BMI 25-29.99 were 11(25%) and with 

BMI >30 were 6 (13.66%). (Table3, Graph 3) 
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Lumbar Proprioception: 

Pre intervention mean of Lumbar Proprioception error (in degrees) was 3.58°± 0.84 and post 

intervention mean was 1.64°± 0.89 in participants with mechanical low back pain. (Table 4, 

Graph 4)  

There was significant decrease in degree error of Lumbar Proprioception post intervention 

(p<0.001). 

This indicates that suboccipital muscle inhibition technique was effective in improving 

Lumbar proprioception in individuals with mechanical low back pain. 

 

 

Dynamic balance using modified Star excursion balance test (mSEBT): 

 

For right foot, pre intervention mean of composite reach score (%) was 89.45%± 9.61 and 

post intervention mean was 92.29%± 10.58. (Table 5, Graph 5)   

For left foot, pre intervention mean of composite reach score (%) was 90.52%±10.67 and 

post intervention mean was 92.66%± 11.63in participants with mechanical low back pain.  

(Table 6, Graph 6)  

Composite reach score (%) increases significantly in both the legs post intervention 

(p<0.001). 

This infers that suboccipital muscle inhibition technique was effective in improving dynamic 

balance in individuals with mechanical low back pain. 

 

 

Pain intensity using Numeric rating scale (NRS): 

 

In individuals with mechanical low back pain, pre-intervention mean score of NRS was  

5.25± 1.10 and post intervention mean was 3.07± 1.04. (Table 7, Graph 7)  

A significant decrease in score of Numeric rating scale post intervention was observed 

(p<0.001)  
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This implies that suboccipital muscle inhibition technique was effective in improving Pain 

intensity in individuals with mechanical low back pain  
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DISCUSSION: 

A pre-test post-test design was carried out to assess the effectiveness of suboccipital muscle 

inhibition technique on lumbar proprioception, dynamic balance and pain intensity in 

individuals with mechanical low back pain aged 25-40 years. In present study, Lumbar 

Proprioception was measured using bubble inclinometer by Target Reposition Sense (TRS) 

method and there was significant decrease in lumbar proprioception error (in degrees) post 

intervention (p value <0.001). Dynamic balance was assessed using modified Star excursion 

balance Test (mSEBT) and post intervention there was significant increase in composite 

reach score (p value <0.001), pain intensity was assessed by Numeric rating scale (NRS) 

score, resulting in decrease in pain post application of suboccipital muscle inhibition 

technique (p value <0.001). Thus, it supports the alternate hypothesis that suboccipital muscle 

inhibition technique was found to be effective in decreasing lumbar proprioception error, 

improving dynamic balance ability as well as in reducing pain intensity in individuals with 

mechanical low back pain. 

The Indian Council of Medicine and Research (ICMR) in 2017 have reported that near about 

8% of Indian population suffer from yearly lived disability (YLD) of low back pain. This 

report also stated that females are more prone to suffer from low back pain as compared to 

males. According to a systemic review by Meucci et al38 the prevalence of low back pain was 

4.2% and 19.6% in individuals aged between 24 to 39 years old and 20 to 59 years 

respectively. Considering the degenerative changes, prevalence of mechanical low back pain 

is higher between 25-40 years. Thus, the above study supports the gender distribution and age 

selection among the selected population. 

Development of newer and better treatment approaches towards persistent low back pain 

(LBP) needs a greater understanding towards possible causes and mechanisms producing it. 
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There are several mechanisms causing Low back pain amongst which changes in motor 

control plays a major role in recurrence and persistence. Changes in motor control may lead 

to proprioceptive deficits in turn resulting in balance disturbances. Hence, assessing and 

including treatment of these components in the rehabilitation is imperative. 

Passive tissue properties in the lumbar spine are not adequate in providing stabilisation to 

prevent it from buckling or collapsing. Hence, spinal control is particularly dependent upon 

proprioceptive feedbacks from proprioceptors situated in the back musculature.56 There are 

several mechanisms which describe the adverse influence of lumbosacral proprioceptive 

acuity. Pain in the low back has been proven to have a direct negative effect on 

proprioceptive acuity. However, a study conducted by Brumagne et al. (2008) have also 

stated that individuals suffering from recurrent low back pain who were tested during pain 

free episodes still showed altered proprioception. This can further conclude that 

proprioceptive deficits associated with low back pain can lead to recurrent low back pain.56 

Additionally, it has been observed that people with low back pain have decreased back 

muscle endurance and increased fatigue. These changes are often associated with build-up of 

ischaemic metabolites which negatively affect proprioceptive control of the spine.57 Other 

studies suggests that proprioception may be impaired by action exerted via sympathetic 

nervous systems which directly depress the sensitivity of muscle spindles to change muscle 

length and indirectly reduce proprioception by reducing blood flow to skeletal muscles.58 

Individuals suffering from low back pain, adapt a rigid postural control strategy restricting 

excessive movements during simple tasks which may be related to altered sensory reweighing 

and as well as changes in reference frames.13 Fontana et al. in their study concluded that 

lumbar proprioception can also be affected by balance ability and body sway.59 The 

connection between proprioceptive ability and balance ability can directly be explained as the 

feedback used by muscle spindle and golgi tendon organs is used for maintaining balance by 
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our body when visual input is eliminated. Additionally, presence of pain in the low back 

alters the firing of paraspinal muscles which results in delayed muscle response as well as 

poor segmental stability.13 Asymmetrical muscle activation patterns in combination with hip 

muscle imbalances, in particular the hamstring muscle, have been found contributing towards 

low back pain. Moreover, muscle inhibition caused by pain compensates by increasing 

activation of non-primary muscles.60 

All of the above mechanisms conclude that individuals suffering from low back pain have 

interconnected associated components like lumbar proprioceptive deficits and balance 

impairments which are serve as a cause as well as mechanism producing persistent low back 

pain and further complications. 

Our human body works on the principle of kinetic chain. This principle describes the 

mechanism of how the human body is considered in terms of series of interconnected links or 

segments. The muscles of the back are a part of the kinetic chain which is connection via the 

lower extremities up to the cervical spine musculature also connecting the upper extremities. 

Hence stimulation or inhibition of any muscle would have an effect on the other muscles of 

the kinetic chain.61 

Suboccipital muscles are deep cervical muscles, which are rich in proprioceptors and hence, 

play an important role in postural control and co-ordinated movements of muscles throughout 

the superficial back line.23 Tightness in these muscles leads to forward head posture which 

further can be a contributing factor towards worsening low back pain. 

There are several mechanisms by which the suboccipital muscle inhibition technique can 

contribute towards reducing pain intensity, improving associated lumbar proprioception and 

dynamic balance impairments in individuals with mechanical low back pain. The suboccipital 

muscle inhibition technique is a manual technique which aims on relaxing the tension in the 
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deep suboccipital muscles by the mechanism of decreasing myofascial restriction in that 

region. In a study conducted by Hasaneen et al in 2016, they stated that suboccipital muscle 

inhibition technique induces muscle relaxation leading to reduction in pain in lumbar region 

through two major reasons: Firstly, this technique leads to release of ß-endorphins which 

decrease the pain perception62 and secondly, it produces muscle relaxation by stimulation of 

the parasympathetic system.63 This stimulation leads to reduction in the sympathetic activity 

which can further lead to improvement in proprioceptive deficits caused by it. Inhibitory 

effects of this technique were also justified in the study conducted by Iopez G V et al (2014) 

who concluded that suboccipital muscle spasm and pain intensity decreased post application 

of suboccipital muscle inhibition technique in individuals with tension-type headache.64 

Suboccipital muscles are termed as ‘proprioceptor monitors’ as they have highest spindles in 

the body and therefore, they contribute in regulation of head posture. According to Schleip, if 

the tone in sub-occipital muscles is decreased actively or passively it produces relaxation of 

myofascia increasing the length of hamstring muscles.65 Flexibility of hamstring muscles has 

been proven to be imperative in maintaining normal biomechanics of the lumbar spine. Thus, 

improved flexibility of hamstring muscles can have an inverse relation with low back pain 

and also can improve the progressive complications like altered balance abilities associated 

with it. Also, chronic pain conditions lead to interrupted proprioceptive signals which are a 

result of plastic changes in the brain that have altered the body image and body scheme.66 

Thus, any improvement in the chronic pain at low back can directly or indirectly improve 

stability of the spine in-turn improving the joint position sense i.e., proprioception at the 

lumbar region.  

As mentioned above, the myofascial bridge connecting the suboccipital muscles to the foot 

can be a basis of stating that over activated suboccipital muscles can negatively impact the 

tension down the myofascial chain. Inhibiting this tone, can serve to be a physiological basis 
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for improved tension of muscles of the chain leading to increase in flexibility post 

application. This is supported by a study conducted by Ushaben P and Yagna S (2020) who 

concluded that suboccipital muscle inhibition technique improves hamstring flexibility in 

subjects with hamstring tightness.29 A recent study conducted by Hyung-Wook Kwon et al. 

(2021) concluded that an eight-minute intervention of suboccipital muscle inhibition 

technique was effective in improving balance ability.27  Another study conducted by Yalfani 

et al (2017) concluded that hamstring flexibility and dynamic balance improved in chronic 

low back pain post 6 weeks of aquatic exercises where they attributed the balance 

improvements to be significant due to increased hamstring flexibility.67 

On the basis of the above-mentioned literature, the results of the current study go in 

affirmation with the physiological basis that reduction in tone of suboccipital muscles leads 

to reduced pain and improving flexibility of muscles of the hip and back allowing greater 

motion to occur at the pelvis and the hip joint which results in reduced stress at the lumbar 

region thus improving the spinal stability. As the spinal stability increases there is 

improvement in the postural control and an improvement in postural control further reduces 

the stiffening strategy adopted by the spine explaining the improvement in joint 

proprioception.   

Therefore, we conclude that application of suboccipital muscle inhibition technique improves 

lumbar proprioception, reduces balance deficits and decreases pain intensity in individuals 

suffering from mechanical low back pain.  
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CONCLUSION: 

A pre-test post-test design was carried out to assess the effectiveness of suboccipital muscle 

inhibition technique on lumbar proprioception, dynamic balance and pain intensity in 

individuals with mechanical low back pain aged 25-40 years. Results of this study 

demonstrated improvements in lumbar proprioception, dynamic balance and intensity of pain 

in individuals with mechanical low back pain. 

Thus, this study concludes that suboccipital muscle inhibition technique was effective in 

improving lumbar proprioception, increasing dynamic balance and reducing pain intensity in 

individuals with mechanical low back pain which can further lead to reduced recurrence rates 

and improved functional ability.  
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STRENGTH AND LIMITATION: 

STRENGTHS: 

Strengths of this study are: 

- The study was performed on individuals seeking no treatment for low back pain.  

- The suboccipital muscle inhibition technique used in this study is only a 4 minutes 

protocol. Therefore, it was not time-consuming.  

- The suboccipital muscle inhibition technique was very convenient where no 

additional instruments were needed. 

- Bubble inclinometer which was used to measure lumbar proprioception is a portable 

device which can be used in any clinical setting. 

- Study was convenient to practice in available study set-up. 

- Most participants of this study were educated and co-operative.  

LIMITATIONS: 

Limitations of this study are: 

- Single investigator measured the outcome measures, so the investigator was not 

blinded. 
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CLINICAL IMPLICATION:  

Mechanical low back pain is a common condition which is well known of which different 

symptomatic treatments measures have been studied. High percentage of individuals with 

mechanical low back pain present with postural dysfunctions leading to lumbar 

proprioception deficits, dynamic balance impairments, intermittent pain, functional disability 

etc.  

Current study has focussed on those possible complications of low back pain – lumbar 

proprioceptive deficits and dynamic balance impairments, which are usually neglected while 

planning rehabilitation protocol for low back pain patients. 

The study was done on individuals who are not seeking any treatment for this said 

dysfunction. Positive results obtained towards reduced pain helped in creating awareness 

about need of early physiotherapy treatment for the low back pain. 

Also, overall improvement in pain intensity in these patients led to a positive attitude towards 

the need of focussing on the dysfunction and not neglecting it.  

Major treatment techniques currently followed; focus on localised treatment of the low back 

pain. Muscles of the low back are a part of the superficial myofascial chain which are 

connected to the upper cervical spine and the lower limb muscles by a kinetic link. Present 

study has considered treating associated complications of low back pain especially lumbar 

proprioception error and impaired dynamic balance by the principle of kinetic chain link. The 

positive conclusion of this study goes in affirmation of this principle stating that treating or 

inhibiting a proximal component has positive effect on a distal component i.e., inhibiting tone 

of the suboccipital muscles leads to reduction in low back pain, improvement in lumbar 

proprioception and dynamic balance ability.  
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The suboccipital muscle inhibition technique used in this study was given for four minutes. 

This implies that addition of an easy, less time-consuming technique in the rehabilitation plan 

for individuals suffering from low back pain can help in better treatment for these individuals 

as it considers low back pain as well as complications associated with it especially lumbar 

proprioceptive deficits and dynamic balance impairments.  

Lastly, the result of this technique severs as the basis that treatment of a proximal component 

can have a positive effect on the distal component. This fact can be considered while 

planning a treatment protocol for low back pain patients and this technique can be added as a 

home-exercise rehabilitation component as it considers the treatment of major complications 

associated with low back pain.  
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SUMMARY: 

 

A pre-test post-test design was carried out to assess the effectiveness of suboccipital muscle 

inhibition technique on lumbar proprioception, dynamic balance and pain intensity in 

individuals with mechanical low back pain aged 25-40 years. Around 68 individuals 

complaining of mechanical low back pain were assessed of which 44 individuals (32 females 

and 12 males) who met the inclusion criteria and who were not taking any treatment for the 

same were included in the study. Pre-intervention, individuals were assessed for lumbar 

proprioception (in degree error) by bubble inclinometer using Target reposition sense (TRS), 

dynamic balance was analyzed by measuring composite reach score (in %) using the 

modified Star excursion balance test (mSEBT) and pain intensity was measured by Numeric 

rating scale (NRS) score. Suboccipital muscle inhibition technique was given for 7 days. 

Post-intervention assessment was done which was similar to the pre-intervention assessment.   

Data was obtained and analyzed using independent sample t-test. Results of this study 

demonstrated improvements in lumbar proprioception, dynamic balance, and intensity of pain 

in individuals with mechanical low back pain. The study concludes that suboccipital muscle 

inhibition technique was effective in reducing lumbar proprioception error, increasing 

dynamic balance, and reducing pain intensity in individuals with mechanical low back pain. 
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TABLES AND GRAPHS: 

 

Table 1: Age wise distribution of participants in years 

 

Age Group 

 

Frequency Percent 

21-25 6 13.6 

26-30 18 40.9 

31-35 11 25.0 

36-40 9 20.5 

Total 44 100.0 

  

 

Graph 1: Age wise distribution of participants in years. 
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Table 2: Gender wise Distribution of participants 

 

Gender 

 

Frequency 

 

Percent 

Female 32 72.7 

Male 12 27.3 

Total 44 100.0 

 

Graph 2: Gender wise Distribution of participants 
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Table 3: Distribution of participants according to body mass index 

BMI (kg/m2) Interpretation Frequency Percent 

<18.5 Low Weight 2 4.5 

18.5-24.99 Normal 25 56.8 

25-29.99 Pre-Obese 11 25.0 

>30 Overweight 6 13.6 

Total  44 100.0 

 

 

 

Graph 3: Distribution of participants according to Body mass index (BMI) 
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Table4: pre and post degree error of lumbar proprioception in individuals with mechanical low 

back pain 

 

Lumbar 

Proprioception 

(degree error) 

 

 

Mean 

 

 

Std. Deviation 

 

 

 

t value 

 

 

p value 

Pre-intervention 3.577 0.8372  

25.27 

 

<0.01 
Post-intervention 1.643 0.8820 

 

Graph 4: pre and post lumbar proprioception error (in degrees) in individuals with 

mechanical low back pain 

 

 

 

There was significant decrease in degree error of Lumbar Proprioception post intervention 

(p<0.001). 
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Table 5: pre and post modified star excursion balance composite reach score in % of 

right foot in individuals with mechanical low back pain 

 

Modified Star 

Excursion Balance 

reach score in %  

Right foot 

 

 

Mean 

 

 

Std. Deviation 

 

 

t value 

 

 

p value 

 

Pre-intervention 

 

89.4485 9.61550 

-6.29 <0.01 
 

Post-intervention 

 

92.2964 10.58426 

 

 

Graph 5: pre and post modified star excursion balance composite reach score in % of 

right foot in individuals with mechanical low back pain 
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Table 6: pre and post modified star excursion balance composite reach score in % of 

left foot in individuals with mechanical low back pain 

 

 

Modified Star 

Excursion Balance 

reach score in %   

Left foot 

 

 

Mean 

 

 

Std. Deviation 

 

 

t value 

 

 

p value 

 

Pre-intervention  

 

90.5201 10.67662 

-5.36 <0.01 
 

Post-intervention 

 

92.6556 11.23580 

 

Graph 6: pre and post modified star excursion balance composite reach score in %of 

left foot in individuals with mechanical low back pain 

 

composite reach score (%) increases significantly in both the legs post intervention 

(p<0.001). 
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Table 7: pre and post Numeric rating scale score for pain intensity in individuals with 

mechanical low back pain patients 

Pain - NRS Mean Std. Deviation t value p value 

Pre 5.25 1.102 
13.09 <0.01 

Post 3.07 1.043 

 

Graph 7: pre and post Numeric rating scale score for pain intensity in individuals with 

mechanical low back pain patients 

 

 

A significant decrease in score of Numeric rating scale post intervention was observed 

(p<0.001)  
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ANNEXURE I (A) 

PERMISSION LETTER 

 

To,  

The Head of Institute,  

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I, Miss, student of Master of Physiotherapy, would request you to grant me permission to 

carry out my research work. My research topic is, “EFFECT OF SUBOCCIPITAL MUSCLE 

INHIBITION TECHNIQUE ON LUMBAR PROPRIOCEPTION, DYNAMIC BALANCE 

AND PAIN INTENSITY IN INDIVIDUALS WITH MECHANICAL LOWBACK PAIN 

AGED 25-40 YEARS: A PRE-TEST POST-TEST DESIGN”. For this purpose, I would be 

utilizing the institution and the equipment’s required for the same would be kept in the same 

premises and the subjects would be studied in the institution.  

I kindly request you to do the needful in this regard.  

 

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

 

Guide Head of Institute 
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ANNEXURE I (B) 

PERMISSION LETTER 

To, 

The Chairman, 

Ethical Committee 

 

Subject: Permission to carry out research work. 

 

I student of Master of Physiotherapy, would request you to grant me permission to carry out 

my research work. 

My research topic is, “EFFECT OF SUBOCCIPITAL MUSCLE INHIBITION 

TECHNIQUE ON LUMBAR PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN 

INTENSITY IN INDIVIDUALS WITH MECHANICAL LOW BACK PAIN AGED 25-40 

YEARS: A PRE-TEST POST-TEST DESIGN.”  

I promise that the ethics as well as subjects care shall be duly complied.  

I kindly request you to do the needful in this regard.  

 

Yours sincerely,  

Research student 
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ANNEXURE I (C) 

 

PARTICIPANT INFORMATION SHEET 

 

Purpose:  

To ensure that written informed consent is obtained from participants according to the 

regulatory requirements of ICMR and approved by IEC.  

Scope:  

These standard procedures include individuals with mechanical low back pain who will be 

voluntarily willing to participate in this study.  

Responsibilities: The researcher will obtain written informed consent from all the 

participants who are volunteering to be the part of this study.  

Procedure:  

1. The researcher will select the participants among population with mechanical low back 

pain taking no treatment for the same.  

2. The investigator will explain the interventional protocol to allay apprehension and answer 

all the queries of the participant.  

3. If the participant decides to participate then they would be consented according to the 

standard procedure.  

4. If the participant expresses interest but has some doubts, in that case they would be solved.  

5. If the participants are comfortable with the explanation, then they will fill the informed 

consent according to standard operational procedure. Study procedures will begin after the 

participant’s concern.  

6. Detailed medical and any other physical problem history will be obtained from the 

participants so as to verify the inclusion and exclusion criteria.  
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7. If participant wants to discuss this information to their family members, then they are 

entitled to do so before giving the consent.  

General information to research participants:  

1. Name:  

Age:  

Date:  

2. You would be required to fill the proforma and the purpose of the research is to study 

“EFFECT OF SUBOCCIPITAL MUSCLE INHIBITION TECHNIQUE ON LUMBAR 

PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN INTENSITY IN INDIVIDUALS 

WITH MECHANICAL LOW BACK PAIN AGED 25-40 YEARS: A PRE-TEST POST-

TEST DESIGN.”  

3. If you are willing to voluntarily participate in the study, then you are expected to enroll 

with us right from the moment of filling proforma till the completion of the test.  

4. If you are uncomfortable during this period then, kindly let us know so that we can help 

you and overcome your problems without any untoward effect.  

5. You will not be given any reimbursement and compensation.  

6. If at any moment you want to discontinue from this research study then, you are free to do 

so and there would not be any hindrance from our side.  

7. The details of the risk, discomfort, advantages, and disadvantages of the study will be 

explained to you before obtaining the letter of consent.  

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then your identity would not be revealed. If the photograph is 

published then, permission would be obtained.  
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9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.  

10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.  

11. If you are not satisfied at any moment then, you can withdraw at any time without any 

consequences 

12. Name of Researcher:  

Phone number:  

Address: 

13. Name of Guide: 

Phone number:  

Address: 

14. Name of Institution: 
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ANNEXURE I (D) 

रुग्णांचीमणहितीपत्रक 

उदे्दशः 

आयसीएमआरच्यण हियणमक आवश्यकतणांिुसणर आहण आयईसीद्वणरे मांजूर झणलेल्यण सिभणगी ांकडूि 

लेखी सूहचत सांमती हमळहवली जणते िे सुहिहित करण्यणसणठी. 

व्याप्ती: 

यण मणिक प्रहियणांमधे्य यणांहत्रक कमी पणठदुखी असलेल्यण व्यक्ीांचण समणवेश आिे जे से्वचे्छिे यण 

अभ्यणसणत सिभणगी िोण्यणस इचु्छक असतील. 

जबाबदा: 

यण अभ्यणसणचण भणग िोण्यणसणठी स्वयांसेवण करणण  ् यण सवव सिभणगी ांकडूि सांशोधकणांिण लेखी मणहिती 

हदली जणईल. 

 

प्रक्रियाः 

1.  यणांहत्रक कमी पणठदुखी असणणऱ्यण लोकसांखे्यमधे्य सांशोधक सिभणगी ांची हिवड करतील ज्यणवर 

कोणतणिी उपचणर केलण जणत िणिी. 

 

2. अने्वषण दूर करण्यणसणठी आहण सिभणगीच्यण सवव प्रश्णांची उत्तरे देण्यणसांदभणवत इांटरटेंशिल 

प्रोटोकॉल समजणवूि सणांगण. 

 

3. जर सिभणगीिे भणग घेण्यणचण हिणवय घेतलण असेल तर त्णांिण मणिक प्रहियेिुसणर सांमती हदली 

जणईल. 

 

4. जर सिभणगीिे स्वणरस्य व्यक् केले परां तु त्णांिण कणिी शांकण असल्यणस त्ण प्रकरणणत त्णांचे 

हिरणकरण िोईल. 

 

5. जर सिभणगी त्ण स्पष्टीकरणणस आरणमदणयक असतील तर ते प्रमणहणत ऑपरेशि प्रहियेिुसणर 

मणहितीची सांमती भरतील. सिभणगीच्यण हचांतेिांतर अभ्यणसणची प्रहियण सुरू िोईल. 

 

6. समणवेश आहण वगळण्यणच्यण हिकषणांची पडतणळणी करण्यणसणठी सिभणगी ांकडूि तपशीलवणर 

वैद्यकीय आहण इतर कोणत्णिी शणरीररक समसे्यचण इहतिणस प्रणप्त केलण जणईल. 
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7. जर सिभणगीलण त्णांच्यण कुटुांबणतील सदस्यणांसि यण मणहितीवर चचणव करणयची असेल तर सांमती 

देण्यणपूवी ते तसे करण्यणस पणत्र आिेत. 

 

 

सहभागीी ीींना सी ीींशोधन करण्यासाठी सामान्य माहहती:  

1. िणव: 

वय: 

तणरीख: 

 

2. आपल्यणलण परफॉम्णण भरणे आवशयक आिे आखख सांशोधिण चिेतु ” २५ ते ४० वषे 

वयोगटणतील मेकॅहिकल पणठदुखी असलेल्यण व्यक्ीांमधे्य लम्बणर प्रोहपररओसेपसि, गितशील 

सी ांतुहल आहि वेहदण तीव्रतेवर सबोिसपीटल स्नणयू प्रितबी ांधणत्मक ती ांत्रणचण प्रभणव: पूवव आहण पिणत 

चणचणी.” िण अभ्यणसकररे आवशयक आिे 

 

3. जर आपण से्वचे्छिे अभ्यणसणमधे्य भणग घेऊ इखच्छत असणल तर आपण परीके्षची पूतवतण िोईपयंत 

प्रोफणमणव भरण्यणच्यण क्षणणपणसूि आमच्यणसि आमच्यणकडे िोांदणी करणे अपेहक्षत आिे. 

 

4. जर आपणणस यण कणलणवधीत अस्वस्थतण वणटत असेल तर कृपयण दयणपूववक आम्हणलण कळवण 

जेणेकरूि आम्ही कोणतीिी अहप्रय पररणणम ि करतण आम्ही आपल्यणलण मदत करू आहण 

आपल्यण अडचणी ांवर मणत करू. 

 

5. तुम्हणलण कोणतीिी भरपणई आहण िुकसणिभरपणई हदली जणणणर िणिी. 

 

6. जर तुम्हणलण यण क्षणी यण अभ्यणसणचण अभ्यणस बांद करणवणसण वणटलण असेल तर तुम्ही तसे 

करण्यणस मोकळे आिणत आहण आमच्यण बणजूिे कोणतणिी अडथळण हिमणवण िोणणर िणिी. 

 

7. अभ्यणसणचे जोखीम, अस्वस्थतण, फणयदे आहण तोटे यणांचे तपशील आपल्यणलण सांमतीपत्र प्रणप्त 

करण्यणपूवी स्पष्ट केले जणईल. 

 

8. यण अभ्यणसणमधूि हमळणलेलण डेटण गुप्तपणे सांरहक्षत आहण रणखलण जणईल आहण जर फोटो 

वणपरलण गेलण तर आपली ओळख उघड िोणणर िणिी. जर छणयणहचत्र प्रकणहशत झणले तर 

परवणिगी घेतली जणईल. 

 

9. यण अभ्यणसणसणठी आवश्यक असलेल्यण हवहवध चणचण्यण प्रहियेचण सवव धोकण आपल्यणलण 

समजणवूि सणांहगतलण जणईल आहण त्णिुसणर सांमती घेतली जणईल.  

 

10. आपण थकल्यणसणरखे हकां वण कसोटी पूणव करण्यणत अक्षम झणल्यणस आपल्यणलण कणळजी 

करण्यणची आवश्यकतण िणिी आहण आम्हणलण कळवण जेणेकरुि आवश्यक पणवले उचलतण 

येतील. 
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11. आपण कोणत्णिी क्षणी समणधणिी िसल्यणस आपण कोणत्णिी पररणणमणहशवणय कधीिी मणघणर 

घेऊ शकतण. 

12. सांशोधकणचे िणव:  

फोि िांबर:  

पत्तण: 

 

13. मणगवदशवकणचे िणव: 

फोि िांबर: 

पत्तण: 

 

14. सांस्थेचेिणव: 
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ANNEXURE I (E) 

 

रोगीसूचनापत्र : 

 

उदे्दश्य: 

यि सुहिहित करिे के हलए हक प्रहतभणहगयोां से हलखखत सूहचत सिमहत प्रणप्त की जणती िै। 

 

स्कोप: 

इि मणिक प्रहियणओां में यणांहत्रक पीठ के हिचले हिसे्स में ददव  वणले व्यखक् शणहमल िैं जो से्वच्छण से इस 

अध्ययि में भणग लेिे के इचु्छक िोांगे। 

 

दाक्रयत्व: 

शोधकतणव उि सभी प्रहतभणहगयोां से हलखखत सूहचत सिमहत प्रणप्त करेगण जो इस अध्ययि कण हिस्सण 

बििे के हलए स्वयां सेवण कर रिे िैं 

 

प्रक्रिया: 

1. शोधकतणव आबणदी के बीच यणांहत्रक पीठ ददव  के सणथ प्रहतभणहगयोां कण चयि करेगण, हजसकण कोई 

इलणज ििी ां िै। 

2. जणांचकतणव सभी आशांकणओां के हलए प्रयोगणत्मक प्रोटोकॉल की व्यणख्यण करेगण और प्रहतभणगी के सभी 

प्रश्ोां कण उत्तर देगण।  

 

3. यहद प्रहतभणगी भणग लेिे कण फैसलण करतण िै तो मणिक सांचणलि प्रहियण के अिुसणर उिकी सिमहत 

िोगी।  

 

4. यहद प्रहतभणगी रुहच व्यक् करतण िै, लेहकि उस मणमले में कुछ सांदेि िैं, तो वे िल िो जणएां गे।  
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5. यहद प्रहतभणगी स्पष्टीकरण के सणथ सिज िैं तो वे मणिक सांचणलि प्रहियण के अिुसणर सूहचत सिमहत 

को भर देंगे।  

 

6. अध्ययि की प्रहियण प्रहतभणगी की सिमहत के बणद शुरू िोगी।  

 

7. समणवेशी और बहिष्करण मणिदांडोां को सत्णहपत करिे के हलए प्रहतभणहगयोां से हवसृ्तत हचहकत्सण 

और हकसी भी अन्य शणरीररक समस्यण कण इहतिणस प्रणप्त हकयण जणएगण।  

 

8. यहद प्रहतभणगी अपिे पररवणर के सदस्योां के सणथ इस जणिकणरी पर चचणव करिण चणिते िैं तो वे 

सिमहत देिे से पिले ऐसण करिे के िकदणर िैं। 

 

 

अनुसीींधान प्रक्रतभाक्रगयो ीीं को सामान्य जानकारी:  

1. िणम: 

 उम्र:  

हदिणांक: 

 

2. आपको प्रोफणमणव भरिण िोगण और शोध कण उदे्दश्य अध्ययि करिण िोगण 

“25-40 वषवव मैकेहिकल पीठ ददव वणले व्यल्कोणां में लुणांबणर प्रोिप्रयोसेखशश, गितशील सी ांतुहल 

और ददव की तीव्रतण पर सबोहसहपटलमणांसपेशीइिहिहबसि कण प्रभणव: प्री-टेस्टपोस्ट-

टेस्टहडजणइि” 

 

 

3. यहद आप से्वच्छण से अध्ययि में भणग लेिे के इचु्छक िैं तो आपसे यि अपेक्षण की जणती िै हक 

परफॉमणव भरिे के क्षण से लेकर परीक्षण पूरण िोिे तक िमणरे सणथ िणमणांकि करें।  

 

4. यहद आप इस अवहध के दौरणि असिज िैं, तो कृपयण िमें बतणएां  तणहक िम आपकी मदद कर 

सकें  और हबिण हकसी अहप्रय प्रभणव के आपकी समस्यणओां को दूर कर सकें ।  

 

5. आपको कोई प्रहतपूहतव और मुआवजण ििी ां हदयण जणएगण।  

6. यहद हकसी भी क्षण आप इस शोध अध्ययि से िटिण चणिते िैं तो आप ऐसण करिे के हलए 

स्वतांत्र िैं और िमणरी ओर से कोई बणधण ििी ां िोगी। 

 

7. सिमहत पत्र प्रणप्त करिे से पिले अध्ययि के जोखखम, असुहवधण, फणयदे और िुकसणि कण 

हववरण आपको समझणयण जणएगण।  



 

81 
 

 

8. इस अध्ययि से प्रणप्त आांकडोां को गोपिीय रूप से सांरहक्षत और बिणए रखण जणएगण और यहद 

तस्वीर कण उपयोग हकयण जणतण िै तो आपकी पिचणि उजणगर ििी ां की जणएगी। यहद तस्वीर 

प्रकणहशत िोती िै, तो अिुमहत प्रणप्त की जणएगी।  

 

9. इस अध्ययि के हलए आवश्यक हवहभन्न परीक्षण प्रहियणओां के सभी जोखखमोां को आपको 

समझणयण जणएगण और तदिुसणर सिमहत ली जणएगी। 

 

10. यहद आप थकणवट मिसूस करते िैं यण परीक्षण पूरण करिे में असमथव िैं, तो आपको हचांतण 

करिे की आवश्यकतण ििी ां िै और िमें बतणएां  तणहक आवश्यक कदम उठणए जण सकें । 

11. यहद आप हकसी भी क्षण सांतुष्ट ििी ां िैं तो आप हबिण हकसी पररणणम के हकसी भी समय वणपस 

ले सकते िैं।  

 

12. शोधकतणव कण िणम:  

फोि िांबर:  

पतण:  

 

13. गणइड कण िणम:  

फोि िांबर: 

पतण:  

 

14. सांस्थण कण िणम: 
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ANNEXURE II (A) 

LETTER OF CONSENT 

“EFFECT OF SUBOCCIPITAL MUSCLE INHIBITION TECHNIQUE ON LUMBAR 

PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN INTENSITY IN INDIVIDUALS 

WITH MECHANICAL LOW BACK PAIN AGED 25-40 YEARS: A PRE-TEST POST-

TEST DESIGN.” 

 

• I have received an explanation of the nature, purpose, duration and foreseeable effects and 

risks of the trial and what I will be expected to do. My questions have been answered 

satisfactorily. 

• I understand that my participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trialat any time, without penalty or loss of benefits to 

which I am otherwise entitled. 

• I further understand that any information that becomes available during the course of the 

study that may affect my willingness to take part will be informed to me. 

• Institutional Ethics Committee authorities may wish to examine my medical records to 

verify the information collected. By signing this document, I give permission for this review 

of my records. 

• I understand that my identity will not be revealed in any report or publication. 

• I agree to take part in the above study. 

 

_____________________                                                          ______________                      

Name of research participant                                                     Signature/Thumb                                                           

Date: 
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ANNEXURE II (B) 

सणांमती 

“२५ ते ४० वषे वयोगटणतील मेकॅहिकल पणठदुखी असलेल्यण व्यक्ीांमधे्य लम्बणर प्रोहपररओसेपसि, 

गितशील सी ांतुहल आहि वेहदण तीव्रतेवर सबोिसपीटल स्नणयू प्रितबी ांधणत्मक ती ांत्रणचण प्रभणव: पूवव आहण पिणत 

चणचणी.” 

 

• उपक्रमाचेस्वरूप,कारण, 

कालावधीत्याचेपुढीलपररणामआणणउपक्रमाचेधोकेतसेचयाअभ्यासातीलमाझीभूणमकामलासमजा

वलीगेलीआहे .माझेसगळेप्रश्नसमाधानकारकररत्यासोडवलेगेलेआहे . 

• माझायाउपक्रमातीलसहभागपूणणपणेऐच्छिकआहेआणणमी कोणत्याहीवेळी, 

कोणतेहीकारणनदेता, 

कुठलाहीदंडनभरताआणणमलाणमळण्याचाअपेणितफायदायांमधे्यकुठलाहीबदलनहोतामीयाअ

भ्यासातूनकुठल्याहीिणीमाघारघेऊशकते /शकतो. 

• उपक्रमादरम्यानउपलब्धहोणाऱ्याकोणत्याहीमाणहतीमुळेमाझ्याउपक्रमातीलभागघेण्यावरपररणा

महोऊशकतोहेमलासांणगतलेजाईल . 

• णवद्यालयीनसंणमतीमाणहतीगोळाकरण्यासाठीमाझीआधीचीवैद्यकीयपत्रकपाहूशकतात 

.यापत्रकावरसहीकेल्यावरमीत्यांनातशीअनुमतीदेते /देतो. 

• मीहेजाणते/जाणतोणकमाझीओळखकुठल्याहीतसेचकोणत्याहीमाणहतीत/प्रकाशनातप्रदणशणतके

लीजाणारनाही .    

• मीह्याउपक्रमातसहभागीहोण्यासाठीसंमतीदेतआहे. 

 

 

____________________                                                 ____________________ 

           सिभणगी सदस्यणचे िणव                                                  स्वणक्षरी/ अांगठण ठसण 

          तणरीख: 
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ANNEXUREII(C) 

 

सहमणत – पत्र 

 

“25-40 वषववमैकेहिकलपीठददववणलेव्यल्कोणांमेंलुणांबणरप्रोिप्रयोसेखशश, 

गितशीलसी ांतुहलऔरददवकीतीव्रतणपरसबोहसहपटलमणांसपेशीइिहिहबसिकणप्रभणव: प्री-टेस्टपोस्ट-

टेस्टहडजणइि” 

 

• इस अभ्यास का स्वरुप, अवकाश, इससे जुड़े संभाव्य खतरे, संभाणवत प्रभाव और मुझे जो 

करना है उस के बारे में स्पष्ट जानकारी णमली है।  

• इस अभ्यास में सहभागी होने का मेरा खुद का णनणणय है.मैं णकसी समय अभ्यास को 

छोड़कर जा सकती/सकताहू। इसके णलए मैं कोई भी मानदंड या भरपाई करने के णलए 

बंधी/बंधा नही ंहूूँ।   

• अभ्यास के दौरान उपलब्ध अन्य जानकारी णजस से अभ्यासक्रम में भाग लेने पर असर 

पड़ेगा वह मुझे बताया जायेगा।  

• मेरी जांच का जो मूल्यांकन हुआ है, उसे संस्था के समालोचक मंडल के अणधकारी परख 

सकते है।इस पत्र पर हस्तािर कर के मैं यह अनुमणत देता हूूँ या देती हूूँ । 

• मेरी पहचान णकसीभी वृतांत या प्रकाशन में 

प्रकाणशत नही ंहोगी। 

• मैं अभ्यासक्रम के णलए सहमत हूूँ। 

 

_________________                                                  ____________________            

सहभागी का नाम                                                 हस्तािर या अंगूठे काणनशान     

     णदनांक:  
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ANNEXURE III (A) 

PARAMETERS FOR ASSESSMENT OF OUTCOME MEASURES 

 

a) Lumbar proprioception 

• Procedure: Target reposition sense (TRS) method 

• Assessment of anterior pelvic tilt of patients was done. 

• Target reposition sense (TRS) was used as a measure of lumbar proprioception. 

• Patient position: Patient was positioned in quadruped position with hip and knee 

at right angles. Hands of patient were placed shoulder width apart. Bubble 

inclinometer was placed at S2 region. 

• Testing procedure: To perform target reposition sense patient was taken into fixed 

position i.e., 10◦ anterior pelvic tilt in the quadruped position and was asked to 

maintain that position for 5 seconds. They were brought back to neutral position 

and asked to readapt the target position. A 10◦ of anterior pelvic tilt on Target 

reposition sense (TPS) was the measure of Lumbar proprioception. The difference 

in degrees as error was measured.51 

• 3 readings were recorded and averages of 3 readings were taken for analysis. 

• Bubble inclinometer used for measuring spinal mobility yields a good intrarater 

and interrater with interclass correlation coefficient ICC ≥0.81.52 

 

b) Dynamic balance 

• Procedure: Modified star excursion balance test (mSEBT)  

• It is a commonly used method for assessment of dynamic balance on clinical 

basis. 

• Measurement:  % lower limb  
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• Patient position: patients were made to stand  

• Testing procedure: lower limb length was measured from the ASIS to medial 

malleolus in supine position by using a tape. Participants were asked to stand on 

one 1 foot while reaching with the other leg out in 3 different directions in 

following order: anterior, posterolateral and posteromedial. Reach distance was 

recorded in cm and was normalized to each participant’s leg by: 

Composite reach distance = (Anterior + Posteromedial + Posterolateral)/(leg length x 3) x 

100 

• Measurement in each direction was taken and was compared with standard 

reference values.53 

 

c) Pain intensity 

• Procedure: Numeric rating scale (NRS) 

• The NRS is a segmented numeric version of the visual analog scale (VAS) in 

which a respondent selects a whole number (0–10 integers) that best reflects the 

intensity of his/her pain 

• Testing procedure: The 11-point numeric scale ranges from '0' representing one 

pain extreme (e.g., “no pain”) to '10' representing the other pain extreme (e.g., 

“pain as bad as you can imagine” or “worst pain imaginable”). The respondent 

was asked to indicate the numeric value on the segmented scale that best 

described their pain intensity. Scores range from 0-10 points, with higher scores 

indicating greater pain intensity.54 
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d) Craniovertebral Angle  

• It is defined as angle calculated between the line connecting the tragus of the ear 

and the seventh cervical vertebra to the horizontal plane. 

• Method: using Photogrammetry   

• Participant’s position: Subject in upright sitting position on a stool. 

• Therapist position: Facing the participant in lateral view (Right profile). 

• Testing procedure: A lateral view photograph was taken with subject in upright 

sitting position which was analyzed on Markus Bader Ruler software (2003-14). 

• Mid-point of the protractor was placed on spinous process of C7 vertebrae and the 

angle will be measured by connecting line to tragus of the ear. 

• Photographic posture analysis by M B ruler software is a reliable method of 

measuring craniovertebral angle with inter-rater reliability of 0.4-0.75 and intra-

rater reliability of 0.75-0.90.55  
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ANNEXURE III (B) 

DATA COLLECTION TOOLS 

 
 
a) Bubble inclinometer: A baseline bubble inclinometer is used to measure range of motion 

(ROM)in degrees. It features a 360° rotating dial with fluid indicator. Standards are codified 

in AMA guide to the evaluation of permanent impairment, third edition.  

Procedure: inclinometer is placed near the joint to be measured; turn dial scale until scale 

reads 0; takethejoint through its range or required range, read range directly from dial. 

 

 

b) Markus Bader ruler (MB ruler) software: used for assessment of Craniovertebral angle 

from a lateral view photograph of the subject taken with subject sitting on stool in upright 

position.The picture is analysed on MB ruler software by placing the midpoint of protractor 

on spinous process of C7 vertebrae and angle is measured by connecting to tragus of ear. 
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c) Measuring tape: Product description: Flexible fiberglass measuring tape with dimensions: 

60 inches/ 150 cm long × 5 inches/ 12.7 mm wide. Specifications: Metric measurements in 1 

mm divisions. 
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ANNEXURE III (C) 

CASE RECORD FORM 
 

UID (Unique Identity Number) : 

 

DATE:  

 

NAME:  

 

AGE / GENDER:  

 

ADDRESS:  

 

OCCUPATION:  

 

DURATION OF PAIN:  

 

CRANIOVERTEBRAL ANGLE: 

 

Sr.no 

Test Pre-intervention Post-intervention Comments 

1 Lumbar 

proprioception 

error (in degree) 

   

2 Pain score    

3 Y balance test(in 

%LL) 

Anterior Pre- 

lateral 

Pre- 

medial 

anterior Pre- 

lateral 

Pre- 

medial 

 

 Right lower limb       

Left lower limb       

Reach distance    

 Composite reach 

score 
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TIMELINE/GANTT CHART 

 

 

 

 

Sr.no Components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

March  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

Mar 

2021 

April-Jun 

2021 

Jul-

Sept 

1 

Allotment of 

guide                       

2 Selection of topic                       

3 

Formulation of 

research question                       

4 

Formulation of 

aim and 

objectives                       

5 

Hypothesis, null 

hypothesis                       

6 Research protocol                       

7 

Research 

designing                       

8 

Review of 

literature                       

9 

methodology 

formulation                       

10 study designing                       

11 study setting                       

12 

sample size 

estimation                       

13 

selection of study 

instruments                       

14 

method of data 

collection                        

15 

data management 

and analysis 

procedure                       

16 

IEC and BORS 

clearance                       

17 

compilation of 

synopsis                       

18 

uploading of 

synopsis                       

19 data collection                       

20 

data presentation 

and analysis                       

21 

writing of 

discussion and 

conclusion                       

22 

submission of 

thesis to MUHS                       
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MASTERCHART 

Sr 

no. 
Age Gender BMI 

Lumbar 

Proprioception 
Pain – NRS 

modified Star Excursion Balance test 

Composite Right  Composite Left  
pre 

(degree 

error)  

post 

(degree 

error) 

pre post pre post Pre post 

1 24 F 24.67 4.3 2 6 4 93.29 99.19 100.61 103.62 

2 26 F 20.08 3.6 1.3 4 3 74.81 73.84 71.51 74.81 

3 25 F 21.58 3.3 1.3 5 3 84.43 88.99 84.91 89.69 

4 26 F 21.94 3 0.6 5 2 89.53 88.76 86.82 87.6 

5 25 F 37.32 2.6 0.3 5 3 77.78 83.06 74.4 76.11 

6 27 F 17.31 4 2 4 1 76.02 80 76.83 80.2 

7 37 F 20.82 5 3.3 6 2 102.35 105.69 115.29 116.51 

8 39 F 22.45 2.3 1 4 4 89.25 99.52 88.07 97.54 

9 26 F 21.8 3 2 4 3 87.82 92.86 82.14 89.84 

10 34 F 27.27 5 3.6 5 5 89.02 93.29 90.24 90.81 

11 32 F 19.72 4.6 2.3 4 2 103.95 110.47 106.12 112.79 

12 35 F 35.32 2.3 0.6 4 3 98.71 104.13 96.36 99.39 

13 40 F 20.07 4 2.3 4 1 93.9 99.05 108.64 112.05 

14 29 F 29.41 4.3 3 5 2 87.82 86.63 89.81 88.01 

15 31 F 19.29 3.6 1.6 6 3 90.59 93.92 90.27 91.73 

16 39 F 22.03 3.3 1.3 6 3 99.22 100.23 95.93 105.04 

17 27 F 19.37 4 1.6 7 3 87.54 86.82 86.89 88.45 

18 28 F 20.03 2.3 0.6 7 4 85.78 90.7 89.65 91.63 

19 34 F 20.08 5 3.6 4 3 74.71 77.2 77.16 77.36 

20 28 F 22.49 4.6 2.6 6 4 85.99 84.23 83.97 87.04 

21 23 F 20.4 3 1 7 5 90.87 93.17 98.93 98.49 

22 35 F 24.11 4 2.6 4 3 96.9 99.69 89.25 91.88 

23 39 F 25.24 3.3 2.6 5 4 79.34 75.7 73.72 76.01 

24 38 F 29.48 3.3 1.3 5 3 91.93 92.73 92.09 94.26 

25 25 F 33.27 3 1.3 5 2 90.98 97.57 95.69 98.39 

26 29 F 24.46 2.6 1 6 4 98.89 101.79 102.98 104.09 

27 32 F 23.15 2.6 1.3 5 3 76.97 79.27 89.35 90.92 

28 25 F 26.9 3.6 2 4 4 106.58 111.62 105.92 109.12 

29 26 F 25.33 4.3 2.3 5 3 97.09 96.54 98.63 100.26 

30 30 F 24.67 5 2 4 2 103.58 107.56 104.96 106.14 

31 35 F 18.38 4 2.6 7 3 78.68 78.41 77.95 74.5 

32 29 F 29.28 3.3 1.3 7 3 107.34 111.35 104.55 105.27 

33 33 M 23.67 3 0.6 7 4 80.34 84.89 83.52 85.42 

34 27 M 37.66 3.6 1.3 6 5 92.34 93.02 88.13 90.91 

35 39 M 20.52 4.3 1.6 7 4 96.82 101.59 97.8 98.64 

36 28 M 23.72 4.6 3 5 3 75.78 80.31 76.28 76.67 

37 26 M 30.81 3 1.3 7 5 77.83 83.68 79.61 81.43 



 

93 
 

 

38 29 M 24.97 2.6 0.6 5 4 72.05 75.35 75.81 75.78 

39 36 M 26.47 2.3 0.6 4 2 88.33 87.08 89.17 90.76 

40 27 M 31.63 4 1.3 5 2 105.08 106.9 104.96 105.36 

41 40 M 23.25 4.3 1.6 4 3 98.65 104.94 98.2 101.5 

42 27 M 25.83 4.3 1.3 4 1 81.27 83.56 83.22 83.56 

43 31 M 26.09 3 0.6 6 3 87.87 83.67 88.2 84.23 

44 34 M 28.03 2.3 0.3 6 2 87.69 92.08 88.3 93.07 
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Templet to prepare TITLE & SYNOPSIS 
 

Sr. 
No. 

 

Item 
 

Guidelines 

01) Title :- EFFECT OF SUBOCCIPITAL MUSCLE INHIBITION TECHNIQUE ON 

LUMBAR PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN INTENSITY 

IN INDIVIDUALS WITH MECHANICAL LOW BACK PAIN AGED 25-40 

YEARS: A PRE-TEST POST-TEST DESIGN 

02) Introduction :- Mechanical low back pain refers to low back pain arising from intrinsic 

spine, its surrounding soft tissues or intervertebral  discs.1  

Mechanical pain is a term which refers to any type of back pain 

caused by placing abnormal stress and strain on muscles of vertebral 

column caused due to recurrent trauma and overuse, often secondary 

to workplace injury. According to Indian Council of Medicine and 

Research report (2017) near about 8% peoples all state of India, also 

females higher than males, yearly lived with disability (YLD) of low 

back pain.2 Mechanical low back pain affects up to 23% of the 

population worldwide, with an estimated 24%-80% of patients having 

a recurrence at one year.2 Majority of low back pain patient recover 

within 6 weeks without any medical treatment, but 20% of these 

cases become chronic.3 

Patients with chronic mechanical low back pain frequently 

demonstrate difficulty adopting and maintaining a neutral or 

midrange position of the lumbar spine.4 Maintenance of posture is 

important in static and dynamic situations during activities of daily 

living. Postural control is control of body position to maintain the 

balance and orientation of body in space.5 Deficiencies in motor 

control are attributed to deficits in joint position sense i.e. 

proprioception. Proprioceptive deficit may lead to delayed 

neuromuscular protective reflexes and coordination such that muscle 

contraction occurs too late to protect the joint from excessive joint 

movement.6 

Lumbar pain and physical disability would correlate with worse 
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  functional performance in terms of both static and dynamic posture 

maintenance. Studies suggest that individuals with low back pain 

compared with asymptomatic group have balance impairments. It has 

also been proposed that balance impairments in low back pain 

patients may correlate with deficits in musculoskeletal and neural 

systems, which directly is associated with compromised lumbar 

proprioception and delayed muscle response which finally decreases 

lumbar stabilization.5 

Individuals suffering with low back pain often rely on drug therapies 

and medical consultations. Usual prescriptions like bed rest, lumbar 

corsets, braces, are no longer advocated as they are thought to 

prevent muscles from providing necessary structural support. 

Furthermore, despite recommendations for exercise therapy for low 

back pain, less than 50 % of patients report for active rehabilitation 

programs7 this serves to be a proof for lack of awareness amongst 

individuals suffering from low back pain. Available literature shows 

effect of various techniques that help in reducing pain and improve 

physical functional disability. In chronic mechanical low back pain 

primary conservative physical treatment preferences include exercise, 

yoga, manual therapy and interdisciplinary rehabilitation.8 However; 

manipulation seemed to be more effective when compared to 

mobilization, exercises and physical therapy in decreasing low back 

pain and functional disability.9 

Suboccipital muscle inhibition technique is a manual therapy 

intervention that aims to relax tension in the suboccipital muscles by 

decreasing the myofascial restriction in the suboccipital region.10 

Suboccipital muscles are a part of superficial myofascial chain. With a 

complex linkage of suboccipital muscles to other sensory organs and 

higher number of muscles spindles, they play a significant role in 

orientation in space.11 There are various studies exploring the effect 

of suboccipital muscle inhibition technique on hamstring tightness, 

tension-type headache and functional disability but still there is a 

dearth  of  literature  stating  its  role  on  low  back  pain  and various 

aspects  related  to  low  back  pain  like   lumbar   proprioception  and 
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  dynamic balance. 

Hence, the present study aims to study the effect of suboccipital 

muscle inhibition technique on lumbar proprioception, dynamic 

balance in individuals suffering from mechanical low back pain in an 

attempt to reduce the risk of recurrence and improve health related 

quality of life in individuals seeking no treatment for the said 

dysfunction. 

 

RATIONALE OF STUDY: 

Low back pain is a common disorder, challenging socioeconomic and 

medical problems in working-age adults.12 Majority of low back pain 

patients recovers within 6 weeks without any medical treatment, but 

20% of these cases become chronic.3 Many physical and psychosocial 

factors are commonly associated with low back pain. However, 

delayed muscle activation and impaired lumbar proprioception have 

been reported as contributing factors for persistent low back pain.13 

Chronic low  back pain patients, compared  to  asymptomatic 

individuals, present with a Larger and higher velocity of Centre of 

pressure (COP) , which represents as decreased ability to control 

postural balance, and difficulty in adapting to changing conditions.14 

Epidemiologically 80% of people suffer from low back pain once in 

lifetime, but due to lack of awareness, clinician barriers etc. more 

than 50% of  individuals  do not  follow the recommended 

rehabilitation. 

There are various treatment techniques advocated for low back pain, 

however previous studies suggest that spinal manipulation have 

proved to be better when compared to exercise therapy.9 

Previous studies shows the effect of one such spinal manipulation 

technique, the suboccipital muscle inhibition technique, on pain, 

range of motion and functional performance in individuals suffering 

from low back pain.15 But very limited literature is available on effect 

of suboccipital muscle inhibition technique alone on lumbar 

proprioception and dynamic balance. 

Therefore the present study aims to study the effect of suboccipital 
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  muscle inhibition technique on lumbar proprioception, dynamic 

balance and pain intensity in individuals with mechanical low back 

pain taking no treatment for the said dysfunction. 

3.1) Primary Research 
Question :- 

Is suboccipital muscle inhibition technique effective in improving 

lumbar proprioception, dynamic balance, pain intensity in individuals 

with mechanical low back pain aged 25-40 years? 

3.2) Secondary Research 
Question 1 :- 

(if any) 

NOT APPLICABLE 

3.3) Secondary Research 
Question 2 :- 

(if any) 

NOT APPLICABLE 

4.1) Primary 
Hypothesis :- 

Null Hypothesis: 
 

There is no statistical significant effect of suboccipital muscle 

inhibition technique on lumbar proprioception, dynamic balance, 

pain intensity in individuals with mechanical low back pain. 

Alternate Hypothesis: 
 

There is a statistical significant effect of suboccipital muscle inhibition 

technique on lumbar proprioception, dynamic balance, pain intensity 

in individuals with mechanical low back pain. 

4.2) Other Hypothesis 
1:- 

(if any) 

NOT APPLICABLE 

4.3) Other Hypothesis 
2 :- 

(if any) 

NOT APPLICABLE 
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05) Review of 
Literature :- 

1. Rene Reinhardt (2018) in his publication entitled ‘Suboccipital 

musculature- morphology, functions, and variants- an update’ 

has mentioned about the suboccipital musculature, 

introduction of the muscles, sensomotoric, coordination and 

perception in the space, morphologic and anatomical aspects, 

myodural bridges concluded the suboccipital muscles play a 

very important role in many dysfunctional processes in our 

human body. It influences the balance and coordination 

mechanisms. Also mobility of temporomandibular joints as 

well as the neurodynamic situations down the lower 

extremity.16 

2. Basma H. Hasaneen et.al (2017) in their study titled ‘Effects of 

the suboccipital muscle inhibition technique on pain intensity, 

range of motion, and functional disability in patients with 

chronic mechanical low back pain’ have investigated the 

effects of the suboccipital muscle inhibition technique on pain 

intensity, range of motion (ROM), and functional disability in 

patients with chronic mechanical low back pain. Their study 

concluded that the suboccipital muscle inhibition technique 

combined with exercises have better clinical effects than 

exercises alone in patients with chronic mechanical low back 

pain15 

3. Rozilene Maria Cota Aroeira et al (2017) conducted a study 

entitled ‘Relationship between head posture and lumbar 

curve in a sitting position: a biomechanical study’ with an 

objective to compare the position of head with the lumbar 

curve in three different positions. They calculated the 

approximate force and flexion moment of the head extensor 

muscles in static equilibrium in the following positions: 

a) without back rest b) using a backrest with 100° tilt angle c) 

using a 100° tilted backrest associated with a cylindrical 

lumbar support cushion at level of L3 vertebra. The results of 

this study revealed that sitting position using a 100° tilt 
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  backrest and lumbar support with the smallest L3 tragus 

horizontal distance required less effort by the head and neck-

extensor muscles to retain the head in equilibrium.17 

4. Ladan Hemmati et al. (2017) conducted a study entitled 

‘Evaluation of Static and Dynamic Balance Tests in Single and 

Dual Task Conditions in Participants With Nonspecific Chronic 

Low Back Pain’. The purpose of this study was to investigate 

static and dynamic balance tests in single, dual cognitive, and 

dual manual task conditions in participants with and without 

nonspecific chronic low back pain. 40 healthy participants 

matched for age, weight, height, and sex participated in this 

case control study. Balance performance was evaluated using 

static (One Leg Stance) and dynamic (Modified Star Excursion 

Balance Test, 10-m walk test, and Timed Up and Go) balance 

tests. The study concluded that static and dynamic balance 

performance under dual task conditions (excluding the 

Modified Star Excursion Balance Test) was impaired in each 

group.5 

5. Malarvizhi D et al. (2017) conducted an observational study 

entitled ‘Measurement of anterior pelvic tilt in low back pain’ 

with the objective to measure the anterior pelvic tilt for both 

males and females of low back pain patients. 120 subjects 

were approached. In that 70 were males and 50 were females. 

Using i@handy application in mobile anterior pelvic tilt was 

calculated among low back pain patients. Anterior pelvic tilt 

was increased in low back pain patients (male - 14.15° and 

female - 16.26°). In that correlation between males and visual 

analog scale (VAS) was not significant. However, there was a 

significant correlation found in female anterior pelvic tilt and 

VAS (p<0.01). the study concluded that there was an increase 

in anterior pelvic tilt among low back pain patients. Anterior 

pelvic tilt and VAS was highly correlated in females, not in 

males.18 
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  6. Franklin Shahu, Kannabiran Bhojan (2016) in their study titled 

‘A Comparative Study between Combinations of Ultrasound 

Therapy with Active Chin Tuck Exercise and Ultrasound 

Therapy with Sub Occipital Muscle Release in the 

Management of Non-Specific Neck Pain due to Sub Occipital 

Muscle Tightness among Computer Professionals’ Have 

determined the efficacy of physiotherapeutic techniques in 

the treatment of Non-Specific Neck Pain due to Sub-occipital 

muscle tightness among computer professionals. Their study 

concluded that combination of Ultrasound Therapy with 

Active Chin Tuck Exercise training group showed statistically 

significant improvement & found superior in improving neck 

function, whereas Ultrasound Therapy with Sub Occipital 

Muscle Release Technique training group showed statistically 

significant reduction in pain.19 

7. Sonal Balani ,Chitra Kataria (2015) in their study titled ‘ 

Comparing Effectiveness of Suboccipital Muscle Energy 

Technique Alone, Passive Hamstring Stretching Technique 

Alone and Combination of both for Improving Hamstring 

Muscle Flexibility in Healthy Collegiate Subjects’ had a 

purpose of comparing the effectiveness of sub occipital 

muscle energy technique alone, passive hamstring stretching 

technique alone and combination of both the techniques for 

improving Hamstring flexibility in collegiate subjects. They 

concluded that all three techniques are very simple and safe 

and could be used to improve hamstring flexibility. But 

Combination of both the techniques was much more effective 

in comparison of two techniques alone.20 

8. Henri Kiers et al. (2014) conducted a cohort study of 215 

individuals entitled ‘Postural sway and integration of 

proprioceptive signals in subjects with LBP’. Subjects were 

made to stand on a force plate in bipedal stance. Seven trials 

were conducted. In first trial eyes were open and no 
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  perturbations were applied. In the next following 6 trials, 

vision was occluded and subjects stood under various 

conditions of vibration/ no vibration of lumbar spine on 

triceps surae muscle on firm and foam surface. A factor 

analysis was performed to reduce the large amount of 

variables that are available to quantify all effects. Subjects 

with LBP showed a smaller response to TSM vibration and a 

slower balance recovery after cessation of vibration when 

standing on a solid surface. Their study concluded that 

subjects with LBP use more co-contraction and less cognitive 

control compared to healthy subjects. In addition, a reduced 

weighting of proprioceptive signals was found in subjects with 

LBP, which was associated with the changes in sway when 

standing on foam.21 

9. Alberto M. Heredia Rizo et al. (2012) conducted a randomized, 

single-blind, clinical study with a sample of 24 subjects entitled 

‘Immediate effects of the suboccipital muscle inhibition 

technique in craniocervical posture and greater  occipital 

nerve mechanosensitivity in subjects with a history of 

orthodontia use: a randomized trial’ with an objective to 

measure the immediate differences in craniocervical posture 

and pressure pain threshold of the greater occipital (GO) 

nerve in asymptomatic subjects with a history of having used 

orthodontics, after intervention by a suboccipital muscle 

inhibition (SMI) technique. Subjects were divided into an 

experimental group (n = 12) who underwent the SMI 

technique and a sham group (n = 12) who underwent a sham 

(placebo) intervention. The sitting and standing 

craniovertebral angle and the pressure pain threshold of the 

GO nerve in both hemispheres were measured. Their study 

concluded that suboccipital muscle inhibition technique 

immediately improved the position of the head with the 

subject seated and standing, the clinical effect size being large 

in   the   former   case.   It   also   immediately   decreased   the 
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  mechanosensitivity of the GO nerve in the non-dominant 

hemisphere.22 

10. Ehab E. Georgy conducted a control group cross-sectional 

study (2011) entitled ‘Lumbar Repositioning Accuracy as a 

Measure of Proprioception in Patients with Back Dysfunction 

and Healthy Controls’ To compare the difference in 

repositioning accuracy, as a measure of lumbar 

proprioception, between patients with back dysfunction and 

healthy subjects. Study consisted Forty-five participants, 

representing three groups. Subjects in group one (n = 15) 

were healthy subjects. Subjects in group two (n = 15) had a 

history of non-specific mechanical back dysfunction, while 

subjects in group three (n = 15) had discogenic back 

dysfunction. Subjects were required to reproduce a target 

position of 30° lumbar flexion and the absolute error (AE) was 

calculated. The results of the study represented that 

Differences in proprioception do exist between subjects with 

back dysfunction and normal subjects. The proprioceptive 

deficits do exist regardless of the cause of the back 

dysfunction, and may represent an important aspect of the 

pathophysiology of such a condition.23 

11. Kurt Clayes et al. (2011) In their study titled – ‘Decreased 

variability in postural control strategies in young people with 

non-specific low back pain is associated with altered 

proprioceptive reweighting’ in Young individuals with NSLBP 

(n = 106) and healthy controls (n = 50) who were tested on a 

force plate in different postural conditions (i.e., sitting, stable 

support standing and unstable support standing) with a 

purpose to investigate if young people have the ability to 

choose the optimal postural control strategy according to the 

postural condition and to investigate if non-specific low back 

pain (NSLBP) influences the variability in proprioceptive 

postural control strategies. The results obtained Postural 
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  robustness was significantly less in individuals with NSLBP 

during the more complex postural conditions (p \ 0.05). 

Significantly higher RPW values were observed in the NSLBP 

group in all postural conditions (p \ 0.05), suggesting less 

ability to rely on back muscle proprioceptive inputs for 

postural control.24 

12. Angela S. Lee, BS et. al (2010) in their study titled ‘Comparison 

of Trunk Proprioception Between Patients With Low Back Pain 

and Healthy Controls’Aimed to determine if proprioceptive 

impairments exist in patients with low back pain (LBP). We 

hypothesized that patients with LBP would exhibit larger trunk 

proprioception errors than healthy controls concluded that 

impairments in proprioception may be detected in patients 

with LBP when assessed with a motion perception threshold 

measure.25 

13. M. R. Pierrynowski (2009) in his study entitled ‘Immediate 

Effects of the Suboccipital Muscle Inhibition Technique in 

subjects With Short Hamstring Syndrome’ to identify the 

effects on the suboccipital muscle inhibition technique in 

patients with short hamstring syndrome by means of tests 

designed to evaluate the elasticity of the hamstring muscles 

and pressure algometry of myofascial trigger points. 70 

subjects (47 male and 23 female) were randomly divided into 

a control group (n =34) and an intervention group (n =36). The 

control group was subjected to a placebo technique, whereas 

the intervention group were subjected to the suboccipital 

muscle inhibition technique. Pre and post intervention 

evaluation was used for the assessment of hamstring 

elasticity, and pressure algometry was also used (myofascial 

trigger points) the study concluded that the suboccipital 

muscle inhibition technique modified the elasticity of the 

hamstring    muscles    for    intervention    group.    Also,    the 

suboccipital    muscle    inhibition    technique    modifies    the 
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  pressure algometry of the semimembranosus muscle but does 

not modify that of the semitendinosus muscle or biceps 

femoris.26 

14. Cristina Alonso-Blanco et al. (2006) in their study entitled 

‘Trigger Points in the Suboccipital Muscles and Forward Head 

Posture in Tension-Type Headache’ assessed the presence of 

trigger points (TrPs) in the suboccipital muscles and forward 

head posture (FHP) in subjects with chronic tension-type 

headache (CTTH) and in healthy subjects, and to evaluate the 

relationship of TrPs and FHP with headache intensity, 

duration, and frequency. Twenty CTTH subjects and 20 

matched controls without headache participated in the study. 

Side-view pictures of each subject were taken in sitting and 

standing positions, in order to assess FHP by measuring the 

craniovertebral angle. Both measures were taken by a blinded 

assessor. A headache diary was kept for 4 weeks in order to 

assess headache intensity, frequency, and duration. Their 

study concluded that Suboccipital active TrPs and FHP were 

associated with CTTH. CCTH subjects with active TrPs reported 

a greater headache intensity and frequency than those with 

latent TrPs. The degree of FHP correlated positively with 

headache duration, headache frequency, and the presence of 

suboccipital active TrPs.27 

15. George E. Ehrlich in his publication (2003) titled ‘Low back 

pain’ has explained Low back pain is a leading cause of 

disability. It occurs in similar proportions in all cultures, 

interferes with quality of life and work performance, and is 

the most common reason for medical consultations. Chronic 

back pain is a more difficult problem, which often has strong 

psychological overlay: work dissatisfaction, boredom, and a 

generous compensation system contribute to it. No single 

treatment is superior to others; patients prefer manipulative 

therapy.28 
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6.1) Primary 
Objectives :- 

• To assess the effectiveness of suboccipital muscle inhibition 

technique on lumbar proprioception using Target reposition 

sense(TRS) with pelvic inclinometer in individuals with 

mechanical low back pain aged 25-40 years. 

• To evaluate the effectiveness of suboccipital muscle inhibition 

technique on dynamic balance using modified Star excursion 

balance test in individuals with mechanical low back pain aged 

25-40 years. 

• To analyse the effectiveness of suboccipital muscle inhibition 

technique on pain intensity using numeric rating scale (NRS) in 

individuals with mechanical low back pain aged 25-40 years. 

6.2) Other Objectives 1:- 

(if any) 

NOT APPLICABLE 

6.3) Other Objectives 2:- 

(if any) 

NOT APPLICABLE 

07) Methodology :- 1) Type of study design: Pre-test post-test design 
 
 

2)  Study Setting: Tertiary care hospital, Physiotherapy 

Outpatient department(OPD) 

 

3) Duration: 18 months 
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  4)  Study population: individuals with Mechanical low back 

aged 25-40 years seeking no treatment for the same 

 
5) Sample size estimation: Sample size is determined 

considering pre-test post-test mean difference in lumbar 

proprioception as the main outcome measure. Following 

assumptions are made on the basis of pilot study 

conducted in the study setting. 

 
Mean(±SD) lumbar proprioception (pre) = 1.586±1.181 

Mean(±SD) lumbar proprioception (post) = 0.926±0.712 

Effect size (mean difference) = 0.66 

error =1% (2 sided) 
 
 

Power (1- β) % = 95% 

 
 

Sample size formula for testing pre-test – post-test mean 

difference is 

( Z (1-α) + Z (1-β) )2 σ2
 

n= __________________            

d2 

Z (1-α) = standard normal value corresponding to error 

Z (1-β) = standard normal value corresponding to β error 

σ = standard deviation of pre-test post-test differences 

d= mean of pre-test- post-test differences 

Required sample size n = 40 
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  Therefore total 40 participants will be included in the study. 
 
 

Assuming 10% drop out in 7 days, effective sample size is 

n= 40 + 4 =44 

Sample size is calculated using statistical software STATA 

Version 10.1, 2011 

 

 
6) Sampling technique: Study population will be represented 

by symptomatic individuals having mechanical low back 

pain seeking no treatment from the hospital campus and 

nearby community. A consecutive sample of 44 eligible 

subjects consenting to participate in study for 7days will be 

selected by convenience sampling method. 

 

7) Method of selection of study participants : 

A. INCLUSION CRITERIA: 

• Individuals with mechanical low back pain aged 25-40 years 

with affected lumbar proprioception [A 10◦ of anterior 

pelvic tilt on Target reposition sense (TRS)] 

 

• Individuals not seeking any treatment for low back pain. 

 

• Negative Straight leg raising(SLR) test 

 

• Sub-acute or chronic mechanical low back pain patients 

 

• Pain on NPRS ≤7 

 

• Asymptomatic/ not taking any treatment for Cervical region 

 

• Individuals with Craniovertebral angle (CVA) < 50◦ 

 

• Individuals willing to participate 
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B. EXCLUSION CRITERIA: 

 
 

• Low back pain patients with radicular or radiating pain 

Symptoms 

 

• Individuals with severe iliopsoas or hamstring tightness 

 

• Non-specific neck pain patients taking treatment 

 

• Any other Lumbar pathology like ankylosing spondylitis, 

PIVD, Tumour, Infection, Fracture of spine, Cauda equine 

syndrome etc. 

 

• Pregnant patients 

 

• Any previous Lumbar surgery 

 

• Use of any tranquilizer which would affect balance 

 

• Presence of neurologic symptoms or vestibular dysfunction 

 

 
C. WITHDRAWAL CRITERIA: 

 

• If the patient is diagnosed with any of the disorders stated in 

exclusion criteria during study period. 

• Discontinuity in the treatment 

 

 
VARIABLES: 

• Independent variables 

Suboccipital muscle inhibition technique 

Age 

Gender 
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• Dependent variables 

Lumbar proprioception 

Dynamic balance 

Pain score 
 
 

8) OPERATIONAL DEFINITIONS: 

a) Mechanical Low back pain – Any back pain with no referral 

below the knee which may be caused by injury to muscles 

(strain) or ligaments (sprain) , the facet joints, or in some 

cases, the sacroiliac joints , is called as Mechanical low back 

pain.29 

 
b) Proprioception -Proprioception encompasses the sensation 

of joint movement (kinesthesia) and joint position (joint 

position sense). 30 

A 10◦ of anterior pelvic tilt on Target reposition sense (TPS) 

is a measure of Lumbar proprioception. 

 

c) Dynamic Balance- dynamic balance control to stabilize the 

body when the support surface is moving or when the body 

is moving on a stable surface such as sit-to-stand transfers 

or walking. 30 

 
9) Methods of measurement: 

a) Lumbar proprioception 

Method: Target reposition sense (TRS) [Annexure I(B [a])] 

Parameter: in degrees 

Instrument: Bubble inclinometer [Annexure I(C [a])] 
 
 

b) Dynamic balance 

Method: Modified star excursion balance test (mSEBT) 

[Annexure I(B [b])] 

Parameter: in % lowerlimb 
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c) Pain intensity 

Method: Numeric rating scale (NRS) [Annexure I(B [c])] 
 
 

d) Craniovertebral angle 

Method: Photogrammetry 

Parameter: in degrees 

Instrument: Camera and Markus Bader ruler software 

[Annexure I(C [b])] 

 
MATERIALS: 

1. Bubble inclinometer 
 

 
2. Markus Bader ruler (MB ruler) software 

 
 

3. Camera to click picture 
 

 
4. Adhesive tape 

 

 
5. Measuring tape 

 
 

6. Examination table 
 
 

7. Chair 
 
 

8. Pen 
 
 

9. Paper 
 
 

10. Stool 
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Methods of Data Collection 

Permission from the head of institution and approval from the ethical 

committee will be obtained. Individuals with mechanical low back 

pain seeking no treatment will be selected. Participants who meet 

the inclusion criteria will be briefed about the study in the language 

best understood by them and informed written consent will be taken. 

Demographic data will be documented. Participants’ lumbar 

proprioception will be measured by target reposition sense (TRS) 

using the bubble inclinometer in degree; dynamic balance will be 

calculated in % lower limb after performing modified star excursion 

balance test in three directions (anterior, anterolateral, 

anteromedial) and pain score will be assessed on numeric rating scale 

(NRS). Suboccipital muscle inhibition technique will be given for 7 

days to the participants. Reassessment of Lumbar proprioception, 

Dynamic balance and pain score will be done. The data will be 

documented, analysed and results will be obtained. 

Data management and analysis procedure: 

1. Data will be coded and entered in Ms-excel worksheet 

2. The participants will be coded with the help of numbers 

so that identity is not revealed. 

3. Anthropometric data will be spread in Microsoft Excel 

2007 data analysis. 

4. Descriptive statistics like Mean and SD will be 

usedto summarize quantitative variables. 

5. Frequencies and percentage will be used to 

summarize categorical (qualitative) variables. 

6. Inferential statistics will include paired t-test for 

assessing significance of difference in mean of 

lumbar proprioception, balance and pain score. 

7. p-value <0.05 will be considered statistically 

significant for all comparisons. 

8. Data will be analyzed in statistical software 

STATA. Version 10.1,2011. 
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9) Timeline/Gantt 
Chart :- 

Timeline chart 

 
OCTOBER 2019 ALLOCATION OF THE GUIDE 

NOVEMBER 2019 TOPIC FINALISATION FOR THE SYNOPSIS 

DECEMBER 2020 STARTED WORKING FOR THE SYNOPSIS 

JANUARY 2020 INSTITUTIONAL ETHICAL CLEARANCE 
OBTAINED 

FEBRUARY 2020 BORS APPROVAL 

MARCH 2020 SYNOPSIS SUBMISSION TO MUHS 

APRIL 2020 to 
MARCH 2021 

DATA PRESENTATION AND ANALYSIS 

APRIL 2021 WRITING DISCUSSION AND CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 
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Gantt chart for synosis 

 
Sr. 
no. 

Component 20 
19 

2019 2019 2020 2020 2020 

  
Oc 
t 

Nov Dec Jan Feb Mar 

1 Selection of topic 
      

2 formulation of research 
question 

      

3 formulation of aim and 
objectives 

      

4 hypothesis and null 
hypothesis 

      

5 research protocol 
      

6 ethical clearance 
      

7 research designing 
      

8 Review of literature 
      

9 Methodology 
formulation 

      

10 study designing 
      

11 study setting 
      

12 sample size estimation 
      

13 selection of study tools 
and instruments 

      

14 Method of data 
collection 

      

15 management and data 
analysis 

      

16 statistical tests 
      

17 compilation of synopsis 
      

18 uploading of synopsis 
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10) Annexures :- Annexure I (A)- Case Record Form 

Annexure I (B)- Methods of data collection 

Annexure I (C) -Data collection tools 

Annexure I (D)- Suboccipital muscle inhibition 

technique 

Annexure II (A,B,C) -Participant Information Sheet(English, Marathi, 

Hindi) 

Annexure II (D, E, F) -Consent Letter(English, Marathi, 

Hindi) 

Annexure III- Timeline/ Gantt chart. 

Annexure IV(A,B,C) -Permission letter 

Annexure V -Abbreviations 
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ANNEXURES 

 

ANNEXURE I (A) 

CASE RECORD FORM 

 
UID (Unique Identity Number) 

 
DATE: 

 
NAME: 

 
AGE / GENDER: 

ADDRESS: 

OCCUPATION: 

DURATION OF PAIN: 

CRANIOVERTEBRAL ANGLE: 
 
 
 

Sr. 

no 

. 

Test Pre-intervention Post-intervention Comments 

1 Lumbar 

propriocepti 

on (error in 

degrees) 

   

2 Pain score    

3 Modified 

star 

excursion 

balance test 

(in % LL) 

Anterior Post-lateral Post-medial Anterior Post-lateral Post-medial  
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PROCEDURE: 

ANNEXURE I (B) 

METHODS OF DATA COLLECTION 

a) Assessment of Lumbar proprioception 
 
 

• Procedure: Target reposition sense (TRS) method 

• Assessment of anterior pelvic tilt of patients will be done. 

• Target reposition sense (TRS) will be used as a measure of lumbar proprioception. 

• Patient position: Patient will be positioned in quadruped position with hip and knee 

at right angles. Hands of patient will be placed shoulder width apart. Pelvic 

inclinometer will be placed at second sacral vertebrae (S2) region. 

• Testing procedure: To perform target reposition sense patient will be taken into fixed 

position i.e. 10◦ anterior pelvic tilt in the quadruped position and will be asked to 

maintain that position for 5 seconds. They will be brought back to neutral position 

and asked to readapt the target position. A 10◦ of anterior pelvic tilt on Target 

reposition sense (TPS) is a measure of Lumbar proprioception. The difference in 

degrees as error will be measured. 

3 readings will be recorded and average of 3 readings will be taken for analysis.23 

• Reliability and validity: bubble inclinometer used for measuring spinal mobility 

yields a good intrarter and interrater reliability with interclass correlation coefficients 

(ICC) ≥ 0.81.31 

 
b) Assessment of Dynamic balance 

 
 

• Procedure: Modified star excursion balance test (mSEBT) 

It is a commonly used method for assessment of dynamic balance on clinical basis. 

Measurement: % lower limb 

• Patient position: patient will be made to stand 

• Testing procedure: lower limb length will be measured from the ASIS to medial 

malleolus in supine position by using a tape. Participants will be asked to stand on 

one 1 foot while reaching with the other leg out in 3 different directions in following 

order: anterior, posterolateral and posteromedial. Reach distance will be recorded in 

cm and will be normalized to each participant’s leg by: 



C:\Program Files (x86)\PDF Tools AG\3-Heights(TM) Document Converter Service\Temp\27c25bdb4537e502c6ecbfbd81009a68301062c6d50895c8c3322e6ea6cc3e6e.doc [Page : 28]  

Reach distance 

  _  _  _  _  _ x 100 

Limb length 

• Measurement in each direction will be taken and will be compared with standard 

reference values. 

 

c) Assessment of Pain intensity 
 
 

• Procedure: Numeric rating scale( NRS) 

The NRS is a segmented numeric version of the visual analog scale (VAS) in which   

a respondent selects a whole number (0–10 integers) that best reflects the 

intensity of his/her pain 

• Testing procedure: The 11-point numeric scale ranges from '0' representing one 

pain extreme (e.g. “no pain”) to '10' representing the other pain extreme (e.g. 

“pain as bad as you can imagine” or “worst pain imaginable”). The respondent is 

asked to indicate the numeric value on the segmented scale that best describes 

their pain intensity. Scores range from 0-10 points, with higher scores indicating 

greater pain intensity. 

 
d) Assessment of Craniovertebral Angle:  

It is defined as angle calculated between the line connecting the tragus of the ear 

and the seventh cervical vertebra to the horizontal plane. 

Method: using Photogrammetry 

• Participant’s position: Subject in upright sitting position on a stool. 

• Therapist position: Facing the participant in lateral view (Right profile). 

• Testing procedure: A lateral view photograph will be taken with subject in upright 

sitting position which will be analysed on Markus Bader Ruler software (2003-14). 

Mid-point of the protractor will be placed on spinous process of C7 vertebrae and 

the angle will be measured by connecting line to tragus of the ear. 
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ANNEXURE I (C) 

Data collection tools 

a) Bubble inclinometer: A baseline bubble inclinometer is used to measure range of 

motion (ROM) in degrees. It features a 360° rotating dial with fluid indicator. 

Standards are codified in AMA guide to the evaluation of permanent impairment, 

third edition. 

Procedure: inclinometer is placed near the joint to be measured; turn dial scale until 

scale reads 0; take the joint through its range or required range, read range directly 

from dial. 

 
 

 
 
 
 

b) Markus Bader ruler (MB ruler) software: used for assessment of Craniovertebral 

angle from a lateral view photograph of the subject taken with subject sitting on 

stool in upright position. The picture is analysed on MB ruler software by placing the 

midpoint of protractor on spinous process of C7 vertebrae and angle is measured by 

connecting to tragus of ear. 
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c) Measuring tape: Product description: Flexible fiberglass measuring tape with 

dimensions: 60 inches/ 150 cm long × 5 inches/ 12.7 mm wide. Specifications: Metric 

measurements in 1 mm divisions 
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ANNEXURE I (D) 
 
 

SUBOCCIPITAL MUSCLE INHIBITION TECHNIQUE 
 

 

The suboccipital muscle inhibition technique will be performed as follows: 
 
 

• Patient will be in supine lying position with therapist sitting at head end of the plinth. 

 

• Both hands will be placed under patient’s head making contact with the suboccipital 

muscles in the region of the posterior arch of atlas. 

 
• Pressure will be applied upwards towards the ceiling for about 4 minutes. 

 

• During the procedure, patients were asked to keep their eyes closed to avoid eye 

movements that affect the suboccipital muscle tone. 

 
• This technique will be performed for a period of 7 days in individuals with mechanical 

low back pain, taking no treatment for the same. 15 
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Annexure II (A) 
 

 

PARTICIPANTS INFORMATION SHEET 
 
 

Purpose: 

To ensure that written informed consent is obtained from participants. 
 
 

Scope: 

This standard operational procedure includes population both male and female and is 

voluntarily willing to participate in this study. 

 
Responsibilities: 

The researcher will obtain written informed consent from all the participants who are 

volunteering to be the part of this study. 

 
Procedure: 

1. The researcher will select the participants among population with mechanical low back 

pain taking no treatment for the same. 

 

2. The investigator will explain the experimental protocol to allay apprehension and answer 

all the queries of the participant. 

 
3. If the participant decides to participate then they would be consented according to the 

standard operational procedure. 

 
4. If the participant expresses interest but has some doubts in that case they would be 

solved. 

 

5. If the participants are comfortable with the explanation then they will fill the informed 

consent according to standard operational procedure. 

 

6. Study procedures will begin after the participant’s consent. 
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7. Detailed medical and any other physical problem history will be obtained from the 

participants to verify the inclusion and exclusion criteria. 

 
8. If participant wants to discuss this information with their family members then they 

entitled to do so before giving the consent. 

 

General information to research participants: 

1. Name: 

Age: 

Sex: 

Date: 
 
 

2. You would be required to fill the Proforma and the purpose of the research is to study 

‘Effect of suboccipital muscle inhibition technique on lumbar proprioception, dynamic 

balance and pain intensity in individuals with mechanical low back pain aged 25-40 years: 

pre-test post-test design.’ 

 

3. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filling Performa till the completion of the test. 

 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect. 

 
5. You will not be given any reimbursement and compensation. 

 
 

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

 
7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent. 

 

8. The data obtained from this study would be confidentially protected and maintained and 

if the photograph is used then your identity would not be revealed. If the photograph is 

published, then permission would be obtained. 
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9. All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken. 

 

10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated. 

 
11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 

 
12. Name of Researcher: 

Phone number: 

Address: 

 

13. Name of Guide: 

Phone number: 

Address: 

 
14. Name of Institution: 
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Annexure II (B) 
 

 

सहभागी माहहती पत्रक 
 
 

उद्द   शे  

आयसीएमआरच्या नि यामक आवश्यकत ा ा  ि   सार आनि  आयईसीद्व ार   

म ा  ज  र झ ाल  ल्य ा सहभाग ीक स िनत सा मती नमळनवली जात  ह  स िनिनत 

करण्यासाठी. 

 
ड  ि  ल खी 

 

व्याप्ती: 

य ा म ाि क प्रनि य  त स्त्र ी आनि  प  रुष द  न्ह ीमध्य   प्र ि   ट  ड पाय असल  ल्य ा

 नि र  ग ी व्यक् ीि  ा 

सम ाव  श आह   ज  या अभ्यासामध्य  स्व च्छ  ि    सहभागी ह ण्यास इच्छ  क असतील. 

जबाबदा: 

य ा  अभ्य ासाि  ा  भाग  ह ण्य ासाठी  स्वय ा  स  व ा  

करि  ा   ्  य ा  सवव  सहभाग ीक नदली जाईल. 

ड   ि   स ा  श धक ा ा  ि  ा  ल  ख ी  

म ानहत ी 

 

प्रक्रिेयाे  

1. स ा  श धक म  क   नि कल  पाठद  ख ी असल   

ल ् य ा र  ग ी व्यक् ीम 

 
ध्य   

सहभाग ी

ि  

 
 ी िनवड कर  ल. 

 

 

2.  अन्व  षि   द   र  करण्य ासाठी  आनि   सहभाग ीच्या  सवव  प्रश ् ा ा  ि  ी  

उत्तर    द  ण्य ास ा  दभ ावत  इ ा  टरट    शि ल प्र ट  क  ल समज ाव  ि  

स ा ा  ग ा. 

 
3.  जर सहभाग ीि    भाग घ  ण्य ाि  ा नि ि वय घ  तल ा अस  ल तर 

त् ा ा  ि  ा म ाि क प्रनि य  ि   सार स ा  मत ी नदल ी जाईल. 

 
4.  जर  सहभाग ीि     स्व ारस्य  व्यक्  क   ल    पर ा   त    त् ा ा  ि  ा  क ाही  

श ा  क ा  असल्य ास  त् ा  प्रकरि  ात  त् ा ा  ि    नि र ाकरि  ह  ईल. 

 
5.  जर सहभाग ी त् ा स्पष्ट ीकरि  ास आर ामद ायक असत ील तर त   प्रम ािनत 
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ऑपर   शि  प्रनि य  ि   स ार म ानहत ीि  ी स ा  मत ी भरत ील. सहभाग ीच्या 

नि  ा  त  ि  ा  तर अभ्य ासाि  ी प्रनि य ा स  रू ह ईल. 
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6.  सम ाव  श  आनि   वगळण्य ाच्या  नि कष ा ा  ि  ी  पडत ािळ ी  करण्य ासाठी  सहभाग ीकड   ि   

तपश ीलव ार 

व  द्यक ीय आनि  इतर क  ि त् ाही शार ीररक समस्य  ि  ा इनतहास प्राप्त क   ल ा ज ाईल. 

 
7.  जर सहभाग ील ा त् ा ा  च्या क   ट   ा  ब ात ील सदस्य ा ा  सह य ा म ानहत ीवर 

ि ि  ाव  कर ाियी अस  ल तर सा मती द ण्याप वी त  तस  करण्यास पात्र आह त. 

 

सहभेागेीन

ेा सेीश 

1.

 

ि 

 ाव

: 

वय: 

नलगा : 

तारीन्: 

े धन करण्यासाठी सामान्य माहहती: 

2.  आपल््लय ा  परफ  म्या  भरर    आवशयक  आह    आल्ख  स ा  श  धि  ा  ह  त    ”  २५  त  ४०  वर्ष    

वय गट ात ील 

म  क   नि कल   पाठद  ख ी  असल   ल ् य ा  व्यक् ीमध्य    लम्ब ार  प्र प्र ाय सप ्    शि , गनतशील  सत   ी    

लि   आिन 

व  दि  ा त ीव्रत  वर सब  नसपीटल स्नाय   प्रनतब ी  ध ात्मक त ी  त्र ाच ा प्रभाव: 

प  वव आनि  पश्च ात च ाचि  ी.” हा अभ्यासकरर  आवशयक आह . 

 
3.   जर आपि  स्व  च्छ   ि    अभ्य ासामध्य   भाग घ  ऊ इल ्च्छत असाल तर आपि  पर ीक्ष  ि  ी प  तवत ा 

ह ईपय  त 
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प्र फ ाम ाव भरण्य ाच्या िषापास  ि  आमच्यासह आमच्याकड   ि   दि  ी करि    अपनषत   आह.   

4.   जर आिप ास य ा क ाल ावध ीत अस्वस ्थत ा व ाटत अस  ल तर क   पय ा 

दयाप  ववक आम्ह ाल ा कळव ा ज  ि   करूि   आम्ह ी  क  ि त ीही  

अनप्रय  पररि  ाम  ि   करत ा  आम्ह ी  आपल्य ाल ा  मदत  कर    आिन 

आपल्य ा अडि ि  ीवर म ात कर  . 
 
 

5.   त  म्ह ाल ा क  ि त ीही भरपाई आनि  ि   कसाि भरपाई नदल ी ज ाि  ार ि  ाही. 

 
6. जर त म्हाला या िषी या अभ्यासाि  ा अभ्यास बा द करावासा वाटला अस ल तर त म्ही तस  

करण्य ास म  कळ    आहात आिन आमच्या ब ाज ि    क  ि त ाही अडथळा 

िनम ावि  ह ि  ार ि  ाही. 



C:\Program Files (x86)\PDF Tools AG\3-Heights(TM) Document Converter Service\Temp\27c25bdb4537e502c6ecbfbd81009a68301062c6d50895c8c3322e6ea6cc3e6e.doc [Page : 39]  

7.   जर सहभाग ील ा त् ा ा  च्या क   ट   ा  ब ात ील सदस्य ा ा  सह य ा म ानहत ीवर 

ि ि  ाव  कर ाियी अस  ल तर सा मती द ण्याप वी त  तस  करण्यास पात्र आह त 

 

सहभेाग

ेीेीनेी  े  

1.   

ि 

 ाव: 

वय: 

नलगा : 

तारीन्: 

ेा 

सेी

श 

े धन करण्यासाठी सामान्य माहहती: 

 

2.   आपल्ल्या  परफ म्याा  भरर    आवशयक  आह   आल्ख  सा श धिना  ह त    ”   २५   त ४०   वषे 

वय गट ात ील म  क   नि कल  पाठद  ख ी असल   ल ् य ा व्यक् ीमध्य   लम्ब ार प्र प्र ाय सप ्    

शि , गनतशील 

स ी  त  लि  आनि  व  दि  ा त ीव्रत  वर सब  नसपीटल स्नाय    

प्रनतब ी  ध ात्मक त ी  त्र ाच ा प्रभ ाव: प  वव  आिन पश्च ात च ाचि  ी.” ह ा 

अभ्य ासकरर   आवशयक आह  . 

 
3.   जर  आपि   स्व  च्छ   ि     अभ्य ासामध्य    भाग  घ  ऊ  इल्च्छत  असाल  तर  आपि   पर ीक्ष  ि  ी  

प  तवत ा 

ह ईपय  त प्र फ ाम ाव भरण्य ाच्या िषापास  ि  आमच्यासह 

आमच्याकड    ि   द आह  . 

ि  ी करि    अप  नषत 

 

4.   जर  आिप ास  य ा  क ाल ावध ीत  अस्वस ्थत ा  व ाटत  अस  ल  तर  क   पय ा  

दयाप  ववक  आम्ह ाल ा कळव ा  ज  ि   करूि   आम्ह ी  क  ि त ीही  

अनप्रय  पररि  ाम  ि   करत ा  आम्ह ी  आपल्य ाल ा  मदत 

कर   आनि  आपल्य ा अडि ि  ीवर म ात कर  . 
 
 

5.   त  म्ह ाल ा क  ि त ीही भरपाई आनि  ि   कसाि भरपाई नदल ी ज ाि  ार 

ि  ाह ी. 

 
6. जर त म्हाला या िषी या अभ्यासाि  ा अभ्यास बा द करावासा वाटला अस ल तर त म्ही 

तस  करण्य ास म  कळ    आहात आनि  आमच्या ब ाज  ि    क  ि त ाह ी 

अडथळ ा नि म ावि  ह ि  ार ि  ाही. 
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7.   अभ्य ासाि    ज  ख ीम, अस्वस्थत ा, फ ायद   आिन त  ट   या ा  ि    

तपश ील आपल्य ाल ा स ा  मत ीपत्र प्राप्त करण्याप वी स्पष्ट क  ल  जाईल. 
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8.   य ा अभ्य ासामध  ि  नमळाल  ल ा ड  ट ा ग  प्तपि    स ा  रनषत आनि  

र ाखल ा ज ाईल आनि  जर फ  ट   व ापरल ा  ग  ल ा  तर  आपल ी  ओळख  

उघड  ह ि  ार  ि  ाह ी.  जर  छ ायािनत्र  प्रक ानशत  झ ाल    तर परवाि गी 

घ तली जाईल. 

 
9.   य ा  अभ्य ासासाठी  आवश्यक  असल  ल्य ा  नवनवध  ि  ाि ण्य ा  

प्रनि य  ि  ा  सवव  ध  क ा  आपल्य ाल ा समज ाव  ि  स ा ा  नगतल ा 

ज ाईल आनि  त् ाि   सार स ा  मत ी घ  तल ी ज ाईल. 

 
10. आपि   थकल्य ासारख    नक ा   व ा  कस ट ी  प  ि व  करण्य ात  अषम  

झ ाल्य ास  आपल्य ाल ा  क ाळज ी करण्य ाि  ी आवश्यकत ा ि  ाही 

आनि  आम्ह ाल ा कळव ा ज  ि   करुि  आवश्यक पावल   उि लत ा 

य तील. 

11. आपि   क  ि त् ाही  िष ी  सम ाध ाि  ी  ि सल्य ास  आपि   

क  ि त् ाही  पररि  ाम ानशव ाय  कध ीही माघार घ ऊ शकता. 

 
12. 

स ा  श धक ा

ि    ि  ाव: 

फ  ि  

ि  ा  बर: 

पत्ता: 

 
मागवदशवका

ि    ि  ाव: 13. 

फ  ि  
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ि  ा  बर: 

पत्ता: 

 
14. स ा  स ्थ  ि    ि  ाव: 
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मरीज ी   की सूचना पत्र 

Annexure II (C) 

 

 

 उद्द   श्य: 

 यह स  नि िनत करि    क    नलए नक प्रनतभानगय   ा    स   नलल्खत स  नि त सहमनत प्राप  ् त क ी 

ज ात ी ह  । 
 
 

 स्क प: 

 इस म ाि क स ा  ि  ालि  प्रनि य ा म       प  रुष और मनहल ा द  ि    ा     क ी 

जि स ा  ख्य ा शानमल ह   और स्व  च्छ ा स   इस 

 अध्ययि  म      भाग ल  ि    क    नलए त  यार ह  । 
 
 

 दानयत्व: 

 श धकत ाव उि  सभ ी प्रनतभानगय   ा    स   नलल्खत स  नि त सहमनत प्राप  ् त कर  ग ा ज   इस 

अध्ययि  क ा नहस्स ा बि ि    

 क    नलए स्वय ा    स  व ा कर रह   ह     

 
प्रिनया: 

1. श धकताव म क  िनकल पीठ ददव वाल  व्यल््क का चिय कर  गा। 
 
 

2. ज ा ा  ि कत ाव सभ ी आश ा  क ाओ ा    क    नलए प्रय  ग ात्मक प्र ट  क  ल क ी व्य ाख्य ा 

कर  ग ा और प्रनतभाग ी क    सभ ी 

 प्रश ्   ा    क ा उत्तर द  ग ा।  
 
 

3. यनद प्रनतभाग ी भाग ल  ि    क ा फ   सल ा करत ा ह   त   म ाि क स ा  ि  ालि  प्रनि य ा 

क    अि   सार उि क ी सहमनत 

 ह गी।  
 
 

4. यनद प्रनतभाग ी रुनि  व्यक  ् करत ा ह  , ल  नकि  उस म ामल   म      क   छ स ा  द  ह ह    , 

त   व   हल ह   ज ाए ा    ग  ।  
 
 

5. यनद प्रनतभाग ी स्पष्ट ीकरि  क    साथ सहज ह      त   व   म ाि क स ा  ि  ालि  प्रनि य ा क    

अि   सार स  नि त सहमनत 

 क  भर देंग ।  
 
 

6. अध्ययि  क ी प्रनि य ा प्रनतभाग ी क ी सहमनत क    ब ाद श  र    ह ग ी।  
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7. सम ाव  श ी और बनहष्करि  म ाि द ा  ड   ा    क   सत् ानपत करि    क    नलए 

प्रनतभानगय   ा    स   नवस्त  त नि नकत्स ा और 

 नकस ी भ ी अन  ् य शार ीररक समस्य ा क ा इनतहास प्र ाप  ् त नकय ा ज ाएग ा।  
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8. यनद प्रनतभाग ी अपि    पररव ार क    सदस्य   ा    क    साथ इस ज ाि क ार ी पर ि ि  ाव 

करि  ा ि  ाहत   ह      त   व   सहमनत 

 द  ि    स   पहल   ऐस ा करि    क    हकद ार ह    । 
 
 

 अि   स ा  ध ाि  प्रनतभानगय   ा    

क   साम ान  ् य ज ाि क ार ी:  1.  

ि  ाम: 

  उम्र: 

  नला ग:  

 नदि  ा ा  क: 
 
 

2.  आपक    प्र फ ाम ाव  भरि  ा  ह ग ा  और  श ध  क ा  उद्द  श   ्  य  अध्ययि   करि  ा  

ह ग ा  ‘25-40 वर्षव 

 म  क   नि कल पीठ ददव  व ाल   व्यल्क्य   ा    म      ल   ा  ब ार प्र नप्रय स  प ्शि , गनतशील   

स ी  त  लि     और ददव  क ी 

 त ीव्रत ा  पर सबक  सीनपटल  म ा ा  सप  श ी  

इि नहनबशि   तकि  ीक  क ा  प्रभाव: प  वव  और  िप ात 

ि  ाि ि  ी.’ 
 
 

3.  यनद आप स्व  च्छ ा स   अध्ययि  म      भाग ल  ि    क    इच्छ   क ह      त   आपस   यह अप  ष ा क ी 

ज ात ी ह   नक 

 परफ  म ाव भरि    क    षि  स   ल  कर पर ीषि  प  र ा ह ि    तक हम ार   साथ 

ि  ाम ा ा  कि  कर    ।  
 
 

4.  यनद आप इस अवनध क    द  र ाि  असहज ह    , त   क   पय ा हम      बत ाए ा      त ानक हम आपक ी मदद 

कर 

 सक        और नबि  ा नकस ी अनप्रय प्रभाव क    आपक ी समस्य ाओ ा    क   द   र कर सक      ।  
 
 

5.  आपक   क  ई प्रनतप  नतव और म  आवज ा ि ह ी  ा    नदय ा ज ाएग ा।  
 
 

6.  यनद नकस ी भ ी षि  आप इस श ध अध्ययि  स   हटि  ा ि  ाहत   ह     त   आप ऐस ा करि    क    

नलए स्वत ा  त्र 

 ह      और हमार ी ओर स   क  ई ब ाध ा ि ह ी  ा    ह ग ी। 
 
 

7.  सहमनत  पत   ्  र  प्राप   ्  त  करि     स    पहल    अध्ययि   क     ज  ल्खम,  अस  नवध ा,  फ ायद    और  
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ि   कसाि   क ा 

 नववरि  आपक   समझ ाय ा ज ाएग ा।  
 
 

8.  इस अध्ययि  स   प्राप   ्  त आ ा  कड   ा    क   ग  पि  ीय रूप स   स ा  रनषत और 

बि  ाए रख ा ज ाएग ा और यनद 

 तस्व ीर क ा उपय  ग नकय ा ज ात ा ह   त   आपक ी पहि  ाि  उज ागर ि ह ी  ा    क ी 

ज ाएग ी। यनद तस्व ीर 
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 प्रक ानशत ह त ी ह  , त   अि   मनत प्राप  ् त क ी ज ाएग ी।  
 
 

9.  इस  अध्ययि   क     नलए  आवश्यक  नवनभन   ्  न  पर ीषि   प्रनि याओ ा      क     सभ ी  ज  ल्खम   ा      क    

आपक   

 समझ ाय ा ज ाएग ा और तदि   सार सहमनत ल ी ज ाएग ी। 
 
 

10.  यनद आप थक ावट महस  स करत   ह      य ा पर ीषि  प  र ा करि    म      असमथव ह    , त   

आपक   नि  ा  त ा करि    

 क ी आवश्यकत ा ि ह ी  ा    ह   और हम      बत ाए ा      त ानक आवश्यक कदम उठाए ज ा सक      । 
 
 

11.  यनद आप नकस ी भ ी षि  स ा  त  ष  ्  ट ि ह ी  ा    ह      त   आप नबि  ा नकस ी 

पररि  ाम क    नकस ी भ ी समय व ापस 

 ल  सकत  हैं। 
 
 

12.  श धकत ाव क ा ि  ाम:  
 
 

  फ  ि  ि  ा  बर:  
 

  पता:  
 
 

13. ग ाइड क ा ि  ाम:  
 

  फ  ि  ि  ा  बर: 
 
 

  पता:  
 
 

14. स ा  स ्थ ा क ा ि  ाम: 
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Annexure II (D) 

LETTER OF CONSENT 

“EFFECT OF SUBOCCIPITAL MUSCLE INHIBITION TECHNIQUE ON LUMBAR 

PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN INTENSITY IN INDIVIDUALS WITH 

MECHANICAL LOW BACK PAIN AGED 25-40 YEARS: A PRE-TEST POST-TEST DESIGN.” 

• I have received an explanation of the nature, purpose, duration and foreseeable 

effects and risks of the trial and what I will be expected to do. My questions have 

been answered satisfactorily. 

• I understand that my participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of 

benefits to which I am otherwise entitled. 

• I further understand that any information that becomes available during the course 

of the study that may affect my willingness to take part will be informed to me. 

• Institutional Ethics Committee authorities may wish to examine my medical records 

to verify the information collected. By signing this document, I give permission for 

this review of my records. 

• I understand that my identity will not be revealed in any report or publication. 

• I agree to take part in the above study. 

 
 

Name of research participant Signature/Thumb 

Date: 
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Annexure II (E) 
 

 

सी  मती 
 
 

” २५ त  ४० वर्ष   वय गट ात ील म  क   नि कल पाठद  ख ी असल   ल ् य ा व्यक् ीमध्य   लम्ब ार 

प्र प्र ाय सप ्    शि , 

गनतशील स ी  त  लि  आनि  व  दि  ा त ीव्रत  वर सब  नसपीटल स्नाय   

प्रनतब ी  ध ात्मक त ी  त्र ाच ा प्रभाव: प  वव आनि  पश्च ात च ाचि  ी.” 

 
• ह ि  ाऱ्या क ि त्याही मानहतीम ळ  माझ्या उिपमातील भाग घ ण्यावर पररराम ह ऊ 

शकत  ह  मला साी  नगतल  जाईल . 

• नवद्य ालयीि  स ी  नमत ीम ानहत ी ग  ळा करण्य ासाठी म ाझ ी आध ीच ी 

व  द्यक ीय पत्रक पाह   शकत ात .या पत्रक ावर सह ी क   ल्य ावर म ी 

त्य ा ी  ि  ा तश ी अि   मत ी द  त   /द  त  . 

• मी ह  जाि त /जाि त  नक माझी ओळख क  ठल्याही तस च क ि त्याही 

मानहतीत/प्रकािशात प्रदनशवत क   ल ी ज ाि  ार ि  ाही . 

• म ी ह्य ा उपि म ात सहभागी ह ण्य ासाठी स ी  मत ी द  त आउपि म ाच   

स्वरूप,क ारि , क ाल ावध ी त्य ाच   प ढील पररराम आिन उिपमाच  ध क  तस च 

या अभ्यासातील माझी भ नमका मला समजावली ग  ल ी आह   .म ाझ   सगळ   प्रश्न 

सम ाध ाि क ारकररत्य ा स डवल   ग  ल   आह   . 

• म ाझ ा  य ा  उपि म ात ील  सहभाग  प  ि वपि     ऐच्छि क  आह    आनि   

म ी  क  ि त्य ाही  व  ळ ी,  क  ि त  ह ी क ारि   ि   द  त ा,  क   ठल ाही  

द ी  ड  ि   भरत ा    आनि   मल ा  नमळण्य ाच ा  अप  नि त  फ ायद ा  

य ा ी  मध्य   क   ठल ाही बदल ि  ह त ा म ी य ा अभ्य ासात  ि  क   ठल्य ाही 

ि ि  ी म ाघार घ  ऊ शकत   /शकत   . 

• उिपमादरम्याि  उपलब्ध ह  
 
 
 

सहभाग ी सदस्याच   ि  ाव स्व ाि र ी /अ ी  गठ्य ाच ा ठस ा

 नदि  ा ी  क : 
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Annexure II (F) 

 

सहमनत – पत्र 
 

‘25-40 वर्षव  म  क   नि कल पीठ ददव व ाल   व्यल्क्य   ा    म      ल   ा  ब ार प्र नप्रय स  प्िश, 

गनतशील स ी  त  लि   और  

 ददव क ी त ीव्रत ा पर

 सबक  सीनपटल म ा ा  सप  श ी इि नहनबशि  

तकि  ीक क ा प्रभाव: प  वव  

और िपात ि  ाि ि  ी.’ 

• इस अभ्य ास क ा स्वरुप, अवक ाश, इसस   ज  ड़   स ी  भाव्य खतर   , स ी  भानवत 

प्रभाव और म  झ   ज   करि  ा ह  उस क  बार  में स्पष्ट जाि कारी नमली ह । 

• इस अभ्य ास म     सहभाग ी ह ि    क ा म  र ा ख  द क ा नि ि वय ह  .म     

नकस ी समय अभ्य ास क   छ  ड़कर जा सकत ी/सकत ाहू। इसक    नलए म     

क  ई भी म ाि द ी  ड य ा भरपाई करि    क   नलए ब ी  ध ी/ब ी  ध ा 

ि ह ी ी   ह      । 

• अभ्य ास क   द  र ाि  उपलब्ध अन्य ज ाि क ार ी नजस स   अभ्य ािसम म     

भाग ल  ि    पर असर पड़  ग ा वह म झ  बताया जाय गा। 

• म  र ी ज ा ी  च क ा ज   म  ल्य ा ी  कि  हुआ ह  , उस   स ी  स ्थ ा क   

सम ाल  चक म ी  डल क   अनधक ार ी परख सकत   ह  ।इस पत्र पर हस्त ाि र 

कर क   म     यह अि   मनत द  त ा ह       य ा द  त ी ह       । 

• म  र ी पहच ाि  नकसीभ ी व  त ा ी  त य ा प्रक ािश म     प्रक ानशत ि ह ी  ी   ह ग ी। 

• मैं अभ्यािसम क  नलए सहमत हू    । 
 

 

सहभाग ी क ा ि  ाम हस्त ाि र य ा अ ी  ग  ठ   क ा 

नि शाि  नदि  ा ी  क 
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ANNEXURE III 

Timeline/ Gantt chart 
 

OCTOBER 2019 ALLOCATION OF THE GUIDE 

NOVEMBER 2019 TOPIC FINALISATION FOR THE SYNOPSIS 

DECEMBER 2020 STARTED WORKING FOR THE SYNOPSIS 

JANUARY 2020 INSTITUTIONAL ETHICAL CLEARANCE OBTAINED 

FEBRUARY 2020 BORS APPROVAL 

MARCH 2020 SYNOPSIS SUBMISSION TO MUHS 

APRIL 2020 to MARCH 
2021 

DATA PRESENTATION AND ANALYSIS 

APRIL 2021 WRITING DISCUSSION AND CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 
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Gantt chart for dissertation 
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ANNEXURE IV (A) 

PERMISSION LETTER (A) 

To, 

The Head of Institute, 
 
 

Subject: Permission to carry out research work. 

Respected Sir/Madam, 

I, Ms , student of Master of Physiotherapy, would request you to grant me permission to 

carry out my research work. My research topic is, “EFFECT OF SUBOCCIPITAL MUSCLE 

INHIBITION TECHNIQUE ON LUMBAR PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN 

INTENSITY IN INDIVIDUALS WITH MECHANICAL LOW BACK PAIN AGED 

25-40 YEARS: A PRE-TEST POST-TEST DESIGN”. For this purpose, I would be utilizing the 

institution and the equipment’s required for the same would be kept in the same premises 

and the subjects would be studied in the institution. 

 
I kindly request you to do the needful in this regard. 

Thanking you in anticipation. 

Yours sincerely, 

Research student 

Date: 

Place: 
 
 
 

Guide Head of Institute 
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ANNEXURE IV (B) 

PERMISSION LETTER (B) 

 

To, 

The Chairman, 

Ethical Committee 

 
Subject: Permission to carry out research work. 

 
 

I, student of Master of Physiotherapy, would request you to grant me permission to carry 

out my research work. 

My research topic is, “EFFECT OF SUBOCCIPITAL MUSCLE INHIBITION TECHNIQUE ON 

LUMBAR PROPRIOCEPTION, DYNAMIC BALANCE AND PAIN INTENSITY IN INDIVIDUALS WITH 

MECHANICAL LOW BACK PAIN AGED 25-40 YEARS: A PRE-TEST POST-TEST DESIGN.” 

I promise that the ethics as well as subjects care shall be duly complied. 

I kindly request you to do the needful in this regard. 

Yours sincerely, 

Research student 

 
 
 

Date: 
 
 

Place: 
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ANNEXURE V 

ABBREVIATIONS 
 

 

1. LBP- Low back pain 

 
2. YLD- yearly lived with disability 

 
3. SOM- Suboccipital muscles 

 
4. ROM- range of motion 

 
5. TRS- target reposition sense 

 
6. mSEBT- modified Star excursion balance test 

 
7. CVA- Craniovertebral angle 

 
8. MB ruler- Markus Bader ruler 

 
9. NRS- numeric rating scale 

 
10. C7- seventh cervical spinous process 

 
11. S2- Second sacral vertebrae 

 
12. ≤- less than/ equal to 

 
13. ≥-more than/equal to 

 
14. %- percentage 

 
15. ° - degrees 

 
16. SD- standard deviation 

 
17. WHO- world health organization 

 
18. ICMR- Indian council of medical research 

 
19. IEC- institutional ethical committee 

 
20. BORS- Board of Research Science 

 
21. ICC- Interclass coefficient 
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INTRODUCTION 

Football is a high risk sport, dominated by overuse injury, while recovery time from injuries is 

relatively long. 1Some studies reveal that 57.40% of injuries occurred during training while 

42.59% occurred during competition. Most injuries were acquired in the lower limb (68.49%) 

of which 29.62% were related to ankle and 17.59% to knees.  

In football, injuries are traditionally divided into contact and non-contact mechanism. 2A 

contact injury is defined as an injury that has occurred when 2 or more players were engaged 

during the act of tackling, blocking, or pass protection and in which the external force causing 

the inversion moment at the ankle was primarily owing to the force applied by another player’s 

body when the injured player’s foot was fixed to the ground. All other injuries were classified 

as non-contact injury. 

Football contains all forms of movements like running, stops, turns, jumps, falls, 

throws, pushing, which take place at a different intensity, pace and duration, for the purpose of 

defense and strike action. Football players often perform lower extremity passing, shooting, 

twisting, cutting and dribbling skills while wearing shoes.3 Acute injury can cause a decreased 

participation in sports activity and poor all over performance in an athlete by causing decreased 

muscle strength, short term ankle range of motion, loss of functional stability, and decreased 

proprioceptive input. It has been reported that low balance ability has been significantly 

associated with an increased risk of ankle injuries in male adult football players4.It has been 

also found that lower limb injuries were most common in contact sports. 

 

Balance (for the human body) is the ability to be zero of the sum of the forces acting on 

the body, gravitation of the body, protection of the sequence under the influence of internal and 
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external forces5.Balance involves the coordination of muscles which requires practice and 

refinement throughout one’s lifespan. Optimal control of balance in an upright stance is an 

essential requirement for sports, dailyactivities and prevention of injury. For example, impaired 

postural control is associated with an increased risk of ankle sprain. Because of this strong 

association, balance and coordination training are common components of prophylactic and 

therapeutic intervention programs used by athletic trainers. 

Balance has both anatomic and sensory components that enable the body to stabilize in a 

specific position. ‘Proprioception’ word refers to the awareness of body movement and 

orientation to the positioning of the body in space. Body symmetry is accomplished through 

the coordination of synergism of responses supplying the brain with continuous information.6 

Somatic sensory (i.e. muscle spindle, Golgi tendon organs and cutaneous receptor),vision and 

all the vestibular systems of the ear all serve in this synergistic response to maintain balance. 

Vestibular and vision receptors are stressed during balance training, thus enhancing 

proprioception in the limbs and the body and thereby increasing balance. Training these system 

to work efficiently may reduce the likelihood of injuring the ankle, knee, and lower limb.  

Balance may be static when the body is either at rest (static balance) or dynamic when the body 

is in steady-state motion (dynamic balance) 7. Dynamic balance is the ability to maintain 

stability while forecasting and reacting to alteration as the body moves through the infinite 

8Static balance is the ability to stand with as little sway as possible. Standing balance can be 

evaluated in a resting state or following a specific inequalityed9. 

Many authors have suggested that decrease in static balance is a risk factor for ankle sprain 

injury in basketball and football players10. Players are recommended to have a good balance 

control, particularly the static balance because it not only reduces injury of lower extremities 

but also improves sports performance. 
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In Sports, Players require co-ordination abilities to maintain balance whether in a static or 

dynamic position which helps to protect them from falling and prevents injury11. 

For a winning sports performance, static balance is a key factor in the development of 

sensory-motor systems. In the field of sports, especially in basketball and football, static 

balance plays a fundamental role in sports specific postural control and contributes to 

efficient performance. 

 Sport specific skill and environmental demands need balance which is necessary for safe and 

effective execution in sporting movements without losing balance12. 

Impaired stability and balance can be found in these sports specific movement. Researchers 

have suggested that balance impairment is one of the risk factors for injuries in a variety of 

sports13LeleniSreekarini et al. found the prevalence of sports injuries in Adolescent 

Athletes14,15. 

While running with the ball to avoid being tackled by the opposition, footballer players 

require more of dynamic balance in order to change direction at different speed16.  

Professional athletes such as footballers perform a lot of lower limb weight bearing 

functional activities that require a degree of muscle strength, coordination and balance. These 

sport tasks involve repeated impulsive contacts between the lower limbs and the support 

surface and when these contacts are poorly controlled, the cumulative effects of exercise 

vertical impact loading have been implicated as major factors contributing to lower limb 

injury in footballers 17. Just as in other lower limb injuries, impaired balance has been 

implicated in Lower limb muscle injury and improvement is expected in balance performance 

subsequent to rehabilitation, perhaps to the pre-injury level. 

The effects of balance training are: the increase in muscular activation after the injury, the 

reduction of reflex-reaction times on stretching, the improvement of inter-muscular 

coordination, the improvement of poise and balance, the improvement of the awareness of 
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one’s body in a room and therefore, the reduced susceptibility to injuries.18Each sport 

requires different levels of sensory-motor processes to perform skills and protect the 

neuromuscular system from injury. 

 Therefore, Balance training is used in a rehabilitation, following a sports related injury and 

its becoming recognized as an important element in injury prevention in sports.  

The conventional training includes a number of components of fitness into the training 

programmes of football players. It includes warm up, running , squats, balance training and 

cool down period. Conventional training is necessary because it reduces the chances of injury 

and increases  oxygen demand with an increase in blood flow to the muscle and core 

temperature. In accordance, an increase in muscle temperature was shown to decrease muscle 

and joint stiffness, increase transmission rate of nerve impulses. 

A BOSU balance trainer, or BOSU ball as it is often called, is a fitness training device, 

invented in 1999 by David Weck, consisting of an inflated rubber hemisphere attached to a 

rigid platform measuring 24. 6 x 24. 6 x 6 inches19. 

Both side utilized (BOSU) ball is a versatile balance training equipment BOSU ball training 

improves balance because the unstable surface forces use core muscle of the body to improve 

balance. The use of these unstable surfaces is thought to better train the proprioceptor at 

providing quick and accurate feedback for the maintenance of postural control under variable 

conditions, balance training and more specifically, unstable surface training, should improve 

both balance and proprioception. BOSU Ball training helps by enhancing strength and 

neuromuscular control, and muscle activation of skeletal muscle at the start of voluntary 

motion. 

There have been some studies20, that show the BOSU ball, balance training is effective in 

terms of improving balance in football players. Therefore we are using inflated side of BOSU 
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ball to see the effect of BOSU ball training along with conventional training in Professional 

football players. 
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RATIONALE OF THE STUDY 

Balance is an integral component of almost every activity of daily living (ADL). Factors that 

influence balance include sensory information obtained from the somatosensory, visual, and 

vestibular systems and motor responses that affect coordination, joint range of motion (ROM), 

and strength21,22. 

Balance training is used in rehabilitation following sports-related injuries and is becoming 

recognized as an important element in injury prevention in sports23. To our knowledge, studies 

comparing balance abilities among football players competing in different levels using 

different balance boards are less, so it is important from physiotherapeutic point of view to 

incorporate balance training along with daily exercise protocol to improve performance and 

reduce injuries.  

The exercise equipment used in an athlete has variable degree of difficulty and instability to 

enhance balance and skeletal muscle demand to meet the demands of various skills in sports24. 

This equipment’s helps to provide unstable surface training environment to increase the 

difficulty levels which include hard rubber air pressurized inflatable ball (swiss or pilates) 

inflatable disc, half sphere dome shaped ball, BOSU balls,wooden wobble boards, high to low 

density foam pads of different size and many such kind of devices. 

 These unstable surface devices help to enhance postural sway that is postural Disequilibrium, 

which adds stress to neuromuscular system, also enhances the rate of force development of 

skeletal muscle activation during voluntary activation. 

The purpose of the study was to see the effect of BOSU ball training exercise along with 

conventional training on balance in professional football players. 
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RESEARCH QUESTION: 

Is there any effect of 4 weeks of Both Side Utilized (BOSU) ball training along with 

conventional training versus conventional training on static and dynamic balance in 

professional football players? 
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HYPOTHESIS: 

NULL HYPOTHESIS 

There is no statistical significant difference of 4 weeks of Both Side Utilized (BOSU) ball 

training along with conventional training versus conventional training on static and dynamic 

balance in professional football players. 

 

ALTERNATE HYPOTHESIS 

There is a statistical significant difference of 4 weeks of Both Side Utilized (BOSU) ball 

training along with conventional training versus conventional training on static and dynamic 

balance in professional football players. 
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REVIEW OF LITERATURE: 

The study done by CharmiSalot et al. in 2020 the purpose of the study was to see the effects 

of BOSU ball exercise on jump performance in football players. A total of 90 football players 

participated in the study. The players were categorized into two groups experimental group 

(n=45) who underwent proprioceptive training on BOSU ball with their regular football 

training program and control group (n=45) underwent regular football training program. The 

players were trained for six weeks. Jump assessment at pre and post-intervention was done for 

all subjects using the single-leg hop test and Vertical Jump test. The study concluded thatBOSU 

ball training was effective in improving the single-leg hop distance and vertical jump height in 

male football players.25 

The study done by JagrutiK. Patel et al., in 2020 Effect of 4 Weeks Balance Training Program 

in Healthy Young Adults: A Randomized Clinical Trial Study total 60 Healthy 

youngasymptomatic men and female between age 17-22 Yearswere included in study The 

subjects were randomly divided into two groups for BOSU Ball and Balance Board training, 

the intervention was given for 4 weeks. The pre and post-test measurement was taken using 

SEBT to check effectiveness of the training devices. The study concluded that 4 weeks of 

continuous balance training using BOSU Ball and Balance Board is effective inimproving 

balance.26 

 

The studydone byGrazynaOchowiket al. in 2020.The aim of this study was to determine the 

Effects of Soccer Training on Body Balance in Young Female Athletes Assessed Using 

Computerized Dynamic Posturography. Computerized dynamic posturography of female 

footballers (n = 25) andcontrol group (n = 50) was assessed during three tests: Sensory 

Organization Test, Motor ControlTest, and Adaptation Test, indicating better postural stability, 

for footballers Regular trainees also showed better usefulness of vestibular system while 
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maintaining balance.This study shows that female footballers have better postural stabilitythan 

their inactive peers and that regular workouts may improve the balance system.27 

The study done by Pritesh Yeole et al.in 2019 conducted a study with the aim to know  

theComparison of Sports Specific Balance Training Programs in Improving Balance and 

Agility in Basketball Players total 60 subjects of age 14-25 years according to inclusion and 

exclusion  criteria between the Group A and group B included 30subjects each. Group A 

received sports specific balance training program while balance training program only was 

given to Group B for 4 weeks. Star excursion balance test and mini zigzag drill test were used 

as outcome measure. Thus sports specific balance training program is more effective than 

balance training28. 

 

The study done by InciKesilmis et al. in 2017 - This study aims to compare different dynamic 

balance ability between soccer players and sedentary persons. 16 soccer players and 18 

sedentary participated in the study. Soccer players’ group participated in soccer trainings 

consisting ofdifferent coordinative exercises for 3 years; the sedentary group attended a normal 

school program. Soccer players Participants aged  13-14 years participated in soccer training 

for daily 2 hours and for four days in a week for 3 years. Dynamic balance ability with Y 

balance and Flamingo balance tests were used. There were  no significant difference for 

dynamic balance bipedal-right-left forward backward axis and medium lateral axis, right foot 

area gap percentage, left foot perimeter length, area gap percentage and medium speed and for 

y balance; right-left foot posteriomedial measurements. The dynamic balance ability of soccer 

players was clearly different than that of sedentary. According to these results it can be 

concluded that the effect of extensive soccer skill practice on overall balance control9. 

The study done by Ganeswara Rao Melamet al. in 2016-The Purposed of this study was to 

compare static and dynamic balance in ankle instability among university level football and 
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basketball players. This study included 24 collegiate level players (12footballers and 12 basket 

ballers) with chronic ankle  instability and were inactive from sports for more than 3 months 

with a score of 85% or less on the Foot and Ankle Ability Measure Sports scale. Static balance 

was tested by stork standing test, and dynamic balance was assessed using the Star Excursion 

Balance Test. This record of differences in the balance due to injury supports the need for sports 

specific rehabilitation program for injured players to improve their balance which is essential 

for playing their sports efficiently 29. 

The study done by MutluCug,  et al., in 2016- The purpose was to compare Effects of Different 

Balance-Training–Progression Styles on Postural Control and Ankle Force Production. A total 

of 28 (16 women,12 men) physically healthy young adults aged 18-25 years were  taken. Static 

balance was measured from instrumental force plate and dynamic balance was measured by 

star excursion balance test and ankle force production in all cardinal planes with hand held 

dynamometer before and after the intervention. All participants completed 12 supervised 

balance-training sessions over 4 weeks. Each session consist of a combination of dynamic 

unstable-surface tasks that inculded a BOSU ball.  A 4 week balance training program 

consisting of dynamic unstable surface exercises on BOSU ball improved dynamic postural 

control and ankle force production in healthy young adults. It suggest that an error based 

balance training program in improving postural control and ankle force production in healthy 

young adults30. 

 

The study done by Nisha Joshi1, et al. in 2015. The aim of this study was to compare the 

effect of multidirectional balance board training program and BOSU ball training program on 

dynamic balance in football players.  Total of 60 competitive football players in the age 

group18-25 years were recruited in the study. The participants were divided into 2 groups. 

Group A (multidirectional balance board training) and group B (BOSU ball training) for 4 
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weeks. Participants were tested for Star excursion balance test and vertical jump test as an 

outcome measure on first day and after 4 weeks of balance training. The study concluded that 

4 weeks’ balance training using BOSU and multidirectional balance board is effective in 

improving dynamic balance and vertical jump performance in football players and also can be 

used as a component of multifaceted training to improve dynamic balance and game skills20. 

 

The study done by ADAM LARCOM et al. in 2013. The aim was to know the Effects of 

Balance Training on Dynamic Balance Capabilities in the Elite Australian Rules Footballer. 

From the initial  group of 25 players, 14 subjects remained free of football-related injuries and 

completed all three tests and the full training program. The study group aged 18 to 25 years 

was investigated for changes in dynamic single leg balance capabilities of an elite Australian 

Rules football team with the introduction of a comprehensive balance training program, over 

an entire 44 week pre-season and competition season. Single leg balance was tested before, 

during (10 weeks) and after the training program (44 weeks), by placing a wobble board placed 

on top of a force plate and measuring various parameters of centre of pressure (COP) 

movement. The balance training program included wobble board training and other balance 

exercises, and core stability exercises.. This research shows that balance training incorporating 

wobble board and core stability exercises, in addition to normal football training, can improve 

balance over an entire elite Australian Rules football season31. 

 

The study done by Phillip A. Gribble, PhD, et al. in 2013 was to determine inter-rater 

reliability of the SEBT using a group of investigators at 2 testing sites. A corollary purpose 

was to examine the inter-rater reliability when using normalized and non normalized 

performance scores on the SEBT.A total of 29 healthy participants between 18 and 50 years of 

age. Participants were evaluated by 5 raters at 2 testing sites. After participants performed 4 
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practice trials, each rater assessed 3 test trials in the anterior, posteromedial, and posterolateral 

reaching directions of the SEBT.  The main outcome measure was normalized and non-

normalized(leg-length) reaching distances were analyzed.  SEBT is a test with excellent 

reliability when used across multiple raters in different settings. Establishing excellent 

interrater reliability with normalized and non-normalized scores strengthens the evidence for 

using the SEBT, especially at multiple sites32. 

 

The study done by NEVIN BADR et al.,  in 2013- This study aimed to identify the effect of 

BOSU ball training on teaching and improving the performance of certain handball basic skills. 

The subjects were divided into two equal groups as (15) female student handball players in 

each group. The first group: experimental group was subjected to the suggested training 

program using the BOSU ball.The second group: Control group underwent to the traditional 

method followed in applying the theme of thedepartment.The suggested educational program 

using the BOSU ball positively affects the physical and skill level in the handball theme. The 

traditional teaching method positively affects the physical and skill level in the handball theme. 

The suggested educational program using the BOSU ball surpasses the traditional teaching 

method in the physical level and learning the basic handball skills on the handball theme. It is 

obvious that balance which is the primary objective of the tool used in the research, where most 

researches and references did not indicate its importance in handball, scored good and effective 

improvement rates in the experimental program33. 

 

The study done by AsimeniaGiofsidou et al. in 2012 on Balance training programs for soccer 

injuries prevention.The purpose of the study was to compare 2 different balance training 

programs, based on distinct exercise frequencies, with the aim of improving proprioceptive  

ability. 38 professional soccer players aged 18-25 years, were randomly assigned into 3 groups: 
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the A group, exercised with a frequency of 6 times per week, for 3 weeks, the B group exercised 

with a frequency of 3 times per week, for 6 weeks and the C group (control) did not follow a 

highly specific balance training, but only a standard soccer training. All participants were 

assessed with the use of an electronic stability system (indices-deviations) and of a wooden 

balance board (time on balance) before (pre test) and after the training period (post test). The 

authors concluded that balance training program can be applied in soccer players on a daily 

basis or at least 3 times per week, according to the demands of the training period34.  

 

The study done by Abdul Hamid et al. in 2012 the purpose of the study was to  investigate 

the effects of FIFA 11+ and HarmoKnee, both being popular warm-up programs, on 

Proprioception, and static and dynamic balance of professional male soccer players.  Under 21 

year-old soccer players (n = 36) were divided randomly into 11+, HarmoKnee and control 

groups. The programs were performed for 2 months (24 sessions). Proprioception was 

measured bilaterally at 30u, 45u and 60u knee flexion using the Biodex Isokinetic 

Dynamometer. Static and dynamic balances were evaluated using the stork stand test and Star 

Excursion Balance Test (SEBT).Both the 11+ and HarmoKnee programs were proven to be 

useful warm-up protocols in improving proprioception at 45u and 60u knee flexion as well as 

static and dynamic balance in professional male soccer players35. 

 

The study done by Ogwumike et al. in 2011This study investigated balance performance (BPf) 

in professional footballers with long term Lower limb muscle injury , the effect of limb 

dominance on and comparison of Balance performance in  professional footballers with long 

term in injured footballers with their uninjured counterparts. A sample of 115 professional 

footballers – 104 males and 11 females, participated in the study and they consisted of two 

groups - injured group of participants (IGP) and uninjured group of participants (UGP). 
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Balance performance (BPf) was assessed using the Stork balance stand test. The time in 

seconds for which the participant is able to stand on the ball of the foot of one leg is indicative 

of the BPf for that lower limb. The results indicated that poor balance performance was 

observed in the injured limb compared to the uninjured limb. It was concluded that balance 

problems persist in professional footballers with lower limb muscle injury irrespective of time 

lapse since injury36. 

 

The study done by KEVIN et al. in 2010The purpose of this study was to determine which 

side of the BOSU balance trainer would generate a greater amount of tibialis anterior, peroneus 

longus, or medial gastrocnemius muscle activity using electromyography (EMG).total 20 

healthy collegiate male subjects aged 18-25 years were taken. Each subject performed 3 single-

leg stance trials on each side of the BOSU balance trainer. The average EMG data from these 

trials were compared with maximal voluntary isometric contraction (MVIC) measures and 

represented an average percentage of these MVICs. With regard to ankle muscle activity, both 

sides of the BOSU balance trainer produce similar difficulty during a balance training task. 

Therefore, no particular side of this device would provide any increase in muscle activity 

compared with the other side when used for improvements in balance or during the 

rehabilitation of lower extremity injuries37. 

 

The study done by Swapan K. DEY et al. in 2010to study the variousanthropometric 

parameters, motor ability and physiological profiles of the differentIndian national club 

footballers and also to compare the above parameters withtheir international counterparts- A 

Comparative Study. The present study was carried out on one hundred fifty (150) male Indian 

footballers of six different national clubs of India. The players were alsosub-divided according 

to their specific field positions. Physical and physiologicalprofiles including height, weight, 
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percentage body fat (%BF), flexibility, agility,explosive power, and VO2 max were measured 

by standard procedures. However, the %body fat of Indian footballers according to their 

specific field positions was found to be comparable with their international counterparts. The 

defender, midfielder and striker of the present studywere inferior in endurance (VO2 max) as 

compared to their international counterparts. Genetic factors may be the cause of smaller body 

size of the subject of the present study as compared to their international counterparts. So, it 

can be concluded that the differences among the footballers of present study with their 

international counterparts and specific playing position is probably the cause of hereditary 

factors and differences in activity in the game38. 

 

The study done byAlyson Filipa,et al. in 2010To determine if a neuromusculartraining 

program (NMTP) focused on core stability and lower extremity strength would affect 

performance on the star excursion balance test (SEBT).Twenty uninjured female soccer players 

(13 experimental, 7 control) participated. Players trained together as a team, so group allocation 

was not randomized. The SEBT was administered prior to and following 8 weeks of NMTP in 

the experimental group and 8 weeks of no NMTP in the control group. A 3-way mixed-

mode.the study concluded that Female soccer players demonstrated an improved performance 

on the SEBT after NMTP that focused on core stability and lower extremity strength.39 

 

In Kisner and Colby they stated that Balance performance (BPf) is a complex motor control 

task involving the collection of sensory information to review the position and motion of the 

body in space and the performance of appropriate musculoskeletal reactions to regulate body 

position with harmony of the environment and performance task. For improving the balance 

they used BOSU Ball exercises such as single limb stance, double limb stance, unilateral 

bridging on unstable surface like BOSU ball40. 
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The study done by Kumar,S.S.et al. in 2008.The objectives of this study were to quantify the 

football injuries in relation to field position in competitive football players and to determine 

the nature, location, causes, outcome of injuries andthe possible risk factors involved. 

Information on injuries were collected through a questionnairefrom eight Indian football teams 

which were participating in All India Mayor Trophy footballtournament held in Aurangabad, 

Maharashtra in September-2006. The age range was 16 to 30years, 68% (87) of players were 

in the range of 20 to 25 years. The football players were asked to recall injuries over the 

preceding one year period. A total of 98 out of 128 football playerssustained injuries in relation 

to field position. One hundred and eight injuries were recorded ofwhich 27% were recurring 

injuries. Lower limb injuries predominated; the ankle and knee beingthe most commonly 

injured anatomical site. Most injuries were of soft tissue in nature and relate to muscle, 

ligament, and tendon. Most common situations giving rise to injuries were collision (27.77%), 

twist/turn(22.22%) and stumble (17.59%). Those football players directly involved in attack or 

defense are more likely to be injured. Lower limb injuries were found to be predominant, 

muscle injuries being the most common type, collision is common causes of injuries. The 

results of the research provide a useful insight into the injuries in relation to field position, 

nature and sites of injury in competitive football players1. 

 

The study done by Malachy P. McHugh et.al in 2007 the aim was to know The Effectiveness 

of a Balance Training Intervention in Reducing the Incidence of Noncontact Ankle Sprains in 

High School Football Players. Total 125 players of aged 18-25 years were participated. Height, 

body mass, history of previous ankle sprains, and current ankle brace/tape use were 

documented at the beginning of preseason training in 2 high school varsity football teams for 

3 consecutive years (175 player-seasons). Players were categorized as minimal risk, low risk, 
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moderate risk, and high risk based on the history of previous ankle sprain and body mass index. 

Players in the low-, moderate-, and high-risk groups (i.e. any player with a high body mass 

index and/or a previous ankle sprain) were placed on a balance training intervention on a foam 

stability pad. Players balanced for 5 minutes on each leg, 5 days per week, for 4 weeks in pre-

season and twice per week during the season. Post intervention injury incidence was compared 

with Pre intervention incidence (107 players-seasons) for players with increased risk. The study 

concluded that the increased risk of a noncontact inversion ankle sprain associated with a high 

body mass index and a previous ankle sprain was eliminated by the balance training 

intervention2,4. 

 

The study done by EadricBressel et.at in 2007.The aim of thestudy wasTo compare static and 

dynamic balance among collegiate athletes competing or training in soccer, basketball, and 

gymnastics. Thirty-four female volunteers who competed in National Collegiate Athletic 

Association Division I soccer (n-11), basketball (n-11), or gymnastics(n-12).To assess static 

balance, participants performed3 stance variations (double leg, single leg, and tandem leg) on 

2 surfaces (stiff and compliant). For assessment of dynamic balance, participants performed 

multidirectional maximal single-leg reaches from a unilateral base of support. Main Outcome 

Measure wasErrors from the balance. Error Scoring System and normalized leg reach distances 

from the Star Excursion Balance Test were used to assess static and dynamic balance. 

Gymnasts and soccer players did not differ in terms of static and dynamic balance. In contrast, 

basketball players displayed inferior static balance compared with gymnasts and inferior 

dynamic balance compared with soccer players42. 

 

The study done by Con Hrysomalis et.al in 2007 to study relationship between balance ability, 

training and sports injury risk. The balance training had been used as a part of the rehabilitation 
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programme for ankle injuries. The purpose of this review was to create current knowledge in 

the area of balance ability, training and injury risk and highlights the finding any future research 

needs .A number of studies had found that poor balance is significantly related to an increased 

risk of ankle injuries in different activities. This  relationship appears to be more common in 

males than females. As a single intervention balance training had been shown to significantly 

reduce the recurrence of ankle ligament injuries in soccer, volleyball and recreational athletes. 

Balance training has shown significantly reduced anterior cruciate  ligament injuries in male 

soccer players43. 

 

The study done byMitchell J. Rauh,et.al in 2006To determine if Star Excursion Balance Test 

(SEBT) reach distance was associated with risk of lower extremity injury among high school 

basketball players.Prior to the 2004 basketball season, the anterior, posteromedial, and 

posterolateral SEBT reach distances and limb lengths of 235 high school basketball players 

were measured bilaterally. Study concluded that  SEBT to be reliable and predictive measures 

of lower extremity injury in high school basketball players44.  

 

The study done by GREGORY D. MYER et.alin 2005.The purpose was to examine the 

effects of a comprehensive neuromuscular training program on measures of performance and 

lower-extremity movement biomechanics in female athletes.  41 female basketball, soccer, and 

volleyball players age 13-17 year underwent 6 weeks of training that included 4 main 

components (plyometric and movement, core strengthening and balance, resistance training, 

and speed training). Twelve age, height, and weight-matched controls underwent the same 

testing protocoltwice; 6 weeks apart. Trained athletes demonstrated increased predicted 1 

repetition maximum squat (92%) and bench press(20%). Right and left single-leg hop distance 

increased 10.39 cmand 8.53 cm, respectively, and vertical jump also increased from39.9 6 0.9 
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cm to 43.2 6 1.1 cm with training. Speed in a 9.1-m sprint improved from 1.80 6 0.02 seconds 

to 1.73 6 0.01 seconds.Pre- and post test 3-dimensional motion analysis demonstrated increased 

knee flexion-extension range of motion during the landing phase of a vertical jump (right, 71.9, 

6 1.48 to 76.9, 6 1.48; left, 71.3, 6 1.58 to 77.3, 6 1.48). Training decreased knee valgus (28%) 

and varus (38%) torques. Control subjects did not demonstrate significant alterations during 

the 6-week interval. The purpose of this study was to examine the effects of a comprehensive 

neuromuscular training program on measures of performance and lower-extremity 

biomechanics in female athletes. The hypothesis was that significantimprovements in measures 

of performance, specifically vertical jump, single-leg hop distance, speed, bench press, and 

squat, would be demonstrated concomitant with improved biomechanical (increased range of 

motion [ROM] and decreased knee varus and valgustorques) measures related to injury risk in 

female athletes45. 

 

The study done by Mark V. Paterno PT et.al in 2004The purpose of this study was to 

determine if a 6-week neuromuscular training program designed to decrease the incidence of 

anterior cruciate ligament (ACL) injuries would improve single-limb postural stability in young 

female athletes. We hypothesized neuromuscular   training would result in an improvement in 

postural stability, with the greatest improvement taking place in the medial-lateral direction. 

41 healthy female high school athletes age, 13-17 years) participated in this study. Single-limb 

postural stability for both lower extremities was assessed with a Bio-index Stability System. 

The neuromuscular training program consisted of three 90-minute training sessions per week 

for 6 weeks. Following the completion of the training program, each subject was re-evaluated 

to determine change in total, anterior-posterior, and medial-lateral single-limb stability. Two-

way analysis of variance models were used to determine differences between pre training and 

post training and between limbs. A 6-week neuromuscular training program designed to 
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decrease the incidence of ACL injuries improves objective measures of total and anterior-

posterior single-limb postural stability in high school female athletes46.  
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OBJECTIVES: 

1. To study the effect of 4 weeks of Both Side Utilized (BOSU) ball Training along with 

conventional training on static and dynamic balance in Professional football player.  

 

2. To study the effect of 4 weeks conventional training on static and dynamic balance in 

Professional football players.  

 

3.To compare the effect of 4 weeks of Both Side Utilized (BOSU) ball training along with 

conventional training versus conventional training on static and dynamic balance in 

Professional football players.  
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MATERIAL AND METHODS: 

 STUDY DESIGN: Randomized controlled trial. 

 STUDY SETTINGS: Football clubs. 

 STUDY POPULATION:Professional football players. 

 DURATION OF STUDY:18 MONTHS 

 SAMPLE SIZE ESTIMATION 

As per the article28, the star excursion balance test as an outcome measure 

in football players. 

 In Group 1=1.598 with SD 0.9956 

 In Group 2=2.81with SD 1.06 

By keeping α=5%  β=20% 

 By using formula n=4(Zα + Zβ)
2SD2 

                  (Ẋ1 - Ẋ2)
2 

Zα- standard numerical variant at α level  

Zβ-standard numerical variant at β level 

SD2 SD of GROUP 1 football players Versus GROUP 2 football players 

X1 mean with standard deviation of group 1 football players 
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X2 mean with standard deviation of Group 2 football players. Required sample size is 15 in 

each group. Total sample size is 30. 

 SAMPLING TECHNIQUE: Convenient sampling 

 Method of selection of study subjects 

Inclusion Criteria 

• Gender: Male professional football players 

• Age group 18-25 years.  

• Players who have played for the clubs at least for a year.  

• Individuals who are willing to participate. 

Exclusion Criteria 

• Any musculoskeletal injury. 

• Players who had not played for 3 months. 

SUBJECT WITHDRAWAL CRITERIA 

• Participants not willing to participate. 

• Those who will not continue four weeks program. 

VARIABLES 

• INDEPENDENT VARAIABLE-Age, BMI 

• DEPENDENT VARAIBLE-Stork standing test,Star excursion balance test 
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Operational Definitions 

1. STATIC BALANCE-Static balance is the ability to maintain postural stability and 

orientation with centre of mass over the base of support and body at rest35. 

2. DYAMIC BALANCE- Dynamic balance is the ability to maintain postural stability and 

orientation with centre of mass over the base of support while the body parts are in 

motion35. 

3. Star excursion balance test-The star excursion balance test is a dynamic test that 

required strength, flexibility, andproprioception it is a measure of dynamic balance that 

provide significant challenge to athletes and physically active individuals32. 

4. Stork standing test- The stork standing test is used to measure static balance. This test 

is used to assess kinesthetic awareness or the body ability to coordinate motion29. 

5. Both side utilized (BOSU BALL)-BOSU ball is a fitness training device it consist of 

inflated rubber hemisphere attached to a rigid platform20. 

6. Conventional training-It consists of exercises that incorporate an individual body part 

with single or multi joint movements. OR concentrate on proper form and technique 

before integrating compound movement into your body. 

7. Professional football Players-A type of football players who is paid to play football 

professionally for a specific club. 
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METHOD OF MEASUREMENTS 

• STORK STANDING TEST 

 Static balance will be tested through stork standing test. In this test, participants will stand on 

barefoot alternately and position the non-supporting foot over the medial part of the knee of 

the supporting leg with both hands kept on his hips. 

After that, he will have to raise the heel of the supporting leg to balance on the ball of the foot.  

Time will be measured in seconds using a stopwatch, which will be started when the participant 

raises his heel from the floor and stopped if the non-supporting foot loses contact with the knee 

or the heel of the supporting foot touches the floor or the supporting foot swiveles or moves 

(hopped) in any direction or hand(s) come off the hips29. 

 

STAR EXCURSION BALANCE TEST (SEBT) 

Dynamic balance will be assessed using the SEBT as described by Gribble and Hertel34.SEBT 

testing grid consisted of 8 lines, each 120 cm in length extending from a common point at 45° 

angle increments, and will be created using standard white athletic tape placed on a firm, 

textured tile surface. The middle of the grid will be marked with a small dot that participants 

will be asked to center the stance foot over during testing. The grid will be marked at 1 cm 

increments from the centre outward to facilitate scoring during testing. Estimates of intra-tester 

and inter-tester reliability for SEBT will range between high, to fair to good validity.29Studies 

have provided evidence that SEBT is sensitive for screening various  musculoskeletal injuries 

and variations in performance by sports. With the test completed and all performances 

measured and recorded, the test administrator can then calculate the athlete’s. SEBT 



32 
 

performance scores using the following simple equation. Average distance in each direction 

(cm)=reach1+reach2+reach 3.  

Relative (normalized) distance in each direction(%)=average distance in each direction/leg 

length *100 

 

 

 

Star excursion balance test 

 

Appropriate study instrument/data collection tool 

 Stop watch 

 Pen 

 Chair  

 Record sheet 

 Measuring tape 

 BOSU ball 

 Weighing machine 

 Black Adhesive Tape 
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              BOSU BALL 

 

STOP WATCH 

 

MEASURING TAPE 

 

 

PEN AND PAPER 
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WEINGHING MACHINE  

 

CHAIR 
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         BLACK ADHESIVE TAPE 

METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVES 

Study was performed over a period of 1 year in  football clubs. Permissions from the 

institutional head and ethical committee were taken. Consent from the participant was taken. 

Individuals of 18-25 years male who fulfilled the eligibility criteria were included. 

Demographic data was collected. The participants were informed about the nature of the study. 

 

DATA MANAGEMENT AND ANALYSIS 

The data collected was entered in the excel sheet and entered in the excel sheet. 

In any way the identity and information about the participants were not be disclosed. 

The data were coded, encrypted and analyzed in statistical software named EPI info version 7 

software. 

The data was utilized for further analysis. 

The mean SD and % were calculated. 

The data was collected from the professional football players in both the groups before and 

after exercise intervention. 

For the group (pre and post) paired T test for between thegroup (post) unpaired T test was used. 
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P <O.O5 was statistically significant. 

 

Randomized controlled trail: 

All 30 subjects will be randomly assigned into experimental and control groups using a random, 

predetermined computer generated software random allocation software version 1.0. 

Randomization will be according to blocked randomization method. The subjects will not know 

about group allocation procedure. 

 

 

 

 

 

 

 

Football player 
assessed for eligibility

Randomised

Block 
randomisation

Group 1

BOSU ball training 
along with 

conventional training

Follow 
up

Data  
Analysis

Block 
randomisation

Group 2

conventional 
training

Follow 
up

Data 
analysis

screened
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GENERAL PROCEDURES 

Permission was taken from the head of  the institute,Ethics committee and Board of research 

study(BORS)  

 Written consent was taken  from the participants 

 

 

           Subjects fulfilling criteria were included 

 

 

Demographic data was obtained  

 

 

Bilateral Stork Standing test was taken for static balance and star excursion balance test for 

dynamic balance for both the groups were taken before and after the 4 weeks of intervention 

 

 

Participants  were encouraged to perform the exercise programme for 3 times in a week for 4 

weeks. 

 

 

 

After 4 weeks Bilateral static and dynamic balance were taken to check the improvement. 

 

 

The data was collected and analyzed statistically.  
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INTERVENTION 

Demographic data was documented ( Height,Weight, and Age) 

Static and Dynamic balance were measured. 

Participants were divided into 2 groups. 

 

For group 1 (Experimental group)  

Warm up session for 10minutes before doing training on BOSU BALL that includes: 

Shoulder rotation, arm rotation, waist rotation, side lunges, ankle rotation. Calf stretch and 

march on BOSU BALL- 1 set of 20 repetition (hold the back of a chair for balance)  

 

• BOSU ball training along with conventional training: 

1. Double limb stance of 1 min (3sets)  

2. Single limb stance-1min-3 repetition 

3. Mini squats -10 repetition with 10 sec holds (3 set) 

4. Anterior/posterior tilt-10 repetation-3 sets 

5. Medial/lateral tilt-10 repetation-3 sets. 

 

 

1. Double limb stance 

 Place the BOSU ball on the floor with inflated side up. 

Ask the participant to slowly step on inflated side of BOSU ball, standing with feet at hip-width 

apart. 

Both the hands on the waist. 
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And try to maintain balance with double limb stance. 

Participants were asked to maintain the balance without any sway. 

Repeat 3 sets for 1 min. 

 

2. Single limb stance  

Place the BOSU ball on the floor with inflated side up. 

Ask the participant to slowly step on inflated side of BOSU ball and try to maintain balance 

with double limb stance. 

Step on the centre of the ball with your right foot. 

Raise your left knee slightly upwards. 

Hold your balance for the desired amount of time and then switch feet. 

Do it for 1 min-3 sets. 

 

3. Mini squats 

Place the BOSU ball on the floor with inflated side up. 

Slowly step on BOSU ball, standing with your feet hip-width apart and try to maintain balance 

with double limb stance. 

Bend your knees and push your hips back as you lower down into a squat. 

Push through your heels to stand back up to the starting position. 

Do 3 sets of 10 repetition with 10 seconds hold.  

 

4. Anterior Posterior tilt- 

Place the BOSU ball on the floor with inflated side up. 

Slowly step on BOSU ball, standing with feet, hip-width apart. 

And try to maintain balance with double limb stance. 
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Place both hands on the waist. 

Instruct the participants to shift weight on anterior posterior direction. 

10 repetation-3 sets. 

 

5. Medial lateral tilt 

Place the inflated side of the BOSU ball on the floor. 

Slowly step on BOSU ball, standing with feet apart wider than hip-width apart. And try to 

maintain balance with double limb stance. 

Place  both hands on the waist. 

Instruct the participants to shift weight on medial lateral direction. 

10 repetation-3 sets. 

Total training program of 20 min In between each BOSU ball training session there was rest 

for 1 min. 

The balance training program of BOSU was done 3 times in a week for 4 weeks. 

 

Conventional training was continued; that is performed on their regular basis. 

 

1. Running- ≥20min 

2. Warm up -10min(hamstring, Tendon Achilles stretching, neck, shoulder, ankle movements) 

Standing hamstring stretch. 

Setup-Begin standing with your feet together shoulder width apart. 

Movement- exhale and bend forwards lowering the hands towards the floor, bending the hips 

while keeping the knees slightly bent. You feel stretch at the back of your upper legs. Maintain 

the stretch for 30 sec. 5 sets. 
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Tendon Achilles stretch 

1. Place the hands on the wall or chair. If using a wall, put the hands at eye level. 

2. Step the leg to be stretched behind the back. Keep the heel on the floor and point the toes 

straight ahead. 

3. Bend the other knee towards the wall, keeping the back leg straight. 

4. Lean forward towards the wall until a gentle stretch is felt in calf; maintain the position  for 

30 seconds- 5 sets. Don’t lean so far that you feel pain. 

 

3. Drills – Agility (According to strength)- 

1. Take three hurdles of about 6 inches height –bricks/cone and lay 2 to 3 feet apart from 

each other. Stand over the first hurdle. 

2. Quick step laterally (that is side to side) over the hurdles, feet never crossing. Rapidly 

for reverse direction. Go for 30 sec. 

4. Balance training-Single limb stance, lateral single leg jumps, forward and backward double 

leg jumps, forward and backward single leg jumps.  

 

Single limb stance 

1. Standing on the plane surface. 

2. Place both hands on waist. 

3. Lift one leg off the ground slowly; maintain your balance while standing on one leg for 

30sec. 

4. Return to the starting position, switch the limb and repeat 5 times.   

 

Forward and backward double leg jumps 

1. Start in an athletic position (butt back, knees bent, chest forward) on one side of a tapeline. 



42 
 

Perform quick hops on the ball of feet moving forward and backward over line. 

Keep up tall, Maintaining knees bent and in line with feet. Perform exercises as quicklyas 

possible without losing proper techniques. 

 

Lateral single leg jumps 

1. Start in a standing position with feet at hip width apart and make sure to move on either side.  

2. Lift the left foot and stand on the right leg only. 

3. Place the hands on the hips to feel if the hips are level. 

4. Make lateral single leg jumps for the required time duration. 

5. Then repeat set of movements with the other leg for the required duration. 

 

For group 2 (Control group) 

Conventional training were continued that is performed on their regular basis. 

Conventional training includes 

1.Running- ≥20min 

2.Warm up -10min(hamstring, Tendon Achilles stretching, neck, shoulder, ankle movements) 

Standing hamstring stretch 

Setup-Begin standing with your feet together shoulder width apart. 

Movement- exhale and bend forwards lowering the hands towards the floor, bending the hips 

while keeping the knees slightly bent. You feel stretch at the back of your upper legs. Maintain 

the stretch for 30 sec. 5 sets. 

 

 

 

Tendon Achilles stretch 
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1. Place the hands on the wall or chair. If using a wall, put the hands at eye level. 

2. Step the leg to be stretched behind the back. Keep the heel on the floor and point the toes 

straight ahead. 

3. Bend the other knee towards the wall, keeping the back leg straight. 

4. Lean forward towards the wall until a gentle stretch is felt in calf; maintain the position  for 

30 seconds- 5 sets. Don’t lean so far that you feel pain. 

 

3. Drills- Agility (According to strength)- 

1. Take three hurdles of about 6 inches height –bricks/cone and lay 2 to 3 feet apart from 

each other. Stand over the first hurdle. 

2. Quick step laterally (that is side to side) over the hurdles, feet never crossing. Rapidly 

for reverse direction. Go for 30 sec. 

 

 4. Balance training-Single limb stance, lateral single leg jumps, forward and backward double 

leg jumps, forward and backward single leg jumps.  

 

Single limb stance 

1. Standing on the plane surface. 

2. Place both hands on waist. 

3. Lift one leg off the ground slowly; maintain your balance while standing on one leg for 

30sec. 

4. Return to the starting position, switch the limb and repeat 5 times.   

 

 

Forward and backward double leg jumps 
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1. Start in an athletic position (butt back, knees bent, chest forward) on one side of a tapeline. 

Perform quick hops on the ball of feet moving forward and backward over line. 

Keep up tall, Maintaining knees bent and in line with feet. Perform exercises as quicklyas 

possible without losing proper techniques. 

 

Lateral single leg jumps 

1. Start in a standing position with feet at hip width apart and make sure to move on either side.  

2. Lift the left foot and stand on the right leg only. 

3. Place the hands on the hips to feel if the hips are level. 

4. Make lateral single leg jumps for the required time duration. 

5. Then repeat set of movements with the other leg for the required duration. 

• After 4 weeks stork standing test and Star excursion balance test were taken for both 

the groups and pre and post intervention values were recorded. 

 

Figure 1- Star excursion balance test 

 

 

 

 

Figure 1- Star excursion 

balance test 
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Figure 3 - SEBT for 

dynamic balance Antero 

Lateral (for Left Leg)  

Figure2- Limb length 

measurement  
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Figure 5 - Stork standing test in 

second for static balance 

Figure 4 - SEBT for 

dynamic balance in Anterior 

Right (For Right Leg) 
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BOSU ball training intervention : 

 

 

 

Figure 6-Measuring SEBT for 

right leg in anterolateral direction  

Figure 7- Participant performed 

Double limb stance 
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Figure 8- Participant performed 

Mini squat. 

Figure 9-Participant performed Single 

limb stance  
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Figure 10- Participant performed Anterior 

Posterior tilt 

Figure 11-Participant performed 

medial lateral  tilt 
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RESULTS: 

DATA ANALYSIS AND RESULTS: 

Statistical software EPI info version 7 software was used for data analysis.  

Test used for Statistical analysis are:  Paired T-Test and Unpaired T-Test.  

The Test was used to know the Effect of4 weeks of BOSU ball training along with conventional 

training versus conventional training on static and dynamic balance in professional football 

players. 

P<0.05 was considered to be statistically significant.                                                                        
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Results 

Total of 30 professional footballers were included in the study between the age group (18-25). 

Participants who met the inclusion criteria had played for more than 1 year were included in 

the study. Bilateral stork standing test and SEBT were assessed for static and dynamic balance. 

Following are the observation: 

Table1:Shows the distribution of participants according to the age, height, weight, BMI, limb 

length. 

Group 1 having mean age of 22.27 

Group 2 having mean age of 22.67 

 Group 1 having mean height of 1.677 

Group 2 having mean height of 1.719 

Group 1 having mean weight of 60.27 

Group 2 having mean weight of 64.67 

Group 1 having mean BMI of 21.40 

Group 2 having mean BMI of 22.00 

Group 1 having mean limb length of 94.67 

Group 2 having mean limb length of 99.67 
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Graph 1 A 

Interpretation:Graph1.A  shows mean and standard deviation of mean age of group 1 is 

22.7±2.549 and group 2 is 21.67±2.024  and t value is 0.71. 

Graph 1B 

Interpretation: Graph 1 B shows mean and standard deviation of Mean BMI of group 1 is 

21.40±1.682 and group 2 is 22.00±0.378 and t value is -1.348. 

Graph 1 C 

Interpretation: Graph 1 C shows mean and standard deviation of limb length of group 1 is 

94.67±8.077 and group 2 is 99.67±5.447  and t value is -1.98 

 

GROUP 1 

BOSU BALL ALONG WITH CONVENTIONAL TRAINING 

Table 2 

The mean score of BOSU ball along with conventional training (anterior right) pre intervention 

is 129.53 and standard deviation is 4.779  

The mean score of BOSU ball along with conventional training (anterior right) post 

intervention is 133.20and standard deviation is 6.002 

The mean score of BOSU ball along with conventional training (anterior left) pre intervention 

is 127.60 and standard deviation is 7.481 

The mean score of BOSU ball along with conventional training (anterior left) post intervention 

is 132.00 and standard deviation is 7.728 

The mean score of BOSU ball along with conventional training (anterolateral right (R)) pre 

intervention is 131.00 and standard deviation is8.315 

The mean score of BOSU ball along with conventional training (anterolateral right (R))  post 

intervention is 134.47 and standard deviation is 9.102 
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The mean score of BOSU ball along with conventional training (anterolateral right (L)) pre 

intervention is 121.20 and standard deviation is 16.398 

The mean score of BOSU ball along with conventional training (anterolateral right (L))  post 

intervention is 125.27 and standard deviation is 16.416 

The mean score of BOSU ball along with conventional training (anterolateral left (R)) pre 

intervention is 86.67 and standard deviation is 18.313 

The mean score of BOSU ball along with conventional training (anterolateral Left (R))   post 

intervention is 89.80 and standard deviation is 17.391 

The mean score of BOSU ball along with conventional training (anterolateral left (L)) pre 

intervention is 145.27 and standard deviation is 21.406 

The mean score of BOSU ball along with conventional training (anterolateral Left (L) post 

intervention is 149.00 and standard deviation is 22.081 

 

Graph 2 

Interpretation:As shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 

Table 3 

The mean score of BOSU ball along with conventional training (medial right (R)) pre 

intervention is 166.20 and standard deviation is 30.091 

The mean score of BOSU ball along with conventional training (medial right (R)) post 

intervention is 169.67 and standard deviation is 30.130 

The mean score of BOSU ball along with conventional training (medial right (L)) pre 

intervention is 61.07 and standard deviation is 9.475 
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The mean score of BOSU ball along with conventional training (medial right (L)) post 

intervention is 64.93 and standard deviation is 9.632 

The mean score of BOSU ball along with conventional training (medial left (R)) pre 

intervention is 58.73 and standard deviation is 6.829 

The mean score of BOSU ball along with conventional training (medial left (R)) post 

intervention is 61.93 and standard deviation is 7.015 

The mean score of BOSU ball along with conventional training (medial left (L)) pre 

intervention is 174.53 and standard deviation is 11.734 

The mean score of BOSU ball along with conventional training (medial left (L)) post 

intervention is 178.40 and standard deviation is 13.015 

 

Graph 3 

Interpretation: As shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 

Table 4 

The mean score of SEBT for BOSU ball along with conventional training  posteorlateral right 

(R) pre intervention is 172.67  and standard deviation is 13.552 

The mean score of SEBT for   BOSU ball along with conventional training  posteorlateral right 

(R)post intervention is 176.73  and standard deviation is 14.415 

The mean score of SEBT for BOSU ball along with conventional training  posteorlateral right 

(L) pre intervention is 82.07  and standard deviation is 15.360 
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The mean score of SEBT for BOSU ball along with conventional training  posteorlateral right 

(L)) post intervention is 85.53  and standard deviation is 14.990 

The mean score of SEBT for BOSU ball along with conventional training  posteorlateral left 

(R)) pre intervention is 118.27  and standard deviation is 34.131 

The mean score of SEBT for BOSU ball along with conventional training  posteorlateral left 

(R)) post intervention is 121.80  and standard deviation is 33.760 

The mean score of SEBT for BOSU ball along with conventional training  posteorlateral left 

(L)) pre intervention is 182.27  and standard deviation is 12.870 

The mean score of  SEBT for  BOSU ball along with conventional training  posteorlateral  left 

(L)) post intervention is 185.73 and standard deviation is 13.625 

 

Graph 4 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 

 

Graph 4.1 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically   significant 

difference with p value of <0.05 
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Table 5 

The mean score of SEBT for BOSU ball along with conventional training ( posterior right ) pre 

intervention is 146.13  and standard deviation is 21.340 

The mean score of SEBT for BOSU ball along with conventional training ( posterior right)post 

intervention is 149.40  standard deviation is 20.928 

The mean score of SEBT for BOSU ball along with conventional training ( posterior left ) pre 

intervention is 153.87  and standard deviation is 20.244 

The mean score of SEBT for BOSU ball along with conventional training ( posterior left)post 

intervention is 158.20  standard deviation is 20.758 

 

Graph 5 

Interpretation: As shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 

Table 6: 

The mean score of stork standing test (R) for BOSU ball along with conventional training  pre 

intervention is29.00  and standard deviation is 3.251 

The mean score of stork standing test (R) for BOSU ball along with conventional training  post 

intervention is 31.07 and standard deviation is 4.044 

The mean score of stork standing test (L) for BOSU ball along with conventional training  pre 

intervention is27.53  and standard deviation is 2.900 

The mean score of stork standing test (L) for BOSU ball along with conventional training  post 

intervention is 29.00 and standard deviation is 3.140 
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Graph 6 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 

 

GROUP 2 

CONVENTIONAL TRAINING 

Table 7 

The mean score of SEBT  for group 2 conventional training(anterior right)  pre intervention is 

123.40  and standard deviation is 3.418  

The mean score of  SEBT  for group 2 conventional training (anterior right)  post intervention 

is 125.13 and standard deviation is 3.441 

The mean score of  SEBT  for group 2 conventional training (anterior left)  pre intervention is 

123.07 and standard deviation is 3.693 

The mean score of  SEBT  for group 2 conventional training (anterior left)  post intervention is 

124.80 and standard deviation is 3.385 

The mean score of SEBT  for group 2  conventional training (antero lateral right (R))  pre 

intervention is 128.67 and standard deviation is 3.697 

The mean score of  SEBT  for group 2  conventional training (antero lateral right (R))  post 

intervention is 130.27  and standard deviation is 2.987 

The mean score of  SEBT  for group 2 conventional training (antero lateral right (L))  pre 

intervention is119.47 and standard deviation is 5.975 

The mean score of  SEBT  for group 2 conventional training (antero lateral right (L))    post 

intervention is 121.73 and standard deviation is 5.612 



58 
 

The mean score of  SEBT for group 2 conventional training (antero lateral left (R))  pre 

intervention is 78.07 and standard deviation is 15.868 

The mean score of SEBT for group 2  conventional training (antero lateral Left (R))    post 

intervention is 79.80 and standard deviation is 15.386 

The mean score of SEBT for group 2  conventional training (antero lateral left (L))  pre 

intervention is 142.20and standard deviation is 13.842 

The mean score of SEBT for group 2  conventional training (antero lateral Left (L))    post 

intervention is 144.20  and standard deviation is 13.821 

 

Graph 7 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after  

conventional training and thus there is a statistically  significant difference with p value of 

<0.01 

Table 8 

The mean score of  SEBT  for group 2  conventional training (medial right (R)) pre intervention 

is 171.27  and standard deviation is 6.464 

The mean score of  SEBT  for group 2  conventional training (medial right (R)) post 

intervention is 172.73  and standard deviation is 5.244 

The mean score of SEBT  for group 2  conventional training (medial right (L)) pre intervention 

is 50.33 and standard deviation is 5.815 

The mean score of SEBT  for group 2  conventional training (medial right (L)) post intervention 

is 51.53  and standard deviation is 6.186 

The mean score of SEBT  for group 2  conventional training (medial left (R)) pre intervention 

is 49.47 and standard deviation is 4.470 
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The mean score of SEBT for group 2   conventional training (medial left (R)) post intervention 

is 51.00and standard deviation is 4.870 

The mean score of SEBT for group 2 conventional training (medial left (L)) pre intervention is 

164.13 and standard deviation is 7.827 

The mean score of SEBT  for group 2  conventional training (medial left (L)) post intervention 

is 162.20 and standard deviation is 7.173 

 

Graph 8 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.01 

Table 9  

The mean score of SEBT for group 2 conventional training  posteorlateral right (R)) pre 

intervention is 169.47  and standard deviation is 6.664 

The mean score of SEBT for  group 2 conventional training  posteorlateral right (R)) post 

intervention is 171.13  and standard deviation is 5.449 

The mean score of SEBT forgroupB  conventional training  posteorlateral right (L)) pre 

intervention is 73.40  and standard deviation is 2.772 

The mean score of SEBT for group B  conventional training  posteorlateral right (L)) post 

intervention is 75.07  and standard deviation is 2.738 

 

Graph 9.A 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.05 
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Graph 9 B 

The mean score of  SEBT for group 2 conventional training  posteorlateral left (R)) pre 

intervention is 123.73 and standard deviation is 26.847 

The mean score of  SEBT for group 2 conventional training  posteorlateral left (R)) post 

intervention is 126.20 and standard deviation is 26.646 

The mean score of   SEBT for group 2  conventional training  posteorlateral left (L)) pre 

intervention is 165.20 and standard deviation is 26.171 

The mean score of  SEBT for group 2  conventional training  posteorlateral  left (L)) post 

intervention is 173.07 and standard deviation is 4.621 

 

Graph 9 B 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.05 

Table 10 

The mean score of SEBT for group 2 conventional training ( posterior right ) pre intervention 

is 152.47and standard deviation is 5.041 

The mean score of  SEBT for group 2 conventional training ( posterior right)post intervention 

is 154.27  standard deviation is 3.845 

The mean score of SEBT for group 2 conventional training ( posterior left ) pre intervention is 

156.40 and standard deviation is 6.926 

The mean score of SEBT for  group 2 conventional training ( posterior left)post intervention is 

159.07  standard deviation is 6.239 
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Graph 10 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.05 

Table 11 

The mean score of stork standing test (R) for group 2 with conventional training  pre 

intervention is 26.60  and standard deviation is 2.293 

The mean score of stork standing test (R) for  group 2  conventional training  post intervention 

is 27.67 and standard deviation is 2.320 

The mean score of stork standing test (L) for group 2 conventional training  pre intervention is 

25.67 and standard deviation is 2.193 

The mean score of stork standing test (L) for group 2 conventional training  post intervention 

is 26.07 and standard deviation is 2.017 

 

Graph  11 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.05 

Table 12 

Mean and standard deviation values of post intervention between the groups 

Table 12 :The mean score of SEBT for inter group are 

 

Anterior (R) 

GROUP 1 -  Mean : 133.20  Standard deviation : 6.002  

GROUP 2 – Mean : 125.13 Standard deviation : 3.441 
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Anterior (L) 

GROUP 1 -  Mean : 132.00  Standard deviation : 7.728  

GROUP 2 – Mean : 124.80  Standard deviation : 3.441 

Anterolateral(Right)(R)  

GROUP 1 -  Mean : 134.47  Standard deviation : 9.102 

GROUP 2 – Mean : 130.27  Standard deviation : 2.987 

 

Anterolateral(Right)(L)  

GROUP 1 -  Mean : 125.27  Standard deviation : 16.416 

GROUP 2 – Mean : 121.73  Standard deviation : 5.612 

 

Anterolateral(Left)(R)  

GROUP 1 -  Mean : 89.80  Standard deviation : 17.391 

GROUP 2 – Mean : 79.80  Standard deviation : 15.386 

 

Anterolateral(Left)(L)  

GROUP 1 -  Mean: 149.00  Standard deviation : 22.081 

GROUP 2 – Mean: 144.20  Standard deviation : 13.821 

P value of group 1 and Group 2 post intervention in anterior right and anterior left is < 0.05 

denoting statistically significant but the value of these anterolateral right (R)(L), Anterolateral 

left (R)(L)  is > 0.05 which denotes statistically non significant 

Mean and standard deviation values of post intervention between the groups 
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Table 13 

The mean score of SEBT for inter group  are: 

Medial right ( R) 

GROUP 1: 

Mean: 169.67 and Standard deviation : 30.130 

GROUP 2: 

Mean :172.73 and Standard deviation: 52.44 

Medial right ( L) 

GROUP 1: 

Mean: 64.93 and Standard deviation : 9.632 

GROUP 2: 

Mean :51.53 and Standard deviation:6.186 

Medial left ( R) 

GROUP 1: 

Mean :61.93 and Standard deviation: 7.015 

GROUP 2: 

Mean :51.00 and Standard deviation is 4.870 

Medial left ( L) 

GROUP 1:  

Mean: 178.40 and Standard deviation 13.015 

GROUP 2: 

Mean :166.20 and Standard deviation: 7.173 
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Graph 13 

Interpretation: P value of group 1 and Group 2 post intervention in medial  right  is more than 

0.05 denoting statistically non significant but the value of these medial right(R),medial left 

(R),medial left(L)  is < 0.05 which denotes statistically significant. 

 

Mean and standard deviation values of post intervention between the groups 

Table 14 

The mean score of SEBT for inter group  are: 

Posterolateral  right(R) 

Group 1 

Mean -176.73 and standard deviation is 14.415 

Group 2 

Mean -171.13 and standard deviation is 5.449 

Posterolateral right (L) 

Group 1 

Mean -85.53 and standard deviation is 14.990 

Group 2 

Mean-75.07 and standard deviation is 2.738 

Graph 14 

Interpretation: P value of group 1 and Group 2 post intervention in posterior right  is >0.05 

denoting statistically non significant but the value of  posterolateral right(R), <0.05 which 

denotes statistically significant  
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Table 15 

Mean and standard deviation values of post intervention between the groups 

The mean score of SEBT for inter group  are: 

Posterolateral left (R) 

Group 1 

Mean -121.8 and standard deviation is 33.760 

Group 2 

Mean -185.73 and standard deviation is 13.625 

Posterolateral left (L) 

Group 1 

Mean-185.73 and standard deviation is 13.625 

Group 2 

Mean-173.07 and standard deviation is 4.621 

Graph 15 

Interpretation: P value of group 1 and Group 2 post intervention in posteriorlateral left (R) is > 

0.05 denoting statistically non significant but the value of  posterolateral left(L), < 0.05 which 

denotes statistically significant 
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Table 16 

Mean and standard deviation values of post intervention between the groups 

Posterior (R) 

Group 1 

Mean-149.40 and standard deviation is 20.928 

Group 2 

Mean -154.27 and standard deviation is 20.928 

Posterior (L) 

Group 1 

Mean -158.20 and standard deviation is 20.758 

Group 2 

Mean- 159.07 and standard deviation is 6.239 

Graph 16 

Interpretation: P value of group 1 and Group 2 post intervention in posterior (R) and posterior 

(L) is > 0.05 denoting statistically non significant. 

Table 17Mean and standard deviation values of post intervention between the groups 

The mean score of stork standing test for inter group  are: 

Stork standing test in sec (R) 

Group 1 

Mean-31.07 and standard deviation is 4.044 

Group 2 

Mean-27.67 and standard deviation is 2.320 

Stork standing test in sec (L) 

Group 1 

Mean-29.07 and standard deviation is 3.140 
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Group 2 

Mean-26.07 and standard deviation is 2.017 

Graph 17 

Interpretation: p value of group 1 and group 2 post stork standing test in right and left is < 0.05 

is statistically significant. 
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DISCUSSION: 

The present study was aimed to compare the effect of BOSU ball training along with  

conventional training versus conventional training on static and dynamic balance in 

professional football Players age group 18-25 years. A total 30 subjects who fulfilled the  

inclusion criteria. Selection of subject was done by randomization using odd and even 

numbering. Group 1 (experimental group) received BOSU Ball training along with 

conventional training, Group 2 (control group) received conventional training. Dynamic 

balance was measured using star excursion balance test and static balance was measured by 

using stork standing test. After four weeks training, again the same outcome measures were 

taken for both the groups. A good reliability and validity of these outcome measures have been 

reported in literature. The developers reported content validity and internal consistency 

reported .94 as well as inter and intra-rater reliability .96 

 

The result of our study found that there is statistically significant difference between SEBT and 

stork standing test at post intervention level  as shown in tables, when comparison was done at 

pre and post intervention level in group 1 and Group 2 which shows BOSU Ball training along 

with conventional training was effective in improving static and dynamic balance in 

professional football players. It was noticed that there was improvement in all the parameters 

in both the groups. The age, BMI and gender distribution showed no statistical difference in 

the groups, which represents the homogeneity of the participants. 

The results of the present study showed improvement in SEBT scores post intervention in all 

eight directions by using  BOSU ball. which were similar to the study, done by 47Alyson Filipa 

who compared neuromuscular training with strength training in improving SEBT scores in 

athletes. The results of above study showed that there was a low to moderate correlation 

between SEBT performances and lower extremity strength. Therefore, other factors, such as 
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muscle activation and proprioception, may have a stronger relative relationship to the SEBT 

performance than non–weight-bearing strength testing. 

BOSU ball training along with conventional training was effective in improving balance in 

professional football players. The stance on unstable surface typically exhibited a posture that 

causes a slight dorsiflexion angle in the ankle48. With the joint in this closed-packed orientation 

and loaded in a single-legged stance, the proprioceptive influence of the joint may have been 

agitated to meet the demand of stressed joints, eliciting a more controlled stance. Balance 

training promotes neuromuscular mechanisms responsible for the co-contraction of agonist and 

antagonist muscles that enhance active joint stability49. Training is more effective in improving 

balance as it involves sports specific tasks like landing, jumping and blocking task also stated 

that this kind of training stimulates ankle joint in multiple planes in weight bearing positions. 

The above findings were supported by the study done by Diana V. et al. (2016) which states 

that single-leg exercises, on unstable surfaces50 – BOSU balls improve proprioception and 

dynamic stability of the leg joints by developing the strength of the muscles around joints, and 

default force of the lower limbs. 

The proprioception is further regulated by central and peripheral mechanisms mainly form 

muscular receptors but also cutaneous, tendinous, and articular receptors 51. The present roles 

of muscular receptors, which are considered to be the most important part of limb 

proprioception elaboration, show that partially altering the functional state of muscle could 

affect the precision of position sense52.  

Split and squat jump exercises can improve balance in motion among footballers. However, 

the squat jump exercise is more effective in improving dynamic balance among football 

players25. Coordination exercise can enhance knee proprioception joint among male 

professional footballers. 
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In current study static balance assessed by stork standing test for right leg and the mean value 

of group 1 was found 31.07 and for group 2 the mean value was 27.67 and for left leg the mean 

value of group 1 was found 29.00 and for group 2 the mean value was 26.07 therefore, the 

result was found statistically significant and the p value was obtained  <0.05. There was 

improvement in static balance in group 1. 

The improvement in static balance is due to sports specific and injury relevant training 

adaptation, since the athletes in the current study performed a more sports related tasks that 

required a dynamic ground  based landing with immediate control of the ground reaction forces 

to maintain balance and center of pressure control. The role of COP control and improved 

balance further supports the positive nature of this improved balance53. This implied that body 

size may contribute to the body sway during static balance test as the inverted pendulum model 

demonstrated. However, other factors, such as a more precise neuromuscular control after a 

long-term training, may improve the balance control of the football players. 

To counteract the sway of the body resulted from the torque created by displacement of centre 

of  body and the acceleration of gravity is demanded in maintaining static balance during 

upright stand. It depends on the integration of the sensory inputs and the neural muscular 

control.  

 

On the ascending sensory inputs, Leong, Fu, Ng, and Tsang (2011) showed the adolescent  

taekwondo practitioners were more skilled in balance and pointed out they relied more  

proprioceptive sensory inputs54. On the descending neural muscular control form cortex, spinal 

cord to the motor unit, Taube (2012) indicated that balance training can lead to supraspinal 

adaptations within the central nervous system and is mainly responsible for improving balance 

skills. Adaptation of the balance control is multi factorial55.  
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To maintain static balance muscular effort required which include the activity of the lateral 

gastronemius muscle anticipated the anterior –posterior movement of COP during quiet 

standing. result suggest the posterior muscle of the lower extremity have an important role in 

maintaining the stability of forward movement56 .On the other hand when the subjects shifted 

their weight backward the activity of anterior muscle such TA  increased gradually. 

To maintain upright standing, humans usually use multiple sensory system, including the 

vestibular system, visual system and somato – sensory system. These major sensory systems 

are related to the control of balance and posture. Posture control via sensory system includes 

both open loop and closed loop mechanism. According to 57laughton et.al closed loop controls 

operates with sensory feedback, while open loops need no sensory feedback. Proprioceptive 

information from the plantar sole plays an important role in the control of posture and gait. 

In the current study table no.12 depicts that, the second group showed relatively lesser mean 

value as compared to first group which stated that, the group 1 is more effective  in anterior 

(R), anterior (L), medial( R.) medial (L), dynamic balance. Group 1 showed significant  

improvement in dynamic balance scores assessing balance. The SEBT also requires lower 

extremity strength, range of motion, and coordination, which may increase its sensitivity to 

predict injuries. Additionally, 58It is found that each reach direction activated the stance lower 

extremity muscles to a different extent. They reported that in the anterior reach direction the 

vastus medialis and lateralis were most active. During the posterolateral reach, the biceps 

femoris and anterior tibialis were most active. The anterior tibialis was most active in the 

posteromedial reach direction. Thus, 59Beynnon et.al may not have found an association 

between the risk of ankle injury and postural sway values because their test did not have the 

dynamic components of the SEBT. 

The footballers also showed smaller COG displacements in the anterior–posterior direction for 

conditions which were inconsistent with the real signals from the somato – sensory and visual 
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systems. The footballers made better use of the signals from the vestibular system, which is the 

most reliable source of information regarding the positioning of the body’s COG 60. An analysis 

of the symmetry of the distribution of body weight gives a higher load asymmetry in the lower 

limbs in the footballers, which arises from using the dominant leg during the game. This is 

probably the result of more symmetrical actions performed during training and matches, which 

are due to unexpected situations arising during the game. For footballers61, in particular when 

shooting at goal, which is an important technical skill, there is a clear asymmetry with the right 

leg being dominant. Barone et al.62 suspects that sportspeople prefer to use one leg (dominant), 

because they have better standing balance on non – dominant one. 

 

One of the few studies relating to female footballers showed that doing dynamic exercises 

during warm-up improves both static and dynamic balance 63. Jackobsenet al.64 observed 

postural control improvement after 12 weeks of football training and high-intensity interval 

running. Paillard et al.65paid attention to the fact that the players with more frequent and 

intensive training sessions showed better postural control, which may be due to greater 

sensitivity of sensory receptors or better integration of information. Both the general muscular 

exercises (that mobilizes the whole body) and local muscular exercises (that concentrates on a 

particular muscle group) can disturb postural control. 

General muscular exercises (especially running and walking, which are a big part of a football 

training) contribute to changing the effectiveness of sensory inputs: vestibular—decreases the 

sensitivity of orthotic organs—and proprioceptive—disturbs the senses of the force and limb 

position 66.  This is an important issue, because footballers must have adequate stability, which 

is especially important when jumping up to head a ball. Brito et al. 67 found that the postural 

sway (represented by sway velocity) increased and the ankle proprioception decreasedafter a 

45 min of a match. The authors suggest that prophylactic balance training should be performed 
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following rather than before the practice session. Also, Gioftsidouet al.68 observed 

improvement in the balance ability, especially in non-dominant lower limbs when the balance 

training was performed after the football training. 

Interestingly, Pau et al.69 observed dynamic balance impairment in young football players due 

to fatigue after the first half on football match. The impairment was  observed in the increase 

in the time necessary to stabilize after landing from a single-leg jump. On the basis of tracking 

professional players’ COG trajectory while they were standing on one leg and then monitoring 

the time taken to stabilize their posture, Pau et al. showed that they achieved significantly lower 

stabilization times while their centre of pressure (COP) displacement surface area was 

significantly less than for their novice colleagues. The assessment of the balance and dizziness 

following sports-related concussions is very important for making decisions about further 

training or removal from the team70. In addition, the study authors71,72have shown that the use 

of exercises to improve balance also has a positive effect on coping with stress and reduces the 

risk of injury during physical activity, which is extremely importantin the effective use of a 

sports person during the game. 

 

The study done by Charmisalot in 2020 the purpose of the study was to see the effects of BOSU 

ball exercise on jump performance in football players25. Unstable surfaces like BOSU ball in 

the fields of rehabilitation and general fitness are effective in joint stabilization by improving 

the sensory efficiency of soft tissue during dynamic activities.  BOSU ball training was 

effective in improving the single-leg hop distance and vertical jump height in male football 

players. 

 

The study done by1Paryushi V. Rami  the purpose of this study was to compare the static 

balance in male football and basketball players. Football and Basketball players require static 
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balance for execution of sports specific skill. Static balance was assessed by using Flamingo 

Balance test.  Basketball players displayed inferior static balance than the football players by 

using Flamingo Balance Test. 

 

 Jennifer baltich in (2014) in their study73; the effects of isolated ankle strengthening and 

functional balance training on strength, running mechanics, postural control and injury 

prevention in novice runners: have been proposed for running injuries including (a) reduced 

muscular strength, (b) excessive joint movements and (c) excessive joint moments in the frontal 

and transverse planes. Many running injury prevention programs have focused on a “top down” 

approach to strengthen the hip musculature in the attempt to reduce movements and moments 

at the hip, knee, and/or ankle joints.  

 

However, running mechanics did not change when hip muscle strength increased. It could be 

speculated that emphasis should be placed on increasing the strength of the ankle joint for a 

“ground up” approach. Strengthening of the large and small muscles crossing the ankle joint is 

assumed to change the force distribution for these muscles and to increase the use of smaller 

muscles. This would be associated with a reduction of joint and insertion forces, which could 

have a beneficial effect on injury prevention. Ankle strengthening techniques include isolated 

strengthening or movement-related strengthening such as functional balance training.  

 

Pritesh Yeole et al. in 2019 studied the comparison of sports specific balance training programs 

in improving balance and agility in basketball players28. Comparative study was conducted on 

60 subjects included in the study according to inclusion and exclusion criteria between group 

A and group B included. Group A received sports specific training and group B received 
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balance training program by using SEBT and mini zigzag drill test as a outcome measure but 

in the current study BOSU ball training  along with conventional training  was more effective.  
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CONCLUSION: 

A comparative study was carried out in total 30 professional football players who have played 

for more than 1 year and were aged group between18-25 years. To see the effect of 4 weeks of 

BOSU ball along with conventional training versus conventional training on static and dynamic 

balance in professional football players aged 18-25 years. Results of this study demonstrated 

significant improvement in static and dynamic balance in professional football players. 

Thus, the study concludes that BOSU ball training along with conventional training was 

significantly more effective than conventional training in improving balance. Thus balance 

training can prove to be significantly helpful in preventing injuries and improving balance that 

may bring about an improvement in the game of a player and also increase the professional life 

span of the player. 
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STRENGTH AND LIMITATION: 

Strength  

Strengths of this study are: 

 Star excursion balance test were used in the study for dynamic balance and stork 

standing test for static balance. 

 Participants of this study were educated and cooperative. 

 

Limitations: 

 In future the prospective study can be done on large sample size to generalize to results. 

 The study sample is limited including only professional football players and the extent 

of generalization is limited. 

 Different condition related to balance and proprioception can be studied and the effects 

can be correlated.  
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Clinical implication: 

 The results of the study showed significant improvement in balance after giving BOSU 

ball training along with conventional training.  

 There is improvement in overall well-being and performance of athletes aged between 

18-25years.  

 Thus, it is suggested to implicate more complex tasks on balance which will challenge 

neuromuscular system.  

 Future studies can be carried out to examine long term effects of these interventions.  
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SUMMARY: 

Background and Purpose : 

Football is most popular sports whichis also responsible for almost 10% of sports related 

injuries requiring medical attention in adolescents.  

Football requires players to have unprecedented coordination to cope with rapidly changing 

external condition. Frequent balance training helps the players to acquire the ability to execute 

appropriate strategic movements to effectively target the goal and to prevent serious injuries.  

Hence, our study carried out among the professional football players to see the effect of 4 

weeks of ball training along with conventional training versus conventional training on static 

and dynamic balance in professional football players. 

Subjects : A total of 30 professional football players between age group of 18 -25 years were 

selected on basis of inclusion and exclusion criteria . The participants were informed about the 

need and importance of study and written consent was taken from them . Demographic data 

was collected and participants were allocated into two groups by odd and even method. 

• Group 1 (15 subjects):  BOSU ball training along with conventional training. 

•  Group 2 (15 subjects): Conventional training 

Bilateral stork standing were assessed for static balance and star excursion balance test for 

dynamic balance for both group were taken prior to training. 

Participants were encouraged to perform the exercise programme for 3 times for 4 weeks . 

After a four weeks training, again the same outcome measures were measured (static and 

dynamic balance) for both the groups.  

RESULT: Data collected was entered into micro software Excel spread sheet. Demographics 

variables were expressed, and the parameters entered. The data collected was subjected to 

statistical analysis using software SPSS Version 24.Descriptive statistics like mean, standard 

deviation and mean difference were used for data presentation and analysis. Level of 



80 
 

significance for whole statistical analysis was kept at 5% i.e., a p value <0.05 was considered 

statistically significant. The data was subjected to normality testing. It was found to be 

normally distributed so Unpaired t Test was used for intra group comparison and Paired t Test 

was used for intergroup comparison. 
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TABLES AND GRAPHS: 

Table1: Shows the distribution of participants according to the age, height, weight, BMI, limb 

length. 

 

Group N Mean Std. 

Deviation 

T value P 

value 

AGE 

1 15 22.27 2.549 

0.714 0.481 

2 15 21.67 2.024 

HEIGHT(meter) 

1 15 1.677 0.065 

-2.064 0.048 

2 15 1.719 0.044 

WEIGHT in kgs 

1 15 60.27 4.992 

-2.642 0.013 

2 15 64.67 4.082 

BMI 

1 15 21.40 1.682 

-1.348 0.188 

2 15 22.00 0.378 

limb length(in 

cm) 

1 15 94.67 8.077 

-1.988 0.057 

2 15 99.67 5.447 
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Interpretation: Graph 1.A shown mean and standard deviation of mean age of group 1 is 

22.7±2.549 and group 2 is 21.67±2.024 and t value is 0.71. 

 

Interpretation: Graph 1 C shown mean and standard deviation of limb length of group 1 is 

94.67±8.077 and group 2 is 99.67±5.447  and t value is -1.98 
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Table 2: BOSU ball training along with conventional training intra group comparison 

 Mean Std. 

Deviation 

T 

value 

P 

value 

ANTERIOR(%)  Right 

Pre 129.53 4.779 

-8.072 <0.01 

Post 133.20 6.002 

ANTERIOR(%)  Left 

Pre 127.60 7.481 

-7.147 <0.01 

Post 132.00 7.728 

ANTEROLATERAL 

(RIGHT)(%) R 

Pre 131.00 8.315 

-5.557 <0.01 

Post 134.47 9.102 

ANTEROLATERAL 

(RIGHT)(%) L 

Pre 121.20 16.398 -

10.269 

<0.01 

Post 125.27 16.416 

ANTEROLATERAL 

(LEFT)(%) R 

Pre 86.67 18.313 

-7.818 <0.01 

Post 89.80 17.391 

ANTEROLATERAL 

(LEFT)(%) L 

Pre 145.27 21.406 -

10.058 

<0.01 

Post 149.00 22.081 
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Graph 2 

Interpretation: As shown in table the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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Table 3 : BOSU ball training along with conventional training intra group comparison 

  Mean 

Std. 

Deviation 

T 

value 

P 

value 

MEDIAL(RIGHT)(%) R 

Pre 166.20 30.091 

-8.404 <0.01 

Post 169.67 30.130 

MEDIAL(RIGHT)(%) L 

Pre 61.07 9.475 

-10.64 <0.01 

Post 64.93 9.632 

MEDIAL(LEFT)(%) R 

Pre 58.73 6.829 

-5.048 <0.01 

Post 61.93 7.015 

MEDIAL(LEFT)(%) L 

Pre 174.53 11.734 

-9.374 <0.01 

Post 178.40 13.015 

Interpretation: As shown in table the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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Graph 3 

Interpretation: As shown in table the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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Table 4: BOSU ball training along with conventional training intra group comparison 

  

Mean Std. 

Deviation 

T 

value 

P value 

POSTERO 

LATERAL(RIGHT)(%) R 

Pre 172.67 13.552 -

10.269 

<0.01 

Post 176.73 14.415 

POSTERO 

LATERAL(RIGHT)(%) L 

Pre 82.07 15.360 -

11.309 

<0.01 

Post 85.53 14.990 

POSTERO 

LATERAL(LEFT)(%) R 

Pre 118.27 34.131 -

10.510 

<0.01 

Post 121.80 33.760 

POSTERO 

LATERAL(LEFT)(%) L 

Pre 182.27 12.870 

-9.539 <0.01 

Post 185.73 13.625 

 

Interpretation: As shown in table the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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Graph 4 

Interpretation: as shown in figure the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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Graph 4.1 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

BOSU Ball along with conventional training and thus there is a statistically   significant 

difference with p value of <0.05 
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Table 5 : BOSU ball training along with conventional training intra group comparison 

  Mean 

Std. 

Deviation 

T 

value 

P value 

POSTERIOR(%) R 

Pre 146.13 21.340 

-3.642 <0.01 

Post 149.40 20.928 

POSTERIOR(%) L 

Pre 153.87 20.244 -

12.476 

<0.01 

Post 158.20 20.758 

 

Table 5 

The mean score of SEBT for  BOSU ball along with conventional training ( posterior right ) 

pre intervention is 146.13  and standard deviation is 21.340 

 

Interpretation: As shown in figure the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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TABLE6: BOSU ball training along with conventional training intra group comparison 

  Mean 

Std. 

Deviation 

T 

value 

P value 

STORK STANDING 

TEST(in sec) R 

Pre 29.00 3.251 

-5.568 <0.01 

Post 31.07 4.044 

STORK STANDING 

TEST(in sec) L 

Pre 27.53 2.900 

-4.036 <0.01 

Post 29.00 3.140 

 

 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved 

after BOSU Ball along with conventional training and thus there is a statistically  significant 

difference with p value of <0.05 
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GROUP 2 

TABLE 7: Conventional training intra group comparison. 

 Mean Std. 

Deviation 

T 

value 

P 

value 

ANTERIOR(%)  Right 

Pre 123.40 3.418 

-3.166 0.007 

Post 125.13 3.441 

ANTERIOR(%)  Left 

Pre 123.07 3.693 

-2.941 0.011 

Post 124.80 3.385 

ANTEROLATERAL 

(RIGHT)(%) R 

Pre 128.67 3.697 

-2.477 0.027 

Post 130.27 2.987 

ANTEROLATERAL 

(RIGHT)(%) L 

Pre 119.47 5.975 

-3.038 0.009 

Post 121.73 5.612 

ANTEROLATERAL 

(LEFT)(%) R 

Pre 78.07 15.868 

-4.133 0.001 

Post 79.80 15.386 

ANTEROLATERAL 

(LEFT)(%) L 

Pre 142.20 13.842 

-2.958 0.010 

Post 144.20 13.821 
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Graph 7 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved 

after  conventional training and thus there is a statistically  significant difference with p value 

of <0.05 
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TABLE 8: Conventional training intra group comparison 

  Mean 

Std. 

Deviation 

T 

value 

P 

value 

MEDIAL(RIGHT)(%) R 

Pre 171.27 6.464 

-1.852 0.085 

Post 172.73 5.244 

MEDIAL(RIGHT)(%) L 

Pre 50.33 5.815 

-2.806 0.014 

Post 51.53 6.186 

MEDIAL(LEFT)(%) R 

Pre 49.47 4.470 

-3.717 0.002 

Post 51.00 4.870 

MEDIAL(LEFT)(%) L 

Pre 164.13 7.827 

-2.77 0.015 

Post 166.20 7.173 

 

Graph 8 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved 

after conventional training and thus there is a statistically  significant difference with p value 

of <0.05 
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TABLE 9: Conventional training intra group comparison 

 

 

Graph 9.A 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.05 
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Graph 9 B 

 

 

Graph 9 B 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.01 
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POSTEROLATERAL(LEFT)(

%)L 

Pre 165.20 28.171 

-1.156 0.267 

Post 173.07 4.621 
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TABLE 10: Conventional training intra group comparison 

  Mean 

Std. 

Deviation 

T 

value 

P 

value 

POSTERIOR(%) R 

Pre 152.47 5.041 

-2.339 0.035 

Post 154.27 3.845 

POSTERIOR(%) L 

Pre 156.40 6.926 

-2.234 0.042 

Post 159.07 6.239 

 

Graph 10 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.01 
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TABLE 11: Conventional training intra group comparison 

  Mean 

Std. 

Deviation 

T 

value 

P 

value 

STORK STANDING 

TEST(in sec) R 

Pre 26.60 2.293 

-6.959 <0.01 

Post 27.67 2.320 

STORK STANDING 

TEST(in sec) L 

Pre 25.67 2.193 

-1.871 0.082 

Post 26.07 2.017 

 

Graph  11 

 

Interpretation: as shown in figure the pre and post   mean and the balance score improved after 

conventional training and thus there is a statistically  significant difference with p value of 

<0.05 
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Table 12:INTER GROUP COMPARISON 

BOSU ball training along with conventional training versus conventional training. 

Mean and standard deviation values of post intervention between the groups 

 

Grou

p 

Mean Std. 

Deviation 

T value P 

value 

ANTERIOR(%) (Right) 

1 133.20 6.002 

4.516 <0.01 

2 125.13 3.441 

ANTERIOR(%) (Left) 

1 132.00 7.728 

3.305 0.003 

2 124.80 3.385 

ANTEROLATERAL 

(RIGHT)(%) R 

1 134.47 9.102 

1.698 0.101 

2 130.27 2.987 

ANTEROLATERAL 

(RIGHT)(%) L 

1 125.27 16.416 

0.789 0.437 

2 121.73 5.612 

ANTEROLATERAL 

(LEFT)(%) R 

1 89.80 17.391 

1.668 0.106 

2 79.80 15.386 

ANTEROLATERAL 

(LEFT)(%) L 

1 149.00 22.081 

0.714 0.481 

2 144.20 13.821 

 

 

 

 

 



100 
 

 

Graph 12 

 

Interpretation : 

P value of group 1 and Group 2 post intervention in anterior right and anterior left is less 0.05 

denoting statistically significant but the value of these anterolateral right (R)(L), Anterolateral 

left (R)(L)  is more than 0.05 which denotes statistically non significant 
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Table 13 

Mean and standard deviation values of post intervention between the groups 

 Group Mean 

Std. 

Deviation 

T value 

P 

value 

MEDIAL(RIGHT)(%) R 

1 169.67 30.130 

-0.388 0.701 

2 172.73 5.244 

MEDIAL(RIGHT)(%) L 

1 64.93 9.632 

4.534 <0.01 

2 51.53 6.186 

MEDIAL(LEFT)(%) R 

1 61.93 7.015 

4.959 <0.01 

2 51.00 4.870 

MEDIAL(LEFT)(%) L 

1 178.40 13.015 

3.179 0.004 

2 166.20 7.173 
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Graph 13 

 

Interpretation:  

P value of group 1 and Group 2 post intervention in medial  right  is > 0.05 denoting statistically 

non significant but the value of these medial right(R),medial left (R),medialleft(L)  is < 0.05 

which denotes statistically significant. 
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Table 14 

Mean and standard deviation values of post intervention between the groups 

 

Grou

p 

Mean 

Std. 

Deviation 

T value 

P 

value 

POSTEROLATERAL(RIGHT)

(%) R 

1 176.73 14.415 

1.407 0.17 

2 171.13 5.449 

POSTEROLATERAL(RIGHT)

(%) L 

1 85.53 14.990 

2.66 0.013 

2 75.07 2.738 

 

Graph 14 

 

Interpretation: P value of group 1 and Group 2 post intervention in posterior right  is >0.05 

denoting statistically non significant but the value of  posterolateral right(R), < 0.05 which 

denotes statistically significant  
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Table 15 

Mean and standard deviation values of post intervention between the groups 

 

 

Graph 15 

 

Interpretation: P value of group 1 and Group 2 post intervention in posteriorlateral left (R) is 

>0.05 denoting statistically non significant but the value of  posterolateral left(L), < 0.05 which 

denotes statistically significant 

Table 16 
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%) R 

1 

121.8

0 

33.760 

-0.396 0.695 

2 
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%) L 
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185.7
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Mean and standard deviation values of post intervention between the groups 

 

Grou

p 

Mean 

Std. 

Deviation 

T value 

P 

value 

POSTERIOR(%) R 

1 149.40 20.928 

-0.886 0.383 

2 154.27 3.845 

POSTERIOR(%) L 

1 158.20 20.758 

-0.155 0.878 

2 159.07 6.239 

 

Graph 16 

 

Interpretation: P value of group A and Group B post intervention in posterior (R) and 

posterior (L) is > 0.05 denoting statistically non significant. 
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Table 17 

Mean and standard deviation values of post intervention between the groups 

 

Grou

p 

Mean 

Std. 

Deviation 

T value 

P 

value 

STORK STANDING TEST(in 

sec) R 

1 31.07 4.044 

2.825 0.009 

2 27.67 2.320 

STORK STANDING TEST(in 

sec) L 

1 29.00 3.140 

3.045 0.005 

2 26.07 2.017 

 

Graph 17 

 

Interpretation: p value of group 1 and group 2 post stork standing test in right and left is < 0.05 

is statistically significant. 
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Annexure I ( A) 

PERMISSION LETTER A 

 

To,  

The Head of Institute, 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Miss, student of Master of Physiotherapy, would request you to grant me permission to 

carry out my research work in football club.  

      My research topic is : The Effect of 4 weeks of both side utilized (BOSU) ball training 

along with conventional training versus conventional training on static and dynamic balance 

in Professional football Players -A Randomized Controlled Trial 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 

 

 

 

Guide Head of Institute  
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Annexure I (B) 

PERMISSION LETTER B 

 

 

To,  

The Chairman,  

Ethical Committee. 

 

Subject: Permission to carry out research work.  

Respected sir/madam 

I,  Miss, student of Master of Physiotherapy, would request you to grant me permission to 

carry out my research work.  

      My research topic is, The Effect of 4 weeks of Both side utilized (BOSU) ball training 

along with conventional training versus conventional training on static and dynamic balance 

in professional football players :A Randomized Controlled Trial. 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure I( C) 

PERMISSION LETTER(C) 

 

To, 

The Head of sports club , 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Miss, Student of master of physiotherapy, would request you to grant me permission to 

carry out my research work in your esteemed work place. My research topic is The Effect of 

4 weeks of Both side utilized (BOSU) ball training along with conventional training versus 

conventional training on static and dynamic balance in professional football players :A 

Randomized Controlled Trial. 

 

      For this purpose, I have to take participants from your club who are aged between18-

25years for further procedure. I kindly request you to do the needful in this regard. Thanking 

you in anticipation. 

Yours sincerely, 

Research student 

Date : 

Place : 
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Annexure I(D) 

INFORMATION SHEET 

 

1. Introduction: You are requested to participate in a research study. It is important that you 

read this description of the study and your role in it, including the nature and risks of 

participation. Please give your consent, so that you can participate in this study only if you 

have completely understood the nature and course of this study and if you are aware of your 

rights as a participant. 

2. Purpose: This study aims to find The effect of 4 weeks of Both Side Utilized (BOSU)  ball 

training along with conventional training versus conventional training on static and dynamic 

balance in Professional football players. This study will provide information about the whether 

the mentioned balance training is effective or not in improving balance. 

3. Procedure: 

(1) The investigator will select the Professional football players within the age group of 18 to 

25 years. 

(2) The investigator will explain the experimental protocol to allay apprehension 

and answer all the queries of the participants. 

(3) If player expresses interest but has some doubt in that case they would be 

solved immediately. 

(4) If the players  are comfortable with the explanation then they will fill the 

informed consent according to standard operational procedure. 

(5) Study procedure will begin after the patient concern. 

(6) Detailed medical any other physical problem history will be obtained from the patient so as 

to be verify the inclusion and exclusion criteria. 

(7) General information of the research subject: 
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• Name : 

• Age: 

• Gender: 

Any history of fracture: 

You would be required to undergo the examination by physiotherapist 

4. If you are uncomfortable during this period then kindly let us know so that we can help you 

and overcome your problem without any untoward effect. You will not be given any 

reimbursement and compensation. 

5. If at any movement you want to discontinue from this research study then you are free to do 

so and there would not be any hindrance from our side. 

6. The details of the risk, discomfort, advantages and disadvantages of the protocol will be 

explained to you before obtaining the letter of consent 

7. The data obtained from this study would be confidentially protected and maintained and the 

photographs will be used but your identity would not be revealed and if the photograph is 

published then permission would be obtained. 

8. All the risk of test procedure will be explained to you and accordingly the consent will be 

taken. 

9. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences. 
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Name of researcher: 

Phone number: 

Address: 

Name of guide: 

Phone number: 

Address: 

Name of Institution: 
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Annexure I(E) 

HINDI 

सूचनापत्र 

1. परिचय: आप से अनुिोध ह ैकि आप एि शोध अध्ययन में भाग लें।यह महत्वपूर्ण ह ैकि आप 

अध्ययन िे इस ववविर् औि इसमें अपनी भूवमिा िो पढें, विसमें भागीदािी िी प्रिृवि औि िोविम 

शावमल हैं।िृपया अपनी सहमवि दें, िाकि आप इस अध्ययन में िभी भाग ले सिें , िब आप इस अध्ययन िे 

स्वरूप औि पाठ्यक्रम िो पूिी िि हसे समझ गए हों औि यकद आप एि प्रविभागी िे रूप में अपने 

अवधिािों िे बािे में िानिे हों। 

2. उद्दशे्य: इस अध्ययन िा उद्दशे्य व्यावसावयि फुटबॉल विलाव़ियों में वस्िि औि गविशील संिुलन 

पिपािंपरिि प्रवशक्षर् बनाम पािंपरिि प्रवशक्षर् िे साि-साि साइड यूरटलाइज्ड (बीओएसयू) 

बॉलप्रवशक्षर्िे 4 सप्ताह िे प्रभाव िो िोिना ह।ैयह अध्ययन इस बािे में िानिािी प्रदान ििेगा कि 

उवललविि शेषप्रवशक्षर् प्रभावी ह ैया नहीं, संिुलन में सुधाि ह।ै 

3. प्रकक्रया: 

(1) िांचििाण 18 से 25 वषण िी आयु िे भीिि पेशेवि फुटबॉल विलाव़ियों िा चयन ििेगा। 

(2) अन्वेषि सभी िो आशंिा िे वलए प्रयोगात्मि प्रोटोिॉल िी व्याख्या ििेगा 

औि प्रविभावगयों िे सभी प्रश्नोंिा उत्ति दें। 

(3) यकद विला़िी रुवच व्यक्त िििा ह,ै लेकिन उस मामल ेमें िुछ संदहे ह,ै िो वे होंग े

िुिंि हल किया गया। 

(4) यकद विला़िी स्पष्टीििर् िे साि सहि हैं िो वे भि देंग ेमानि संचालन प्रकक्रया िे अनुसाि सूवचि 

सहमवि। 
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(5) मिीि िी चचंिा िे बाद अध्ययन प्रकक्रया शुरू होगी। 

(6)ववस्िृिवचकित्सा किसीभी अन्य शािीरिि समस्या इविहास िोगीसे प्राप्त िी िाएगी िाकि समावेश औि 

बवहष्ििर् मानदडंोंिो सत्यावपि किया िा सिे। 

(7) शोधववषयिी सामान्य िानिािी: 

• नाम: 

• आयु 

• चलंग: 

फै्रक्चि िा िोई इविहास: 

    

आप िो कफवियोिेिेवपस्टद्वािा पिीक्षास ेगुििना होगा 

4. यकद आप इस अववध िे दौिान असहिहैं, िो िृपया हमें बिाए ंिाकि हम आपिी मदद िि सिें  औि 

वबना किसी अवप्रय प्रभाव िे आपिी समस्या िो दिू िि सिें ।आपिो िोई प्रविपूर्िण औि मुआविा नहीं 

कदया िाएगा। 

5.यकद किसी भी आंदोलन में आप इस शोध अध्ययन से हटना चाहिे हैं िो आप ऐसा ििने िे वलए स्विंत्र 

हैं औि हमािी ििफ से िोई बाधा नहीं होगी। 

6. प्रोटोिॉलिे िोविम,असुववधा,फायद ेऔि निुसान िा ववविर् सहमवि पत्र प्राप्त ििने स ेपहले आप िो 

समझाया िाएगा 

7.सअध्ययनसे प्राप्त आंि़िों िो गोपनीय रूपसे सिंवक्षि औि बनाए ििा िाएगा औि िस्वीिों िा उपयोग 

किया िाएगा लेकिन आपिी पहचान उिागि नहीं िी िाएगी औि यकद िस्वीि प्रिावशि होिी ह ैिो 

अनुमवि प्राप्त िी िाएगी। 

8. पिीक्षर् प्रकक्रया िे सभी िोविम आपिो समझाए िाएगं ेऔि िदनुसाि सहमविली िाएगी। 
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9. यकद आप किसीभी क्षर् सिंुष्ट नहीं हैं िो आप वबना किसी परिर्ाम िे किसी भी समय वापस ले सििे 

हैं। 

शोधििाणिानाम: 

फोननंबि: 

पिा: 

गाइडिानाम: 

फोननंबि: 

पिा: 

 

संस्िािानाम: 
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Annexure I(F)MARATHI 

मवहविपत्रि 

 

1. परिचय: आपर्ास संशोधन अभ्यासा मध्ये सहभागी होण्याची ववनंिी आह.े आपर् अभ्यासाचे वर्णन 

आवर् त्याि असलेलया सहभागाचे स्वरूप आवर् िोिीम या सह आपली भूवमिा वाचर्े महत्वाचे आह.े 

िृपया आपली संमिीद्या, िरेे् िरून आपर्या अभ्यासाचे स्वरूप आवर् त्याचा अभ्यासक्रम पूर्ण परे् 

समिला असेल आवर् सहभागी म्हरू्न आपलया हक्ांबद्दल आपलयाला मावहिी असेल ििच आपर्या 

अभ्यासाि भाग घेऊ शििा. 

2. उद्दशे: या फुटबॉल पटंूमध्ये वस्िि आवर् डायनॅवमि वशललि ववषयी पािंपारिि प्रवशक्षर् ववरुद्ध 

पािंपारिि प्रवशक्षर् आवर् दोन्ही बािूंच्या उपयोवगि (बीओएसयू) बॉल टे्रचनंगच्या आठवड्ांचा परिर्ाम 

शोधर् ेह ेया अभ्यासाच ेउद्दीष्ट आह.े हाअभ्यास नमूद वशललि प्रवशक्षर् वशललि सुधािण्यासाठी प्रभावी 

आह ेिी नाही याबद्दल मावहिी प्रदान ििेल. 

3. प्रकक्रयााः 

(1) अन्वेषि 18 िे 25 वषे वयोगटािील व्यावसावयि फुटबॉल िेळाडूचंी वनवड ििेल. 

(2) अन्वेषर् दिू ििण्यासाठी प्रायोवगि प्रोटोिॉलचा अन्वेषि अन्वेषर् ििेल 

आवर् सहभागींच्या सवण प्रश्नांची उत्तिे द्या. 

(3) िि िेळाडूने व्याि व्यक्त िेले पिंिु त्या बाबिीि त्या बद्दल िाही शंिा असेल िि िे असिील 

त्वरिि वनिाििर् 

(4) िेळाडू स्पष्टीििर् दऊेन आिामदायि असिील िि ि ेभििील 

प्रमावर्ि ऑपिेशनल प्रकक्रये नुसाि मावहिी ची संमिी. 

(5) रुगर्ांच्या चचंि ेनिंि अभ्यासाची प्रकक्रया सरुू होईल. 
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(6)िभूणि आवर् वगळण्याच्या वनिषांची पडिाळर्ी ििण्यासाठी रुगर्ािडून इिि िोर्त्याही शािीरिि 

समस्येचा िपशीलवाि वैद्यिीय अभ्यास िेला िाईल. 

(7) संशोधन ववषयाची सामान्य मावहिीाः 

• नाव: 

• वय: 

चलंग: 

फॅ्रक्चिचा िोर्िाही इविहास: 

    

आपलयाला कफविओिेिवपस्टद्वािे पिीक्षा घेर् ेआवश्यि आह.े 

4.या िालावधीि आपर्ास अस्वस्ि वाटि असलयास िृपया दयापूवणि आम्हाला िळवा िेर् ेिरून आम्ही 

िोर्िीही अवप्रय परिर्ाम न िििा आपली मदि िरू आवर् आपलया समस्येवि वविय वमळवू शिू. 

आपर्ास िोर्िे ही नुिसान भिपाई आवर् नुिसान भिपाई कदली िार्ाि नाही. िि िोर्त्याही 

चळवळीवि िमु्हाला या संशोधन अभ्यासा पासून दिू ठेवायचे असेल िि िमु्ही िस ेििण्यास मोिळे आहाि 

आवर् आमच्या बािूने िोर्िा ही अडिळा येर्ाि नाही. 

6. प्रोटोिॉलचे िोिीम, अस्वस्ििा, त्याचे फायद ेआवर् िोटे यांचे िपशील आपलयाला संमिी पत्र प्राप्त 

ििण्यापूवी स्पष्ट िेले  िाईल. 

7. या अभ्यासा मधून वमळालेला डटेा गुप्त परे् संिवक्षि िेला िाईल आवर् छायावचत्र ेवापिली िािील 

पिंिु आपली ओळि उघडिीस येर्ाि नाही आवर् िि छायावचत्र प्रिावशि झाल ेिि पिवानगी घेिली 

िाईल. 
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8. चाचर्ी प्रकक्रयेचा सवण धोिा आपलयाला समिावून सावंगिला िाईल आवर् त्यानसुाि संमिी घेिली 

िाईल. 

9. आपर् िोर्त्याही क्षर्ी समाधानी नसलयास आपर् िोर्त्याही परिर्ामा वशवाय िधी ही माघाि घेऊ 

शििा. 

संशोधिाचे नाव: 

फोन नंबि: 

पत्ता: 

मागणदशणिाचे नाव: 

फोन नंबि: 

पत्ता: 

संस्िेचे नाव: 
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Annexure II(A) 

LETTER OF CONSENT 

 

I___________________ am willing to participate voluntarily as a participant for the 

dissertation “The Effect of 4 weeks of Both side utilized (BOSU) ball training along with 

conventional training versus conventional training on static and dynamic balance in 

professional football players :A Randomized Controlled Trial” conducted by____________.  

I have been informed regarding the nature of study and the duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedures 

pertaining to the study.  

The researcher has already assured me, that I would be treated well without any 

untoward effects and the rights of confidentiality protected.  

 

 

 

Signature of the Participant/ 

Thumb Impression of participant       
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Annexure II (B)HINDI 

सहमवि - पत्र 

I___________________ शोध प्रबंध िे वलए एि प्रविभागी िे रूप में स्वेच्छा से भाग लेने िे 

वलए िैयाि ह ै"दोनों पक्ष िे उपयोग िे 4 सप्ताह िा प्रभाव (बोसु) गेंद प्रवशक्षर् पािंपरिि फुटबॉल 

बनाम पािंपरिि प्रवशक्षर् िे साि-साि पेशेवि फुटबॉल विलाव़ियों में स्िैविि औि गविशील संिुलन पि 

प्रवशक्षर्: एि यादवृच्छि वनयंवत्रि पिीक्षर्" द्वािा____________। 

मुझे अध्ययन िी प्रिृवि औि िाम िी अववध िे बािे में सूवचि किया गया ह।ै मुझे आवश्यि प्रकक्रया शुरू 

ििने औि अध्ययन से संबंवधि वववभन्न पिीक्षर् प्रकक्रयाओं से गुििने में िोई आपवत्त नहीं ह।ै 

शोधििाण ने मुझे पहले ही आश्वासन कदया ह,ै कि वबना किसी अवप्रय प्रभाव िे मेिे साि अच्छा व्यवहाि 

किया िाएगा औि गोपनीयिा िे अवधिािों िी िक्षा िी िाएगी। 

 

 

 

                                                       प्रविभागी िा हस्िाक्षि / 

       प्रविभागी िा अंगूठा छाप 
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Annexure II (C)MARATHI 

समंलेनाच ेपत्र 

 

आयसीएआिएलआय_ प्रबंध प्रबंध प्रबंधासाठी स्वेच्छेने सहभागी होण्यासाठी ियाि आह े“व्यावसावयि 

फुटबॉल िेळाडूमंध्ये वस्िि व डायनॅवमि बॅलन्सवि पािंपारिि प्रवशक्षर् ववरुद्ध पािंपारिि प्रवशक्षर् व 

दोन्ही बािूंच्या 4 आठवड्ाचंा प्रभाव - एि िँडमाइज्ड िंट्रोलड ट्रायल” आयोविि ििण्याि आले. द्वािे 

____________. 

अभ्यासाचे स्वरूप आवर् िामाच्या िालावधीबद्दल मला मावहिी दणे्याि आली आह.े मला आवश्यि 

प्रकक्रया ििण्याची आवर् अभ्यासाशी संबंवधि ववववध चाचर्ी प्रकक्रया पाि पाडण्यास हििि नाही. 

संशोधिाने मला आधीच आश्वासन कदले आह ेिी माझे िोर्िेही अनुवचि परिर्ाम आवर् गोपनीयिेचे हक् 

संिवक्षि न ठेविा माझ्याशी चांगले वागले िाईल. 

 

 

 

                                        सहभागीची सही / 

       सहभागीचा अंगठा प्रभाव 
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Annexure III(A) 

PARAMETERS FOR ASSESSMENT OF OUTCOME MEASURES 

 

a)STORK STANDING TEST 

 Static balance will be tested through stork standing test. In this test, participants will stand on 

barefoot alternately and position the non supporting foot over the medial part of the knee of the 

supporting leg with  both hand kept on his hips. 

After that, he will have to raise the heel of the supporting leg to balance on the ball of the foot.  

Time will be measured in seconds using a stopwatch, which will be started when the participant 

raised his heel from the floor and stopped if the non-supporting foot lost contact with the knee 

or the heel of the supporting foot touched the floor or the supporting foot swiveled or moved 

(hopped) in any direction or hand(s) came off the hips29. 

b) Dynamic balance 

 Procedure:Star excursion balance test (SEBT)  

 It is a commonly used method for assessment of dynamic balance on clinical basis. 

 Measurement:  % lower limb  

 Participants’position: Participants were made to stand  

 Testing procedure: lower limb length was measured from the ASIS to medial 

malleolus in supine position by using a tape. Participants were asked to stand on 

one foot while reaching with the other leg out in 8 different directions in following 
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order: anterior, anterolateral right, anterolateral left, medial right, medial 

left,posterior,posterolateral right and postero lateral left. Reach distance was 

recorded in cms and was normalized to each participant’s leg by: 

 SEBT performance scores using the following simple equation. Average distance in 

each direction (cm)=reach1+reach2+reach 3.  

 Relative (normalized) distance in each direction(%)=average distance in each 

direction/leg length *100 

 Measurement in each direction was taken and was compared with standard 

reference values. 
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Annexure III (B) 

DATA COLLECTION TOOLS 

A) Measuring Tape : Product description : Flexible fiber glass measuring tape with 

dimension: 60inches/ 150cm long × inches/ 12.7 mm wide. Specification measurements in 1 

mm divisions. 

 

B) Stopwatch :a large digital version of a stopwatch designed for viewing at a distance as in 

a sports stadium, is called stop clock. 

 

 

 

 



134 
 

 

 

Annexure III(C) 

Case Record Form 

DATE: 

1. Name:  

2. Age: 

3. Gender: 

4. Mobile number: 

5. Height in centimeter: 

6. Weight in kilogram: 
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SEBT for dynamic balance 

 

 

 

 

 

 

 

 

 

 

 

 

S.NO group 1 group 2 

SEBT 

pre-intervention post intervention pre-intervention pre-intervention 

Right Left right left right left right left 

Anterior                  

Antero lateral                 

Antero medial                 

Medial                 

Lateral                 

Posterior                 

Postero lateral                 

Posteromedial                 

STORK STANDING TEST 
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Gantt Chart 

 

 

 

 

 

Sr.no Components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

March  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

Mar 

2021 

April-Jun 

2021 

Jul-

Sept 

1 

Allotment of 

guide                       

2 Selection of topic                       

3 

Formulation of 

research question                       

4 

Formulation of 

aim and 

objectives                       

5 

Hypothesis, null 

hypothesis                       

6 Research protocol                       

7 

Research 

designing                       

8 

Review of 

literature                       

9 

methodology 

formulation                       

10 study designing                       

11 study setting                       

12 

sample size 

estimation                       

13 

selection of study 

instruments                       

14 

method of data 

collection                        

15 

data management 

and analysis 

procedure                       

16 

IEC and BORS 

clearance                       

17 

compilation of 

synopsis                       

18 

uploading of 

synopsis                       

19 data collection                       

20 

data presentation 

and analysis                       

21 

writing of 

discussion and 

conclusion                       

22 

submission of 

thesis to MUHS                       
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Masterchart 

for Group 1 and Group 2 Pre and Post Intervention Value for static and dynamic 

balance 

 

Group AGE GENDER HEIGHT(meter) 

WEIGHT 

in kgs BMI 

limb 

length(in 

cm) 

ANTERIOR(%) 

(Right) 

1 18 M 1.70 65 22.5 100 121 

1 19 M 1.66 56 20.3 92 127 

1 24 M 1.75 59 19.3 104 125 

1 22 M 1.67 63 22.6 90 131 

1 20 M 1.67 56 20.1 90 133 

1 22 M 1.69 65 22.8 92 128 

1 23 M 1.77 58 18.5 107 123 

1 23 M 1.60 56 21.9 88 136 

1 21 M 1.60 54 21.1 88 134 

1 24 M 1.67 63 22.6 90 128 

1 25 M 1.60 52 20.3 89 134 

1 25 M 1.72 65 22 102 132 

1 18 M 1.56 58 23.8 80 137 

1 25 M 1.76 68 22 105 128 

1 25 M 1.74 66 21.8 103 126 

2 19 M 1.77 69 22 105 121 

2 20 M 1.74 66 21.8 103 124 

2 22 M 1.76 68 22 105 120 

2 20 M 1.72 64 21.6 102 121 

2 22 M 1.73 65 21.7 102 116 

2 24 M 1.76 69 22.3 105 125 

2 23 M 1.66 59 21.4 92 126 

2 21 M 1.64 58 21.6 92 125 

2 25 M 1.78 72 22.7 105 120 

2 24 M 1.70 63 21.8 99 125 

2 22 M 1.75 67 21.9 103 124 

2 24 M 1.74 66 21.8 103 122 

2 21 M 1.65 59 21.7 92 126 

2 19 M 1.69 62 21.7 92 126 

2 19 M 1.70 63 21.8 95 130 
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ANTE

RIOR(

%) 

(Left) 

ANTERO

LATERA

L 

(RIGHT)(

%) R 

ANTERO

LATERA

L 

(RIGHT)(

%) L 

ANTERO

LATERA

L 

(LEFT)(%

) R 

ANTERO

LATERA

L 

(LEFT)(%

) L 

MEDIAL(

RIGHT)(

%) R 

MEDIAL(

RIGHT)(

%) L 

MEDIAL

(LEFT)(

%) R 

113 111 111 115 125 144 77 69 

127 133 127 103 125 170 66 59 

123 128 117 69 150 173 48 48 

133 127 133 77 177 183 66 61 

127 133 131 72 176 188 61 55 

126 142 70 63 155 179 52 61 

112 116 112 84 112 149 61 56 

136 138 137 110 134 181 73 68 

134 138 134 110 129 176 68 65 

128 133 128 105 124 170 61 57 

134 140 134 101 134 67 74 67 

132 133 122 73 156 181 53 53 

137 131 126 77 181 187 56 62 

128 132 118 72 150 171 52 52 

124 130 118 69 151 174 48 48 

119 125 114 67 145 168 46 46 

124 128 116 67 149 172 48 48 

120 130 115 69 149 173 48 48 

121 129 116 69 151 176 45 45 

116 124 112 66 145 170 44 44 

124 127 118 70 148 166 45 45 

126 130 126 103 121 166 59 56 

125 128 128 102 121 168 59 54 

118 124 112 67 144 166 46 46 

125 132 120 70 155 178 50 50 

124 127 117 70 149 168 49 49 

122 127 117 68 150 174 49 49 

126 130 130 105 122 168 60 58 

126 130 126 103 121 166 59 56 

130 139 125 75 163 190 48 48 
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MEDI

AL(LE

FT)(%) 

L 

POSTEROL

ATERAL(R

IGHT)(%) R 

POSTEROL

ATERAL(R

IGHT)(%) L 

POSTERO

LATERAL(

LEFT)(%) 

R 

POSTERO

LATERAL(

LEFT)(%) 

L 

POST

ERIO

R(%) 

R 

POST

ERIO

R(%) 

L 

ST

OR

K 

ST

AN

DIN

G 

TES

T(in 

sec) 

R 

153 157 131 160 168 130 130 25 

177 165 76 90 188 152 173 25 

163 169 71 138 174 166 155 26 

188 198 83 161 200 175 177 28 

177 198 71 83 194 133 168 25 

175 170 96 92 184 111 130 27 

157 144 70 79 157 107 116 30 

187 176 85 96 198 164 181 33 

187 176 81 90 181 164 176 31 

177 166 77 86 172 155 166 30 

188 174 84 95 191 117 134 34 

171 172 74 145 181 161 154 28 

187 181 86 177 200 150 137 28 

166 171 74 142 172 152 154 35 

165 173 72 140 174 155 157 30 

158 167 70 135 168 149 151 26 

160 169 72 135 174 150 150 25 

163 172 73 140 173 153 157 26 

161 175 72 141 176 156 161 25 

155 168 70 135 165 150 155 27 

154 166 71 133 66 147 154 30 

173 163 76 84 168 152 163 29 

173 163 76 81 168 152 163 26 

157 166 69 134 166 148 150 30 

165 175 76 145 179 155 156 30 

158 169 73 138 169 149 149 27 

161 171 73 142 176 151 151 24 

178 166 76 77 172 155 150 27 

173 163 76 84 168 152 163 24 

173 189 78 152 190 168 173 23 
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STO

RK 

STA

NDIN

G 

TEST

(in 

sec) L 

ANTE

RIOR(

%) 

(Right) 

ANTE

RIOR(

%) 

(Left) 

ANTERO

LATERA

L 

(RIGHT)(

%) R 

ANTERO

LATERA

L 

(RIGHT)(

%) L 

ANTERO

LATERA

L 

(LEFT)(%

) R 

ANTERO

LATERA

L 

(LEFT)(%

) L 

MEDIAL(

RIGHT)(

%) R 

26 121 113 111 111 115 125 144 

24 131 131 134 130 106 129 170 

27 128 125 130 122 73 152 176 

27 135 138 137 137 82 182 187 

21 136 131 137 135 75 181 193 

26 132 130 146 75 67 159 182 

29 123 123 120 119 87 115 153 

29 140 140 142 142 110 138 186 

28 138 138 142 138 112 132 179 

29 133 133 136 132 108 128 173 

30 140 140 145 139 106 140 72 

27 135 135 133 125 76 160 185 

27 142 142 136 131 82 186 192 

34 134 134 135 122 75 154 175 

29 130 127 133 121 73 154 178 

26 125 123 129 118 70 150 173 

25 125 125 130 118 69 150 173 

25 120 120 128 118 71 150 173 

21 119 119 127 114 68 149 173 

26 119 119 127 113 68 149 173 

29 127 125 128 119 72 150 167 

29 128 128 132 128 105 123 168 

24 127 127 130 130 103 123 170 

29 124 124 129 121 71 151 174 

27 129 129 137 127 75 160 182 

25 128 127 131 120 72 152 171 

25 124 124 128 119 70 151 173 

26 125 125 130 130 105 122 167 

24 129 129 132 128 104 123 168 

24 128 128 136 123 74 160 186 
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MEDI

AL(RI

GHT)(

%) L 

MEDI

AL(L

EFT)(

%) R 

MEDI

AL(L

EFT)(

%) L 

POSTERO

LATERAL

(RIGHT)(

%) R 

POSTERO

LATERAL

(RIGHT)(

%) L 

POSTERO

LATERAL

(LEFT)(%) 

R 

POSTERO

LATERAL

(LEFT)(%) 

L 

POS

TERI

OR(

%) R 

79 71 153 157 132 161 168 133 

69 64 181 170 80 93 190 156 

51 51 167 172 74 141 176 157 

74 64 193 204 86 164 204 180 

65 60 182 203 75 87 197 137 

56 66 178 175 100 95 188 114 

64 56 159 147 72 82 159 111 

78 73 192 180 88 101 202 168 

72 61 190 179 85 95 186 167 

65 62 182 171 82 88 176 160 

77 72 194 180 89 101 196 122 

56 56 174 175 78 148 185 165 

61 66 193 185 91 180 205 155 

55 55 170 176 76 147 176 157 

52 52 168 177 75 144 178 159 

47 47 163 171 72 140 173 154 

48 48 162 171 73 141 176 151 

47 47 163 172 74 139 173 154 

44 44 158 171 72 139 172 152 

45 45 158 172 72 139 168 151 

46 49 156 168 73 136 168 149 

60 58 176 165 78 86 170 155 

61 56 176 164 78 83 170 155 

50 50 163 173 73 140 174 154 

55 54 170 180 80 151 184 161 

51 51 163 173 75 141 172 152 

50 50 163 172 74 141 176 152 

60 59 176 166 77 82 170 155 

61 58 176 165 79 85 169 155 

48 49 170 184 76 150 181 164 
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POSTERIOR(%) 

L 

STORK 

STANDING 

TEST(in 

sec) R 

STORK STANDING TEST(in sec) 

L 

132 28 27 

179 27 26 

158 26 27 

182 30 28 

173 26 23 

134 27 25 

119 33 31 

186 36 33 

180 33 31 

172 34 32 

140 38 31 

157 32 30 

143 28 27 

158 37 34 

160 31 30 

154 27 26 

151 27 25 

157 27 25 

157 26 24 

158 28 26 

154 31 29 

165 30 29 

165 27 24 

156 31 30 

162 30 28 

152 29 26 

152 24 25 

166 29 26 

167 25 24 

170 24 24 
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Templet to prepare TITLE & SYNOPSIS 

Sr. 

No. 
Item Guidelines 

01) Title :-  THE EFFECT OF 4 WEEKS OF BOTH SIDE UTILIZED (BOSU) BALL TRAINING ALONG 

WITH CONVENTIONAL TRAINING VERSUS CONVENTIONAL TRAINING ON STATIC 

AND DYNAMIC BALANCE IN PROFESSIONAL FOOTBALL PLAYERS: A 

RANDOMIZED CONTROLLED TRIAL. 

 

 

02) Introduction :- Football is a high risk sport, dominated by overuse injury, while recovery time 

from injuries is relatively long. 1Some study reveals that 57.40% of injuries 

occurred during training while 42.59% were occurred during competition. most 

injuries were acquired in the lower limb (68.49%) of which 29.62% related to 

ankle and 17.59% to knees.  

In football injuries traditionally divided into contact and non contact 

mechanism. 2A contact injury was defined as an injury that occurred when 2 or 

more players were engaged during the act of tackling, blocking, or pass 

protection and in which the external force causing the inversion moment at the 

ankle was primarily owing to the force applied by another player’s body when 

the injured player’s foot was fixed to the ground. All other injuries were 

classified as noncontact injury. 

    Football contains all forms of movements like running, stops, turns, jumps, 

falls, throws, pushing, taking place at a different intensity, pace and duration, 

for the purpose of defense and strike action. Football players often perform 

lower extremity passing, shooting, twisting, cutting and dribbling skills while 

wearing shoes.3 It has been reported that low balance ability has been 

significantly associated with an increased risk of ankle injuries in male adult 

football players4 also found that lower limb injuries were most common in 

contact sports. 

 Balance (for the human body) is the ability to be zero of the sum of the forces 

acting on the body, gravitation of the body, protection of the sequence under 

the influence of internal and external forces5.Balance may be static when the 
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body is either at rest (static balance) or dynamic when the body is in 

steady-state motion (dynamic balance) 6. Dynamic balance is the ability to 

maintain stability while forecasting and reacting to alteration as the body moves 

through the infinite 7Static balance is the ability to stand with as little sway as 

possible. Standing balance can be evaluated in a resting state or following a 

specific inequalityeed8. While running with the ball to avoid being tackled by 

the opposition, footballer players require more of dynamic balance in order to 

change direction at different speed9.  

Professional athletes such as footballers perform a lot of lower limb weight 

bearing functional activities that require a degree of muscle strength, 

coordination and balance. This sport tasks involve repeated impulsive contacts 

between the lower limbs and the support surface and when these contacts are 

poorly controlled, the cumulative effects of exercise vertical impact loading 

have been implicated as major factors contributing to lower limb injury in 

footballers 10. Just as in other lower limb injuries, impaired balance have been 

implicated in Lower limb muscle injury and improvement is expected in balance 

performance subsequent to rehabilitation perhaps to the pre-injury level. 

 Therefore, Balance training is used in a rehabilitation following sports related 

injury and its becoming recognized as an important element in injury 

prevention in sports.  

The conventional training includes a number of components of fitness into the 

training programes of football players. It includes warm up, running , squats, 

balance training, cool down period. Conventional training is necessary because 

it reduces the chances of injury. Both side utilized (BOSU) ball is a versatile 

balance training equipment BOSU ball training improves balance because the 

unstable surface forces use core muscle of the body to improve balance. There 

have been some studies11, that shows the BOSU ball, balance training is 

effective in terms of improving balance in football players. Therefore we are 

using inflated side of BOSU ball to see the effect of BOSU ball training along 

with conventional training in Professional football players. 

KEY WORDS- BOTH SIDE UTILIZED BALL(BOSU)  

           STAR EXCURSION BALANCE TEST (SEBT) 
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3.1) Primary Research 

Question :- 

Is there any effect of 4 weeks of Both Side Utilized (BOSU) ball training along 

with conventional training versus conventional training on static and dynamic 

balance in professional football players?  

 

3.2) Secondary 

Research 

Question 1 :- 

(if any) 

N.A. 

3.3) Secondary 

Research 

Question 2 :- 

(if any) 

N.A. 

4.1) Primary 

Hypothesis :- 

NULL HYPOTHESIS  

 There is no statistically significant difference of 4 weeks of Both Side Utilized 

(BOSU) ball training along with conventional training versus conventional 

training on static and dynamic balance in professional football players. 

 

 ALTERNATE HYPOTHESIS  

There is a statistically significant difference of 4 weeks of Both Side Utilized 

(BOSU) ball training along with conventional training versus  conventional 

training on static and dynamic balance in professional football players. 

 

 

4.2) Other Hypothesis 

1:- 

(if any) 

N.A. 

4.3) Other Hypothesis 

2 :- 

(if any) 

N.A.  
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05) Review of 

Literature :- 

1. The study done by Pritesh Yeole et.al in 2019 conducted a study with 

the aim to know  the Comparison of Sports Specific Balance Training 

Programs in Improving Balance and Agility in Basketball Players total 60 

subjects of aged 14-25 years according to inclusion and exclusion  

criteria between the Group A and group B included 30 subjects each. 

Group A received sports specific balance training program while balance 

training program only was given to Group B for 4 weeks. Star excursion 

balance test and mini zig zag drill test were used as outcome measure. 

Thus sports specific balance training program is more effective than 

balance training23. 

 

2. The study done by Inci Kesilmis in 2017  This study aims to compare 

different dynamic balance ability between soccer players and sedentary. 

16 soccer players and 18 sedentary participated in the study. Soccer 

players group participated soccer trainings consisting of different 

coordinative exercises for 3 years; the sedentary group attended a 

normal school program. Soccer players Participants aged  13-14 yr. 

Soccer players participated soccer training for daily 2 hours and four 

days in a week for 3 years. Dynamic balance ability with Y balance and 

Flamingo balance tests were used. There were  no significant 

difference for dynamic balance bipedal-right-left forward backward axis 

and medium lateral axis, right foot area gap percentage, left foot 

perimeter length, area gap percentage and medium speed and for y 

balance; right-left foot posteriomedial measurements. The dynamic 

balance ability of soccer players was clearly different than that of 

sedentary. According to these results it can be concluded that the effect 

of extensive soccer skill practice on overall balance control5,6,7,8,9 

3. The study done by Ganeswara  Rao Melam,et.al in 2016.The Purposed 

of this study was to compare static and dynamic balance in ankle 

instability among university level football and basketball players. This 

study included 24 collegiate level players (12footballers and 12 basket 

ballers) with chronic ankle   instability and were inactive from sports 

for more than 3 months with a score of 85% or less on the Foot and 

Ankle Ability Measure Sports scale. Static balance was tested by stork 
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standing test, and dynamic balance was assessed using the Star 

Excursion Balance Test. This record of differences in the balance due to 

injury supports the need for sports specific rehabilitation program for 

injured players to improve their balance which is essential for playing 

their sports efficiently 28,32,33,34,35. 

4. The study done by Mutlu Cug,  et.al in 2016 the purposed was to 

Compare Effects of Different Balance-Training–Progression Styles on 

Postural Control and Ankle Force Production. A total of 28 (16 

women,12 men) physically healthy young adults aged 18-25 years were  

taken. Static balance measured from instrumental force plate and 

dynamic balance measured by star excursion balance test and ankle 

force production in all cardinal planes with hand held dynamometer 

before and after the intervention. All participants completed 12 

supervised balance-training sessions over 4 weeks. Each session consist 

of a combination of dynamic unstable-surface tasks that inculded a 

BOSU ball.  A 4 week balance training program consisting of dynamic 

unstable surface exercises on BOSU ball improved dynamic postural 

control and ankle force production in healthy young adults. It suggest 

that an error based balance training program in improving postural 

control and ankle force production in healthy young adults12. 

 

5. The study done by Nisha Joshi1, et.al in 2015. The aim of this study was 

to compare the effect of multidirectional balance board training 

program and BOSU ball training program on dynamic balance in football 

players.  Total of 60 competitive football players with aged 18-25 years 

recruited in the study. The participants were divided into 2 groups. 

Group A (multidirectional balance board training) and group B (BOSU 

ball training) for 4 weeks. Participants were test for Star excursion 

balance test   and vertical jump test as an outcome measure   on 

first day and after 4 weeks of balance training. The study concluded that  

4 weeks balance training using BOSU and multidirectional balance board 

is effective in improving dynamic balance and vertical jump 

performance in football players and also can be used as a component of 

multifaceted training to improve dynamic balance and game skills3,29. 
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6. The study done by ADAM LARCOM et al. in 2013. The aim was to know 

the  Effects of Balance Training on Dynamic Balance Capabilities in the 

Elite Australian Rules Footballer. InitiaI  group of 25 players, 14 

subjects remained free of football-related injuries and completed all 

three tests and the full training program, with aged 18 to 25 years this 

study was to  investigated changes in dynamic single leg balance 

capabilities of an elite Australian Rules football team with the 

introduction of a comprehensive balance training program, over an 

entire 44 week pre-season and competition season. Single leg balance 

was tested before, during (10 weeks) and after the training program (44 

weeks), by placing a wobble board placed on top of a force plate and 

measuring various parameters of centre of pressure (COP) movement. 

The balance training program included wobble board training and other 

balance exercises, and core stability exercises.. This research shows that 

balance training incorporating wobble board and core stability exercises, 

in addition to normal football training, can improve balance over an 

entire elite Australian Rules football season14,31. 

7. The study done by Phillip A. Gribble, PhD, et.al  in 2013 .To determine 

inter-rater reliability of the SEBT using a group of investigators at 2 

testing sites. A corollary purpose was to examine the inter-rater 

reliability when using normalized and non normalized performance 

scores on the SEBTA total of 29 healthy participants between 18 and 50 

years of age. Participants were evaluated by 5 raters at 2testing sites. 

After participants performed 4 practice trials, each rater assessed 3 test 

trials in the anterior, posteromedial, and posterolateral reaching 

directions of the SEBT.  The Main Outcome Measure was Normalized 

and non normalized(leg-length) reaching distances were analyzed.  

SEBT is a test with excellent reliability when used across multiple raters 

in different settings. Establishing excellent interrater reliability with 

normalized and nonnormalized scores strengthens the evidence for 

using the SEBT, especially at multiple sites27. 

8. The study done by NEVIN BADRet.al at in 2013 this study aim to identify 

the effect of BOSU ball training on teaching and improving the 
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performance of certain handball basic skills. The subjects was divided 

into two equal groups as (15) female student handball players in each 

group. The first group: experimental group subjected to the suggested 

training program using the BOSU ball. The second group: Control group 

underwent to the traditional method followed in applying the theme of 

the department. The suggested educational program using the BOSU 

ball positively affects the physical and skill level in the handball theme. 

The traditional teaching method positively affects the physical and skill 

level in the handball theme. The suggested educational program using 

the BOSU ball surpasses the traditional teaching method in the physical 

level and learning the basic handball skills on the handball theme. It is 

obvious that balance which is the primary objective of the tool used in 

the research, where most researches and references did not indicate its 

importance in handball, scored good and effective improvement rates in 

the experimental program16. 

 

 

 

9. The study done by ASIMENIA GIOFTSIDOU et.al in 2012 on Balance 

training programs for soccer injuries prevention. The purpose of the 

study was to compare 2 different balance training programs, based on 

distinct exercise frequencies, with the aim of improving proprioceptive  

ability. 38 professional soccer players with aged 18-25 years, were 

randomly assigned into 3 groups: the A group, exercised with a 

frequency of 6 times per week, for 3 weeks, the B group exercised with 

a frequency of 3 times per week, for 6 weeks and the C group (control) 

did not follow a highly specific balance training, but only a standard 

soccer training. All participants were assessed with the use of an 

electronic stability system (indices-deviations) and of a wooden balance 

board (time on balance) before (pre test) and after the training period 

(post test). The authors concluded that balance training program can be 

applied in soccer players on a daily basis or at least 3 times per week, 

according to the demands of the training period20.  

10. The study done by Ogwumike O. et.al in 2011 This study was  
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investigated on balance performance (BPf) in professional footballers 

with long term Lower limb muscle injury , the effect of limb dominance 

on and comparison of Balance performance in  professional footballers 

with long term in injured footballers with their uninjured counterparts. 

A sample of 115 professional footballers – 104 males and 11 females, 

participated in the study and they consisted of two groups - injured 

group of participants (IGP) and uninjured group of participants (UGP). 

Balance performance (BPf) was assessed using the Stork balance stand 

test. The time in seconds for which the participant is able to stand on 

the ball of the foot of one leg is indicative of the BPf for that lower limb. 

The results indicated that poor balance performance was observed in 

the injured limb compared to the uninjured limb. It was concluded that 

balance problems persist in professional footballers with LLMI 

irrespective of time lapse since injury10,24,25,26. 

 

 

11. The study done by KEVIN et .al in 2010 The purpose of this study was to 

determine which side of the BOSU balance trainer would generate a 

greater amount of tibialis anterior, peroneus longus, or medial 

gastrocnemius muscle activity using electromyography (EMG).total 20 

healthy collegiate male subjects aged 18-25 years were taken. Each 

subject performed 3 single-leg stance trials on each side of the BOSU 

balance trainer. The average EMG data from these trials were compared 

with maximal voluntary isometric contraction (MVIC) measures and 

represented an average percentage of these MVICs. With regard to 

ankle muscle activity, both sides of the BOSU balance trainer produce 

similar difficulty during a balance training task. Therefore, no particular 

side of this device would provide any increase in muscle activity 

compared with the other side when used for improvements in balance 

or during the rehabilitation of lower extremity injuries17. 

 

 

12. The study done by Swapan K. DEY et.al in 2010  to study the various 

anthropometric parameters, motor ability and physiological profiles of 



C:\Users\convert\AppData\Local\Temp\1\task-293436974\613e51c2b9f74128ec739046467dea40.doc [Page : 9] 
   

the different Indian national club footballers and also to compare the 

above parameters with their international counterparts. A 

COMPARATIVE STUDY. The present study was carried out on one 

hundred fifty (150) male Indian footballers of six different national clubs 

of India. The players were also sub-divided according to their specific 

field positions. Physical and physiological profiles including height, 

weight, percentage body fat (%BF), flexibility, agility, explosive power, 

and VO2 max were measured by standard procedures. However, 

the %body fat of Indian footballers according to their specific field 

positions was found to be comparable with their international 

counterparts. The defender, midfielder and striker of the present study 

were inferior in endurance (VO2 max) as compared to their international 

counterparts. Genetic factors may be the cause of smaller body size of 

the subject of the present study as compare to their international 

counterparts. So, it can be concluded that the differences among the 

footballers of present study with their international counterparts and 

specific playing position is probably the cause of hereditary factors and 

differences in activity in the game19. 

13. The study done by Abdol hamid  et.al ,al in 2010 the purposed of the 

study was to  investigated the effects of FIFA 11+ and HarmoKnee, both 

being popular warm-up programs, on Proprioception, and static and 

dynamic balance of professional male soccer players.  Under 21 

year-old soccer players (n = 36) were divided randomly into 11+, 

HarmoKnee and control groups. The programs were performed for 2 

months (24 sessions). Proprioception was measured bilaterally at 30u, 

45u and 60u knee flexion using the Biodex Isokinetic Dynamometer. 

Static and dynamic balances were evaluated using the stork stand test 

and Star Excursion Balance Test (SEBT).Both the 11+ and HarmoKnee 

programs were proven to be useful warm-up protocols in improving 

proprioception at 45u and 60u knee flexion as well as static and dynamic 

balance in professional male soccer players30. 

 

14. In Kisner and Colby  they stated that Balance performance (BPf) is a 

complex motor control task involving the collection of sensory 
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information to review the position and motion of the body in space and 

the performance of appropriate musculoskeletal reactions to regulate 

body position with harmony of the environment and performance task. 

For improving the balance they used BOSU Ball exercises such as single 

limb stance, double limb stance, unilateral bridging on unstable surface 

like BOSU ball21. 

15. The study done by Kumar1, S.S.et.al in 2008 The objectives of this study 

were to quantify the football injuries in relation to field position in 

competitive football players and to determine the nature, location, 

causes, outcome of injuries and the possible risk factors involved. 

Information on injuries were collected through a questionnaire from 

eight Indian football teams which were participating in All India Mayor 

Trophy football tournament held in Aurangabad, Maharashtra in 

September-2006. The age range was 16 to 30 years, 68% (87) of players 

were in the range of 20 to 25 years. The football players were asked to 

recall injuries over the preceding one year period. A total of 98 out of 

128 football players sustained injuries in relation to field position. One 

hundred and eight injuries were recorded of which 27% were recurring 

injuries. Lower limb injuries predominated; the ankle and knee being 

the most commonly injured anatomical site. Most injuries were of soft 

tissue in nature and relate to muscle, ligament, and tendon. Most 

common situations giving rise to injuries were collision (27.77%), 

twist/turn (22.22%) and stumble (17.59%). Those football players 

directly involved in attack or defense are more likely to be injured. 

Lower limb injuries were found to be predominated, muscle injuries 

being the most common type, collision is common causes of injuries. 

The results of the research provide a useful insight into the injuries in 

relation to field position, nature and sites of injury in competitive 

football players1. 

 

16. The study done by Malachy P. McHugh et.al in 2007 the aim was to 

know The Effectiveness of a Balance Training Intervention in Reducing 

the Incidence of Noncontact Ankle Sprains in High School Football 

Players. Total 125 players of aged 18-25 years were participated. Height, 
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body mass, history of previous ankle sprains, and current ankle 

brace/tape use were documented at the beginning of preseason training 

in 2 high school varsity football teams for 3 consecutive years (175 

player-seasons). Players were categorized as minimal risk, low risk, 

moderate risk, and high risk based on the history of previous ankle 

sprain and body mass index. Players in the low-, moderate-, and 

high-risk groups (ie, any player with a high body mass index and/or a 

previous ankle sprain) were placed on a balance training intervention on 

a foam stability pad. Players balanced for 5 minutes on each leg, 5 days 

per week, for 4 weeks in preseason and twice per week during the 

season. Post intervention injury incidence was compared with Pre 

intervention incidence (107 players-seasons) for players with increased 

risk. The study concluded that the increased risk of a noncontact 

inversion ankle sprain associated with a high body mass index and a 

previous ankle sprain was eliminated by the balance training 

intervention2,4. 

17. The study done by Eadric Bressel et; at in 2007 The aim of the study was 

To compare static and dynamic balance among collegiate athletes 

competing or training in soccer, basketball, and gymnastics. Thirty-four 

female volunteers who competed in National Collegiate Athletic 

Association Division I soccer (n _ 11), basketball (n _ 11), or 

gymnastics(n _ 12).To assess static balance, participants performed3 

stance variations (double leg, single leg, and tandem leg) on 2 surfaces 

(stiff and compliant). For assessment of dynamic balance, participants 

performed multidirectional maximal single-leg reaches from a unilateral 

base of support. Main Outcome Measure was Errors from the Balance 

Error Scoring System and normalized leg reach distances from the Star 

Excursion Balance Test were used to assess static and dynamic balance. 

Gymnasts and soccer players did not differ in terms of static and 

dynamic balance. In contrast, basketball players displayed inferior static 

balance compared with gymnasts  and inferior dynamic balance 

compared with soccer players15. 

 

18. The study done by con hrysomalis et.al in 2007 to studied relationship 
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between balance ability, training and sports  injury risk. The balance 

training had been used as a part of the rehabilitation programme for 

ankle injuries. The purposed of this review was to create current 

knowledge in the area of balance ability, training and injury risk ,and 

highlights the finding any future research needs .A number of studies 

had found that poor balance is significantly related to an increased risk 

of ankle injuries in different activities. This relationship appear to be 

more common in males than females. as a single intervention balance 

training had been shown to significantly reduce the recurrence of ankle 

ligament injuries in soccer, volleyball and recreational athletes. balance 

training had had been show significantly reduce anterior cruciate  

ligament injuries in male soccer players22. 

19. The study done by GREGORY D. MYER et.al in 2005 The purposed was to 

examine the effects of a comprehensive neuromuscular training 

program on measures of performance and lower-extremity movement 

biomechanics in female athletes.  41 female basketball, soccer, and 

volleyball players (age, 15.3 6 0.9years; weight, 64.8 6 9.96 kg; height, 

171.2 6 7.21 cm) underwent6 weeks of training that included 4 main 

components (plyometric and movement, core strengthening and 

balance, resistance training, and speed training). Twelve age-, height-, 

andweight-matched controls underwent the same testing protocol twice 

6 weeks apart. Trained athletes demonstrated increased predicted 1 

repetition maximum squat (92%) and bench press (20%). Right and left 

single-leg hop distance increased 10.39 cm and 8.53 cm, respectively, 

and vertical jump also increased from 39.9 6 0.9 cm to 43.2 6 1.1 cm 

with training. Speed in a 9.1-m sprint improved from 1.80 6 0.02 

seconds to 1.73 6 0.01 seconds. Pre- and posttest 3-dimensional motion 

analysis demonstrated increased knee flexion-extension range of motion 

during the landing phase of a vertical jump (right, 71.9 6 1.48 to 76.9 6 

1.48; left, 71.3 6 1.58 to 77.3 6 1.48). Training decreased knee valgus 

(28%) and varus (38%) torques. Control subjects did not demonstrate 

significant alterations during the 6-week interval. The results of this 

study support the hypothesis that the combination of multiple-injury 

prevention-training components into a comprehensive program 
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improves measures of performance and movement biomechanics. The 

purpose of this study was to examine the effects of a comprehensive 

neuromuscular training program on measures of performance and 

lower-extremity biomechanics in female athletes. The hypothesis was 

that significant improvements in measures of performance, specifically 

vertical jump, single-leg hop distance, speed, bench press, and squat, 

would be demonstrated concomitant with improved biomechanical 

(increased range of motion [ROM] and decreased knee varus and valgus 

torques) measures related to injury risk in female athletes18. 

 

20. The study done by Mark V. Paterno PT et.al in 2004 The purpose of this 

study was to determine if a 6-week neuromuscular training program 

designed to decrease the incidence of anterior cruciate ligament (ACL) 

injuries would improve single-limb postural stability in young female 

athletes. We hypothesized neuromuscular   training would result in an 

improvement in postural stability, with the greatest improvement taking 

place in the medial-lateral direction. 41Thealthy female high school 

athletes age, 13-17 years) participated in this study. Single-limb postural 

stability for both lower extremities was assessed with a Biodex Stability 

System. The neuromuscular training program consisted of three 

90-minute training sessions per week for 6 weeks. Following the 

completion of the training program, each subject was re-evaluated to 

determine change in total, anteriorposterior, and medial-lateral 

single-limb stability. Two-way analysis of variance models were used to 

determine differences between pre training and post training and 

between limbs. A 6-week neuromuscular training program designed to 

decrease the incidence of ACL injuries improves objective measures of 

total and anterior-posterior single-limb postural stability in high school 

female athletes13.  

6.1) Primary 

Objectives :-  

Primary objectives 

1. To study the effect of 4 weeks of Both Side Utilized (BOSU)  ball Training 

along with conventional training on static and dynamic balance in Professional 

football player.  
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2. To study the effect of 4 weeks conventional training on static and dynamic 

balance in Professional football players.  

 

3.To compare  the effect of 4 weeks of Both Side Utilized (BOSU) ball training 

along with conventional training versus conventional training on static and 

dynamic balance in Professional football players.  

 

6.2) Other Objectives 

1:- 

(if any)  

N.A. 

6.3) Other Objectives 

2:- 

(if any) 

N.A. 

07) Methodology :- 
 METHODOLOGY 

▪ STUDY DESIGN: Randomized controlled trial. 

▪ STUDY SETTINGS: football clubs. 

▪ STUDY POPULATION: Professional football players. 

▪ DURATION OF STUDY:18 MONTHS 

 

 

SAMPLE SIZE ESTIMATION 

As per as article23, The star excursion balance test as an outcome measure. 

In football players 

 In Group A=1.598 with SD 0.9956 

 In Goup B=2.81with SD 1.06 

By keeping α=5%  β=20% 

 By using formula n=4(Zα + Zβ)2SD2 

                  (Ẋ1 - Ẋ2)2 
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Zα- standard numerical variant at α level  

Zβ-standard numerical variant at β level 

SD2 SD of GROUP A football players Versus GROUP B football players 

X1 mean with standard deviation of group A football players 

X2  mean with standard deviation of Group B football players. Requiring sample 

size is 15 in each group. Total sample size is 30 

 

• SAMPLING TECHNIQUE: Convenient sampling 

 

  Method of selection of study subjects 

Inclusion Criteria 

• Gender : Male professional football players 

• Age group 18-25 years.  

• Players who have played for the clubs at least for a year.  

• Individuals  who are willing to participate. 

Exclusion Criteria 

• Any musculoskeletal injury. 

• Players who had not played for 3 months. 

SUBJECT WITHDRAWAL CRITERIA 

• Participants not willing to participate. 

• Those who will not continue four weeks program. 

 

VARIABLES 

• INDEPENDENT VARAIABLE-Age, BMI 

• DEPENDENT VARAIBLE-Stork standing test,Star excursion balance test 
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Operational Definitions 

1. STATIC BALANCE-Static balance is the ability to maintain postural 

stability and orientation with centre of mass over the base of support 

and body at rest24 ,25. 

2. DYAMIC BALANCE- Dynamic balance is the ability to maintain postural 

stability and orientation with centre of mass over the base of support 

while the body parts are in motion26. 

3. Star excursion balance test-The star excursion balance test is a dynamic 

test that required strength, flexibility, and Proprioception it is a measure 

of dynamic balance that provide significant challenge to athletes and 

physically active individuals27. 

4. Stork standing test- The stork standing test is used to measure static 

balance. This test  is used to assess kinesthetic awareness or the body 

ability to coordinate motion28. 

5. Both side utilized (BOSU BALL)-BOSU ball is a fitness training device it 

consist of inflated rubber hemisphere attached to a rigid platform29. 

6. Conventional training-It consist of exercises that incorporate an 

individual body part with single or multi joint movements. OR 

concentrate on proper form and technique before integrating 

compound movement into your body30. 

7. Professional football Players-A type of football players who is paid to 

play football professionally for a  specific club. 

 

METHOD OF MEASUREMENTS 

• STORK STANDING TEST 

 Static balance will be tested through stork standing test. In this test, 

participants will stand on barefoot alternately and positioned the non 

supporting foot over the medial part of the knee of the supporting leg with  

both hands will keep on his hips. 

After that, he will have to raise the heel of the supporting leg to balance on the 

ball of the foot.  
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Time will be measured in seconds using a stopwatch, which will be started 

when the participant raised his heel from the floor and stopped if the 

non-supporting foot lost contact with the knee or the heel of the supporting 

foot touched the floor or the supporting foot swiveled or moved (hopped) in 

any direction or hand(s) came off the hips32,33. 

 

 

STAR EXCURSION BALANCE TEST(SEBT) 

Dynamic balance will be assessed using the SEBT as described by Gribble and 

Hertel 34.SEBT testing grid consisted of 8 lines, each 120 cm in length extending 

from a common point at 45° angle increments, and will be created using 

standard white athletic tape placed on a firm, textured tile surface. The middle 

of the grid will be marked with a small dot that participants will be asked to 

center the stance foot over during testing. The grid will be marked at 1 cm 

increments from the center outward to facilitate scoring during testing. 

Estimates of intra-tester and inter-tester reliability for SEBT will high, with fair to 

good validity.35Studies have provided evidence that SEBT is sensitive for 

screening various  musculoskeletal injuries and variations in performance by 

sports. With the test complete and all performances measured and 

recorded,the test administrator can then calculate the athletes SEBT 

performance scores using the following simple equation. Average distance in 

each direction (cm)=reach1+reach2+reach 3.  

Relative (normalized) distance in each direction(%)=average distance in each 

direction/leg length *100. 
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Star excursion balance test 

 

 

 

 

 

Appropriate study instrument/data collection tool 

▪ Stop watch 

▪ Pen 

▪ Chair  

▪ Record sheet 

▪ Measuring tape 

▪ BOSU ball 

▪   Weighing machine 

▪ Plinth 

 

 

              BOSU BALL 
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 STOP WATCH 

 

         

 

MEASURING TAPE 

 

 

 

PEN AND PAPER 

 

 

WEINGHING MACHINE  
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Plinth 

 

 

METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVES 

Study will be performed over a period of 1 year in   foot ball clubs. Permission 

from the institutional head and ethical committee will be taken. Consent from 

the participant will be taken. Individuals of 18-25 years male  who fulfill the 

eligibility criteria will be included. Demographic data will be collected. The 

participants will be informed about the nature of the study. 

 

 

DATA MANAGEMENT AND ANALYSIS 

The data calculated will be entered in the excel sheet, the  backup of the data 

will be maintained. 

In any way the identity and information of the patient will not be disclosed. 

The data will be coded encrypted and analyzed in statistical software named EPI 

info version 7 software. 

The data will be utilized for further analysis. 

The mean SD and % will be calculated. 

 

DATA  ANALYSIS  PLAN  AND  METHODS 

The data would be collected from the professional football players in both the 

groups before and after exercise intervention. 

Data obtained will be entered in Microsoft Excel Sheet (2010) and would be 

analyzed for changes in pre and post exercise intervention. 

For the group (pre and post) paired T test or Wilcoxon test and for between the 

group (post) unpaired T test or 
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Mann Whitney U test which ever will be applicable will be used. 

P ≤O.O5 will be statistically significant. 

 

 

RANDOMIZED CONTROLLED TRIAL 
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General procedures 

  Permission will be taken from  institute ,Ethics committee and Board of 

research study(BORS)  

 Written consent will be taken  from the participants 

 

    

           Subjects fulfilling criteria would be included 

 

 

 

            Demographic data will be obtained  

 

 

 

Bilateral Stork Standing test will be taken for static balance and Star excursion 

balance test for dynamic balance for both the groups will be taken before and 

after the 4 weeks of intervention 

 

 

 

Participants  will be encouraged to perform the exercise program for 4 weeks. 

 

 

 

After 4 weeks Bilateral static and dynamic balance will be taken to check the 

improvement. 

 

   

 

 The data will be collected and analyzed statistically.  
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INTERVENTION 

Demographic data will be documented ( Height Weight, and Age) 

Static and Dynamic balance will be measured. 

Participants will be divided into 2 groups. 

 

For group A (Experimental group)  

      Warm up session for 10min before doing training on BOSU BALL that                  

includes: 

Shoulder rotation, arm rotation, waist rotation, side lunges, ankle 

rotation. calf stretch and march on BOSU BALL- 1 set of 20 repetition 

(hold the back of a chair for balance)  

 

 

• BOSU ball training along with conventional training: 

• Double limb stance of 1 min (3sets)  

• Single limb stance-1min-3 repetition. 

• Mini squats -10 repetition with 10 sec holds (3 set). 

• Anterior/posterior tilt-10 repetation-3 sets. 

• Medial/lateral tilt-10 repetation-3 sets. 

 

 

1.Double limb stance 

 Place the BOSU ball on the floor with inflated side up. 

Ask the participant to Slowly step on inflated side of BOSU ball, standing with 

your feet hip-width apart. 

Both the hand on your waist. 

And try to maintain balance with double limb stance. 

Participants will be asked to maintain the balance without any sway. 

Do 3 sets of 1 min. 
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2.Single limb stance  

Place the BOSU ball on the floor with inflated side up. 

Ask the participant to Slowly step on inflated side of BOSU ball  and try to 

maintain balance with double limb stance. 

Step on the centre of the ball with your right foot. 

Raise your left knee slightly upwards. 

Hold your balance for the desired amount of time and then switch feet. 

Do it for 1 min 3 sets. 

 

3. Mini squats 

Place the BOSU ball on the floor with inflated side up. 

Slowly step on BOSU ball , standing with your feet hip-width apart and try to 

maintain balance with double limb stance. 

Bend your knees and push your hips back as you lower down into a squat. 

Push through your heels to stand back up to the starting position. 

Do 3 sets of 10 repetition with 10 sec hold.  

 

 

 

4. Anterior Posterior tilt- 

Place the BOSU ball on the floor with inflated side up. 

Slowly step on BOSU ball , standing with your feet hip-width apart. 

And try to maintain balance with double limb stance. 

Place the both hands on the waist. 

Instruct the patient to weight shift on anterior posterior direction. 

10 repetation-3 sets 

 

5.medial lateral tilt 

Place the inflated side of the BOSU ball  on the floor. 

Slowly step on BOSU ball , standing with your feet apart wider the hip-width 

apart. And try to maintain balance with double limb stance. 

Place the both hands on the waist. 

Instruct the patient to weight shift on medial lateral direction. 

10 repetation-3 sets. 



C:\Users\convert\AppData\Local\Temp\1\task-293436974\613e51c2b9f74128ec739046467dea40.doc [Page : 25] 
   

Total training program will be of 20min In between each BOSU ball training 

session there will be rest of 1 min. 

 

Conventional training will be continued that is performed on their regular basis. 

 

1.Runing- ≥20min 

2.Warm up -10min(hamstring, Tendon Achilles stretching, neck, shoulder, ankle 

movements) 

Standing hamstring stretch 

Setup- Begin standing with your feet together shoulder width apart. 

Movement- exhale and bend towards lowering your hand towards the floor, 

bending your hips and keeping your knees slightly bent. You feel stretch at the 

back of your upper legs. Maintain the stretch for 30 sec. 5 sets. 

 

Tendon Achilles stretch 

1. Place your hands on the wall or chair. If using a wall ,put your hand at eye 

level. 

2. Step the leg you want to stretch behind your back. Keep your back heel on 

the floor and point your toes straight ahead. 

3. Bend your other knee towards the wall, keeping your back leg straight ahead. 

4. Lean forward the wall until you feel a gentle stretch in your calf for 30 sec, 5 

sets. Don’t lean so far that you feel pain. 

 

3. Drills-agility(According to strength)- 

1. Take three about 6 inches low hurdles –bricks ,cone and lay 2 to 3 feet 

apart from the other. Stand over the first obstacle . 

2. Quick step laterally (that is side to side) over the obstacles, feet never 

crossing. Rapidly for reverse direction. Go for 30 sec. 

 

 4. Balance training-Single limb stance, lateral single leg jumps, forward and 

backward double leg jumps, forward and backward single leg jumps.  
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Single limb stance 

1. Standing on the plane surface. 

2. Place both of your hand on waist. 

3. Lift one leg off the ground slowly; maintain your balance while standing on 

one leg for 30sec. 

4. Return to the starting position, switch the limb and repeat 5 times.   

 

Forward and backward double leg jumps 

1. Start in an athletic position (butt back, knees bent, chest forward) on one 

side of a tapeline. 

Perform quick hops on the ball of feet moving forward and backward over line. 

Keep up tall, Maintaining knees bent and in line with feet. Perform exercises as 

quick as able without losing proper techniques. 

 

 

Lateral single leg jumps 

1. Start in a standing position with your feet at hip width apart and make sure 

participants are moving on either side.  

2. Lift up your foot behind you so you are standing on your right leg only. 

3. Place your hands on your hips to help you feel if your hips are level. 

4. Then lift  on the toes on your standing leg and flex knee and ankle slightly so 

you can hop side to side on your standing leg for the required duration. 

5 then switch over to stand on your left leg and continue hopping side to side 

on that leg for the required duration. 

 

For group B (Control group) 

Conventional training will be continued that is performed on their regular basis. 

Conventional training includes 

1.Runing- ≥20min 

2.Warm up -10min(hamstring, Tendon Achilles stretching, neck, shoulder, ankle 

movements) 

Standing hamstring stretch 

Setup- Begin standing with your feet together shoulder width apart. 

Movement- exhale and bend towards lowering your hand towards the floor, 
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bending your hips and keeping your knees slightly bent. You feel stretch at the 

back of your upper legs. Maintain the stretch for 30 sec. 5 sets. 

 

Tendon Achilles stretch 

1. Place your hands on the wall or chair. If using a wall ,put your hand at eye 

level. 

2. Step the leg you want to stretch behind your back. Keep your back heel on 

the floor and point your toes straight ahead. 

3. Bend your other knee towards the wall, keeping your back leg straight ahead. 

4. Lean forward the wall until you feel a gentle stretch in your calf for 30 sec, 5 

sets. Don’t lean so far that you feel pain. 

 

3. Drills-agility(According to strength)- 

1.Take three about 6 inches low hurdles –bricks ,cone and lay 2 to 3 feet 

apart from the other. Stand over the first obstacle . 

2.Quick step laterally (that is side to side) over the obstacles, feet never 

crossing. Rapidly for reverse direction. Go for 30 sec. 

 

 4. Balance training-Single limb stance, lateral single leg jumps, forward and 

backward double leg jumps, forward and backward single leg jumps.  

 

 

• Single limb stance 

1. Standing on the plane surface. 

2. Place both of your hand on waist. 

3. Lift one leg off the ground slowly; maintain your balance while standing on 

one leg for 30sec. 

4. Return to the starting position, switch the limb and repeat 5 times.   

 

• Forward and backward double leg jumps 

1. Start in an athletic position (butt back, knees bent, chest forward) on one 

side of a tapeline. 

Perform quick hops on the ball of feet moving forward and backward over line. 

Keep up tall, Maintaining knees bent and in line with feet. Perform exercises as 
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quick as able without losing proper techniques. 

 

 

• Lateral single leg jumps 

1. Start in a standing position with your feet at hip width apart and make sure 

participants are moving on either side.  

2. Lift up your foot behind you so you are standing on your right leg only. 

3. Place your hands on your hips to help you feel if your hips are level. 

4. Then lift  on the toes on your standing leg and flex knee and ankle slightly so 

you can hop side to side on your standing leg for the required duration. 

5 then switch over to stand on your left leg and continue hopping side to side 

on that leg for the required duration. 

• After 4 weeks stork standing test and Star excursion balance test will be 

taken of both the groups and pre and post intervention values will be 

recorded. 

  

RESULT 

Results will be discussed in the final copy of dissertation. 
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JANUARY 

2020 

 

STARTED WORKING FOR THE SYNOPSIS 

FEBRUARY 2020  

INSTITUTIONAL ETHICAL CLEARENCE 

OBTAINED 

MARCH2020  

MUHS SUBMISSION 

APRIL 2020 TO 
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DATA COLLECTION 
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WRITING DISCUSSION AND CONCLUSION 
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Gantt Chart 

Sr 

no 

 Nov 

-19 

Dec 

-19 

Jan 

-20 

Feb 

-20 

Marc

h-20 

1 Topic search and Selection 

of title 

     

2 Finalization of topic      

3 Relevant literature search       

4 Framing of title      

5 Research question 

formulation  

     

6 Formulation of aim and 

objectives 

     

7 Research protocol      

8 Research designing       

9 Reviewing of literature       

10 Methodology formulation       

11 Study designing       

12 Study setting      

13 Sample size estimation      

14 Selection of study tools and 

instruments 

     

15 Method of data collection      

16 Data management and 

analysis 

     

17 Statistical tests      

18 Compilation of synopsis      

19 Incorporation of suggestion 

from IEC  

     

20 BORS approval      

21 Submission of synopsis to 

university  
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10) Annexures :- Annexure I (A)- Case Record Form 

Annexure I (B)– subject Information Sheet(ENGLISH) 

Annexure I (C) –subject Information Sheet (HINDI) 

Annexure I(D) - Information Sheet (MARATHI) 

Annexure II(A) –letter of consent(ENGLISH) 

Annexure II(A) –letter of consent(HINDI) 

Annexure II(A) –letter of consent(MARATHI) 

Annexure III(A)- Permission Letter A 

Annexure III(A)-permission letter B 

Annexure III(A)- permission letter c 

 

 

 

 

 

 

 

Annexure I(A) 

Case Record Form 

DATE: 

1. Name:  

2. Age: 

3. Gender: 

4. Mobile number: 

5. Height in centimeter: 

6. Weight in kilogram: 

 

 

 

 

 

SEBT 

For group A For Group B 

Pre 

interven

tion 

values 

before 4 

weeks 

Post 

interventio

n  

Values 

after 4 

weeks 

Pre 

intervention 

values 

before 4 

weeks 

Post 

intervent

ion 

Values 

after 4 

weeks 
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Right 
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Left 

leg 

 

Anterior 

        

Antero 

medial 

        

Medial         

Postero 

medial 

        

Posterior         

Posterolat

eral 

        

Lateral         

Anterolate

ral 

        

Anterome

dial 

        

Stork 

standing 
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Annexure I(B) 

 

INFORMATION SHEET 

1. Introduction: You are requested to participate in a research study. It is 

important that you read this description of the study and your role in it, 

including the nature and risks of participation. Please give your consent, so that 

you can participate in this study only if you have completely understood the 

nature and course of this study and if you are aware of your rights as a 

participant. 

2. Purpose: This study aims to find The effect of 4 weeks of Both Side Utilized 

(BOSU)  ball training along with conventional training versus conventional 

training on static and dynamic balance in Professional football players. This 

study will provide information about the whether the mentioned balance 

training is effective or not in improving balance. 

3. Procedure: 

1) The investigator will select the Professional football players within the age 

group of 18 to 25 years. 

2) The investigator will explain the experimental protocol to allay apprehension 

and answer all the queries of the participants. 

3) If player expresses interest but has some doubt in that case they would be 

solved immediately. 

4) If the players  are comfortable with the explanation then they will fill the 

informed consent according to standard operational procedure. 

5) Study procedure will begin after the patient concern. 

6) Detailed medical any other physical problem history will be obtained from 

the patient so as to be verify the inclusion and exclusion criteria. 

7) General information of the research subject: 

• Name : 

• Age: 

• Gender: 

Any history of fracture: 

    

You would be required to undergo the examination by physiotherapist 
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4. If you are uncomfortable during this period then kindly let us know so that 

we can help you and overcome your problem without any untoward effect. You 

will not be given any reimbursement and compensation. 

6. If at any movement you want to discontinue from this research study then 

you are free to do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the 

protocol will be explained to you before obtaining the letter of consent 

8. The data obtained from this study would be confidentially protected and 

maintained and the photographs will be used but your identity would not be 

revealed and if the photograph is published then permission would be 

obtained. 

9. All the risk of test procedure will be explained to you and accordingly the 

consent will be taken. 

10. If you are not satisfied at any moment then you can withdraw at any time 

without any consequences. 

Name of researcher: 

Phone number: 

Address: 

Name of guide: 

Phone number: 

Address: 

Name of Institution: 
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Annexure I(C)HINDI 

 

सूचना पत्र 

1. परिचय: आपसे अनुिोध है कि आप एि शोध अध्ययन में भाग लें। यह महत्वपूर्ण 

है कि आप अध्ययन िे इस ववविर् औि इसमें अपनी भूममिा िो पढें , जिसमें 

भागीदािी िी प्रिृति औि िोखिम शाममल हैं। िृपया अपनी सहमति दें, िाकि आप 

इस अध्ययन में िभी भाग ले सिें , िब आप इस अध्ययन िे स्वरूप औि पाठ्यक्रम 

िो पूिी ििह से समझ गए हों औि यदद आप एि प्रतिभागी िे रूप में अपने अधधिािों 

िे बािे में िानिे हों। 

2. उद्देश्य: इस अध्ययन िा उद्देश्य व्यावसातयि फुटबॉल खिलाड़ियों में जस्िि औि 

गतिशील संिुलन पि पािंपरिि प्रमशक्षर् बनाम पािंपरिि प्रमशक्षर् िे साि-साि 

साइड साइड यूदटलाइज्ड (बीओएसयू) बॉल प्रमशक्षर् िे 4 सप्िाह िे प्रभाव िो िोिना 

है। यह अध्ययन इस बािे में िानिािी प्रदान ििेगा कि उजललखिि शेष प्रमशक्षर् 

प्रभावी है या नहीं, संिुलन में सुधाि है। 

3. प्रकक्रया: 

1) िांचििाण 18 से 25 वषण िी आयु िे भीिि पेशेवि फुटबॉल खिलाड़ियों िा चयन 

ििेगा। 

2) अन्वेषि सभी िो आशंिा िे मलए प्रयोगात्मि प्रोटोिॉल िी व्याख्या ििेगा 

औि प्रतिभाधगयों िे सभी प्रश्नों िा उत्ति दें। 

3) यदद खिला़िी रुधच व्यक्ि िििा है, लेकिन उस मामले में िुछ संदेह है, िो वे होंगे 

िुिंि हल किया गया। 

4) यदद खिला़िी स्पष्टीििर् िे साि सहि हैं िो वे भि देंगे 

मानि संचालन प्रकक्रया िे अनुसाि सूधचि सहमति। 

5) मिीि िी धचिंा िे बाद अध्ययन प्रकक्रया शुरू होगी। 

6) ववस्ििृ धचकित्सा किसी भी अन्य शािीरिि समस्या इतिहास िोगी से प्राप्ि िी 
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िाएगी िाकि समावेश औि बदहष्ििर् मानदंडों िो सत्यावपि किया िा सिे। 

7) शोध ववषय िी सामान्य िानिािी: 

• नाम: 

• आयु 

• मलगं: 

फै्रक्चि िा िोई इतिहास: 

    

आपिो कफजियोिेिेवपस्ट द्वािा पिीक्षा से गुििना होगा 

4. यदद आप इस अवधध िे दौिान असहि हैं, िो िृपया हमें बिाएं िाकि हम आपिी 

मदद िि सिें  औि बबना किसी अवप्रय प्रभाव िे आपिी समस्या िो दिू िि सिें । 

आपिो िोई प्रतिपूति ण औि मुआविा नहीं ददया िाएगा। 

6. यदद किसी भी आंदोलन में आप इस शोध अध्ययन से हटना चाहिे हैं िो आप 

ऐसा ििने िे मलए स्विंत्र हैं औि हमािी ििफ स ेिोई बाधा नहीं होगी। 

7. प्रोटोिॉल िे िोखिम, असुववधा, फायदे औि नुिसान िा ववविर् सहमति पत्र प्राप्ि 

ििने से पहले आपिो समझाया िाएगा 

8. इस अध्ययन से प्राप्ि आंि़िों िो गोपनीय रूप से संिक्षक्षि औि बनाए ििा िाएगा 

औि िस्वीिों िा उपयोग किया िाएगा लेकिन आपिी पहचान उिागि नहीं िी िाएगी 

औि यदद िस्वीि प्रिामशि होिी है िो अनुमति प्राप्ि िी िाएगी। 

9. पिीक्षर् प्रकक्रया िे सभी िोखिम आपिो समझाए िाएंगे औि िदनुसाि सहमति 

ली िाएगी। 

10. यदद आप किसी भी क्षर् संिुष्ट नहीं हैं िो आप बबना किसी परिर्ाम िे किसी 

भी समय वापस ले सििे हैं। 

शोधििाण िा नाम: 

फोन नंबि: 

पिा: 
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गाइड िा नाम: 

फोन नंबि: 

पिा: 

संस्िा िा नाम: 

 

 

Annexure I(D)MARATHI 

मदहति पत्रि 

१. परिचय: आपर्ास संशोधन अभ्यासामध्ये सहभागी होण्याची ववनंिी आहे. आपर् 

अभ्यासाचे वर्णन आखर् त्याि असलेलया सहभागाचे स्वरूप आखर् िोिीम यासह 

आपली भूममिा वाचरे् महत्वाचे आहे. िृपया आपली संमिी द्या, िेरे्िरून आपर् 

या अभ्यासाचे स्वरूप आखर् त्याचा अभ्यासक्रम पूर्णपरे् समिला असेल आखर् 

सहभागी म्हरू्न आपलया हक्िांबद्दल आपलयाला मादहिी असेल ििच आपर् या 

अभ्यासाि भाग घेऊ शििा. 

२. उद्देश: या फुटबॉलपटंूमध्ये जस्िि आखर् डायनॅममि मशललि ववषयी पािंपारिि 

प्रमशक्षर् ववरुद्ध पािंपारिि प्रमशक्षर् आखर् दोन्ही बािंूच्या उपयोधगि (बीओएसयू) 

बॉल टे्रतनगंच्या weeks आठवडयांचा परिर्ाम शोधर्े हे या अभ्यासाचे उद्दीष्ट आहे. 

हा अभ्यास नमूद मशललि प्रमशक्षर् मशललि सुधािण्यासाठी प्रभावी आहे िी नाही 

याबद्दल मादहिी प्रदान ििेल. 

3. प्रकक्रयााः 

1) अन्वेषि 18 िे 25 वष ेवयोगटािील व्यावसातयि फुटबॉल िेळाडूचंी तनवड ििेल. 

2) अन्वेषर् दिू ििण्यासाठी प्रायोधगि प्रोटोिॉलचा अन्वेषि अन्वेषर् ििेल 

आखर् सहभागींच्या सवण प्रश्नांची उत्तिे द्या. 

3) िि िेळाडूने व्याि व्यक्ि िेले पिंिु त्या बाबिीि त्याबद्दल िाही शंिा असेल 

िि िे असिील 

त्वरिि तनिाििर् 
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4) िेळाडू स्पष्टीििर् देऊन आिामदायि असिील िि िे भििील 

प्रमाखर्ि ऑपिेशनल प्रकक्रयेनुसाि मादहिीची संमिी. 

5) रुगर्ांच्या धचिंेनंिि अभ्यासाची प्रकक्रया सुरू होईल. 

6) अंिभूणि आखर् वगळण्याच्या तनिषांची पडिाळर्ी ििण्यासाठी रुगर्ािडून इिि 

िोर्त्याही शािीरिि समस्येचा िपशीलवाि वैद्यिीय वैद्यिीय अभ्यास िेला िाईल. 

7) संशोधन ववषयाची सामान्य मादहिीाः 

• नाव: 

• वय: 

 मलगं: 

फॅ्रक्चिचा िोर्िाही इतिहास: 

    

आपलयाला कफजिओिेिवपस्टद्वािे पिीक्षा घेर्े आवश्यि आहे. या िालावधीि 

आपर्ास अस्वस्ि वाटि असलयास िृपया दयापूवणि आम्हाला िळवा िेरे्िरून 

आम्ही िोर्िीही अवप्रय परिर्ाम न िििा आपली मदि िरू आखर् आपलया 

समस्येवि वविय ममळवू शिू. आपर्ास िोर्िेही नुिसान भिपाई आखर् निुसान 

भिपाई ददली िार्ाि नाही. िि िोर्त्याही चळवळीवि िुम्हाला या संशोधन 

अभ्यासापासून दिू ठेवायचे असेल िि िुम्ही िसे ििण्यास मोिळे आहाि आखर् 

आमच्या बािूने िोर्िाही अडिळा येर्ाि नाही. प्रोटोिॉलचे िोिीम, अस्वस्ििा, 

त्याचे फायदे आखर् िोटे यांचे िपशील आपलयाला समंिीपत्र प्राप्ि ििण्यापूवी स्पष्ट 

िेले िाईल. 

8) या अभ्यासामधून ममळालेला डेटा गुप्िपरे् संिक्षक्षि िेला िाईल आखर् छायाधचते्र 

वापिली िािील पिंिु आपली ओळि उघडिीस येर्ाि नाही आखर् िि छायाधचत्र 

प्रिामशि झाले िि पिवानगी घेिली िाईल. 

9). चाचर्ी प्रकक्रयेचा सवण धोिा आपलयाला समिावून सांधगिला िाईल आखर् 

त्यानुसाि संमिी घेिली िाईल. 
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10). आपर् िोर्त्याही क्षर्ी समाधानी नसलयास आपर् िोर्त्याही परिर्ामामशवाय 

िधीही माघाि घेऊ शििा. 

संशोधिाचे नाव: 

फोन नंबि: 

पत्ता: 

मागणदशणिाचे नाव: 

फोन नंबि: 

पत्ता: 

संस्िेचे नाव: 

 

Annexure II (A) 

LETTER OF CONSENT 

 

I___________________ am willing to participate voluntarily as a 

participant for the dissertation “The Effect of 4 weeks of Both side utilized 

(BOSU) ball training along with conventional training versus conventional 

training on static and dynamic balance in professional football players :A 

Randomized Controlled Trial” conducted by____________.  

I have been informed regarding the nature of study and the duration of 

work. I have no objection to undertake the required procedure and to undergo 

various testing procedures pertaining to the study.  

The researcher has already assured me, that I would be treated well 

without any untoward effects and the rights of confidentiality protected.  

 

 

 

                                                                                           

Signature of the Participant/ 

                                                                                

Thumb Impression of participant                    
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Annexure II (A)HINDI 

 

सहमति - पत्र 

 

I___________________ शोध प्रबंध िे मलए एि प्रतिभागी िे रूप में स्वेच्छा से भाग 

लेने िे मलए िैयाि है "दोनों पक्ष िे उपयोग िे 4 सप्िाह िा प्रभाव (बोसु) गेंद प्रमशक्षर् 

पािंपरिि फुटबॉल बनाम पािंपरिि प्रमशक्षर् िे साि-साि पेशेवि फुटबॉल खिलाड़ियों 

में स्िैतिि औि गतिशील संिुलन पि प्रमशक्षर्: एि यादृजच्छि तनयंबत्रि पिीक्षर्" 

द्वािा____________। 

मुझे अध्ययन िी प्रिृति औि िाम िी अवधध िे बािे में सूधचि किया गया है। मुझे 

आवश्यि प्रकक्रया शुरू ििने औि अध्ययन स ेसंबंधधि ववमभन्न पिीक्षर् प्रकक्रयाओ ं

से गुििने में िोई आपवत्त नहीं है। 

शोधििाण ने मुझे पहले ही आश्वासन ददया है, कि बबना किसी अवप्रय प्रभाव िे मेिे 

साि अच्छा व्यवहाि किया िाएगा औि गोपनीयिा िे अधधिािों िी िक्षा िी िाएगी। 

 

 

 

                                                                                           प्रतिभागी िा हस्िाक्षि / 

                                                                                प्रतिभागी िा अंगूठा छाप 

 

 

 

 

 

 

 



C:\Users\convert\AppData\Local\Temp\1\task-293436974\613e51c2b9f74128ec739046467dea40.doc [Page : 45] 
   

 

 

Annexure II(A) MARATHI 

संमेलनाचे पत्र 

 

आयसीएआिएलआय_ प्रबधं प्रबंध प्रबंधासाठी स्वेच्छेने सहभागी होण्यासाठी ियाि आहे 

“व्यावसातयि फुटबॉल िेळाडूमंध्ये जस्िि व डायनॅममि बॅलन्सवि पािंपारिि प्रमशक्षर् 

ववरुद्ध पािंपारिि प्रमशक्षर् व दोन्ही बािंूच्या 4 आठवडयांचा प्रभाव - एि िँडमाइज्ड 

िंट्रोलड ट्रायल” आयोजिि ििण्याि आले. द्वािे ____________. 

अभ्यासाचे स्वरूप आखर् िामाच्या िालावधीबद्दल मला मादहिी देण्याि आली आहे. 

मला आवश्यि प्रकक्रया ििण्याची आखर् अभ्यासाशी संबंधधि ववववध चाचर्ी प्रकक्रया 

पाि पाडण्यास हििि नाही. 

संशोधिाने मला आधीच आश्वासन ददले आहे िी माझे िोर्िेही अनुधचि परिर्ाम 

आखर् गोपनीयिेचे हक्ि संिक्षक्षि न ठेविा माझ्याशी चांगले वागले िाईल. 

 

 

 

                                                                                           सहभागीची सही / 

                                                                                सहभागीचा अंगठा प्रभाव 
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Annexure III 

PERMISSION LETTER A 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, 

would request you to grant me permission to carry out my research work in 

football club.  

      My research topic is  : The Effect of 4 weeks of both side utilized 

(BOSU) ball training along with conventional training versus conventional 

training on static and dynamic balance in Professional football Players -A 

Randomized Controlled Trial 

      I promise that the ethics as well as participants care shall be duly 

complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure III 

PERMISSION LETTER B 

 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I,  Miss_____________ , student of Master of Physiotherapy, would 

request you to grant me permission to carry out my research work.  

      My research topic is, The Effect of 4 weeks of Both side utilized (BOSU) 

ball training along with conventional training versus conventional training on 

static and dynamic balance in professional football players :A Randomized 

Controlled Trial. 

      I promise that the ethics as well as participants care shall be duly 

complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure III 

PERMISSION LETTER(C) 

 

 

 

 

To, 

The Head of sports club , 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr / Miss________ Student of master of physiotherapy, would 

request you to grant me permission to carry out my research work in your 

esteemed work place. My research topic is The Effect of 4 weeks of Both side 

utilized (BOSU) ball training along with conventional training versus 

conventional training on static and dynamic balance in professional football 

players :A Randomized Controlled Trial. 

 

      For this purpose, I have to take participants from your club who are aged 

between18-25years for further procedure. I kindly request you to do the 

needful in this regard. Thanking you in anticipation. 

Yours sincerely, 

Research student 
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INTRODUCTION 

Stroke is a leading cause of disability worldwide, which is defined as ‘rapidly developing 

clinical signs of focal (at times global) disturbance of cerebral function, lasting more than  24 

hours or leading to death with no apparent cause other than that of vascular origin.1,2 There is 

a  brain tissue damage due to ruptured blood vessels or blood clots that     may block oxygen and 

nutrient supply, resulting in symptoms such as facial muscle weakness ,trunk weakness, one-

sided extremity muscle weakness, gait difficulty, dizziness, loss of balance and/or postural 

control.3  In India the estimated prevalence rate of stroke is 84-262/ 100,000 in rural and 334-

424/ 100,000 in urban areas4 and the incidence rate is 119-145/100,000 based on the recent 

population based studies.4 An Indian study has shown that about 10% to 15% of stroke occur 

in people below the age of 40 years.5 Suzanne Barker Collo and colleagues in a study stated 

that the highest incidence of stroke occurred in east Asia than other countries 6 and  men 

have a higher incidence of stroke than women.7 

 

Stroke can be classified on the basis of interruption of the blood flow  to the brain as ischemic 

stroke(due to blood clot) and hemorrhagic (due to rupture of blood vessels) stroke and as 

acute, sub-acute, chronic stroke manifestations on the basis of duration post stroke: acute 

(lasting up to 2 weeks), sub-acute (lasting up to 6 months), and chronic(>6 months).8,9 There 

are few modifiable( which can be controlled) and non modifiable(which cannot be controlled) 

risk factors for stroke .10 

 

Postural control (balance) is the ability to maintain the body in equilibrium and the ability to 
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maintain the centre of mass within base  of support.8,11 There are two types of balance, in 

static balance the base of support and ground remain stationary, that is the ability to maintain 

a posture such as balancing in standing or sitting position.11 In dynamic balance, the centre 

of mass and base of support shifts, that is the ability to maintain postural control during 

movements.11 In stroke there is an asymmetrical posture with muscle weakness and decline 

in the awareness of physical balance required to maintain orientation of the trunk.12 Stroke, 

generally leads to greater postural instability as there is more reliance on visual input and an 

impairment of anticipatory postural adjustments and postural reactions after external 

perturbations.2 It is a result of neurological damage to the sensory and motor processes of the 

postural control system which causes shift of balance to the unaffected side and it is found 

that there is an increased body sway of the centre of pressure (COP) and decrease in the 

limits of stability.2,12 

 

In chronic stroke, learned nonuse of affected side and preferred use of unaffected extremities 

for extended periods of time, leads to secondary muscle weakness on the affected side 

relative to the unaffected side which results in body asymmetry and impaired balance i.e 

reduced lower extremity motor skills leading to impaired gait and balance, causes increase in 

risk of fall.1,3 Postural control deficits following stroke leads to impairment in balance (both 

static and dynamic), walking parameters and abilities which may also interfere with 

functional independence.12There is loss of proprioceptive afferents which may affect the 

voluntary control of muscle, disrupts postural reflexes and  impairs spatial as well as 

temporal components of volitional movement.
13  

 

There are several outcome measures available for assessment of standing balance in stroke: 

Berg Balance scale(BBS),Fugl-Meyer assessment, Timed Up and Go Test(TUGT), Single 



7 
 

leg stance Test(SLST) etc.8 Single leg stance test(SLST) establishes high reliability and 

validity with intraclass correlation coefficient to be 0.88.14,15,16 Outcome measures for gait 

are as follows: Dynamic gait index (DGI), 10m walk test, GAITRite walkway system etc.8 

The 10m walk test establishes high reliability and validity in stroke, with intraclass 

correlation coefficient to be 0.99.12,15,17,18, 19,20 

 

 Spatiotemporal gait asymmetry is related with impaired balance control, muscle weakness 

and reduced gait speed.21 Postural instability in stroke patients restricts activity of daily living 

due to fear of fall  which  may affect quality of life and reduce the confidence of patient 

returning to their normal day to day life.22 Postural  control(balance) is necessary for walking 

and mobility after stroke, hence it is important to give training for weight-bearing on the 

affected side.23As postural control is crucial for independence in  walking and daily life 

activities in stroke patients, improvement of stable standing position and betterment of 

postural   control is an important step in the rehabilitation.23As per previous study it is much 

more important to correct, standing balance than strength training of lower extremity muscles 

to improve daily life activities and walking capacity.23  

Typical gait features of stroke patients include asymmetrical gait patterns like cadence and 

step width decreases, the support time of the paralyzed lower limb increases, resulting in 

slower gait speed.20 Cerebral hemispheres damaged by stroke have problems in maintaining 

proper muscle tension, controlling posture and selective movement due to impairment of 

motor and sensory pathways and high-level integrated functions, gait disability affects day to 

day activities  which also includes lack of social participation hence harmony between many 

body parts is required to minimize energy consumption and move the  body weight and centre 

of  mass of body effectively.20.In the standing position, weight bearing increases on the 

unaffected side and the centre of pressure (COP) is also  shifted onto the unaffected side. 
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Balance exercise in relation to weight bearing on the affected lower extremity is  important in 

rehabilitation.24,25Symmetric weight bearing  may be practiced by muscle strengthening 

exercises through sit-to-stand exercises  weight shifts  training by using visual feedback , and 

single-leg exercises on the affected side.24 

 

In order to evaluate the amount of weight borne on the affected                    extremity, force platform is 

used which consists of two force plates that determines weight borne by each foot through 

a computer, there is a monitor for visualization of the centre of force or centre of pressure , 

and a software that provides training protocols and data analysis capabilities ,some of the 

systems provide visual and well as auditory feedback.26 

 

Biofeedback can be provided in the form of visual (virtual reality, looking at a mirror or 

screen), auditory (speech or sounds), or haptic feedback( tactile information).27 Auditory 

feedback is used in stroke patients to improve balance  and gait speed.27,28 A study done in 

2015 in chronic stroke patients  investigated the effect of  auditory feedback  during gait 

training on balance and weight bearing and found significant improvements in the duration of 

the stance phase and single limb stance phase of the paretic side.27Another study investigated 

the effects of real-time auditory stimulation feedback(RAF)  treadmill training on balance and 

gait in chronic stroke patients and found  significant improvement in balance and parameters 

of gait compared to the treadmill training group without RAF .28
 Visual feedback system in 

rehabilitation is helpful to optimize control of standing as well as sitting posture which also 

helps to perform weight shifts of entire body or the trunk which is based on principles of 

motor learning.29  Chronic stroke survivors who received rehabilitation treatments based on 

visual feedback of their weight distribution on both foot or about their centre of pressure or 

centre   of mass position, regained better standing symmetry than those who received 
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conventional physical therapy for four weeks of treatment duration.29 A study 

conducted(1997) in subacute  stroke patients demonstrated that improved stance symmetry 

was also associated with an increased ability to perform functional tasks.30 Another study 

done in 2009 examined the role of force platform in subacute stroke patients with visual 

feedback technique on balance and gait speed and found improvement in balance and 

functional ability after the treatment session.19  A  previous  study done in 2015 investigated 

the effect of visual feedback training for four weeks on standing balance in chronic  stroke 

patients by using balance platform and significant improvement was found  in balance 

compared to the mirror therapy group .31   

 

A recent study conducted in 2020 investigated the effect of visual feedback training versus 

conventional therapy on dynamic sitting balance in chronic  stroke patients , found that  VFT 

training  showed  significant improvement in dynamic sitting balance than the conventional 

therapy group.32There is very limited literature on visual feedback training in chronic stroke 

patients using . Hence there is   a need to study the effect of visual feedback training with 

single leg stance exercises on standing balance, gait speed and centre of pressure in chronic 

stroke patients of age 35-65Years. 

 

 

 

 

 

 

 

 

 



10 
 

 

 

 

Rationale of the study 

 

In chronic stroke patients, there is impaired balance as weight bearing increases onto the 

unaffected side  , the centre of pressure is shifted  away from the midline, and gait speed 

is reduced.3,21 According to literature visual feedback training is found to improve 

asymmetric standing balance of  stroke patients effectively facilitating their postural 

control.33 Due to scarcity of literature available to improve standing balance, gait speed and 

centre of pressure by using visual feedback training with single leg stance exercises in 

chronic stroke patients there is need for visual feedback intervention for 4 weeks using 

single leg stance exercises to improve standing balance, gait speed and centre of pressure in 

chronic stroke patients of age 35-65 years. 
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                                           RESEARCH QUESTION 

 

 

 

Is there any effect of visual feedback training for 4 weeks with single leg stance exercises on 

standing balance, gait speed and centre of pressure in chronic stroke patients of age 35-65 

years? 
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                                               HYPOTHESIS 

 

Null Hypothesis: 

There is no significant effect of Visual Feedback Training for 4 weeks with single leg stance 

exercises On Standing Balance ,Gait Speed and Centre of pressure In Chronic Stroke Patients 

Of Age 35-65 Years. 

  

Alternate Hypothesis: 

There is significant effect of Visual Feedback Training for 4 weeks with single leg stance 

exercises On Standing Balance, Gait Speed and Centre of pressure In Chronic Stroke Patients 

Of Age 35-65 Years. 
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                                            REVIEW OF LITERATURE 

 

1. Yoo Jin Choo  & Min Cheol Chang conducted a  in 2021 a systematic review and 

meta‑analysis to investigate the effectiveness of an ankle–foot orthosis on walking in 

patients with stroke. Then inclusion criteria is as follows, clinical trials involving 

patients with stroke, studies comparing the results of evaluations in patients with and 

without AFO use, studies with passive AFO, studies with an experimental design in 

which outcomes were measured with all participants in the study with or without an 

AFO, prospective studies and studies with full text. Studies involving an AFO with an 

electrical stimulation function or powered AFO, such as robotic devices, and studies 

with insufficient results or no data were excluded.19 studies were included with 434 

participants. p<0.05 was considered as stastically significant. A meta-analysis was 

performed only when two or more studies could be compared for each survey item. In 

cases in which two or more orthosis were used all data on each orthosis used were 

included in the analysis. It was found that after wearing an AFO, the participants in 

the respective studies showed improvements in walking speed, cadence, step length, 

stride length, TUG test, and FAC score. Furthermore, the ankle sagittal plane angle at 

initial contact and knee sagittal plane angle at toe-off also increased.34 

2. Abhijeet  Deshmukh and Dolly dixit conducted a study in 2020to investigate the effect 

of visual feedback training vs conventional therapy on sitting balance and upper limb 

reaching ability in patients with stroke: a randomized controlled trial.40 participants 

of stroke were included in the study with age group of 25-65 years with inclusion 

criteria as follows: Participant diagnosed with first episode of stroke with 

hemiplegia/hemiparesis, individuals willing to participate, able to understand and 
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follow simple instructions in the study. (MMSE>24),age (25-65 years) both male and 

female , subjects diagnosed with first episode of stroke with hemiplegia , sub-acute or 

chronic stroke (> 3 months) , subjects able to sit independently for 20 minutes, 

subjects with trunk impairment score >7.The exclusion criteria  for where as follows 

any history of second episode of stroke, cognitive dysfunction and communication 

disorder , other neurological disorder and perceptual disorder, orthopedic problem that 

would interfere with the ability to perform seated reaching activity. Participant who 

cannot tolerate the treatment sessions or who are not completing the four weeks 

sessions were withdrawn from the study. Participant were randomly allocated in 2 

groups, Groups group A-experimental group, group-B control group. Individuals  who 

participated in visual feedback training program, had the machine kept on the wooden 

table in front of the subjects at the xiphi-sternum level and upper limb reach task was 

done with unsupported sitting and height adjustable stool for 20 minutes with 2min of 

rest,5times per week for 4 weeks. Conventional therapy protocol was strengthening, 

stretching, coordination exercises (upper limb and lower limb), postural training, 

lower limb exercises, gait training and lower limb weight bearing exercises, mirror 

therapy for symmetrical weight bearing..The outcome measures used were modified 

functional reach test, trunk impairment scale, foot pressure. Pre and post data was 

collected .After 4 weeks data showed statistical significant results (p<0.05). Thus VFT 

with the help of (NEUROBICS ARM REACH TASK EXERCISER)is an effective 

tool for improving dynamic sitting balance, weight loading response on paretic side as 

well as improves the trunk control in 4 weeks of intervention in patients with stroke of 

age 25-65 years.32 

3. Dae-Jung Ynag and Yo-Han Uhm in 2019 conducted a study to investigate the effects 

of various types of bridge exercise on the walking ability of stroke patients.30 
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participants were included in the study with inclusion criteria as follows diagnosed 

with stroke for 3months to 1 year and, had no history of relapse, could walk 10 m 

independently with or without a brace, those who scored over 24 points in the Korean 

Mini-Mental State Exam (K-MMSE) and could follow and understand the oral in-

structions of the examiner, could communicate, had no problems with visual field 

defects, belong to the normal category in the motor free visual perception test, do not 

have other internal or surgical medical conditions, and wish to participate in this study 

voluntarily were selected. They were classified into three groups-bridge exercise on a 

stable support surface (Group I), bridge exercise on an unstable support surface 

(Group II), and bridge exercise combined with whole body vibration (Group III). 10 

subjects were randomly assigned into each group. Group I carried out bridge exercise 

using an exercise therapy mat, and Group II carried out bridge exercise using a 

dynamic air cushion ,Group III performed bridge exercise using a whole body vibrator 

along with  neurological physical therapy, which  included walking training and muscle 

strength training .The intervention was conducted for eight weeks, five times per 

week, and 30 minutes per day. The outcome measures were gait analysis equipment 

(Lukotronic),10 m walking test and The figure of 8 test. There was statistically 

significant difference (p < 0.05) between the groups and the change of all the outcome 

measures was largest in Group III than Group I and II. Thus this study proved that 

various bridge exercise interventions have positive effects on walking ability in stroke 

patients. Further study is needed as there are few limitations in study  such as the 

subject’s daily life was not controlled, which may have affected the results of the 

experiment and  that, in selecting subjects, they were limited to a specific region.20 

   

4. A study was conducted by Deepesh Kumar et al in 2019 to examine the effect of 

Virtual reality(VR)‑based balance training system augmented with operant 
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conditioning paradigm on weight shifting capability of  .Twenty-nine hemiplegic 

participants {left hemiplegic group (n=7) as well as right hemiplegic group (n = 22) 

with average age between 26 -65yrs with 3 females and 26 males } were exposed to 

V2BaT(2 Wii Balance board{WiiBB} used therefore V2BaT) system for a single 

session of balance training. The V2BaT system used two WiiBBs, one for each leg, to 

measure Centre of pressure (CoP) displacement for each leg. The weighted sum of 

CoP for left and right legs was used to maneuver the virtual object (VRObj) in the VR 

environments. The operant conditioning paradigm was employed during the normal 

trial (NT) of VR-based balance tasks, where weightage of COP due to the individual 

leg was conditioned toward overall COP displacement. In each difficulty level of 

normal trial, the weightage of the COP due to each leg was decided based on the 

participant’s residual ability to displace his/her overall COP from the baseline 

position in the anterior direction . The effect of operant conditioning that was applied 

during the normal trial was captured in the catch trial (CT), where both the legs 

(affected and unaffected) were given equal weightage towards overall COP 

displacement. The V2BaT system provided balance tasks of different difficulty levels 

that were based on participants residual balance ability and their performance in the 

VR-based balance tasks. The V2BaT system with operant conditioning could motivate 

the post-stroke hemiplegic participants to increase the contribution of their affected 

side during the weight-shifting task. This was evident from the overall significant 

improvement in %Pf_Score(Performance score evaluation module) from the CTFirst 

to CTBFinal trials that used equal weight distribution for each leg while participants 

maneuvered the virtual object. Therefore, the operant    conditioning received by the 

participants during normal trials (before every intermediate catch trial) might have 

helped them, to improve their weight-shifting ability. When analysis were compared 
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between the CoP displacement due to each leg before and after operant conditioning, 

results indicated statistically significant enhancement in the CoP displacement from 

CTFirst to CTBFinal for the affected leg. Moreover, the results indicated significant 

enhancement in CoP displacement from CT First to CTBFinal for the unaffected leg as 

well .The study had some limitations such as the variability in the duration of the post-

stroke period and the laterality of hemiplegia among the participants based on the 

availability. So further research is required.1 

5. A study conducted in 2019 by Philip .B. Gorelick in The global burden of stroke: 

persistent and disabling , stated that the estimated global lifetime risk of stroke in 

2016 in people aged > 25 years was 24·9%, an increase from 22·8% in 1990.It 

included that there is an almost equal risk of stroke among women and men, and 

18·3% risk of ischemic stroke and 8·2% risk of haemorrhagic stroke and    the 

lifetime risk varies by socio-demographic Index (SDI; 23·5% for high SDI, 31·1% 

for high-middle SDI, and 13·2% for low SDI countries); the low risk in the low SDI 

group is attributed to the high numbers of competing causes of mortality. It was 

concluded that, by 2030, almost 4% of US adults will have had a stroke, accounting for 

total direct annual stroke. Stroke remains the second leading cause of death 

worldwide, with 5·5 million deaths attributed to this cause in 2016. Fewer women 

than men died from stroke. Deaths due to ischemic stroke were slightly less frequent 

than those due to hemorrhagic stroke. The highest incidence of stroke occurred in east 

Asia and women and men had similar age-specific incidences at ages up to 55 years, 

but the rates were greater in men at 55–75 years, leveling out at ages older than 75 

years. There are various risk factors for stroke namely high systolic blood pressure, 

body-mass index, fasting plasma glucose, total cholesterol and low glomerular 

filtration rate which accounted for 72% of stroke and behavioral factors such as 
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smoking, poor diet, and physical inactivity  accounted for 66%, and environmental 

risks such as air pollution and lead exposure accounted for about 28% of stroke. 

Population growth and ageing have the potential to result in a greater pool of people at 

risk of stroke and people who will have a stroke, despite the current declining stroke 

incidence. Thus prevention of stroke in people of age >75 years should be an 

important target to relieve future global burden of stroke. Also there is a need to 

continue to support efforts and to prevent stroke by risk factor modification, make 

stroke prevention available in low-income areas of the world where stroke incidence 

might be high, and should find stroke prevention and rehabilitation strategies and 

there should be promotion of a healthy environment, which should also be 

considered.6 

6.  Rustem Mustafaoglu et al conducted a pilot, single blind, randomized control trial 

in 2018 to investigate the effects of body weight-supported treadmill training on 

static and dynamic balance in stroke patients .A total of 45 post-stroke patients (32 

males, 13 females) were randomly assigned to combined training group (CombTG), 

conventional training group (CTG), and Body Weight-Supported Treadmill Training 

group(BWSTTG). The CombTG received 45 min conventional therapy for five days a 

week along with 45 min of BWSTT twice a week with inclusion criteria as follows:    

stroke onset at least three months before the study, age group between 18-75 years 

old, to be able to walk 10 m independently or under supervision, and to be able to 

understand all instructions during treatment sessions. Exclusion criteria were as 

follows: a previous stroke, musculoskeletal disorders causing contracture or limited 

range of motion in their lower extremities affecting walking, and severe heart disease 

or medically uncontrolled hypertension. The CTG program focused on trunk 

stabilization, weight transfer to the affected leg, and walking between parallel bars or 
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on the ground. Treatment activities were designed to improve balance, while 

encouraging the participant to use his or her more affected lower limb. The training 

was also complicated by adding arm activities and reaching activities while walking 

forward, backward and side to side. The BWSTTG incorporated The Lokomat system 

with an integrated treadmill and a motor driven body weight support system with real-

time feedback control for precise body weight unloading. The CTG received only 

conventional therapy for five days a week. The BWSTTG received only BWSTT 

twice a week. Training duration was six weeks for all groups. Primary outcome 

measures were the Berg Balance Scale (BBS), affected and non-affected side Single 

Leg Stance Test, and Timed Up and Go Test (TUG) results. Secondary outcomes 

were the Falls Efficacy Scale-International (FES-I), Rivermead Mobility Index 

(RMI), Comfortable 10-m Walk Test (CWT), and Stair Climbing Test (SCT). The 

velocity of treadmill was adjusted from 1.2-2.6 km/h and was set to the maximum 

speed tolerated by the patient during sessions. The mean changes in primary outcome 

measures were statistically significant (p<0.05) among the groups. In subgroup 

analysis, all primary outcome measures improved significantly and were in favor of 

CombTG. The results showed that CT, BWSTT, and CombTG increased balance and 

mobility and reduced fear of falling in post-stroke patients. Additionally, the CombTG 

experienced more improved balance and mobility performances than the CTG and 

BWSTTG. However, further studies are required to evaluate the long-term effects of 

BWSTT on balance and mobility function of patients with stroke.15 

7.  Hugues A et al conducted a study protocol for systematic review and meta-analysis in 

2017 to assess the efficiency of physical therapy on postural imbalance after stroke. 

The inclusion criteria  was all randomized control trials, trials which included human 

adult patients after a first or recurrent stroke and all trials assessing physical therapy. 
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The exclusion criteria were trials without control group or those with quasi-random 

allocation and cases of transient ischemic accidents. The outcome measures used were 

Berg balance scale(BBS), Postural Assessment Scale for Stroke (PASS),the ‘weight-

bearing asymmetry’ (WBA), the ‘centre of pressure’ (COP) and the ‘limit of stability’ 

(LOS). WBA, COP and LOS were measured by a (sitting or standing) static 

evaluation on force plate or another device. Barthel index, the Functional 

Independence Measure (FIM), the scale for instrumental activities of daily living 

(IADL) and the scale for ADLS. Data collection and analysis was dependent on 

agreement of authors. Thus guide line for rehabilitation     of     postural 

imbalance after stroke was dependant on sub group analysis which was as follows: 

type of physical therapy , main goal of physical therapy, localisation of brain lesion, 

the type of processing ‘bottom-up’ or ‘top-down, the methodological quality of trials, 

the trials assessing or not the level of autonomy and the time since stroke.2 

8. A review conducted in 2017 by Manjari Tripathi and Deepti Vibha to evaluate stroke 

in young in India stated that globally, stroke is the third commonest cause of mortality 

and the fourth leading cause of disease burden and age has been shown to have a 

strong association with the incidence of stroke. While the peak age of stroke 

occurrence is 55–65 years. Common risk factors of stroke are Cerebral venous 

thrombosis, rheumatic heart disease, prosthetic valve , atrial fibrillation ,bacterial 

endocarditis, infections, systemic lupus erythematosus, atherosclerotic disease and 

arterial dissection are the leading causes of stroke in the young in India. Average age 

of patients with stroke in developing countries is 15 years younger than that in 

developed countries .In India, nearly one-fifth of patients with first ever strokes 

admitted to hospitals were aged <40 years. Preventive measures could aid immensely 

in bringing down the costs and emotional burden on the family and it would need 



21 
 

prior and correct identification of burden and risk factors prevailing in the community. 

5 

9. A study conducted in 2017 by Amelia K. Boehme et al to evaluate stroke risk factors, 

genetics and its prevention stated that risk factors of stroke can be classified into two 

types non modifiable(age, gender, ethnicity, race and genetics) and modifiable( 

hypertension, diabetes, dyslipidemia, smoking ,atrial fibrillation, atrial cardiopathy, 

inflammation and infection, sedentary behaviour ,diet, obesity and metabolic 

syndrome and alcohol consumption and substance abuse).There are triggers which 

may lead to stroke namely infections, sepsis leading to atrial fibrillation and air 

pollution. There are several genetic risk factors namely specific rare single gene 

disorders (e.g cerebral autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy, or CADASIL),single gene disorder(sickle cell anemia), 

common variants of genetic polymorphism(e.g variants in 9p21), and genetic causes 

of atrial fibrillation, diabetes and hypertension. Family history of stroke increases 

stroke risk by 30%.Prevention of stroke has three levels a)primordial prevention is the 

most generalizable , and broadly deals with healthy living measures that, when applied 

on a group level, aim to decrease the population incidence of physiologic stroke risk 

factors, b) primary prevention, which aims to improve the risk factor profile of 

individuals who do not have a history of stroke or TIA with the goal of preventing a 

first cerebrovascular event; and c) secondary prevention, which is the most targeted 

and is only employed after an individual has suffered a stroke or TIA, with the goal of 

preventing stroke recurrence .Mass therapies are also used.Thus the study concluded 

that recent years have witnessed various no. of ways in our understanding of risk 

factors and prevention of stroke. There are various approaches to prevention, in 

general, such as the mass approach, utilizing risk estimation in primary care, and 
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focusing on high-risk intervals of time after stroke triggers, also have the potential to 

dramatically change the future of stroke prevention.10 

10. A study conducted in 2017 by Chang-Man An et al to evaluate relationship between 

dynamic balance and spatiotemporal gait symmetry in hemiplegic patients with 

chronic stroke. 41 participants (25 males, 16 females with mean age of 49.39+10.30   

years)   with   inclusion   criteria   as   follows:>6 months post stroke, able to walk 

independently for more than 10m and ability to follow verbal commands and 

exclusion criteria as follows: orthopedic problems, any other neurologic disorder, 

cerebellar lesions and bilateral stroke lesions. Outcome measures used were biodex 

balance system and it evaluates the ability of patients to move and control their COG 

within their base of support without losing balance or stepping. The limits of stability 

test measures the time and accuracy of transferring the estimated centre of gravity 

while moving a cursor to intercept each of eight successive targets on a display screen 

and a high LOS score signifies greater dynamic stability and GAITRrite system is used 

to evaluate spatiotemporal gait parameters. Patients firstly got familiarized themselves 

with the procedure and then subsequently completed three trials of walking at their 

preferred speed across a level of 10 m walkway with a pressure-sensitive mat in the 

middle. Correlation analysis revealed a positive relationship between temporal gait 

symmetry index and overall limits of stability(OLOS) score (r=0.66) and there was a 

negative relationship between heel to heel base of support (H-H BOS) and temporal 

gait symmetry index (r=_0.63) and spatial gait symmetry index (r=_0.36).Thus this 

study concluded that control of dynamic balance during standing and gait is 

significantly related to the magnitude of temporal gait symmetry. That is, higher LOS 

scores during standing and a narrower distribution of H-H BOS values were associated 

with better temporal gait symmetry in both the lower limbs and temporal gait 
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asymmetry in patients after hemiplegic stroke increased with increasing difficulty in 

weight shifting towards the affected lower limb during standing or gait but there was 

no association between spatial gait symmetry and dynamic balance ability, or such an 

association was weak.21 

11.   A meta-analysis conducted by Chen L et al in 2016 to evaluate the effects of Sling 

Exercise Training on Balance in Patients with Stroke. A total of 9 studies with 460 

participants were selected with inclusion criteria as follows: all randomized controlled 

trials based on the effect of sling exercise combined with conventional protocol and 

conventional protocol alone, patients with stroke having balance impairment, 

participants should meet diagnostic criteria of Fourth National cerebrovascular disease 

Conference held in 1995 and the International Classification Of Diseases and Related 

Health Problems (ICD-10) cerebrovascular disease criteria ,diagnosis confirmed by   

CT scan or MRI and participant should be able to understand instructions. The 

exclusion criteria were as follows: Studies which did not fulfilled the inclusion 

criteria, having any duplicate data, or were having incomplete raw or irrelevant data. 

The outcome measures used were Berg Balance Scale (BBS), Barthel index 

score (BI), and Fugl-Meyer Assessment (FMA), activities of daily living (ADL) and 

motor function after stroke. P value < 0.1 was regarded as stable when the two 

analysis were compared. There were greater statistical improvements in BBS score 

(p<0.04) , Barthel index score (0.00001) and FMA(0.0001) compared to control 

group.Thus the meta-analysis concluded that sling exercises with conventional 

therapy was more effective than conventional therapy alone. To obtain more accurate 

results, larger samples were needed for the multi-center prospective trials and high-

quality randomized trials.22 

12.  A randomized controlled trial conducted by Chul-Ho Yang et al investigated the 
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effects of  Real-time Auditory Stimulation Feedback (RAF) on Balance and Gait  in 

24 chronic stroke patients divided in two groups ;12 patients in RAF treadmill group 

(average age of 51.91 years) and 12 patients in treadmill group without RAF(average 

age of 55.82 years). RAF treadmill group received treadmill training for 30 min for a 

week for 4 weeks and treadmill group without RAF received treadmill training for 30 

min for a week for 4 weeks without RAF. The inclusion criteria were scores above 24 

on the K-MMSE  ability to understand verbal instructions, ability to walk 

independently for at least 10 minutes,  no orthopedic problems in lower limbs, no 

sensory problems that can affects walking ability.It  was found that there were 

significant improvements in outcomes for average perturbation velocity and total 

perturbation distance in closed eyes condition and values of  TUGT  showed 

significant improvement  in the RAF group compared with the control group.Results 

for gait speed, step length and stride length, single limb support percentage of the 

affected side, and gait asymmetry showed a more significant improvement in the RAF 

group compared with the control group. 
28 

13. Kyong-Il Ki, et al in  2015 studied the effect of  auditory feedback during gait training on 

weight bearing ability  and balance in 30 chronic stroke patients for 4 weeks  with 

inclusion criteria of MMSE>24, no orthopedic problems , able to walk for 10 m.All 

the patients received neuro developmental treatment in addition the experimental 

group received auditory feedback training. A Gaitrite system was used to evaluate 

stance phase and single limb stance phase of the affected extremity.It was found that 

at the end of the session there was increase in duration of stance phase and single limb 

stance phase of affected extremity as compared to control group. 27 

14. Joohee Hahn et al conducted a study in 2015 to investigate the effects of modified 

trampoline training on the balance, gait, and falls efficacy of stroke patients . The 
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study subjects were 28 adult stroke patients with inclusion criteria follows: single 

onset of stroke, an MMES-K score of at least 24 points, and the ability to walk 

minimum of two minutes with or without assistive devices. The exclusion criteria 

were history of other neurologic or circulatory diseases or disorders, cardiovascular 

disease and a history of visual or auditory sense disorders.. Subjects were randomly 

allocated to a trampoline training group (TG; n=14 with mean age of 

53.2_+11.2years) and a control group (CG; n=14 with a mean age of 55.75 

+_8.8years). The training group performed modified trampoline training for 30 min 

three times a week for 6 weeks. To increase the difficulty of training, patients closed 

their eyes or did not hold onto the handle. Rest period was given according to the 

patient’s needs. The Berg balance scale (BBS) and the timed Up and Go (TUG) test 

were used to evaluate patients’ balance abilities. The dynamic gait index was used to 

assess their walking ability, and the falls efficacy scale was also used.TG showed a 

significant increase in the BBS (p < 0.05) and a significant decrease in the TUG test 

time. (p < 0.05). The improvements were significantly greater than those in the CG. In 

addition, the TG showed a significant increase in the dynamic gait index (p < 0.05), 

and this difference was also significantly greater than that of the CG. The falls 

efficacy scale was also significantly different between the pre- and post-test in the TG, 

and the improvement in the TG was significantly greater than that in the CG (p < 

0.05). The study demonstrated that trampoline training improved the falls efficacy by 

reducing imbalance. Limitations of the study were there was a temporary increase of 

spasticity in some patients during trampoline training the results of this study cannot 

be generalized to other populations because of the small sample size and the small 

area from which the patients were sampled. Therefore further studies should be 

conducted using larger sample sizes as well as considering the muscle tone of 
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patients.18 

15.  A randomized control study done in 2015 by Ordahan B et al. to determine the 

efficacy of the exercises administered to stroke patients with the balance trainer . Fifty 

patients with hemiplegia related to stroke ,who were able to understand and follow the 

instructions and walk without any support, were included in the study. Patients with 

other neurological diseases or those who had history of drug use that could affect 

balance .50 participants, 19 women and 31 were men were chosen. The mean age was 

57.1 ± 9.2 years. The time that elapsed after stroke was 87.3 ± 26.3 days and. 50 

participants were divided into control group and experimental group. Patients in the 

control group received 30 sessions of conventional rehabilitation program and patients 

in the experimental group were trained with balance trainer in addition to conventional 

rehabilitation program. This program covered the range of motion exercises, balance, 

coordination and  postural  control  exercises walking  training    and occupational 

therapy. Patients in the experimental group were trained for 20 minutes a day, five days 

a week for a total of six weeks (30 sessions/600 minute in total) with the balance 

trainer. Visual feedback balance training with the balance trainer was used in the 

experimental group. All patients performed strengthening, balance, and endurance 

exercises of three sets for each session. Each set was for 10 minutes, sixty second rest 

was allowed between each set. Balance and postural controls of the patients, before 

and after the rehabilitation program, were evaluated with the Berg Balance Scale 

(BBS) and the Timed-Up and Go test (TUG) and their functional situations were 

evaluated using the Functional Independence Measure (FIM). Improvement in BBS 

and TUG parameters in the study group were statistically significant (respectively p 

=0.038, p =0.025). Although the stance weight bearing was more symmetric after 

visual feedback training when compared with conventional therapy, the enhanced 
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effects on dynamic functional balance ability were still inconclusive therefore further 

need of study was required.23 

16. Joshua E. Aman et al conducted a systematic review in 2015 on effectiveness of 

proprioceptive training for improving motor function with inclusion criteria as follows 

: a quantified pre-and post-treatment measure of proprioceptive function was reported, 

a training program of any variable length or duration was applied which influenced 

proprioceptive  function, having at least one form of treatment or outcome measure 

that relies on or is indicative of somatosensory function and is not confounded by 

information from other sensory modalities. The final 51 articles examined a total of 

1854 subjects with sample sizes ranging from 5 to 186 participants.   Following   

interventions   were used balance training, passive  movement  training somatosensory 

stimulation training, somatosensory discrimination training, combined training. 

Different clinical scales were used including balance scales (e.g., Berg Balance Scale, 

PASS), gait scales (e.g., Tinneti Gait score), a trunk control test, and impairment 

severity scales (e.g., FMA, Motor Assessment Scale). Other forms of clinical scales 

used were the NIH stroke scale, Barthel index and the Western Ontario and McMaster 

Universities Arthritis Index. This systematic review concluded that there is evidence 

that proprioceptive training can yield improvements in somatosensory and 

sensorimotor function.. There is also initial evidence suggesting that proprioceptive 

training induces cortical reorganization, providing evidence that proprioceptive 

training is a method for improving motor function. But, there is a need for further 

work with respect in improving motor function.13 

17. An experimental study done in 2015 by Ji Won Shin, Kyoung Don Kim to examine the 

effects of bilateral upper extremity exercises on trunk control, balance, and risk of 

falls in stroke patients. Thirty study subjects were selected and randomly divided into 
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experimental and control groups containing 15 subjects each, with mean age of 

60±8.4 years , 57.4±10.3years , who received bilateral upper extremity activities and 

conventional rehabilitation treatment with inclusion criteria as follows: patients 

diagnosed with unilateral brain damage with magnetic resonance imaging (MRI) or 

Computed tomography(CT), _>6 months post stroke, MMSE-K>24   and   should   be   

able    to    stand independently .Patients with cardiovascular disease, any 

musculoskeletal disease were excluded. The experimental group underwent bilateral 

upper extremity activity program for 30 minutes at a time, three times per week for 

four weeks for a total of 12 sessions. The control group underwent 

conventional rehabilitation. There were statistically significant differences (p value-

<_0.05) between groups in Berg Balance scale scores. Significant differences between 

groups were also observed in the trunk impairment scale, except for static sitting 

balance. Both the experimental and control groups showed significant differences in 

BBS and TIS scores before and after the interventions. This indicates that both 

conventional rehabilitation treatment and bilateral upper extremity exercises were 

effective in improving stroke patient trunk control and balance, and are thus helpful 

for fall prevention. Therefore, bilateral upper extremity  activities is helpful for 

improving dynamic balance and coordination. However, the small number of subjects 

in this study prevents generalization of the results. More studies on bilateral upper 

extremity activities involving more patients are therefore necessary.3 

18.  An experimental study done in 2015 by Seo-Hyun Jeo et al to examine the effect 

of forward bending of the trunk and reaching training in chronic stroke patients and to 

investigate subsequent changes in trunk control, dynamic balance, and gait. Twenty-

three chronic stroke patients were randomly divided into two groups, with 10 patients 

in the forward bending of the trunk and reaching group (FBR) and 13 patients in the 
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control group with mean age of 59.8±7.9 years in FBR group and 59.1±10.4 years in 

control group with inclusion criteria as follows: more than six months post stroke, 

ability to follow and understand verbal commands and Mini- mental State 

Examination-Korean (MMSE-K )score >24; ability to walk at least 10 m, with or 

without assistive devices and sufficient eyesight to perform the exercises. Subjects 

having motor neuron disease and orthopedic disease were excluded . Both groups 

underwent 30 minutes of rehabilitation therapy, five days a week, for four weeks. 

The forward bending of the trunk and reaching group additionally performed forward 

bending of the trunk and reaching training five times a week for four weeks, The 

subjects were tested before and after training using the Trunk Impairment Scale, Berg 

Balance Scale, Timed Up and Go Test, Six-Minute Walking Test, and 10-Meter 

Walking Test. Trunk control, dynamic balance, and walking ability were compared 

between the two groups. The study showed that the results of the Trunk Impairment 

Scale, Berg Balance Scale, Timed Up and Go Test, Six-Minute Walking Test 

improved significantly in the FBR group,that is p value was <_0.05 while there 

were no significant differences in the control group Therefore study concluded that 

forward bending of the trunk and reaching training can be an effective exercise 

method for improving balance in chronic stroke because of the limitations of this 

study more futuristic research will be required.12 

19. A cross-sectional study was conducted in 2015 by Haidzir Manaf et al to examine the 

correlation between gait parameters with functional balance and motor impairment in 

chronic stroke patients. 30 patients (22 males , 8 females) aged 36-80 years with 

following were included:- at least 6 months after stroke , ability to walk continuously 

for 10 meters independently ,ability to hold a glass full of water with the unaffected 

hand, able to follow 3 steps command, and ability to do simple arithmetic. The 
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outcome measures were as follows: cognitive function with MMSE-K , stroke severity 

with Fugl-Meyer lower extremity assessment (FMLE) , and functional balance with 

Berg Balance Scale (BBS) were included in the study . The participants performed the 

Timed Up and Go Test (TUGT) which was conducted in the following order Single 

task TUGT, Dual motor task TUGT, Dual cognitive task TUGT. Post hoc analysis 

with Wilcoxon signed-rank test shows that TUGT time in dual motor and dual 

cognitive was significantly longer than the single task condition (p = 0.001). A 

significant longer TUG time was seen in dual-cognitive than single task condition (p = 

0.001). Therefore Functional balance was significantly correlated with gait parameters 

during single, dual-motor,and dual-cognitive task as attentional loading led to 

deterioration of gait performance. Future studies should also include information 

about stroke lesion and size of the lesion for identifying crucial brain areas involved in 

gait performance during the TUGT   test and   studies should also include 

comparison of healthy age and gender matched controls with stroke survivors.35 

20.  A systematic review and meta-analysis conducted in 2015 by Simon Schedler, Rainer 

Kiss, Thomas Muehlbauer to evaluate Age and sex differences in human balance 

performance from 6-18 years of age .The inclusion criteria were as follows: studies 

which included healthy participants, participants aged between 6-18 years, at least one 

balance parameter should be present in the study, the study results reported either for 

children or adults either girls or boys, studies comparing balance performance of 

athletes, participants with diseases to that of healthy controls and they reported 

relevant data for control group, which allowed for comparisons of balance 

performance between age groups and/or gender within the controls. Similarly, 

interventional         studies were also included. Exclusion criteria were as follows: studies 

that included athletes, diseased participants, studies that did that not allowed 
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calculation of effective sample size, studies in which balance parameters were 

measured on an absolute scale, balance performance was measured under dual- 

and/or supra-postural task conditions. The Appraisal tool for  Cross-Sectional Studies 

was used to check quality of the studies.43 studies were included in this systematic 

review. Analyses of the data revealed consistently better balance performances in 

adults compared to children irrespective of the variable considered. Future studies 

were needed to investigate differences in balance performance by additional factors 

like growth, maturation, physical activity, and expertise  level.11 

21. A study was conducted by Fabiane Maria Klitzke dos Santos in 2015 to investigate the 

use of visual feedback training for balance training in hemiparetic stroke patients 

with inclusion criteria as follows: chronic stroke participants(> 6 months), and should 

be able to walk independently. Exclusion criteria: participants having stroke due to 

other pathology, sensory aphasia, cognitive defects and having visual and auditory 

defects . Participants were randomized into two groups first group (G1) consisted of 

four males with average age of 58 years elapsed 24 months post stroke with 3 left 

hemiplegics and 1 right hemiplegic having ischemic stroke and second group (G2) 

consisted of four males with average age of 53 years, two them left and two right 

hemiplegics having one haemorrhagic stroke and three ischemic stroke. Outcome 

measure were berg balance scale(BBS), Instrumented balance board(IBB),and Timed 

Up and Go Test(TUGT). The patient was in orthostatic position for 30 seconds on the 

board with the arms along the body with the eyes opened, initially with the feet apart 

with distance of 10 cm and forefeet free, followed with the feet together for the same 

time, keeping 70 cm of distance from the eyes to the monitor.G1 was trained through 

biochemical instrumentation using a visual feedback with the oscillation shown on 

the monitor  and G2 through the mirror. Both the groups were given conventional 
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therapy and sessions were given twice a week for 8 weeks total of 16 sessions for 30 

minutes. Results of the study were as follows TUGT pre tests (p = 0.06), scores of 

BBS (p = 0.53) and levels of oscillation in IBB with feet apart (p = 0.62) and feet 

together (p= 0.95). In relation to the functional mobility evaluated by TUGT both 

groups had a decrease in average time in the execution of the test, however, only the 

G1 obtained significant results. Both groups obtained improvement in postural 

control, although the differences pre and post tests were not significant in both groups. 

A strong correlation was observed between the IBB and the other tests. The values 

obtained with feet together correlated positively with the TUGT results and negatively 

with BBS. Future research with a larger number of patients, comparing different 

techniques, measuring the effects related to the ADLs, beyond the control and other 

factors, such as attention and motivation is needed.31 

22.  A crossectional study conducted in 2014 by David Perez-Cruzado et al to examine 

parameterization and reliability of single-leg stance test (SLST) assessed with inertial 

sensors in chronic stroke . 4 subjects with inclusion criteria as follows, participants 

were: age of ≥65 years; more than 6 months post stroke; capable of walking at least 15 

m without the aid of a walker; capable of following verbal instructions and able to 

stand for >30 seconds without assistance and the exclusion criteria was participants 

with hemi- neglect, history or current diagnosis of other neurological or 

musculoskeletal impairment or pain. The main objective of this study was to analyze 

whether there are significant differences in kinematic records between two inertial 

sensors (one positioned on the trunk and another placed in the lumbar region) during 

SLS test. The SLS test was carried out three times for each condition and in the 

following order: non-affected leg eyes open; non-affected leg eyes closed; affected 

leg, eyes open and affected leg eyes closed. The Intraclass coefficient correlation 
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(ICCs) were higher than 0.8 for all variables. Intrarater   reliability   of   the   

trunk   sensor   ranged   from 0.889-0.921 for the displacement and 0.849-0.892 for 

velocity. Intra-rater reliability of the lumbar sensor was between 0.896-0.949 for the 

displacement and 0.873-0.894 for velocity. Inter-rater reliability of trunk sensor was 

between 0.878-0.917   for the displacement and 0.847-0.884 for velocity. Inter-rater 

reliability of the lumbar sensor ranged from 0.870-0.940 for the displacement and 

0.863-0.884 for velocity. The study therefore concludes that there is no significant 

difference in kinematic data recorded in the lumbar and trunk regions when 

recordings were made with a single inertial sensor in either of these two locations for 

the purposes of the SLS test and that the inertial sensor is also suitable for the test. 

Thus SLST is highly reliable test for chronic stroke patients. Due to small sample size 

further research is needed.14 

23. An experimental study was conducted in 2014 by Ji-Hye Jung et al to investigate the 

Immediate effects of single-leg stance exercise on dynamic balance, weight bearing 

and gait cycle in stroke patients . 18 subjects 12 male, 6 female with mean age of 50.8 

yrs were taken. A score of ≥25 MMSE-K, ability to do 10-m independent gait or 

independent gait with a cane, reduced proprioceptive sense in the affected leg, and 

absence of musculoskeletal disorders in the lower extremities and left hemiplegics 

were included. There were four conditions performed and then measured: 1.quiet 

standing position,2. holding the position after shifting the weight to the affected side 

maximally ,3.raising the unaffected leg and holding the standing position on the 

affected leg, and 4.repeated flexion-extension movements of the knee joint of 

unaffected side for 30s while in a single-leg stance on affected side. Outcome 

Measures used were step test to measure dynamic balance and Opogait system to 

measure gait cycle .There were significant improvement in weight bearing    on 
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the affected side with p=<0.001 and short stance phase time of the affected leg also 

improved through the single-leg stance exercise. But, the exercises were not sufficient 

to affect the symmetry of gait, further only left hemiplegics were included in the 

study, therefore further research is needed.24 

24. A study was conducted by Jeyaraj Durai Pandian,Paulin Sudhan in 2013 to evaluate 

stroke Epidemiology and Stroke Care Services in India stated that the estimate 

prevalence rate for stroke was between 84/100,000 and 262/100,000 in rural and 

between 334/100,000 and 424/100,000 in urban areas. The age-standardized incidence 

rate of first ever in a lifetime stroke was 145/100,000 person-years. Average age of 

patients with stroke in developing countries is usually 15 years younger than those in 

developed countries. Men had greater incidence of stroke than women. Risk factors 

for stroke was majorly hypertension, followed by hypercholesterolemia and tobacco 

smoking. Rate of incidence was more in urban than in rural communities. The fatality 

rate was more in rural than urban population and there no significant difference in 

functional outcome of stroke survivors in rural and urban population. Stroke unit 

implementation is a big challenge for India. There are approximately 35 stroke unit 

centres in private sector hospitals in the cities but lack necessary facilities and one out 

of every 3 stroke patients do not get necessary healthcare facilities. In India there are 

approximately 100 centres which are able to provide intravenous rtPA treatment and 

55 centres performing intra-arterial or mechanical thrombolysis. There is need of            

skilled staff, equipments and availability of basic drugs .Very few centres have an 

organized in-hospital and outpatient rehabilitation facilities in the country and there is 

need of early initiation of treatments for secondary stroke prevention which is 

associated  with an 80% reduction  in risk of  early recurrent stroke. Therefore 

government is focusing on early diagnosis, management, infrastructure, public 
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awareness, and capacity building at different levels of health care for all the non-

communicable diseases including stroke and an organized effort is needed from both 

the government and the private sector to tackle the rising stroke burden in India.4 

25. Suzanne Barker-Collo et al conducted a study in 2013,data included  available for 

stroke incidence, prevalence, death and case fatality rated. This data was analysed  

and it was found that in 2013 global ischemic stroke(IS) and hemorrhagic stroke(HS) 

incidence (per 100,000) in men(IS  132.77;HS 64.89) exceeded those of women 

            ( IS 98.85;hs45.48) .7 

26.  A randomized controlled trials was conducted in 2013 by Seok Won Lee to 

investigate the effects of Visual Feedback Training on Sitting Balance Ability and 

Visual Perception of Patients with Chronic Stroke. 22 participants were divided into 

two groups experimental(n=12 ,4 males, 8 females with mean age of 60. 6±8.8 years) 

and control group(n=10, 2 males ,8 females with mean age of 63.7±4.7 years) with 

inclusion criteria as follows: chronic stroke patients(>6 months),able to sit for at least 

30 minutes, not having any orthopedic problems, MMSE-K>21, not on any balance 

training program for previous 6 months, not on any balance maintaining drugs. 

Participants of both the group received conventional therapy for 60 min five days per 

weeks for 4 weeks and the experimental group received additional visual feedback 

training for 30min, five days per weeks for 4 weeks The training sessions were 

composed of four exercises of 6 minutes 30 seconds each with a one-minute rest 

period between exercises. Four types of exercise were performed during each session-

training for stability and weight shift by balancing the amount of water in the flask, 

training for stability and weight shift by driving a vehicle, skiing which involved 

shifting the body in the anterior, posterior, left, and right directions in three-

dimensional space; used a memory recall program, during which the patient had to 
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remember four pictures and to match the picture. Five  exercise levels were 

incorporated, which allowed for variation of speed, number of obstacles, number 

of picture cards, weight maintenance, and weight shift sensitivities. A Good balance 

system (with eyes closed and eyes open) for Static sitting balance ,modified functional 

reach test for dynamic sitting balance, motor free visual perception test (MVPT) for 

visual perception and these parameters were tested before and after the interventions. 

The results showed that velocity moment was significantly lower in the experimental 

group (p<0.05), whereas it showed a non-significant increase in the control group, 

regardless of vision, anterior and lateral reach were significantly higher in the 

experimental group (p<0.05) and was non-significantly higher in the control group. 

the speed of right and left sway and anterior and posterior sway were significantly 

lower in the experimental group, regardless of vision. The control group showed an 

increase in speed of sway, but it was not significant. MVPT was significantly higher 

post-intervention in the experimental group and was non-significantly higher in the 

control group. The study concluded that that VFT in the sitting position improves 

static and dynamic sitting balance and visual perception of chronic stroke patients. 

Future research is needed for larger sample sizes and equal training time for both the 

groups .33 

27. A review conducted in 2012 by Swathi Kiran on what Is the Nature of Post stroke 

Language Recovery and Reorganization stated that the brain undergoes tremendous 

recovery and reorganization of structure and function post stroke. Recovery of 

language function after stroke occurs in three phases, the initial phase is called the 

acute phase and lasts for about 2 weeks after the onset of the lesion, second phase is 

the subacute phase, and lasts up to 6 months after onset and the chronic phase 

begins months to years after stroke. Disruption in blood supply causes infarction and 
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ultimately necrosis of tissue. There is an alteration of blood flow leading to infarction 

and changes in the neuronal representation. In order for recovery of function to be 

restored of the infracted hemisphere, its structural, functional, and physiological 

integrity will need to be at optimal operationality to sustain such recovery. Blood 

oxygenation level-dependent (BOLD) functional MRI (fMRI) is the method that is 

commonly used to examine the nature of brain function. A change in BOLD signal 

corresponds to a decrease in the concentration of deoxyhemoglobin, which occurs due 

to an increase in cerebral blood flow during brain activity.In the early stages after the 

infarct, reversal of tissue necrosis has positive implications for language functions to 

return to the left hemisphere; in the chronic stages, engagement of residual issue in the 

infarcted hemisphere is again associated with good overall language recovery. Some 

regions, such as the IFG and MTG(areas of left hemisphere), are important “hub” 

regions which are highly connected to other regions in the brain. Thus, structural 

integrity between these potential “hubs” and other regions determines the extent to 

which anatomically proximal and distant regions may be engaged in the service of 

language recovery. Next, the functional connectivity between regions normally 

working in tandem determines the likelihood of these regions also being engaged after 

stroke and in recovery. There is need of future studies to examine whether 

reorganization of language in poststroke aphasia corresponds to a tighter, more 

coherent and efficient network of residual, and new regions in the brain and to 

examine if structural and functional integrity of language networks undergo changes 

in the first few months after stroke, thereby determining the fate of potential regions 

that may be involved. 9 

28. A study was conducted in2012 by Ulla-Britt Flansbjer et al to  establish the 

Reproducibility of Berg Balance Scale(BBS) and the Single-Leg Stance(SLS) test in 
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Chronic Stroke and the Relationship between the Two Tests . 50 subjects, 38 men and 

12 women in the age group of 46-72 years with inclusion criteria as follows:-a 

minimum of 6 months after stroke, residual hemiparesis at discharge, able to 

understand both verbal and written information, able to walk at least 300 meters with 

or without a assistive device, able to stand without support and medically stable, 

absence of any diseases that could significantly influence muscle strength, gait 

performance or balance were included in the study. The participants performed BBS 

and SLS.To avoid any learning effect the first trial of SLS was used to score the last 

item in BBS; one-leg standing on the preferred leg in the BBS was scored from 0 

point (not able to lift one foot or need help not to fall) to 4 points (if able to stand on 

one leg at least 10 seconds. The Intra-class correlation coefficient(ICC) values were 

0.88 for BBS and were 0.88 for the unaffected lower limb and 0.92 for the affected 

lower limb for the SLS .The correlations between SLS and the BBS were statistically 

significant (p< .001) for both lower limbs at both test sessions. Hence BBS and Single 

leg stance test are reproducible measurements in patients with chronic stroke, only the 

BBS is sensitive enough to follow changes over time or after an intervention. Future 

studies were required for standardization of the SLS in patients with chronic stroke . 

There were strong relationships between the BBS and the SLS for both lower limbs 

which indicates that the SLST is a valid test of upright postural control for both lower 

limbs, in patients after stroke and that it can be used independently and can be 

recommended as a test of balance in patients with chronic stroke.16 

29.  Young Youl You and Sin Ho Chung conducted a study in 2012 investigated the 

effects of one leg standing exercise on gait and balance of chronic stroke patients .30 

patients were included and divided into two groups conventional one leg exercise 

group with average age of 59.07 years and device using one leg standing exercise 



39 
 

group with average age of 61.46 years and found that there was significant 

improvement in balance and parameters of gait in device using one leg standing 

exercise group compared to conventional one leg standing exercise group. 25 

30. A systematic review was conducted in 2009 by Sarah Tyson and Louise Connell 

to identify The psychometric properties and clinical utility of measures of walking 

and mobility in neurological conditions with inclusion criteria of measures used for 

walking/ambulation/mobility, on stroke, Parkinson’s Disease, multiple sclerosis, 

acquired brain injury or traumatic brain injury or Guillain-Barre or motor neurone 

disease, articles on GAITrite, timed walk, six-minute walk, distance walk, multiple 

sclerosis functional composite ,visual gait analysis, Wisconsin Gait Scale, TimedUp 

and Go test, Rivermead Mobility Index, Functional Ambulation Category, Walking 

Handicap Scale and High Level Mobility Assessment Tool, articles on patients with 

cerebral Lesions and subjects which included only human adults were included in this 

review. The articles excluded were measures in which only one psychometric 

property had been assessed and so clearly had insufficient information to recommend 

for clinical use,measures which included walking or mobility as part of a wider 

assessment of general motor control from which data on walking/mobility could not 

be extracted,any instrumented measure or device which had no information about how 

the device could be obtained,. The psychometric properties used were Inter-tester and 

test–retest reliability, Concurrent or criterion related validity, Sensitivity to change.. 17 

measures (4 for walking impairment, 3 for walking activity and 10 for mobility 

activity) were assessed for their psychometric properties and clinical utility. Four 

measures of walking impairments were identified. Two measured performance during 

functional tasks (timed walk tests and distance walk tests{Two, six, ten or twelve 

minutes have been tested), one was an instrumented device and one was an ordinal 
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scale{The Gait and Balance Scale (GABS)}. Three measures of walking activity were 

– : Functional Ambulation Category (FAC) ,The Emory Functional Ambulation 

Profile (EFAP), Step Activity Monitoring (SAM),3 for mobility activity{(The 

‘Timed Up and Go’ test (TUG)}, The High Level Mobility Assessment Tool 

(HiMAT), The Dynamic Gait Index (DGI),The Multiple Sclerosis Walking Scale 

(MSWS-12), The Community Balance and Mobility Scale, The Rivermead Mobility 

Index (RMI), The Parkinson Activity Scale (PAS),The Functional Mobility 

Assessment Tool, The Ambulation Index (AI). Three measured walking impairments 

(the 5-m and 10-m(ICC-0.99) walk tests and the six-minute walk test(ICC-0.94) and 

two measured mobility activity (the High Level Mobility Assessment Tool measured 

high level mobility skills (ICC-0.97) and the Rivermead Mobility Index(ICC-0.97) 

measured general mobility). 10-m walk test has been validated with a wider range of 

conditions and so is more generalizable. Future research of clinically feasible measure 

of wheelchair-based mobility was needed.17 

31. A study conducted in 2009 by Abhishek Srivastava et al to investigate the role of force 

platform with visual feedback technique to improve balance in stroke patients a 

prospective study. 45 patients(males-36,females-9) aged between 16-65 years with 

inclusion criteria as follows Patients with first ever supra-tentorial stroke, post-

stroke>3months , able to follow three step commands, and impaired balance and gait 

with ability to walk with or without support and exclusion criteria as follows: Patients 

with recurrent strokes, bilateral hemispheric, cerebellar or brain stem lesions, 

receptive aphasia, significant cognitive deficits or depression, significant visual field 

deficits or hemineglect and orthopedic problems affecting participation. Subjects were 

trained on Force Platform with Visual Feedback system. Training was conducted for a 

total of 20 sessions (20 min/day, 5 days/week for 4 weeks). The system can be utilized 
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for both evaluation and training. During postural stability (stance) testing, the 

patient's ability to control the platform's angle of tilt was quantified as a variance 

from centre. Thus, Balance Index represents the patient's ability to control balance in 

all directions. Higher value represents patient had greater difficulty. During limits of 

stability (sway) testing, the patient's ability to move from one target to another in a 

straight line is quantified from a total score of 100.Thus, Dynamic Limits of Stability 

is the maximum angle one body can achieve from vertical without losing. Once the 

limit of stability exceeds the normal limits, some type of corrective action is required. 

Higher score represents greater ability to perform the task. Training parameters were 

then set as per the evaluation on a graded scale of increasing difficulty. Outcome 

measures used were BBS, 10 metre walk test and Barthel index There were significant 

differences in Berg Balance Scale (p<0.000), 10 metre walk test (p<0.001) and 

Barthel Index (p<0.000). Thus this study shows that force platform with visual 

feedback technique is an effective approach for post-stroke balance training . Future 

study is needed as there are few limitations in this study such as small sample size, no 

control group, lack of homogeneous stroke population and long term follow-up data.19 

32. Susan B. O’Sullivan et al in 2007 in the textbook of Physical rehabilitation stated that 

there are two types of stroke depending on the interruption to blood flow to the brain 

a)ischemic stroke which results due to blood clot formation and b)hemorrhagic stroke 

which results due to rupture of blood vessels. Therefore they concluded that there are 

two types of stroke namely ischemic stroke and hemorrhagic stroke.8 

33. Deborah S Nichols-Larsen in 1997 in a descriptive study of balance retraining after 

stroke using force platform biofeedback stated that ,balance is the ability to 

maintain or move within a weight-bearing posture without falling and it can be 

divided into 3 components namely steadiness, symmetry, and dynamic stability, these 
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components get impaired after stroke and there is moderate relationship between 

balance and gait speed. To improve balance, training is given with the help of force 

platform systems and these systems are designed to provide visual or auditory 

biofeedback to patients regarding the locus of their centre of force (COF) or centre of 

pressure (COP), as well as training protocols to improve stance symmetry, steadiness, 

and dynamic stability. Force platform biofeedback systems consist of at least two 

force plates to allow the weight on each foot to be determined, a computer and monitor 

to allow visualization of the COF or COP, and a software that provides training 

protocols and data analysis capabilities. There are 3 measures to evaluate balance in 

force platform namely postural sway measures, symmetry measures and dynamic 

stability measures. To enhance steadiness subjects were asked to maintain the cursor 

in the centre of a small target in the middle of the computer screen with equal weight 

distribution between the two feet. To enhance symmetry feedback was provided on 

the percentage of weight on the affected limb and by having subjects maintain a 

cursor in the centre of a target on the computer screen. The training of dynamic 

stability, referring to movement within the limits of stability was done by having 

subjects shift weight so that the screen cursor, which is indicative of their COF, moves 

to a designated target. Thus, force platform biofeedback may be a useful tool in the 

treatment of these patients. Therefore the evaluative measures, the type of training 

protocol used, and the therapeutic goals will have an impact on the effectiveness of 

this treatment modality the type of training protocol (i.e, static versus dynamic) and 

it may affect the transference of force platform biofeedback training to gait. 

Therefore future research, needs to evaluate the effects of postural biofeedback 

training on components of gait such as limb loading, as well evaluate the use of 

postural biofeedback during ambulation 26 
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34.  A single blind randomized controlled trial conducted in 1997 by Catherine M. 

Sackley And Nadina B. Lincoln to investigate the effects of visual feedback on 

stance symmetry and function after stroke.26 participants (20 males, 6 males) with 

mean age of 63.7 years with inclusion criteria as follows: able to stand for 1 minute 

having abnormal stance symmetry. Exclusion criteria were as follows: participant 

having  receptive aphasia, history of dementia ,blindness and having severe unilateral 

neglect. Stance symmetry and sway were measured using the Nottingham Balance 

Platform (NBP). Rivermead Motor Assessment was used to measure motor function. 

Group A received training from a physiotherapist using the feedback programme of 

the NBP. Treatment was given for 1 hour, 3 times a week for 4 weeks. Group B 

received the same training from a physiotherapist, but using the placebo programme. 

This was of the same frequency and duration as Group A. After the feedback or 

control session the therapist practiced goal orientated tasks, such as walking and 

climbing stairs ,the tasks incorporated the movements learned in the session with 

the NBP into day to day activities. There was improvement in balance coefficient 

values (p < 0.01) compared with the control group. Sway values      demonstrated a 

similar improvement in the treatment group compared with the control group 

(p<0.01).Thus the study      concluded that the treatment group demonstrated significantly 

better performance when compared with control group for stance symmetry and for 

functional performance (ADL and Gross Function scores), sway values showed more 

improvement in the treatment group. Limitations of the study  was the cost of the 

equipment and the space it occupies and therapeutically, the major limiting factor was 

the static nature of the measuring platforms. Larger sample size studies in this area are 

needed.30 
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OBJECTIVES 

 

 To study the effect of visual feedback training for 4 weeks with single leg stance exercises 

on standing balance by using single leg stance test, gait speed by 10 m walk test  and centre 

of pressure in bilateral stance by using force platform chronic stroke patients of age 35-65 

years. 
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MATERIAL AND METHOD 

 

 

• STUDY DESIGN : Pre Test Post Test study 

• STUDY SETTING: Physiotherapy Out Patient Department in tertiary care 

hospital. 

• STUDY POPULATION: Chronic stroke patients of age 35-65 years of   both 

genders. 

• SAMPLE SIZE:30 

• STUDY DURATION:18 months 

• SAMPLE SIZE ESTIMATION: Earlier study done by Ji-Hye Jung et al 24 in 

which the  mean=1.9   standard deviation(SD)=1.13 by keeping 

α=5% β=20% 

The sample size is calculated by formula 

                          n=4(SD)2/L2 

where L (absolute precision)=20% of mean 

n=4(1.13)2/(20/100)2 

                      Required sample size(n)=26                           

Considering 10% of dropouts n=30 

The sample size was calculated by using EPI info version 7 

 

 
SAMPLING TECHNIQUE: Stroke participants fulfilling the eligibility criteria will be 
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selected from Physiotherapy OPD based on convenience and feasibility. 

 

METHOD OF SELECTION OF STUDY SUBJECTS: 

Eligibility of the patients for the study was based on the criteria mentioned below- 

A) INCLUSION CRITERIA: 

1) Subject should be able to follow verbal commands.12 

2) Chronic stroke patients (>6 months).14 

3) Subjects diagnosed with first episode of stroke. 

4) Subject should be able to understand instructions of the therapist (Mini Mental Scale 

Examination MMSE Score>24).12 

5) Subject should be able to stand with or without assistance.3 

6) Subject should be able to walk independently for 10m with or without any assisted 

device.12 

B) EXCLUSION CRITERIA: 

1) History of recurrent episodes of stroke.19 

2) Acute/Subacute stroke patients. 

3) Subjects having any other neurological disorder.18 

4) Subjects having any orthopedic impairments which interfere with standing or walking 

ability.12 

5) Subjects having hemineglect.31 

6)Subjects having any cardiovascular disease3 

7)Subjects having any visual or auditory sense disorders.31 
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C) SUBJECT WITHDRAWAL CRITERIA: 

1) Participants who will not be able to tolerate the treatment          sessions. 

2) Participants who will not be completing 4 weeks duration of treatment due to any 

reason (loss to follow up). 

 

 

Variables: 

Independent Variables- 

• Visual feedback Training 

• Single leg stance exercises Dependent 

Variables- 

• Standing Balance 

• Gait speed 

• Centre of pressure 

 

OPERATIONAL DEFINITIONS: 

 

 

• Stroke: Defined as rapidly developing clinical sign of focal 

( or global) disturbances of cerebral function, with symptoms lasting 24 hours or 

more or leading to death, with no apparent cause other than vascular origin.2 
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• Chronic stroke: Manifestations of stroke lasting up to >6 months is defined as 

chronic stroke.9 

 

• Visual feedback Training: It is a rehabilitation method that can be used in 

balance, gait, coordination, upper limb activities as well as functional activity 

training, offering patient visual information to perform given exercise or task.32 

 

 

• Single leg stance test: The participant must remain supported on one leg, arms 

resting on the hips. The test is timed (in seconds) from the moment the participant 

gets into the test position, until the other foot touches the ground or until the arms 

are separated from the hips.14 

 

• 10 Metre Walk test: The 10 Metre Walk Test is a performance measure used to assess 

walking speed in metres per second over a 10 metre walkway.19 

 

 

• Centre of pressure: Centre of pressure is the location where the resultant force 

vector would act if it could be considered to have a single point of application and 

can be directly obtained from force plate.36 
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METHODS OF MEASUREMENTS:- 

SINGLE LEG STANCE TEST: To perform the SLS test, each participant will remain 

supported on one leg, arms resting on the hips. The test will be timed (in seconds) from the 

moment the participant gets into the test position, until the other foot touches the ground or 

until the arms are separated from the hips.14 

 

10 METRE WALK TEST: Subject will be asked to walk a 10m pathway with 

comfortable speed and assistive devices are allowed.19 

 

CENTRE OF PRESSURE: Centre of pressure will be taken by making the subject stand in 

bilateral stance on force platform and then documenting its qualitative data.36 
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STUDY INSTRUMENT/ DATA COLLECTION TOOL:- 

MATERIALS:- 

1) VISUAL FEEDBACK MACHINE:-NEUROBICS ARM/LEG TASK REACH 

EXERCISER. 

  

Consist of 9 light sensor bulbs; A display is there for timer. Neurobics arm/leg task reach 

exerciser which will be kept on wedge to perform visual feedback lower limb task oriented 

reaching activity. 

 

Figure 1:- Neurobics arm/leg task reach exerciser on wedge(Front view) 
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Figure 2:- Neurobics arm/leg task reach exerciser(Lateral view) 

 

 

Figure 3:- Modes and speed of the machine 

 

 
 

                                                                                 

Dimensions of Neurobics : Width:45cm 

Length:60 cm  

Height:7 cm 

For speed there are 3 modes:Slow-18 sec 

                                           :Medium-12 sec 

                                          :Fast-6 sec 

There are 4 exercises mode available 

Exercise 1- Random Manual 

Exercise 2- Random Automatic 

Exercise 3- Sequential Mode 
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A trigger is used to change the given reaching task (therapist 

handled) in Random manual mode 

Exercise 4- Bilateral Hand Activity Mode 

Total 15 attempts are there in each mode 

  Figure 4:- Trigger 

 

 

 

2)RM IN GENEIR motion and gait analyzer 

Force platform: It measures foot pressure for both the lower extremity(affected and 

unaffected) 

Figure 5:-Force platform 
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Force platform consisting of 1.5 meters pressure sensor mat 

 

Figure 6:-Force platform with Walkway 

 

 

 

Display (monitor) attached with force plarform for documenting centre of pressure(Cop) of 

both the lower extremity in bilateral stance . 

Figure 7:- Display monitor 

 

 

 
 

 

METHOD OF DATA COLLECTION: 

Data of Single leg stance test, 10 metre walk test and centre of pressure was collected from 

chronic stroke patients pre(1st day of treatment) and post (last day of treatment) intervention. 
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Baseline parameters (patient performing single leg stance test and the time taken to complete 

it, gait speed by walking on 10 metre walkway and documenting the centre of pressure in 

bilateral stance on force platform) was taken on Day 1 ,Day 14 , Day 28 after the intervention 

was completed. 

DATA MANAGEMENT AND ANALYSIS:- 

• The data collected was entered in the excel sheet and backup of data will be 

maintained. 

• In any way the participant identity and information was  not disclosed. 

• The mean, S.D was calculated. 

• Statistics included were Paired t test and repeated measure ANOVA was used for 

assessing   significance of difference in mean of balance , gait speed and centre of 

pressure. 

• p≤ 0.05 was considered as statistically significant. 

• The data was utilized for further analysis. 

      GENERAL PROCEDURE 

• Permission from the Head of Institution and approval from Institutional Head, 

Ethics Committee and Board of research committee was taken. 

• Participants were known case of chronic stroke who met  the inclusion criteria and 

will be briefed about the study and written consent will be taken. 

• Demographic data and anthropometric data was documented. 

• Participant in the group followed regular institutional        rehabilitation 

protocol. 

• Participants  received 20 minutes of training with visual feedback 5 times per 
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week for 4 weeks; in total for 7 hours. 

• Visual feedback training was given with the help of 

NEUROBICS ARM/LEG REACH TASK EXERCISER. 

• Participants participated in visual feedback training program, with machine 

(Figure 1) which was kept on a   wedge. 

• Lower limb visual feedback reaching task was given with patient standing on affected      

lower limb and task was performed by the unaffected lower limb. 

• Participants  reached the specific target given by the machine, (machine targeted 

reaching activity) which glowed as light when participant attempted to correct the 

given reach task.32 

• Verbal cues were given to encourage the participant to complete the given 

task. 

• As soon as the participant achieved the given machine reach task the light  turned 

off, as there are light sensors and the sound indicated the completion of task.32 

• Targets appear on programmed set mode machine plate (exercise-1 Random 

Manual, exercise 2- Random Automatic, exercise-3 Sequential Mode). These three 

exerciser modes were used for the intervention.32 

• Speed of the machine reach target (i.e timing between the two bulb glows) varies 

from slow, medium and fast i.e. (Slow- 18 seconds, Medium - 12seconds, Fast- 6 

seconds) respectively.32 

• Total 15 attempts are there in each mode.32 

 

• Depending on the participant reaching activity level. Initially   the speed of the 



56 
 

machine was  set in slow mode for adaptation purpose of the patients.32 

• On the day 1, initially participant was  sensitized with the visual feedback 

machine for 1 set in manual mode.32 

• Gradually the speed was increased once participant adapts the speed in the given 

mode and the speed was gradually increased to medium then to fast. This was 

dependent on participant ability to complete the machine targeted reach.32 

• Rest of 2 minutes was given to the participants whenever needed. 

Participant were allowed to use any assistive device (For e.g Tripod ,brace, stick, foot 

orthosis) if needed. 

 

 

Exercise program:- 

 

• Exercise duration was of 20 minutes 

• Frequency= 5 times/week. Total duration= 4 weeks 

 

Institutional physiotherapy protocol consisted of stretching and strengthening exercises of 

lower limbs (10 minutes), trunk stability exercises (10 minutes), gait training and 

functional re- education (10 minutes). 
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Figure- 8:SUBJECT PERFORMING SLST 

Figure 9:  SUBJECT PERFORMING 10 M WALK TEST 
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Figure- 10:SUBJECT STANDING ON FORCE PLATFORM FOR EVALUATION OF COP 

Figure-11:Starting position                                                                   Ending position 

SUBJECT PERFORMING LOWER LIMB REACHING TASK ACTIVITY WITHOUT AFO 

WITHOUT AFO 

 

Figure -12:  Starting position                                                                              Ending position 

SUBJECT PERFORMING LOWER LIMB REACHING TASK ACTIVITY WITH AFO 

 

 

AAAAAFOAFOWITHOUT AFO 
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                                                    GENERAL PROCEDURE 

Requisite permission from the Institutional Head was taken. 

 

Permission from the Ethics Committee and the Board Of  Research Science 

committee was taken 

 

An informed and written consent was taken by the participants. 

 

Demographic data and anthropometric data was documented 

 

Participants were known case of stroke those who meet the inclusion criteria  

 

Baseline parameters were taken on Day 1 ,Day 14 , Day 28 after the intervention was completed. 

 

  Pre intervention data of outcome measures( values of single lest stance test,10 m walk test and 

COP) were documented. 

 

The treatment session was given for 5 days per week for 4 weeks 

 

  Post intervention data of outcome measures( values of single lest stance test,10 m walk test and 

COP) were documented. 

 

Pre  and post intervention data was analysed  
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DATA   ANALYSIS AND RESULTS 

Statistical software EPI info version 7 software was used for data analysis. Paired T-Test 

and Repeated measure ANOVA was used for statistical analysis. The Test was used to know  

the effect of visual feedback training for 4 weeks with single leg stance exercises on 

standing balance, gait speed and centre of pressure in chronic stroke patients of age 35-65 

years. P≤0.05 was considered to be statistically significant. 

 

 

 

 

 

 

RESULT 

In the present study total 23 chronic stroke patients of average age 50.82 years participated 

but Out of which 22 participants ,17male 5 female patients(84.61% of sample size) completed 

4 weeks of treatment protocol, whereas 1(n=1) patient did not completed 2nd and 3rd follow- 

up(due to physical illness),hence was excluded from the study results. The participant 

completed only 5 days of treatment .Out of 22 patients  were males17(77.27%)  and 

5(22.72%).The present study was conducted  between time span of March 2019-September 

2021.Due to effect of pandemic the required sample size which was decided to be 30 was not 

reached but 73.33% population was  included in the present study. 

• Following  are the observations 

• Table 1 shows the demographic data of chronic participants of age 35-65 years .The 

mean age was 50.82+7.18 years whereas the height is  1.64 m+ 0.06m,the mean 

weight is 63.65+10.70 d the mean BMI is 23.73+2.72 

• Table 2 shows that in single leg stance test the mean for day 1 is 1.14 + 1.05sec, day 

14( after 2weeks) is 1.69+1.39sec, day 28 is 2.24+1.52sec(after 4 weeks) in chronic 
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stroke study patients between age group of 35-65 years of both genders for SLST ( 

Seconds) 

• Table 3 shows the  mean difference in SLST(sec) on affected side in chronic stroke 

study participants is  0.55sec for D1-D14,1.1sec for  D1-D28 and 0.55sec for D14-D28 

with p value  of <0.01 which shows high statistical significance. Clinically the mean 

difference in SLST between day 1 and day 28 is 1.10 sec which is not found to be 

clinically significant but shows statistically significant difference in values compared 

to day 1 value with day 28. The maximum mean post test value of SLST is 3.76 sec in 

present study and the minimum value is 0.09sec. 

• Figure 1 shows the difference of 1.1sec in SLST when  compared between day 1(pre 

test values) and 28(after 4 weeks) day in chronic stroke study patients between age 

group of 35-65 years of both genders is done. 

•  Table 4 shows the mean of day 1 is 33.1+ 14.68, for day 14(after 2 weeks) is 28.88 

+13.73 and  for day 14(after 28  weeks) was 26.49+13.43 in chronic stroke study 

patients between age group of 35-65 years of both genders  for 10 metre walk test 

performance  ( Seconds). The gait speed is increased by 0.07m/sec between day 1(pre 

test values) and  day 28(after 28 weeks). 

• Table 5 shows there was significant improvement in 10 metre walk test performance 

for gait speed after 2 weeks and 4 weeks of treatment .As gait speed increases the 

duration required for 10 metre walk test reduces. The mean difference in 10 metre 

walk test performance is 4.13sec for D1-D14, 2.39 for D14-D28 and 6.52sec for D1-D28 

with p value <0.01 which shows  high statistical significance. 

• Figure 2 shows improvement of 6.52 sec in 10 metre walk test performance  when 

comparison day 1(pre test values) and day 28(after 4 weeks) in chronic stroke study 

participants between age group of 35-65 years of both genders is done. 
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• Table 6 shows as the COP gets shifted towards midline it is indicative of nearly  

symmetrical equal weight bearing between both the foot  .The mean of day 1 is 

38+9.16%, for day 14(after 2 weeks) is 43.98 + 4.71% and day 28(after 4 weeks) is 

46.29 +3.82 %in chronic stroke study patients between age group of 35-65 years  for 

COP(%) of both genders. 

• Table 7 shows that it was observed that when compared to pre test values ,COP shifts 

towards midline gradually after 2 weeks and 4 weeks respectively  .The mean 

difference in COP(%) is 5.02 % for D1-D14, 2.31% for D14-D28 and 7.33% for D1-D28 

with p value <0.002 for D1-D14 and p value <0.01for D14-D28 and D1-D28  which 

shows high  statistical significance. 

• Figure 3 shows improvement of 7.33% of COP towards midline between day 1 and 

day 28 when comparison between groups in chronic stroke study patients between age 

group of 35-65 years of both gender is done. 

• Table 8- pie chart showing that the population of male is 77.3% and female is 22.7%  

in chronic stroke study participants in age between 35-65 years 

• Figure 4 shows there is more amount of male population compared to females in 

chronic stroke study participants in age between 35-65 years of both gender. 

• Table 9 shows that out of 22 chronic stroke study participants there is equal 

distribution 50% of participants having either side of stroke(L-11) (R-11) 

• Figure 5- pie chart showing distribution of  participants of either affected side of 

chronic stroke study participants  between the age group of 35 to 65 years of both 

gender. 

• Table 10 shows that out of 22 chronic stroke participants most of the population 

54.5%belongs to 46-55 years whereas 22.7% of population belongs 35-45 years and 

56-65 years.  
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• Figure 6 shows age wise distribution of chronic stroke study participants between the 

age of 35 to 65 years 

• Table 11 shows that in younger age group(35-45 years )(1.24 sec)  the improvement in 

SLST performance  was more than the older groups ,46-55 years(1.06 sec) and 56-65 

years(1.06sec) 

• Figure 7 shows difference of 2.04 sec in single leg stance test of chronic stroke 

participants in different age groups (35-45 years, 45-55years, 55-65 years). 

• Table 12 and figure 8 shows that it is observed that as the age  is increasing the gait 

speed reduces from age 35-65 years . 10m walk test performance decrease as the age 

advances from 35 to 65 yrs ,which means younger age chronic stroke participants 35-

45 years(9.06 sec) were able to complete the distance of 10 m walk test  faster  as 

compared to the older age group 46-55years(5.84sec) and 56-65(5.58sec) years. In the 

present study the10m walk test performance increased by  mean difference  of  

6.52sec in 28days (after 4 weeks) as compared to day 1(pre test values ) 

• Table 13 shows that there is a tendency of shift of % of COP towards midline is  less 

in the age group of 56-65 years(4.16%)compared to younger age group of 35-

45years(7.62%) and 46-55years(8.53%). The COP(%) on the affected side going 

towards midline  showed improvement in chronic stroke participants in different  age 

groups by mean difference of  7.33% 

• Figure 9 shows that there is improvement with difference 8.54% in COP (%) of the 

affected side in chronic stroke participants in different  age groups 

• Table 14 shows the % of chronic stroke study participants below <18.5 are  

4.5%(underweight),in 18.5-24.99%(healthy weight) and in 25-29.99 (overweight) and 

no participants in 30 and above BMI(obesity)  

• Figure10-Pie chart showing BMI of chronic stroke study participants between age 
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group of 35-65 years. 

• Table 15 shows the difference in SLST in sec after 4 weeks of treatment is least in 

participants who were underweight i.e 0.34 sec whereas participants belonging to the 

normal(1.18sec) and overweight(1.0sec) criteria showed  nearly equal rate of 

improvement in SLST performance. When all chronic stroke participants were 

compared for progression in SLST in first  14 days i.e 2weeks and second 14days 

(2weeks to 4 weeks) , it was observed that the increase in single leg stance duration 

follows equal and linear rate of progression. 

•  Figure 11 shows difference of 1.30 sec in single leg stance test of chronic stroke 

participants  in different classification of  BMI. 

• Table 16 shows that as the BMI increases 10 metre walk test performance decreases 

i.e participants who were underweight had the  highest improvement of 10 metre walk 

test performance(10 sec) compared to the participants  who were normal 

weight(6.85sec) and overweight(4.71sec) 

• Figure 12 shows improvement in 10metre walk test  performance for gait speed in 

chronic stroke participants in classification of BMI  in order to complete the 10m walk 

task in 28days with  difference of 44.40sec 

•  Table 17 shows that the participants who were overweight in present study were able 

to shift their COP towards midline by 4.96%whereas participants who were 

underweight had 6.30% of shift towards midline and participants who were  normal 

weight had highest shift of 8.14 %. 

• Figure 13 shows  difference of 10.24% in COP (%) of the affected side in chronic 

stroke participants in classification of BMI 

• Table 18 shows that the participants having dominant side involved were 50% and  

nondominant side involved were 50% 
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• FIG.14- Pie chart showing  equal distribution of participants in D and ND groups 

• Table 19 shows that the affection of Dominance (D)/ Non-dominance (ND)  has not 

shown any difference in SLST performance when compared from day 1(pre test 

values) to day 28(after 4 weeks) with dominant side  group improvement (1.08sec) 

and non dominance side group improvement(1.12 sec) 

• Figure 15 shows  difference  of 1.73sec of single leg stance test of chronic stroke 

participants in D/ND groups 

• Table 20 shows that the affection of Dominance (D)/ Non-dominance (ND) has not 

shown any significant difference in 10 metre walk test performance when compared 

from day 1 to day 28(after 4 weeks) with dominant side group improvement (7.09 sec) 

and non dominance side  group improvement(5.94sec) 

• Figure 16 shows  difference of 9.22sec of 10 m walk test performance in chronic 

stroke participants in D/ND groups 

• Table 21 shows that affection of Dominance (D)/ Non-dominance (ND) has not 

shown any significant difference in COP when compared from day 1(pre test values) 

to day 28(after 4 weeks) with dominant side  group improvement (7.93%) and non 

dominance side group improvement(6.72%) 

• Figure 17 show  difference of 38.95% in COP (%)  of the affected side in chronic 

stroke participants in D/ND groups 
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DISCUSSION:- 

                                                                         

The aim of the present study was to investigate the effect of visual feedback training for 4 

weeks with single leg stance exercises on standing balance, gait speed and centre of 

pressure in chronic stroke patients of age 35-65 years. The objective was to study effect of 

visual feedback training for 4 weeks with single leg stance exercises on standing balance by 

using single leg stance test , gait speed by 10m walk test and centre of pressure in bilateral 

stance by using force platform in chronic stroke patients. 

   In the present study participant has to perform training in standing  position on affected 

lower extremity whereas unaffected lower extremity has to reach to the target given by 

using  visuo-auditory feedback device   (neurobics arm leg reach exerciser) 

In the present study the 4 weeks visual feedback training is found to be significantly effective 

in improving balance  single leg stance performance test (SLST) in chronic stroke participants 

in 35-65 years in both the gender(p value<0.01). A previous study (2014) investigated the  

immediate effects of  single-leg stance exercise session (2-3 min) on dynamic balance in left 

hemiplegic patients (n = 18) average age of 50.89 years among both gender, step test was 

used for assessing balance and  found significant improvement  by 2.04 sec in dynamic 

balance. 24 A  prior study( 2012) investigated the effects of  8weeks session  of  conventional 

one leg standing exercise group when compared to  one with device assisted one leg standing 

exercise group(using exoskeleton )  with chronic stroke  participants  of both gender (n=30) 

of  average age of 59.07 years and its effect on balance of participants,Berg Balance 

scale(BBS) and Timed Up and Go Test(TUGT) were used to asses to balance and found that 

,the group using device assisted one leg balance exercises showed significant  improvement 

compared to the conventional one leg standing exercise group.25 Standing balance was  
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investigated  in a study (1997) in sub-acute  stroke patients in both gender (n=26) in age 

group of 41-65 years, the effect of visual feedback training for 4 weeks was compared 

between the groups, by using  Nottingham balance platform, found better  improvement in 

stance symmetry and sway values in experimental group than control group which was found 

to be associated with an increased ability to perform motor function. 30A  study performed by 

Shrivastava A and colleagues (2009)  in sub-acute  stroke patients n = 8 examined the role of 

force platform with visual feedback  balance training for 4 weeks  in  age group of 21-65 

years and found significant improvement in balance according to BBS scores.19 A recent 

study conducted (2020) investigated the effect of visual feedback training(VFT) versus 

conventional therapy for 4 weeks  on  dynamic sitting balance (n =40) with  sub-acute and 

chronic stroke in age group of  25 – 65 years  using  modified functional reach test ,found that  

VFT training  showed  significant improvement in dynamic sitting balance than the 

conventional therapy group.32 Improvement  in balance by auditory feedback is supported a 

study (2015)  studied the effect of auditory feedback on  dynamic balance for 4 weeks in the 

experimental group(average age -55.3 years) compared to the control group(average age -60.1 

years)    in  chronic stroke patients using  TUGT  and found that is has significant 

improvement  on  dynamic balance  of  stroke patients .27A study (2016)   investigated the 

effects of real-time auditory stimulation feedback(raf)    on balance and gait in chronic  stroke 

participants  in experimental group(RAF treadmill training)   (average age -51.19 years)  

compared to treadmill training group(average age -55.82 years)  for 4 weeks using 

BALANCIA equipment for static balance and TUGT for dynamic balance  and found that 

there was significant  improvement  in static and dynamic values  in experimental group 

compared to treadmill training  group.28 Balance is a combination of somatosensory, 

cognitive, vestibular and motor system,20 which enhances  the effectivity of  visuo-auditory 

training program in present study and  showed improved overall  balance performance  in 
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chronic stroke patients.  In the present study stroke participants performed reaching activity 

with lower extremity in standing position which itself requires both static and dynamic 

control of the body and the affected lower extremity which was weight bearing during 

treatment protocol, was getting trained for static standing balance maintaining  lower 

extremity joint stability and dynamic weight shifts. In the present study participants were not 

able to hold single leg stance position for longer duration and also had fear of falls,so in order 

to provide lower extremity stability .The external  assistive devices i.e ankle foot orthosis 

AFO as well as tripod/quadripod stick  support were allowed to be used during visual 

feedback training session which helped them to at least initiate the movement ,complete the 

treatment session within simulated time  helps the patients  to perform better. Using assistive 

devices like AFO provides stability at ankle joint as well using tripod/quadripod stick support 

improves patient confidence and reduces fear of fall,25 which is supported by a 

study(2012)who has used exoskeleton and found that there is improvement in balance gait. 25 

It was found that 4 weeks of duration of VFT was effective in most of the studies and showed 

significant improvement in balance .Additionally in the present study  the 

equipment(neurobics arm leg reach exerciser) gives both visuo-auditory feedback during 

performance which could enhance the effectivity  of the treatment session    

 

In the present study the 4 weeks visual feedback training is found to be also significantly 

effective in improving gait speed(0.07sec)in chronic stroke participants(p value<0.01) in 35-

65 years which is supported by a previous study (2014) investigated the  immediate effects of 

single-leg stance exercise on  gait cycle  by using Opto Gait system in left hemiplegic patients 

n=18 with average age of 50.89 years and it was found that there was improvement in 

duration of stance phase (0.3sec).24 A previous study ( 2012) which used device assisted 

(exoskeleton) one leg standing exercises  for  8weeks duration found improvement in  
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spatiotemporal parameters of gait (like cadence, gait speed, stride length step length , swing 

phase , and stance phase on affected side) of  chronic stroke participants using Gaitrite system 

compared to conventional one leg standing exercise group. 25A previous study (2009) 

conducted in sub-acute stroke patients examined the role of force platform with visual 

feedback balance training for 4 weeks in age group of 21-65 years on gait speed using 10 

metre walk test and it was found that the gait speed improved after the 4 weeks treatment 

session-0.12m/sec.19 Gait is a functional activity which is required for patient to transfer from 

one place to another place. 19 Improved gait speed requires confidence, balance, foot 

somatosensory feedback and muscle strength of lower extremity and trunk. 21While 

performing reaching task from unaffected lower extremity during treatment session, it is 

getting trained for repeated movement which can increase the muscle strength, endurance on 

non affected side and increase weight bearing on the affected side, which helps to increase the 

gait speed, as well as practicing reaching task repeatedly in forward direction  will help stroke  

patient to train normal  gait  stepping response according to the neurophysiological approach 

i.e  motor relearning program .29 

 

In the present study the 4 weeks visual feedback training is found to be effective in shifting 

COP towards midline i.e weight bearing capability of affected side increases  in chronic 

stroke participants(p value<0.01) in 35-65 years . A previous study (2014) investigated the  

immediate effects of single-leg stance exercise on symmetric  weight bearing ability  by using 

step test in left hemiplegic patients with average age of 50.89 years and it was found that 

there and found that the single-leg stance affects weight bearing on the affected side, leading 

to symmetric distribution of weight of the body.24 Another  study (1997) in sub-acute  stroke 

patients in age group of 41-65 years investigated the effect of visual feedback training  to the 

experimental group  compared to the control group  on weight bearing ability for 4 weeks , 
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was assessed by Nottingham balance platform  and found better  improvement in  stance 

symmetry and leading to increased weight ability of the affected side.30 In the present study 

person has to perform reaching task with unaffected side which will help the patient to shift 

the COP towards midline and towards affected lower extremity and repeatedly performing 

this training session has shown shifting of COP by 7.33% at the end of 4 weeks of VFT 

session 

 

It was observed that most of the patients complained about ankle and knee pain and 

discomfort in affected extremity  and fear of falls, in early few days of treatment protocol 

which was restricting them to shift their weight effectively on affected side .In order to 

overcome this limitation, a custom made universal size right and left ankle foot orthosis was 

used for lower limb stability along with external tripod/ quadripod stick support, which was 

relatively more comfortable and pain free compared to barefoot performance of treatment 

session. Hence authors recommend to use external device like AFO, sticks in order to prevent 

discomfort in ankle and knee joint and reduces fear of fall during treatment session. During 

treatment session nearly 8 patients out of 22 complained about pain in lower back region(on 

unaffected side) which was momentary and did not sustained after the treatment session. Few 

patients also complained about early fatigue before completion of treatment so 2-3 minutes of 

rest was given for muscle recovery from fatigue. Initial 2-3 session patients got adapted to the 

new equipment i.e neurobics arm leg reach exerciser and once adaptation is obtained 

participants found ease while performing reaching task along with visual and auditory 

feedback. As per the protocol, treatment was getting progressed each week considering either 

speed of feedback, frequency of feedback, intensity of feedback and all the participants were 

able to complete the protocol with complete progression throughout 4 weeks of treatment. 

 



71 
 

Initial findings of weight bearing on affected side was lesser compared to the normal side as 

there was tendency to bear more weight on the unaffected side. It was observed that as the 

treatment protocol progresses the weight bearing on affected side increases which is observed 

by % of centre of pressure shifting towards midline which is indication of symmetrical weight 

bearing ability. It is also observed that after 14th(after 2 weeks) and after 28th day(after 

4weeks) of follow up participants showed increased gait speed which is indicator of 

functional improvement in walking. Single leg stance test assessed in present study also 

improves significantly compared to the 1st day of evaluation(D1/initial finding) 

Cortical reorganization following central nervous system injury can be induced by repetitive, 

skilled, and cognitively engaging active movement and is called as activity dependant 

neuroplasticity.37 As after 6 months, spontaneous recovery is usually at its limit, leading to a 

more or less stable, i.e., chronic deficit but with training or other interventions, improvements 

of some stroke induced deficits can even be achieved in the chronic phase by activity 

dependant neuroplasticity.38 

 

In the present study 23%were females  whereas 77% were males ,according to the prevalence 

males are affected more than females which is in accordance to the  global incidence .In the 

present study female: male ratio is  nearly 1:3 which is in accordance to the incidence 

globally.7In the present study it was observed that in younger age groups SLST is more than 

older age groups .As the age advances ,gait speed reduces from age 35 – 65 years  which is in 

accordance to a study conducted in 2010.39and the older age group has the least ability to shift 

their COP towards midline in bilateral stance .In the present study it is also observed that the  

participants who are underweight showed less improvement in balance as compared to the 

older age groups but this result cannot be generalized as only 1 participant was underweight. 

As BMI increases gait speed decreases which is in accordance to a study conducted in 2013 40 
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and  participants who were overweight have the least ability  to shift their COP  towards 

midline in bilateral stance 

   

In the present study there was no relation of side of hemiplegia ( i.e involvement of dominant 

or non-dominant side) on balance, gait speed and COP which is in accordance to a study 

conducted in 2016.41  
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STRENGTH 

Visual feedback training for 4 weeks is effective to improve standing balance, gait 

speed and centre of pressure in chronic stroke patients of age 35-65 years 
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WEAKNESS 

• Age and gender wise equal distribution of patients were not done i.e. male and female 

were not equally distributed. 

• Small sample size  
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                                                       CONCLUSION 

 Instrument assisted visual feedback training is an effective method for improving standing 

balance, gait speed and centre of pressure in  chronic stroke patients of age 35-65 years. It 

easy to understand, easy to use and a feasible method to use in patients with neurological 

disorders. 
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LIMITATIONS 

• Unable to complete sample size due to COVID 19 pandemic. 
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CLINICAL IMPLICATIONS 

Stroke participants who have impaired static and dynamic balance, reduced gait speed and 

reduced weight bearing on affected side can have benefits from using NEUROBICS ARM 

REACH TASK EXERCISER for visual feedback training; also it can be used as an adjuvant 

to conventional therapy in neuro- rehabilitation setup.  
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RECOMMENDATIONS 

• Dynamic components of gait  can be evaluated on force platform  

• Standard Gold measure –Berg balance Scale can be used as  an outcome measure in 

future studies 
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SUMMARY 

 

A pre test post study was performed with the aim to effect of visual feedback training for 4 

weeks with single leg stance exercises on standing balance, gait speed and centre of 

pressure in chronic stroke patients of age 35-65 years of both gender. All baseline 

parameters were collected.  20 minutes of session per day, for 5 days in a week for four 

weeks of intervention was given to the participants. The three outcome measures Single leg 

stance test, 10 m walk test and COP in bilateral stance on force platform were taken pre and 

post intervention. The results showed highly statistical significant improvement in all the 

three outcome measures. Thus it can be concluded that VFT with single leg stance exercises 

improves standing balance, gait speed and centre of pressure. Therefore VFT can be used as 

an adjuvant to conventional therapy in chronic stroke survivors  
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TABLES AND GRAPHS 

 

Table1:The mean and standard deviation of Demographic data of chronic stroke study 

participants of age 35-65 years of both genders. 

AGE (yrs) 

Mean+ SD 

HIEGHT (m) 

Mean+ SD 

WEIGHT (Kgs) 

Mean+ SD 

BMI  (Kg/m2) 

Mean+ SD 

50.82 1.64 63.65 23.73 

+7.18 +0.06 +10.70 +2.72 

SD= Standard Deviation, m-meter, Kgs- Kilograms, BMI- Body Mass Index 

 

The demographic data of chronic participants of age 35-65 years is given in table 1,the mean 

age was 50.82+7.18 years whereas the height is  1.64 m+ 0.06m,the mean weight is 

63.65+10.70 d the mean BMI is 23.73+2.72 

 

Table 2: Repeated Measure ANOVA, mean ,standard deviation and p value in chronic 

stroke study patients between age group of 35-65 years of both genders for SINGLE 

LEG STANCE TEST (SLST) (Seconds) 

 Mean 

(SLST) 

Std. Deviation(SD) 

(SLST) 

+ 

F Value 

(SLST) 

 

P Value 

(SLST) 

D1(pre test values) 1.1477 +1.05 

47.38 <0.01(HS)    D14(after 2 weeks) 1.69 +1.39 

D28(after 4 weeks) 2.2486 +1.52 

D1-Day 1,  D14-Day 14,  D28-Day 28, HS-Highly significant 

 

In single leg stance test the mean for day 1 is 1.14 + 1.05sec, day 14( after 2weeks) is 

1.69+1.39sec, day 28 is 2.24+1.52sec(after 4 weeks) in chronic stroke study patients between 

age group of 35-65 years of both genders for SLST ( Seconds) 
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 Table 3:Mean and standard deviation for SLST ;Comparison between groups(D1-

D14,D1-D28,D14-D28) in chronic stroke study patients between age group of 35-65 years of 

both genders 

 

Mean 

(SLST) 

(sec) 

Std. 

Deviation(SD) 

(SLST) (sec) 

+ 

F Value 

(SLST)(sec) 

 

P Value 

(SLST) (sec) 

D1(pre test values) 1.14 +1.05 
-5.96 <.0.01(HS) 

D14(after 2 weeks) 1.69 +1.39 

D1(pre test values) 1.14 +1.05 
-8.03 <0.01(HS) 

D28(after 4 weeks) 2.24 +1.52 

D14(after 2 weeks) 1.69 +1.39 
-5.24 <0.01(HS) 

D28(after 4 weeks) 2.24 +1.52 

D1-Day 1, D14-Day 14, D28-Day 28, (HS-Highly significant) 

 

The  mean difference in SLST(sec) on affected side in chronic stroke study participants is  

0.55sec for D1-D14,1.1sec for  D1-D28 and 0.55sec for D14-D28 with p value  of <0.01 which 

shows high statistical significance. Clinically the mean difference in SLST between day 1 and 

day 28 is 1.10 sec which is not found to be clinically significant but shows statistically 

significant difference in values compared to day 1 value with day 28. The maximum mean 

post test value of SLST is 3.76 sec in present study and the minimum value is 0.09sec. 
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FIG.1: Line chart of  SLST; Comparison of values of SLST  between day 1(pre test 

values) and day 28(after 4 weeks)   in chronic stroke study patients between age group 

of 35-65 years of both genders 

The figure 1 shows the difference of 1.1sec in SLST when  compared between day 1(pre test 

values) and 28(after 4 weeks) day in chronic stroke study patients between age group of 35-

65 years of both genders is done. 
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Table 4: Repeated  Measure  ANOVA, mean, standard deviation and p value of 10 

metre walk test performance for gait speed (in seconds); Comparison between 

groups(D1-D14,D1-D28,D14-D28) in chronic stroke study patients between age group of 35-

65 years of both genders 

 10 meter walk test and gait speed F Value 

(10 m walk test)          

(sec) 

P Value 

(10 m walk test) 

(sec) 

 Mean 

(10 m 

walk test) 

(sec) 

Std. 

Deviation(SD) 

(10 m walk test) 

(sec) + 

 

Gait speed 

m/sec 

  

D1(pre test values) 33.01 +14.68 0.30 

30.54 <0.01(HS) D14(after 2 weeks) 28.88 +13.73 0.34 

D28(after 28 weeks) 26.49 +13.43 0.37 

D1-Day 1, D14-Day 14, D28-Day 28, (HS-Highly significant) 

 

The mean of day 1 is 33.1+ 14.68, for day 14(after 2 weeks) is 28.88 +13.73 and  for day 

14(after 28  weeks) was 26.49+13.43 in chronic stroke study patients between age group of 

35-65 years of both genders  for 10 metre walk test performance  ( Seconds). The gait speed 

is increased by 0.07m/sec between day 1(pre test values) and  day 28(after 28 weeks). 
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Table 5 :Mean  standard deviation, p value for 10 m walk test performance  

;Comparison between groups(D1-D14,D1-D28,D14-D28) in chronic stroke study patients 

between age group of 35-65 years of both genders 

 

Mean 

(10 m walk test) 

Std. Deviation(SD) 

(10 m walk test) 

+ 

F Value 

(10 m walk test) 

P Value 

(10 m walk 

test) 

D1(pre test values) 

D14(after 2 weeks) 

33.01 +14.68 
4.28 <0.01(HS) 

28.88 +13.73 

D1(pre test values) 

D28(after 4 weeks) 

33.01 +14.68 
6.09 <0.01(HS) 

26.49 +13.43 

D14(after 2 weeks) 

D28(after 4 weeks)) 

28.88 +13.73 
9.75 <0.01(HS) 

26.49 +13.43 

 D1-Day 1, D14-Day 14, D28-Day 28, (HS-Highly significant) 

 

There was significant improvement in 10 metre walk test performance for gait speed after 2 

weeks and 4 weeks of treatment .As gait speed increases the duration required for 10 metre 

walk test reduces. The mean difference in 10 metre walk test performance is 4.13sec for D1-

D14, 2.39 for D14-D28 and 6.52sec for D1-D28 with p value <0.01 which shows  high statistical 

significance. 
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FIG.2:Line chart of 10 metre walk test performance ;Comparison between day 1(pre 

test values) and day 28(after 4 weeks)  in chronic stroke study patients between age 

group of 35-65 years of both genders 

The figure 2 shows improvement of 6.52 sec in 10 metre walk test performance  when 

comparison day 1(pre test values) and day 28(after 4 weeks) in chronic stroke study 

participants between age group of 35-65 years of both genders is done 
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Table 6:  Repeated   Measure  ANOVA, mean, standard deviation and p value for centre 

of pressure(COP)(%) of affected side Comparison between groups(D1-D14,D1-D28,D14-

D28) in chronic stroke study participants between age group of 35-65 years of both 

gender 

 Mean 

(COP) 

Std. Deviation(SD) 

(COP) 

                   + 

 

F Value 

(COP) 

P Value 

(COP) 

Day1 38.96 +9.16 

17.85 <0.01(HS) Day14 43.986 +4.71 

Day28 46.295 +3.82 

 D1-Day 1, D14-Day 14, D28-Day 28, (HS-Highly significant) 

  

As the COP gets shifted towards midline it is indicative of nearly  symmetrical equal weight 

bearing between both the foot  .The mean of day 1 is 38+9.16%, for day 14(after 2 weeks) is 

43.98 + 4.71% and day 28(after 4 weeks) is 46.29 +3.82 %in chronic stroke study patients 

between age group of 35-65 years  for COP(%) of both gender. 
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Table 7: Mean and  standard deviation, p value COP(%) ,Comparison between 

groups(D1-D14,D1-D28,D14-D28) in chronic stroke study patients between age group of 35-

65 years of  both gender 

 

 

Mean 

(COP)(%) 

Std. Deviation(SD) 

(COP) (%) 

                   + 

 

F Value 

(COP) (%) 

P Value 

(COP) (%) 

D1(pre test values) 

D14(after 2 weeks) 

38.96 +9.16 
-3.495 0.002(HS) 

43.98 +4.71 

D1(pre test values) 

D28(after 4 weeks) 

38.96 +9.16 
-4.59 <0.01(HS) 

46.29 +3.82 

D14(after 2 weeks) 

D28(after 4 weeks) 

43.98 +4.71 
-7.04 <0.01(HS) 

46.29 +3.82 

D1-Day 1, D14-Day 14, D28-Day 28, (HS-Highly significant) 

It was observed that when compared to pre test values ,COP shifts towards midline gradually 

after 2 weeks and 4 weeks respectively  .The mean difference in COP(%) is 5.02 % for D1-

D14, 2.31% for D14-D28 and 7.33% for D1-D28 with p value <0.002 for D1-D14 and p value 

<0.01for D14-D28 and D1-D28  which shows high  statistical significance. 
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FIG.3 Line Diagram of COP(%) ,comparison between groups in chronic stroke study 

patients between age group of 35-65 years 

  

The figure 3 shows improvement of 7.33% of COP towards midline between day 1 and day 

28 when comparison between groups in chronic stroke study patients between age group of 

35-65 years of both gender is done. 

  

 

 

Table 8:Gender wise distribution  of chronic stroke study  participants in age between 

35-65 years of both gender 

GENDER Frequency(n) Percentage(%) 

Female 5 22.7 

Male 17 77.3 

TOTAL 22 100.0 

The population of male is 77.3% and female is 22.7%  in chronic stroke study participants in 

age between 35-65 years 
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FIG.4: Pie chart of gender wise distribution in chronic stroke study participants in age 

between 35-65 years 

The figure 4 shows there is more amount of male population compared to females in chronic 

stroke study participants in age between 35-65 years of both gender. 

 

 

 

Table 9:Frequency and percentage of affected side in chronic stroke  study participants 

between the age group of 35 to 65 years of both gender 

 

Affected Side Frequency 

(n) 

Percentage 

     (%) 

LEFT(L) 11 50 

RIGHT(R) 11 50 

TOTAL 22 100 

 

Out of 22 chronic stroke study participants there is equal distribution 50% of participants 

having either side of stroke(L-11) (R-11) 

23%

77%

Gender
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FIG.5: Pie chart of distribution of affected side of chronic stroke study participants  

between the age group of 35 to 65 years of both gender 

Figure 5 shows there is equal distribution of  participants of either side of chronic stroke 

study participants  between the age group of 35 to 65 years of both gender. 

 

 

 

Table 10: Age subgroup-wise distribution of chronic stroke study participants between 

the age group of 35 to 65 years 

Age (yrs) Frequency 

(n) 

Percentage (%) 

35-45 5 22.7 

46-55 12 54.5 

56-65 5 22.7 

Total 22 100.0 

Out of 22 chronic stroke .participants most of the population 54.5%belongs to 46-55 years 

whereas 22.7% of population belongs 35-45 years and 56-65 years.  
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FIG.6: Age wise distribution of chronic stroke study participants between the age of 35 

to 65 years 

 

 

 

Table 11:  Mean and standard deviation of single leg stance test time (in seconds) for 

different age groups(35-45 years, 45-55years, 55-65 years) 

Single Leg Stance Test Time (In Seconds) 

Age group (n) 
Day 1 

Mean +SD 

Day 14(2weeks) 

Mean +SD 

Day 28 (4weeks) 

Mean +SD 

35-45 5 0.84+0.61 1.33+0.96 2.08+1.13 

46-55 12 0.98+0.56 1.51+0.77 2.04+1.00 

56-65 5 1.83+1.93 2.49+2.56 2.89+2.73 

Total 22 1.14+1.05 1.69+1.39 2.24+1.52 

 

In younger age group(35-45 years )(1.24 sec)  the improvement in SLST performance  was 

more than the older groups ,46-55 years(1.06 sec) and 56-65 years(1.06sec) 
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FIG.7 :The Line chart shows effect of age on single leg stance test of  chronic stroke 

study participants in different age groups(35-45 years, 45-55years, 55-65 years)  

The figure 7 shows difference of 2.04 sec in single leg stance test of chronic stroke 

participants in different age groups (35-45 years, 45-55years, 55-65 years). 
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Table 12 : Mean and standard deviation in 10 meter walk test performance  for gait  

speed (in seconds) in different age groups(35-45 years, 45-55years, 55-65 years) 

 Age group 

 
(n) 

Day 1 

(10 m walk test)(sec) 

Mean +SD 

 

Day 14 

(10 m walk test)(sec) 

Mean +SD 

Day 24 

(10 m walk test) (sec) 

Mean +SD 

35-45 5 31.81+17.01 25.91+16.16 22.75+16.39 

46-55 12 32.05+12.10 28.28+10.87 26.21+10.26 

56-65 5 36.50+20.49 33.30+19.11 30.92+18.60 

Total 22 33.01+14.68 28.88+13.73 26.49+13.43 

  

Table 12 and figure 8 - It is observed that as the age  is increasing the gait speed reduces from 

age 35-65 years . 10m walk test performance decrease as the age advances from 35 to 65 yrs 

,which means younger age chronic stroke participants 35-45 years(9.06 sec) were able to 

complete the distance of 10 m walk test  faster  as compared to the older age group 46-

55years(5.84sec) and 56-65(5.58sec) years. In the present study the10m walk test 

performance increased by  mean difference  of  6.52sec in 28days (after 4 weeks) as 

compared to day 1(pre test values ) 
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FIG.8 :The Line chart shows effect of age on 10 m walk test performance  in chronic 

stroke study   participants of different age groups (35-45 years, 45-55years, 55-65 years)  

The figure 8 shows   that there is difference of 13.75sec between day (pre test values) and day 

28(after 4 weeks) 
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Table 13: Mean and standard deviation of CENTRE OF PRESSURE(COP) in  (%) of 

the affected side in chronic stroke  participants of different age groups (35-45 years, 45-

55years, 55-65 years) 

Age  group   (n) 

Day 1 

(COP) 

 

Mean +SD 

Day 14 

(COP) 

 

Mean +SD 

Day 28 

(COP) 

 

Mean +SD 

35-45 5 38.42+10.44 43.00+8.03 46.04+6.52 

46-55 12 38.03+10.52 44.48+3.54 46.56+3.13 

56-65 5 41.74+3.86 43.78+3.96 45.90+2.62 

Total 22 38.96+9.16 43.98+4.71 46.29+3.82 

 

Tendency of shift of % of COP towards midline is  less in the age group of 56-65 

years(4.16%)compared to younger age group of 35-45years(7.62%) and 46-55years(8.53%). 

The COP(%) on the affected side going towards midline  showed improvement in chronic 

stroke participants in different  age groups by mean difference of  7.33% 
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FIG.9: Line chart of effect of age on COP (%)of the affected side in chronic stroke 

participants in different  age groups(35-45 years, 45-55years, 55-65 years) 

The figure 9 shows improvement with difference 8.54% in COP (%) of the affected side in 

chronic stroke participants in different  age groups 

Table 14:Frequency and percentage of BMI in chronic stroke  study participants 

between age group of 35-65 years o both gender 

 

BMI 

(kg/m2) 

Frequency 

                          (n) 

Percentage 

(%) 

<18.5 1 4.5 

18.5-24.99 16 72.7 

25-29.99 5 22.7 

30 and Above  0 0 

Total 22 100.0 

 

The % of chronic stroke study participants below <18.5 are  4.5%(underweight),in 18.5-

24.99%(healthy weight) and in 25-29.99 (overweight) and no participants in 30 and above 

BMI(obesity)  
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FIG.10:Pie chart showing BMI of chronic stroke study participants between age group 

of 35-65 years 

The figure shows  Out of 22,no. of participants are  highest in the range of 18.5-24.99 

kg/m2(healthy weight) i.e 73% (n=16)  whereas  23%(n=5)  in  25-29.99 kg/m2 (Overweight)  

and lowest 4%(n=1)   in <18.5 kg/m2 (underweight). 
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Table 15:Mean and standard deviation of BMI of  SINGLE LEG STANCE TEST  

(Seconds) in chronic stroke  study participants between age group of 35-65 years of both 

gender 

BMI 

(kg/m2) 

 

(n) 

Day1 

(SLST) in sec 

Mean +SD 

Day14 

(SLST) in sec 

Mean +SD 

Day28 

(SLST) in sec 

Mean +SD 

 

<18.5 

1 

 

 

0.47 

. 

 

0.50 

. 

 

0.81 

. 

 

18.5-24.99 

 

16 

 

1.30+1.17 1.93+1.54 2.48+1.61 

 

25-29.99 

 

5 
0.77+0.45 1.16+0.51 1.77+1.20 

 

TOTAL 

22 

 
1.14+1.05 1.69+1.39 2.24+1.52 

The difference in SLST in sec after 4 weeks of treatment is least in participants who were 

underweight i.e 0.34 sec whereas participants belonging to the normal(1.18sec) and 

overweight(1.0sec) criteria showed  nearly equal rate of improvement in SLST performance. 

When all chronic stroke participants were compared for progression in SLST in first  14 days 

i.e 2weeks and second 14days (2weeks to 4 weeks) , it was observed that the increase in 

single leg stance duration follows equal and linear rate of progression. 
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FIG.11: The Line chart of SLST in chronic stroke study participants in different 

classification of BMI   

The figure 11 shows  difference of 1.30 sec in single leg stance test of chronic stroke 

participants  in different classification of  BMI. 
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Table 16: Mean and standard deviation of BMI of 10 metre walk test performance for 

gait speed (Seconds) in chronic stroke  study participants between age group of 35-65 

years of both gender 

 

BMI 

(kg/m2) 

 

(n) 

Day1 

(10 metre walk test)(sec) 

Mean +SD 

Day14 

(10 metre walk test) (sec) 

Mean +SD 

Day 28 

(10 metre walk test) (sec) 

               Mean +SD 

<18.5 1 
69.11 

. 

63.00 

. 

59.0100 

. 

18.5-24.99 16 31.87+13.62 27.33+12.67 25.02+12.39 

25-29.99 5 29.42+9.40 27.03+9.05 24.71+9.69 

Total 22 33.01+14.68 28.88+13.73 26.496+13.43 

As the BMI increases 10 metre walk test performance decreases i.e participants who were 

underweight had the  highest improvement of 10 metre walk test performance(10 sec) 

compared to the participants  who were normal weight(6.85sec) and overweight(4.71sec) 
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FIG 12:The Line chart shows effect of age on 10 m walk test performance  in chronic 

stroke study   participants in classification BMI  

The figure 12 shows improvement in 10metre walk test  performance for gait speed in chronic 

stroke participants in classification of BMI  in order to complete the 10m walk task in 28days 

with  difference of 44.40sec 
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Table 17: Mean and standard deviation of BMI of  COP(%) in chronic stroke  study 

participants between age group of 35-65 years of both gender 

 

BMI 

(kg/m2) 

 

(n) 

Day1 

(COP)(%) 

Mean +SD 

Day14 

(COP) (%) 

Mean +SD 

Day28 

(COP) (%) 

Mean +SD 

<18.5 1 

 

39.90 

. 

 

41.6 

. 

 

46.20 

. 

18.5-24.99 16 37.66+10.42 43.43+5.29 45.80+4.32 

25-29.99 5 42.94+2.56 46.24+1.69 47.90+1.57 

Total 22 38.96+9.16 43.98+4.71                   46.29+3.82 

 

Participants who were overweight in present study were able to shift their COP towards 

midline by 4.96%whereas participants who were underweight had 6.30% of shift towards 

midline and participants who were  normal weight had highest shift of 8.14 %. 
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FIG.13:The Line chart of effect of age on COP (%)of the affected side in chronic stroke 

participants in classification of  BMI 

The figure 13 shows  difference of 10.24% in COP (%) of the affected side in chronic stroke 

participants in classification of BMI 

 

 

 

 

 

 

Table 18:Frequency and Percentage of DOMINANCE(D)/NONDOMINANCE(ND) 

Side of hemiplegia  Frequency 

(n) 

Percentage 

(%) 

 

DOMINANCE(D) 11 50.0 

NON-DOMINANCE(ND) 11 50.0 

Total 22 100.0 

 

The table shows that the participants having dominant side involved were 50% and  

nondominant side involved were 50% 
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FIG.14 ; Pie chart showing  equal distribution of participants in D and ND groups  

 

 

Table 19: Mean and standard deviation of D/ND of SLST (Seconds) in chronic stroke  

study participants between age group of 35-65 years of both gender 

Side of hemiplegia (n) 

Day 1 

(SLST) 

Mean +SD 

Day 14 

(SLST) 

           Mean +SD 

Day 28 

(SLST) 

             Mean +SD 

DOMINANCE 11 0.84+0.50 1.38+0.83 1.92+0.96 

NON-DOMINANCE 11 1.45+1.36 2.01+1.77 2.57+1.93 

Total 22 1.147+1.05 1.69+1.39 2.24+1.52 

Affection of Dominance (D)/ Non-dominance (ND)  has not shown any difference in SLST 

performance when compared from day 1(pre test values) to day 28(after 4 weeks) with 

dominant side  group improvement (1.08sec) and non dominance side group 

improvement(1.12 sec) 
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FIG. 15:The line chart shows effect of D/ND on single leg stance test of  chronic stroke 

study participants in age group between 35-65 years of both gender 

The figure 15 shows  difference  of 1.73sec of single leg stance test of chronic stroke 

participants in D/ND groups 
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Table 20:  Mean and standard deviation of D/ND of 10 metre walk test performance for 

gait speed (Seconds) in chronic stroke  study participants between age group of 35-65 

years of both gender 

 

Side of 

hemiplegia 

 

(n) 

Day 1 

(10 metre walk test) 

Mean +SD 

            Day 14 

(10 metre walk test) 

Mean +SD 

Day 28 

(10 metre walk test) 

Mean +SD 

DOMINANCE 11 34.65+14.33 29.82+13.78 27.56+13.39 

NON-

DOMINANCE 
11 31.37+15.52 27.94+14.28 25.43+14.03 

Total 22 33.01+14.68 28.88+13.73 26.49+13.43 

 

Affection of Dominance (D)/ Non-dominance (ND) has not shown any significant difference 

in 10 metre walk test performance when compared from day 1 to day 28(after 4 weeks) with 

dominant side group improvement (7.09 sec) and non dominance side  group 

improvement(5.94sec) 
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FIG.16: The Line chart shows effect  of D/ND on 10 m walk test performance  in chronic 

stroke study   participants in age group between 35-65 years of both gender  

The figure 16 shows  difference of 9.22sec of 10 m walk test performance in chronic stroke 

participants in D/ND groups 
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Table 21: Mean and standard deviation of D/ND of COP(%) in chronic stroke  study 

participants between age group of 35-65 years 

 

Side of hemiplegia 

Day 1 

(COP) 

Mean +SD 

Day 14 

(COP) 

            Mean +SD 

Day 28 

(COP) 

Mean +SD 

DOMINANCE 37.85+9.45 43.53+5.82 45.78+4.84 

NON-DOMINANCE 40.08+9.18 44.43+3.52 46.80+2.58 

Total 38.96+9.16 43.98+4.71 46.29+3.82 

Affection of Dominance (D)/ Non-dominance (ND) has not shown any significant difference 

in COP when compared from day 1(pre test values) to day 28(after 4 weeks) with dominant 

side  group improvement (7.93%) and non dominance side group improvement(6.72%) 
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FIG 17: Line chart of effect of age on COP (%)of the affected side in chronic stroke 

participants in D/ND groups 

The figure 17 show  difference of 38.95% in COP (%)  of the affected side in chronic stroke 

participants in D/ND groups 

 

 

Hence it can be concluded there is a statistically significant effect, p value <0.01 of visual 

feedback training with single leg stance exercises on single leg stance, gait speed and COP. 
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         ANNEXURE (I) –Proforma 

Date:- 

Name:-  

Age:- 

Gender;- 

Address;- 

 

Phone no.:- 

           Duration of stroke:-  

Parameters Values pre 

intervention 

Values post 

intervention 

Single leg stance   

Gait speed   

Centre of pressure   
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Annexure II (A) 

Participant information sheet: 

• Purpose: 

To ensure that written consent will be obtained from participant. 

 

 

• Scope: 

This study includes chronic stroke patients who are voluntarily 

willing to participate in this study. 

 

• Responsibilities: 

The researcher will obtain written informed consent from all 

the participants who are voluntarily participating in the study. 

 

• Procedure: 

                       The researcher will select participant among stroke population 

1. The intervention protocol will be explained to 

answer the queries of the participants. 

2. If the participant decides to participate then consent 

form should be filled by participant. 

3. Study procedure will begin after the participant’s consent. 

4. Detailed medical and any other physical problem history will 

be obtained from the participant so as to verify the inclusion 

and exclusion criteria. 
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5. If the participant wants to discuss this information with their 

family members then they entitled to do so before giving the 

consent. 

• General information to participants: 

1. Name : 

2. Age: 

3. Gender; 

4. You would be required to fill the proforma and the purpose of 

the research is to study “Effect of Visual Feedback Training 

For four weeks with standing leg exercises on standing 

balance, gait speed and centre of pressure in chronic stroke 

patients of age 35-65 years. A pre test post test study’’ 

5. If you are willing to voluntarily participate in the study 

then you are expected to enroll with us right from the 

moment of filing proforma till the completion of the test. 

6. If you are uncomfortable during this period then kindly let us 

know so that we can help you and overcome your problems. 

7. You will not be given any reimbursement and compensation. 

8. If at any moment you want to discontinue from this 

research study then you are free to do so and there would 

not be any hindrance from our side . 

9. The details of the risk, discomfort, advantages and 

disadvantages of the study will be explained to you before 

obtaining the letter of consent. 
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10. The data obtained from this study would be confidentially 

protected and maintained and if the photograph is used then 

your identity would not be revealed. 

11. All the risk of various test procedures required for the study 

will be explained to you and accordingly the consent will be 

taken. 

12. If you feel exhausted or unable to complete the test please 

kindly let us know so that the necessary steps can be initiated. . 

13. If you are not satisfied at any moment then you can withdraw 

at any time without any consequences. 

14. Name of the researcher: 

Phone number: 

Address: 

15. Name of the guide: 

Phone number: 

Address: 

16. Name of the institute: 
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ANNEXURE II (B): PATIENT INFORMATION SHEET (MARATHI) 

 

सहभागी वतृ्तपत्र: 

उद्देशः 

सहभागी कडून लेखी संमती घतेली जाईल याची खात्री करण्यासाठी. 

व्याप्ती: 

अभ्यासा मध्ये पुरुष आणि स्त्रत्रया दोघांसाठी अनुवांशशक लोकसंख्या समाववष्ट आहे आणि 

रवेच्छेने या अभ्यासा मध्ये भाग घेण्यास इच्छुक आहेत. 

उत्तरदाययत्व: 

अभ्यासा मध्ये रवेच्छेने भाग घेिार् या सवव सहभागीं कडून संशोधकांना लेखी माहहती हदली जाईल. 

प्रक्रिया:  

1. संशोधकांना अनुवाशंशक लोकांमधील सहभागीची यनवड करेल. 

2. सहभागींच्या प्रशनांची उत्तर देण्यासाठी हरतके्षप प्रोटोकॉल रपष्ट केला जाईल. 

3. जर सहभागी ने भाग घेण्याचा यनिवय केला असेल तर सहभागी ने संमती फॉमव भरला 

पाहहजे. 

4. सहभागींच्या समंती नंतर अभ्यासाची प्रक्रिया सुरू होईल. 

5. समाववष्ट आणि वगळण्याच्या यनकषांची पडताळिी करण्यासाठी सहभागी कडून इतर 

कोित्याही शारीररक समरयेचा तपशीलवार वैद्यकीय आणि इयतहास प्राप्त केला 

जाईल. 

6. जर सहभागी ंनात्यांच्या कुटंुबातील सदरयांसहया माहहती वर चचाव करायची असले तर 

संमती   देण्यापूवीते तसे करण्यासपात्र आहेत. 

 



120 
 

सहभागीनंा सामान्य माहहती: 

1. नाव: 

वय: 

शलगं: 

तारीख: 

2. आपल्याला प्रोफामाव भरण्याची आवशयकता आहे आणि संशोधनाचा हेतू हा 

अभ्यासकरिे आहे:       

3. व्हिज्युअल फीडबॅक प्रशिक्षणाचा परिणाम चाि आठवडयाांसाठी स्टँडड ांग बॅलन्सवि स्टँड लेग 

एक्सिसाइज, चालण्याची गती आणण 35-65 वर्ष ेवयाच्या क्रॉनिक स्रोक रुगणाांमध्ये प्रेिि 

सेंटि. पूवव चाचणी िांति चाचणी अभ्यास 

 

4. आपि रवेच्छेने अभ्यासा मध्ये भाग घेऊ इस्त्च्छत असल्यास, आपि परीके्षची पूतवता 

होई पयंत प्रोफामाव दाखल करण्याच्या क्षिापासून आमच्यासह आमच्याकड े नोंदिी 

करिे अपेक्षक्षत आहे. 

5. या कालावधीत आपि अरवरथ असल्यास, कृपया आम्हाला कळविे करून आम्ही 

आपल्याला मदत करू आणि आपल्या अडचिी दरू करू. 

6. तुम्हाला कोितीही भरपाई आणि नुकसान भरपाई हदली जािार नाही. 

7. कोित्याही क्षिी आपि या सशंोधनाचा अभ्यासा पासनू दरू जाण्याची इच्छा असल्यास 

आपि असे करण्यास मोकळे आहात आणि आमच्या बाजून ेकोितीही अडथळा यिेार 

नाही. 

8. संमती फॉमव प्राप्त करण्यापूवी जोखीम, असुववधा, फायदे आणि अभ्यासाचे तोटे यांचे 
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तपशील आपल्याला समजावून सागंगतले जातील. 

9. या अभ्यासा मधून प्राप्त केलेला डेटा गुप्त पिे जतन केला जाईल आणि त्याची 

देखभाल केली जाईल आणि छायागचते्र वापरल्यास आपली ओळख उघड केली जािार 

नाही. 

10. अभ्यासासाठी आवशयक असलेल्या ववववध चाचिी प्रक्रियेचे सवव जोखीम आपल्याला 

रपष्ट केले जातील आणि त्यानुसार संमती घेतली जाईल. 

11. आपि थकल्यासारखे क्रकंवा कसोटी पूिव करण्यात अक्षम झाल्यास कृपया आम्हाला 

कळविे करुन आवशयकती पावले उचलता येतील. 

12. संशोधकाचेनाव: 

      फोननंबर: 

      पत्ता: 

13. मागवदशवकनाव: 

      फोननंबर: 

      पत्ता: 

14. संरथेचेनाव: 
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ANNEXURE II (C): PATIENT INFORMATION SHEET (HINDI) 

 

प्रयतभागी सूचकांक पत्र: 

• उद्देशय: 

यह सुयनस्त्शचत करने के शलए क्रक प्रयतभागी से शलणखत सहमयत प्राप्त की जाएगी। 

• रकोप: 

इस अध्ययन में पुरुष और महहलाओं दोनों के शलए जरागचक्रकत्सा आबादी शाशमल है और 

रवेच्छासे इस अध्ययन में भाग लेने के शलए तैयार है। 

• दाययत्व: 

शोधकताव उन सभी प्रयतभागगयों से शलणखत सूगचत सहमयत प्राप्त करेगा जो अध्ययन में 

रवेच्छा से भाग लेने वाले है। 

• प्रक्रिया: 

1. शोधकताव तीव्र ररोक आबादी के बीच प्रयतभागी का चयन करेगा। 

2. प्रयतभागगयों के प्रशनों का उत्तर देने के शलए हरतके्षप प्रोटोकॉल को समझाया जाएगा। 

3. यहद प्रयतभागीने भाग लेने का यनिवय शलया है तो प्रयतभागी द्वारा सहमयत फॉमव भरा 

जाना 

  चाहहए। 

4. प्रयतभागी की सहमयत के बाद अध्ययन प्रक्रिया शुरू होगी। 
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5. ववरततृ गचक्रकत्सा और क्रकसी भी अन्य शारीररक समरया का इयतहास प्रयतभागी से प्राप्त 

क्रकया जाएगा ताक्रक समावशेन और बहहष्करिमान दंडों को सत्यावपत क्रकया जा सके। 

6. यहद वें प्रयतभागी इस जानकारी पर अपने पररवार के सदरयों के साथ चचाव करना चाहते 

है 

   तो वे सहमयत देने से पहले ऐसा करन ेके हकदार है। 

• प्रयतभागगयों को सामान्य जानकारी 

1.  नाम: 

       उम्र: 

       शलगं: 

       हदनांक: 

2. आपको प्रोफामाव भरने की आवशयकता होगी और शोधका उद्देशय अध्ययन करना है: 

“स्त्रथर  

 

‘’35-65 वर्षव की आयु के क्रॉनिक स्रोक के मिीजों में स्टैंडड ांग बैलेंस, चाल गनत औि दबाव के 
कें द्र पि शसांगल लेग स्टाांस एक्सिसाइज के साथ 4 सप्ताि के शलए ववजुअल फीडबैक रेनिांग 
का प्रभाव: एक प्री टेस्ट पोस्ट टेस्ट स्टडी’’ 

 

 

   3. यहद आप रवेच्छा से अध्ययन में भाग लेने के इच्छुक है तो आप से अपेक्षा की जाती 

है  
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      क्रक आप परीक्षि पूरा होने तक प्रोफामाव दाणखल करने के क्षि से ही हमारे साथ 

नामांकन  

      करें। 

3. यहद आप इस अवगधके दौरान असहज है, तो कृपया हमें बताएं ताक्रक हम आपकी 

मदत   कर सके और आपकी समरयाओं को दरू कर सके। 

4. आपको कोई प्रयतपयूतव और मुआवजा नाही हदया जाएगा। 

5. यहद क्रकसी भी क्षि आप इस शोध अध्ययन से हटना चाहते है तो आप ऐसा करने के 

शलए रवतंत्र है और हमारी और से कोई बाधा नहीं होगी। 

6. सहमयत पत्र प्राप्त करने से पहले अध्ययन के जोणखम, असुववधा, फायदे और नुकसान 

का वववरि आपको समझाया जाएगा। 

7. इस अध्ययन स ेप्राप्त आंकडों को गोपनीय रूप स ेसंरक्षक्षत और बनाए रखा जाएगा 

और यहद तरवीर का उपयोग क्रकया जाता है तो आपकी पहचान उजागर नहीं की 

जाएगी। 

8. अध्ययन के शलए आवशयक ववशभन्न परीक्षि प्रक्रियाओं के सभी जोणखमों को आपको 

समझाया जाएगा और तदनुसार सहमयत ली जाएगी। 

9. यहद आप थकावट महसूस करते है या परीक्षि पूरा करने में असमथव है तो कृपया हमें 

बताएं ताक्रक आवशयक कदम उठाएजा सके। 

10.  शोधकताव का नाम: 

        फोन नंबर: 

        पता: 

11.  गाइड का नाम: 

       फोननंबर: 
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       पता: 

12.  संरथान का नाम: 
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Annexure II(B):- 

LETTER OF CONSENT 

“Effect of Visual Feedback Training for 4 weeks with single leg stance 

exercises On Standing Balance,Gait Speed and Centre of pressure In 

Chronic Stroke Patients Of Age 35-65 Years: A PRE TEST POST 

TEST STUDY 

 

1.I have received an explanation of the nature, purpose, duration and 

foreseeable effects and risks of the trial and what I will be expected to 

do. My questions have been answered satisfactorily. 

2. I understand that my participation in the trial is voluntary and that I 

may refuse to participate or may withdraw from the trial at any time, 

without penalty or loss of benefits to which I am otherwise entitled. 

3. I further understand that any information that becomes available 

during the course of the study that may affect my willingness to take part 

will be informed to me. 

4. Institutional Ethics Committee authorities may wish to examine my 

medical records to verify the information collected. By signing this 

document, I give permission for this review of my records. 

5. I understand that my identity will not be revealed in any report or publication. 

6. I agree to take part in the above study. 

Name of the research participant    
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Signature/thumb impression of the research participant   
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ANNEXURE III (B) 

सहमयत – पत्र 

 " व्हिज्युअल फीडबॅक प्रशिक्षणाचा परिणाम चाि आठवडयाांसाठी स्टँडड ांग बॅलन्सवि स्टँड लेग 

एक्सिसाइज, चालण्याची गती आणण 35-65 वर्ष ेवयाच्या क्रॉनिक स्रोक रुगणाांमध्ये प्रेिि 

सेंटि. पूवव चाचणी िांति चाचणी अभ्यास’’ 

 

1. मला चाचिीचे रवरुप, हेतू, 

कालावधीआणिअपके्षक्षतपररिामआणिजोखीमआणिमुलाकडूनकायअपेक्षक्षतकेलेजाईलयाचेरप

ष्टीकरिप्राप्तझालेआहे. माझ्याप्रशनांचीउत्तरेसमाधानकारकआहेत. 

2. मलासमजलेआहेकीचाचिीतमाझ्यामुलाचासहभागऐस्त्च्छकआहेआणिमीकोित्याहीप्रकारचादं

डक्रकंवामीगोंधळातघतेलेल्याफायद्यांच्यानुकसानीशशवायकोित्याहीवेळीसहभागीहोण्यासन

कारदेऊशकतोक्रकंवाचाचिीमधूनमागेघेऊशकतो. 

3. मलापुढेहेसमजलेआहेकीअभ्यासाच्यावेळीउपलब्धहोिारीकोितीहीमाहहतीजीमाझ्यासहभागा

च्याइच्छेवरपररिामकरूशकतेमलाकळववलीजाईल. 

4. संरथात्मकआचारसंहहतासशमतीचेअगधकारीगोळाकेलेलीमाहहतीसत्यावपतकरण्यासाठीमाझ्या

वैद्यकीयनोंदीतपासूशकतात. यादरतऐवजावरसहीकरून, 

मीमाझ्यानोंदींच्यायापनुरावलोकनासाठीपरवानगीदेतो. 
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5. मलासमजलेआहेकीमाझ्यामुलाचीओळखकोित्याहीअहवालातक्रकंवाप्रकाशनातप्रकटहोिारना

ही. 

6. मीवरीलअभ्यासामध्यभेागघेण्याससहमतआहे. 

7. संशोधनसहभागीचेनाव ______________________ 

8. संशोधनसहभागीचीरवाक्षरी / अंगठाठसा ____________________ 
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ANNEXURE III (C) 

सहमयत – पत्र 

 "35-65 वर्षव की आयु के क्रॉनिक स्रोक के मिीजों में स्टैंडड ांग बैलेंस, चाल गनत औि दबाव 
के कें द्र पि शसांगल लेग स्टाांस एक्सिसाइज के साथ 4 सप्ताि के शलए ववजुअल फीडबैक 
रेनिांग का प्रभाव: एक प्री टेस्ट पोस्ट टेस्ट स्टडी’’ 
 

1. मुझेपरीक्षिकीप्रकृयत, उद्देशय, 

अवगधऔरदरूदशशवताप्रभावऔरजोणखमोंकारपष्टीकरिशमलाहै 

2. औरबच्चेकोक्याकरनेकीउम्मीदहोगी।मेरेसवालोंकासंतोषजनकजवाबहदयागयाहै। 

3. मैंसमझताहंूक्रकपरीक्षिमेंमेरेबच्चेकीभागीदारीरवैस्त्च्छकहैऔरमैंक्रकसीभीसमयपरीक्षिसेभा

गलेनेयावापसलेनसेेइंकारकरसकताहंू, 

बबनाक्रकसीदंडयालाभकेनुकसानकेस्त्जसकेमैंअन्यथाहकदारहंू। 

4. मैंआगेसमझताहंूक्रकअध्ययनकेदौरानउपलब्धहोनेवालीकोईभीजानकारीजोमेरेभागलेनेकीइ

च्छाकोप्रभाववतकरसकतीहै, मुझसेूगचतक्रकयाजाएगा। 

5. संरथागतआचारसशमयतकेअगधकारीएकबत्रतजानकारीकोसत्यावपतकरनेकेशलएमेरेमेडडकल

ररकॉडवकीजांचकरसकतेहैं।इसदरतावेज़परहरताक्षरकरके, 

मैंअपनेररकॉडवकीइससमीक्षाकीअनमुयतदेताहंू। 



131 
 

6. मैंसमझताहंूक्रकमेरेबच्चेकीपहचानक्रकसीभीररपोटवयाप्रकाशनमेंसामनेनहींआएगी। 

7. मैंउपरोक्तअध्ययनमेंभागलेनेकेशलएसहमतहंू। 

8. अनुसंधानप्रयतभागीकानाम ______________________ 

शोधाथीकाहरताक्षर / अंगूठेकायनशान________________________ 
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ANNEXURE IV(A) 

 

PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in children with Cerebral Palsy 

aged 6-18 years. 

      My research topic is “” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          Head of Institute 
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ANNEXURE IV (B) 

 

PERMISSION LETTER 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

      My research topic is, “” 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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ANNEXURE V 

TIMELINE/GANNT CHART 

Sr.no  Components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

march  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

mar 

2021 

April-

Jun 

2021 

July- 

Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 

Formulation of research 

question                       

4 

formulation of aim and 

objectives                       

5 

hypothesis, alternate 

hypothesis                       

6 Research protocol                       

7 Research designing                       

8 Review of literature                       

9 methodology formulation                       

10 study designing                       

11 study setting                       

12 sample size estimation                       

13 

selection of study 

instruments                       

14 method of data collection                        

15 

data management and 

analysis procedure                       

16 IEC and BORS clearance                       

17 compilation of synopsis                       

18 uploading of synopsis                       

19 data collection                       

20 

data presentation and 

analysis                       

21 

writing of discussion and 

conclusion                       

22 Compilation of dissertation            

23 

submission of thesis to 

MUHS                       
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MASTER CHART 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  EFFECT OF VISUAL FEEDBACK TRAINING FOR 4 WEEKS WITH SINGLE 

LEG STANCE EXERCISES ON STANDING BALANCE, GAIT SPEED AND 

CENTRE OF PRESSURE IN CHRONIC STROKE PATIENTS OF AGE 35-65 

YEARS: PRE TEST POST TEST STUDY 

02) Introduction :- Stroke is a leading cause of disability worldwide, which is defined as 

‘rapidly developing clinical signs of focal (at times global) disturbance 

of cerebral function, lasting more than 24 hours or leading to death 

with no apparent cause other than that of vascular origin.1,2 There is a 

brain tissue damage due to ruptured blood vessels or blood clots that 

may block oxygen and nutrient supply, resulting in symptoms such as 

facial muscle weakness, one-sided extremity muscle weakness, gait 

difficulty, dizziness, loss of balance and/or postural control.3 In India 

the estimated prevalence rate of stroke is 84-262/ 100,000 in rural 

and 334-424/ 100,000 in urban areas.4The incidence rate is 

119-145/100,000 based on the recent population based studies.4 

Indian studies have shown that about 10% to 15% of strokes occur in 

people below the age of 40 years.5Gorelick PB stated that the highest 

incidence of stroke occurred in east Asia  than other countries 

whereas women and men had similar age-specific incidences at ages 

upto 55 years, but the rate was greater in men at age 55–75 years.6 

              

Stroke can be classified on the basis of interruption of the blood flow 

to the brain as ischemic stroke(due to blood clot) and hemorrhagic 

(due to rupture of blood vessels) stroke and as acute, sub-acute, 

chronic stroke manifestations on the basis of duration post stroke: 

acute (lasting upto 2 weeks), sub-acute (lasting upto 6 months) and 

chronic(>6 months to years).7,8 There are several risk factors which 

leads to stroke and is divided into two types :modifiable 

(hypertension, diabetes, dyslipidemia, smoking ,atrial fibrillation, 

atrial cardiopathy, inflammation and infection ,sedentary behaviour, 
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diet, obesity and metabolic syndrome,alcohol consumption and 

substance abuse)and non modifiable (age, gender, race, genetic).9 

             

Postural control (balance) is the ability to maintain the body in 

equilibrium and the ability to maintain the centre of mass within base 

of support .7,10 There are two types of balance, in static balance the 

base of support and ground remain stationary, that is the ability to 

maintain a posture such as balancing in standing or sitting position.10 

In dynamic balance, the centre of mass and base of support shifts, 

that is the ability to maintain postural control during 

movements.10There is an asymmetrical posture with muscle 

weakness and decline in the awareness of physical balance required 

to maintain  orientation of the trunk.2 Stroke, generally leads to 

greater postural instability as there is more reliance on visual input 

and an impairment of anticipatory postural adjustments and postural 

reactions after external perturbations.2 It is a result of neurological 

damage to the sensory and motor processes of the postural control 

system which causes shift of balance to the unaffected side and it is 

found that there is an increased body sway of the centre of the 

pressure and decrease in the limits of stability.2,11 

 

In stroke use of unaffected extremities for extended periods of time, 

leads to muscle weakening on the affected side relative to the 

unaffected side which results in body asymmetry and impaired 

balance i.e reduced lower extremity motor skills leading to impaired 

gait and balance, which increases the risk of fall.3 In chronic stroke 

patients, impaired balance is related to a learned non-use  of the 

affected leg although there is improvement in motor function of the 

lower limb.
1 There is loss of  proprioceptive  afferents  which may 

affects the control of muscle tone, disrupts postural reflexes and 

impairs spatial as well as temporal components of volitional 

movement.
12 Postural control deficits following stroke leads to 

impairment of walking ability and it interferes with a functionally 

independent lifestyle.11There are several outcome measures available 
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for standing balance in stroke: Berg Balance scale(BBS),Star excursion 

Scale, ,Fugl-Meyer assessment ,Functional Reach Test, Timed Up and 

Go Test(TUGT), Single leg stance Test(SLST). Single leg stance 

test(SLST) establishes high reliability and validity with intraclass  

correlation coefficient to be 0.88  in a study done by Ulla-Britt 

Flansbjer et al.13 Outcome measures for gait are as follows: Dynamic 

gait index (DGI), 10m walk test, GAITRite walkway system.10m walk 

test establishes high reliability and validity with intraclass correlation 

coefficient to be 0.99 in a study conducted by Sarah Tyson and Louise 

Connell.14 

              

In the standing position, the centre of pressure is shifted which is 

necessary for maintaining upright posture and weight bearing 

increases onto the unaffected side.3 There is a general tendency of 

stroke patients to bear more weight on unaffected side , which can 

become a risk factor for musculoskeletal degeneration or pain in the 

unaffected side and there is  decrease in bone density in the 

affected side.3 Spatiotemporal gait asymmetry is related with 

impaired balance control, gait inefficiencies and gait speed.15 Postural 

instability in stroke patients restricts activity of  daily living  due to 

which quality of life is greatly impaired and also affects confidence of 

patients returning to their normal day to day life.16 Postural 

control(balance) is necessary for walking and mobility after stroke. 

Therefore it is important to give training for weight-bearing on the 

affected side.17 As postural control is crucial for independence in 

walking and daily life activities in stroke patients, improvement of 

stable standing position in stroke patients and betterment of postural 

control is an important step in the rehabilitation. Correction of 

standing balance should be given more importance than 

strengthening lower extremity muscles to improve daily life activities 

and walking capacity.17 

 

In order to analyze the amount of weight borne on the affected 

extremity force platform is used which consists of at least two force 
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plates that determines weight borne by each foot through a  

computer , there is a monitor to allow visualization of the centre of 

force or centre of pressure , and a software that provides training 

protocols and data analysis capabilities. Some of the systems provide 

visual and well as auditory feedback.18
 

 

Vision has been the feedback modality most investigated in the 

context of optimizing augmented feedback for motor learning and is 

largely used in rehabilitation to improve the control of standing or 

sitting posture and to train the ability to shift weight by moving the 

entire body or the trunk.19 Stroke survivors who received 

rehabilitation treatments based on visual feedback of their weight 

distribution on both feet or about their centre of pressure or centre 

of mass position, regained better standing symmetry than those who 

received conventional physical therapy for four weeks of treatment 

duration.19
 Sackley and Lincoln demonstrated that improved stance 

symmetry was also associated with an increased ability to perform 

functional tasks but Nottingham balance platform was costly and it 

requires much space, needs constant supervision and measures only 

static nature of the measuring platform small sample size(n=26).20 In a 

study done by Klitzke dos Santos FM et al investigated that visual 

feedback  for four weeks was effective  for standing balance in 

chronic hemiparetic stroke patients, limitation of the study was  

small sample size(n=8).21 Abhishek  Srivastava et al examined the 

role of force platform with visual feedback technique but the sample 

size was small (n=34).22There is very limited literature on visual 

feedback training in chronic stroke patients and the equipments for 

training was apparently costly and space occupying. Hence there is  

a need to study the effect of visual feedback training with single leg 

stance exercises on standing balance, gait speed and centre of 

pressure in chronic stroke patients of age 35-65Years. 

  

Rationale of the study: In chronic stroke patients, the centre of 

pressure is shifted and weight bearing increases onto the unaffected 
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side and gait speed is reduced.3,15 According to literature visual 

feedback training is found to improve asymmetric standing balance of 

stroke patients effectively facilitating their postural control.(23) Studies 

have been done to improve standing balance by using visual feedback 

training but the limitations of the studies are equipment being costly, 

space occupying, and small sample size. (20) (21)(22) A study done by Ji 

Hye  Jung et al investigated the immediate effects of single leg 

stance exercise on dynamic balance ,weight bearing and gait cycle in 

chronic stroke patients for 2-3minutes and stated that weight bearing 

on the affected side is key intervention to improve balance in stroke 

patients but the exercise were not sufficient to affect symmetry of 

gait and was done only in left hemiplegics.24 Due to scarcity of 

literature available on improve standing balance, gait speed and 

centre of pressure by using visual feedback training with single leg 

stance exercises in chronic stroke patients there is need for visual 

feedback  intervention using single leg stance exercises to improve 

standing balance, gait speed and centre of pressure. 

3.1) Primary Research 
Question :- 

Is there any effect of visual feedback training for 4 weeks with single 

leg stance exercises on standing balance, gait speed and centre of 

pressure in chronic stroke patients of age 35-65 years? 

3.2) Secondary Research 
Question 1 :- 

(if any) 

 

Not applicable                                                                                                                                                                                                                                                                                              

 

3.3) Secondary Research 
Question 2 :- 

(if any) 

 

Not applicable                                                                                                                                                                                                                                                                                              

 

 

4.1) Primary 
Hypothesis :- 

Null Hypothesis:  

There is no significant effect of Visual Feedback Training  for 4 weeks 

with single leg stance exercises On Standing Balance ,Gait Speed and 

Centre of pressure In Chronic Stroke Patients Of Age 35-65 Years. 
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Alternate Hypothesis:  

There is significant effect of Visual Feedback Training for 4 weeks with 

single leg stance exercises On Standing Balance, Gait Speed and 

Centre of pressure In Chronic Stroke Patients Of Age 35-65 Years. 

4.2) Other Hypothesis 
1:- 

(if any) 

 

Not applicable 

 

4.3) Other Hypothesis 
2 :- 

(if any) 

 

Not applicable 

 

05) Review of 
Literature :- 

1) A study was conducted by Deepesh Kumar et al in 2019 to 

examine the effect of Virtual reality(VR)‑based balance 

training system augmented with operant conditioning 

paradigm .Twenty-nine hemiplegic participants {left 

hemiplegic group (n=7) as well as right hemiplegic group (n = 

22) with average age between 26 -65yrs with 3 females and 26 

males } were exposed to V2BaT(2 Wii Balance board{WiiBB} 

used therefore V2BaT) system for a single session of balance 

training. The V2BaT system used two WiiBBs, one for each leg, 

to measure Centre of pressure (CoP) displacement for each 

leg. The weighted sum of CoP for left and right legs was used 

to maneuver the virtual object (VRObj) in the VR 

environments. The operant conditioning paradigm was 

employed during the normal trial (NT) of VR-based balance 

tasks, where weightage of CoP due to the individual leg was 

conditioned toward overall CoP displacement. In each 

difficulty level of normal trial, the weightage of the CoP due to 

each leg was decided based on the participant’s residual 

ability to displace his/her overall CoP from the  baseline 

position in the anterior direction . The effect of operant 

conditioning that was applied during the normal trial was 

captured in the catch trial (CT), where both the legs (affected 
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and unaffected) were given equal weightage towards overall 

CoP displacement. The V2BaT system provided balance tasks 

of different difficulty levels that were based on participants 

residual balance ability and their performance in the VR-based 

balance tasks. The V2BaT system with operant conditioning 

could motivate the post-stroke hemiplegic participants to 

increase the contribution of their affected side during the 

weight-shifting task. This was evident from the overall 

significant improvement in %Pf_Score(Performance score 

evaluation module) from the CTFirst to CTBFinal trials that used 

equal weight distribution for each leg while participants 

maneuvered the virtual object.Therefore, the operant 

conditioning received by the participants during normal trials 

(before every intermediate catch trial) might have helped 

them, to improve their weight-shifting ability. When analysis 

were compared  between the CoP displacement due to each 

leg before and after operant conditioning, results indicated 

statistically significant enhancement in the CoP displacement 

from CTFirst to CTBFinal for the affected leg. Moreover, the 

results indicated significant enhancement in CoP displacement 

from CT First to CTBFinal for the unaffected leg as well .The study 

had some limitations such as the variability in the duration of 

the post-stroke period and the laterality of hemiplegia among 

the participants based on the availability. So further research 

is required.1 

  

2) A study conducted in 2019 by Philip .B. Gorelick in The global 

burden of stroke: persistent and disabling , stated that the 

estimated global lifetime risk of stroke in 2016 in people 

aged > 25 years was 24·9%, an increase from 22·8% in 1990.It 

included that there is an almost equal risk of stroke among 

women and men, and 18·3% risk of ischemic stroke and 8·2% 

risk of haemorrhagic stroke and  the lifetime risk varies by 

Socio-demographic Index (SDI; 23·5% for high SDI, 31·1% for 
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high-middle SDI, and 13·2% for low SDI countries); the low risk 

in the low SDI group is attributed to the high numbers of 

competing causes of mortality. It was concluded that, by 2030, 

almost 4% of US adults will have had a stroke, accounting for 

total direct annual stroke. Stroke remains the second leading 

cause of death worldwide, with 5·5 million deaths attributed 

to this cause in 2016. Fewer women than men died from 

stroke. Deaths due to ischemic stroke were slightly less 

frequent than those due to hemorrhagic stroke. The highest 

incidence of stroke occurred in east Asia and women and men 

had similar age-specific incidences at ages up to 55 years, but 

the rates were greater in men at 55–75 years, leveling out at 

ages older than 75 years. There are various risk factors for 

stroke namely high systolic blood pressure, body-mass index, 

fasting plasma glucose, total cholesterol and low glomerular 

filtration rate which accounted for 72% of stroke and 

behavioral factors such as smoking, poor diet, and physical 

inactivity  accounted for 66%, and environmental risks such 

as air pollution and lead exposure accounted for about 28% of 

stroke. Population growth and ageing have the potential to 

result in a greater pool of people at risk of stroke and people 

who will have a stroke, despite the current declining stroke 

incidence. Thus prevention of stroke in people of age >75 

years should be an important target to relieve future global 

burden of stroke. Also there is a need to continue to support 

efforts and to prevent stroke by risk factor modification, make 

stroke prevention available in low-income areas of the world 

where stroke incidence might be high, and should find stroke 

prevention and rehabilitation strategies and there should be 

promotion of a healthy environment, which should also be 

considered. 6 

 

3) Rustem Mustafaoglu et al conducted a pilot, single blind, 

randomized control trial in 2018 to investigate the effects of 
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body weight-supported treadmill training on static and 

dynamic  balance in stroke patients .A total of 45 post-stroke 

patients (32 males, 13 females) were randomly assigned to 

combined training group (CombTG), conventional training 

group (CTG), and  Body Weight-Supported Treadmill Training  

group(BWSTTG). The CombTG received 45 min conventional 

therapy for five days a week along with 45 min of BWSTT 

twice a week with inclusion criteria as follows:  stroke onset 

at least three months before the study, age group between 

18-75 years old, to be able to walk 10 m independently or 

under supervision, and to be able to understand all 

instructions during treatment sessions. Exclusion criteria were 

as follows: a previous stroke, musculoskeletal disorders 

causing contracture or limited range of motion in their lower 

extremities affecting walking, and severe heart disease or 

medically uncontrolled hypertension. The CTG program 

focused on trunk stabilization, weight transfer to the affected 

leg, and walking between parallel bars or on the ground. 

Treatment activities were designed to improve balance, while 

encouraging the participant to use his or her more affected 

lower limb. The training was also complicated by adding arm 

activities and reaching activities while walking forward, 

backward and side to side. The BWSTTG incorporated The 

Lokomat system with an integrated treadmill and a motor 

driven body weight support system with real-time feedback 

control for precise body weight unloading. The CTG received 

only conventional therapy for five days a week. The BWSTTG 

received only BWSTT twice a week. Training duration was six 

weeks for all groups. Primary outcome measures were the 

Berg Balance Scale (BBS), affected and non-affected side 

Single Leg Stance Test, and Timed Up and Go Test (TUG) 

results. Secondary outcomes were the Falls Efficacy 

Scale-International (FES-I), Rivermead Mobility Index (RMI), 

Comfortable 10-m Walk Test (CWT), and Stair Climbing Test 
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(SCT). The velocity of treadmill was adjusted from 1.2-2.6 

km/h and was set to the maximum speed tolerated by the 

patient during sessions. The mean changes in primary 

outcome measures were statistically significant (p<0.05) 

among the groups. In subgroup analysis, all primary outcome 

measures improved significantly and were in favor of CombTG. 

The results showed that CT, BWSTT, and CombTG increased 

balance and mobility and reduced fear of falling in post-stroke 

patients. Additionally, the CombTG experienced more 

improved balance and mobility performances than the CTG 

and BWSTTG. However, further  studies are required to 

evaluate the long-term effects of BWSTT on balance and 

mobility function of patients with stroke.25 

 

 

4) Hugues A et al conducted a study protocol for systematic 

review and meta-analysis in 2017 to assess the efficiency of 

physical therapy on postural imbalance after stroke. The 

inclusion criteria was all randomized control trials, trials which 

included human adult patients after a first or recurrent stroke 

and all trials assessing physical therapy. The exclusion criteria 

were trials without control group or those with quasi-random 

allocation and cases of transient ischemic accidents. The 

outcome measures used were Berg balance scale(BBS), 

Postural Assessment Scale for Stroke (PASS),the 

‘weight-bearing asymmetry’ (WBA), the ‘centre of pressure’ 

(COP) and the ‘limit of stability’ (LOS). WBA, COP and LOS 

were measured by a (sitting or standing) static evaluation on 

force plate or another device. Barthel index, the Functional 

Independence Measure (FIM), the scale for instrumental 

activities of daily living (IADL) and the scale for ADLS. Data  

collection and analysis was dependent on agreement of 

authors. Thus guide line for rehabilitation  of  postural 

imbalance after stroke was dependant on sub group analysis 
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which was as follows:type of physical therapy , main goal of 

physical therapy, localisation of brain lesion, the type of 

processing ‘bottom-up’ or ‘top-down,the methodological 

quality of trials, the trials assessing or not the level of 

autonomy and the time since stroke.2 

 

5) A review conducted in 2017 by Manjari Tripathi and Deepti 

Vibha to evaluate stroke in young in India stated that globally, 

stroke is the third commonest cause of mortality and the 

fourth leading cause of disease burden and age has been 

shown to have a strong association with the incidence of 

stroke. While the peak age of stroke occurrence is 55–65 

years.  Common risk factors of stroke are Cerebral venous 

thrombosis, rheumatic heart disease, prosthetic valve , atrial 

fibrillation ,bacterial endocarditis, infections, systemic lupus  

erythematosus, atherosclerotic disease and arterial dissection 

are  the leading causes of stroke in the young in India. 

Average age of patients with stroke in developing countries is 

15 years younger than that in developed countries .In India, 

nearly one-fifth of patients with first ever strokes admitted to 

hospitals were aged <40 years. Preventive measures could aid 

immensely in bringing down the costs and emotional burden 

on the family and it would need prior and correct 

identification of burden and risk factors prevailing in the 

community. 5 

 

6) A study conducted in 2017 by Amelia K. Boehme et al to 

evaluate stroke risk factors, genetics and its prevention stated 

that risk factors of stroke can be classified into two types non 

modifiable(age, gender, ethnicity, race and genetics) and 

modifiable( hypertension, diabetes, dyslipidemia, smoking 

,atrial fibrillation, atrial cardiopathy, inflammation and 

infection, sedentary behaviour ,diet, obesity and metabolic  

syndrome and alcohol consumption and substance 
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abuse).There are triggers which may lead to stroke namely 

infections, sepsis leading to atrial fibrillation and air pollution. 

There are several genetic risk factors namely specific rare 

single gene disorders (e.g cerebral autosomal dominant 

arteriopathy with subcortical infarcts and 

leukoencephalopathy, or CADASIL),single gene disorder(sickle 

cell anemia), common variants of genetic polymorphism(e.g 

variants in 9p21), and genetic causes of atrial fibrillation, 

diabities and hypertension. Family history of stroke increases 

stroke risk by 30%.Prevention of stroke has three levels 

a)primordial prevention is the most generalizable, and broadly 

deals with healthy living measures that, when applied on a 

group level, aim to decrease the population incidence of 

physiologic stroke risk factors, b) primary prevention, which 

aims to improve the risk factor profile of individuals who do 

not have a history of stroke or TIA with the goal of preventing 

a first cerebrovascular event; and c) secondary prevention, 

which is the most targeted and is only employed after an 

individual has suffered a stroke or TIA, with the goal of 

preventing stroke recurrence .Mass therapies are also used. 

Thus the study concluded that recent years have witnessed 

various no. of ways in our understanding of risk factors and 

prevention of stroke. There are various approaches to 

prevention, in general, such as the mass approach, utilizing 

risk estimation in primary care, and focusing on high-risk 

intervals of time after stroke triggers, also have the potential 

to dramatically change the future of stroke prevention 9 

 

7) A study conducted in 2017 by Chang-Man An et al to evaluate 

relationship between dynamic balance and spatiotemporal 

gait symmetry in hemiplegic patients with chronic stroke. 41 

participants (25 males, 16 females with mean age of 

49.39+10.30 years) with inclusion criteria as follows:>6 

months post stroke, able to walk independently for more than 
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10m and ability to follow verbal commands and exclusion 

criteria as follows: orthopedic problems, any other neurologic 

disorder, cerebellar lesions and bilateral stroke lesions. 

Outcome measures used were biodex balance system and it 

evaluates the ability of patients to move and control their COG 

within their base of support without losing balance or 

stepping. The limits of stability test measures the time and 

accuracy of transferring the estimated centre of gravity while 

moving a cursor to intercept each of eight successive targets 

on a display screen and a high LOS score signifies greater 

dynamic stability and GAITRrite system is used to evaluate 

spatiotemporal gait parameters. Patients firstly got  

familiarized themselves with the procedure and then 

subsequently completed three trials of walking at their 

preferred speed across a level of 10 m walkway with a 

pressure-sensitive mat in the middle. Correlation analysis 

revealed a positive relationship between temporal gait 

symmetry index and  overall limits of stability(OLOS) score 

(r=0.66) and  there was a negative relationship between heel 

to heel base of support (H-H BOS) and temporal gait symmetry 

index (r=_0.63) and spatial gait symmetry index (r=_0.36).Thus 

this study concluded that control of dynamic balance during 

standing and gait is significantly related to the magnitude of 

temporal gait symmetry. That is, higher LOS scores during 

standing and a narrower distribution of H-H BOS values were 

associated with better temporal gait symmetry in both the 

lower limbs and temporal gait asymmetry in patients after 

hemiplegic stroke increased with increasing difficulty in weight 

shifting towards the affected lower limb during standing or 

gait but there was no association between spatial gait 

symmetry and dynamic balance ability, or such an association 

was weak. 15 

 

8) Vendula Bouchalova et al conducted a study in 2016 to 
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observe the influence of various ankle-foot orthoses (AFO)  

on the spatiotemporal gait parameters and functional balance 

in chronic stroke patients  with  inclusion criteria  as 

follows: >6 months post stroke, ability to walk  with or 

without an AFO, ability to understand simple instructions, and  

familiarity with wearing an individualized AFO (Y-tech) for at 

least one month. Exclusion criteria were as follows: bilateral 

assistive devices needed for walking, history of orthopedic  

problems (related to the lower extremities) that would 

interfere with gait performance. Two different types of AFOs 

were tested in this study: a prefabricated polypropylene 

plastic Maramed orthosis and an individualized Y-tech 

orthosis. Fifteen patients (12 men and 3 women) with mean 

age 59.40 ± 9.32 years participated in this study. Participants 

were divided into two groups: nine participants in the assisted 

device” group ( AD-group) and six in the without AD-group 

This observational study consisted of two testing days, within 

3 weeks . Patients were tested in three different conditions: 

with standard prefabricated ankle-foot orthosis (Maramed), 

with individualized ankle-foot orthosis (Y-tech), and without 

any ankle-foot orthrosis. Spatiotemporal gait parameters were 

obtained by walking on an instrumented walkway (GAITRite) 

at usual and fastest speed. In a preparatory session (day 1), 

participants were familiarized with the Maramed AFO and 

standardized sport shoes. Each experimental clinical test was 

demonstrated and practiced once. The second test session 

consisted of functional balance and walking tests examined 

under three different conditions. First , was when patient was 

tested without any AFO; second, was while wearing a 

standardized AFO (Maramed); and third, with an 

individualized AFO (Y-tech). Activity level was described by the 

BBS, FAC, Brunnel Balance Assessment (BBA) and the TUG 

test. All descriptive tests were performed in standardized 

shoes and without any AFO. In the total group a significant 
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condition effect was found in the TUG test, indicating a 

significant decrease in time when wearing a Maramed and 

Y-tech AFO compared to no AFO (p<0.05). Only the patients 

allocated to the AD-group showed a significant improvement 

in the TUG test when wearing Maramed (p<0.05) or Y-tech 

(p<0.05) AFO compared with no AFO condition. Therefore this 

study concluded that use of a Y-tech or Maramed AFO 

provides better ankle stability and as a result, the step length 

of the unaffected leg can be lengthened, step length 

symmetry is improved by using an AFO. Balance was also 

affected positively by wearing an AFO. There were several 

limitations in this study, the instrumented GAITRite walkway 

equipment cannot detect if the quality of movement and 

coordination changes during walking and to observe these 

changes, further studies are needed.26 

 

 

9) A meta-analysis conducted by Chen L et al in 2016 to evaluate  

the effects of Sling Exercise Training on Balance in Patients 

with Stroke. A total of 9 studies with 460 participants were 

selected with inclusion criteria as follows:  all randomized 

controlled trials based on the effect of sling exercise combined 

with conventional protocol and conventional protocol alone, 

patients with stroke having  balance impairment, participants 

should meet diagnostic criteria of Fourth National 

cerebrovascular disease Conference held in 1995 and the 

International Classification Of Diseases and Related Health 

Problems (ICD-10) cerebrovascular disease criteria ,diagnosis 

confirmed by  CT scan or MRI and participant should be able 

to understand instructions. The exclusion criteria were as 

follows: Studies which did not fulfilled the inclusion criteria, 

having any duplicate data, or were having incomplete raw or 

irrelevant data. The outcome measures used were Berg 

Balance Scale (BBS), Barthel index score (BI), and Fugl-Meyer 



 

C:\Users\convert\AppData\Local\Temp\1\task-795295698\b8a5d4f46024e123c0cabb14599ce0ba.doc [Page : 16] 
   

Assessment (FMA), activities of daily living (ADL) and motor 

function after stroke. P value < 0.1 was regarded as stable 

when the two analysis were compared. There were greater 

statistical improvements in BBS score (p<0.04) , Barthel index 

score (0.00001) and FMA(0.0001) compared to control 

group.Thus the meta-analysis concluded that sling exercises 

with conventional therapy was more effective than 

conventional therapy alone. To obtain more accurate results, 

larger samples were needed for the multi-center prospective 

trials and high-quality randomized trials.16 

  

 

10) Joohee Hahn et al conducted a study in 2015 to investigate 

the effects of modified trampoline training on the balance, 

gait, and falls efficacy of stroke patients . The study subjects 

were 28 adult stroke patients with inclusion criteria follows:  

single onset of stroke, an MMES-K score of at least 24 points, 

and the ability to walk minimum of two minutes with or 

without assistive devices. The exclusion criteria were history 

of other neurologic or circulatory diseases or disorders, 

cardiovascular disease and a history of visual or auditory 

sense disorders.. Subjects were randomly allocated to a 

trampoline training group (TG; n=14 with mean age of 

53.2_+11.2years) and a control group (CG; n=14 with a mean 

age of 55.75 +_8.8years). The training group performed 

modified trampoline training for 30 min three times a week 

for 6 weeks. To increase the difficulty of training, patients 

closed their eyes or did not hold onto the handle. Rest period 

was given according to the patient’s needs. The Berg balance 

scale (BBS) and the timed Up and Go (TUG) test were used to 

evaluate patients’ balance abilities. The dynamic gait index 

was used to assess their walking ability, and the falls efficacy 

scale was also used.  TG showed a significant increase in the 

BBS (p < 0.05) and a significant decrease in the TUG test time 
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(p < 0.05). The improvements were significantly greater than 

those in the CG. In addition, the TG showed a significant 

increase in the dynamic gait index (p < 0.05), and this 

difference was also significantly greater than that of the CG. 

The falls efficacy scale was also significantly different between 

the pre- and post-test in the TG, and the improvement in the 

TG was significantly greater than that in the CG (p < 0.05). The 

study demonstrated that trampoline training improved the 

falls efficacy by reducing imbalance. Limitations of the study 

were there was a temporary increase of spasticity in some 

patients during trampoline training the results of this study 

cannot be generalized to other populations because of the 

small sample size and the small area from which the patients 

were sampled. Therefore further studies should be conducted 

using larger sample sizes as well as considering the muscle 

tone of patients.27 

 

11) A randomized control study done in 2015 by Ordahan B et al. 

to determine the efficacy of the exercises administered to 

stroke patients with the balance trainer . Fifty patients with 

hemiplegia related to stroke ,who were able to understand 

and follow the instructions and walk without any support, 

were included in the study. Patients with other neurological 

diseases or those who had history of drug use that could 

affect balance .50 participants, 19 women and 31 were men 

were chosen. The mean age was 57.1 ± 9.2 years. The time 

that elapsed after stroke was 87.3 ± 26.3 days and. 50 

participants were divided into control group and experimental 

group. Patients in the control group received 30 sessions of 

conventional rehabilitation program and patients in the 

experimental group were trained with balance trainer in 

addition to conventional rehabilitation program. This program 

covered the range of motion exercises, balance, coordination 

and postural control exercises, walking training and 



 

C:\Users\convert\AppData\Local\Temp\1\task-795295698\b8a5d4f46024e123c0cabb14599ce0ba.doc [Page : 18] 
   

occupational therapy. Patients in the experimental group were 

trained for 20 minutes a day, five days a week for a total of six 

weeks (30 sessions/600 minute in total) with the balance 

trainer. Visual feedback balance training with the balance 

trainer was used in the experimental group. All patients 

performed strengthening, balance, and endurance exercises of 

three sets for each session. Each set was for 10 minutes, sixty 

second rest was allowed between each set. Balance and 

postural controls of the patients, before and after the 

rehabilitation program, were evaluated with the Berg Balance 

Scale (BBS) and the Timed-Up and Go test (TUG) and their 

functional situations were evaluated using the Functional 

Independence Measure (FIM). Improvement in BBS and TUG 

parameters in the study group were statistically significant 

(respectively p =0.038, p =0.025). Although the stance weight 

bearing was more symmetric after visual feedback training 

when compared with conventional therapy, the enhanced 

effects on dynamic functional balance ability were still 

inconclusive therefore further need of study was required.17 

 

 

12) Joshua E. Aman et al conducted a systematic review in 2015 

on effectiveness of proprioceptive training for improving 

motor function with inclusion criteria as follows : a quantified 

pre-and post-treatment measure of proprioceptive function 

was reported, a training program of any variable length or 

duration was applied which influenced proprioceptive 

function, having at least one form  of treatment or outcome 

measure that relies on or is indicative of somatosensory 

function and is not confounded by information from other 

sensory modalities. The final 51 articles examined a total of 

1854 subjects with sample sizes ranging from 5 to 186 

participants. Following interventions were used balance 

training, passive movement training somatosensory 
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stimulation training, somatosensory discrimination training, 

combined training. Different clinical scales were used 

including balance scales (e.g., Berg Balance Scale, PASS), gait 

scales (e.g., Tinneti Gait score), a trunk control test, and 

impairment severity scales (e.g., FMA, Motor Assessment 

Scale). Other forms of clinical scales used were the NIH stroke 

scale, Barthel index and the Western Ontario and McMaster 

Universities Arthritis Index. This systematic review concluded 

that there is evidence that proprioceptive training can yield 

improvements in somatosensory and sensorimotor function.. 

There is also initial evidence suggesting that proprioceptive 

training induces cortical reorganization, providing evidence 

that proprioceptive training is a method for improving motor 

function. But, there is a need for further work with respect in 

improving motor function.12 

 

 

13) An experimental study done in 2015 by Ji Won Shin, Kyoung 

Don Kim  to examine the effects of bilateral upper extremity 

exercises on trunk control, balance, and risk of falls in stroke 

patients. Thirty study subjects were selected and randomly  

divided into experimental and control groups containing 15 

subjects each, with mean age of  60±8.4 years , 

57.4±10.3years , who received bilateral upper extremity 

activities and conventional rehabilitation treatment with  

inclusion criteria  as follows: patients diagnosed with 

unilateral brain damage with magnetic resonance imaging 

(MRI) or Computed tomography(CT), _>6 months post stroke, 

MMSE-K>24 and should be able to stand 

independently .Patients with cardiovascular disease, any 

musculoskeletal disease were excluded. The experimental 

group underwent bilateral upper extremity activity program 

for 30 minutes at a time, three times per week for four weeks, 

for a total of 12 sessions. The control group underwent 
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conventional rehabilitation. There were statistically significant 

differences (p value-<_0.05) between groups in Berg Balance 

scale scores. Significant differences between groups were also 

observed in the trunk impairment scale, except for static 

sitting balance. Both the experimental and control groups 

showed significant differences in BBS and TIS scores before 

and after the interventions. This indicates that both 

conventional rehabilitation treatment and bilateral upper 

extremity exercises were effective in improving stroke patient 

trunk control and balance, and are thus helpful for fall 

prevention. Therefore, bilateral upper extremity activities is 

helpful for improving dynamic balance and coordination. 

However, the small number of subjects in this study prevents 

generalization of the results. More studies on bilateral upper 

extremity activities involving more patients are therefore 

necessary.3 

 

 

14) An experimental study done in 2015 by Seo-Hyun Jeo et al  

to examine  the effect of forward bending of the trunk and 

reaching training in chronic stroke patients and to investigate 

subsequent changes in trunk control, dynamic balance, and 

gait. Twenty-three chronic stroke patients were randomly 

divided into two groups, with 10 patients in the forward 

bending of the trunk and reaching group (FBR) and 13 patients 

in the control group with mean age of 59.8±7.9 years in FBR 

group and  59.1±10.4 years in control group with inclusion 

criteria as follows: more than six months post stroke, ability to 

follow and understand verbal commands and Mini- mental 

State Examination-Korean (MMSE-K )score >24; ability to walk 

at least 10 m, with or without  assistive devices and sufficient 

eyesight to perform the exercises. Subjects having motor 

neuron disease and orthopedic disease were excluded . Both 

groups underwent 30 minutes of rehabilitation therapy, five 
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days a week, for four weeks. The forward bending of the trunk 

and reaching group additionally performed forward bending 

of the trunk and reaching training five times a week for four 

weeks, The subjects were tested before and after training 

using the Trunk Impairment Scale, Berg Balance Scale, Timed 

Up and Go Test, Six-Minute Walking Test, and 10-Meter 

Walking Test. Trunk control, dynamic balance, and walking 

ability were compared between the two groups. The study 

showed that the results of the Trunk Impairment Scale, Berg 

Balance Scale, Timed Up and Go Test, Six-Minute Walking Test 

improved significantly in the FBR group, that is p value was 

<_0.05 while there were no significant differences in the 

control group Therefore study concluded  that forward 

bending of the trunk and reaching training can be an effective 

exercise method for improving balance in chronic stroke 

because of the limitations of this study more futuristic 

research will be required.11 

 

15) A cross-sectional study was conducted in 2015 by Haidzir 

Manaf et al  to examine the correlation between gait 

parameters with functional balance and motor impairment in 

chronic stroke patients. 30 patients  (22 males , 8 females) 

aged 36-80 years with following  were included:- at least 6 

months after stroke , ability to walk continuously for 10 

meters independently ,ability to hold a glass full of water with 

the unaffected hand, able to follow 3 steps command, and  

ability to do simple arithmetic. The outcome measures were 

as follows: cognitive function with MMSE-K , stroke severity 

with Fugl-Meyer lower extremity assessment (FMLE) , and 

functional balance with Berg Balance Scale (BBS) were 

included in the study . The participants performed the Timed 

Up and Go Test (TUGT) which was conducted in the following 

order Single task TUGT, Dual motor task TUGT, Dual cognitive 

task TUGT. Post hoc analysis with Wilcoxon signed-rank test 



 

C:\Users\convert\AppData\Local\Temp\1\task-795295698\b8a5d4f46024e123c0cabb14599ce0ba.doc [Page : 22] 
   

shows that TUGT time in dual motor and dual cognitive was 

significantly longer than the single task condition (p = 0.001). 

A significant longer TUG time was seen in dual-cognitive than 

single task condition (p = 0.001). Therefore Functional balance 

was significantly correlated with gait parameters during single, 

dual-motor,and dual-cognitive task as attentional loading led 

to deterioration of gait performance. Future studies should 

also include information about stroke lesion and size of the 

lesion for identifying crucial brain areas involved in gait 

performance during the TUGT   test and  studies should 

also include comparison of healthy age and gender matched 

controls with stroke survivors.28 

 

 

 

16) A systematic review and meta-analysis conducted in 2015 by 

Simon Schedler, Rainer Kiss, Thomas  Muehlbauer to 

evaluate Age and sex differences in human balance 

performance from 6-18 years of age .The inclusion criteria 

were as follows: studies which included healthy participants, 

participants aged between 6-18 years, at least one balance 

parameter should be present in the study, the study results 

reported either for children or adults  either girls or boys, 

studies comparing balance performance of athletes, 

participants  with diseases to that of healthy controls and 

they reported relevant data for control group, which allowed 

for comparisons of balance performance between age groups 

and/or gender within the controls. Similarly, interventional 

studies were also included. Exclusion criteria were as follows: 

studies that included athletes, diseased participants, studies 

that did that not allowed calculation of effective sample size, 

studies in which balance parameters were measured on an 

absolute scale, balance performance was measured under 

dual- and/or supra-postural task conditions. The Appraisal tool 
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for Cross-Sectional Studies was used to check quality of the 

studies.43 studies were included in this systematic review. 

Analyses of the data revealed consistently better balance 

performances in adults compared to children irrespective of 

the variable considered. Future studies were needed to 

investigate differences in balance performance by additional 

factors like growth, maturation, physical activity, and expertise 

level.10 

 

 

17) A study was conducted by Fabiane Maria Klitzke dos Santos in 

2015 to investigate the use of visual feedback training for 

balance training in hemiparetic  stroke patients with 

inclusion criteria as follows:  chronic stroke participants(> 6 

months), and should be able to walk independently. Exclusion 

criteria:  participants having stroke due to other pathology, 

sensory aphasia, cognitive defects and having visual and 

auditory defects . Participants were randomized into two 

groups first group (G1) consisted of four males with average 

age of 58 years elapsed 24 months post stroke with 3 left 

hemiplegics and 1 right hemiplegic having ischemic stroke and 

second group (G2) consisted of four males with average age of 

53 years, two them left and two right hemiplegics having one 

haemorrhagic stroke and three ischemic stroke. Outcome 

measure were berg balance scale(BBS), Instrumented balance 

board(IBB),and Timed Up and Go Test(TUGT). The patient was 

in orthostatic position for 30 seconds on the board with the 

arms along the body with the eyes opened, initially with the 

feet apart with distance of 10 cm and forefeet free, followed 

with the feet together for the same time, keeping 70 cm of 

distance from the eyes to the monitor.G1 was trained through 

biochemical instrumentation using a visual feedback  with  

the oscillation shown on the monitor and G2 through the 

mirror. Both the groups were given conventional therapy and 
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sessions were given twice a week for 8 weeks total of 16 

sessions for 30 minutes.  Results of the study were as follows 

TUGT pre tests (p = 0.06), scores of BBS (p = 0.53) and levels of 

oscillation in IBB with feet apart (p = 0.62) and feet together (p 

= 0.95). In relation to the functional mobility evaluated by 

TUGT both groups had a decrease in average time in the 

execution of the test, however, only the G1 obtained 

significant results. Both groups obtained improvement in 

postural control, although the differences pre and post tests 

were not significant in both groups. A strong correlation was 

observed between the IBB and the other tests. The values 

obtained with feet together correlated positively with the 

TUGT results and negatively with BBS. Future research with a 

larger number of patients, comparing different techniques,  

measuring the effects related to the ADLs, beyond the control 

and other factors, such as attention and motivation is needed. 

              

18) Nan- Hyang Kim, Yong-Jun Cha conducted a study in 2014 to 

examine the effect of intensive gait training using a 

constrained induced movement therapy (CIMT) applied to the 

unaffected upper extremity for balance in stroke 

patients .Following were the inclusion criteria: stroke onset of 

at least three months before the study , a MMSE-K  score of 

≥ 24 points, and the ability to walk independently  for at 

least 30 minutes without an assistive  device . Twenty stroke 

patients were randomly assigned to an experimental group 

(with mean age of 57.6±3.7 years, males =6 females=4) and a 

control group(with mean age of 551.9±6.1 males=7 

females=3). The experimental group received ground gait 

training, after fixing the unaffected upper extremity, in 

addition to nervous system developmental treatment, five 

times per week, over the same 4 weeks. The control group 

received general ground gait training, without fixation of the 

unaffected upper extremity, as well as nervous system 
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developmental treatment for the same number of sessions. 

Outcome measure used was Trunk Impairment Scale. 

Therefore the study concluded that, gait training conducted 

with CIMT improved the dynamic balance of stroke patients 

by 28.6% after training, indicating improved trunk stability, 

and movement distances to the affected side in the standing 

position increased by 34.3%. The improvements were larger in 

the experimental group than in the control group.  

Furthermore studies were needed to investigate the levels of 

upper extremity function and training effects according to 

movements of the affected upper extremity to confirm the 

findings.29 

 

 

19) A crossectional study conducted in 2014 by David 

Perez-Cruzado et al to examine parameterization and 

reliability of single-leg stance test (SLST) assessed with inertial 

sensors in chronic stroke . 4 subjects with inclusion criteria as 

follows, participants were: age of ≥65 years; more than 6 

months post stroke; capable of walking at least 15 m without 

the aid of a walker; capable of following verbal instructions 

and able to stand for >30 seconds without assistance and the 

exclusion criteria was participants with hemi- neglect, history 

or current diagnosis of other neurological or musculoskeletal 

impairment or pain.The main objective of this study was to 

analyse whether there are significant differences in kinematic 

records between two inertial sensors (one positioned on the 

trunk and another placed in the lumbar region) during  SLS 

test. The SLS test was carried out three times for each 

condition and in the following order: non-affected leg eyes 

open; non-affected leg eyes closed; affected leg, eyes open 

and affected leg eyes closed. The Intraclass coefficient 

correlation (ICCs) were higher than 0.8 for all variables. 

Intrarater reliability of the trunk sensor ranged from 
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0.889-0.921 for the displacement and 0.849-0.892 for velocity. 

Intra-rater reliability of the lumbar sensor was between 

0.896-0.949 for the displacement and 0.873-0.894 for velocity. 

Inter-rater reliability of trunk sensor was between 0.878-0.917 

for the displacement and 0.847-0.884 for velocity. Inter-rater 

reliability of the lumbar sensor ranged from 0.870-0.940 for 

the displacement and 0.863-0.884 for velocity. The study 

therefore concludes that there is no significant difference in 

kinematic data recorded in the lumbar and trunk regions 

when recordings were made with a single inertial sensor in 

either of these two locations for the purposes of the SLS test 

and that the inertial sensor is also suitable for the test. Thus 

SLST is highly reliable test for chronic stroke patients. Due to 

small sample size further research is needed.13 

   

 

20) An experimental study was conducted in 2014 by Ji-Hye Jung 

et al to investigate the Immediate effectsof single-leg stance 

exercise on dynamic balance, weight bearing and gait cycle in 

stroke patients . 18 subjects 12 male, 6 female with mean age 

of 50.8 yrs were taken.  A score of ≥25 MMSE-K, ability to do 

10-m independent gait or independent gait with a cane, 

reduced proprioceptive sense in the affected leg, and absence 

of musculoskeletal disorders in the lower extremities and left 

hemiplegics were included. There were four conditions 

performed and then measured: 1.quiet standing 

position,2.holding the position after shifting the weight to the 

affected side maximally ,3.raising the unaffected leg and 

holding the standing position on the affected leg, and 

4.repeated flexion-extension movements of the knee joint of 

unaffected side for 30s while in a single-leg stance on affected 

side. Outcome Measures used were step test to measure 

dynamic balance and Opogait system to measure gait cycle . 

There were significant improvement in weight bearing  on 
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the affected side with p=<0.001 and short stance phase time 

of the affected leg also improved through the single-leg stance 

exercise. However, the exercises were not sufficient to affect 

the symmetry of gait, further only left hemiplegics were 

included in the study, therefore further research is needed.24 

 

21) A study was conducted by Jeyaraj Durai Pandian,Paulin 

Sudhan in 2013 to evaluate stroke Epidemiology and Stroke 

Care Services in India stated that the estimate prevalence rate 

for stroke was between  84/100,000 and 262/100,000 in 

rural and between 334/100,000 and 424/100,000 in urban 

areas. The age-standardized incidence rate of first ever in a 

lifetime stroke was 145/100,000 person-years. Average age of 

patients with stroke in developing countries is usually 15 years 

younger than those in developed countries. Men had greater 

incidence of stroke than women. Risk factors for stroke was 

majorly hypertension, followed by hypercholesterolemia and 

tobacco smoking. Rate of incidence was more in urban than in 

rural communities. The fatality rate was more in rural than 

urban population and there no significant difference in 

functional outcome of stroke survivors in rural and urban 

population. Stroke unit implementation is a big challenge for 

India. There are approximately 35 stroke unit centres in 

private sector hospitals in the cities but lack necessary 

facilities and one out of every 3 stroke patients do not get 

necessary healthcare facilities. In India there are 

approximately 100 centres which are able to provide 

intravenous rtPA treatment and 55 centres performing 

intra-arterial or mechanical thrombolysis. There is need of 

skilled staff, equipments and availability of basic drugs .Very 

few centres have an organized in-hospital and outpatient 

rehabilitation facilities in the country and there is need of 

early initiation of treatments for secondary stroke prevention  

which is associated with an 80% reduction in risk of early 
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recurrent stroke  Therefore government is focusing on early 

diagnosis, management, infrastructure, public awareness, and 

capacity building at different levels of health care for all the 

non-communicable diseases including stroke and an organized 

effort is needed from both the government and the private 

sector to tackle the rising stroke burden in India.4 

 

 

22) A randomized controlled trials was conducted in 2013 by Seok 

Won Lee to investigate the effects of Visual Feedback Training 

on Sitting Balance Ability and Visual Perception of Patients 

with Chronic Stroke. 22 participants were divided into two 

groups experimental(n=12 ,4 males, 8 females with mean age 

of 60. 6±8.8 years) and control group(n=10, 2 males ,8 females 

with mean age of 63.7±4.7  years) with inclusion criteria as 

follows: chronic stroke patients(>6 months),able to sit for at 

least 30 minutes, not having any orthopedic problems, 

MMSE-K>21, not on any balance training program for previous 

6 months, not on any balance maintaining drugs. Participants 

of both the group received conventional therapy for 60 min 

five days per weeks for 4 weeks and the experimental group 

received additional visual feedback training for 30min, five 

days per weeks for 4 weeks The training sessions were 

composed of four exercises of 6 minutes 30 seconds each with 

a one-minute rest period between exercises. Four types of 

exercise were performed during each session-training for 

stability and weight shift by balancing the amount of water in 

the flask, training for stability and weight shift by driving a 

vehicle, skiing which involved shifting the body in the anterior, 

posterior, left, and right directions in three-dimensional space; 

used a memory recall program, during which the patient had 

to remember four pictures and to match the picture. Five 

exercise levels were incorporated, which allowed for variation 

of speed, number of obstacles, number of picture cards, 
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weight maintenance, and weight shift sensitivities. A Good 

balance system (with eyes closed and eyes open) for Static 

sitting balance ,modified functional reach test for dynamic 

sitting balance, motor free visual perception test (MVPT) for 

visual perception  and these parameters were tested before 

and after the interventions. The results showed that velocity 

moment was significantly lower in the experimental group 

(p<0.05), whereas it showed a non-significant increase in the 

control group, regardless of vision, anterior and lateral reach 

were significantly higher in the experimental group (p<0.05) 

and was non-significantly higher in the control group. the 

speed of right and left sway and anterior and posterior sway 

were significantly lower in the experimental group, regardless 

of vision. The control group showed an increase in speed of 

sway, but it was not significant. MVPT was significantly higher 

post-intervention in the experimental group and was 

non-significantly higher in the control group. The study 

concluded that that VFT in the sitting position improves static 

and dynamic sitting balance and visual perception of chronic 

stroke patients. Future research is needed for larger sample 

sizes and equal training time for both the groups .23 

 

23) A review conducted in 2012 by Swathi Kiran on what Is the 

Nature of Post stroke Language Recovery and Reorganization 

stated that the brain undergoes tremendous recovery and 

reorganization of structure and function post stroke. Recovery 

of language function after stroke occurs in three phases, the 

initial phase is called the acute phase and lasts for about 2 

weeks after the onset of the lesion, second phase is the 

subacute phase, and lasts up to 6 months after onset and  

the chronic phase begins months to years after stroke. 

Disruption in blood supply causes infarction and ultimately 

necrosis of tissue. There is an alteration of blood flow leading 

to infarction and changes in the neuronal representation. In 
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order for recovery of function to be restored of the infracted 

hemisphere, its structural, functional, and physiological 

integrity will need to be at optimal operationality to sustain 

such recovery. Blood oxygenation level-dependent (BOLD) 

functional MRI (fMRI) is the method that is commonly used to 

examine the nature of brain function. A change in BOLD signal 

corresponds to a decrease in the concentration of 

deoxyhemoglobin, which occurs due to an increase in cerebral 

blood flow during brain activity.In the early stages after the 

infarct, reversal of tissue necrosis has positive implications for 

language functions to return to the left hemisphere; in the 

chronic stages, engagement of residual issue in the infarcted 

hemisphere is again associated with good overall language 

recovery. Some regions, such as the IFG and MTG(areas of left 

hemisphere), are important “hub” regions which are highly 

connected to other regions in the brain. Thus, structural 

integrity between these potential “hubs” and other regions 

determines the extent to which anatomically proximal and 

distant regions may be engaged in the service of language 

recovery. Next, the functional connectivity between regions 

normally working in tandem determines the likelihood of 

these regions also being engaged after stroke and in recovery. 

There is need of future studies to examine whether 

reorganization of language in poststroke aphasia corresponds 

to a tighter, more coherent and efficient network of residual, 

and new regions in the brain and to examine if structural and 

functional integrity of language networks undergo changes in 

the first few months after stroke, thereby determining the fate 

of potential regions that may be involved. 8 

 

 

24) A study was conducted in2012 by Ulla-Britt Flansbjer et al to 

establish the Reproducibility of Berg Balance Scale(BBS) and 

the Single-Leg Stance(SLS) test in Chronic Stroke and the 
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Relationship between the Two Tests . 50 subjects, 38 men and 

12 women in the age group of 46-72 years with inclusion 

criteria as follows:-a minimum of 6 months after stroke, 

residual hemiparesis at discharge, able to understand both 

verbal and written information, able to walk at least 300 

meters with or without a assistive device, able to stand 

without support and medically stable, absence of any diseases 

that could significantly influence muscle strength, gait 

performance or balance were included in the study. The 

participants performed BBS and SLS.To avoid any learning 

effect the first trial of SLS was used to score the last item in 

BBS; one-leg standing on the preferred leg in the BBS was 

scored from 0 point (not able to lift one foot or need help not 

to fall) to 4 points (if able to stand on one leg at least 10 

seconds. The Intra-class correlation coefficient(ICC) values 

were 0.88 for BBS and were 0.88 for the unaffected lower 

limb and 0.92 for the affected lower limb for the SLS .The 

correlations between  SLS and the BBS were  statistically 

significant (p< .001) for both lower limbs at both test sessions. 

Hence BBS and Single leg stance test are reproducible 

measurements in patients with chronic stroke, only the BBS is 

sensitive enough to follow changes over time or after an 

intervention. Future studies were required for standardization 

of the SLS in patients with chronic stroke . There were strong 

relationships between the BBS and the SLS for both lower 

limbs which indicates that the SLST is a valid test of upright 

postural control for both lower limbs, in patients after stroke 

and that it can be used independently and can be 

recommended as a test of balance in patients with chronic 

stroke.30 

 

 

25) A systematic review was conducted in 2009 by Sarah Tyson 

and Louise Connell to identify The psychometric properties 
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and clinical utility of measures of walking and mobility in 

neurological conditions with inclusion criteria of measures 

used for walking/ambulation/mobility, on stroke, Parkinson’s 

Disease, multiple sclerosis, acquired brain injury or traumatic 

brain injury or Guillain-Barre or motor neurone disease, 

articles on GAITrite, timed walk, six-minute walk, distance 

walk, multiple sclerosis functional composite ,visual gait 

analysis, Wisconsin Gait Scale, TimedUp and Go test, 

Rivermead Mobility Index, Functional Ambulation Category, 

Walking Handicap Scale and High Level Mobility Assessment 

Tool,  articles on patients with cerebral Lesions and subjects 

which included  only human adults were included in this 

review. The articles   excluded were measures in which only 

one psychometric property had been assessed and so clearly 

had insufficient information to recommend for clinical 

use,measures which included walking or mobility as part of a 

wider assessment of general motor control from which data 

on walking/mobility could not be extracted,any instrumented 

measure or device which had no information about how the 

device could be obtained,. The psychometric properties used 

were Inter-tester and test–retest reliability, Concurrent or 

criterion related validity, Sensitivity to change.. 17 measures (4 

for walking impairment, 3 for walking activity and 10 for 

mobility activity) were assessed for their psychometric   

properties and clinical utility. Four measures of walking 

impairments were identified. Two measured performance 

during functional tasks (timed walk tests and distance walk 

tests{Two, six, ten or twelve minutes have been tested), one 

was an instrumented device and one was an ordinal scale{The 

Gait and Balance Scale (GABS)}. Three measures of walking 

activity were – : Functional Ambulation Category (FAC) ,The 

Emory Functional Ambulation Profile (EFAP), Step Activity 

Monitoring (SAM),3 for mobility activity{(The ‘Timed Up and 

Go’ test (TUG), The High Level Mobility Assessment Tool 
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(HiMAT), The Dynamic Gait Index (DGI),The Multiple Sclerosis 

Walking Scale (MSWS-12), The Community Balance and 

Mobility Scale, The Rivermead Mobility Index (RMI), The 

Parkinson Activity Scale (PAS),The Functional Mobility 

Assessment Tool, The Ambulation Index (AI). Three measured 

walking impairments (the 5-m and 10-m(ICC-0.99) walk tests 

and the six-minute walk test(ICC-0.94) and two measured 

mobility activity (the High Level Mobility Assessment Tool 

measured high level mobility skills (ICC-0.97) and the 

Rivermead Mobility Index(ICC-0.97) measured general 

mobility). 10-m walk test has been validated with a wider 

range of conditions and so is more generalizable. Future 

research of clinically feasible measure of wheelchair-based 

mobility was needed.14  

 

 

26) A study conducted in 2009 by Abhishek Srivastava et al to 

investigate the role of force platform with visual feedback 

technique  to improve balance in stroke patients a 

prospective study. 45 patients(males-36,females-9) aged 

between 16-65 years with inclusion criteria as follows Patients 

with first ever supra-tentorial stroke, post-stroke>3months , 

able to follow three step commands, and impaired balance 

and gait with ability to walk with or without support and 

exclusion criteria as follows: Patients with recurrent strokes, 

bilateral hemispheric, cerebellar or brain stem lesions, 

receptive aphasia, significant cognitive deficits or depression, 

significant visual field deficits or hemineglect and orthopedic 

problems affecting participation. Subjects were trained on 

Force Platform with Visual Feedback system. Training was 

conducted for a total of 20 sessions (20 min/day, 5 days/week 

for 4 weeks). The system can be utilized for both evaluation 

and training. During postural stability (stance) testing, the 

patient's ability to control the platform's angle of tilt was 
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quantified as a variance from centre. Thus, Balance Index 

represents the patient's ability to control balance in all 

directions. Higher value represents patient had greater 

difficulty. During limits of stability (sway) testing, the patient's 

ability to move from one target to another in a straight line is 

quantified from a total score of 100.Thus, Dynamic Limits of 

Stability is the maximum angle one body can achieve from 

vertical without losing. Once the limit of stability exceeds the 

normal limits, some type of corrective action is required. 

Higher score represents greater ability to perform the task. 

Training parameters were then set as per the evaluation on a 

graded scale of increasing difficulty. Outcome measures used 

were BBS, 10 metre walk test and Barthel index There were 

significant differences in Berg Balance Scale (p<0.000), 10 

metre walk test (p<0.001) and Barthel Index (p<0.000). Thus 

this study shows that force platform with visual feedback 

technique is an effective approach for post-stroke balance 

training . Future study is needed as there are few limitations in 

this study such as small sample size, no control group, lack of 

homogeneous stroke population and long term follow-up 

data.22 

 

27) Susan B. O’Sullivan et al in 2007 in the textbook of Physical 

rehabilitation stated that there are two types of stroke 

depending on the interruption to blood flow to the brain 

a)ischemic stroke which results due to blood clot formation 

and b)hemorrhagic stroke which results due to rupture of 

blood vessels. Therefore they concluded that there are two 

types of stroke namely ischemic stroke and hemorrhagic 

stroke.7 

 

28) Deborah S Nichols-Larsen  in 1997 in a descriptive study of 

balance retraining after stroke using force platform 

biofeedback stated that ,balance is the ability to maintain or 
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move within a weight-bearing posture without falling and it 

can be divided into 3 components namely steadiness, 

symmetry, and dynamic stability, these components  get 

impaired after stroke and there is moderate relationship 

between balance and gait speed. To improve balance, training 

is given with the help of force platform systems and these 

systems are designed to provide visual or auditory 

biofeedback to patients regarding the locus of their centre of 

force (COF) or centre of pressure (COP), as well as training 

protocols to improve  stance symmetry, steadiness, and 

dynamic stability. Force platform biofeedback systems consist 

of at least two force plates to allow the weight on each foot to 

be determined, a computer and monitor to allow visualization 

of the COF or COP, and  a software that provides training 

protocols and data analysis capabilities. There are 3 measures 

to evaluate balance in force platform namely postural sway 

measures, symmetry measures and dynamic stability 

measures. To enhance steadiness subjects were asked to 

maintain the cursor in the centre of a small target in the 

middle of the computer screen with equal weight distribution 

between the two feet. To enhance symmetry feedback was 

provided on the percentage of weight on the affected  limb 

and by having subjects maintain a cursor in the centre of a 

target on the computer screen. The training of dynamic 

stability, referring to movement within the limits of stability  

was done by having subjects shift weight so that the screen 

cursor, which is indicative of their COF, moves to a designated 

target. Thus, force platform biofeedback may be a useful tool 

in the treatment of these patients. Therefore the evaluative 

measures, the type of training protocol used, and the 

therapeutic goals will have an impact on the effectiveness of 

this treatment modality the type of training protocol (i.e, 

static versus dynamic) and it may affect the transference of 

force platform biofeedback training to gait. Therefore future 
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research, needs to evaluate the effects of postural 

biofeedback training on components of gait  such as limb 

loading, as well  evaluate the use of postural biofeedback 

during ambulation 18 

 

29) A single blind randomized controlled trial conducted  in 1997 

by Catherine M. Sackley And Nadina B. Lincoln to investigate 

the effects of visual feedback on stance symmetry and 

function after stroke.26 participants (20 males, 6 males) with 

mean age of 63.7 years with inclusion criteria as follows: able 

to stand for 1 minute having abnormal  stance symmetry. 

Exclusion criteria were as follows: participants having 

receptive aphasia, history of dementia ,blindness and having  

severe unilateral neglect. Stance symmetry and sway were 

measured using the Nottingham Balance Platform (NBP. 

Rivermead Motor Assessment was used to measure motor 

function. Group A received training from a physiotherapist 

using the feedback programme of the NBP. Treatment was 

given for 1 hour, 3 times a week for 4 weeks. Group B received 

the same training from a physiotherapist, but using the 

placebo programme. This was of the same frequency and 

duration as Group A. After the feedback or control session the 

therapist practiced goal orientated tasks, such as walking and 

climbing stairs ,the  tasks incorporated the movements 

learned in the session with the NBP into day to day activities. 

There was improvement in balance coefficient values (p < 

0.01) compared with the control group. Sway values 

demonstrated a similar improvement in the treatment group 

compared with the control group(p<0.01).Thus the study 

concluded that the treatment group demonstrated 

significantly better performance when compared with control 

group for stance symmetry and for functional performance 

      (ADL and Gross Function scores), sway values showed more            
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     improvement in the treatment group. Limitations of the study    

     was the cost of the equipment and the space it occupies and    

     therapeutically, the major limiting factor was the static nature             

     of the measuring platforms. Larger sample size studies in this                 

     area are needed.20 

 

6.1) Primary 
Objectives :-  

To study the effect of visual feedback training for 4 weeks on standing 

balance by using single leg stance test in chronic stroke patients. 

 

To study the effect of visual feedback training for 4 weeks on gait 

speed by using 10m walk test in chronic stroke patients.  

 

6.2) Other Objectives 1:- 

(if any)  

To study the effect of visual feedback training for 4 weeks on centre 

of pressure in bilateral stance by using force platform in chronic 

stroke patients. 

6.3) Other Objectives 2:- 

(if any) 

 

Not applicable 

07) Methodology :- STUDY  DESIGN : Pre Test Post Test study 

STUDY SETTING: Physiotherapy Out Patient Department in tertiary 

care hospital. 

STUDY POPULATION: Chronic stroke patients of age 35-65 years of 

both genders. 

SAMPLE SIZE:30 

STUDY DURATION:18 months 

SAMPLE SIZE ESTIMATION: Earlier study done by Ji-Hye Jung et al(27) 

in which the mean=1.99  standard deviation(SD)=1.13  by keeping  

                     α=5%   β=20% 

The sample size is calculated by formula 

                n=4(SD)2/L2                                                                                                                     

where L(absolute precision)=20% of mean 
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n=4(1.13)2/(20/100)2 

         Required sample size(n)=26 

    Considering  10% of dropouts n=30  

The sample size was calculated by using EPI info version 7 

 

SAMPLING TECHNIQUE: Stroke participants fulfilling the eligibility 

criteria will be selected from Physiotherapy OPD based on 

convenience and feasibility. 

  

METHOD OF SELECTION OF STUDY SUBJECTS: 

Eligibility of the patients for the study was based on the criteria 

mentioned below- 

A) INCLUSION CRITERIA: 

1) Subject should be able to follow verbal commands.11 

2) Chronic stroke patients (>6 months).13 

3) Subjects diagnosed with first episode of stroke. 

4) Subject should be able to understand instructions of the therapist 

(Mini Mental Scale Examination MMSE Score>24).11  

5) Subject should be able to stand with or without assistance.3 

6) Subject should be able to walk independently for 10m with or 

without any assisted device.11 

B) EXCLUSION CRITERIA: 

1) History of recurrent episodes of stroke.22 

2) Acute/Subacute stroke patients. 

3) Subjects having any other neurological disorder.
27 

4) Subjects having any orthopedic impairments which interfere with 

standing or walking ability.11 

5) Subjects having hemineglect.21 

6)Subjects having any cardiovascular disease3 

7)Subjects having any visual or auditory sense disorders.27 

C) SUBJECT WITHDRAWAL CRITERIA: 

1) Participants who will not be able to tolerate the treatment 

sessions. 

2) Participants who will not be completing 4 weeks duration of 
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treatment due to any reason (loss to follow up). 

 

Variables: 

Independent Variables- 

• Visual feedback Training 

• Single leg stance exercises 

Dependent Variables- 

• Standing Balance 

• Gait speed  

• Centre of pressure 

 

OPERATIONAL DEFINITIONS: 

 

• Stroke: Defined as rapidly developing clinical sign of focal  

( or global) disturbances of cerebral function, with symptoms 

lasting 24 hours or more or leading to death, with no 

apparent cause other than vascular origin.2 

 

• Chronic stroke: Manifestations of stroke lasting up to >6 

months is defined as chronic stroke.8 

 

• Visual feedback Training: It is a rehabilitation method that 

can be used in balance, gait, coordination, upper limb 

activities as well as functional activity training, offering 

patient visual information to perform given exercise or task.31 

 

• Single leg stance test: The participant must remain supported 

on one leg, arms resting on the hips. The test is timed (in 

seconds) from the moment the participant gets into the test 

position, until the other foot touches the ground or until the 

arms are separated from the hips.13 

 

• 10 Metre Walk test: The 10 Metre Walk Test is a performance 

measure used to assess walking speed in metres per second 
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over a 10 metre walkway.22  

 

• Centre of pressure: Centre of pressure is the location where 

the resultant force vector would act if it could be considered 

to have a single point of application and can be directly 

obtained from force plate.32 

 

 

METHODS Of MEASUREMENTS:- 

SINGLE LEG STANCE TEST: To perform the SLS test, each participant 

will remain supported on one leg, arms resting on the hips. The test 

will be timed (in seconds) from the moment the participant gets into 

the test position, until the other foot touches the ground or until the 

arms are separated from the hips.13 

 

10 METRE WALK TEST: Subject will be asked to walk a 10m pathway 

with comfortable speed and assistive devices are allowed.22 

 

CENTRE OF PRESSURE: Centre of pressure will be taken by making the 

subject stand in bilateral stance on force platform and then 

documenting its qualitative data.18  

 

 

STUDY INSTRUMENT/ DATA COLLECTION TOOL:- 

MATERIALS:- 

1) VISUAL FEEDBACK MACHINE:-NEUROBICS ARM/LEG TASK REACH 

EXERCISER. 

 

Consist of 9 light sensor bulbs; A display is there for timer. Neurobics  

arm/leg task reach exerciser which will be kept on wedge to perform 

visual feedback lower limb task oriented reaching activity.   
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Figure 1:- Neurobics arm/leg task reach exerciser on wedge(Front 

view) 

 

 

Figure 2:- Neurobics arm/leg task reach exerciser(Lateral view) 

 

 

Figure 3:- Modes and speed of the machine 

 

 

Dimensions of Neurobics :Width:45cm 

                     Length:60cm  

                     Height:7 cm 

For speed there are 3 modes:Slow-18 sec 

                       :Medium-12 sec 

                       :Fast-6 sec 
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There are 4 exercises mode available 

Exercise 1- Random Manual 

Exercise 2- Random Automatic 

Exercise 3- Sequential Mode 

Exercise 4- Bilateral Hand Activity Mode  

Total 15 attempts are there in each mode 

 

Figure 4:- Trigger 

 

 

 

 

 

2)RM IN GENEIR motion and gait analyzer 

Force platform: It measures foot pressure for both the lower 

extremity(affected and unaffected)  

Figure 5:-Force platform 

 

 

 

 

A trigger is used to change the given reaching task (therapist 
handled) in Random manual mode 
 

Force platform consisting of 1.5 meters pressure sensor mat 
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Figure 6:-Force platform with Walkway 

 

 

 

Display (monitor) attached with force plarform for documenting 

centre of pressure(Cop) of both the lower extremity in bilateral 

stance . 

Figure 7:- Display monitor 

 

 

 

METHOD of DATA COLLECTION: 

Data of Single leg stance test, 10 metre walk test and centre of 

pressure will be collected from chronic stroke patients pre(1st day of 

treatment) and post (last day of treatment) intervention. Baseline 

parameters (patient performing single leg stance test and the time 

taken to complete it, gait speed by walking on 10 metre walkway and  

documenting the centre of pressure in bilateral stance on force 

platform) will be taken on Day 1 ,Day 14 , Day 28 after the 

intervention has been completed. 
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DATA MANAGEMENT AND ANALYSIS:- 

• The data collected will be entered in the excel sheet and 

backup of data will be maintained. 

• In any way the participant identity and information will not be 

disclosed. 

• The mean, S.D will be calculated. 

• Statistics will include Paired t test or wilcoxon sigh rank test 

whichever applicable for assessing  significance of difference 

in mean of balance , gait speed and centre of pressure. 

• p≤ 0.05 will be considered as statistically significant.  

• The data will be utilized for further analysis. 

GENERAL PROCEDURE 

• Permission from the Head of Institution and approval from 

Institutional Head, Ethics Committee and Board of research 

committee will be taken.  

• Participants will be known case of chronic stroke who meets 

the inclusion criteria and will be briefed about the study and 

written consent will be taken. 

• Demographic data and anthropometric data will be 

documented. 

• Participant in the group will follow regular institutional 

rehabilitation protocol.  

• Participants will receive 20 minutes of training with visual 

feedback 5 times per week for 4 weeks; in total for 7 hours.  

• Visual feedback training will be given with the help of 

NEUROBICS ARM/LEG REACH TASK EXERCISER.31 

• Participants will participate in visual feedback training                   

programme, with machine (Figure 1) which will be kept on a 

wedge. 

• Lower limb visual feedback reaching task will be given with 

patient standing on affected lower limb and task will be 

performed by the unaffected lower limb. 



 

C:\Users\convert\AppData\Local\Temp\1\task-795295698\b8a5d4f46024e123c0cabb14599ce0ba.doc [Page : 45] 
   

• Participants will reach the specific target given by the 

machine, (machine targeted reaching activity) which will glow 

as light when participant will attempt to correct the given 

reach task.31 

• Verbal cues will be given to encourage the participant to 

complete the given task. 

• As soon as the participant will achieve the given machine 

reach task the light will be turned off, as there are light 

sensors and the sound will indicate the completion of task.31  

• Targets appear on programmed set mode machine plate 

(exercise-1 Random Manual, exercise 2- Random Automatic, 

exercise-3 Sequential Mode). These three exerciser modes 

will be used for the intervention.31 

• Speed of the machine reach target (i.e timing between the 

two bulb glows) varies from slow, medium and fast i.e. (Slow- 

18 seconds, Medium - 12seconds, Fast- 6 seconds) 

respectively.31 

• Total 15 attempts are there in each mode.31 

• Depending on the participant reaching activity level. Initially 

the speed of the machine will be set in slow mode for 

adaptation purpose of the patients.31 

• On the day 1, initially participant will be sensitized with the 

visual feedback machine for 1 set in manual mode.31  

• Gradually the speed will be increased once participant adapts 

the speed in the given mode and the speed will be gradually 

increased to medium then to fast. This will depend on 

participant ability to complete the machine targeted reach.31 

• Rest of 2 minutes will be given to the participants whenever 

needed. 

• Participant will be allowed to use any assistive device (For e.g 
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Tripod ,brace, stick, foot orthosis) if needed. 

 

Exercise program:-  

• Exercise duration will be of 20 minutes  

• Frequency= 5 times/week.     Total duration= 4 weeks 

 

Institutional physiotherapy protocol consisted of stretching and 

strengthening exercises of lower limbs (10 minutes), trunk stability 

exercises (10 minutes), gait training and functional re- education (10 

minutes).                      
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10) Annexures :- ANNEXURE I (A) -Case record form 

ANNEXURE I (B)- Data collection tools  

ANNEXURE II (A)- Patient information sheet (Including English, 

Marathi, Hindi).  

ANNEXURE II (B)-Letter of consent (Including English, Marathi, Hindi).  

ANNEXURE II (C)-Permission letters(A,B,C) 

ANNEXURE III- Timeline / Gantt chart 

 

 

 

 

 

Annexure I (A)-Case record form 

Date:-_________________________ 

Name:-________________________ 

Age:-__________________________ 

Gender:-_______________________ 

Address:-___________________________________________________________________

________________________________________________________ 

Phone no.:-_____________________ 

 of Duration of stroke:-_________________ 

 

Parameters Values pre 

intervention 

Values post 

intervention 

Single leg stance    

Gait speed   

Centre of pressure   
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Annexure I(B) 

Data collection Tools:-  

VISUAL FEEDBACK MACHINE:-NEUROBICS ARM/LEG TASK REACH EXERCISER. 

 

 Figure 1:- Neurobics arm/leg task reach exerciser on wedge(Front view) 

 

 

 

Figure 2:- Neurobics arm/leg task reach exerciser(Lateral view) 

 

 

Figure 3:- Modes and speed of the machine 
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Figure 4:- Trigger 

 

 

RM IN GENEIR motion and gait analyzer:-  

Figure5:-Forceplatform 

   

 

Figure6:-Force platform with walkway 
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Figure 7:-Display monitor  

 

 

 

Annexure II (A) 

Participant information sheet: 

• Purpose: 

To ensure that written consent will be obtained from participant. 

  

• Scope: 

This study includes chronic stroke patients who are voluntarily willing to participate 

in this study. 

 

• Responsibilities: 

The researcher will obtain written informed consent from all the participants who 

are voluntarily participating in the study. 

 

• Procedure: 

1. The researcher will select participant among stroke population. 
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2. The intervention protocol will be explained to answer the queries of the 

participants. 

3. If the participant decides to participate then consent form should be filled by 

participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then 

they entitled to do so before giving the consent. 

• General information to participants: 

1. Name : 

Age: 

Gender: 

Date: 

2. You would be required to fill the proforma and the purpose of the research is to 

study “Effect of Visual Feedback Training For four weeks with standing leg exercises 

on standing balance, gait speed and centre of pressure in chronic stroke patients of 

age 35-65 years. A Randomized control Trial” 

3. If you are willing to voluntarily participate in the study then you are expected to 

enrol with us right from the moment of filing proforma till the completion of the 

test. 

4. If you are uncomfortable during this period then kindly let us know so that we can 

help you and overcome your problems. 

5. You will not be given any reimbursement and compensation. 

6. If at any moment you want to discontinue from this research study then you are 

free to do so and there would not be any hindrance from our side . 

7. The details of the risk, discomfort, advantages and disadvantages of the study will 

be explained to you before obtaining the letter of consent. 

8. The data obtained from this study would be confidentially protected and 

maintained and if the photograph is used then your identity would not be revealed. 

9. All the risk of various test procedures required for the study will be explained to you 

and accordingly the consent will be taken. 

10. If you feel exhausted or unable to complete the test please kindly let us know so 

that the necessary steps can be initiated. 
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11. . If you are not satisfied at any moment then you can withdraw at any time without 

any consequences.   

12. Name of the researcher: 

Phone number: 

Address: 

13. Name of the guide: 

Phone number: 

Address: 

14. Name of the institute: 

 

 

 

Annexure II(A):- 

सहभागी माहहती पत्रक: 

 उद्देशः 

सहभागीकडून लेखी संमती घेतली जाईल याची खात्री करण्यासाठी. 

 

 व्याप्ती: 

या अभ्यासामध्ये क्रॉननक स्ट्रोक रूग्ांचा समावेश आहे जो स्ट्वेच्छेने या अभ्यासामध्ये भाग 

घेण्यासाठी इच्छुक आहेत. 

 

जबाबदारी :  

अभ्यासामध्ये स्ट्वेच्छेने सहभागी होण्यास सवव सहभागींकडून लेखकास माहहतीची संमती प्राप्त 

होईल. 

 

 प्रक्रक्रयाः 

1. संशोधक स्ट्रोक लोकसंख्येमधील सहभागीची ननवड करेल. 

2. सहभागींच्या प्रशनांची उत्तरे देण्यासाठी हस्ट्तक्षेप प्रोटोकॉल स्ट्पष्ट केला जाईल. 
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 जर सहभागीने भाग घेण्याचा नन्वय घेतला असेल तर सहभागींनी संमती फॉमव भरावा. 

 सहभागीच्या संमतीनतंर अभ्यासाची प्रक्रक्रया सुरू होईल. 

 समावेश आण् वगळण्याच्या ननकषांची पडताळ्ी करण्यासाठी सहभागींकडून तपशीलवार 

वैद्यकीय आण् इतर को्त्याही शारीररक समस्ट्येचा इनतहास प्राप्त केला जाईल. 

 जर सहभागीला त्यांच्या कुटंुबातील सदस्ट्यांसह या माहहतीवर चचाव करायची असेल तर संमती 

देण्यापूवी त्यांना तसे करण्याचा हक्क आहे. 

 सहभागींना सववसाधार् माहहती: 

1. नाव: 

वय: 

ललगं: 

तारीख: 

2. आप्ास प्रोफॉमाव भरण्याची आवशयकता आहे आण् संशोधनाचा उद्देश असा आहे की 

“व्व्हज्युअल फीडबॅक प्रलशक्ष्ाचा परर्ाम चार आठवडे 35-65 वषे  च्या वयाच्या तीव्र स्ट्रोकच्या 

रूग्ांमध्ये स्ट्थायी लशल्लक, चाल चालण्याची गती आण् दबाव कें द्रावर स्ट्थायी पाय व्यायामासह 

चार आठवडयांसाठी. यादृव्च्छक ननयंत्र् चाच्ी ” 

. जर आप् स्ट्वेच्छेने अभ्यासामध्ये भाग घेऊ इव्च्छत असाल तर आप् परीक्षेची पूतवता होईपयतं 

प्रोफामाव दाखल करण्याच्या क्ष्ापासून आमच्यासह आमच्याकडे नोंद्ी कर्े अपेक्षक्षत आहे. 

 या कालावधीत आप्ास अस्ट्वस्ट्थ वाटत असल्यास कृपया दयापूववक आम्हाला कळवा जे्ेकरून 

आम्ही आपल्याला मदत करू आण् आपल्या अडच्ी दरू करू. 

 तुम्हाला को्तीही भरपाई आण् नुकसानभरपाई हदली जा्ार नाही. 

 को्त्याही क्ष्ी आपल्याला या संशोधन अभ्यासापासून दरू ठेवायचे असेल तर आप् तस े

करण्यास मोकळे आहात आण् आमच्या बाजूने को्ताही अडथळा ये्ार नाही. 

7. अभ्यासाचे जोखीम, अस्ट्वस्ट्थता, फायदे आण् तोटे यांचे तपशील आपल्याला संमतीपत्र प्राप्त 

करण्यापूवी स्ट्पष्ट केले जाईल. 

 या अभ्यासामधून लमळालेला डेटा गुप्तप्े संरक्षक्षत आण् राखला जाईल आण् जर फोटो वापरला 
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गेला तर आपली ओळख उघड हो्ार नाही. 

9. अभ्यासासाठी आवशयक असलेल्या चाच्ी प्रक्रक्रयेची सवव जोखीम आपल्याला स्ट्पष्ट केली जाईल 

आण् त्यानुसार संमती घेतली जाईल. 

10. आप् थकल्यासारखे क्रकंवा कसोटी पू्व करण्यात अक्षम झाल्यास कृपया कृपा करुन आम्हाला 

कळवा जे्ेकरुन आवशयक पावले उचलता येतील. 

11.. आप् को्त्याही क्ष्ी समाधानी नसल्यास आप् को्त्याही परर्ामालशवाय कधीही 

माघार घेऊ शकता. 

12. संशोधकाचे नाव: 

फोन नंबर: 

पत्ता: 

13. मागवदशवकाचे नाव: 

फोन नंबर: 

पत्ता: 

14. संस्ट्थेचे नाव: 

 

 

Annexure II(A):- 

प्रनतभागी सूचना पत्र: 

• उद्देशय: 

यह सुननव्शचत करने के ललए क्रक प्रनतभागी से ललणखत सहमनत प्राप्त की जाएगी। 

 

स्ट्कोप: 

इस अध्ययन में क्रोननक स्ट्रोक के रोगी शालमल हैं जो स्ट्वेच्छा से इस अध्ययन में भाग लेने के 

ललए तैयार हैं। 
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 दानयत्व: 

शोधकताव उन सभी प्रनतभागगयों से ललणखत सूगचत सहमनत प्राप्त करेगा जो अध्ययन में स्ट्वेच्छा 

से भाग ले रहे हैं। 

 

 प्रक्रक्रया: 

1. शोधकताव स्ट्रोक आबादी के बीच प्रनतभागी का चयन करेगा। 

2. प्रनतभागगयों के प्रशनों का उत्तर देने के ललए हस्ट्तक्षेप प्रोटोकॉल को समझाया जाएगा। 

3. यहद प्रनतभागी ने भाग लेने का नन्वय ललया है तो प्रनतभागी द्वारा सहमनत फॉमव भरा जाना 

चाहहए। 

4. प्रनतभागी की सहमनत के बाद अध्ययन प्रक्रक्रया शुरू होगी। 

5. ववस्ट्ततृ गचक्रकत्सा और क्रकसी भी अन्य शारीररक समस्ट्या का इनतहास प्रनतभागी से प्राप्त क्रकया 

जाएगा ताक्रक समावेशन और बहहष्कर् मानदंडों को सत्यावपत क्रकया जा सके। 

6. यहद प्रनतभागी अपने पररवार के सदस्ट्यों के साथ इस जानकारी पर चचाव करना चाहते हैं तो 

वे सहमनत देने से पहले ऐसा करने के हकदार हैं। 

• प्रनतभागगयों को सामान्य जानकारी: 

1. नाम: 

उम्र: 

ललगं: 

हदनांक: 

2. आपको प्रोफामाव भरने की आवशयकता होगी और अनुसंधान का उद्देशय अध्ययन करना है "35- 

65 साल वषव की आयु के पुराने स्ट्रोक के रोगगयों में खडे संतुलन, चाल की गनत और दबाव के 

कें द्र पर पैर के व्यायाम के साथ चार सप्ताह के ललए दृशय प्रनतक्रक्रया प्रलशक्ष् का प्रभाव। एक 

यादृव्च्छक ननयंत्र् परीक्ष् " 

3. यहद आप स्ट्वेच्छा से अध्ययन में भाग लेने के इच्छुक हैं तो आपसे अपेक्षा की जाती है क्रक 

आप परीक्ष् पूरा होने तक प्रोफामाव दाणखल करने के क्ष् से ही हमारे साथ नामांकन करें। 
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4. यहद आप इस अवगध के दौरान असहज हैं, तो कृपया हमें बताएं ताक्रक हम आपकी मदद कर 

सकें  और आपकी समस्ट्याओं को दरू कर सकें । 

5. आपको कोई प्रनतपूनत व और मुआवजा नहीं हदया जाएगा। 

6. यहद क्रकसी भी क्ष् आप इस शोध अध्ययन से हटना चाहते हैं तो आप ऐसा करने के ललए 

स्ट्वतंत्र हैं और हमारी ओर से कोई बाधा नहीं होगी। 

7. सहमनत पत्र प्राप्त करने से पहले अध्ययन के जोणखम, असुववधा, फायदे और नुकसान का 

वववर् आपको समझाया जाएगा। 

8. इस अध्ययन से प्राप्त आंकडों को गोपनीय रूप से संरक्षक्षत और बनाए रखा जाएगा और यहद 

तस्ट्वीर का उपयोग क्रकया जाता है तो आपकी पहचान उजागर नहीं की जाएगी। 

9. अध्ययन के ललए आवशयक ववलभन्न परीक्ष् प्रक्रक्रयाओं के सभी जोणखमों को आपको समझाया 

जाएगा और तदनुसार सहमनत ली जाएगी। 

10. यहद आप थकावट महसूस करते हैं या परीक्ष् पूरा करने में असमथव हैं तो कृपया हमें बताएं 

ताक्रक आवशयक कदम उठाए जा सकें । 

11.यहद आप क्रकसी भी क्ष् संतुष्ट नहीं हैं तो आप बबना क्रकसी परर्ाम के क्रकसी भी समय वापस 

ले सकते हैं। 

12. शोधकताव का नाम: 

फोन नंबर: 

पता: 

13. गाइड का नाम: 

फोन नंबर: 

पता: 

14. संस्ट्थान का नाम: 
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Annexure II(B):- 

LETTER OF CONSENT 

 “Effect of Visual Feedback Training for 4 weeks with single leg stance exercises On Standing 

Balance,Gait Speed and Centre of pressure In Chronic Stroke Patients Of Age 35-65 Years: A 

Randomized Controlled Trial” 

 

1.I have received an explanation of the nature, purpose, duration and foreseeable effects 

and risks of the trial and what I will be expected to do. My questions have been answered 

satisfactorily. 

2. I understand that my participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of benefits to 

which I am otherwise entitled.  

3. I further understand that any information that becomes available during the course of the 

study that may affect my willingness to take part will be informed to me. 

 4. Institutional Ethics Committee authorities may wish to examine my medical records to 

verify the information collected. By signing this document, I give permission for this review 

of my records. 

 5. I understand that my identity will not be revealed in any report or publication. 

 6. I agree to take part in the above study.  

Name of the research participant ______________________ 

Signature/thumb impression of the research participant________________________ 
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Annexure II (B):-  

संमेलनाचे पत्र 

 "35-65 वषे वयाच्या तीव्र स्ट्रोक रूग्ांमध्ये स्ट्थायी लशल्लक, गायत वेग आण् दबाव कें द्रावर 

लसगंल लेग स्ट्टेन्स व्यायामासह 4 आठवडयांसाठी व्व्हज्युअल फीडबॅक प्रलशक्ष्ाचा परर्ाम: एक 

यादृव्च्छक ननयंबत्रत चाच्ी" 

 

1. मला चाच्ीचे स्ट्वरूप, उद्दीष्ट, कालावधी आण् अपेक्षक्षत परर्ाम आण् जोखमीचे स्ट्पष्टीकर् 

प्राप्त झाले आहे आण् मी काय करावे अशी अपेक्षा आहे. माझ्या प्रशनांची उत्तरे समाधानकारक 

आहेत. 

2. मला समजले आहे की चाच्ीत माझा सहभाग ऐव्च्छक आहे आण् मी भाग घेण्यास नकार 

देऊ शकतो क्रकंवा दंड क्रकंवा को्ताही फायदा न गमावता मी कधीही खटला मागे घेऊ शकतो क्रकंवा 

मला पात्र आहे. 

3,मला पुढे हे समजले आहे की अभ्यासाच्या वेळी उपलब्ध हो्ारी को्तीही माहहती जी माझ्या 

सहभागाच्या इच्छेवर परर्ाम करू शकते मला कळववली जाईल. 

4.संस्ट्थात्मक आचारसंहहता सलमतीचे अगधकारी गोळा केलेली माहहती सत्यावपत करण्यासाठी 

माझ्या वैद्यकीय नोंदी तपासू शकतात. या दस्ट्तऐवजावर सही करून, मी माझ्या नोंदींच्या या 

पुनरावलोकनासाठी परवानगी देतो. 

5.मला समजले आहे की माझी ओळख को्त्याही अहवालात क्रकंवा प्रकाशनात प्रकट हो्ार नाही. 

6. मी वरील अभ्यासामध्ये भाग घेण्यास सहमत आहे. 

संशोधन सहभागीचे नाव ______________________ 

संशोधन सहभागीची स्ट्वाक्षरी / अंगठा ठसा ____________________ 
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Annexure II(B):- 

सहमनत - पत्र 

 "आयु, 35-65 वषव के पुराने स्ट्रोक के रोगगयों में स्ट्थायी संतुलन, चाल गनत और दबाव के कें द्र 

पर एकल पैर के रुख अभ्यास के साथ 4 सप्ताह के ललए दृशय प्रनतक्रक्रया प्रलशक्ष् का प्रभाव: 

एक यादृव्च्छक ननयंबत्रत परीक्ष्" 

 

1. मुझे परीक्ष् की प्रकृनत, उद्देशय, अवगध और दरूदशी प्रभावों और जोणखमों का स्ट्पष्टीकर् 

प्राप्त हुआ है और मुझसे क्या करने की उम्मीद की जाएगी। मेरे सवालों का संतोषजनक जवाब 

हदया गया है। 

2. मैं समझता हंू क्रक मुकदमे में मेरी भागीदारी स्ट्वैव्च्छक है और मैं क्रकसी भी समय परीक्ष् से 

भाग लेने या वापस लेने से इनकार कर सकता हंू, बबना क्रकसी दंड या लाभ के नुकसान के व्जसके 

मैं अन्यथा हकदार हंू। 

3. मैं आगे समझता हंू क्रक अध्ययन के दौरान उपलब्ध होने वाली कोई भी जानकारी जो मेरे भाग 

लेने की इच्छा को प्रभाववत कर सकती है, मुझे सगूचत क्रकया जाएगा। 

 4. संस्ट्थागत आचार सलमनत के अगधकारी एकबत्रत जानकारी को सत्यावपत करने के ललए मेरे 

मेडडकल ररकॉडव की जांच कर सकते हैं। इस दस्ट्तावेज़ पर हस्ट्ताक्षर करके, मैं अपने ररकॉडव की 

इस समीक्षा की अनुमनत देता हंू। 

 5. मैं समझता हंू क्रक क्रकसी भी ररपोटव या प्रकाशन में मेरी पहचान उजागर नहीं की जाएगी। 

 6. मैं उपरोक्त अध्ययन में भाग लेने के ललए सहमत हंू। 

अनुसंधान प्रनतभागी का नाम ______________________ 

शोधाथी का हस्ट्ताक्षर / अंगूठे का ननशान 
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Annexure II (C) 

A)PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would 

request you to grant me permission to carry out my research work in diagnosed chronic 

stroke patients.  

      My research topic is “EFFECT OF VISUAL FEEDBACK TRAINING FOR 4 WEEKS WITH 

SINGLE LEG STANCE EXERCISES ON STANDING BALANCE, GAIT SPEED AND CENTRE OF 

PRESSURE IN CHRONIC STROKE PATIENTS OF AGE 35-65 YEARS: PRE TEST POST TEST STUDY” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          

Head of Institute 
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B) PERMISSION LETTER 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work.  

      My research topic is, “EFFECT OF VISUAL FEEDBACK TRAINING FOR 4 WEEKS WITH 

SINGLE LEG STANCE EXERCISES ON STANDING BALANCE, GAIT SPEED AND CENTRE OF 

PRESSURE IN CHRONIC STROKE PATIENTS OF AGE 35-65 YEARS: PRE TEST POST TEST STUDY” 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure III 
 
Timeline/Gantt chart of Dissertation 

Timeline chart: 
SR.NO  MONTHS 

1 Allocation of Guide November 2019 

2 Topic finalization for 
the synopsis 

December 2019 

3 Formulation of 
Research question 

December 2019 

4 Formulation of 
objectives 

December 2019 

5 Hypothesis 
formulation 

January 2020 

6 Protocol of Research 
 

January 2020 

7 Institutional, Ethics 
and BORS clearance 

obtained 

February 2020 

8 Submission to the 
University 

March 2020 

9 Data Collection April 2020 to March 
2021 

10 Data Presentation and 
Analysis 

March 2021 

11 Writing Discussion and 
Conclusion 

April 2021 

12 Submission of thesis to 
MUHS 

May 2021 

 
 

 
 
Sr 
no 

 Gantt chart for 
dissertation 

Oct 
19 

Nov 
19 

Dec 
19 

Jan
20 

Feb 
20 

Mar
20 

Apr-
Jun
20  

Jul-
sep
20 

Oct
-de

c 
20 

Jan-
mar 

21  
Nov 
21   

May 
21 

1 selection of topic                         

2 
formulation of 
research question                         

3 
formulation of aim 
and objective                         

4 
hypothesis and null 
hypothesis                         

5 research protocol                         
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6 ethical clearance                         

7 research designing                         

8 review of literature                         

9 Methodology                         

10 study designing                         

11 study setting                         

12 
sample size 
estimation                         

13 
selection of study 
tools                         

14 
method of data 
collection                         

15 
data collection 
process                         

16 
management and 
analysis                         

17 
statistical analysis of 
data                         

18 Submission to MUHS                         

 

 

Abbreviations:- 

1. CoP:-Centre of pressure 

2. SLST:-Single Leg Stance Test 

3. MMSE-K:-Mini-mental State Examination Korean 
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1. BMI : Body Mass Index 

2. BBS : Berg Balance Score 

3. CCE : Cawthorne-cooksey Exercises 

4. EO : Eyes Open  

5. EO : Eyes closed  

6. SD : Standard Deviation  

7. WHO : World Health Organisation  

8. COM : Center Of Mass  

9. BOS : Base Of Support  

10. IEC : Institutional Ethics Committee 

11. BORS : Board Of Research Sciences  
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INTRODUCTION 

Balance is the ability to maintain the body in equilibrium or to control the body’s position in 

space for stability and orientation.[1] 

It is classified as:  

Static Balance- It is the ability to maintain stability and orientation with the center of mass 

(COM) over the base of support (BOS) with the body at rest.  

Dynamic Balance- It is the ability to maintain stability and orientation with the center of mass 

(COM) over the base of support (BOS) while parts of the body are in motion. [1] 

Good balance is an essential skill for daily life which requires a complex integration of 

sensory information regarding the position of the body relative to the surroundings and the 

ability to generate appropriate motor responses to control body movement.[2]  

Central nervous system and Peripheral nervous system structures are involved in maintaining 

effective balance. [3] According to Woollacott, vestibular system is one of the main structures 

to maintain balance, it is considered as an absolute reference in relation to the others systems 

that also participate in this function, such as visual and somato-sensorial systems.[4]  

Visual system provides information about our ability to perceive movements and detect the 

relative orientation of the body and the body parts in the space.[5] Somato-sensory system 

includes the cutaneous and pressure sensations from the body segments in contact with the 

support surface and muscle and joint proprioception throughout the body. [5] 

 Vestibular system contains semicircular canals and otholith organs. Semicircular canals 

respond to angular accelerations and otholith organs respond to linear accelerations and static 

head tilts. [5] 
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Vestibular system controls eye movements through its ascending connection to the cranial 

nerve nuclei. [6] It is responsible for maintaining stability of an image on the fovea of the 

retina during rapid head movements.[5] Hence, in spite of changes in head position, the eye 

can remain fixed on the same point (vestibulo-ocular reflex). Vision plays an important role 

in stabilizing balance by providing the nervous system with continuous updated information 

regarding the position and movements of body segments in relation to each other and the 

environment [6]. Relative position of various body parts in space depends on four inputs: from 

the vestibular receptors, from visual information, by impulses from proprioceptors in joint 

capsule and by impulses from cutaneous exteroceptors, specially touch and pressure 

receptors.[6]  

The fact that humans are bipeds and moves over the ground with one foot in contact 

(walking) or both feet in contact (standing) creates a major challenge to balance control 

system [7]. During standing posture a major problem is maintaining a high center of gravity 

over a relatively small base of support. Therefore, body has high potential energy for 

equilibrium control during almost all motor tasks including static standing [8]. Thus, postural 

control system rather than varying the pattern of muscular contractions uses different 

strategies within bounded regions of the position space, i.e, ankle and hip strategies. The 

ankle strategy involves delayed activation of the ankle, thigh and trunk muscles which 

radiates distally to proximally on the same ventral or dorsal aspect of the body. Hip strategy 

involves delayed activation of trunk and thigh muscles which radiates in proximal to distal 

direction. The ankle strategy is limited by the foot’s ability to exert torque in contact with the 

support surface, and the hip strategy is limited by surface friction and the ability to produce 

horizontal force against the support surface. 
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Consequently, ankle strategy is expected to come in action for unperturbed stance and for 

slow and low perturbation, whereas, hip strategy is expected to work for large amplitude 

perturbation or when the support surface is narrow [9].   

The stability of the body depends on the proper reception of information through sensory 

components, cognitive, central nervous system and musculoskeletal systems in an integrated 

manner [6]. When the set of visual, labyrinthic and proprioceptive information is not properly 

integrated by the Central nervous system there is disturbance in balance [3]. 

Aging is an irreversible phenomenon that takes place at a molecular level, reflecting not only 

physically but also functionally and psychosocially [10]. An older adult is defined as a person 

aged 60 years and above [11]. Worldwide the number of people over 60 years is growing faster 

than any other age group [12].  It has also been reported that deterioration of normal 

functioning of systems accelerates from 60 years and above [13] and with increasing age there 

is a progressive loss of functioning of the systems which contribute to balance impairment 

[14]. Fall is defined as a person unintentionally coming to rest on ground or another lower 

level without any deliberate movement or external force coming into play [15]. Among the 

health problems of elder population, falls are regarded as most common problem faced by 

older people and are significant cause of increased morbidity and mortality rate among them. 

According to World Health Organization (WHO) global report on fall prevention, people 

aged 65 and over falls around 28%-32% every year and the percentage increasing up to 32%-

42% over 70 years [10,12]. In India the prevalence of falls, above the age of 60 years, is 

reported to be 14%–53%[11,12]. Falls that do not lead to injury often begin a fear of fall that 

leads to inactivity and decreased strength, agility and balance that often results in loss of 

independence in normal activities of daily living [16].Risk factors for falls are classified as 

intrinsic and extrinsic. Among the intrinsic factors reduced lower-extremity muscle strength 
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and power is one of the prominent factors [16].  Researchers also have identified decreased 

balance and mobility skills are important predictors of likelihood of fall.  [11]  

   Balance impairment in elderly population is a multifactorial condition where, weakness in 

the core stabilizing muscles, altered muscle activation pattern, loss of proprioception and 

inability to control normal postural sway can all result in decreased balance in the older 

population. [14] Thus the literature shows that healthy elderly individuals are found to have 

significant impairments in static as well as dynamic balance as compared to healthy young 

adults [13]. 

Previous studies on balance improvement and fall prevention for elderly suggests that various 

interventions like balance training, resistance training [17,18], endurance training, Tai-chi 

exercise training[17] , etc helps to improve balance and reduce risk of fall in elderly. 

The Otago exercise program is designed specifically to prevent falls in elderly which was 

developed at otago medical school, Newzeland (2003). It composed of muscle strengthening 

and balance training which consists of a set of leg muscle strengthening and balance 

retraining exercises which helps to improve both strength and balance. [19] Many studies 

shows that otago exercise program helps in improving balance and reducing risk of fall in 

elderly population.[20,21] 

Cawthorne-Cooksey exercises also known as vestibular rehabilitation therapy was developed 

by Cawthorne and Cooksey to treat patients with labyrinth injury resulting from surgery or 

head injury.[22,23] They found that exercises designed to encourage head and eye movements 

accelerates the patient’s recovery as well as helps in improving balance deficits. 

 These exercises may serves as support for new arrangements of peripheral sensorial 

information and allowing new vestibular stimulating patterns necessary for new experiences 

to become automatic[3]. The ability of the nervous system to respond to intrinsic and extrinsic 

stimuli by recognizing its structure, function and connections is known as neuroplasticity.[24] 
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With increasing age, this ability of central nervous system to reorganize is reduced but not 

depleted.[3] Thus practice of these exercises may help in promoting motor learning and 

improving balance and reducing the fall risk.  

Therefore, the current study is focusing on effect of cawthorne-cooksey exercise and Otago 

exercises on Berg balance score in 65-75 years older adults with medium fall risk. 
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RATIONALE OF STUDY: 

• As it is has been proved that deterioration of normal functioning of systems accelerated 

from 60 years and above.[13] Elderly shows progressive deterioration in the normal 

functioning of various systems (musculoskeletal, vestibular, central and peripheral 

nervous system) as their age advances. This progressive loss of functioning of these 

systems ultimately leads to increased risk of fall and  balance impairment.[13] 

• As prevalence shows growing geriatrics population in recent years and falls are the most 

common problem faced by elderly and is a major cause of increased morbidity and 

mortality rate in older adults [10,12] . Thus, preventing the falls related injuries and 

improving quality of life should be the goal of physiotherapist. Hence older adults should 

be encouraged for balance training exercises which will act as preventive and curative 

means concerning balance impairments and risk of falls. 

• The previous available individual studies on cawthorne - cooksey exercises (Kaveh MH 

et al,2021), (Angela dos ribeiro et.al,2005), (stefano corna et,al,2003), (Niti khurana 

et.al,2015)  and Otago exercise program (Liu-Ambrose T et.al, 2019), (Ha-Na Yoo 

et.al,2013), (Mathew B Liston et.al,2014) has been proven to be effective in improving 

balance as well as reducing risk of fall in elderly individuals aged 60 years and 

beyond.[25,3,26,6,27,28] 

• But, there is scarcity of studies comparing the effect of cawthorne – Cooksey exercises 

and Otago exercises on balance in older adults aged 65- 75 years. Therefore the current 

study intended to determine whether the use of cawthorne cooksey exercises to improve 

balance are more beneficial or Otago exercise program is more beneficial in older adults 

aged 65- 75 years for 3 times per week for 30 minutes for period of 8 weeks. 
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RESEARCH QUESTION: 

 

Is there any effect of 8-weeks training session of Cawthorne-cooksey exercises versus Otago 

exercises on balance in 65-75 years older adults with medium risk of fall using berg balance 

scale ? 
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HYPOTHESIS: 

 

Null Hypothesis: 

There is no significant effect of 8- week training session of Cawthorne-Cooksey exercises 

versus Otago exercises on balance in 65- 75 years older adults with medium risk of fall using 

berg balance scale. 

 

 

Alternate Hypothesis: 

There is significant effect of 8- week training session of Cawthorne-Cooksey exercises versus 

Otago exercises on balance in 65- 75 years older adults with medium risk of fall using berg 

balance scale. 
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OBJECTIVES: 

• To study the effect of 8-weeks training session of Cawthorne-cooksey exercises 

versus Otago exercises on berg balance score in 65-75 years older adults with medium 

risk of fall using berg balance scale.  
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REVIEW OF LITERATURE 

 

1. Kaveh MH et.al,(2021) conducted a study on The Effect of Balance Exercise Training 

on Balance Status, and Quality of Life in Elderly Women: A Randomized Controlled 

Trial. 60 older adult women (60-74 years) with, history of falling over the past 6-12 

months and dizziness were randomly allocated in experimental and control group. 

Experimental group attended Cawthorne-cooksey exercises and strengthening the 

sensory-motor system training in two-hour sessions twice in a week for 8 weeks. 

Outcome measures were Berg Balance Scale and Romberg tests, Dizziness Handicap 

Inventory (DHI), Fall Efficacy Scale-International (FES-I), and Leiden-Padua (LEI-

PAD) and was taken at baseline and after 8 weeks. This study concluded that Balance 

exercises training (Cawthorne-cooksey exercise and strengthening the sensory-motor 

system) may induce significant improvements in balance and can be used for 

prevention or treatment in elderly people. [25]   

 

2. Shahnaz Shahrbanian et.al,(2021) conducted a study on The comparison of the 

effects of physical activity and neurofeedback training on postural stability and risk of 

fall in elderly women: A single-blind randomized controlled trial. Physically 

independent women who were older than 65 years old, were recruited and randomly 

divided into three groups including control group, physical activity group( cawthorne-

cooksey exercises) and neurofeedback training group. Participants performed Both 

physical activity and the neurofeedback training for 12 weeks (3 sessions per week and 

30 minutes per session). Fall risk and postural stability of participants in all three 
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groups were evaluated using the Biodex Balance System. This study concluded that 

both physical activity and neurofeedback training in comparison to the control group 

improved postural stability and risk of fall in elderly women. [29]  

 

3. P jahanpeyma et al (2020) conducted a study on effect of the otago exercise program 

on falls, balance and physical performance in older nursing home residents with high 

fall risk: a randomized controlled trial. 72 participants with age over 65 years were 

included in study and was divided into Otago (intervention) group and walking 

(control) group. Otago exercise group performed exercise for 45 minutes 3 days per 

week for 12 weeks and control group did only walking program(30minutes 

3days/week). Outcome measures were number of falls, Berg balance scale, 30-s chair 

stand test and 6-minute walk test. This study concluded that otago exercise program 

seems to improve balance and physical performance in old-aged adults and may be an 

effective intervention for reducing and preventing falls in old aged nursing home 

residents at high risk of falling. [15] 

 

 

4. Soo-Hyun Leem et al,(2019) conducted a study on effects of Otago exercise 

combined with action observation training on balance and gait in the old people;30 

subjects(females over 70 years) were randomly divided into 3 groups: Action 

observation plus otago group(n=10), otago group(n=10), and control group(n=10). 

Action observation training was done for 20 minutes followed by 50 minutes of 

physical training protocol. The whole training was performed for 3 times a week over 

an 12 weeks period. They used electronic muscle dynamometer to test the muscle 

strength, Timed Up and Go test to evaluate the dynamic balance and short version of 
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Fall Efficacy Scale-international to evaluate fear of falls and GAITRite was used to 

evaluate changes in spatiotemporal parameters of walking. Thus the study concluded 

that both the intervention group showed significant improvement in dynamic balance 

and increase in walking speed as well as reduces fall risk.[20] 

 

5. Pothiraj pitchai et.al,(2019) conducted a descriptive study on prevalance, risk factors, 

circumstances for falls and level of functional independence among geriatric 

population, consenting participants of old- age home residents and community 

dwellers above the age of 60 years with or without fall in last 1 year were included in 

the study and participants with declined cognitive functions were excluded from the 

study. Participants were recruited by one-stage cluster sampling technique. Fear of fall 

was measured using fall efficacy scale-international and the level of dependence in 

activities of daily living was measured using Barthel index.  The data was analysed 

using SPSS statistical software version 17. According to the analysed data the 

prevalence of falls among older adults (mean age; 71.89±7.49 years) to be 24.98%.[10]          

 

                   

6. Liu-Ambrose T et.al,(2019) conducted a study on Effect of a Home-Based Exercise 

Programon Subsequent Falls Among Community-Dwelling High-Risk Older Adults 

After a Fall: A Randomized Clinical Trial. It was a  12-month, single-blind, 

randomized clinical trial,  345 Participants aged atleast of 70 years were selected and 

was randomized into intervention group, n=173(usual care plus OTAGO exercise 

program) and control group n=172( fall prevention care provided by geriatrician). The 

intervention was performed 3 times a week for 12 month. The primary outcome 

measures were the number of self-reported falls over 12months. Secondary outcomes 

were Physiological Profile Assessment and Timed Up and Go Test. Thus the study 
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concluded that older adults receiving care at a fall prevention clinic after a fall, a 

home-based strength and balance retraining exercise program significantly reduced the 

rate of falls compared with usual care provided. These findings support the use of this 

home-based exercise program for secondary fall prevention. [27] 

 

7. Viveiro LA, et al,(2019) conducted a study on Reliability, validity, and ability to 

identity fall status of the Berg Balance Scale, Balance Evaluation Systems Test 

(BESTest), Mini-BESTest, and Brief-BESTest in older adults who live in nursing 

homes. 72 participants aged 60 years and above were recruited from a nursing home 

and were assessed by 2 physiotherapists for balance performance at baseline using 

Berg balance scale and the BESTest scales. For test-retest reliability, participants were 

retested by 1 of the 2 physiotherapists after a 7- to 14-day interval. Study results 

showed that each of the 4 balance tests  analysed (BBS, BESTest, Mini-BESTest, and 

Brief-BESTest) demonstrated excellent inter-rater reliability and good to excellent 

test-retest reliability, while the subsystems of the BESTest demonstrated excellent 

interrater reliability and moderate to good test-retest reliability. Moreover, all of the 

tests were able to identify individuals with and without a history of falls, with only 

small inter-test differences in sensitivity and specificity. [30] 

 

8. Ardashir afrasiabifar et al,(2018) conducted a study comparing the effect of 

cawthorne-cooksey exercises and Frenkel exercises on balance in patients with 

multiple sclerosis. Patients with age group between 15 and 55 years were selected and  

divided into 3 groups: Cawthorne-cooksey group(n=24), Frenkel group(n=23), and the 

control group(n=25) using block randomization method. The exercise protocol was 

performed for 12 weeks with 3 exercise session ,alternate days each session lasted 
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about 60 minutes(two 30 minutes session with 15 minutes rest intervals) Berg balance 

scale was used to evaluate the balance in patients. The data was collected at the start of 

the session and then after 6 weeks the berg balance score was reassessed and at the end 

of the session (after 12 weeks) again the berg balance score was measured. Thus the 

study concluded that in comparison with frenkel exercise and control group, a program 

of cawthorne and Cooksey exercises is more effective in improving balance in patients 

with multiple sclerosis.[31] 

 

9. Mirjana kocic et.al,(2018) conducted a study on effectiveness of group otago exercise 

program on physical function in nursing home residents older than 65 years. It was an 

observer-blind randomized control trial, physical function and functional independence 

measurement was measured at baseline prior to randomization, after 3 months and 

after 6 months. 77 participants were eligible for the study and were randomly allocated 

to the experimental group (EG) and control group (CG) using computer-generated 

random numbers. Participants in experimental group performed otago exercise 

program each session start with a 5-7 minutes of warm-up continued with 30 minutes 

of strength and balance training and a cool down period and participants in control 

group were advised to continue with standard care and activities. The study period was 

for 6 months. Outcome measure used was Berg balance scale, Timed Up and Go and 

Chair rising test. The study concluded that the otago exercise program was effective in 

improving balance, functional mobility, lower limb muscle strength and functional 

independence.[32] 
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10. Seethal vincent et.al,(2017) conducted a study on  combined effect of gaze stability 

exercise and Otago exercise on balance and fall risk in elderly people. 30 subject both 

males and females with age group 65-74 years were selected. Subjects were divided 

into two groups with 15 subjects in each group. Group A (experimental group) 

performed gaze stabilization and otago exercise and Group B (control group) 

performed otago exercises. The gaze stabilization exercise was performed for 3 times 

daily over an 8 week period and otago exercises were performed for 30 minutes 3 

times a week for 8 weeks. Berg balance scale and dynamic gait index was used to 

measure balance and fall risk. The study concluded that gaze stability exercises and 

Otago exercises when combined are effective in improving balance and reducing fall 

risk in elderly.[21]   

 

11. Son NK et al, (2016) conducted a study on Comparison of 2 different exercise 

approaches: Tai Chi versus Otago, in community-dwelling older women. A total of 50 

women aged 65 to 83 years participated in this study. Participants were randomly 

allocated in Tai-chi group (TC) and OTAGO group, Participants in the TC and Otago 

groups attended 60-minute practice sessions twice a week for 12 consecutive weeks. 

The Timed Up and Go (TUG) test, functional reach (FR) test, one-leg standing (OLS) 

test, 5 times sit-to-stand test (5×STS), 30-second sit-to-stand (30s STS) test, and gait 

parameters (gait velocity, step length, step width, stride time, and cadence) were mea-

sured before and after the intervention. This study concluded that both groups showed 

statistically significant improvements in balance, lower extremity strength and 

spatiotemporal gait parameters. The Otago group showed greater improvement in 

lower extremity strength, whereas the TC group showed greater improvement in 

balance. [33] 
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12.   Dhargave P et al,(2016) studied Prevalence of risk factors for falls among elderly 

people living in long-term care homes. 163 participants were enrolled after screening 

for eligibility. History of fall revealed by participants, Mini mental state examinations, 

Berg balance scale, Dynamic gait index, were used as assessment tool. Study showed 

that there is strong association of falls with history of fall, poor vision, chronic 

diseases, use of walking aids, vertigo, imbalance and use of multiple medication. Also 

concluded that women had higher risk of fall than men. [34] 

 

13. Youngju Park et al, (2016) conducted a study titled effects of Otago exercise 

program on fall efficacy, activities of daily living and quality of life in elderly stroke 

patients. Subjects with age 65 years and older were selected. All of the patients 

received otago exercise protocol pamphlet and they performed Otago exercise program 

for 50 minutes for 3 times per week for 8 weeks (2 group and 22 home programs) Fall 

efficacy scale was used to evaluate fall efficacy, modified Barthel index was used to 

evaluate for activities of daily living and EQ-5D was used to evaluate quality of life. 

Thus this study concluded that Otago exercise program improved fall efficacy 

significantly as well as scores for activities of daily living but not significantly 

improve the quality of life.[35]   

 

 

14.    Niti khurana et al,(2015) conducted a study on effect of cawthorne and Cooksey 

exercises on balance in elderly and risk of fall. In this study 30 subjects with age 60-70 

years were randomly divided in to two groups: group A (submitted to cawthorne-

cooksey exercises,n=15), group B(not submitted to cawthorne-cooksey 

exercises,n=15). Prior to the study the berg balance score was measured and 
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demographic data was collected group A were taught cawthorne-cooksey exercises 

and was  performed  for 6 times per week for 30 minutes and for 6 weeks, group B was 

not submitted to these exercise and were encouraged to perform their usual activities 

for daily living. Post intervention berg balance score was measured at the end of 6th 

week. In this study they found that cawthorne and Cooksey exercises improved 

balance in normal elderly people aged 60-70 years of age.[6]     

 

15. Matthew B Liston et al,(2014) conducted a study on feasibility and effect of 

supplementing a modified otago intervention with multisensory balance exercises in 

older people who fall. According to convenient sampling participants aged 65 and over 

were selected. Subjects were divide into intervention or trial group(OTAGO+ 

multisensory balance exercises) and control group(OTAGO + stretching exercises) 

using permuted block randomization with computerised random number generator 

without stratification. All participants in each group performed the exercises twice 

weekly for 8 weeks. Each otago exercise session lasted for one hour and supervised 

home treatment session lasted for 45 minutes. Outcome measures were assessed at 

baseline, four and eight weeks (end of the treatment), the primary outcome for this 

study was functional Gait assessment to assess complex gait task and secondary 

outcome measure was short-form physiological profile assessment for fall risk. Thus 

the study conclude that otago plus multisensory balance exercises shows greater 

improvements in factors associated with falls and reduces the rate of falls in older 

adults.[28] 
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16. Vaishali bhardwaj et al,(2014) conducted a study on effectiveness of gaze stability 

exercise on balance in healthy elderly population. 30 subjects with age 60-70 years 

were randomly divided into two groups by using computer generated random number 

in advance : experimental group(n=15) they performed gaze stability exercises and 

control group(n=15)they performed placebo eye movements, both the groups 

performed the exercises for 30 minutes, 3 times daily over a 6-week period. The 

baseline data(pre-test )was evaluated using Berg balance scale and Activities-specific 

balance confidence scale(ABC)and after 6 weeks post intervention data was collected 

and analysed. The study found that vestibular-specific gaze stability exercises leads to 

improvement of balance and activity of daily living due to adaptation of vestibule-

ocular reflex in elderly population.[2] 

 

 

17. HA-NA Yoo et al,(2013) conducted a study on the effects of augmented reality based 

Otago exercise on balance, gait, and falls efficacy of elderly women. In this study 21 

elderly women were selected. Subjects were divided into an augmented reality-based 

otago exercise group (n=10) and otago exercise group (n=11). The exercises were 

performed for a period of 40 minute with 10 minutes of cooling period, 3 times for a 

period of 12 weeks. Balance ability was measured by Berg balance scale, GAITRite 

system was used to evaluate spatiotemporal parameters and fall efficacy was evaluated 

using short fall efficacy scale-international. This study concluded that the augmented 

reality-based otago exercises showed significant increase in berg balance score, 

velocity, cadence, step length, stride length and falls efficacy.[17]  
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18. Natalia aquaroni ricci et.al,(2012) studied the effects of conventional versus 

multimodal vestibular rehabilitation on functional capacity and balance control in 

older people with chronic dizziness from vestibular disorders. older adults aged 65 

years and above were selected for study and was divided into two groups control 

group( conventional cawthorne –cooksey exercise) and intervention group( 

multimodal vestibular rehabilitation)  by using block randomization technique .patients 

was assessed at baseline and was assessed after intervention(8weeks) and follow-up (3 

months). The primary outcome measure to evaluate functional capacity is the dizziness 

handicap inventory scale and for body balance control Dynamic Gait Index was used. 

The secondary outcome measure includes Time Up and Go Test, multidimensional 

functional reach test, geriatric depression scale. Both the interventions were performed 

for 50 minutes, twice a week for 2 months. This study concluded that both the 

protocols helps to improve postural control, functional capacity and also prevent falls 

in older population.[36]   

19. Byung In Han, et.al, (2011) conducted a review on indications, mechanisms and key 

exercises of vestibular rehabilitation therapy and concluded that exercises related to 

eye and head movements are key to improve gaze stability, whereas, exercises 

performed while standing on a narrow base or on cushion with eyes closed are key to 

improve postural stability.[37] 

 

20.  Mei-Yun Liaw et al,(2009) conducted a study on comparison of static and dynamic 

balance performance in young, middle-aged, and elderly healthy people. 107 healthy 

individuals between 16 and 80 years old were divided into young (16-39 years old), 

middle-aged (40-59 years old) and elderly groups (60-80 years old); computerised 

dynamic posturography on a smart balance master was used to assess balance. Sensory 
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organization test was performed, total of 3 trials were done and motor control balance 

test (limit of stability test and rhythmic weight shift test) were also performed. This 

study concluded that elderly had a higher degree of postural imbalance and used hip 

strategy more to maintain their balance. They also found that elderly required longer 

reaction time and demonstrate lower directional control directional control in balance 

performance.[13] 

 

21. Lucinda Simoceli et al,(2008) conducted a study titled Adaptation exercises of 

vestibule-ocular reflex on balance in the elderly. 39 patients who were older than 65 

years, suffering from body imbalance for more than 3 months and had been prescribed 

to vestibular rehabilitation therapy took part in this study  and was divided into two 

groups: group A- classical vestibular rehabilitation group(n=19), group B- vestibular-

ocular group(n=20) they perform the exercises for 60 days, twice a day. Patients were 

evaluated before and after the treatment for stability limits by Equitest, NeuroCom Inc. 

and by the disability index (DI). This study concluded that both protocols were equally 

efficient for maintaining postural balance in elderly who participated in the study.[38] 

 

 

22. Sebestina anita D’souza et.al,(2008) conducted a study on circumstances and 

consequences of falls in indian older adults. 190 older adults with age of 60 to 93 years 

participated voluntarily in the study. Information about the circumstances and 

consequences of falls was collected by falls questionnaire which was developed from 

existing literature on falls. Participants who reported falls were asked to describe when 

and where the fall occur, activities engaged in at the time of fall, any resulting injuries, 

they were also asked whether they have fear of fall or if they restrict their daily 

activities indoor/outdoor and whether they are currently using mobility aids. This 
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study provides insight into the circumstances and consequences of falls with 

prevalance of fall in age group(60-69) was 30.4%, (70-79) was 44% and 80 years and 

above was 61.5%.[11] 

 

23. Angela dos santos bersot ribeiro, et al,(2005) conducted a study on balance 

improvement and reduction of likelihood of falls in older women after cawthorne and 

Cooksey exercises.30 elderly female patients aged 60 to 69 were selected and were 

divided in control group(n=15) and studied group(n=15) on a first come basis, the 

subjects were assessed for balance at the baseline and were re- assessed  after 9 weeks 

for balance by using Berg balance scale. Studied group perform cawthorne-cooksey 

exercise three times a week, for sixty minutes over a period of 9 weeks. Thus, they 

concluded that cawthorne-cooksey exercises were capable of improving balance and 

consequently reducing the likelihood of fall.[3] 

 

24. Stefano corna, et al,(2003) conducted a study on comparison of cawthorne-cooksey 

exercises and sinusoidal support surface translations to improve balance in patients 

with unilateral vestibular deficit. 32 patients with mean age± standard deviation of 

58.9±12.9 years were included in the study. Patients were assigned to groups; 

cawthorne-cooksey(n=17) exercise group and instrumental rehabilitation group(n=15). 

Outcome measures used were performance-oriented assessment of balance and gait 

and the dizziness handicap inventory scale and body sway and quite stance was 

measured using Kistler(type928B)a dynamometer platform. The patients in both the 

groups treated with cawthorne-cooksey exercises or instrumental rehabilitation 

perform 10 sessions with 2 sessions daily (morning, afternoon), for 5 consecutive days. 

Each session lasted for 30 minutes for both the exercise. Each exercise performed was 
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repeated 5 times with first EO and then EC. This study concluded that both cawthorne-

cooksey exercises and instrumental rehabilitation are effective for treating balance 

disorders of vestibular origin. They also suggest that instrumental rehabilitation is 

more effective than cawthorne-cooksey exercises in improving balance control.[26] 

 

25. K. Berg et al,(1995) conducted a study titled the balance scale: reliability assessment 

with elderly residents and patients with an acute stroke and demonstrated the berg 

balance scale to be highly reliable scale to measure balance in elderly. [39] 

 

26. Anne Shumway-cook et al, (1997) conducted a study on predicting the probability for 

falls in community-dwelling older adults. Fourty - five community-dwelling adults 

(≥65 years of age) with and without a history of fall were included. Five variables were 

found to be associated with fall and of these, final model combined the score of Berg-

Balance scale with a self-reported history of imbalance. Study concluded that a simple 

predictive model based on two risk factors can be used by physical therapist to 

quantify risk of fall in community-dwelling older adults. [16] 
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METHODS AND MATERIALS: 

• Study design:   Randomized controlled trial  

• Study settings: old age homes near tertiary health care center  

• Study population: Geriatric population of age group 65-75 years.  

• Study duration: 18 months 

• Sampling technique:  A Convenient sampling  

• Sample size was determine considering the study of shefali walia et.al,(2016) named, 

comparison of two balance training programs on balance in community dwelling 

older adults.[40] 

•  The mean and standard deviation value for BBS in Group 1 was 54.69±1.13 and for 

Group 2 was 55.57±0.56 

• The formula used: 

                             n = 4(zα+ zβ)2 SD2 /(X̅1- X̅2)2 

• Where, zα – standard normal variant at α level. 

             zβ – standard normal variant at β level  

              X̅1- mean for cawthorne-cooksey exercise group 

             X̅2 – mean for otago exercise group 

             SD2 – combined standard deviation of both groups                                     

•       Where, 

            α = 5% 
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             β= 20% 

• The required sample size considering the 15% drop out rate was calculated as 40, i.e 

20-20 in each group. 

• The sample size was calculated by using open EPI calculator version 7.  

 The calculated sample size was 40. After the approval from university data collection was 

started. After the onset of Covid-19 pandemic, lockdown was issued by government during 

first and second wave of pandemic. Because of lockdown the desired sample size could not 

be collected as permission from geriatric homes was not granted considering the safety of 

elderly population. Thus, 26 samples were collected.   
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METHOD OF SELECTION OF SUBJECT: 

 

• Inclusion criteria : 

1. The age group involved 65-75 years  

2. Both men and women  

3. Willing to participate 

4. Medium fall risk : score(21-40) according to Berg Balance Score 

 

• Exclusion criteria: 

1. Neurological disorders (stroke, Parkinson’s, head injury, etc.) 

2. Major recent surgeries (within 6 months) 

3. Musculoskeletal disorders/ deformities significantly affecting postural stability. 

4. Individuals with history of diagnosed diabetic neuropathy. 

5. Individuals with uncontrolled hypertension. 

6. Uncorrected visual impairments. 

7. Diagnosed vestibular and auditory disorders. 
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Subject Withdrawal Criteria: 

1. If the patient is diagnosed for any of the above stated disorders during study period. 

2. Discontinuity in the treatment due to personal reasons. 

 

 Variables:  

• Independent variables: Cawthorne-cooksey exercises and OTAGO exercises 

• Dependent variables: Berg balance scale 

 

             Operational definitions: 

• Balance: It is the ability to maintain the body in equilibrium or to control the body’s 

position in space for stability and orientation.[1] 

• Cawthorne-cooksey exercises: vestibular exercise protocol to improve balance.[3] 

• Otago exercise program: the otago exercise program is a set of leg muscle 

strengthening and balance training exercises specifically designed to prevent falls in 

elderly.[19] 

• Older adults/ elderly population: here, the term is used for subjects of age- group 

65-75 years.[10] 
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Outcome measures: 

Berg Balance Scale- (Annexure 5)  

It is developed by berg and co-workers as an objective measure of static and dynamic 

balance.it consists of 14 functional tasks commonly performed in daily living. These tasks 

include sitting or standing unsupported, movement transitions (involving sit-to-stand, stand-

to-sit), variations in standing positions (EO, EC). The scoring of the functions is graded on 0-

4 scale; where 0 score indicates unable to perform and score 4 indicates subjects performs 

independently. The maximum score of the scale is 56.[1]                 

 Interpretation: 

• 41-56: low  fall risk 

• 21-40: medium fall risk 

• 0-20 : high fall risk 
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BERG BALANCE SCALE 



34 
 

 

 

Data collection tools: 

1. Supported chair                                  2.  Measuring tape    

 

                                       

       

3. Steeper                                                 4. Proforma (Annexure 1)                                            
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5.  Stop watch  

        

 

6. Unsupported chair 
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7. Chalks                                                      8.   Weight cuffs             

                        

 

9. Pen                                                               10.  Soft surface(Mat) 
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Methodology of interventions: 

Requisite permission from Ethics and BOR committee was taken. Participants with age group 

of 65-75 years were recruited and pre intervention Berg balance score was noted. Written 

consents from subjects were taken. Subjects fulfilling inclusion criteria were included 

according to block randomization method and was allocated respectively in Group A 

(Cawthorne-cooksey exercises) and Group B (OTAGO exercises). Demographic data was 

obtained. Intervention protocol was explained. Post intervention (8 weeks) Berg balance 

score was noted. Data was collected and analysed.   

Block Randomization technique:  

In this method participants were randomly divided into both groups and were equally divided 

in both groups.  

 

Data management and Analysis: 

The data collected was entered in Excel sheet. Participant’s identity and information was kept 

confidential. Backup of the data was maintained and was utilized for further analysis. The 

analysis was done using EPI info version7 software. The mean and standard deviation and 

percentage was calculated. P≤0.05 was considered statistically significant. For within group 

(pre and post) paired t-test or Wilcoxin signed Rank test was used. For between the group 

(pre and post) Mannwhitney U test was used.  
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General procedure: 

• Requisite permission was taken. 

•  Ethics and BOR committee clearance was taken 

• Intervention protocol was explained  

• Written consent from the subjects was taken. 

• Subjects fulfilling inclusion criteria were included 

• Demographic data was obtained  

• Pre-test Berg Balance score was noted 

• Subjects were divided into 2 groups according to block randomization method.  

• Post intervention Berg Balance Score was noted 

• Pre and post intervention data was analysed. 

 

 

 

 

 

 

 

 
 



39 
 

 
Randomized controlled trial 

Assessed for eligibility 

 

 

 

 

 

 

 

 

 

 

       

                            

                                         

          

    

 

Group A- Cawthorne –cooksey 

exercises (n=13) 

• Received allocated 

intervention 

wwwww 

Group B- Otago exercises (n=13) 

• Received allocated 

intervention 

 

Excluded: Not meeting 

inclusion criteria. Patient 

diagnosed with: Neurological 

disorders, recent surgeries, 

metabolic and cardiovascular 

disorders, uncorrected visual 

impairments, vestibular 

disorders 

Allocation 

Follow up Follow up 

Analysed  Analysed 

Follow up 

Analysis 

Baseline data measure (zero weeks) 

Block randomization (n=26) 

Data measure (after 8 weeks) 
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INTERVENTION:  

 

GROUP A: subjects in this group performed cawthorne-cooksey exercises. These exercises 

includes eye and head movements followed by head and body exercises in sitting as well as 

standing position first with eyes open(EO) and then with eyes closed(EC). Each exercise was 

repeated for 5 times for 8 weeks, 3 times per week.[3] 

A) Eye and head movement: first sitting down slowly and then faster 

1. looking up and down 

2. looking to the right and left 
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3. bringing the fingers closer and far and looking at the  

                                                                                                                                       

 

 

4. move the head slowly and then faster to your right and to your left (with eyes 

open and closed)  
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5. move the head slowly and then faster up and down with eyes open and close 

 

  

    

 

B) Head and body movement: 

1. Place objects on the floor take it and bring it above your head and place it 

again on floor, looking at the object whole time.  
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2. Shrink the shoulders and make circular movements. 

      

 

 

 

3. Bend forward and take an object through the back and front of your knees. 
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C) Standing up exercises: 

1. Sit down and stand up twice with eyes closed. 

   

 

 

2. Stand up but turn to the left and to the right while standing. (first with eyes 

open and then eyes closed ) 
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3. Throw a small ball from one hand to the other (above horizon level). 

   

 

 

4. Climb up and down stairs (use handrails if necessary). 
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5. Practice standing on one foot (first right foot then left); with eyes open and 

then eyes closed.  

 

 

6. Stand up on a soft surface: Walk on the surface to get used to it.  
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7. Walk around the room with eyes closed.   
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• GROUP B: subjects in this group performed otago exercises. These exercises includes 

warm up period (flexibility exercises) followed by strengthening exercises and 

balance training. The set of exercises were performed for 30 minutes 3 times a week, 

for 8 weeks. [19] 

• Warm-up includes: 

1. Participants will be asked to stand straight and look straight ahead. 

2. Slowly turn your head as far as possible to your right then to left. Repeat 5 

times to each side 

3. Placing one hand on your chin and push the chin back, repeat for 5 times. 

4. Place your both hands on your waist and gently arch your back, repeat for 5 

times. 

5. Place your hands on waist and turn to your right and to left repeat 5 times. 

6. Point the foot down then pull back towards you. Repeat 5 times.  

• Strengthening exercises and balance training: 

Weight cuffs were tied around ankle, which provides resistance to knee flexor, knee extensor 

and hip abductors.The amount of weights used were determined by manual muscle testing of 

lower limb muscles. Ankle cuff weights from 0.5–2 kg were used to provide resistance. 

Progression was done gradually either by increasing number of sets performed or by adding 

weights according to the changes of participants’ abilities through the course of the training. 

Additionally, they were included for walks at least thrice a week for 30 min at a moderate 

pace, on days without assigned exercise program.  
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The exercise includes: 

1. Knee extensions(sitting), repeat with other leg(10 repetition) 

 

 

 

 

2. Knee flexion(In standing), repeat with other leg(10 repetition) 
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3. Hip abduction exercise(in standing), repeat with other leg(10 repetition) 

 

 

4. Calf raises (repeat 10 times), hold-support. 
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5. Toe raises (repeat 10 times), hold-support. 

 

 

 

6. Knee bends(hold-support, 10 times) 
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7. Backward walking(10 steps, 4 times with hold support) 

 

 

 

 

8. Walking and turning around (figure of 8); twice. 
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9. sideways walking(10 steps to right and to left) 

 

 

 

10. Heel-toe standing(tandem);hold for 10 seconds 

 

 

 

 

 



54 
 

11. Heel-toe walking( 10 steps,4 times) 

 

 

 

12. One leg stand(hold for 10 seconds) 
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13. Heel walking(10 steps, 4 times)  

 

 

14. Toe walking(10 steps, 4 times) 
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15. Toe walking backwards(10 steps, 4 times) 

 

 

 

 

16. Sit to stand (5 stands with support then minimize the support) 
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RESULTS: 

Statistical software EPI info version 7 was used for data analysis. 

Test used for statistical analysis was:  

• Paired T-test and Unpaired T-test. 

• P≤0.05 is considered to be statistically significant.  

This study included 26 participants with age group of 65-75 years fulfilling the inclusion 

criteria with an aim to know the effect of 8-weeks session of Cawthorne-cooksey exercises 

versus OTAGO exercises on balance using Berg Balance scale. 

Results are as follows: 

• Table 1, Graph 1 shows, In Group A (CCE) mean age of samples was 70.08±3.121 

whereas in group B mean age of samples was 71.31±3.121. 

• Table 2, Graph 2 shows, 13 participants were allocated in Group A (cawthorne-

cooksey exercise), where 8 were Females (61.5%) and 5 were Males (38.5%). 13 

participants were allocated in Group B (OTAGO exercise), where 6 were Females 

(46.2%) and 7 were Males (53.8%). 

• Table 3, Graph 3 shows mean and SD of Body Mass Index (BMI) of both groups; 

where mean and standard deviation of BMI for Group A (cawthorne-cooksey 

exercise) was 21.63±2.64 and for was Group B (Otago exercise) mean and standard 

deviation of BMI was 24.29±3.11. 

• Table.4, Graph4 shows significance difference in the berg balance score in the 

Cawthorne-cooksey exercise Group post intervention where P value is <0.01 

• Table.5, Graph5 indicate that there is significance difference in the berg balance score 

in the OTAGO exercise Group post intervention where P value is <0.01 
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• Table6, Graph6 (a),(b) shows that there is significant difference in Berg Balance 

Score between the group pre and post intervention of Cawthorne-cooksey exercise as 

well as OTAGO exercise. Where P value pre intervention is 0.932 and post 

intervention is P<0.001 

•  Table7, Graph7 shows greater mean difference in OTAGO exercise group 

(11.46±1.26) as compared to Cawthorne-Cooksey exercise (7.53±0.77).Therefore, the 

result shows that Otago Exercise is more effective than Cawthorne-Cooksey exercise 

where p value is <0.001 
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DISCUSSION: 

A randomized controlled trial was carried out to study the effectiveness of Cawthorne-

Cooksey exercises versus OTAGO exercises on balance in 65-75 years older adults with 

medium risk of fall. According to literature, approximately 25% to 35% of people over the 

age of 65 year experience one or more falls each year and the frequency increases up to 40% 

over the age of 80 years. Nearly 40% of falls occurring in older adults aged 65 year and 

above suffer serious injuries and are admitted to the hospitals. [16,41,42]  Those who did not 

suffer serious injuries may experience significant fear of falling complex and restrictions in 

daily activities. As a result, the elderly population develops, decrease in self-confidence to 

perform activities of daily living and adopt a lifestyle of inactivity. [41] Therefore, early 

balance training in this population is needful to improve balance deficits and to reduce the 

risk of falls.  

In the present study, the calculated sample size was 40. After the approval from university 

data collection was started. After the onset of Covid-19 pandemic, lockdown was issued by 

government during first and second wave of pandemic. Because of lockdown the desired 

sample size could not be collected as permission from geriatric homes was not granted 

considering the safety of elderly population. Thus, samples collected till August 2021 was 26. 

Berg balance scale was used as primary outcome measure, as it has good intra-rater relative 

reliability of 0.98 and inter-rater reliability of 0.97; [43,44] and is considered as best screening 

tool to predict fall status in older adults. [16]  

In present study, Group A performed cawthorne-cooksey exercises and Group B performed 

OTAGO exercises. Participants were randomly divided in both groups using Block 

Randomization method.  
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Total 26 participants were included in study, out of which 13 were allocated in Group A 

(cawthorne-cooksey exercise), where 8 were Females (61.5%) and 5 were Males (38.5%). 13 

participants were allocated in Group B (OTAGO exercise), where 6 were Females (46.2%) 

and 7 were Males (53.8%). 

Statistical analysis of the study showed significant improvement in Berg Balance score of 

both groups i.e; cawthorne-cooksey exercise (Group A) and Otago exercise (Group B) at the 

end of 8-weeks intervention; P<0.01. (Table 4, Table 5). 

The study proved both treatment strategies were significantly effective in improving balance 

by the end of 8-weeks. But when Berg balance score of between the groups were compared, 

Otago exercise group (Group B) showed greater mean and standard deviation than 

Cawthorne-cooksey exercise group (Group A); (Table 6, graph 6). Considering the mean 

differences of both the groups (pre and post BBS) , Otago exercise group (Group B) showed 

greater mean difference and is more effective in improving balance when compared to 

Cawthorne-Cooksey exercise with P<0.001, (Table 7, Graph 7). 

This result of the study is supporting the studies done by Abarghuei AF et al, (2018)  , 

Khurana N et al,(2015), Ribeiro AD, Pereira JS (2005), who found significant improvement 

in balance with the use of cawthorne-cooksey exercises in older adults aged 60 -80 years. 

These studies suggest that application of the vestibular stimulation through cawthorne-

cooksey exercises in older adults can be applied as treatment in balance disturbances and also 

suggests that elderly population who do not report of postural stability and event of fall 

should also be submitted to Cawthorne-Cooksey exercises, which are preventive and curative 

concerning balance deficits and risk of falls. [3,6,45] 

Natalia A Ricci et al (2010) also observed a positive result in favour of vestibular 

rehabilitation in improving the postural control ability, functional capacity and quality of life 

in elderly and middle-aged adults. [36] 
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Several mechanisms like neural plasticity, vestibular adaptation, vestibular habituation, gaze 

stabilization has been proved as the reason for improvement in balance and reduction of fall 

risk among elderly population post cawthorne-cooksey intervention. [6,26] 

Vaishali bhardwaj et al,(2014) studied the effectiveness of gaze stability exercises on balance 

in healthy elderly population and suggest that vestibular-specific gaze stability exercises 

leads to improvement of balance due to adaptation of vestibulo-ocular reflex in age related  

vestibulo-ocular reflex degeneration. [2] 

Lucinda simoceli et al, (2008) proposed cawthorne-cooksey exercise for elderly population as 

global stimulation of balance which is based on exercises of substitution, adaptation and 

habituation. However, authors suggested that the intensive training of vestibulo-ocular reflex, 

together with other stimuli, has been efficient for both balance recovery and reduction of fall 

risk; as there is a progressive alteration in vestibular system due to beginning of aging 

process resulting in vestibulo-ocular reflex degeneration, which leads to imbalance.[38] 

Balance and muscle strength represent important health and skill-related components of 

physical fitness that have to be sufficiently developed across the lifespan to efficiently 

perform everyday activities without suffering injuries and falls.  Biological ageing appears to 

be an important factor that may have an impact on associations between balance and lower-

extremity muscle strength. [46] 

Correlations between measures of balance and muscle strength of the lower-extremities imply 

that these neuromuscular components are interlinked and are dependent on each other. Thus, 

performance achieved in one component (balance) can be transferred to that of the other 

component (lower-extremity muscle strength). In addition, training-induced gains in lower 

extremity muscle strength (e.g., maximal strength of hip flexors, plantarflexors) may have an 

impact on balance performance or vice versa. [46,47,48] 
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Various studies showed significant improvement in balance of older adults using OTAGO 

exercise program.  

Bjerk M et al (2019), P. jahanpeyma et al, (2020) studied the effects of the Otago exercise 

program on falls, balance, physical performance and health related quality of life in older 

adults aged 65 years and more. They concluded that Otago exercise program seems to 

improve balance, health related quality of life and physical performance in old-aged adults 

and thus is effective intervention for reducing and preventing falls in older adults.[15,49] 

Mirjana kocic et.al (2018), Betao M et al, (2018), Kyrdalen I.L et al, (2014) examined the 

effect of group-based Otago exercise program and home based Otago exercise program 

combining strengthening and balance exercises in elderly aged 65 years and above; they 

concluded that Otago exercise program seems to be effective in improving balance, reducing 

number of falls and fall risk in ambulatory elderly population. [32,50, 51] 

Son NK et al, (2016) found Otago exercises were effective in improving balance, lower 

extremity strength and spatiotemporal gait parameters in older women aged 65 to 83 years 

when compared to Tai Chi exercise.[33] 

The present study supports alternate hypothesis where both intervention protocols were 

statistically significant; however considering the mean difference between the groups, Otago 

exercises showed more significant improvement in Berg Balance score of older adults at the 

end of 8-weeks intervention. (Table 7, Graph 7) 

Thus, there is significant effect of 8- week training session of Cawthorne-Cooksey exercises 

versus Otago exercises on balance in 65-75 years older adults with medium risk of fall using 

berg balance scale. 
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STRENGTH: 

• The gold standard Berg Balance Scale was used as outcome measure to determine 

medium risk of fall which has excellent reliability and validity predicting fall risk 

in older population. 

• Easy availability of items/tools required to perform these protocols.    
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WEAKNESS: 

• Age and gender distribution of men and women in both groups were not equal.   
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CONCLUSION: 

A randomized controlled trial was carried out on 26 participants with age group of 

65-75 years to study the effect of Cawthorne-cooksey exercises versus Otago 

exercises on balance using Berg Balance scale. Results of the study concluded that 

there was significant differences in berg balance score of older adults aged 65 to 

75 years post intervention.  

Considering the mean differences of both groups the result of Otago exercise 

(Group B) was statistically more significant than Cawthorne-cooksey exercise 

(Group A). 

Hence, there is a significant difference in the effect of Cawthorne-cooksey 

exercise versus Otago exercise on balance in 65-75 years older adults with 

medium risk of fall using Berg Balance scale.   
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LIMITATIONS: 

• Unable to complete total sample size due to covid-19 pandemic.  
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CLINICAL IMPLICATION: 

 

• Considering the impact of progressive loss of systems(musculoskeletal, vestibular, 

central and peripheral nervous system) due to ageing; older aged 65 years and above 

should be encouraged to perform balance training exercise which will act as preventive 

and curative means concerning balance impairments. 

• These exercise protocols can also be administered at home as well as in institutionalised 

older adults. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



68 
 

RECOMMENDATIONS  

• Considering the reduced ability to perform activities of daily living in elderly 

population due to balance deficits; older adults should start balance training exercises 

from simple to gradually progressing it.  
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SUMMARY: 

A randomized controlled trial was carried out to study the effect of 8-weeks 

training session of Cawthorne-cooksey exercises versus Otago exercises on 

balance using Berg Balance scale. 65-75 year older adults were assessed for the 

study; 26 participants fulfilling the inclusion criteria and with medium risk of fall 

(Berg Balance score: 21-40) were included in the study. The 26 participants were 

divided into 2 groups, 13 participants in each group according to Block 

Randomization Technique. Group A performed Cawthorne-cooksey exercises in 

which 8 Females and 5 Males were included, whereas Group B performed Otago 

exercise in which 6 Females and 7 Males were included. Participants in each 

group performed the intervention protocol for 30 minutes for 3 days/ week.  

Data was analysed using Paired t-test for within the group and  Unpaired t-test for 

between the group. Mean of group A (Cawthorne-cooksey exercise)   pre BBS 

score was 37.54±2.66  and post BBS score was 45.08±3.01; whereas mean of 

group B(Otago exercise) pre BBS score was 37.62±1.80 and post BBS score was 

49.08±1.32.Results of study concluded that there was significant difference seen 

on balance using Cawthorne-cooksey exercises and Otago exercise. 

Considering higher mean difference in Otago exercise group as compared to 

Cawthorne-cooksey exercise group, otago exercise was statistically more 

significant than Cawthorne-cooksey exercise. 

Thus, there is a significant difference in the effect of Cawthorne-cooksey exercise 

versus Otago exercise on balance in 65-75 years older adults with medium risk of 

fall using Berg Balance scale. 
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TABLES AND GRAPHS: 

Table1. Mean and Standard Deviation of age in both groups: 

Age In years 

Group N Mean Std. Deviation 

Cawthorne-cooksey exercise 

(Group A) 

13 

70.08 3.121 

Otago exercises 

(Group B) 

13 

71.31 3.614 

Total 26 70.69 3.368 

 

Interpretation: Group A (n=13) and group B (n=13). In Group A (CCE) mean age of 

samples was 70.08±3.121 whereas in group B mean age of samples was 71.31±3.121. 

 

Graph1.Graphical presentation of Mean and Standard Deviation of age (years) in both 

groups:  
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Table2. Distribution of participants according to gender: 

Gender * Group Cross-tabulation 

 Group Total 

A B 

Gender 

Female 

Count 8 6 14 

% within Group 61.5% 46.2% 53.8% 

Male 

Count 5 7 12 

% within Group 38.5% 53.8% 46.2% 

Total 

Count 13 13 26 

% within Group 100.0% 100.0% 100.0% 

 

Interpretation: Out of 26 participants; 13 were allocated in Group A (cawthorne-cooksey 

exercise), where 8 were Females (61.5%) and 5 were Males (38.5%). 13 participants were 

allocated in Group B (OTAGO exercise), where 6 were Females (46.2%) and 7 were Males 

(53.8%). 
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Graph2. Distribution of participants according to gender: 

 

Graph 2(a).Pie chart presentation of participants according to gender 
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Table3. Mean and Standard Deviation of BMI in both groups: 

BMI(Body Mass Index) 

Group Mean Std. Deviation 

A 21.631 2.6411 

B 24.292 3.1114 

Total 22.962 3.1364 

 

Interpretation: In Group A (cawthorne-cooksey exercise) mean and standard deviation of 

BMI was 21.63±2.64; whereas in Group B (Otago exercise) mean and standard deviation of 

BMI was 24.29±3.11.  

 

Graph3. Mean and Standard Deviation of Body Mass Index in both groups: 
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Table4. Mean and SD values of Berg balance score for Cawthorne-cooksey exercise group 

(Group A) pre and post intervention: 

 Mean Std. Deviation T 

value 

P 

value 

Group A 

Pre-value 37.54 2.665 

35.01 <0.01 

post-value 45.08 3.013 

 

Interpretation: At the end of 8-weeks there was significant increase in Berg Balance Score 

post-intervention of Group A with (P<0.01). 

 

 

Graph4. Mean and SD values of Berg balance score for Cawthorne-cooksey exercise group 

(Group A) pre and post intervention: 
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Table5. Mean and SD values of Berg balance score for Otago exercise group (Group B) pre 

and post intervention 

 

 

 

 

Interpretation: At the end of 8-weeks there was significant increase in Berg Balance Score 

post-intervention of Group B with (P<0.01). 

 

 

Graph5. Mean and SD values of Berg balance score for Otago exercise group (Group B) pre 

and post intervention 
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Table6.Mean and SD values of  Berg Balance score between the group pre and post 

intervention: 

 
Group N Mean Std. Deviation T value P value 

Pre-value 

Group A 13 37.54 2.665 

-0.086 0.932 

Group B 13 37.62 1.805 

post-value 

Group A 13 45.08 3.013 

-4.384 <0.001 

Group B 13 49.08 

 

1.320 

Interpretation: Group B shows significant improvement in Berg Balance score as compared 

to Group A at end of 8-weeks intervention (P<0.001). 

 

Graph 6(a). Mean and SD values of  Berg Balance score between the group pre-intervention: 
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Graph 6(b). Mean and SD values of  Berg Balance score between the group post-intervention: 
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Table7. Mean difference and SD of Berg Balance score for Cawthorne-cooksey exercises 

versus Otago exercise post intervention: 

 pre 

BBS 

mean 

Pre 

BBS 

SD 

Post 

BBS 

mean 

Post 

BBS 

SD 

Mean 

difference 

Mean 

difference 

SD 

T 

value 

P value 

Cawthorne-

cooksey 

exercise 

(Group A) 

 

37.54 

 

2.665 

 

45.08 

 

3.013 

 

7.53 

 

0.77 

 

4.366 

 

<0.001 

Otago 

exercise 

(Group B) 

 

37.62 

 

1.805 

 

49.08 

 

1.320 

 

11.46 

 

1.26 

  

 

Interpretation: Group B Otago exercise) shows greater mean difference of Berg Balance 

score as compared to Group A (CCE) where, P<0.001). 
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Graph7. Mean difference and SD of Berg Balance score for Cawthorne-cooksey exercises 

versus Otago exercise post intervention: 
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ANNEXURES: 

Annexure 1 (PROFORMA): 

 

                                                                 

1. Name:                                                                                 Date:                                                                                                       

2. Age/ Gender: 

3. Mobile number: 

4. Height in cm: 

5. Weight in kg: 

6. BMI in kg/m2: 

7. Group A/B: 

Parameters BBS score pre intervention BBS score post intervention 

Cawthorne-cooksey exercise 

(Group A) 

  

Otago exercise program 

(Group B) 
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Annexure 2(a) 

PARTICIPANT INFORMATION SHEET: 

• Purpose: 

To ensure that written consent will be obtained from participant. 

• Scope: 

This study includes geriatric population both males and females and are voluntarily 

willing to participate in this study. 

• Responsibilities: 

The researcher will obtain written informed consent from all the participants who are 

voluntarily participating in the study. 

• Procedure: 

1. The researcher will select participant among geriatric population. 

2. The intervention protocol will be explained to answer the queries of the participants. 

3. If the participant decides to participate then consent form should be filled by 

participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then 

they entitled to do so before giving the consent. 

• General information to participants: 

(a) Name : 

(b) Age  

(c) Gender  
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(d) Date  

              You would be required to fill the proforma and the purpose of the research is to 

study : “THE EFFECT OF 8-WEEKS TRAINING SESSION OF CAWTHORNE-

COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 

YEARS OLDER ADULTS WITH MEDIUM RISK OF FALL USING BERG 

BALANCE SCALE: A RANDOMIZED CONTROLLED TRIAL”. 

1. If you are willing to voluntarily participate in the study then you are expected to 

enrol with us right from the moment of filing proforma till the completion of the test. 

2. If you are uncomfortable during this period then kindly let us know so that we can 

help you and overcome your problems. 

3. You will not be given any reimbursement and compensation. 

4. If at any moment you want to discontinue from this research study then you are free 

to do so and there would not be any hindrance from our side . 

5. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent. 

6. The data obtained from this study would be confidentially protected and maintained 

and if the photograph is used then your identity would not be revealed. 

7. All the risk of various test procedures required for the study will be explained to you 

and accordingly the consent will be taken. 

8. If you feel exhausted or unable to complete the test please kindly let us know so that 

the necessary steps can be initiated. 

9. Name of the researcher: 

Phone number: 

Address: 

10. Name of the guide: 
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Phone number: 

Address: 

11. Name of the institute: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



91 
 

Annexure 2(b) 

सहभागी वृत्तपत्र: 

• उदे्दशः 

सहभागीकडून लेखी संमती घेतली जाईल याची खात्री करण्यासाठी. 

• व्याप्ती: 

अभ्यासामधे्य पुरुष आणि स्त्रिया दोघांसाठी अनुवांणशक लोकसंख्या समाणवष्ट आहे आणि से्वचे्छने या 

अभ्यासामधे्य भाग घेण्यास इचु्छक आहेत. 

• उत्तरदाणयत्व: 

अभ्यासामधे्य से्वचे्छने भाग घेिार्या सवव सहभागीकंडून संशोधकांना लेखी माणहती णदली जाईल. 

• प्रणिया: 

 संशोधक अनुवांणशक लोकांमधील सहभागीची णनवड करेल. 

 सहभागीचं्या प्रश्ांची उत्तरे देण्यासाठी हस्तके्षप प्रोटोकॉल स्पष्ट केला जाईल. 

जर सहभागीने भाग घेण्याचा णनिवय घेतला असेल तर सहभागीने संमती फॉमव भरला पाणहजे. 

 सहभागीच्या संमतीनंतर अभ्यासाची प्रणिया सुरू होईल. 

5. समाणवष्ट आणि वगळण्याच्या णनकषांची पडताळिी करण्यासाठी सहभागीकडून इतर कोित्याही 

शारीररक समसे्यचा तपशीलवार वैद्यकीय आणि इणतहास प्राप्त केला जाईल. 

. जर सहभागीनंा त्यांच्या कुटंुबातील सदस्यांसह या माणहतीवर चचाव करायची असेल तर संमती देण्यापूवी 

ते तसे करण्यास पात्र आहेत. 
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सहभागीनंा सामान्य माणहतीः 

1. नाव: 

वय: 

णलंग: 

तारीख: 

२. आपल्याला प्रोफामाव भरण्याची आवश्यकता आहे आणि संशोधनाचा हेतू हा अभ्यास करिे आहे: “६५ 

ते ७५ वयोगटातील पडण्याची  मध्यम जोस्त्रखम असलेल्या व्यस्त्रतंवर कॅथनव- कुके्स व्यायाम णवरुद्ध 

ओटागो व्यायाम  पद्धती , यांचा बगव संतुलन मोजमापन पद्धती वापरुन ,८ आठवडे प्रणशक्षि सत्राचा 

संतुलनावर होिारा पररिाम: एक यादृस्त्रच्छक णनयंणत्रत  चाचिी ”.    

3. आपि से्वचे्छने अभ्यासामधे्य भाग घेऊ इस्त्रच्छत असल्यास, आपि परीके्षची पूतवता होईपयंत प्रोफामाव 

दाखल करण्याच्या क्षिापासून आमच्यासह आमच्याकडे नोदंिी करिे अपेणक्षत आहे. 

4. या कालावधीत आपि अस्वस्थ असल्यास, कृपया आम्हाला कळवा जेिेकरून आम्ही आपल्याला 

मदत करू आणि आपल्या अडचिी दूर करू. 

5. तुम्हाला कोितीही भरपाई आणि नुकसानभरपाई णदली जािार नाही. 

 6.कोित्याही क्षिी आपि या संशोधन अभ्यासापासून दूर जाण्याची इच्छा असल्यास आपि असे 

करण्यास मोकळे आहात आणि आमच्या बाजूने कोिताही अडथळा येिार नाही. 

7. संमती फॉमव प्राप्त करण्यापूवी जोखीम, असुणवधा, फायदे आणि अभ्यासाचे तोटे यांचे तपशील 

आपल्याला समजावून सांणगतले जातील. 
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8. या अभ्यासामधून प्राप्त केलेला डेटा गुप्तपिे जतन केला जाईल आणि त्याची देखभाल केली जाईल 

आणि छायाणचते्र वापरल्यास आपली ओळख उघड केली जािार नाही. 

9.अभ्यासासाठी आवश्यक असलेल्या णवणवध चाचिी प्रणियेचे सवव जोखीम आपल्याला स्पष्ट केले जातील 

आणि त्यानुसार संमती घेतली जाईल. 

10. आपि थकल्यासारखे णकंवा कसोटी पूिव करण्यात अक्षम झाल्यास कृपया आम्हाला कळवा 

जेिेकरुन आवश्यक ती पावले उचलता येतील. 

11. संशोधकाचे नाव: 

फोन नंबर: 

पत्ता: 

12.मागवदशवक नाव: 

फोन नंबर: 

पत्ता: 

13.संस्थेचे नाव: 
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Annexure 2(c) 

प्रतिभागी सूचना पत्र: 

• उदे्दश्य: 

यह सुणनणित करने के णलए णक प्रणतभागी से णलस्त्रखत सहमणत प्राप्त की जाएगी। 

 

• स्कोप: 

इस अध्ययन में पुरुषो ंऔर मणहलाओ ंदोनो ंके णलए जराणचणकत्सा आबादी शाणमल है और से्वच्छा से इस 

अध्ययन में भाग लेने के णलए तैयार हैं। 

 

• दाणयत्व: 

शोधकताव उन सभी प्रणतभाणगयो ंसे णलस्त्रखत सूणचत सहमणत प्राप्त करेगा जो अध्ययन में से्वच्छा से भाग लेने 

वाले हैं। 

• प्रणिया: 

1. शोधकताव गेररएणटिक आबादी के बीच प्रणतभागी का चयन करेगा। 

2. प्रणतभाणगयो ंके प्रश्ो ंका उत्तर देने के णलए हस्तके्षप प्रोटोकॉल को समझाया जाएगा। 

3. यणद प्रणतभागी ने भाग लेने का णनिवय णलया है तो प्रणतभागी द्वारा सहमणत फॉमव भरा जाना चाणहए। 

4. प्रणतभागी की सहमणत के बाद अध्ययन प्रणिया शुरू होगी। 
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5. णवसृ्तत णचणकत्सा और णकसी भी अन्य शारीररक समस्या का इणतहास प्रणतभागी से प्राप्त णकया जाएगा 

ताणक समावेशन और बणहष्करि मानदंडो ंको सत्याणपत णकया जा सके। 

6. यणद वें प्रणतभागी इस जानकारी पर अपने पररवार के सदस्यो ंके साथ चचाव करना चाहते हैं तो वे 

सहमणत देने से पहले ऐसा करने के हकदार हैं। 

• प्रणतभाणगयो ंको सामान्य जानकारी: 

1. नाम: 

उम्र: 

णलंग: 

णदनांक: 

2. आपको प्रोफामाव भरने की आवश्यकता होगी और शोध का उदे्दश्य अध्ययन करना है: “६५ ते ७५ वषव 

आयु वाले वयस्को ंमे णगरने की  मध्यम जोस्त्रखम ग्रस्त व्यस्त्रतयो ंपर कॅथॉनव-कुके्स व्यायाम णवरुद्ध ओटागो 

व्यायाम पद्धणतयो ंका बगव संतुलन पैमानो ंअनुसार ८ हफे्त प्रणशक्षि सत्र का संतुलन पर होनेवाला 

पररिाम: एक यादृस्त्रच्छक णनयंणत्रत परीक्षि । ” 

3. यणद आप से्वच्छा से अध्ययन में भाग लेने के इचु्छक हैं तो आपसे अपेक्षा की जाती है णक आप परीक्षि 

पूरा होने तक प्रोफामाव दास्त्रखल करने के क्षि से ही हमारे साथ नामांकन करें। 

4. यणद आप इस अवणध के दौरान असहज हैं, तो कृपया हमें बताएं ताणक हम आपकी मदद कर सकें  

और आपकी समस्याओ ंको दूर कर सकें । 

5. आपको कोई प्रणतपूणतव और मुआवजा नही ंणदया जाएगा। 
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6. यणद णकसी भी क्षि आप इस शोध अध्ययन से हटना चाहते हैं तो आप ऐसा करने के णलए स्वतंत्र हैं और 

हमारी ओर से कोई बाधा नही ंहोगी। 

7. सहमणत पत्र प्राप्त करने से पहले अध्ययन के जोस्त्रखम, असुणवधा, फायदे और नुकसान का णववरि 

आपको समझाया जाएगा। 

8. इस अध्ययन से प्राप्त आंकडो ंको गोपनीय रूप से संरणक्षत और बनाए रखा जाएगा और यणद तस्वीर 

का उपयोग णकया जाता है तो आपकी पहचान उजागर नही ंकी जाएगी। 

9. अध्ययन के णलए आवश्यक णवणभन्न परीक्षि प्रणियाओ ंके सभी जोस्त्रखमो ंको आपको समझाया जाएगा 

और तदनुसार सहमणत ली जाएगी। 

10. यणद आप थकावट महसूस करते हैं या परीक्षि पूरा करने में असमथव हैं तो कृपया हमें बताएं ताणक 

आवश्यक कदम उठाए जा सकें । 

11. शोधकताव का नाम: 

फोन नंबर: 

पता: 

12. गाइड का नाम: 

फोन नंबर: 

पता: 

13. संस्थान का नाम: 
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Annexure 3(a) 

LETTER OF CONSENT: 

 

I ____________________________________________ voluntarily consent as a participant 

for the dissertation: “THE EFFECT OF 8-WEEKS TRAINING SESSION OF 

CAWTHORNE-COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON BALANCE 

IN 65-75 YEARS OLDER ADULTS WITH MEDIUM RISK OF FALL USING BERG 

BALANCE SCALE: A RANDOMIZED CONTROLLED TRIAL” conducted by _________. 

I have been informed regarding the purpose of the study and duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedure 

regarding to the study. I reserve my right to withdraw from study at any instant of study 

period. 

The researcher has assured me about the  

 

  Signature of the participants /                                                                                                            

Thumb impression of participants     
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Annexure 3(b) 

संमिी पत्र: 

 मी ___________________________________________ से्वचे्छने णनबंध करण्यासाठी सहभागी 

म्हिून सहभागी होण्यास तैयार आहे : "६५ ते ७५ वयोगटातील पडण्याची  मध्यम जोस्त्रखम असलेल्या 

व्यस्त्रतंवर कॅथनव- कुके्स व्यायाम णवरुद्ध ओटागो व्यायाम  पद्धती , यांचा बगव संतुलन मोजमापन पद्धती 

वापरुन ,८ आठवडे प्रणशक्षि सत्राचा संतुलनावर होिारा पररिाम: एक यादृस्त्रच्छक णनयंणत्रत चाचिी 

"_________ द्वारा आयोणजत" 

अभ्यासाचा उदे्दश आणि कामाचा कालावधी याणवषयी मला माणहती देण्यात आली आहे. अभ्यासासंदभावत 

आवश्यक प्रणिया करण्याची आणि णवणवध चाचिी प्रणिया पार पाडण्यास मला हरकत नाही. 

अभ्यासाच्या काही काळात मी अभ्यासातून माघार घेण्याचा माझा हक्क राखून ठेवतो. 

संशोधकाने मला याबद्दल आश्वासन णदले आहे की कोित्याही अणनष्ट प्रभावाणशवाय माझ्या सोबत चांगला 

व्यवहार केला जाईल 

 

                                                                                                     सहभागीचंी स्वाक्षरी / सहभागीचंी अंगठा 
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Annexure 3(c) 

सहमति - पत्र: 

मैं ____________________________________________ सै्वस्त्रच्छक रूप से शोध प्रबंध के णलए एक 

प्रणतभागी के रूप मे भाग लेने के णलए तैयार हूँ : ६५ ते ७५ वषव आयु वाले वयस्को ंमे णगरने की  मध्यम 

जोस्त्रखम ग्रस्त व्यस्त्रतयो ंपर कॅथॉनव-कुके्स व्यायाम णवरुद्ध ओटागो व्यायाम पद्धणतयो ंका बगव संतुलन 

पैमानो ंअनुसार ८ हफे्त प्रणशक्षि सत्र का संतुलन पर होनेवाला पररिाम: एक यादृस्त्रच्छक णनयंणत्रत 

परीक्षि। ” 

परीक्षि "_________ द्वारा आयोणजत णकया जाता है। 

मुझे अध्ययन के उदे्दश्य और कायव की अवणध के बारे में सूणचत णकया गया है। मुझे आवश्यक प्रणिया 

शुरू करने और अध्ययन के संबंध में णवणभन्न परीक्षि प्रणिया से गुजरने में कोई आपणत्त नही ंहै। मैं 

अध्ययन के णकसी भी समय अध्ययन से हटने का अपना अणधकार सुरणक्षत रखता हं। 

शोधकताव ने मुझे इसके बारे में आश्वासन णदया है की मुझे णबना णकसी अणप्रय प्रभाव के अच्छी तरह से 

इलाज णकया जायेगा I 

 

 

                                                                                             प्रणतभाणगयो ंके हस्ताक्षर / 

                                                                                             प्रणतभाणगयो ंका अंगूठे का णनशान  
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Annexure 4 (a) 

PERMISSION LETTER 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in geriatric home.  

      My research topic is “THE EFFECT OF 8-WEEKS TRAINING SESSION OF 

CAWTHORNE-COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON 

BALANCE IN 65-75 YEARS OLDER ADULTS WITH MEDIUM RISK OF FALL 

USING BERG BALANCE SCALE: A RANDOMIZED CONTROLLED TRIAL” 

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student: 

Date:  

Place: 

 

  



101 
 

 

Annexure 4 (b) 

PERMISSION LETTER 

To,  

The Chairman,  

Ethics Committee  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

  I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

 My research topic is, “THE EFFECT OF 8-WEEKS TRAINING SESSION OF CAWTHORNE-

COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 YEARS OLDER 

ADULTS WITH MEDIUM RISK OF FALL USING BERG BALANCE SCALE: A RANDOMIZED 

CONTROLLED TRIAL” 

I promise that the ethics as well as participants care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure 4 (c) 

PERMISSION LETTER 

To, 

The Head of the Geriatric home, 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr / Miss________ Student of master of physiotherapy, would request you to grant me 

permission to carry out my research work in your esteemed work place. My research topic is 

“THE EFFECT OF 8-WEEKS TRAINING SESSION OF CAWTHORNE-COOKSEY 

EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 YEARS 

OLDER ADULTS WITH MEDIUM RISK OF FALL USING BERG BALANCE 

SCALE: A RANDOMIZED CONTROLLED TRIAL” 

  For this purpose, I have to take participants from your geriatric home who are aged between 

65 to 75 years for further procedure. I kindly request you to do the needful in this regard. 

Thanking you in anticipation. 

Yours sincerely, 

Research student 
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Annexure 5 

BERG BALANCE SCALE 

 

Name of participant: _____________________________________ 

Date: _______________ 

 

1. Sitting to Standing 

Instructions: Please stand up, try not to use your hands for support. 

( ) 4 able to stand without using hands and stabilizes independently 

( ) 3 able to stand independently using hands 

( ) 2 able to stand using hands after several tries 

( ) 1 needs minimal aid to stand or stabilize 

( ) 0 needs moderate or maximal assist to stand 

 

 

2. Standing unsupported 

Instructions: please stand for 2 minutes without holding. 

( ) 4 able to stand safely 2 minutes 

( ) 3 able to stand 2 minutes with supervision 

( ) 2 able to stand 30 seconds unsupported 

( ) 1 needs several tries to stand unsupported 30 seconds 

( ) 0 unable to stand 30 seconds without support 
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3. Sitting with back unsupported but feet supported on floor or stool 

Instructions: please sit with arms folded for 2 minutes. 

( ) 4 able to sit safely and securely 2 minutes 

( ) 3 able to sit 2 minutes with supervision 

( ) 2 able to sit 30 seconds 

( ) 1 able to sit 10 seconds  

( ) 0 unable to sit without support 10 seconds 

 

4. Standing to sit 

Instruction: please sit down. 

( ) 4 sits safely with minimal use of hands 

( ) 3 controls descent by using hands 

( ) 2 uses back of legs against chair to control descent 

( ) 1 sits independently, but has uncontrolled descent 

( ) 0 needs assistance to sit 

 

5. Transfers: 

Instructions: Arrange chairs for pivot transfer. Ask the patient to transfer one way 

towards a seat without armrests and one way toward a seat with arms. You may use 

two chairs or a bed/ mat and a chair. 

( ) 4 able to transfer safely with minor use of hands 

( ) 3 able to transfer safely with definite need of hands 

( ) 2 able to transfer with verbal cuing and/ or supervision 

( ) 1 needs one person to assist 

( ) 0 needs two people to assist or supervise to be safe 
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6. Standing unsupported with eyes closed 

Instruction: please close your eyes and stand still for 10 seconds. 

( ) 4 able to stand 10 seconds safely 

( ) 3 able to stand 10 seconds with supervision 

( ) 2 able to stand 3 seconds 

( ) 1 unable to keep eyes closed for 3 seconds but stands safely 

( ) 0 needs help to keep from falling 

 

7. Standing unsupported with feet together 

Instruction: place your feet together and stand without holding 

( ) 4 able to place feet together independently and stand safely 1 minute 

( ) 3 able to place feet together independently and stand with supervision for 1 minute 

( ) 2 able to place feet together independently but unable to hold for 30 seconds 

( ) 1 needs help to assume the position but can stand for 15 seconds, feet together 

( ) 0 needs help to assume the position and unable to stand for 15 seconds 

 

8. Reaching forward with outstretched arm while standing 

Instruction: Lift arm to 90º. Stretch out fingers and reach forward as far as you can. 

(Clinician places a ruler at the tips of outstretched fingers- subject should not touch 

the ruler when reaching.) 

Distance recorded is from the fingertips with the subject in the most forward position. 

The subjects should use both hands when possible to avoid trunk rotation. 

( ) 4 can reach forward confidently 20-30 cm (10 inches) 

( ) 3 can reach forward safely 12 cm (5 inches) 



106 
 

( ) 2 can reach forward safely 5 cm (2 inches) 

( ) 1 reaches forward but needs supervision 

( ) 0 lose balance when trying, require external support 

 

 

9. Pick up object from the floor from standing position 

Instruction: pick up the shoe slipper which is placed in front of your feet. 

( ) 4 able to pick up the slipper safely and easily 

( ) 3able to pick up the slipper but needs supervision 

( ) 2 unable to pick up the slipper, but reaches 2-5cm (1-2 inches) from the slipper and 

keeps balance independently 

( ) 1 unable to pick up and needs supervision while trying  

( ) 0 unable to try/needs assistance to keep from losing balance/ falling 

 

10.  Turning to look behind over your left and right shoulders while standing 

Instructions: turn and look directly behind you over toward the left shoulder. Repeat 

to the right.examiner may pick an object to look at directly behind the subject to 

encourage a better twist. 

( ) 4 looks behind from both sides and weight shifts well 

( ) 3 looks behind one side only, other side showsless weight shift 

( ) 2 turns sideways only but maintais balance  

( ) 1 needs close supervision or verbal cuing 

( ) 0 needs assistance while turning 
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11. Turn 360 Degrees 

Instructions: Turn completely around in a full circle, pause, then turn a full circle in the 

other directions  

( ) 4 able to turn 360º safely in 4 seconds or less 

( ) 3 able to turn 360º safely, one side only, 4 seconds or less 

( ) 2 able to turn 360º safely, but slowly 

( ) 1 needs close supervision or verbal cuing 

( ) 0 needs assistance while turning 

 

12. Place alternate foot on step or stool while standing unsupported 

Instruction: place each foot alternately on the step stool. Continue until each foot has 

touched the step stool 4 times. 

( ) 4 able to stand independently and safely and complete 8 steps in 20 seconds 

( ) 3 able to stand independently and complete 8 steps > 20 seconds 

( ) 2 able to complete 4 steps without aid with supervision 

( ) 1 able to complete >2 steps needs minimal assistance 

( ) 0 needs assistance to keep from falling/ unable to try 

 

13. Standing unsupported one foot in front 

Instruction: Demonstrate to subject. Place one foot directly in front of the other. If you 

feel that you cannot place your foot directly in front, try and step far enough ahead  of 

the toes of your other foot. To scorethree points, the length of the step should exceed 

the length of the other foot and width of the stance should approximate the subject’s 

normal stance width. 

( ) 4 able to place foot tandem independently and hold 30 seconds 
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( ) 3 able to place foot ahead of the other independently and hold 30 seconds 

( ) 2 able to take a small step independently and hold 30 seconds 

( ) 1 needs help to step but can hold 15 seconds 

( ) 0 loses balance while stepping or standing  

 

14. Standing one leg 

Instruction: stand on one leg as long as ypu can without holding 

( ) 4 able to lift leg independently and hold > 10 seconds 

( ) 3 able to lift leg independently and hold 5-10 seconds 

( ) 2 able to lift leg independently and hold >2 seconds 

( ) 1 tries to lift leg unable to hold 3 seconds but remains standing independently 

( ) 0 unable to try or needs assistance to prevent fall 
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TIMELINE/ GANTT CHART 

 

 

 

sr.no  components  
2019 
Nov 

2019 
Dec 

2020 
Jan  

2020 
Feb 

2020 
march  

2020 
April-
June 

2020 
Jul-

Sept 

2020 
Oct-
Dec 

2021 
Jan-
mar 

2021 
April-
Jun 

2021 
July- 
Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 
Formulation of research 
question                       

4 
formulation of aim and 
objectives                       

5 
hypothesis, null 
hypothesis                       

6 Research protocol                       

7 Research designing                       

8 Review of literature                       

9 
methodology 
formulation                       

10 study designing                       

11 study setting                       

12 sample size estimation                       

13 
selection of study 
instruments                       

14 
method of data 
collection                        

15 
data management and 
analysis procedure                       

16 IEC and BORS clearance                       

17 compilation of synopsis                       

18 uploading of synopsis                       

19 data collection                       

20 
data presentation and 
analysis                       

              
21   

writing of discussion and 
conclusion                       

22 
Compilation of 
dissertation            

23 
submission of thesis to 
MUHS                       
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MASTER CHART 

 Cawthorne-cooksey exercises 

(Group A) 

SR.NO. GENDER AGE BODY 

MASS 

INDEX 

PRE BERG 

BALNCE 

SCALE 

SCORE 

POST BERG 

BALNCE 

SCALE 

SCORE 

1 M 68 23.4 37 44 

2 M 72 20.2 37 46 

3 F 70 18.2 30 37 

4 F 65 22.4 38 45 

5 M 74 17.9 39 46 

6 F 67 18.6 40 49 

7 F 70 20.4 36 43 

8 M 69 21.8 38 45 

9 M 74 26.4 39 47 

10 F 75 22.3 36 43 

11 F 71 24.6 38 46 

12 F 70 20.5 4 47 

13 F 66 24.5 40 48 
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 OTAGO exercises 

(Group B) 

SR.NO. GENDER AGE BODY 

MASS 

INDEX 

PRE BERG 

BALNCE 

SCALE 

SCORE 

POST BERG 

BALNCE 

SCALE 

SCORE 

1 F 75 28.7 39 49 

2 M 72 24.7 38 48 

3 M 74 25.8 36 48 

4 F 72 26.4 36 47 

5 F 71 29.7 37 49 

6 F 68 21.2 38 50 

7 M 75 20.3 40 49 

8 M 75 25.8 39 50 

9 F 66 21.5 40 51 

10 M 65 24.3 37 50 

11 M 74 25.6 34 47 

12 F 73 21.3 36 49 

13 M 67 20.5 39 51 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  THE EFFECT OF 8-WEEKS TRAINING SESSION OF 

CAWTHORNE-COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON 

BALANCE IN 65-75 YEARS OLDER ADULTS WITH MEDIUM RISK OF FALL 

USING BERG BALANCE SCALE : A RANDOMIZED CONTROLLED TRIAL 

 

02) Introduction :- 
Balance is the ability to maintain the body in equilibrium or to control 

the body’s position in space for stability and orientation.[1] 

It is classified as:  

Static Balance- It is the ability to maintain stability and orientation 

with the centre of mass (COM) over the base of support (BOS) with 

the body at rest.  

Dynamic Balance- It is the ability to maintain stability and orientation 

with the centre of mass (COM) over the base of support (BOS) while 

parts of the body are in motion. [1] 

Good balance is an essential skill for daily life which requires a 

complex integration of sensory information regarding the position of 

the body relative to the surroundings and the ability to generate 

appropriate motor responses to control body movement.[2] 

Central nervous system (CNS) and Peripheral nervous system (PNS) 

structures are involved in maintaining effective balance. [3] According 

to Woollacott, vestibular system is one of the main structures to 

maintain balance, it is considered as an absolute reference in relation 

to the others that also participate in this function, such as visual and 

somato-sensorial systems.[4]  

Visual system provides an important source of information about our 

ability to perceive movements and detect the relative orientation of 

the body and the body parts in the space.[5] Somato-sensory system 

includes the cutaneous and pressure sensations from the body 

segments in contact with the support surface and muscle and joint 

proprioception throughout the body. [5] 
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The vestibular system contains semicircular canals and otholith 

organs. Semicircular canals respond to angular accelerations and 

otholith organs respond to linear accelerations and static head tilts. [5] 

Vestibular system controls eye movements via its ascending 

connection to the cranial nerve nuclei. [6] It is responsible for 

maintaining stability of an image on the fovea of the retina during 

rapid head movements.[5] Hence, in spite of changes in head position, 

the eye can remain fixed on the same point (vestibulo-ocular reflex). 

Relative position of various body parts in space depends on four 

inputs: from the vestibular receptors, from visual information, by 

impulses from proprioceptors in joint capsule and by impulses from 

cutaneous exteroceptors, specially touch and pressure receptors. The 

stability of the body depends on the proper reception of information 

through sensory components, cognitive, central nervous system and 

musculoskeletal systems in an integrated manner.[6]  

In addition vision plays an important role in stabilizing balance by 

providing the nervous system with continuous updated information 

regarding the position and movements of body segments in relation 

to each other and the environment. [6] 

When the set of visual, labyrinthic and proprioceptive information is 

not properly integrated by the Central nervous system there is 

disturbance in balance status.[3] 

Older adult is defined as a person aged 60 years and above.[7] 

Worldwide the number of people over 60 years is growing faster than 

any other age group.[8] It has also been reported that deterioration of 

normal functioning of systems accelerated from 60 years and above[9] 

and with increasing age there is a progressive loss of functioning of 

the systems which contribute to balance impairment[10] . Decreased 

balance and mobility skills are important predictors of likelihood of 

fall. [7]  

According to World Health Organization (WHO) global report on fall 

prevention, people aged 65 and over falls around 28%-32% every year 

and the percentage increasing up to 32%-42% over 70 years.[8,11] The 

prevalence of falls in India, above the age of 60 years, is reported to 
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be 14%–53%.[7,11] Balance impairment in geriatric population is a 

multifactorial condition where, weakness in the core stabilizing 

muscles, altered muscle activation pattern, loss of proprioception and 

inability to control normal postural sway can all result in decreased 

balance in the elderly.[10] 

Thus the literature shows that healthy elderly individuals are found to 

have significant impairments in static as well as dynamic balance as 

compared to healthy young adults.[9] 

Previous studies on balance improvement and fall prevention for 

elderly suggests that various interventions like balance training, 

resistance training,[12,13] endurance training, Tai-chi exercise 

training[12] ,etc. helps to improve balance and reduce risk of fall in 

elderly. 

The Otago exercise program is designed specifically to prevent falls in 

elderly which was developed at otago medical school, Newzeland 

(2003). It composed of muscle strengthening and balance training 

which consists of a set of leg muscle strengthening and balance 

retraining exercises which helps to improve both strength and 

balance. [14] Many studies shows that otago exercise program helps in 

improving balance and reducing risk of fall in elderly population.[15,16] 

Cawthorne-Cooksey exercises also known as vestibular rehabilitation 

therapy was developed by Cawthorne and Cooksey to treat patients 

with labyrinth injury resulting from surgery or head injury.[17,18] They 

found that exercises designed to encourage head and eye 

movements accelerates the patient’s recovery as well as helps in 

improving balance deficits. These exercises may serves as support for 

new arrangements of peripheral sensorial information and allowing 

new vestibular stimulating patterns necessary for new experiences to 

become automatic[3]. The ability of the nervous system to respond to 

intrinsic and extrinsic stimuli by recognizing its structure, function 

and connections is known as neuroplasticity. [19] With increasing age, 

this ability of central nervous system to reorganize is reduced but not 

depleted.[3] Thus practice of these exercises may help in promoting 

motor learning and improving balance and reducing the fall risk.  
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Therefore, the current study is focusing on effect of 

cawthorne-cooksey exercise and Otago exercises on Berg balance 

score in 65-75 years older adults with medium fall risk. 

 

 

As it is proved that the elderly shows progressive deterioration in the 

normal functioning of various systems (musculoskeletal, vestibular, 

central and peripheral nervous system) as their age advances. This 

progressive loss of functioning of these systems ultimately leads to 

balance impairment.[9] 

Therefore older adults who may or may not complain of balance 

disturbance should be encouraged for balance training exercises 

which will act as preventive and curative means concerning balance 

impairments and risk of falls. 

The available individual  studies on cawthorne-cooksey exercises 

(Angela dos ribeiro et.al,2005) (stefano corna et,al,2003) (Niti 

khurana et.al,2015) and Otago exercise program(Ha-Na Yoo 

et.al,2013) (Mathew B Liston et.al,2014) has been proven to be 

effective in improving balance as well as reducing risk of fall in elderly 

individuals.  

But, there is scarcity of studies comparing the effect of cawthorne – 

Cooksey exercises and Otago exercises on balance in older adults 

aged 65-75 years. Therefore the current study intended to determine 

whether the use of cawthorne-cooksey exercises to improve balance 

are more beneficial or Otago exercise program is more beneficial in 

older adults aged 65-75 years for 3 times per week for 30 minutes for 

period of 8 weeks. 

 

 

3.1) Primary Research 
Question :- 

Is there any effect of 8-weeks training session of Cawthorne-cooksey 

exercises versus Otago exercises on balance in 65-75 years older 

adults with medium risk of fall using Berg balance scale ? 
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3.2) Secondary Research 
Question 1 :- 

(if any) 

Not applicable 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not applicable 

4.1) Primary 
Hypothesis :- 

Null Hypothesis: 

There is no significant difference in the effect of 8-weeks training 

session of Cawthorne-Cooksey exercises versus Otago exercises on 

balance in 65-75 years older adults with medium risk of fall using Berg 

balance scale. 

 

Alternate Hypothesis: 

There is significant difference in the effect of 8-weeks training session 

of Cawthorne-Cooksey exercises versus Otago exercises on balance in 

65-75 years older adults with medium risk of fall using Berg balance 

scale. 

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

Not applicable 

05) Review of 
Literature :- 

Soo-Hyun Leem et al,(2019) conducted a study on effects of Otago 

exercise combined with action observation training on balance and 

gait in the old people;30 subjects(females over 70 years) were 

randomly divided into 3 groups: Action observation plus otago 

group(n=10), otago group(n=10), and control group(n=10). Action 

observation training was done for 20 minutes followed by 50 minutes 

of physical training protocol. The whole training was performed for 3 

times a week over a 12 weeks period. They used electronic muscle 
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dynamometer to test the muscle strength, Timed Up and Go test to 

evaluate the dynamic balance and short version of Fall Efficacy 

Scale-international to evaluate fear of falls and GAITRite was used to 

evaluate changes in spatiotemporal parameters of walking. Thus the 

study concluded that both the intervention group showed significant 

improvement in dynamic balance and increase in walking speed as 

well as reduces fall risk.[15] 

Pothiraj pitchai et.al,(2019) conducted a descriptive study on 

prevalence, risk factors, circumstances for falls and level of functional 

independence among geriatric population, consenting participants of 

old- age home residents and community dwellers above the age of 60 

years with or without fall in last 1 year were included in the study and 

participants with declined cognitive functions were excluded from 

the study. Participants were recruited by one-stage cluster sampling 

technique. Fear of fall was measured using fall efficacy 

scale-international and the level of dependence in activities of daily 

living was measured using Barthel index. The data was analysed using 

SPSS statistical software version 17. According to the analysed data 

the prevalence of falls among older adults (mean age; 71.89±7.49 

years) to be 24.98%.[11] 

Ardashir afrasiabifar et al,(2018) conducted a study comparing the 

effect of cawthorne-cooksey exercises and Frenkel exercises on 

balance in patients with multiple sclerosis. Patients with age group 

between 15 and 55 years were selected and divided into 3 groups: 

Cawthorne-cooksey group(n=24), Frenkel group(n=23), and the 

control group(n=25) using block randomization method. The exercise 

protocol was performed for 12 weeks with 3 exercise session 

,alternate days each session lasted about 60 minutes(two 30 minutes 

session with 15 minutes rest intervals) Berg balance scale was used to 

evaluate the balance in patients. The data was collected at the start 

of the session and then after 6 weeks the berg balance score was 

reassessed and at the end of the session (after 12 weeks) again the 

berg balance score was measured. Thus the study concluded that in 
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comparison with frenkel exercise and control group, a program of 

cawthorne and Cooksey exercises is more effective in improving 

balance in patients with multiple sclerosis.[20] 

Mirjana kocic et.al,(2018) conducted a study on effectiveness of 

group otago exercise program on physical function in nursing home 

residents older than 65 years. It was an observer-blind randomized 

control trial, physical function and functional independence 

measurement was measured at baseline prior to randomization, after 

3 months and after 6 months. 77 participants were eligible for the 

study and were randomly allocated to the experimental group (EG) 

and control group (CG) using computer-generated random numbers. 

Participants in experimental group performed otago exercise 

program each session start with a 5-7 minutes of warm-up continued 

with 30 minutes of strength and balance training and a cool down 

period and participants in control group were advised to continue 

with standard care and activities. The study period was for 6 months. 

Outcome measure used was Berg balance scale, Timed Up and Go 

and Chair rising test. The study concluded that the otago exercise 

program was effective in improving balance, functional mobility, 

lower limb muscle strength and functional independence.[21] 

Seethal vincent et.al,(2017) conducted a study on combined effect of 

gaze stability exercise and Otago exercise on balance and fall risk in 

elderly people. 30 subjects both males and females with age group 

65-74 years were selected. Subjects were divided into two groups 

with 15 subjects in each group. Group A (experimental group) 

performed gaze stabilization and otago exercise and Group B (control 

group) performed otago exercises. The gaze stabilization exercise was 

performed for 3 times daily over an 8 week period and otago 

exercises were performed for 30 minutes 3 times a week for 8 weeks. 

Berg balance scale and dynamic gait index was used to measure 

balance and fall risk. The study concluded that gaze stability exercises 

and Otago exercises when combined are effective in improving 

balance and reducing fall risk in elderly.[16] 
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Youngju Park et al, (2016) conducted a study titled effects of Otago 

exercise program on fall efficacy, activities of daily living and quality 

of life in elderly stroke patients. Subjects with age 65 years and older 

were selected. All of the patients received otago exercise protocol 

pamphlet and they performed Otago exercise program for 50 

minutes for 3 times per week for 8 weeks (2 group and 22 home 

programs) Fall efficacy scale was used to evaluate fall efficacy, 

modified Barthel index was used to evaluate for activities of daily 

living and EQ-5D was used to evaluate quality of life. Thus this study 

concluded that Otago exercise program improved fall efficacy 

significantly as well as scores for activities of daily living but not 

significantly improve the quality of life.[22] 

Niti khurana et al,(2015) conducted a study on effect of cawthorne 

and Cooksey exercises on balance in elderly and risk of fall. In this 

study 30 subjects with age 60-70 years were randomly divided in to 

two groups: group A (submitted to cawthorne-cooksey exercises, 

n=15), group B (not submitted to cawthorne-cooksey exercises, 

n=15). Prior to the study the berg balance score was measured and 

demographic data was collected group A were taught 

cawthorne-cooksey exercises and was performed for 6 times per 

week for 30 minutes and for 6 weeks, group B was not submitted to 

these exercise and were encouraged to perform their usual activities 

for daily living. Post intervention berg balance score was measured at 

the end of 6th week. In this study they found that cawthorne and 

Cooksey exercises improved balance in normal elderly people aged 

60-70 years of age.[6]     

Matthew B Liston et al,(2014) conducted a study on feasibility and 

effect of supplementing a modified otago intervention with 

multisensory balance exercises in older people who fall. According to 

convenient sampling participants aged 65 and over were selected. 

Subjects were divided into intervention or trial group (OTAGO+ 

multisensory balance exercises) and control group (OTAGO + 

stretching exercises) using permuted block randomization with 
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computerised random number generator without stratification. All 

participants in each group performed the exercises twice weekly for 8 

weeks. Each otago exercise session lasted for one hour and 

supervised home treatment session lasted for 45 minutes. Outcome 

measures were assessed at baseline, four and eight weeks (end of the 

treatment), the primary outcome for this study was functional Gait 

assessment to assess complex gait task and secondary outcome 

measure was short-form physiological profile assessment for fall risk. 

Thus the study conclude that otago plus multisensory balance 

exercises shows greater improvements in factors associated with falls 

and reduces the rate of falls in older adults.[23] 

Vaishali bhardwaj et al,(2014) conducted a study on effectiveness of 

gaze stability exercise on balance in healthy elderly population. 30 

subjects with age 60-70 years were randomly divided into two groups 

by using computer generated random number in advance : 

experimental group(n=15) they performed gaze stability exercises 

and control group(n=15)they performed placebo eye movements, 

both the groups performed the exercises for 30 minutes, 3 times 

daily over a 6-week period. The baseline data (pre-test) was 

evaluated using Berg balance scale and Activities-specific balance 

confidence scale (ABC) and after 6 weeks post intervention data was 

collected and analysed. The study found that vestibular-specific gaze 

stability exercises leads to improvement of balance and activity of 

daily living due to adaptation of vestibule-ocular reflex in elderly 

population.[2] 

HA-NA Yoo et al,(2013) conducted a study on the effects of 

augmented reality based Otago exercise on balance, gait, and falls 

efficacy of elderly women. In this study 21 elderly women were 

selected. Subjects were divided into an augmented reality-based 

otago exercise group (n=10) and otago exercise group (n=11). The 

exercises were performed for a period of 40 minute with 10 minutes 

of cooling period, 3 times for a period of 12 weeks. Balance ability 

was measured by Berg balance scale, GAITRite system was used to 
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evaluate spatiotemporal parameters and fall efficacy was evaluated 

using short fall efficacy scale-international. This study concluded that 

the augmented reality-based otago exercises showed significant 

increase in berg balance score, velocity, cadence, step length, stride 

length and falls efficacy.[12] 

Natalia aquaroni ricci et.al,(2012) studied the effects of conventional 

versus multimodal vestibular rehabilitation on functional capacity 

and balance control in older people with chronic dizziness from 

vestibular disorders. older adults aged 65 years and above were 

selected for study and was divided into two groups control group( 

conventional cawthorne –cooksey exercise) and intervention group( 

multimodal vestibular rehabilitation)  by using block randomization 

technique .patients was assessed at baseline and was assessed after 

intervention(8weeks) and follow-up (3 months). The primary 

outcome measure to evaluate functional capacity is the dizziness 

handicap inventory scale and for body balance control Dynamic Gait 

Index was used. The secondary outcome measure includes Time Up 

and Go Test, multidimensional functional reach test, geriatric 

depression scale. Both the interventions were performed for 50 

minutes, twice a week for 2 months. This study concluded that both 

the protocols helps to improve postural control, functional capacity 

and also prevent falls in older population.[24] 

Mei-Yun Liaw et al,(2009) conducted a study on comparison of static 

and dynamic balance performance in young, middle-aged, and elderly 

healthy people. 107 healthy individuals between 16 and 80 years old 

were divided into young (16-39 years old), middle-aged (40-59 years 

old) and elderly groups (60-80 years old); computerised dynamic 

posturography on a smart balance master was used to assess 

balance. Sensory organization test was performed, total of 3 trials 

were done and motor control balance test (limit of stability test and 

rhythmic weight shift test) were also performed. This study 

concluded that elderly had a higher degree of postural imbalance and 

used hip strategy more to maintain their balance. They also found 
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that elderly required longer reaction time and demonstrate lower 

directional control directional control in balance performance.[9] 

Lucinda Simoceli et al,(2008) conducted a study titled Adaptation 

exercises of vestibule-ocular reflex on balance in the elderly. 39 

patients who were older than 65 years, suffering from body 

imbalance for more than 3 months and had been prescribed to 

vestibular rehabilitation therapy took part in this study  and was 

divided into two groups: group A- classical vestibular rehabilitation 

group(n=19), group B- vestibular-ocular group(n=20) they perform 

the exercises for 60 days, twice a day. Patients were evaluated before 

and after the treatment for stability limits by Equitest, NeuroCom Inc. 

and by the disability index (DI). This study concluded that both 

protocols were equally efficient for maintaining postural balance in 

elderly who participated in the study.[25] 

Sebestina anita D’souza et.al, (2008) conducted a study on 

circumstances and consequences of falls in indian older adults. 190 

older adults with age of 60 to 93 years participated voluntarily in the 

study. Information about the circumstances and consequences of 

falls was collected by falls questionnaire which was developed from 

existing literature on falls. Participants who reported falls were asked 

to describe when and where the fall occurs, activities engaged in at 

the time of fall, any resulting injuries, they were also asked whether 

they have fear of fall or if they restrict their daily activities 

indoor/outdoor and whether they are currently using mobility aids. 

This study provides insight into the circumstances and consequences 

of falls with prevalence of fall in age group(60-69) was 30.4%, (70-79) 

was 44% and 80 years and above was 61.5%.[7] 

Angela dos santos bersot ribeiro, et al,(2005) conducted a study on 

balance improvement and reduction of likelihood of falls in older 

women after cawthorne and Cooksey exercises.30 elderly female 

patients aged 60 to 69 were selected and were divided in control 

group(n=15) and studied group(n=15) on a first come basis, the 

subjects were assessed for balance at the baseline and were re- 
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assessed after 9 weeks for balance by using Berg balance scale. 

Studied group perform cawthorne-cooksey exercise three times a 

week, for sixty minutes over a period of 9 weeks. Thus, they 

concluded that cawthorne-cooksey exercises were capable of 

improving balance and consequently reducing the likelihood of fall.[3] 

Stefano corna, et al,(2003) conducted a study on comparison of 

cawthorne-cooksey exercises and sinusoidal support surface 

translations to improve balance in patients with unilateral vestibular 

deficit. 32 patients with mean age± standard deviation of 58.9±12.9 

years were included in the study. Patients were assigned to groups; 

cawthorne-cooksey (n=17) exercise group and instrumental 

rehabilitation group (n=15). Outcome measures used were 

performance-oriented assessment of balance and gait and the 

dizziness handicap inventory scale and body sway and quite stance 

was measured using Kistler(type928B)a dynamometer platform. The 

patients in both the groups treated with cawthorne-cooksey 

exercises or instrumental rehabilitation perform 10 sessions with 2 

sessions daily (morning, afternoon), for 5 consecutive days. Each 

session lasted for 30 minutes for both the exercise. Each exercise 

performed was repeated 5 times with first EO and then EC. This study 

concluded that both cawthorne-cooksey exercises and instrumental 

rehabilitation are effective for treating balance disorders of vestibular 

origin. They also suggest that instrumental rehabilitation is more 

effective than cawthorne-cooksey exercises in improving balance 

control.[26]    

K. Berg et.al,(1995) conducted a study titled the balance scale: 

reliability assessment with elderly residents and patients with an 

acute stroke and demonstrated the berg balance scale to be highly 

reliable scale to measure balance in elderly. The Intra class 

correlation coefficient for all subjects was 0.97; whereas elderly 

residents showed an Intra class correlation coefficient of 0.91. [27] 
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6.1) Primary 
Objectives :-  

To study the effect of 8-weeks training session of Cawthorne-cooksey 

exercises versus Otago exercises on berg balance score in 65-75 years 

older adults with medium risk of fall using Berg balance scale.  

 

6.2) Other Objectives 1:- 

(if any)  

Not applicable 

 

6.3) Other Objectives 2:- 

(if any) 

Not applicable  

 

07) Methodology :- Study design:  A randomized controlled trial  

Study settings: old age homes near tertiary health care centre  

Study population: Geriatric population of age group 65-75 years.  

Study duration: 18 months 

Sample size estimation: 

Sample size was determine considering the study of shefali walia 

et.al,(2016) named, comparison of two balance training programs on 

balance in community dwelling older adults. 

 The mean and standard deviation value for BBS in Group 1 was 

54.69±1.13 and for Group 2 was 55.57±0.56 

The formula used: n = 4(zα+ zβ)2 SD2 /(X̅1- X̅2)2 

Where, zα – standard normal variant at α level. 

 zβ – standard normal variant at β level  

  X̅1- mean for cawthorne-cooksey exercise group 

 X̅2 – mean for otago exercise group 

SD2 – combined standard deviation of both groups                                    

Where, 
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 α = 5% 

 β= 20% 

The required sample size considering the 15% drop out rate is 

calculated as 40, i.e 20-20 in each group. 

The sample size was calculated by using open EPI calculator version 7. 

Sampling technique: A Convenient sampling 

Method of selection of study subjects: 

Inclusion criteria : 

The age group involved 65-75 years  

Both men and women will be included 

Willing to participate 

Medium fall risk : score(21-40) according to berg balance score 

 

Exclusion criteria: 

Neurological disorders (stroke, Parkinson’s, head injury) 

Major recent surgeries (within 6 months) 

Individuals with history of diagnosed diabetic neuropathy. 

Individuals with uncontrolled hypertension. 

Uncorrected visual impairments. 

Diagnosed vestibular and auditory disorders. 

 

Subject Withdrawal Criteria: 

If the patient is diagnosed for any of the above stated disorders 

during study period. 

Discontinuity in the treatment due to personal reasons. 
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Variables: 

Independent variables: cawthorne-cooksey exercises and Otago 

exercises 

Dependent variables: Berg balance scale 

 

Operational definitions: 

Balance: It is the ability to maintain the body in equilibrium or to 

control the body’s position in space for stability and orientation.[1] 

Cawthorne-cooksey exercises: vestibular exercise protocol to 

improve balance.[3] 

Otago exercise program: the otago exercise program is a set of leg 

muscle strengthening and balance training exercises specifically 

designed to prevent falls in elderly.[14] 

Older adults/ elderly population: here, the term is used for subjects 

of age- group 65-75 years.[16,28] 

Methods of measurements: 

Berg balance scale- 

It is developed by berg and co-workers as an objective measure of 

static and dynamic balance.it consists of 14 functional tasks 

commonly performed in daily living. These tasks include sitting or 

standing unsupported, movement transitions (involving sit-to-stand, 

stand-to-sit), variations in standing positions (EO, EC). The scoring of 

the functions is graded on 0-4 scale; where 0 score indicates unable 

to perform and score 4 indicates subjects performs independently. 

The maximum score of the scale is 56.[1]                 

 Interpretation : 

41-56: low fall risk 

21-40: medium fall risk 

0-20 : high fall risk 
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Study instrument/Data collection tools: 

 

Supported chair: 
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Unsupported chair: 

 

Stepper: 

 

Measuring tape: 
         

         
 

Stop watch: 

       
 

Record sheet: 



 

C:\Users\convert\AppData\Local\Temp\1\task-720682245\225691f5658f65f50a994ab3cf83b913.doc [Page : 18] 
   

        
 

Pen: 

 
 

 
 
Method of data collection: 

Requisite permission will be taken. Ethics and BOR committee 

clearance will be taken. Intervention protocol will be explained. 

Written consent from the subjects would be taken. Subjects fulfilling 

inclusion criteria would be included. Demographic data will be 

obtained. Pre-test Berg Balance score will be noted. Based on the 

convenience sampling the participants will be alternatively allocated 

in two groups. Subjects will be alternatively allocated in two groups; 

Group A (cawthorne-cooksey exercises), Group B (otago exercises). 

Post intervention Berg Balance Score will be noted. Pre and post 

intervention data will be analyzed. 

 

Data management and analysis: 

The data collected will be entered in the excel sheet.     

Participant’s identity and information will be kept confidential.   

Backup of the data will be maintained and will be used for further  

analysis. The analysis will be done by using EPI info version 7software.  
The mean, Standard deviation and percentage will be calculated.  

p≤0.05 will be considered statistically significant. For within the  
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group (pre and post) paired t test or Wilcoxin signed Rank test  

whichever applicable will be used. For between the groups (post)  

unpaired t test or Mannwhitney U test whichever applicable will be  

used. 

 

General procedure: 

Requisite permission will be taken.  

Ethics and BOR committee clearance will be taken.  

Intervention protocol will be explained.  

Written consent from the subjects would be taken. Subjects fulfilling 

inclusion criteria would be included.  

Demographic data will be obtained.  

Pre-test Berg Balance score will be noted.  

Based on the convenience sampling the participants will be 

alternatively allocated in two groups.  

Subjects will be alternatively allocated in two groups; Group A 

(cawthorne-cooksey exercises), Group B (otago exercises).  

Post intervention Berg Balance Score will be noted.  

Pre and post intervention data will be analyzed. 

 

 

 

Randomized controlled trial: 

All 40 subjects will be randomly assigned into two groups (group A: 

cawthorne-cooksey exercise group, group B: otago exercise group) 

using a random, predetermined computer generated software 

Random allocation software version 1.0.Randomization will be 

according blocked randomization method. The patient will not know 

about the group allocation procedure. 
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Additional points for experimental study: 

 

 

Intervention: 

The purpose of the study will be explained to the subjects. Sample 

size will be obtained on the basis of inclusion and exclusion criteria. 

Informed consent will be taken from subjects. The sample size (n=40) 

will be divided into two groups i.e, group A (n=20) and group B (n=20) 

on the basis of block randomization. 

Assessed for eligibility 

Randomized (n=40) 

Excluded: Not 
meeting inclusion 

criteria 
 

 

Baseline data measured (zero 
weeks) 

Group A- Cawthorne- 
cooksey exercises n=(20) 

Will receive allocated 
intervention 
 

 

Group B- Otago exercises 
(n=20) 

• will receive allocated 

intervention 

 

Follow-up Follow-up 

Data will be measured (After 8 weeks) 

Will be analysed (End of 
8 weeks) 

Will be analysed (End of 8 
weeks) 
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GROUP A: subjects in this group will perform cawthorne-cooksey 

exercises. These exercises includes eye and head movements 

followed by exercises in sitting as well as standing position first with 

eyes open(EO) and then with eyes closed(EC). Each exercise will be 

repeated for 5 times for 8 weeks, 3 times per week.[3,20] 

A) Eye and head movement: first sitting down slowly and then 

faster 

1. looking up and down 

2. looking to the right and left 

3. bringing the fingers closer and far and looking at them 

4. move the head slowly and then faster to your right 

and to your left 

5. move the head slowly and then faster up and down 

6. Repeat steps (4) and (5) with closed eyes. 

B) Head and body movement: 

1. Place objects on the floor take it and bring it above 

your head and place it again on floor, looking at the 

object whole time.  

2. Shrink the shoulders and make circular movements. 

3. Bend forward and take an object through the back 

and front of your knees. 

C) Standing up exercises: 

1. repeat A and B2, 

2. sit down and stand up twice with eyes closed, 

3. stand up but turn to the left while standing, 

4. stand up but turn to the right while standing, 

5. Throw a small ball from one hand to the other(above 

horizon level). 
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Other activities to improve balance: 

1. Climb up and down stairs (use handrails if necessary). 

2. stand up and take sudden 90 degree turn (first with 

eyes open and then eyes closed ) 

3. While walking look to the right and to left as if you are 

reading labels in the market. 

4. Practice standing on one foot (first right foot then 

left); with eyes open and then eyes closed.  

5. Stand up on a soft surface: 

a) Walk on the surface to get used to it. 

b) Walk on the tip of your feet first with eyes open 

then closed. 

c) Practice exercise 4 on soft surface. 

6. Circle around a person that is on the center that 

throws a large ball(which should be thrown back) 

7. Walk around the room with eyes closed.   

 

 

Fig:1 Exercises: eye and head movements: sitting position. 

     Exercises: head and body movements: sitting position 
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Fig.2 Cawthorne- Cooksey exercises in standing and 

walking position. 

 

GROUP B: subjects in this group will perform otago exercises. These 

exercises includes warm up period (flexibility exercises) followed by 

strengthening exercises and balance training. The set of exercises will 

be performed for 30 minutes 3 times a week, for 8 weeks. [14] 

Warm-up includes: 

1. Participants will be asked to stand straight and look 

straight ahead. 

2. Slowly turn your head as far as possible to your right 

then to left. Repeat 5 times to each side 

3. Placing one hand on your chin and push the chin back, 

repeat for 5 times. 

4. Place your both hands on your waist and gently arch 

your back, repeat for 5 times. 

5. Place your hands on waist and turn to your right and 

to left repeat 5 times. 

6. Point the foot down then pull back towards you. 

Repeat 5 times.  
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Strengthening exercises and balance training: 

Weight cuffs were tied around ankle, which provides resistance to 

knee flexor, knee extensor and hip abductors. 

The exercises includes: 

1. Knee extensions(sitting), repeat with other 

leg(10 repetition) 

2. Knee flexion(In standing), repeat with other 

leg(10 repetition) 

3. Hip abduction exercise(in standing), repeat with 

other leg(10 repetition) 

4. Calf raises (repeat 10 times), hold-support. 

5. Toe raises (repeat 10 times), hold-support. 

6. Knee bends(hold-support, 10 times) 

7. Squatting half way  

8. Backward walking(10 steps, 4 times with holds,  

support) 

9. Walking and turning around (figure of 8); twice. 

10. sideways walking(10 steps to right and to left) 

11. Heel-toe standing(tandem);hold for 10 

seconds 

12. Heel-toe walking( 10 steps,4 times) 

13. One leg stand(hold for 10 seconds) 

14. Heel walking(10 steps, 4 times) 

15. Toe walking(10 steps, 4 times) 

16. Toe walking backwards(10 steps, 4 times) 

17. Sit to stand (5 stands with support then 
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minimize the support) 

18. Stair climbing. 

Figures:  
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Results: result will be discussed in the final copy of dissertation. 
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Chart :- 
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2 Topic finalization for 
the synopsis 

November 2019 

3 Formulation of 
Research question 

December 2019 

4 Formulation of 
objectives 

December 2019 

5 Hypothesis 
formulation 

January 2020 

6 Protocol of Research 
 

January 2020 

7 Institutional, Ethics 
and BORS clearance 

obtained 

February 2020 

8 Submission to the 
University 

March 2020 

9 Data Collection April 2020 to March 2021 

10 Data Presentation 
and Analysis 

March 2021 

11 Writing Discussion 
and Conclusion 

April 2021 

12 Submission of thesis 
to MUHS 

May 2021 

 

 

Gantt Chart :- 
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Gantt chart 

for synopsis             

Sr 

no Component 2019 2019 2019 2020 2020 2020 

    Oct Nov Dec Jan Feb March 

1 

Selection of 

topic             

2 

formulation 

of research 

question     
 

      

3 

formulation 

of aim and 

objectives             

4 

hypothesis 

and null 

hypothesis             

5 

research 

protocol             

6 

ethical 

clearance             

7 

research 

designing             

8 

Review of 

literature             

9 

Methodolog

y 

formulation             

10 

study 

designing             

11 study setting             

12 

sample size 

estimation             
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instruments             

14 

Method of 
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collection             

15 

management 

and data 

analysis             

16 

statistical 

tests             

17 

compilation 

of synopsis             

18 

uploading of 

synopsis           
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ANNEXURES I: Proforma 

 

                                                          Date:  

1. Name:       

 

2. Age: 

 

3. Gender: 

 

4. Mobile number: 

 

5. Height in cm: 

 

6. Weight in kg: 

 

7. BMI in kg/m2: 

 

8. Group A/B: 

Parameters BBS score pre 

intervention 

BBS score post 

intervention 

Cawthorne-cooksey 

exercise 

  

Otago exercise program   
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ANNEXURES II (a): Informed consent letter  

 

 

I ____________________________________________ voluntarily consent as a participant 

for the dissertation: “THE EFFECT OF 8-WEEKS TRAINING SESSION OF 

CAWTHORNE-COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 YEARS 

OLDER ADULTS WITH MEDIUM RISK OF FALL USING BERG BALANCE SCALE: A RANDOMIZED 

CONTROLLED TRIAL” conducted by _________. 

I have been informed regarding the purpose of the study and duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedure 

regarding to the study. I reserve my right to withdraw from study at any instant of study 

period. 

The researcher has assured me that I would be treated well without any untoward effects. 

 

  Signature of the participants /                                                                                                            

Thumb impression of participants     
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ANNEXURES II (a): संमती पत्र: 

 

 

मी ___________________________________________ स्वेच्छेने ननबंध करण्यासाठी सहभागी 

म्हणून सहभागी होण्यास तैयार आहे: "६५ ते ७५ वयोगटातील पडण्याची  मध्यम जोखिम असलले्या 

व्यक्तंवर कॅथनन- कु्से व्यायाम ववरुद्ध ओटागो व्यायाम  पद्धती , यांचा बगन संतुलन मोजमापन पद्धती 

वापरुन ,८ आठवडे प्रशिक्षण सत्राचा संतुलनावर होणारा पररणाम: एक यादृकच्छक ननयंत्रत्रत चाचणी 

"_________ द्वारा आयोकजत" 

अभ्यासाचा उद्देि आखण कामाचा कालावधी याववषयी मला माहहती देण्यात आली आहे. अभ्यासासंदभानत 

आवश्यक प्रक्रिया करण्याची आखण ववववध चाचणी प्रक्रिया पार पाडण्यास मला हरकत नाही. अभ्यासाच्या 

काही काळात मी अभ्यासातून माघार घेण्याचा माझा ह्क रािून ठेवतो. 

संिोधकाने मला याबद्दल आश्वासन हदल ेआहे की कोणत्याही अननष्ट प्रभावाशिवाय माझ्या सोबत चांगला 

व्यवहार केला जाईल 

 

                                                                                  

                                      सहभागींची स्वाक्षरी /  सहभागीचंी अंगठा 
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ANNEXURES II (a): सहमनत - पत्र: 
 

मैं ____________________________________________ स्वैकच्छक रूप से िोध प्रबंध के शलए 

एक प्रनतभागी के रूप मे भाग लेने के शलए तैयार हूूँ: ६५ ते ७५ वषन आयु वाले वयस्कों मे गगरने की  मध्यम 

जोखिम ग्रस्त व्यक्तयों पर कॅथॉनन-कु्से व्यायाम ववरुद्ध ओटागो व्यायाम पद्धनतयों का बगन संतुलन 

पैमानों अनुसार ८ हफ्त ेप्रशिक्षण सत्र का संतुलन पर होनेवाला पररणाम: एक यादृकच्छक ननयंत्रत्रत परीक्षण 

। ” 

परीक्षण "_________ द्वारा आयोकजत क्रकया जाता है। 

मुझे अध्ययन के उद्देश्य और कायन की अवगध के बारे में सूगचत क्रकया गया है। मुझे आवश्यक प्रक्रिया 

िुरू करने और अध्ययन के संबंध में ववशभन्न परीक्षण प्रक्रिया से गुजरने में कोई आपवि नहीं है। मैं अध्ययन 

के क्रकसी भी समय अध्ययन से हटन ेका अपना अगधकार सुरक्षक्षत रिता हंू। 

िोधकतान ने मुझे इसके बारे में आश्वासन हदया है की मुझे त्रबना क्रकसी अवप्रय प्रभाव के अच्छी तरह से 

इलाज क्रकया जायेगा I 

 

 

 

                                                                                  

                                               प्रनतभागगयों के हस्ताक्षर / 

                                               प्रनतभागगयों का अगूंठे का ननिान  
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Annexure II (b): patient information sheet 

 

• Purpose: 

To ensure that written consent will be obtained from participant. 

 

• Scope: 

This study includes geriatric population both males and females and are voluntarily 

willing to participate in this study. 

 

• Responsibilities: 

The researcher will obtain written informed consent from all the participants who 

are voluntarily participating in the study. 

 

• Procedure: 

1. The researcher will select participant among geriatric population. 

2. The intervention protocol will be explained to answer the queries of the 

participants. 

3. If the participant decides to participate then consent form should be filled by 

participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then 

they entitled to do so before giving the consent. 

• General information to participants: 

1. Name : 

Age: 

Gender: 

Date: 

2. You would be required to fill the proforma and the purpose of the research is to 

study : “THE EFFECT OF 8-WEEKS TRAINING SESSION OF CAWTHORNE-COOKSEY 
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EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 YEARS OLDER 

ADULTS WITH MEDIUM RISK OF FALL USING BERG BALANCE SCALE: A 

RANDOMIZED CONTROLLED TRIAL”. 

3. If you are willing to voluntarily participate in the study then you are expected to 

enrol with us right from the moment of filing proforma till the completion of the 

test. 

4. If you are uncomfortable during this period then kindly let us know so that we can 

help you and overcome your problems. 

5. You will not be given any reimbursement and compensation. 

6. If at any moment you want to discontinue from this research study then you are 

free to do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the study will 

be explained to you before obtaining the letter of consent. 

8. The data obtained from this study would be confidentially protected and 

maintained and if the photograph is used then your identity would not be revealed. 

9. All the risk of various test procedures required for the study will be explained to you 

and accordingly the consent will be taken. 

10. If you feel exhausted or unable to complete the test please kindly let us know so 

that the necessary steps can be initiated. 

11. Name of the researcher: 

Phone number: 

Address: 

12. Name of the guide: 

Phone number: 

Address: 

13. Name of the institute: 
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Annexure II (b): सहभागी वतृ्तपत्र: 

 

सहभागी विृपत्र: 

• उद्देिः 

सहभागीकडून लेिी संमती घेतली जाईल याची िात्री करण्यासाठी. 

 

• व्याप्ती: 

अभ्यासामध्ये पुरुष आखण कस्त्रया दोघांसाठी अनुवांशिक लोकसंख्या समाववष्ट आहे आखण स्वेच्छेने या 

अभ्यासामध्ये भाग घेण्यास इच्छुक आहेत. 

 

• उिरदानयत्व: 

अभ्यासामध्ये स्वेच्छेने भाग घेणार् या सवन सहभागींकडून संिोधकांना लिेी माहहती हदली जाईल. 

 

• प्रक्रिया: 

 संिोधक अनुवांशिक लोकामंधील सहभागीची ननवड करेल. 

 सहभागींच्या प्रश्नांची उिरे देण्यासाठी हस्तक्षेप प्रोटोकॉल स्पष्ट केला जाईल. 

जर सहभागीने भाग घेण्याचा ननणनय घेतला असेल तर सहभागीने संमती फॉमन भरला पाहहजे. 

 सहभागीच्या संमतीनंतर अभ्यासाची प्रक्रिया सुरू होईल. 

5. समाववष्ट आखण वगळण्याच्या ननकषांची पडताळणी करण्यासाठी सहभागीकडून इतर कोणत्याही िारीररक 

समस्येचा तपिीलवार वैद्यकीय आखण इनतहास प्राप्त केला जाईल. 

. जर सहभागींना त्यांच्या कुटंुबातील सदस्यांसह या माहहतीवर चचान करायची असेल तर संमती देण्यापूवी 

ते तसे करण्यास पात्र आहेत. 

सहभागींना सामान्य माहहतीः 

1. नाव: 

वय: 

शलगं: 
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तारीि: 

२. आपल्याला प्रोफामान भरण्याची आवश्यकता आहे आखण संिोधनाचा हेतू हा अभ्यास करणे आहे: “६५ ते 

७५ वयोगटातील पडण्याची  मध्यम जोखिम असलेल्या व्यक्तंवर कॅथनन- कु्से व्यायाम ववरुद्ध ओटागो 

व्यायाम  पद्धती , यांचा बगन संतुलन मोजमापन पद्धती वापरुन ,८ आठवडे प्रशिक्षण सत्राचा संतुलनावर 

होणारा पररणाम: एक यादृकच्छक ननयंत्रत्रत  चाचणी ”.    

3. आपण स्वेच्छेने अभ्यासामध्ये भाग घेऊ इकच्छत असल्यास, आपण परीक्षेची पूतनता होईपयतं प्रोफामान 

दािल करण्याच्या क्षणापासून आमच्यासह आमच्याकडे नोंदणी करणे अपेक्षक्षत आहे. 

4. या कालावधीत आपण अस्वस्थ असल्यास, कृपया आम्हाला कळवा जेणकेरून आम्ही आपल्याला मदत 

करू आखण आपल्या अडचणी दरू करू. 

5. तुम्हाला कोणतीही भरपाई आखण नुकसानभरपाई हदली जाणार नाही. 

 6.कोणत्याही क्षणी आपण या संिोधन अभ्यासापासून दरू जाण्याची इच्छा असल्यास आपण अस ेकरण्यास 

मोकळे आहात आखण आमच्या बाजूने कोणताही अडथळा येणार नाही. 

7. संमती फॉमन प्राप्त करण्यापूवी जोिीम, असुववधा, फायदे आखण अभ्यासाचे तोटे याचंे तपिील आपल्याला 

समजावून सांगगतले जातील. 

8. या अभ्यासामधून प्राप्त केलेला डेटा गुप्तपण ेजतन केला जाईल आखण त्याची देिभाल केली जाईल 

आखण छायागचत्रे वापरल्यास आपली ओळि उघड केली जाणार नाही. 

9.अभ्यासासाठी आवश्यक असलेल्या ववववध चाचणी प्रक्रियेचे सवन जोिीम आपल्याला स्पष्ट केल ेजातील 

आखण त्यानुसार संमती घेतली जाईल. 

10. आपण थकल्यासारिे क्रकंवा कसोटी पूणन करण्यात अक्षम झाल्यास कृपया आम्हाला कळवा जणेेकरुन 

आवश्यक ती पावल ेउचलता येतील. 

11. संिोधकाचे नाव: 

फोन नंबर: 

पिा: 

12.मागनदिनक नाव: 

फोन नंबर: 

पिा: 

13.संस्थेच ेनाव: 
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Annexure II (b): प्रतिभागी सूचना पत्र 

प्रनतभागी सूचना पत्र: 

• उद्देश्य: 

यह सुननकश्चत करने के शलए क्रक प्रनतभागी से शलखित सहमनत प्राप्त की जाएगी। 

 

• स्कोप: 

इस अध्ययन में पुरुषों और महहलाओं दोनों के शलए जरागचक्रकत्सा आबादी िाशमल है और स्वेच्छा से इस 

अध्ययन में भाग लेने के शलए तैयार हैं। 

 

• दानयत्व: 

िोधकतान उन सभी प्रनतभागगयों से शलखित सूगचत सहमनत प्राप्त करेगा जो अध्ययन में स्वेच्छा से भाग 

लेने वाले हैं। 

 

• प्रक्रिया: 

1. िोधकतान गरेरएहिक आबादी के बीच प्रनतभागी का चयन करेगा। 

2. प्रनतभागगयों के प्रश्नों का उिर देने के शलए हस्तक्षपे प्रोटोकॉल को समझाया जाएगा। 

3. यहद प्रनतभागी ने भाग लेने का ननणनय शलया है तो प्रनतभागी द्वारा सहमनत फॉमन भरा जाना चाहहए। 

4. प्रनतभागी की सहमनत के बाद अध्ययन प्रक्रिया िुरू होगी। 

5. ववस्ततृ गचक्रकत्सा और क्रकसी भी अन्य िारीररक समस्या का इनतहास प्रनतभागी से प्राप्त क्रकया जाएगा 

ताक्रक समावेिन और बहहष्करण मानदंडों को सत्यावपत क्रकया जा सके। 

6. यहद वें प्रनतभागी इस जानकारी पर अपने पररवार के सदस्यों के साथ चचान करना चाहते हैं तो वे सहमनत 

देने से पहल ेऐसा करने के हकदार हैं। 

• प्रनतभागगयों को सामान्य जानकारी: 

1. नाम: 

   उम्र: 

   शलगं: 
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हदनांक: 

2. आपको प्रोफामान भरने की आवश्यकता होगी और िोध का उद्देश्य अध्ययन करना है: “६५ ते ७५ वषन 

आयु वाले वयस्कों मे गगरने की  मध्यम जोखिम ग्रस्त व्यक्तयों पर कॅथॉनन-कु्से व्यायाम ववरुद्ध ओटागो 

व्यायाम पद्धनतयों का बगन संतुलन पैमानों अनुसार ८ हफ्ते प्रशिक्षण सत्र का संतुलन पर होनेवाला पररणाम: 

एक यादृकच्छक ननयंत्रत्रत परीक्षण । ” 

3. यहद आप स्वेच्छा से अध्ययन में भाग लेने के इच्छुक हैं तो आपसे अपके्षा की जाती है क्रक आप परीक्षण 

पूरा होने तक प्रोफामान दाखिल करने के क्षण से ही हमारे साथ नामांकन करें। 

4. यहद आप इस अवगध के दौरान असहज हैं, तो कृपया हमें बताए ंताक्रक हम आपकी मदद कर सकें  और 

आपकी समस्याओं को दरू कर सकें । 

5. आपको कोई प्रनतपूनतन और मुआवजा नहीं हदया जाएगा। 

6. यहद क्रकसी भी क्षण आप इस िोध अध्ययन से हटना चाहते हैं तो आप ऐसा करने के शलए स्वतंत्र हैं 

और हमारी ओर से कोई बाधा नहीं होगी। 

7. सहमनत पत्र प्राप्त करने से पहल ेअध्ययन के जोखिम, असुववधा, फायदे और नुकसान का वववरण आपको 

समझाया जाएगा। 

8. इस अध्ययन से प्राप्त आंकडों को गोपनीय रूप से संरक्षक्षत और बनाए रिा जाएगा और यहद तस्वीर 

का उपयोग क्रकया जाता है तो आपकी पहचान उजागर नहीं की जाएगी। 

9. अध्ययन के शलए आवश्यक ववशभन्न परीक्षण प्रक्रियाओं के सभी जोखिमों को आपको समझाया जाएगा 

और तदनुसार सहमनत ली जाएगी। 

10. यहद आप थकावट महसूस करत ेहैं या परीक्षण पूरा करने में असमथन हैं तो कृपया हमें बताए ंताक्रक 

आवश्यक कदम उठाए जा सकें । 

11. िोधकतान का नाम: 

    फोन नंबर: 

    पता: 

12. गाइड का नाम: 

    फोन नंबर: 

    पता: 

13.संस्थान का नाम:  
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Annexure II (c): Permission letter A 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would 

request you to grant me permission to carry out my research work in geriatric home.  

      My research topic is “THE EFFECT OF 8-WEEKS TRAINING SESSION OF 

CAWTHORNE-COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 

YEARS OLDER ADULTS WITH MEDIUM RISK OF FALL USING BERG BALANCE SCALE: A 

RANDOMIZED CONTROLLED TRIAL” 

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student: 

Date:  

Place: 
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Annexure II (c): Permission letter B 

To,  

The Chairman,  

Ethics Committee 

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

  I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

 My research topic is, “THE EFFECT OF 8-WEEKS TRAINING SESSION OF 

CAWTHORNE-COOKSEY EXERCISES VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 

YEARS OLDER ADULTS WITH MEDIUM RISK OF FALL USING BERG BALANCE SCALE: A 

RANDOMIZED CONTROLLED TRIAL” 

I promise that the ethics as well as participants care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure II (c): Permission letter C 

To, 

The Head of the Geriatric home, 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr / Miss________ Student of master of physiotherapy, would request you to grant 

me permission to carry out my research work in your esteemed work place. My research 

topic is “THE EFFECT OF 8-WEEKS TRAINING SESSION OF CAWTHORNE-COOKSEY EXERCISES 

VERSUS OTAGO EXERCISES ON BALANCE IN 65-75 YEARS OLDER ADULTS WITH MEDIUM 

RISK OF FALL USING BERG BALANCE SCALE: A RANDOMIZED CONTROLLED TRIAL” 

  For this purpose, I have to take participants from your geriatric home who are aged 

between 60 to 70 years for further procedure. I kindly request you to do the needful in this 

regard. Thanking you in anticipation. 

Yours sincerely, 

Research student 
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ANNEXURES III: Time line/Gantt Chart 

 

SR.NO  MONTHS 

1 Allocation of Guide October 2019 

2 Topic finalization for the 
synopsis 

November 2019 

3 Formulation of Research 
question 

December 2019 

4 Formulation of 
objectives 

December 2019 

5 Hypothesis formulation January 2020 

6 Protocol of Research 
 

January 2020 

7 Institutional, Ethics and 
BORS clearance obtained 

February 2020 

8 Submission to the 
University 

March 2020 

9 Data Collection April 2020 to March 2021 

10 Data Presentation and 
Analysis 

March 2021 

11 Writing Discussion and 
Conclusion 

April 2021 

12 Submission of thesis to 
MUHS 

May 2021 
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Gantt chart for dissertation: 

 

 

Sr no   Oct19 Nov-19 Dec-19 Jan-20 Feb-20 Mar-20 
Apr-Jun 

20 
Jul-Sept 

20 
Oct-Dec 

20 
Jan-Mar 

21  
April 

21 
May 

21 
Jun 
-21 

July 
-21 

1 
Selection of 
topic                             

2 

Formulation 
of research 
question                             

3 

Formulation 
of aim and 
objective                             

4 

Hypothesis 
and null 
hypothesis                             

5 
Research 
protocol                             

6 
Ethical 
clearance                             

7 
Research 
designing                             

8 
Review of 
literature                             

9 Methodology                             

10 
Study 
designing                             

11 Study setting                             

12 
Sample size 
estimation                             

13 
Selection of 
study tools                             

14 

Method of 
data 
collection                             

15 

Data 
collection 
process                             

16 
Management 
and analysis                             

17 

Statistical 
analysis of 
data                             

18 
Statistical 
tests                             

19 
Compilation 
of synopsis                             

20 
Uploading of 
synopsis                             

21 
Results and 
tables                             

22 Discussion                             

23 Conclusion                             

24 Summary                             

25 References                             

26 

Compilation 
of 
dissertation                            

27 
Uploading of 
dissertation                             
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INTRODUCTION 

 

Balance is the ability to keep the centre of mass of the body within the boundaries of stability 

and base of support.1,2  It is the condition in which the body’s equilibrium is maintained; and 

the stability and orientation of the body’s position is controlled.1,2 Balance can be sub-divided 

into 4 types: static steady-state balance, dynamic steady- state balance, pro-active balance and 

reactive balance.3,4 The ability to maintain a posture, such as balancing in a standing or sitting 

position, is operationally defined as static balance.4,5,6  The ability to maintain postural control 

during movements like reaching for an object, is defined as dynamic  balance. 4,5,6 The 

primary systems involved for the process of balancing are the sensory system (visual, 

cutaneous, proprioceptive, and vestibular senses), the nervous system, motor and 

biomechanical system).6 

 

Sitting balance is one of the most important factors in the performance in activities of daily 

living, dressing, bathing, toileting, etc. 1,7 It allows to engage safely and effectively in many 

tasks around the day. 7  In the normal motor development of a child, a typically developing 

child achieves sitting milestone at the age of 5-8 months and sitting with reaching activity is 

also achieved at the same age.1  Seated balance is defined as “the ability of a person to 

maintain control over upright posture during forward reach without stabilization.”8  To 

maintain independence during functional activities, seated balance is important for 

individuals who are non-ambulatory, and have disabilities involving the lower extremities.8 

For all the recreational activities and also the daily activities in children, sitting balance is a 

pre-requisite and so the ability to maintain balance while reaching for a variety of objects 
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both within and beyond arm’s length is crucial for independent living.1,9  The children with 

disability involving both the lower extremities need to perform functional activities from 

sitting position with multi-directional stability of movement, which is essential for their 

movement efficiency.9,10 The lack of multidirectional sitting balance may lead to falls, that is 

why the sitting balance is the topic of concern. 9,10 

                     

Cerebral palsy is the most common childhood condition treated by paediatric physical 

therapists 11 and is reported to be the most prevalent among the disorders that severely impair 

motor function in children.12 In the majority of cerebral palsy cases, the predominant motor 

abnormality is spasticity (69.8% prevalent); apart from spastic cerebral palsy different types 

includes hypotonic, dyskinetic and ataxic types of cerebral palsy. 12, 13 In birth cohorts, the 

prevalence of cerebral palsy is 1-2/1000 live births in developed countries, whereas in India, 

the estimated incidence is around 3/1000 live births. 9,12,14 Hemiplegic CP is 20.8% prevalent, 

diplegic 15.6%, quadriplegic 32.9%, monoplegic 0.1% prevalent, and the remaining consists 

of unspecified CP. 13 

 

 In children with cerebral palsy, the interaction of multiple systems taking part in the process 

of balancing is affected which may be a reason of impaired balance. 5,6,12 Along with 

spasticity, the neuromuscular impairments in children with cerebral palsy are manifested in 

abnormal posture, loss of selective motor control and poor static and dynamic balance. 5,14 

This contributes to significant limitations in their activities of daily living.15 One of the key 

fundamentals of children with cerebral palsy is a deficient postural control mechanism, that is 

the inability to co-ordinate the activation of postural muscles in the right sequence, especially 

during the performance of functional activities. 14 The children with cerebral palsy having 
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severe postural and motor impairments have limited anti-gravity postural control and 

voluntary movement control, which increases the risk of falls.5,11,14,15 

 

 In Pediatric Balance Scale, which is the gold standard, (interrater, intra rater, test-retest 

reliability for the total score 0.901, 0.988, 0.978, and 0.958 respectively) 16, there are 14 

components, out of which only one component evaluates sitting balance (static sitting 

balance), and there is no component evaluating dynamic sitting balance.  Currently, there are 

many clinical and instrumental tools found to be reliable methods to assess postural control in 

children with cerebral palsy.1,6 These methods include Seated Postural Control Measure 

(SPCM)(inter-rater and intra rater reliability of 0.95 and 0.93) 17, the Sitting Assessment for 

Children with Neuromotor Dysfunction (SACND) (inter-rater reliability of 0.91 to 1.00, test-

retest reliability of 0.87-1.00) 18, the Spinal Alignment and Range of Motion Measure 

(SAROMM)(inter-rater and test-retest reliability above 0.80) 19, Segmental Assessment of 

Trunk Control (SATCo) (intra rater and interrater reliability of 0.73 to 0.9) 20, Trunk 

Impairment Scale (TIS)(Interrater and intra rater reliability of 0.94 to 1.00) 21 and Trunk 

Control Measurement Scale (TCMS) (inter-rater and test-retest reliability of 0.91 to 0.99) 22, 

but most of the tools require instruments for evaluation.  Several other measures to assess the 

sitting balance are also available including the modified functional reach test (mFRT). 

Several evaluation measures are available to assess gross motor development in children with 

cerebral palsy, such as the Pediatric Evaluation of Disability Inventory and the Functional 

Independence Measure for Children.23 The Gross Motor Function Classification System is 

used to classify severity of functional limitation or disability in children with cerebral palsy.24 

It has inter-rater reliability of 0.84. 24 
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The mFRT assesses an individual’s stability in the seated position by measuring the maximal 

distance he/she can reach forward as well as in the lateral directions.1,8,9 The advantage of 

mFRT is that it evaluates static as well as dynamic sitting balance.  8 This functional outcome 

measure is quick to administer in the clinical setting, easy to execute, and cost effective, as 

the only material needed is a yardstick. 8,9 The mFRT is reported to be a reliable measure of 

seated balance in non-ambulatory patients with spinal cord injuries (test-retest reliability of 

0.94), and in the sub-acute phase of stroke rehabilitation (ICC of 0.90 to 0.97). 26,27 The reach 

values are also available for Friedreich’s Ataxia (scores decreasing, forward: 30.5cm to 

5.0cm, Right lateral: 7.5cm to 4cm, improving scores to the left lateral direction: 5.75cm to 

6.5cm). 8 The Normative data of mFRT in younger (20-39 years) and middle-aged (40-59 

years) North- eastern Indian Population is available, younger population Forward reach 

(38.05 cm ±9.03cm, Right lateral: 18.20cm±5.26cm, left lateral: 17.32 cm ±5.21 cm); 

middle-aged population: Forward reach (25.18 cm ±5.71 cm. Right lateral: 14.02 cm ±3.98 

cm, Left lateral: 13.53 cm ±4.25 cm). 9 In Indian children, the normal values of mFRT in 

school going children of age group 6-12 years in which they evaluate the forward and lateral 

reach distance. 1 The values are, MFRT: 19.53cm±3.57cm to 26.48cm±5.27cm; mLRT: 

17.68cm±2.59cm to 22.50cm±3.75cm.1 In previous study, it was proposed that these values 

can be used for the assessment of balance impairments among children aged 6-12 years in 

India, in conditions like cerebral palsy, Down’s Syndrome, etc.1 mFRT gives a chance to 

evaluate both static and dynamic sitting balance in children. In order to use any test among a 

population in a specific condition like cerebral palsy, the reliability of that test in the 

population is needed to be established; and till date, no study has been found on the reliability 

of modified functional reach test in children with cerebral palsy. So, present study aims at 

establishing the intra rater reliability (test-retest reliability) of modified functional reach test 

in children with cerebral palsy of age 6-18 years in both genders.  
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RATIONALE OF THE STUDY 

 

Literature states that cerebral palsy is a group of disorders that has an affection on posture 

and movement.16 The neuromuscular impairments in cerebral palsy are manifested as poor 

postural control and loss of functional balance.1,16 The component of balance is important 

because it is noted to be a promising outcome of physical therapy intervention. 27 The mFRT 

is quick, easy, cost-effective to administer, and it evaluates both static as well as dynamic 

sitting balance.1,8,12 The test is reported to be a reliable measure to assess balance in sitting in 

non-ambulatory patients with spinal cord injuries, stroke. 25,26 The Normative data of mFRT 

is available in younger and middle-aged North- eastern Indian Population and also in Indian 

school going children of age 6-12 years.1,9 To perform the test on children with cerebral 

palsy, its reliability is not yet established. This study is therefore attempted to establish the 

test-retest reliability of modified functional reach test in children with cerebral palsy of age 6-

18 years in both genders. 
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HYPOTHESIS 

Not Applicable 
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RESEARCH QUESTION 

Research Question 1: 

What is the reliability of modified functional reach test in the children with cerebral palsy 

aged 6-18 years in terms of test-retest reliability? 

 

Research Question 2: 

What is the reliability of modified functional reach test in the children with cerebral palsy 

aged 6-18 years in both genders in terms of test-retest reliability? 
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OBJECTIVES 

OBJECTIVE 1: 

To find the reliability of Modified Functional Reach Test in children with Cerebral Palsy aged 

6-18 years in terms of test-retest reliability. 

 

OBJECTIVE 2: 

To find the reliability of Modified Functional Reach Test in Cerebral Palsy aged 6-18 years 

in both genders in terms of test-retest reliability. 
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REVIEW OF LITERATURE 

 

1. Tedla JS et al. in 2021 conducted a study on Normative Reference Values for 

Functional, Lateral, and Oblique Direction Reach Tests in Saudi Children Aged Six to 

15 Years Old and Psychometric Properties of the Oblique Direction Reach Test in 

which normative values for functional, lateral, and Oblique Direction Reach Tests 

(ODRT) were established to assess the validity and reliability of the ODRT in Saudi 

children of age 6–15 years. In this study, 300 typically developing children were 

recruited  from government schools in the Kindom of Saudi Arabia. Children with any 

health problems including minor fever and flu were excluded. Subjects raised their arm 

to 90 degree of flexion and maintained this position. The acromion process of subjects 

was levelled to a reference point on the graph paper. The researcher marked a starting 

point on the graph paper at the level of third meta-carpal head on a closed fist. The 

subjects were instructed to reach as much as possible. The distance between starting 

and ending points were measured with a ruler and noted in centimeters. Same procedure 

was repeated for lateral reach and oblique reach where the children were instructed to 

abduct to 900 and raise in oblique direction respectively. They found that there was a 

moderate correlation between age, height and weight to the FRT with r values 0.55, 

0.56, and 0.54 respectively with the significance < 0.001. There was a moderate 

correlation between age, height, and weight to the ODRT with r values 0.51, 0.50 and 

0.49 respectively at the significance < 0.001. In all age groups, male children achieved 

greater lateral reach distances than female children. The mean and standard deviation 

for forward, lateral and oblique direction reach was 25.63 ± 6.95, 18.91 ± 5.66, 22.08 
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± 5.98 cm. They concluded that oblique direction reach test is a valid and reliable for 

measuring limits of stability in oblique direction. 4 

 

2. Walaa A Alammar, Hetaf A Alammar , in 2020, conducted a a systematic review of 

adults’ sitting balance assessments in neurological and neuromuscular conditions with 

the objective of finding out new assessment tools for sitting, in patients with 

neurological and neuromuscular conditions. Population included were adult with 

neurological impairment (stroke,TBI, SCI, MS, ALS, CP and N-TBI). Interventions 

included were assessment of sitting balance. Article published were from 2009–2019. 

Any assessment that measures the standing/walking ability or has items for that, and 

studies that include pediatric or adolescent or both were excluded.10 studies were 

included according to the criteria. PubMed, Web of Science, Ovid Medline and 

Cochrane, were selected as databases. They found out six assessments for spinal cord 

injury patients, 3 for stroke patients; 1for multiple sclerosis. The review had found out 

that brain injury showed lack of evidence, and also that sitting is difficult to be assessed 

in patients with cognitive difficulties. 7 

 

3. Simon Schedler and associates in 2019 conducted a systematic review and meta-

analysis of age and sex differences in human balance and performance from 6-18 years 

of age where a systematic search in the electronic databases, Pubmed, Web Of Science 

and SPORTDiscus was performed. Additionally, the search was limited to publication 

date (1960/01/01- 2018/08/31), age (6-18 years), English language, full text articles. 

The inclusion criteria included participants healthy, who aged between 6 and 18 years, 

atleast one parameter registered in the study. The exclusion criteria included athletes, 

patients and/or patients with disease. They found better performances in adolescents 
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compared to children for outcomes of static/dynamic steady state and proactive balance. 

They concluded that balance performance improves from childhood up to late 

adolescence or early adulthood due to neural maturation and that balance might be 

differentially trainable in youth.3 

 

 

4. Niall C. Wilton and co-author, in 2019, in “ A Practice Of Anaesthesia In Infants and 

Children”, stated that Gross Motor Function Measure(GMFM) and the Paediatric 

Evaluation of Disability Inventory (PEDI), are reported to be reliable and valid 

measures for documenting change in motor ability over time and that Gross Motor 

Function Measure(GMFM) is a criterion-referenced measure of basic gross motor 

abilities in five dimensions: lying and rolling; sitting; crawling and kneeling; standing; 

and walking, running, and jumping. The original Gross Motor Function Measure is with 

88 items (GMFM-88) and the newer version is with 66 items (GMFM-66) and both the 

versions have been shown to be responsive to change in basic gross motor abilities and 

proven high inter-rater and intra-rater reliability in children with cerebral Palsy and the 

GMFM-88 have been shown to be responsive to change in children with Down’s 

syndrome.28 

 

5. AA Deshmukh and co-author in 2018 conducted a study where they established normal 

values of modified functional reach test in Indian school going children of age 6-12 

years where 280 children (6-12 years), 140 boys and 140 girls were selected by 

stratified random sampling, subdivided into 7 groups. Anthropometric data was taken 

and the reach distance was measured in 3 attempts. The mean of the 3 successive trails 



16 
 

was calculated. The score of modified functional reach was 19.53± 3.57cm to 26.48± 

5.27cm. The score of lateral reach was 17.68± 2.59cm to 22.50±3.75cm.1 

 

6. X.L.Li and associates in 2017 conducted a study on the reliability and validity of sitting 

balance control tests in stroke survivors where 11 community-dwelling stroke survivors 

(8 men and 3 women mean age 61.7 years) and 15 healthy subjects (6 mean and 9 

women mean age 54.3 years) were recruited by convenience sampling and all stroke 

subjects had survived a stroke for a minimum of 2 years. Inclusion criteria for stroke 

survivors: Subjects able to sit unsupported independently for at least 2 minutes, able to 

perform shoulder flexion for at least 90°, previously fully independent in Activities Of 

Daily Living (ADL), and able to communicate and follow instructions. Inclusion 

criteria for healthy subjects: independent in ADL, outdoor walkers and able to 

communicate and follow instructions. The exclusion criteria for both the groups were 

orthopaedic or other neurological diseases affecting balance, hemianopia, visuo-spatial 

neglect, marked hypertonicity of muscles, unstable medical conditions and unable to 

sit. Limits Of Stability test (LOS) and sequential weight shifting test(SWS). The 

outcome measures of LOS were mean of the eight directions in reaction time, maximum 

excursion and directional control while those of SWS were the total movement time 

and directional control. Modified Functional Reach Test was shown to have excellent 

test-retest reliability in healthy population and stroke survivors. The Trunk Impairment 

Scale was proven to have high test-retest reliability and inter-rater reliability. Hence, in 

this study, good test-retest reliability of the two dynamic sitting balance tests, LOS and 

SWS has been shown. 29 
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7. Ji Won Shin and co-author in 2016 conducted a study on the effect of enhanced trunk 

control on balance and falls through bilateral upper extremity exercises among chronic 

stroke patients in standing position where a total of 30 patients diagnosed with unilateral 

brain damage (based on Computed Tomography or Magnetic Resonance Imaging 

findings) were selected as subjects. The selection criteria included disease duration not 

shorter than 6 months, a Korean mini-mental state examination (MMSE-K) score not 

lower than 24 points and the ability to stand independently. The exclusion criteria were 

patients with any high risk heart disease, medical disease or nay musculoskeletal system 

disease who were unable to undergo training. The study subjects were randomly divided 

into experimental and control groups containing 15 subjects each. The experimental 

group underwent nervous system rehabilitation treatment and the bilateral upper 

extremity activity program for 30 minutes at a time, 3 times a week for 4 weeks, for a 

total of 12 sessions. The control group underwent nervous system rehabilitation 

treatment for the same duration and number of sessions. 4 bilateral upper extremity 

activities were performed in a specific order. Subject trunk control and balance were 

evaluated before and after the nervous system rehabilitation treatment and bilateral 

upper extremity activity program using the Trunk Impairment Scale (TIS) and the Ber 

Balance Score(BBS). Statistically significant differences were observed in both 

experimental and control groups in all TIS and BBS sub-items. On comparison of the 

effects of the different treatment methods, there were significant differences between 

groups in all sub-items of the TIS, except for static sitting balance. 30 

 

 

8. Silvio Scena and associates, in 2016, conducted a study on computerized Functional 

Reach Test to measure balance stability in elderly patients with neurological disorders 
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where a total of 80 patients (38 males and 42 females) with neurological disorders 

volunteered to participate in this cross-sectional descriptive study. Inclusion criteria 

were neurological disorders due to brain pophysical support, ability to understand and 

perform the FRT appropriately. Exclusion criteria were minimal understanding of 

Italian, less than 65 years old, blind, Parkinson’s Disease, stroke (CVA), seizures, heart 

disease, or orthopaedic problems, back pain, muscles contracture, Mini-Mental State 

Examination(MMSE) score less than 22, or sport practice at a competitive level. 

Following were the outcome measures: MMSE (used to study correlations between 

cognitive abilities and physical performance), Tinetti test(chosen because it is a 

functional test, relatively quick to administer and does not require specialized 

equipment) and FRT(based on analysing the limits of anterior-posterior stability in an 

upright position in the absence of external perturbations).All healthy subjects were 

more than 70 years of age (mean 75.9±4). The outcomes were functional reach distance 

23.8±4.5cm, velocity time 28.4±3.5cm/s, stop time 0.505±0.05s, and arm lowering 

6.2±1.3cm. The significant finding of this study is that except for velocity, subjects with 

neurological disorders showed low correlations between FR and the other 

characteristics of the FRT, such as stop time and lowering.31 

 

9. Ken Y. T. Lee and associates in 2016, conducted a study on Reliability and validity of 

the sequential weight-shifting test: a new functional approach to the assessment of the 

sitting balance of older adults. The objective of this study was to investigate the 

psychometric properties of the sequential weight-shifting (SWS) test. 23 older adults 

who were physically dependent for ambulation were recruited in the study. The 

candidates were excluded if they had a progressive neurological disease or any unstable 

medical condition, had any signs or symptoms consistent with major unstable 



19 
 

cardiopulmonary were unable to follow instructions; or had a terminal disease. The 

assessments used were the sequential weight-shifting (SWS) test, a reaching test in the 

sitting position (forward and lateral reach), tests of arm muscle strength, an eye-hand 

coordination test, a mobility test, and a pulmonary function test. In result, moderate 

reliability of the SWS test has moderate reliability within this population with a mean 

age of 88 years, The ICC (3,1) value was found to be 0.67 (95% confidence interval, 

0.12 to 0.91). 10 

 

10. Yaqin Yang,et al in 2016, conducted a study to find out Reliability of functional gait 

assessment in patients with Parkinson disease, as a measure of balance and gait. All 

inpatients with PD who were hospitalized in the Movement Impairment Ward of the 

Department of Neurology at Beijing Tiantan Hospital between March 2011 and 

December 2011 were Screened; and 121 in-patients (82 males and 39 females), were 

enrolled in this study. The participants included were diagnosed with idiopathic PD 

according to the diagnostic criteria of the UK Parkinson Disease Society Brain Bank, 

able to stand still without support for at least 1minute, and Mini-Mental State 

Examination score ≥24. Subjects diagnosed with secondary Parkinson syndrome or 

Parkinson plus syndrome, inability to walk at least 10m without physical assistance or 

walking aids (no participant was allowed the use of a walking assist device), or presence 

of a comorbidity affecting motor function (such as stroke, amputation, or visual 

impairment), were excluded. 2 raters scored the performance on the FGA by directly 

observing on the patients. The inter-rater reliability of the whole scale was found to be 

excellent, with an ICC of 0.99, the kappa values of individual items ranged from 0.91 

to 0.99. They concluded that the FGA has high external and internal reliability with 

good scale stability for evaluating balance and gait disorders in patients with PD. 32 
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11. Alastair H MacLennan, Suzanna C Thompson and Jozef Gecz, in 2015, in an article 

“Cerebral Palsy: Causes, Pathways, and the role of genetic variants” stated that Cerebral 

Palsy is a heterogenous condition with multiple causes, multiple clinical types, multiple 

patterns of neuropathology, multiple associated developmental pathologies, the 

prevalence of which is 2-2.5/1000 live births. The article also stated that there is 

increasing scientific evidence that Cerebral Palsy is usually associated with long 

standing intra-uterine pathology, intra-uterine growth restriction, antepartum 

haemorrhage, tight nuchal cord and that pre-term delivery is a major risk factor for 

Cerebral Palsy. It was stated that the genetic causes of Cerebral Palsy have been 

suspected because of the link with congenital malformations,, and increased risk in 

consanguineous families and monozygotic twins. The article concluded that it is 

possible that a severe acute de novo metabolic acidosis could be a rare primary cause 

of Cerebral Palsy, or that intrapartum hypoxia could be a secondary cause of Cerebral 

Palsy. 14 

 

12. SB O’Sullivan, TJ Schmitz, G Fulk, in the book “Physical Rehabilitation”-6th edition, 

published in 2014, chapter : “Strategies to improve motor function”, stated that balance 

is the condition in which all the forces acting on the body are balanced such as the 

Centre Of Mass is within the stability limits and the boundaries of the Base Of Support. 

Also, Postural Control(Balance) is the ability to maintain the body in equilibrium or to 

control the body’s position in space for stability and also for orientation. It also stated 

that postural stability control(static balance) is the ability to maintain stability and 
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orientation  with the body at rest, and dynamic postural control(dynamic balance) is the 

ability to maintain stability and orientation while the body is in motion.2 

13. Danielle Chamberlain and associates in 2014 conducted a study on the use of the 

modified functional reach test in a patient with Friedreich’s ataxia, where the subject 

was a non-ambulatory 24year old male with Friedreich’s ataxia and his primary 

physiotherapy goal was to improve sitting balance. The patient was seen for twice a 

week for 6 weeks, where sessions were limited to 30minutes. Emphasis was placed on 

seated balance exercises at the edge of the mat table. Range of motion exercises for 

wheelchair positioning and comfort, strengthening exercises were also included to 

maintain upper body strength for transfers. The patient participated in 10 therapy 

sessions. Despite the observable changes in the patient’s functional mobility and seated 

balance, Friedreich’s Ataxia Rating Scale (FARS) scores remained unchanged over 6 

months period of time. In contrast scores on the Modified Functional Reach Test 

decreased from 30.5cm to 5.0cm in forward direction and from 7.5cm to 4.0cm to the 

right. The patient’s lateral reach was inconsistent and demonstrated improvement from 

5.75cm to 6.5cm reach at the end of the period. The Modified Functional Reach Test 

provided quantitative documentation of the patient’s decreased seated balance, 

something that FARS was unable to capture.8 

 

 

14. Rosalee Dewar and associates, in 2014, made a systematic review on exercise 

interventions improve postural control in children with cerebral palsy which was 

conducted according to principles of American Academy of Cerebral Palsy and 

Developmental Medicine methodology . A systematic literature search of articles 

published between January 1980 and December 2013 was performed. Articles were 
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included if study participants were children diagnosed with CP, and aged between 0 

and 18 years, they performed a land-based exercise intervention that required active 

participation by the child. Articles were excluded if they reported passive interventions, 

water based interventions, medical or surgical interventions or active exercise 

interventions without any reported outcome measures for postural control. Following 

interventions were applied: Functional Electrical Stimulation, Gross motor training, 

hippotherapy, neuro-developmental therapy, progressive resistance exercise, Treadmill 

training with body weight support, trunk targeted training, upper limb interventions.33 

 

15. Sivatejaa Panibatla and associates, in 2014, conducted a cross-sectional study on 

relationship between trunk control and balance in children with Spastic Cerebral Palsy 

where 24 children of 8-14 years of age, participated in the study. Inclusion criteria: 

Children of 8-14 years of age, afflicted with spastic cerebral palsy, GMFCS levels 1, 2, 

3, afflicted children able to understand the test instructions, able to sit without trunk 

and feet support for at least 30 minutes and able to stand independently without upper 

extremity support for 4 seconds. Exclusion criteria: afflicted children who had 

undergone spinal surgeries, botulism toxin prescribed in the last 6 months, intrathecal 

baclofen pump implantation, history of injury to spine and pelvis, on medication like 

anti-epileptic and anti-spastic drugs, progressive neurological disorder, genetic or 

metabolic disorder and severe concurrent illness or disease not typically associated with 

CP. Trunk control was assessed using trunk control measurement scale for static and 

for dynamic components. Scoring was based on the best of three performances. All the 

selected children were randomly tested for trunk control and balance using Trunk 

Control Measurement Scale(TCMS) and Pediatric Balance Scale (PBS). The findings 

suggest that the trunk control and balance are essential elements of the functional 
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abilities of children with Cerebral Palsy. The result showed a strong significant 

correlation between the total components of trunk control and balance, and that children 

with spastic Cerebral Palsy with good sitting trunk control will have a better functional 

balance in standing.15 

 

16. Priyanka Singh and associates in 2013 conducted a study where they established 

normative data of modified functional reach test in younger and middle aged north 

eastern Indian population where a total of 200 apparently healthy subjects participate. 

They were divided into 2 groups(younger and middle-aged). Anthropometrics were 

measured and forward and lateral reach was found out in 3 trials. The mean score of 

the forward and lateral reach of right and left in group1 was compared to group2. The 

mean score of the forward and lateral reach of right and left in group1 was higher as 

compared to group2. The normative value for forward reach in group1 was 

34.05±9.03cm. For right lateral reach it was 18.2± 5.26cm and for left lateral reach it 

was 17.32 ±5.21cm, respectively. The normative value for forward reach in group2 was 

25.18± 5.71cm. For right and left lateral reach, values were 14.02± 3.98cm and 13.53± 

4.25cm, respectively.9 

 

17. Silvia Leticia Pavao and associates carried out a review of assessment of postural 

control in children with cerebral palsy in 2013 where scientific articles were obtained 

by means of an extensive search in electronic databases, including Pubmed, Science 

Direct, Scielo, and Lilacs and all included papers consisted of cross-sectional studies. 

The sample size ranged from 8 to 115 children in the studies and the mean number of 

participants with Cerebral Palsy in the studies was12.1. The age of the participants 

ranged from 9 months to 18 years old. According to them primary direction-specific 
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adjustments while sitting are preserved in child with mild to moderate Cerebral Palsy, 

however, secondary adjustments(related to the muscle response) are impaired. When 

sitting posture is perturbed, these children exhibit proximal- distal patterns of activation 

and excessive co-activation of antagonistic muscles. While standing at rest, the children 

with Cerebral Palsy who are able to stand and walk independently display increased 

sway during quiet stance. Problems in activating postural muscle responses prior to 

voluntary muscle activity occur in children with spastic hemiplegic Cerebral Palsy. 5 

 

18. Jin-Gang Her and associates, in 2012, carried out a study on reliability of the Pediatric 

Balance Scale in the assessment of the children with Cerebral Palsy where a 

convenience sample of 36 children diagnosed with Cerebral Palsy between 6 and 13 

years of age(20 boys and 16 girls) were taken. The inclusion criteria were: ability to 

follow verbal commands; absence of nerve block injection or orthopaedic surgery 

within the previous 6 months; absence of cardiovascular disease and joint contractures; 

and ability to stand independently without upper extremity support for more than 4 

seconds. All children were assessed bare feet and without assistive devices. 7 raters and 

one assistant who recorded the performances were included in the study. In first part of 

the study to assess inter-rater reliability, 7 raters scored the same video; in the second 

part to determine the intra-rater reliability, two of the seven raters rescored the same 

recordings; in the third part of the study, to examine the test-retest reliability, rater C 

scored the video recordings in two sessions, two weeks apart. For relative reliability, 

the ICC with 95% confidence intervals was used to evaluate the inter-rater, intra-rater 

and test-retest reliability of the total scores of the PBS. High inter-rater reliability was 

demonstrated by an ICC, value of 0.901 for the total score of PBS, the SEM and SRD 

were 0.65and 1.25 respectively. The intra-rater reliability ICC of the total score of PBS 
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was 0.998 for the experienced rater and 0.978 for the newly trained rater. The SEM and 

SRD of the total score of the most experienced rater were 0.37 and 1.02 respectively. 

The test-reliability of total score for the PBS with an interval of two weeks was assessed 

using ICC and the value was 0.958. The SEM and SRD were 0.61 and 1.69 for the total 

score, respectively. In conclusion, they demonstrated satisfactory absolute and relative 

inter and intra rater reliabilities of the PBS and provided a reference framework for 

future studies using SEM values to assess the functional balance of children with CP.16 

 

19. Abhijeet A. Deshmukh, Sailaksmi Ganesan, Jaya Shanker Tedla, in 2011, conducted a 

study on Normal Values of Functional Reach and Lateral Reach Tests in Indian 

School Children where a cross-sectional study was performed on 350 subjects in the 

age group of 6-12 years in Mangalore city. Subjects were divided into 7 groups 

depending upon age. Children of both genders who were typically developing, 

between the ages of 6 and 12 years, who had the ability to stand for at least 2 minutes 

without support were included in the study. Children with any history of middle-ear 

infection within the past 6 months or with height or weight below the 10th or above 

the 90th percentile for gender and age as well as those who were uncooperative were 

excluded from the study. Each subject was given 3 successive trials of forward reach 

and lateral reach separately. The mean for these 3 trials was calculated. The normal 

values of forward reach ranged from 22.7 cm (± 3 cm) to 37 cm (± 4.4 cm) and of 

lateral reach ranged from 16.3 cm (± 2.3 cm) to 22.5 cm (± 3.3 cm). They found out 

that the forward reach distance showed increments in both genders except for ages 8, 

10, and 11 years. Similarly, the lateral reach distance showed increments in both 

genders except for ages 9 and 11 years. They also found out that for children aged 6 to 

12 years, the mean of the forward reach distance value could be significantly 
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predicted by the mean of the lateral reach distance values (R2 = 0.32) and vice versa 

in both genders. They concluded that concluded that height is the main contributing 

factor leading to variations in forward reach and lateral reach distance, because 

parameters such as length of the upper and lower extremity and base of support 

showed direct correlations with growth. 34 

 

20. Michal Katz-Leurer, Iris Fisher, Martin Neeb, Isabella Schwartz and Eli Carmeli in 

2009 conducted a study on Reliability and Validity of the Modified Functional Reach 

Test at the sub-acute stage post-stroke where the patients recruited were from the 

inpatient rehabilitation department at Hadassah University Hospital, Jerusalem, Israel. 

Patients with brainstem lesions and/or bilateral signs or hemorrhagic events, Mini-

Mental state examination<20, those who were not able to sit unsupported for 10 

seconds, were excluded from the study. The data was collected at two occasions, 2-3 

weeks post-event  and again 6 weeks later, the test was performed 3 times, the second 

and third attempts were compared for the within-session reliability. The Modified 

Functional Reach Test exhibited high reliability in all directions(intra-class correlation 

coefficient range0.90-0.97).26 

 

21. Diane L. Damiano and co-author, in 2009, conducted a systematic review of the 

effectiveness of treadmill training and body weight support in paediatric rehabilitation, 

where the review was limited to those studies with the primary goals of improving 

lower extremity functioning. The population of interest were infants, children, 

adolescents, and young adults less than 21 years of age, who had or were at risk for 

developing a motor disability affecting gait, coordination or function. Studies that 

included typically developing children, those that used treadmills for sports-related 
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training or those that addressed diminished exercise capacity due to medical illnesses, 

or that included individuals over 21 years of age, were excluded. In Cerebral Palsy, 

there are significant increases in the GMFM scores on standing, walking, running, 

jumping. There was significant effect for increased gait speed in the training group 

during a 10 meter walk at the subjects’ self-selected comfortable speed. A secondary 

goal of this review was to evaluate whether an effective protocol emerged for specific 

patient groups. The frequency cited ranged from 3-5 days per week, the shortest 

program duration of 12 weeks and the longest was 5 months, 30 minutes of training 

was a consistent upper goal. Efficacy of this training compared to co trolls has been 

demonstrated in infants with Down’s syndrome; evidence in paediatric SCI is very 

limited so no general conclusion can yet be made; in case of Cerebral Palsy, the strength 

of evidence is weak.35 

 

22. T. Michael O’Shea, in 2007, in an article “Diagnosis, treatment and prevention of 

Cerebral Palsy” stated that the diagnosis of Cerebral Palsy is based on a clinical 

assessment and not on lab testing or neuroimaging. In clinical practice, the diagnosis of 

Cerebral Palsy is typically based on observations or parent reports of achieved motor 

milestones. The approach that appears to be most widely used is based on the standard 

measure of motor function, the Gross Motor Function Classification System(GMFCS). 

It also stated that until recently, the neuroimaging studies of preterm infants with 

Cerebral Palsy were based largely on neonatal cranial ultrasound. It also stated that the 

American Academy of Pediatrics has emphasized the importance of a primary care 

“medical home” for children with chronic illnesses, including Cerebral Palsy. The roles 

of the medical home include care co-ordination to minimize redundant services, 

monitoring of response to treatments, interpreting findings to the family, orchestrating 
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co-management with specialists, and advocating for the patient with prayers and 

providers such as the public schools. The prognosis for independent ambulation of the 

children with Cerebral Palsy depends in large part on the type of motor impairment. It 

stated that the interventions that prolong the gestation, or decrease the risk of preterm 

delivery, will decrease the risk of Cerebral Palsy, where approaches to reduce the rate 

of preterm birth include smoking cessation during pregnancy, calcium channel 

blockers, oxytocin antagonists, anti-platelet drugs, etc. It concluded that the care of the 

children with Cerebral Palsy requires a multidisciplinary, comprehensive and co-

ordinated approach.12 

 

23. Susan R. Harris and Lori Roxborough, in 2005, conducted a study on” Efficacy and 

effectiveness of Physical Therapy in enhancing Postural control in children with 

Cerebral Palsy. It was a systematic review where a multifaceted search strategy was 

employed to identify all potential studies published between 1990 and 2004. The search 

was from electronic databases, reference list scanning, author and citation tracking of  

relevant articles, pediatric physical therapy journals and conference proceedings. 

Exclusion criteria were set for co-interventions(medication or surgery) that might have 

influenced the outcome and duplicate reports of studies. Inclusion criteria were children 

with Cerebral Palsy between 0-18 years of age, physical therapy strategy involving 

motor therapies, balance training and assistive devices, outcome(measurement of 

change un postural control) and interventions(study type). The electronic database and 

manual search strategy identified 285 studies. 12 studies met the inclusion criteria 

forming the basis of this review. The study quality scores ranged from 2 to 7, with a 

median score of 5.5 and a mode of 6. Sixty seven percent of the studies achieved a 

moderate of high quality score. The results of seven studies were positive for postural 
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control outcomes. The highest level of evidence(level2) were obtained for two studies 

comparing adaptive seating interventions, both having significant results; one study of 

wedged shoes compared to solid ankle foot orthoses had non-significant results, and 

one study of neurodevelopmental therapy(NDT) compared to practice had non-

significant results.27 

 

24. Doreen Bartlett and Trevor Birmingham, in 2003 conducted a study on Validity and 

Reliability of a Paediatric Reach Test in which 20 typically developing children in the 

age group of 2-12 years were recruited from the faculty or staff in the Faculty of 

Health Sciences at The University of Western Ontario. The standing dimension of the 

PRT was administered first to the typically developing children by a consistent, 

trained physical therapy student rater. Then, each study participant in the sample of 

children developing typically was assessed using standing balance tests performed on 

a force platform (model OR6-6, AMTI, Watertown, Mass). In all the tests, the 

anteroposterior limits of stability, mediolateral limits of stability, and steadiness 

during quiet standing, children completed one practice trial. There were 3 trials of the 

test. In the final phase of the, two trained physical therapy student raters each 

independently assessed each of the 10 children with cerebral palsy on one occasion 

(time one: interrater reliability) using the PRT. Both physical therapy students 

reassessed all 10 of these children one to two weeks later (time 2: for test-retest 

reliability and a second estimate of interrater reliability). They found out that the 

relationship reflecting construct validity between both the total scores on the PRT and 

laboratory measures (r = 0.65, p = 0.003) and the forward reach component and the 

anteroposterior limits of stability (r =0.77, p = 0.001) were significantly associated. 

The relationship between the combined lateral reaches in the clinical test and the 
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mediolateral limits of stability was r = 0.42, p = 0.08), and statistically non-

significant. The relationship between the total score of the PRT and the GMFCS level 

was r = 0.88 p = 0.001. They concluded that The PRT is a simple, valid, and reliable 

measure that can be used with children with cerebral palsy and has moderate-to-

excellent test-retest reliability. 11 

 

25. Amy Winter Bodkin, Cordelia Robinson and Frida P. Peralesv in 2003, conducted a 

study on Reliability and Validity of the Gross Motor Function Classification System 

for Cerebral Palsy in which they evaluated the interrater reliability using videotapes 

and criterion related and construct validity of the Gross Motor Function Classification 

System. 50 children with a diagnosis of cerebral palsy or Down syndrome who were 

receiving early intervention services located in six states (New York, Virginia, Florida, 

Ohio, Alabama, and Colorado were selected) out of which 23 children had cerebral 

palsy and 27 had Down syndrome. The subjects were videotaped in six possible 

positions (supine, prone, sitting, quadriped or weight-bearing, kneeling, and standing). 

The GMFCS level for each videotape segment was determined by an experienced 

paediatric physical therapist using GMFCS guidelines. Interrater reliability between 

two experienced paediatric physical therapists who assigned the GMFCS level using 

videotaped segments was high (k=0.84, p < 0.0001). They demonstrated that the 

GMFCS can be used to reliably rate motor behaviour using videotapes of children with 

cerebral palsy or Down syndrome. 24 

 

26. Knox, in 2002 conducted a case study on evaluation of the Sitting Assessment for 

Children with Neurological Dysfunction as a measurement tool in Cerebral Palsy where 

the patient was Spastic Diplegic associated with pre-maturity, She had attended the 
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Bobath centre at the age of 3 years 11 months, receiving 1.5 hours of physiotherapy 

daily for 2 weeks and could crawl, stand with support and was unable to reach out of 

her base of support in sitting without losing balance. SACND was chosen as an 

objective measure of quality of sitting as it requires sustained sitting for 5 minutes and 

reaching and reaching while sitting. It was a 2 week intervention where the goal was to 

achieve a reduced score on SACND. The treatment consisted of activities to facilitate 

use of both trunk flexors and extensors simultaneously, which included: working on 

sequences of movement, improving the ability and quality of reaching in sitting and 

standing unsupported; and facilitating balance reactions in sitting. After 2 weeks, it was 

found that she improved in all sitting behaviours measured by SACND(it reduced). He 

also said that the Gross Motor Function Measure includes sitting dimension covering 

abilities such as sitting on the floor, a bench, and movement in and out of sitting but 

has a ceiling effect that the child is required to sit for 10 seconds and that the test does 

not purport to measure the quality of movement; the Chailey Levels of Ability, designed 

to assess the postural ability of children with Neurological Impairment, is a 7 point 

scale of ability but does not receive a score . He concluded that SACND is a useful 

standardized outcome measure for children with Neurological Dysfunction, is quick to 

administer and can provide objective information regarding aspects of independent 

sitting ability.18 

 

27. Suzanne M Lynch and associates in 1998 conducted a study on reliability of 

measurements obtained with a Modified Functional Reach Test in subjects with spinal 

cord injury where 30 male subjects with spinal cord injury were divided into 3 groups 

based on injury type. Group1 consisted of subjects of subjects with C5-C6 tetraplegia, 

group2 consisted of subjects with T1-T4 paraplegia, and group3 consisted of subjects 
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with T10-T12 paraplegia. The subjects were between 18 and 45 years of age. Inclusion 

criteria was: subjects had to be able to sit independently of a seating system with only 

a backboard for support, the subjects’ upper extremities had to be without deformities, 

and each subject had to be able to assume and maintain 90° of shoulder flexion. 

Exclusion criteria was: The presence of inadequate muscle force to maintain shoulder 

flexion during reaching, inadequate range of motion, or musculoskeletal deformity. 

Each subject had to practice trials of maximal forward reach, followed by three trials 

during which data was collected. The mean of these three trials was recorded. The mean 

maximal reach was 14.7cm for group1, 15.5cm for group2, and 22.9cm for group3. 

Rhere was no difference in the ability to reach between groups1 and 2, but mean reach 

was greater in group3 compared with groups1 and 2.25 

 

28. Sarah L Westcott, Linda Pax Lowes, Pamela K Richardson, conducted a study 

“Evaluation of Postural stability in children: current theories and assessment tools” in 

1997. For the measurement of sensory system, a clinical test of vestibular function is 

the Post-rotatory Nystagmus Test where the child sits on a rotating platform and is spun 

by the therapist for 20 seconds; and also the Vestibular Ocular Reflex Testing which 

permits measurement of reflexive eye movements driven by the vestibular system. 

Another test is the Pediatric Clinical Test of Sensory Interaction for Balance(P-CTSIB). 

Experiments that moved the floor surface showed three  basic patterns: ankle strategy, 

hip strategy and stepping strategy. The article also said that the therapists evaluated 

motor co-ordination by placing the child on a movable surface, The Clinical 

Observations Of Motor and Postural Skills(COMPS), Flat Board and Tilt Board Reach 

Test(Fisher and Bundy). For measuring the biomechanical system, Force output and 

Range Of Motion have shown to be related. Force Output has been evaluated using 
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Manual Muscle Testing. For Postural Stability, Alberta Infant Motor Scale, Bayley 

Scales of Infant Development, etc have been used. This article stated that research is 

needed for pediatric test and measurement development in all areas related to postural 

stability. 6 

 

29. Pamela W. Duncan and associates conducted a study on functional reach as new clinical 

measure of balance in 1990. Here, volunteers were recruited from 3 sources: Employees 

at the Duke University Medical Centre and the Durham Veterans Administration 

Hospital, students of the Duke University Physical Therapy Program, the Duke Aging 

Centre registry of community-dwelling elderly. Subjects were excluded if they were 

left-handed, carried a major orthopaedic or   neurologic diagnosis, had experienced any 

unexplained falls within the past 6 months, were unable to stand for 10 minutes without 

the use of an assistive device or had pain that would limit their ability. The functional 

reach was measured using an electronic device comprising a sliding horizontal track 

supported by 2 adjustable height tripods. The range for electronic functional reach was 

6.5 to 20.8ins and for yardstick reach, the range was 1.6 to 19.3ins. Their results 

indicated that several factors influence functional reach, height and age being the most 

significant ones. Their analysis reveals that females have a shorter reach then males. 

They concluded that standing functional reach is a reliable measure of balance that may 

be useful in the clinical assessment of instability.36 
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MATERIAL AND METHOD 

METHODOLOGY: 

• Type of Study:  An observational cross-sectional study 

• Study setting:  Physiotherapy Out Patient Department of Tertiary Care Centers. 

• Study population:  Children with Cerebral Palsy aged 6-18 years of both genders 

• Sampling Technique:  Convenient sampling 

• Duration of study: 18 months 

 

      Sample size estimation: 

• To calculate the sample size, a pilot study was done. 

• A sample of 5 children with diagnosis of cerebral palsy was included in the pilot study. 

• The forward and the lateral reach (right and left) were taken and the mean and standard 

deviation was calculated as follows: 

• Mean= 5.24cms and 

• Standard Deviation (SD)= ±4.26 

• The correlation coefficient between the test and retest was found out. 

• The reliability of the pilot study was calculated by the formula    
2 𝑟

1+𝑟 2
 where “r” is the 

correlation between test and retest and the value of which was taken as 0.996.  

• The sample size was calculated by the formula n=

4𝑆𝐷2

𝐿 2
 where "L" is the error, the value of which was 1.855. 

• A sample size of 30 were included in the study. 
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Method of selection of study subjects: 

 Inclusion Criteria: 

• Children diagnosed with Cerebral Palsy, by pediatrician, belonging to the age group 

of 6-18 years, both genders.1 

• Children able to follow verbal commands.1 

• Children having the GMFCS (Gross Motor Function Classification System) of 3 or 

less.11,12 

• Children with Cerebral Palsy who are able to assume 900 of flexion and abduction of 

shoulders, elbow extension, and forearm pronation.1  

 

Exclusion Criteria: 

• Children with Mental Retardation, seizure disorders. 

• Children having fixed deformities in their upper limbs and not able to perform the 

test. 

• Children undergone upper limb tendon lengthening surgery recently in two weeks 

duration. 

Subject withdrawal Criteria: 

      Subjects not co-operative throughout the study. 
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Operational definitions: 

• Cerebral Palsy: Cerebral Palsy is defined as a non-progressive neuromotor disorder 

of cerebral origin.10 

 

• Balance: Balance is defined as the ability to keep body’s center of mass (COM) 

within the limits of stability and base of support.3 

 

 

• Sitting Balance: Sitting balance is defined as the ability of person to maintain control 

over upright posture during forward reach without stabilization.5 

 

• Modified Functional Reach Test: The Modified Functional Reach Test is the 

objective measure to assess static as well as dynamic sitting balance in two directions, 

forward and lateral(right and left). The test is adapted from the Functional Reach Test 

for individuals unable to stand.10    

 

• Reliability: Reliability is the dependability, consistency and stability of an assessment 

tool.16 

 

• Test-retest reliability: Test-retest reliability is the consistency of an assessment tool 

between one test occasion and another.16               
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Methods of measurements: 

• To find out the maximal distance the child can reach while leaning forward and to the 

sides, the child was made to sit independently(unsupported) on an adjustable stool, 

with back straight and the feet pelvis width apart.1,7 

• The hip, knee, ankle, was positioned at 900 and the feet was flat on the surface.1,7 

• An initial measurement was taken with the upper extremity flexed and abducted to 

900.1,5,7 

• The anatomical landmark for the measurement of the reach distance was the ulnar 

styloid process.5 

• The measurement of the reach distance included the reach distance in the forward 

direction, and the left and right directions. 1,5,7    

 

 

Variables: 

• Independent variables: 

•  Age 

• Gender 

• Rater 

• Dependent variables: 

• Height 

• Weight 

• Reach Distance 
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Materials: 

• A stool1,5,7 

 

 

• A yardstick 

 

 

• A measuring tape 
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• A weighing machine 

 

 

 

• A pen  

• Evaluation proforma 
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Procedure: 

• Requisite permission from the Institutional Head was obtained.1 

• Permission from the Ethics committee and the Board Of Research committee was 

obtained.  

• Permission from the Institutional Heads of tertiary care centres and the owners of the 

respective paediatric rehabilitation clinics was taken. 

• Informed and written consent from parents was obtained. 

• Children were included according to the inclusion and the exclusion criteria. 

• Children with Cerebral Palsy were recruited by convenient sampling. 

• Quota sampling was used. 

• The children included in the study consisted of 26 diplegic, 2 ataxic, 1 triplegic and 1 

quadriplegic cerebral palsy. 

• The procedure was explained to the parents or the care-takers of the children. 

• Anthropometric measurements (age, height, weight, BMI in percentile) of the children 

were taken.1,5 

• A yardstick was arranged at the level of the shoulder of the child.5,6,8 

• Set-up for the test was be done prior to the test and children were made to sit on an 

adjustable stool with back straight (without back support) and feet pelvis width 

apart.1,5      

• The children were instructed to keep their reaching shoulder in 90° of flexion and 

abduction for forward and lateral reach test respectively.5,6 
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• An initial measurement of the reach tests distance in the forward and the lateral 

direction (right and left) were taken. 

• The anatomical landmark used for the measurement of the reach distance was the 

ulnar styloid process.8 

• They were explained to reach as far as they can, with shoulders 900   flexed or 

abducted, elbow extended, forearm pronated, wrist neutral, fists either open or close, 

in the forward as well as lateral direction, both right and left sides maintaining their 

balance. 8 

• Two trials (for adaptation) were given for each test.1, 8 

• Three attempts were given for each test and the average of three values was 

calculated.5,7 

• The forward and lateral reach (right and left) distance were measured on the same 

group of children again after 10 minutes duration. The child was moved out from the 

test position for ten minutes duration. 

• The same procedure was be repeated after 10 minutes in the same children with 

Cerebral Palsy by same rater and hence these values were considered for calculating 

the test-retest reliability of modified functional reach test. 

 

                                              

Figure 1: Forward reach starting position 
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Figure 2: Forward reach end position 

 

                                         

Figure 3: Left lateral reach starting position 

                                         

Figure 4: Left lateral reach end position 
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Figure 5: Right lateral reach starting position 

  

                                             

Figure 6: Right lateral reach end position 
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General Procedure 

Permission from the Institutional Head and Ethics Committee was taken 

 

Permission from the Institutional Heads of tertiary care centers and the owners of the 

respective paediatric rehabilitation clinics was taken 

 

Subjects were recruited according to convenient sampling 

 

Subjects were included according to the inclusion exclusion criteria. 

 

Informed and written consent from parents was obtained. 

 

 

Anthropometric data of the subjects was taken 

 

Set up for the test was done prior 

 

An initial measurement of the reach distance was taken and they were instructed to reach as 

much as they can, and again measurement was taken in all directions, the procedure was 

repeated after 10 minutes 

 

Three trials were given on each side. 

 

Data was collected and analyzed 
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DATA ANALYSIS AND RESULT 

 

• The data collected was entered in an excel sheet, and the back-up of the data was 

maintained. 

• The patient’s identity and information was kept confidential. 

• The data was utilized for further analysis. 

• Statistical software EPI version 7 was used. 

• Mean, Standard Deviation of the forward reach and the left and right lateral reach 

values were calculated. 

• The Intra-class correlation co-efficient was calculated for test-retest reliability for 

modified functional reach test in children with cerebral palsy of age 6-18 years in both 

genders. 

• Unpaired t test was used to compare the values between two groups (age groups, 

gender groups) 

• P value < 0.05 was considered statistically significant. 
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Result: 

In the present study, total 30 children with cerebral palsy (males=21, females=9) of both 

the genders in the age group of 6-18 years were evaluated for mFRT. All types of Cerebral 

Palsy were included. Among total 30, 26 were diaplegic, 2 ataxic, 1 triplegic and 1 

quadriplegic. In the age group of 6-10 years, there were 21 children, 6 females and 17 

males. In the age group of 11-18 years, there were 9 children, 3 females and 4 males. Total 

18 children belonged to GMFCS III and 12 of them belonged to GMFCS II. 

 

Table 1: 

Table 1 shows the demographic data of the 30 children with cerebral palsy included for 

the current study. The children with cerebral palsy in the age group of 6-10 years (21) are 

more than those in the age group of 11-18 years (9) (graph 1). Males are more in number 

(21) than the females (9) in the present study. The mean age of all the children with 

cerebral palsy included in the study was 9.30 ± 3.36years.  The mean BMI of all the 

children with cerebral palsy included in the study was 16.68 ± 3.42Kg/m2. 

 

Table 2: 

Table 2 and graph 2 shows the reliability of modified functional reach test in children 

with cerebral palsy aged 6-18 years. The reliability of modified forward reach test is 

0.996. The reliability of modified left lateral reach test is 0.974. the reliability of modified 

right lateral reach test is 0.988. As a whole, the reliability of modified functional reach 

test in children with cerebral palsy aged 6-18 years has proved excellent reliability in all 

directions (forward, left lateral and right lateral). 
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Table 3: 

Table 3 and graph 3 shows comparison in the values of mFRT in age groups in children 

with cerebral palsy of age 6-18 years. The p value = 0.13 for forward reach test, 0.04 for 

left lateral reach test and 0.213 right lateral reach test. This shows non- significant 

difference in the values in forward, and right lateral directions and significant difference 

in the left lateral direction. 

 

Table 4: 

Table 4 and graph 4 shows the comparison in values of mFRT among both genders in 

children with cerebral palsy of age 6-18 years. The p value for forward reach test is 0.570, 

0.938 for left lateral reach test and 0.875 for right lateral reach test. When compared the 

reach values of mFRT, there is non-significant difference among both genders in all 

directions (forward, left lateral and right lateral). 

 

Table 5: 

Table 5 and graph 5 shows the comparison of GMFCS level and mFRT in children with 

cerebral palsy of age 6-18 years. Among GMFCS level II and III, p values for forward 

reach test is 0.095, left lateral reach 0.184, right lateral reach 0.158. When compared with 

GMFCS level II and III, the values of mFRT do not show any significant difference. 

 

Table 6: 

Table 6 shows the correlation of mFRT with BMI of the children with cerebral palsy aged 

6-18 years. The correlation coefficient for forward reach test is 0.488, for left lateral reach 
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test is 0.307 and 0.279 for right lateral reach test. There is no significant correlation of 

BMI with the mFRT in forward, left and right lateral directions. 

 

Table 7: 

Table 7 shows the ranges of mFRT in all forward, left lateral as well as right lateral 

directions in children with cerebral palsy aged 6-18 years. The forward reach value ranges 

from 10.11cm to 13.89cm with mean of 12.00 ± 5.05cm. The left lateral reach value 

ranges from 8.31cm to 11.03cm with mean of 9.67 ± 3.65cm. The right lateral reach value 

ranges from 8.23cm to 11.34cm with mean of 9.79 ±4.16cm. 

 

In the current study, we found that the mFRT has excellent reliability (ranging from 0.97 

to 0.99) in all directions (forward, left lateral and right lateral). When compared the reach 

values of mFRT, there is non-significant difference among both genders in all directions 

(forward, left lateral and right lateral) (p > 0.05). 
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DISCUSSION 

 

The aim of the present study was to find out the intra rater reliability (test-retest reliability) of 

modified functional reach test in children with cerebral palsy of age 6-18 years. The objective 

was to find out the reliability of the mFRT in children with cerebral palsy of age 6-18 years in 

both the genders. In the present study assessment or measurement of the forward reach 

distance, right lateral reach distance and left lateral reach distance was done on two 

occasions, on each subject by the same rater.  

 

In the present study, mFRT showed excellent intra rater reliability in children with cerebral 

palsy of age 6-18 years (ranged from 0.97-0.99). In the previous studies performed in the 

condition of Spinal Cord Injury and sub-acute stroke, the reliability was found to be 0.94 and 

0.90-0.97 respectively. 25,26 It can be stated that mFRT is reliable to evaluate dynamic sitting 

balance in neurologically affected conditions (Spinal Cord Injury, Stroke etc). 25,26 It was 

observed that the reliability values are highest in the present study as compared to previous 

reliability studies. 25,26 

 

In the present study in children with cerebral palsy of age 6-18 years, the modified forward 

reach test values are 10.11cm to 13.89cm. When compared to the previous study done by 

Deshmukh AA (2019), in typically developing children (forward reach test values 19.53 ± 

3.57 to 26.48 ± 5.27) 1, and by Tedla JS (2021) on Saudi children aged 6-15 years (forward 

reach values 25.63 ± 6.95) 4, it was observed that the forward reach values obtained in the 

present study were lesser. In the present study the lateral reach values ranged from 8.31cm to 

11.02cm and 8.23cm to 11.34cm in left and right directions respectively. When compared 

with the study done by Deshmukh AA (2019) (lateral reach values 17.68± 2.59cm to 22.50 ± 
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3.75cm) 1 and Tedla JS (2021) (lateral reach values 18.91 ± 5.66cm) 4, the modified reach 

values in the lateral directions in the present study are lesser for the age group of 6-12 years. 

Cerebral palsy is a condition affecting posture as well as motor function which affects their 

muscle strength, flexibility and postural stability in standing as well as in sitting position. In 

order to perform a reach, dynamic balance is required, which is affected in children with 

cerebral palsy. 

 

In the present study, the forward reach values are greater than the lateral reach values. This is 

in accordance with the studies of mFRT done by AA Deshmukh in 2019, Tedla JS (2021) and 

by P. Singh in 2013. 1,4,9 While reaching forward, there is a broader base of support when 

compared to the smaller base of support in lateral reach. 1 The subjects can get a better visual 

feedback while reaching forward but while reaching laterally, the subjects have to depend on 

the somatosensory as well as the vestibular system. 1 This may attribute to the forward reach 

values being greater than the lateral reach values. 

 

In the present study when compared males with females, there was no significant difference 

found in modified forward reach, modified left and right lateral reach values (table 6). This is 

consistent with the findings of the study by P. Singh in 2013, Deshmukh AA (2019), Tedla JS 

(2021). 1,4,9 Physiologically, males are stronger than females but in children with cerebral 

palsy both gender are affected with motor impairment and postural dysfunction. 1 Hence 

could be the reason for equal reach values among both genders in children with cerebral 

palsy.  
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It was found that the reach values were more in older age, that is 11-8 years as compared to 

that in the age group of 6-10 years in all three directions (forward, Left lateral and right 

lateral). As the age advances, the reach values increase. This may be attributable to the fact 

that the postural stability matures by 10 years. 4 

 

Most of the children with cerebral palsy in the present study belong to the GMFCS level II (n 

= 12) and III (n = 18). It was observed that the children with GMFCS level II were having 

greater reach values in all directions (forward, left lateral and right lateral) compared with 

level III (table 7). This is in accordance with the GMFCS classification which says that the 

children with GMFCS level II have higher independence than that with GMFCS level III.24  

In the present study, there was no significant correlation of reach values with the BMI. This is 

consistent with the study done by AA Deshmukh in 2019. 1 Chamberlain D (2014), in a case 

study, demonstrated the use of Modified Functional Reach Test in a patient with Friedreich’s 

Ataxia. 8 But the reliability was not established in this study. In this case study, it is found 

that there was vast difference in the first and last values which cannot be considered reliable 

in the case of Friedreich’s Ataxia. 8 The case study on Friedreich’s Ataxia found higher 

forward reach test values compared to the lateral reach test values, which is also found in the 

present study.  

 

The current study revealed that the modified functional reach test showed excellent reliability 

in forward (r = 0.996), left lateral (r = 0.974) as well as right lateral directions (r = 0.988) as 

shown in table 4. When compared among both genders in the present study, the forward, 

lateral reach values (left and right) do not show any significant difference, as given in table 6. 



52 
 

When compared among the GMFCS level II and III, the difference is not significant in the 

forward reach, left lateral reach as well as right lateral reach values, as shown in table 7. 

 

Therefore, it can be stated that the intra rater (test-retest) reliability of modified functional 

reach test in children with cerebral palsy of age 6-18 years is excellent in forward, left lateral 

as well as right lateral directions. 
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STRENGTH OF THE STUDY 

• Present study showed excellent intra rater (test-retest) reliability in children with cerebral 

palsy of age 6-18 years. 

• The mFRT is a feasible tool to assess dynamic sitting balance, since it does not require 

any costly instrument and is easy to understand. 

• It can be used to assess the dynamic sitting balance in children with cerebral palsy of age 

6-18 years. 
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WEAKNESS OF THE STUDY 

The gender distribution in the study was unequal. 
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CONCLUSION 

This observational cross-sectional study found excellent intra rater reliability (test-retest 

reliability) of modified functional reach test in children with cerebral palsy aged 6-18 years, 

in all directions; Forward reach test r = 0.996, left lateral reach test r = 0.974, right lateral 

reach test r = 0.988. This test can be used to evaluate the dynamic sitting balance of children 

with cerebral palsy of age 6-18 years in both genders.  
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LIMITATIONS OF THE STUDY 

Present study included children with cerebral palsy with GMFCS level II and III only and other 

GMFCS levels (I, IV, V) were not included. Gender distribution was unequal. 
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CLINICAL IMPLICATION 

mFRT has been proved excellent intra rater (test-retest) reliability in cerebral palsy in all 

directions, forward (0.996), left lateral (0.974) and right lateral (0.988), which can be used to 

assess dynamic sitting balance in clinical setting as mFRT is feasible, easy to understand, 

easy to execute and there is no costly equipment required. 
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RECOMMENDATIONS 

Inter rater reliability can also be established in children with cerebral palsy in age 6-18 years. 

All types of cerebral palsy can be included for the study. Children belonging to all levels of 

GMFCS can be included in the study. 
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SUMMARY 

Balance is the maintenance of the equilibrium of the body. Following are the types of 

balance: Static balance and dynamic balance. Ability to maintain the posture in a position is 

called as static balance. The ability to maintain the posture while doing any movement as 

called as dynamic balance. 

 

Sitting balance is the ability to maintain the equilibrium and reach in sitting position. A child 

attains sitting as a milestone at the age of 5-8 months. Sitting balance is important to perform 

the functional activities in sitting, especially for the individuals who are non-ambulatory or 

have disabilities involving the lower limbs. The children with cerebral palsy lack an efficient 

postural control mechanism which results in impaired balance.  

 

Several measures are available to assess balance in children. PBS is also used in children with 

cerebral palsy but it does not have a component to assess the dynamic sitting balance in 

standing. Modified functional reach test is a feasible test as it does not require any costly 

instrument and is easy to understand.  Therefore the reliability of the mFRT was found in 

children with cerebral palsy of age 6-18 years. 

 

30 children with cerebral palsy were included in the study. The children with cerebral palsy 

were included by convenient sampling. Total 26 diplegic, 2 ataxic, 1 triplegic and 1 

quadriplegic cerebral palsy were included in the study according to the inclusion and 

exclusion criteria. 
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The children with cerebral palsy were made to sit on a stool with feet pelvis width apart and 

back unsupported. For forward reach test, the starting position was, shoulders flexed 900. An 

initial measurement was recorded in this position. The child was made to reach forward and 

the second measurement was recorded. Same procedure was repeated for both right and left 

reach tests with the shoulder abducted to 900. After 10 minutes the whole procedure was 

repeated again in all directions and readings were recorded. Intra rater reliability of modified 

functional reach test was found in children with cerebral palsy of age 6 -18 years. The 

difference in the values of mFRT in all the directions (forward, left and right lateral) when 

compared among both genders was found.   

 

The current study found excellent intra rater (test-retest) reliability of mFRT in all directions 

(forward, left lateral and right lateral), ranging from 0.97 to 0.99.  The forward left and right 

lateral reach values did not show any significant difference when compared among both 

genders. 
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TABLES AND GRAPHS 

 

Table 1: Demographic data of children with cerebral palsy aged 6-18 years 

 

Graphical representation: 
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group 

(years) 

n Gender Age mean SD 

(years) 

Height mean 

SD(cm) 

Weight mean 

SD(Kg) 

BMI mean 

SD(Kg/m2) 

   M F     

1. 6-10 21 17 4 7.33± 1.15 1.13 ± 0.1 20.03 ± 3.92 16.07 ± 3.07 

2. 11-18 9 4 5 14.11 ±2.08 1.35 ± 0.95 33.6 ± 9.24 18.11 ± 3.96 

Total 30 30 21 9 9.30 ±3.36 1.19 ± 0.14 24.24 ± 8.55 16.68 ± 3.42 
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Interpretation: The table shows that the children belonging in the age group of 6-10 years are 

more in number (21) than that in 11-18 years (9). The males are more in number (21) than 

females (9) in the study. The mean age of the 30 children included in the study was 

9.30±3.36years; the mean BMI was 16.68±3.423Kg/m2.  

 

Table 2: Reliability of modified functional reach test in children with cerebral palsy aged 6-

18 years 

  

N Mean(cm) Std. 

Deviation(cm) 
 Reliability 

Forward (Test) 
30 12.00 5.049 

 
0.996 

Forward (Retest) 
30 11.96 4.785 

Lt Lateral (Test) 
30 9.67 3.655 

 
0.974 

Lt Lateral (Retest) 
30 9.70 3.148 

Rt lateral (Test) 
30 9.79 4.165 

 
0.988 

Rt lateral (Retest) 
30 10.20 3.890 

 

Graphical representation: 
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Interpretation: The reliability of a test is indicated by the reliability coefficient. The reliability 

coefficient is denoted by the letter "r. Excellent reliability: 0.90 and above, good reliability: 

0.80 to 0.89, adequate reliability: 0.70 to 0.79, limited applicability: below 0.70 37 In the 

present study, the test-retest reliability of forward reach test is highest (0.996), followed by 

right lateral reach test (0.988) and then left lateral reach test (0.974). The forward reach test, 

left lateral reach test as well as right lateral reach test are having excellent/ high test-retest 

reliability. As a whole, mFRT is having excellent intra rater reliability among children with 

cerebral palsy in the age group of 6-18 years. 

 

Table 3: Comparison of the values of mFRT in age groups of children with cerebral palsy 

aged 6-18 years 

 
Age(year

s) 

N Mean(cm) Std. 

Deviation(cm) 

T Value P value 

Forward  
6—10 21 11.090 4.537 

-1.548 0.133 
11—18 9 14.133 5.803 

Lt Lateral 
6—10 21 8.80 3.437 

-2.12 0.043 
11—18 9 11.71 3.492 

Rt lateral 
6—10 21 9.162 4.169 

-1.275 0.213 
11—18 9 11.256 3.996 
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Graphical representation:  

 

Interpretation: The difference in the reliability of mFRT between the two age groups (6-

10years and 11-18 years) is not significant (NS) (p value> 0.05) in forward and right lateral 

directions, and significant(S) (p<0.05) in the left lateral direction in the study. 

 

 

Table 4: Comparison of gender with mFRT in children with cerebral palsy of age 6-18 years 

 
Gender N Mean 

(cm) 

Std. 

Deviation(cm) 

T value P value 

Forward  
Male 21 11.652 5.069 

-0.575 0.570 
Female 9 12.822 5.208 

Lt Lateral 
Male 21 9.70 3.849 

0.078 0.938 
Female 9 9.59 3.372 

Rt lateral 
Male 21 9.710 4.569 

-0.159 0.875 
Female 9 9.978 3.260 
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Graphical representation: 

 

 
 

Interpretation: The difference in the reliability of mFRT in both genders in forward reach test, 

left lateral reach test and right lateral reach test is not significant (p value> 0.05). 

 

 

Table 5: Comparison of GMFCS level with mFRT in children with cerebral palsy of age 6-18 

years 

 

 
GMFCS N Mean(cm) Std. 

Deviation(cm) 

T value P value 

Forward  
II 12 13.892 5.2306 

1.729 0.095 
III 18 10.744 4.6481 

Lt Lateral 
II 12 10.77 3.668 

1.362 0.184 
III 18 8.94 3.559 

Rt lateral 
II 12 11.117 5.3007 

1.451 0.158 
III 18 8.906 3.0560 
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Graphical representation: 

 

Interpretation: In the present study, children belonging to level II were 12 and level III were 

18. It was found that mFRT values (forward and lateral right and left) showed slightly higher 

values among GMFCS level II children compared to GMFCS III which indicated that 

GMFCS levels slightly affects mFRT values but there is no significant p value observed, 

which indicated that both GMFCS values II and III children with cerebral palsy showed 

comparable values in both forward and lateral directions. 

 

Table 6: Correlation between BMI with mFRT in children with cerebral palsy of age 6-18 

years 

  

 Mean(cm) Std. Deviation(cm) Correlation Coefficient 

BMI (Kg/m2) 16.68 3.428  

Forward  12.003 5.0499 0.488 

Lt Lateral 9.67 3.655 0.306 

Rt lateral 9.790 4.1649 0.279 
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Interpretation: The correlation coefficient of forward reach test is 0.448, that of left lateral 

reach test is 0.306, and the correlation coefficient of right lateral reach test is 0.279. BMI 

does not corelate significantly (weak correlation) with modified forward reach and both right 

and left modified reach distance in the children with cerebral palsy of age 6-18 years among 

both genders.  

 

Table 7: Ranges of Forward, left lateral and right lateral reach test in children with cerebral 

palsy of age 6-18 years 

 Mean(cm) Std. Deviation(cm) 95 % Confidence 

Limit 

Forward  12.00 5.049 10.11 13.89 

Lt Lateral 9.67 3.655 8.31 11.03 

Rt lateral 9.790 4.165 8.23 11.34 

 

 

Interpretation: For forward reach test, the mean value is 12.00 ± 5.06 cm and it ranges from 

10.11cm to 13.89cm. For left lateral reach distance, the mean value is 9.67 ± 3.65 cm and it 

ranges from 8.31cm to 11.03cm. For right lateral reach distance, the mean value is 9.79 ± 

4.16 cm and it ranges from 8.23cm to 4.16cm. 
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ANNEXURES 

ANNEXURE I (A) -Case record form 

ANNEXURE II (A)- Patient information sheet (Including English, Marathi, Hindi).  

ANNEXURE II (B)-Letter of consent (Including English, Marathi, Hindi).  

ANNEXURE II (C)-Permission letters(A,B,C) 

ANNEXURE III- Timeline / Gantt chart 

ANNEXURE I (A) 

CASE RECORD FORM 

DATE:______________________________________________________  

NAME: _____________________________________________________ 

AGE:_______________________________________________________ 

GENDER:___________________________________________________ 

ADDRESS:_________________________________________________________________

__ __________________________________________  

PHONE NO.:________________________________________________  

WEIGHT(kilogram):________________  

HEIGHT (centimeter):________________  

GMFC LEVEL: ______________ 
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ANNEXURE II (A) 

 

Participant’s information sheet  

Purpose:  To ensure that written informed consent is obtained from participants according to 

the regulatory requirements of ICMR and approved by IEC.  

  

Scope:  These standard procedures include cerebral palsy children of 6-18 years, both male 

and female. Their parents will be briefed about the study and those who are willing to 

participate voluntarily will be included in this study.   

  

Responsibilities:  The researcher will obtain written informed consent from all the 

participants who are volunteering to be the part of this study.   

  

Procedure:  1. The researcher will select the participants of cerebral palsy children of 6-18 

years (both male and female). 

  

2. The investigator will explain the observational protocol to allay apprehension and answer 

all the queries of the participant and their parents.  

  

3. If the participant and their parents decide to participate then they would be consented 

according to the standard procedure.  
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4. If the participant and parents expresses interest but has some doubts in that case they 

would be solved.   

  

5. If the participants and parents are comfortable with the explanation then they will fill the 

informed consent according to standard operational procedure.  

  

6. Study procedures will begin after the participant’s and parents concern.   

 

7. Detailed medical and any other physical problem history will be obtained from the 

participants and parents so as to verify the inclusion and exclusion criteria.  

8. If participant and parents want to discuss this information to their family members then 

they are entitled to do so before giving the consent. 

 

General information to research participants:   

 1. Name:      Age:      Sex:      Date:  

 

2. You would be required to fill the Proforma and the purpose of the research is to study 

“RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 

CEREBRAL PALSY OF AGE 6-18 YEARS: AN OBSERVATIONAL CROSS-

SECTIONAL STUDY.”  
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3. If you are willing to voluntarily participate in the study then you are expected to enroll 

with us right from the moment of filling Proforma till the completion of the test.   

  

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect.   

  

5. You will not be given any reimbursement and compensation.   

  

6. If at any moment you want to discontinue from this research study then you are free to do 

so and there would not be any hindrance from our side.  

  

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.   

  

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then their identity would not be revealed. If the photograph is 

published then permission would be obtained.   

 

9.All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.   
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10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.  

11.If you are not satisfied at any moment then you can withdraw at any time without any 

consequences.   

12. Name of Researcher:       

  Phone number:         

Address:   

  

13. Name of Guide:        

 Phone number:         

Address:   

  

14. Name of Institution: 
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ANNEXURE II (B) 

 सहभागीींची माहहती पत्रक 

• .उद्देशः आयसीएमआरच्या नियामक आवश्यकताींिुसार आणि आयईसीद्वारे मींजूर झालेल्या 

सहभागीींकडूि लेखी सचूचत सींमती ममळववली गेली आहे हे सनुिश्श्चत करण्यासाठी. 

 

• व्याप्ती: या मािक प्रक्रियाींमध्य ेसेरेब्रल पाल्सी 6-18 वर्ाांच्या मलुे, िर आणि मादी दोन्ही 

समाववष्ट करतात. तयाींच्या पालकाींिा अभ्यासाबद्दल माहहती हदली जाईल आणि जे स्वेच्छेिे 

सहभागी होऊ इश्च्छतात तयाींिा या अभ्यासामध्ये समाववष्ट केल ेजाईल. 

 

• जबाबदाया: या अभ्यासाचा भाग होण्यासाठी स्वयींसेवा करिा या सवव सहभागीींकडूि 

सींशोधकाींिा लेखी माहहती हदली जाईल. 

 

1. प्रक्रियाः  सींशोधक 6-18 वयोगटातील (पुरुर् आणि महहला दोन्ही) स्पॅश्स्टक सेरेब्रल पाल्सी 

मुलाींच्या सहभागाची निवड करेल. 

 

2. अन्वेर्क आशींका दरू करण्यासाठी आणि सहभागी आणि तयाींच्या पालकाींच्या सवव प्रश्िाींची 

उत्तरे देण्यास निरीक्षक प्रोटोकॉल स्पष्ट करेल. 
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3.  जर सहभागी आणि तयाींचे पालक सहभागी होण्यासाठी ठरले तर तयाींिा मािक प्रक्रियेिुसार 

सींमती हदली जाईल. 

 

4.  जर सहभागी आणि पालकाींिी स्वारस्य व्यक्त केले परींत ुतया बाबतीत काही शींका असल्यास 

तयाींचे निराकरि होईल. 

5. जर सहभागी व पालक स्पष्टीकरिास आरामदायक असतील तर त ेमािक ऑपरेशिल 

प्रक्रियेिुसार माहहतीची सींमती भरतील. 

 

6.  सहभागीच्या आणि पालकाींच्या चचींतेिींतर अभ्यासाची प्रक्रिया सुरू होईल. 

 

7.  समावेश आणि वगळण्याच्या निकर्ाींची पडताळिी करण्यासाठी सहभागी आणि पालकाींकडूि 

तपशीलवार वैद्यकीय आणि इतर कोितीही शारीररक समस्या इनतहास प्राप्त केली जातील. 

 

8.  जर सहभागी आणि पालकाींिा आपल्या कुटुींबातील सदस्याींसह या माहहतीवर चचाव करायची 

असेल तर सींमती देण्यापूवी त ेतस ेकरण्यास पात्र आहेत. 

सींशोधि करिारय्ाींिा सामान्य माहहती: 
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1. िाव:                                 वय:         मलींग:         तारीख: 

 

2. आपिास प्रोफामाव भरिे आवश्यक आहे आणि सींशोधिाचा हेत ूम्हिज े"वय -18 ते १ Y 

वर्ाांच्या सेरेब्रल पाल्सी सह मुलाींमध्य ेसुधाररत कायावच्या ववश्वासाचा ववश्वास: एक 

ऑपरेशिल िॉस-सेक्शिल स्टडी." 

 

3. जर आपि स्वेच्छेिे अभ्यासामध्ये भाग घेऊ इश्च्छत असाल तर आपि चाचिी पूिव होईपयांत 

प्रोफामाव भरण्याच्या क्षिापासूि आमच्यासह आमच्याकड ेिोंदिी करि ेअपेक्षक्षत आहे. 

 

4. या कालावधीत आपिास अस्वस्थ वाटत असल्यास कृपया दयापूववक आम्हाला कळवा 

जेिेकरूि आम्ही कोितीही अवप्रय पररिाम ि करता आम्ही आपल्याला मदत करू आणि 

आपल्या अडचिीींवर मात करू. 

 

5. तुम्हाला कोितीही भरपाई आणि िुकसािभरपाई हदली जािार िाही. 

 

6. कोितयाही क्षिी आपल्याला या सींशोधि अभ्यासापासूि दरू ठेवायचे असेल तर आपि तसे 

करण्यास मोकळे आहात आणि आमच्या बाजिूे कोिताही अडथळा येिार िाही. 
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7. अभ्यासाचे जोखीम, अस्वस्थता, फायदे आणि तोटे याींचे तपशील आपल्याला सींमतीपत्र प्राप्त 

करण्यापूवी स्पष्ट केल ेजाईल. 

 

8. या अभ्यासािुसार ममळालेला डेटा गुप्तपिे सींरक्षक्षत आणि राखला जाईल आणि जर छायाचचत्र 

वापरला असले तर तयाींची ओळख प्रकट होिार िाही. जर छायाचचत्र प्रकामशत झाल ेतर 

परवािगी घेतली जाईल. 

 

9. या अभ्यासासाठी आवश्यक असलेल्या ववववध चाचण्या प्रक्रियेचा जोखीम तुम्हाला समजाविू 

साींचगतली जाईल आणि तयािुसार सींमती घेतली जाईल. 

 

10. आपि थकल्यासारखे क्रकीं वा कसोटी पूिव करण्यात अक्षम झाल्यास आपल्याला काळजी 

करण्याची आवश्यकता िाही आणि आम्हाला कळवा जेिेकरुि आवश्यक पावले उचलता 

येतील. 

 

11.  आपि कोितयाही क्षिी समाधािी िसल्यास आपि कोितयाही पररिामामशवाय कधीही 

माघार घेऊ शकता. 
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12. सींशोधकाचे िाव: 

फोि िींबर: 

पत्ता: 

 

 

13. मागवदशवकाचे िाव: 

फोि िींबर: 

पत्ता: 

 

14. सींस्थेचे िाव: 
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ANNEXURE II (C) 

प्रनतभागी की सूचिा पत्र 

उद्देश्य: यह सुनिश्श्चत करिा क्रक मलणखत सूचचत सहमनत आईसीएमआर की नियामक 

आवश्यकताओीं के अिुसार प्रनतभाचगयों से प्राप्त की गई है और आईईसी द्वारा अिमुोहदत है। 

  

स्कोप: इि मािक प्रक्रियाओीं में 6-18 वर्व के सरेेब्रल पाल्सी बच्च ेशाममल हैं, श्जिमें पुरुर् और महहला 

दोिों शाममल हैं। उिके माता-वपता को अध्ययि के बारे में जािकारी दी जाएगी और जो लोग स्वेच्छा से 

भाग लिेे के इच्छुक हैं उन्हें इस अध्ययि में शाममल क्रकया जाएगा। 

  

श्जम्मेदाररयाीं: शोधकताव उि सभी प्रनतभाचगयों से मलणखत सचूचत सहमनत प्राप्त करेंगे जो इस 

अध्ययि का हहस्सा बिि ेके मलए स्वेच्छा स ेहैं। 

  

प्रक्रिया: 1. शोधकताव 5-15 वर्व (पुरुर् और महहला दोिों) के स्पस्टी सेरेब्रल पाल्सी बच्चों के प्रनतभाचगयों 

का चयि करेगा 

  

2. अन्वेर्क अवलोकि प्रोटोकॉल को सभी आशींकाओीं को समझाएगा और प्रनतभागी और उिके माता-

वपता के सभी प्रश्िों का उत्तर देगा। 
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3. यहद प्रनतभागी और उिके माता-वपता भाग लेिे का नििवय लेत ेहैं तो उन्हें मािक प्रक्रिया के अिुसार 

सहमनत दी जाएगी। 

  

4. यहद प्रनतभागी और माता-वपता रुचच व्यक्त करते हैं, लेक्रकि उस मामल ेमें कुछ सींदेह हैं, तो वे हल हो 

जाएींगे। 

यहद प्रनतभाचगयों और माता-वपता स्पष्टीकरि के साथ सहज हैं तो वे मािक सींचालि प्रक्रिया के 

अिुसार सचूचत सहमनत को भर देंगे। 

  

6. प्रनतभागी और माता-वपता की चचींता के बाद अध्ययि प्रक्रिया शुरू होगी। 

 

7. ववस्ततृ चचक्रकतसा और क्रकसी भी अन्य शारीररक समस्या के इनतहास को प्रनतभाचगयों और माता-

वपता स ेप्राप्त क्रकया जाएगा ताक्रक समावेशि और बहहष्करि मािदींडों को सतयावपत क्रकया जा सके। 

  

8. यहद प्रनतभागी और माता-वपता इस जािकारी पर अपि ेपररवार के सदस्यों से चचाव करिा चाहते हैं, 

तो व ेसहमनत देिे स ेपहले ऐसा करिे के हकदार हैं। 
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अिुसींधाि प्रनतभाचगयों को सामान्य जािकारी: 

 1. िाम:                                                              आयु:          मलींग:           नतचथ: 

 

2. आपको प्रोफामाव भरिे की आवश्यकता होगी और अिुसींधाि का उद्देश्य "18-18 वर्व की आय ुसीमा 

के पामलशयल के साथ बच्चों में नि: शुल्क परीक्षि पाठ्यिम की ववश्वसिीय ररपोटव का अध्ययि 

करिा होगा: एक अनतररक्त राष्रीय-अिभुागीय अध्ययि।" 

  

3. यहद आप स्वेच्छा स ेअध्ययि में भाग लेिे के इच्छुक हैं तो आपसे यह अपेक्षा की जाती है क्रक आप 

प्रोफामाव भरि ेस ेलेकर परीक्षि पूरा होि ेतक हमारे साथ िामाींकि करें। 

  

4. यहद आप इस अवचध के दौराि असहज हैं, तो कृपया हमें बताएीं ताक्रक हम आपकी मदद कर सकें  और 

आपकी समस्याओीं को बबिा क्रकसी अवप्रय प्रभाव के दरू कर सकें । 

  

5. आपको कोई प्रनतपूनतव और मुआवजा िहीीं हदया जाएगा। 
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6. यहद क्रकसी भी क्षि आप इस शोध अध्ययि से हटिा चाहते हैं तो आप ऐसा करि ेके मलए स्वतींत्र हैं 

और हमारी ओर स ेकोई बाधा िहीीं होगी। 

  

7. सहमनत पत्र प्राप्त करिे स ेपहल ेअध्ययि के जोणखम, असुववधा, फायदे और िुकसाि का वववरि 

आपको समझाया जाएगा। 

  

8. इस अध्ययि स ेप्राप्त आींकडों को गोपिीय रूप से सींरक्षक्षत और बिाए रखा जाएगा और अगर तस्वीर 

का उपयोग क्रकया जाता है तो उिकी पहचाि उजागर िहीीं की जाएगी। अगर तस्वीर प्रकामशत होती है 

तो अिुमनत ममल जाएगी। 

 

9. इस अध्ययि के मलए आवश्यक ववमभन्ि परीक्षि प्रक्रियाओीं के जोणखम को आपको समझाया 

जाएगा और तदिुसार सहमनत ली जाएगी। 

  

10. यहद आप थकावट महसूस करते हैं या परीक्षि पूरा करिे में असमथव हैं, तो आपको चचींता करिे की 

आवश्यकता िहीीं है और हमें बताएीं ताक्रक आवश्यक कदम उठाए जा सकें । 
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11.यहद आप क्रकसी भी क्षि सींतुष्ट िहीीं हैं तो आप बबिा क्रकसी पररिाम के क्रकसी भी समय वापस ल े

सकते हैं। 

 

12. शोधकताव का िाम: 

       फोि िींबर: 

      पता: 

  

13. गाइड का िाम: 

       फोि िींबर: 

      पता: 

  

15. सींस्था का िाम: 
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ANNEXURE III(A) 

 LETTER OF CONSENT 

“RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 

CEREBRAL PALSY OF AGE 6-18 YEARS : AN OBSERVATIONAL CROSS-

SECTIONAL STUDY.”  

1. I have received an explanation of the nature, purpose, duration and foreseeable effects and 

risks of the trial and what the child will be expected to do. My questions have been answered 

satisfactorily. 

2. I understand that my child’s participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of benefits to 

which I am otherwise entitled.  

3. I further understand that any information that becomes available during the course of the 

study that may affect my willingness to take part will be informed to me. 

 4. Institutional Ethics Committee authorities may wish to examine my medical records to 

verify the information collected. By signing this document, I give permission for this review 

of my records. 

 5. I understand that my child’s identity will not be revealed in any report or publication. 

 6. I agree to take part in the above study.  

 

Name of the research participant ______________________ 

Signature/thumb impression of the research participant________________________ 
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ANNEXURE III (B) 

सहमनत – पत्र 

 "वय 6-18 वर्ाांच्या सेरेब्रल्पाल्सी्सह्मुलाींमध्ये्सुधाररत्कायवक्षम्पध्दतीचा्ववश्वास: एक्

ऑपरेशिल्िॉस-सेक्शिल्स्टडी." 

1. मला्चाचिीचे्स्वरुप, हेतू, कालावधी आणि अपेक्षक्षत पररिाम आणि जोखीम आणि 

मुलाकडूि काय अपेक्षक्षत केले जाईल याचे स्पष्टीकरि प्राप्त झाल ेआहे. माझ्या प्रश्िाींची उत्तरे 

समाधािकारक आहेत. 

2. मला समजले आहे की चाचिीत माझ्या मुलाचा सहभाग ऐश्च्छक आहे आणि मी कोितयाही 

प्रकारचा दींड क्रकीं वा मी गोंधळात घेतलेल्या फायद्याींच्या िुकसािीमशवाय कोितयाही वेळी 

सहभागी होण्यास िकार देऊ शकतो क्रकीं वा चाचिीमधूि माग ेघेऊ शकतो. 

3. मला पुढे हे समजल ेआहे की अभ्यासाच्या वेळी उपलब्ध होिारी कोितीही माहहती जी माझ्या 

सहभागाच्या इच्छेवर पररिाम करू शकत ेमला कळववली जाईल. 

4. सींस्थातमक आचारसींहहता सममतीचे अचधकारी गोळा केलेली माहहती सतयावपत करण्यासाठी 

माझ्या वैद्यकीय िोंदी तपासू शकतात. या दस्तऐवजावर सही करूि, मी माझ्या िोंदीींच्या या 

पुिरावलोकिासाठी परवािगी देतो. 
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5. मला समजले आहे की माझ्या मुलाची ओळख कोितयाही अहवालात क्रकीं वा प्रकाशिात प्रकट 

होिार िाही. 

6. मी वरील अभ्यासामध्य ेभाग घेण्यास सहमत आहे. 

7. सींशोधि सहभागीचे िाव ______________________ 

8. सींशोधि सहभागीची स्वाक्षरी / अींगठा ठसा ____________________ 
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ANNEXURE III (C) 

 सहमनत – पत्र  

 "6-18 साल की सेरेब्रल पाल्सी के साथ बच्चों में पढे जाि ेवाल ेबच्चों के मलए कई बार पढे जािे 

की औपचाररकता: एक हदि का राष्रीय-सत्रीय अध्ययि।" 

1. मुझे परीक्षि की प्रकृनत, उद्देश्य, अवचध और दरूदमशवता प्रभाव और जोणखमों का 

स्पष्टीकरि ममला है   

2. और बच्च ेको क्या करि ेकी उम्मीद होगी। मेरे सवालों का सींतोर्जिक जवाब हदया गया 

है। 

3. मैं समझता हूीं क्रक परीक्षि में मेरे बच्च ेकी भागीदारी स्वैश्च्छक है और मैं क्रकसी भी समय 

परीक्षि स ेभाग लेि ेया वापस लिेे स ेइींकार कर सकता हूीं, बबिा क्रकसी दींड या लाभ के 

िुकसाि के श्जसके मैं अन्यथा हकदार हूीं। 

4. मैं आगे समझता हूीं क्रक अध्ययि के दौराि उपलब्ध होिे वाली कोई भी जािकारी जो मेरे 

भाग लिेे की इच्छा को प्रभाववत कर सकती है, मुझे सूचचत क्रकया जाएगा। 

5. सींस्थागत आचार सममनत के अचधकारी एकबत्रत जािकारी को सतयावपत करिे के मलए मेरे 

मेडडकल ररकॉडव की जाींच कर सकते हैं। इस दस्तावेज़ पर हस्ताक्षर करके, मैं अपिे ररकॉडव 

की इस समीक्षा की अिुमनत देता हूीं। 

6. मैं समझता हूीं क्रक मेरे बच्च ेकी पहचाि क्रकसी भी ररपोटव या प्रकाशि में सामिे िहीीं आएगी। 

7. मैं उपरोक्त अध्ययि में भाग लेि ेके मलए सहमत हूीं। 
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8. अिुसींधाि प्रनतभागी का िाम ______________________ 

   शोधाथी का हस्ताक्षर / अींगूठे का निशाि________________________ 
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ANNEXURE IV (A) 

 

PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in children with Cerebral Palsy 

aged 6-18 years. 

      My research topic is “RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN 

CHILDREN WITH CEREBRAL PALSY OF AGE 6-18 YEARS : AN OBSERVATIONAL 

CROSS-SECTIONAL STUDY” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          Head of Institute 
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ANNEXURE IV (B) 

 

PERMISSION LETTER 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

      My research topic is, “RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST 

IN CHILDREN WITH CEREBRAL PALSY OF AGE 6-18 YEARS : AN 

OBSERVATIONAL CROSS-SECTIONAL STUDY” 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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ANNEXURE V 

TIMELINE / GANTT CHART 

 

GANTT CHART OF DISSERTATION: 

Sr.no  Components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

march  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

mar 

2021 

April-

Jun 

2021 

July- 

Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 

Formulation of research 

question                       

4 

formulation of aim and 

objectives                       

5 

hypothesis, alternate 

hypothesis                       

6 Research protocol                       

7 Research designing                       

8 Review of literature                       

9 methodology formulation                       

10 study designing                       

11 study setting                       

12 sample size estimation                       

13 

selection of study 

instruments                       

        14 method of data collection                        

15 

data management and 

analysis procedure                       

16 IEC and BORS clearance                       

17 compilation of synopsis                       

18 uploading of synopsis                       

19 data collection                       

20 

data presentation and 

analysis                       

21 

writing of discussion and 

conclusion                       

22 Compilation of dissertation            

23 

submission of thesis to 

MUHS                       
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Sr. No. Age Gender  BMI GMFCS Mean 1 Mean 2 

Mean 

1 

Mean 

2 

Mean 

1 

Mean 

2 

     Forward Forward 

Lt 

Lateral 

Lt 

Lateral 

Rt 

lateral 

Rt 

lateral 

           

1 18 F 20 3 14.2 12.5 12 12 7.7 11.7 

2 14 M 14.6 3 18 16 16 11.3 14.3 13.3 

3 9 M 14.6 3 18.7 17.3 2 2.6 6.6 7.3 

4 9 M 22.5 2 23.3 22.6 18 16 24 22.6 

5 13 M 18.4 3 2 2 4 4.3 4 4 

6 6 M 16.07 3 8.6 8.5 6.8 7 7.1 7.6 

7 14 M 20.1 3 17 17.3 9.3 9.3 7.3 7.3 

8 7 M 17.7 3 9.5 9.3 6.6 7.3 7.6 9.3 

9 10 M 18 2 15.3 15.6 13 13.8 15.1 15.6 

10 14 F 18.6 2 12.8 13 11.1 11 11.5 11.6 

11 7 M 8.8 3 7.6 8 8.3 7.6 6.6 7.3 

12 6 M 16.5 3 8.3 8.6 10.5 10.6 9.5 9.6 

13 12 M 11 3 8.3 8.6 12.3 12.6 12.6 12.6 

14 11 F 16.8 3 16.6 16.8 12.3 12.5 15.5 15.8 

15 14 F 25.4 2 21 20.3 14.6 13 14.6 15 

16 6 F 16.4 3 5.5 5.6 5.6 6 7.2 7.3 

17 8 M 17.6 2 13.6 13.5 11.2 11.3 10.5 10.8 

18 6 M 15 2 6.5 6.8 5 5.8 4.3 4.5 

19 6 F 15.4 2 18.3 18.8 10.3 10.8 10.6 11.5 

20 7 F 15 2 9.5 9.3 6.6 7.3 7.8 8.2 

21 8 M 11 3 8.3 8.6 12.3 12.6 12.6 12.6 

22 7 F 12.7 3 7 7.5 4.6 5.3 7.3 7.8 

23 7 M 12.4 3 8.6 9.2 10 10.5 8.8 9 

24 6 M 16.25 3 10 10.2 8.3 8.6 6.3 7.2 

25 7 M 16.6 3 11.6 12.2 8.8 9.3 8.8 9 

26 8 F 19.3 2 10.5 10.6 9.2 9.6 7.6 8 

27 15 M 18.1 2 17.3 17.6 13.8 14.5 13.8 14.3 

28 8 M 19.2 2 9.3 9.5 8.2 8.6 6.8 7.2 

29 8 M 17.6 3 13.6 13.5 11.2 11.3 10.5 10.8 

30 8 M 18.8 2 9.3 9.5 8.2 8.6 6.8 7.2 

MASTERCHART 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 

CEREBRAL PALSY AGED 6-18 YEARS : AN OBSERVATIONAL CROSS 

SECTIONAL STUDY 

02) Introduction :-           Balance(Postural control) is the ability to keep the Centre Of 

Mass of the body within the boundaries of stability and Base Of 

Support.1,2  It is the condition in which the body’s equilibrium is 

maintained; and the stability and orientation of the body’s position is 

controlled1,2 Balance can be sub-divided into 4 types: static steady-state 

balance, dynamic steady- state balance, pro-active balance and reactive 

balance.3 The ability to maintain a posture, such as balancing in a 

standing or sitting position, is operationally defined as static 

balance.4,5The ability to maintain postural control during movements 

like reaching for an object, is defined as dynamic  balance. 4,5The 

primary systems involved for the process of balancing are the sensory 

system (visual, cutaneous, proprioceptive, and vestibular senses), the 

motor system and the biomechanical system.5 

                               

          Sitting, a milestone in the normal motor development of a 

child, is achieved at the age of 5-8 months by a typically developing child 

and reaching activity is also achieved at the same age.1 Seated balance is 

defined as “the ability of a person to maintain control over upright 

posture during forward reach without stabilization.” 6 To maintain 

independence during functional activities, seated balance is important 

for individuals who are non-ambulatory. 6 For all the recreational 

activities and also the daily activities in children, sitting balance is a 

pre-requisite and so the ability to maintain balance while reaching for a 

variety of objects both within and beyond arm’s length is crucial for 

independent living.1,7 

                     

          Cerebral palsy is the most common motor disability in 
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childhood, and is reported to be the most prevalent among the 

disorders that severely impair motor function in children.8  In the 

majority of cases, the predominant motor abnormality is spasticity; 

other forms of cerebral palsy include dyskinetic and ataxic cerebral palsy. 

8 In birth cohorts from developed countries, the prevalence is 1-2/1000 

live births.7 In India, the estimated incidence is around 3/1000 live births. 

8,9 

 

          In children with cerebral palsy, the interaction of the 

multiple systems taking part in the process of balancing, is affected 

which may be a reason why the postural control is impaired.4,5,8 Along 

with spasticity, the neuromuscular impairments in children with cerebral 

palsy are manifested in abnormal posture and loss of selective motor 

control and poor balance. 4,9 This contributes to significant limitations in 

their activities of daily living.10 One of the key fundamentals of children 

with cerebral palsy is a deficient postural control mechanism, that is the 

inability to co-ordinate the activation of postural muscles in the right 

sequence, especially during the performance of functional activities, 

which increases the risk of falls.4,9,10 

 

          Currently, there are many clinical tools to measure trunk 

control which is found to be reliable and valid methods to assess trunk 

control in children with cerebral palsy.6 These methods include Seated 

Postural Control Measure (SPCM), the Sitting Assessment for Children 

with Neuromotor Dysfunction (SACND), the Spinal Alignment and Range 

of Motion Measure (SAROMM), Segmental Assessment of Trunk Control 

(SATCo), Trunk Impairment Scale (TIS) and Trunk Control Measurement 

Scale (TCMS).6,9,11 Several evaluation measures are available to assess 

gross motor development in children with cerebral palsy, such as the 

Paediatric Evaluation of Disability Inventory and the Functional 

Independence Measure for Children.11 The versions of Gross Motor 

Function Measure, GMFM-88 & GMFM-66 are proven to have high intra 

and inter-rater reliability in children with cerebral palsy and therefore is 

the most frequently used instrument to assess the gross motor 
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development.13,14,15 

 

          In Pediatric Balance Scale, there are 14 components, out of 

which only one component evaluates sitting balance(static sitting 

balance). 1,8 The Modified Functional Reach Test assesses an individual’s 

stability in the seated position by measuring the maximal distance 

he/she can reach forward as well as in the lateral directions.1,6,8 One of 

the advantages of Modified Functional Reach Test is that it evaluates 

static as well as dynamic sitting balance. 6 This functional outcome 

measure is quick to administer in the clinical setting, easy to execute, 

and cost effective, as the only material needed is a yardstick.6 

                  

          The Modified Functional Reach Test is reported to be a 

reliable measure of seated balance in non-ambulatory patients with 

spinal cord injuries, ataxia, and in the sub-acute phase of stroke 

rehabilitation.5,16,17  The Normative data of Modified Functional Reach 

Test in younger and middle-aged North- eastern Indian Population and 

also Normal values of Modified Functional Reach Test in Indian 

school-going children of age 6-12 years which evaluate the forward and 

lateral reach distance in both genders are available. 1,8 It was proposed 

that these values can be used for the assessment of balance 

impairments among children aged 6-12 years in India, in conditions like 

cerebral palsy, Down’s Syndrome, etc. This feasibility of Modified 

Functional Reach Test gives us a chance to evaluate sitting balance in 

children with cerebral palsy. In order to execute any test in a population, 

the reliability of that test in the population is needed to be established; 

and till date, no study has been found on the reliability of Modified 

Functional Reach Test in children with cerebral palsy. So, this study aims 

at establishing the reliability of Modified Functional Reach Test in 

children with cerebral palsy of age 6-18 years in both genders.  
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Rationale of the study: 

           Literature states that cerebral palsy is a group of disorders 

that has an affection on posture and movement.16 The neuromuscular 

impairments in cerebral palsy are manifested as poor postural control 

and loss of functional balance.1,18  The component of balance is 

important because it is noted to be a promising outcome of physical 

therapy intervention.19  Modified Functional Reach Test is quick, easy, 

cost-effective to administer, and it evaluates both static as well as 

dynamic sitting balance.1,6,8  The test is reported to be a reliable 

measure to assess balance in sitting in non-ambulatory patients with 

spinal cord injuries, ataxia, stroke.5,16,17  The Normative data of Modified 

Functional Reach Test is available in younger and middle-aged North- 

eastern Indian Population and also in Indian school going children of age 

6-12 years.1,6 To perform the test on children with cerebral palsy, its 

reliability is not yet established. This study is therefore attempted to 

establish the test-retest reliability of Modified Functional Reach Test in 

children with cerebral palsy of age 6-18 years in both genders. 

 

3.1) Primary Research 
Question :- 

What is the reliability of Modified Functional Reach Test in the children 

with cerebral palsy aged 6-18 years in terms of test-retest reliability? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

What is the reliability of Modified Functional Reach Test in the children 

with cerebral palsy aged 6-18 years in both genders in terms of 

test-retest reliability? 

 

3.3) Secondary Research 
Question 2 :- 

(if any) 

NOT APPLICABLE 

4.1) Primary 
Hypothesis :- 

NOT APPLICABLE 
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4.2) Other Hypothesis 
1:- 

(if any) 

NOT APPLICABLE 

4.3) Other Hypothesis 
2 :- 

(if any) 

 NOT APPLICABLE 

05) Review of 
Literature :- 

1. Simon Schedler and associates in 2019 conducted a systematic 

review and meta-analysis of age and sex differences in human 

balance and performance from 6-18 years of age where a 

systematic search in the electronic databases, Pubmed, Web Of 

Science and SPORTDiscus was performed. Additionally, the 

search was limited to publication date (1960/01/01- 

2018/08/31), age(6-18 years), English language, full text articles. 

The inclusion criteria included participants healthy, who aged 

between 6 and 18 years, atleast one parameter registered in the 

study. The exclusion criteria included athletes, patients and/or 

patients with disease. They found better performances in 

adolescents compared to children for outcomes of 

static/dynamic steady state and proactive balance. They 

concluded that balance performance improves from childhood 

up to late adolescence or early adulthood due to neural 

maturation and that balance might be differentially trainable in 

youth.3 

 

 

2. Niall C. Wilton and co-author, in 2019, in “ A Practice Of 

Anaesthesia In Infants and Children”, stated that Gross Motor 

Function Measure(GMFM) and the Paediatric Evaluation of 

Disability Inventory (PEDI), are reported to be reliable and valid 

measures for documenting change in motor ability over time and 

that Gross Motor Function Measure(GMFM) is a 

criterion-referenced measure of basic gross motor abilities in 
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five dimensions: lying and rolling; sitting; crawling and kneeling; 

standing; and walking, running, and jumping. The original Gross 

Motor Function Measure is with 88 items(GMFM-88) and the 

newer version is with 66 items(GMFM-66) and both the versions 

have been shown to be responsive to change in basic gross 

motor abilities and proven high inter-rater and intra-rater 

reliability in children with cerebral Palsy and the GMFM-88 have 

been shown to be responsive to change in children with Down’s 

syndrome.20 

 

3. AA Deshmukh and co-author in 2018 conducted a study where 

they established normal values of modified functional reach test 

in Indian school going children of age 6-12 years where 280 

children (6-12 years), 140 boys and 140 girls were selected by 

stratified random sampling, subdivided into 7 groups. 

Anthropometric data was taken and the reach distance was 

measured in 3 attempts. The mean of the 3 successive trails was 

calculated. The score of modified functional reach was 19.53± 

3.57cm to 26.48± 5.27cm. The score of lateral reach was 17.68± 

2.59cm to 22.50±3.75cm.1 

 

4. X.L.Li and associates in 2017 conducted a study on the reliability 

and validity of sitting balance control tests in stroke survivors 

where 11 community-dwelling stroke survivors(8 men and 3 

women mean age 61.7 years) and 15 healthy subjects (6 mean 

and 9 women mean age 54.3 years) were recruited by 

convenience sampling and all stroke subjects had survived a 

stroke for a minimum of 2 years. Inclusion criteria for stroke 

survivors: Subjects able to sit unsupported independently for at 

least 2 minutes, able to perform shoulder flexion for at least 90°, 

previously fully independent in Activities Of Daily Living(ADL), 

and able to communicate and follow instructions. Inclusion 

criteria for healthy subjects: independent in ADL, outdoor 
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walkers and able to communicate and follow instructions. The 

exclusion criteria for both the groups were orthopaedic or other 

neurological diseases affecting balance, hemianopia, 

visuo-spatial neglect, marked hypertonicity of muscles, unstable 

medical conditions and unable to sit. Limits Of Stability test(LOS) 

and sequential weight shifting test(SWS). The outcome measures 

of LOS were mean of the eight directions in reaction time, 

maximum excursion and directional control while those of SWS 

were the total movement time and directional control. Modified 

Functional Reach Test was shown to have excellent test-retest 

reliability in healthy population and stroke survivors. The Trunk 

Impairment Scale was proven to have high test-retest reliability 

and inter-rater reliability. Hence, in this study, good test-retest 

reliability of the two dynamic sitting balance tests, LOS and SWS 

has been shown. 21 

 

 

5. Ji Won Shin and co-author in 2016 conducted a study on the 

effect of enhanced trunk control on balance and falls through 

bilateral upper extremity exercises among chronic stroke 

patients in standing position where a total of 30 patients 

diagnosed with unilateral brain damage (based on Computed 

Tomography or Magnetic Resonance Imaging findings) were 

selected as subjects. The selection criteria included disease 

duration not shorter than 6 months, a Korean mini-mental state 

examination (MMSE-K) score not lower than 24 points and the 

ability to stand independently. The exclusion criteria were 

patients with any high risk heart disease, medical disease or nay 

musculoskeletal system disease who were unable to undergo 

training. The study subjects were randomly divided into 

experimental and control groups containing 15 subjects each. 

The experimental group underwent nervous system 

rehabilitation treatment and the bilateral upper extremity 

activity program for 30 minutes at a time, 3 times a week for 4 
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weeks, for a total of 12 sessions. The control group underwent 

nervous system rehabilitation treatment for the same duration 

and number of sessions. 4 bilateral upper extremity activities 

were performed in a specific order. Subject trunk control and 

balance were evaluated before and after the nervous system 

rehabilitation treatment and bilateral upper extremity activity 

program using the Trunk Impairment Scale (TIS) and the Ber 

Balance Score(BBS). Statistically significant differences were 

observed in both experimental and control groups in all TIS and 

BBS sub-items. On comparison of the effects of the different 

treatment methods, there were significant differences between 

groups in all sub-items of the TIS, except for static sitting 

balance. 22  

 

 

6. Silvio Scena and associates, in 2016, conducted a study on 

computerized Functional Reach Test to measure balance stability 

in elderly patients with neurological disorders where a total of 

80 patients (38 males and 42 females) with neurological 

disorders volunteered to participate in this cross-sectional 

descriptive study. Inclusion criteria were neurological disorders 

due to brain pophysical support, ability to understand and 

perform the FRT appropriately. Exclusion criteria were minimal 

understanding of Italian, less than 65 years old, blind, 

Parkinson’s Disease, stroke(CVA), seizures, heart disease, or 

orthopaedic problems, back pain, muscles contracture, 

Mini-Mental State Examination(MMSE) score less than 22, or 

sport practice at a competitive level. Following were the 

outcome measures: MMSE(used to study correlations between 

cognitive abilities and physical performance), Tinetti test(chosen 

because it is a functional test, relatively quick to administer and 

does not require specialized equipment) and FRT(based on 

analysing the limits of anterior-posterior stability in an upright 
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position in the absence of external perturbations).All healthy 

subjects were more than 70 years of age (mean 75.9±4). The 

outcomes were functional reach distance 23.8±4.5cm, velocity 

time 28.4±3.5cm/s, stop time 0.505±0.05s, and arm lowering 

6.2±1.3cm. The significant finding of this study is that except for 

velocity, subjects with neurological disorders showed low 

correlations between FR and the other characteristics of the FRT, 

such as stop time and lowering.23 

7. Alastair H MacLennan, Suzanna C Thompson and Jozef Gecz, in 

2015, in an article “Cerebral Palsy: Causes, Pathways, and the 

role of genetic variants” stated that Cerebral Palsy is a 

heterogenous condition with multiple causes, multiple clinical 

types, multiple patterns of neuropathology, multiple associated 

developmental pathologies, the prevalence of which is 

2-2.5/1000 live births. The article also stated that there is 

increasing scientific evidence that Cerebral Palsy is usually 

associated with long standing intra-uterine pathology, 

intra-uterine growth restriction, antepartum haemorrhage, tight 

nuchal cord and that pre-term delivery is a major risk factor for 

Cerebral Palsy. It was stated that the genetic causes of Cerebral 

Palsy have been suspected because of the link with congenital 

malformations,, and increased risk in consanguineous families 

and monozygotic twins. The article concluded that it is possible 

that a severe acute de novo metabolic acidosis could be a rare 

primary cause of Cerebral Palsy, or that intrapartum hypoxia 

could be a secondary cause of Cerebral Palsy. 9 

8. SB O’Sullivan, TJ Schmitz, G Fulk, in the book “Physical 

Rehabilitation”-6th edition, published in 2014, chapter : 

“Strategies to improve motor function”, stated that balance is 

the condition in which all the forces acting on the body are 

balanced such as the Centre Of Mass is within the stability limits 

and the boundaries of the Base Of Support. Also, Postural 

Control(Balance) is the ability to maintain the body in 

equilibrium or to control the body’s position in space for stability 
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and also for orientation. It also stated that postural stability 

control(static balance) is the ability to maintain stability and 

orientation  with the body at rest, and dynamic postural 

control(dynamic balance) is the ability to maintain stability and 

orientation while the body is in motion.2 

9. Danielle Chamberlain and associates in 2014 conducted a study 

on the use of the modified functional reach test in a patient with 

Friedreich’s ataxia, where the subject was a non-ambulatory 

24year old male with Friedreich’s ataxia and his primary 

physiotherapy goal was to improve sitting balance. The patient 

was seen for twice a week for 6 weeks, where sessions were 

limited to 30minutes. Emphasis was placed on seated balance 

exercises at the edge of the mat table. Range of motion exercises 

for wheelchair positioning and comfort, strengthening exercises 

were also included to maintain upper body strength for 

transfers. The patient participated in 10 therapy sessions. 

Despite the observable changes in the patient’s functional 

mobility and seated balance, Friedreich’s Ataxia Rating Scale 

(FARS) scores remained unchanged over 6 months period of 

time. In contrast scores on the Modified Functional Reach Test 

decreased from 30.5cm to 5.0cm in forward direction and from 

7.5cm to 4.0cm to the right. The patient’s lateral reach was 

inconsistent and demonstrated improvement from 5.75cm to 

6.5cm reach at the end of the period. The Modified Functional 

Reach Test provided quantitative documentation of the patient’s 

decreased seated balance, something that FARS was unable to 

capture.6  

 

 

10. Rosalee Dewar and associates, in 2014, made a systematic 

review on exercise interventions improve postural control in 

children with cerebral palsy which was conducted according to 

principles of American Academy of Cerebral Palsy and 
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Developmental Medicine methodology . A systematic literature 

search of articles published between January 1980 and 

December 2013 was performed. Articles were included if study 

participants were children diagnosed with CP, and aged between 

0 and 18 years, they performed a land-based exercise 

intervention that required active participation by the child. 

Articles were excluded if they reported passive interventions, 

water based interventions, medical or surgical interventions or 

active exercise interventions without any reported outcome 

measures for postural control. Following interventions were 

applied: Functional Electrical Stimulation, Gross motor training, 

hippotherapy, neuro-developmental therapy, progressive 

resistance exercise, Treadmill training with body weight support, 

trunk targeted training, upper limb interventions.24 

 

11. Sivatejaa Panibatla and associates, in 2014, conducted a 

cross-sectional study on relationship between trunk control and 

balance in children with Spastic Cerebral Palsy where 24 children 

of 8-14 years of age, participated in the study. Inclusion criteria: 

Children of 8-14 years of age, afflicted with spastic cerebral 

palsy, GMFCS levels 1, 2, 3, afflicted children able to understand 

the test instructions, able to sit without trunk and feet support 

for at least 30 minutes and able to stand independently without 

upper extremity support for 4 seconds. Exclusion criteria: 

afflicted children who had undergone spinal surgeries, botulism 

toxin prescribed in the last 6 months, intrathecal baclofen pump 

implantation, history of injury to spine and pelvis, on medication 

like anti-epileptic and anti-spastic drugs, progressive 

neurological disorder, genetic or metabolic disorder and severe 

concurrent illness or disease not typically associated with CP. 

Trunk control was assessed using trunk control measurement 

scale for static and for dynamic components. Scoring was based 

on the best of three performances. All the selected children 

were randomly tested for trunk control and balance using Trunk 
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Control Measurement Scale(TCMS) and Pediatric Balance Scale 

(PBS). The findings suggest that the trunk control and balance 

are essential elements of the functional abilities of children with 

Cerebral Palsy. The result showed a strong significant correlation 

between the total components of trunk control and balance, and 

that children with spastic Cerebral Palsy with good sitting trunk 

control will have a better functional balance in standing.10 

 

 

12. Aviva Must and associates, in 2014, conducted a study on 

obesity prevention for children with developmental disabilities. 

Studies in typically developing youth have shown that fat free 

mass is highly correlated with resting metabolic rate and that 

some children with developmental disabilities have altered body 

composition that may increase their risk of obesity. Studies of 

children with intellectual disabilities also generally report higher 

levels of sedentary behaviour and greater use of electronic 

media, compared with typically developing children. Associations 

between children’s weight status and adverse family dynamics, 

including family stress, maternal depression, and poor family 

cohesion have also been observed. The best understood risk 

factor for obesity in children with developmental disabilities is 

likely the adverse effects of psychotropic medications. Results of 

studies suggest that school environments have a critical role in 

the prevention of obesogenic behaviours among children with 

developmental disabilities.25 

 

13. Priyanka Singh and associates in 2013 conducted a study where 

they established normative data of modified functional reach 

test in younger and middle aged north eastern Indian population 

where a total of 200 apparently healthy subjects participate. 

They were divided into 2 groups(younger and middle-aged). 

Anthropometrics were measured and forward and lateral reach 
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was found out in 3 trials. The mean score of the forward and 

lateral reach of right and left in group1 was compared to group2. 

The mean score of the forward and lateral reach of right and left 

in group1 was higher as compared to group2. The normative 

value for forward reach in group1 was 34.05±9.03cm. For right 

lateral reach it was 18.2± 5.26cm and for left lateral reach it was 

17.32 ±5.21cm, respectively. The normative value for forward 

reach in group2 was 25.18± 5.71cm. For right and left lateral 

reach, values were 14.02± 3.98cm and 13.53± 4.25cm, 

respectively.7 

 

14. Jooyeon Ko and co-author in 2013, conducted a study on 

Reliability and Responsiveness of the Gross Motor Function 

Measure-88 in Children With Cerebral Palsy where 84 children 

with Cerebral Palsy who were admitted for 1 month of intensive 

rehabilitation were recruited and the mean age at the time of 

admission of children was 3.7 years. The inclusion criteria were 

(1) a confirmed diagnosis of Cerebral Palsy from a pediatric 

rehabilitation medicine physician, (2) no surgical procedures 

within the previous 6 months, and (3) no injection of botulinum 

toxin type A within the previous 6 months. Functional ability was 

classified using the Gross Motor Function Classification System 

(GMFCS), from minimally involved (level I) to most severely 

involved (level V). All participants were divided into 2 age 

subgroups: 52 were younger than 4 years of age and 32 were 4 

years of age or older. All the procedures were videotaped by 2 

assistant therapists. All the recruited children were barefoot and 

used no assistive devices during the procedure. 10 raters 

independently viewed and scored the GMFM records and for 

interrater reliability, 2 of the 10 raters rescored the same video 

recordings. To evaluate the responsiveness of the GMFM-88 in 

the same children, 3 additional follow-up assessments were 

con-ducted at 1, 3, and 6 months. The raters scored all the 88 

items for each assessment but out of the 84 students, the data 
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of only 60 students was available. Relative and absolute 

reliability for intrarater reliability were satisfactory 

(ICC(Intra-Class Corelation) [1,1]=.994–1.000, Smallest Error of 

Measurement(SEM)=0.00–2.23, and Smallest Real 

Difference(SRD)=2.28–6.18, respectively). Indexes of relative 

interrater reliability, ICC (2,1) for each dimension, and total score 

on the GMFM-88 ranged from .975 to .997. The interrater and 

intrarater ICCs when children were classified by the 2 age 

subgroups and 5 GMFCS levels were =.952 for all examinations. 

All of the ICC values were excellent. or absolute reliability, 

intra-rater SEMs and SRDs ranged from 0.00 to 2.23 and from 

2.28 to 6.18, respectively. The indexes of interrater reliability 

SEM and SRD were in the ranges of 1.60 to 4.59 and 3.14 to 8.98, 

respectively, for the 5 dimensions and total scores. They 

concluded that each dimension and the total score of the 

GMFM-88 showed acceptable levels of relative reliability and 

absolute reliability. Also, responsiveness of the  total score of 

the GMFM-88 was high in children with CP regardless of their 

functional severity.12 

15. Silvia Leticia Pavao and associates carried out a review of 

assessment of postural control in children with cerebral palsy in 

2013 where scientific articles were obtained by means of an 

extensive search in electronic databases, including Pubmed, 

Science Direct, Scielo, and Lilacs and all included papers 

consisted of cross-sectional studies. The sample size ranged from 

8 to 115 children in the studies and the mean number of 

participants with Cerebral Palsy in the studies was12.1. The age 

of the participants ranged from 9 months to 18 years old. 

According to them primary direction-specific adjustments while 

sitting are preserved in child with mild to moderate Cerebral 

Palsy, however, secondary adjustments(related to the muscle 

response) are impaired. When sitting posture is perturbed, these 

children exhibit proximal- distal patterns of activation and 

excessive co-activation of antagonistic muscles. While standing 



C:\Program Files (x86)\pdfconverter\temp\NVDC\D6DAF702-4B61-4BF0-83C7-56EB969CE5B4\82fcfa97-c160-49cb-a9e1-091533d51905.doc [Page : 15] 
   

at rest, the children with Cerebral Palsy who are able to stand 

and walk independently display increased sway during quiet 

stance. Problems in activating postural muscle responses prior to 

voluntary muscle activity occur in children with spastic 

hemiplegic Cerebral Palsy. 4 

16. Jin-Gang Her and associates, in 2012, carried out a study on 

reliability of the Pediatric Balance Scale in the assessment of the 

children with Cerebral Palsy where a convenience sample of 36 

children diagnosed with Cerebral Palsy between 6 and 13 years 

of age(20 boys and 16 girls) were taken. The inclusion criteria 

were: ability to follow verbal commands; absence of nerve block 

injection or orthopaedic surgery within the previous 6 months; 

absence of cardiovascular disease and joint contractures; and 

ability to stand independently without upper extremity support 

for more than 4 seconds. All children were assessed bare feet 

and without assistive devices. 7 raters and one assistant who 

recorded the performances were included in the study. In first 

part of the study to assess inter-rater reliability, 7 raters scored 

the same video; in the second part to determine the intra-rater 

reliability, two of the seven raters rescored the same recordings; 

in the third part of the study, to examine the test-retest 

reliability, rater C scored the video recordings in two sessions, 

two weeks apart. For relative reliability, the ICC with 95% 

confidence intervals was used to evaluate the inter-rater, 

intra-rater and test-retest reliability of the total scores of the 

PBS. High inter-rater reliability was demonstrated by an ICC, 

value of 0.901 for the total score of PBS, the SEM and SRD were 

0.65and 1.25 respectively. The intra-rater reliability ICC of the 

total score of PBS was 0.998 for the experienced rater and 0.978 

for the newly trained rater. The SEM and SRD of the total score 

of the most experienced rater were 0.37 and 1.02 respectively. 

The test-reliability of total score for the PBS with an interval of 

two weeks was assessed using ICC and the value was 0.958. The 

SEM and SRD were 0.61 and 1.69 for the total score, 
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respectively. In conclusion, they demonstrated satisfactory 

absolute and relative inter and intra rater reliabilities of the PBS 

and provided a reference framework for future studies using 

SEM values to assess the functional balance of children with 

CP.17 

17. Michal Katz-Leurer, Iris Fisher, Martin Neeb, Isabella Schwartz 

and Eli Carmeli in 2009 conducted a study on Reliability and 

Validity of the Modified Functional Reach Test at the sub-acute 

stage post-stroke where the patients recruited were from the 

inpatient rehabilitation department at Hadassah University 

Hospital, Jerusalem, Israel. Patients with brainstem lesions 

and/or bilateral signs or hemorrhagic events, Mini-Mental state 

examination<20, those who were not able to sit unsupported for 

10 seconds, were excluded from the study. The data was 

collected at two occasions, 2-3 weeks post-event  and again 6 

weeks later, the test was performed 3 times, the second and 

third attempts were compared for the within-session reliability. 

The Modified Functional Reach Test exhibited high reliability in 

all directions(intra-class correlation coefficient range0.90-0.97).16  

18. Kristie F Bjornson, Catherine S Graubert, John F McLaughlin, 

Cheryl I Kerfeld, Elaine M Clark in 2009, conducted a study on 

Test Re-test reliability of the Gross Motor Function Measure in 

children with Cerebral Palsy. Twenty one children with Cerebral 

Palsy were recruited in the study. The Gross Motor Function 

Measure was administered twice in a week period. The 

constants in the study were, the time of the day, the therapists, 

and the evaluation setting. The intra-class correlation was 

0.76-1.00. The study concluded that the Gross Motor Function 

Measure is consistent in the measurement of gross motor skills 

and also that the children with Cerebral Palsy exhibit stable gross 

motor skills on repeat measurement. 15 

19. Diane L. Damiano and co-author, in 2009, conducted a 

systematic review of the effectiveness of treadmill training and 

body weight support in paediatric rehabilitation, where the 
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review was limited to those studies with the primary goals of 

improving lower extremity functioning. The population of 

interest were infants, children, adolescents, and young adults 

less than 21 years of age, who had or were at risk for developing 

a motor disability affecting gait, coordination or function. Studies 

that included typically developing children, those that used 

treadmills for sports-related training or those that addressed 

diminished exercise capacity due to medical illnesses, or that 

included individuals over 21 years of age, were excluded. In 

Cerebral Palsy, there are significant increases in the GMFM 

scores on standing, walking, running, jumping. There was 

significant effect for increased gait speed in the training group 

during a 10 meter walk at the subjects’ self-selected comfortable 

speed. A secondary goal of this review was to evaluate whether 

an effective protocol emerged for specific patient groups. The 

frequency cited ranged from 3-5 days per week, the shortest 

program duration of 12 weeks and the longest was 5 months, 30 

minutes of training was a consistent upper goal. Efficacy of this 

training compared to co trolls has been demonstrated in infants 

with Down’s syndrome; evidence in paediatric SCI is very limited 

so no general conclusion can yet be made; in case of Cerebral 

Palsy, the strength of evidence is weak.19 

20. T. Michael O’Shea, in 2007, in an article “Diagnosis, treatment 

and prevention of Cerebral Palsy” stated that the diagnosis of 

Cerebral Palsy is based on a clinical assessment and not on lab 

testing or neuroimaging. In clinical practice, the diagnosis of 

Cerebral Palsy is typically based on observations or parent 

reports of achieved motor milestones. The approach that 

appears to be most widely used is based on the standard 

measure of motor function, the Gross Motor Function 

Classification System(GMFCS). It also stated that until recently, 

the neuroimaging studies of preterm infants with Cerebral Palsy 

were based largely on neonatal cranial ultrasound. It also stated 

that the American Academy of Pediatrics has emphasized the 
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importance of a primary care “medical home” for children with 

chronic illnesses, including Cerebral Palsy. The roles of the 

medical home include care co-ordination to minimize redundant 

services, monitoring of response to treatments, interpreting 

findings to the family, orchestrating co-management with 

specialists, and advocating for the patient with prayers and 

providers such as the public schools. The prognosis for 

independent ambulation of the children with Cerebral Palsy 

depends in large part on the type of motor impairment. It stated 

that the interventions that prolong the gestation, or decrease 

the risk of preterm delivery, will decrease the risk of Cerebral 

Palsy, where approaches to reduce the rate of preterm birth 

include smoking cessation during pregnancy, calcium channel 

blockers, oxytocin antagonists, anti-platelet drugs, etc. It 

concluded that the care of the children with Cerebral Palsy 

requires a multidisciplinary, comprehensive and co-ordinated 

approach.8 

21. Susan R. Harris and Lori Roxborough, in 2005, conducted a study 

on” Efficacy and effectiveness of Physical Therapy in enhancing 

Postural control in children with Cerebral Palsy. It was a 

systematic review where a multifaceted search strategy was 

employed to identify all potential studies published between 

1990 and 2004. The search was from electronic databases, 

reference list scanning, author and citation tracking of  relevant 

articles, pediatric physical therapy journals and conference 

proceedings. Exclusion criteria were set for 

co-interventions(medication or surgery) that might have 

influenced the outcome and duplicate reports of studies. 

Inclusion criteria were children with Cerebral Palsy between 0-18 

years of age, physical therapy strategy involving motor 

therapies, balance training and assistive devices, 

outcome(measurement of change un postural control) and 

interventions(study type). The electronic database and manual 

search strategy identified 285 studies. 12 studies met the 
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inclusion criteria forming the basis of this review. The study 

quality scores ranged from 2 to 7, with a median score of 5.5 and 

a mode of 6. Sixty seven percent of the studies achieved a 

moderate of high quality score. The results of seven studies were 

positive for postural control outcomes. The highest level of 

evidence(level2) were obtained for two studies comparing 

adaptive seating interventions, both having significant results; 

one study of wedged shoes compared to solid ankle foot 

orthoses had non-significant results, and one study of 

neurodevelopmental therapy(NDT) compared to practice had 

non-significant results.18 

22. Knox, in 2002 conducted a case study on evaluation of the Sitting 

Assessment for Children with Neurological Dysfunction as a 

measurement tool in Cerebral Palsy where the patient was 

Spastic Diplegic associated with pre-maturity, She had attended 

the Bobath centre at the age of 3 years 11 months, receiving 1.5 

hours of physiotherapy daily for 2 weeks and could crawl, stand 

with support and was unable to reach out of her base of support 

in sitting without losing balance. SACND was chosen as an 

objective measure of quality of sitting as it requires sustained 

sitting for 5 minutes and reaching and reaching while sitting. It 

was a 2 week intervention where the goal was to achieve a 

reduced score on SACND. The treatment consisted of activities 

to facilitate use of both trunk flexors and extensors 

simultaneously, which included: working on sequences of 

movement, improving the ability and quality of reaching in 

sitting and standing unsupported; and facilitating balance 

reactions in sitting. After 2 weeks, it was found that she 

improved in all sitting behaviours measured by SACND(it 

reduced). He also said that the Gross Motor Function Measure 

includes sitting dimension covering abilities such as sitting on the 

floor, a bench, and movement in and out of sitting but has a 

ceiling effect that the child is required to sit for 10 seconds and 

that the test does not purport to measure the quality of 
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movement; the Chailey Levels of Ability, designed to assess the 

postural ability of children with Neurological Impairment, is a 7 

point scale of ability but does not receive a score . He concluded 

that SACND is a useful standardized outcome measure for 

children with Neurological Dysfunction, is quick to administer 

and can provide objective information regarding aspects of 

independent sitting ability.12 

23. D J Russel et al in 2000 conducted a study on the improved 

scaling of the Gross Motor Function Measure for children with 

Cerebral Palsy: Evidence of Reliability and Validity. This study 

examined the responsiveness to change of measurements 

obtained with a 66-item version of the Gross Motor Function 

Measure(GMFM-66). A community based sample of 537 children 

with Cerebral Palsy were recruited by stratified random 

sampling. The test-retest reliability was high(intra-class 

correlation coefficient 0.99). This study demonstrated that the 

Gross Motor Function Measure version 66 has good 

psychometric properties. Gross Motor Function Measure version 

66 can provide a better understanding of the motor 

development for children with Cerebral Palsy than the 88 item 

Gross Motor Function Measure and can improve the scoring and 

interpretation of the data obtained with the Gross Motor 

Function Measure. 14 

24. Suzanne M Lynch and associates in 1998 conducted a study on 

reliability of measurements obtained with a Modified Functional 

Reach Test in subjects with spinal cord injury where 30 male 

subjects with spinal cord injury were divided into 3 groups based 

on injury type. Group1 consisted of subjects of subjects with 

C5-C6 tetraplegia, group2 consisted of subjects with T1-T4 

paraplegia, and group3 consisted of subjects with T10-T12 

paraplegia. The subjects were between 18 and 45 years of age. 

Inclusion criteria was: subjects had to be able to sit 

independently of a seating system with only a backboard for 

support, the subjects’ upper extremities had to be without 
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deformities, and each subject had to be able to assume and 

maintain 90° of shoulder flexion. Exclusion criteria was: The 

presence of inadequate muscle force to maintain shoulder 

flexion during reaching, inadequate range of motion , or 

musculoskeletal deformity. Each subject had to practice trials of 

maximal forward reach, followed by three trials during which 

data was collected. The mean of these three trials was recorded. 

The mean maximal reach was 14.7cm for group1, 15.5cm for 

group2, and 22.9cm for group3. Rhere was no difference in the 

ability to reach between groups1 and 2, but mean reach was 

greater in group3 compared with groups1 and 2.16 

25. Sarah L Westcott, Linda Pax Lowes, Pamela K Richardson, 

conducted a study “Evaluation of Postural stability in children: 

current theories and assessment tools” in 1997. For the 

measurement of sensory system, a clinical test of vestibular 

function is the Post-rotatory Nystagmus Test where the child sits 

on a rotating platform and is spun by the therapist for 20 

seconds; and also the Vestibular Ocular Reflex Testing which 

permits measurement of reflexive eye movements driven by the 

vestibular system. Another test is the Pediatric Clinical Test of 

Sensory Interaction for Balance(P-CTSIB). Experiments that 

moved the floor surface showed three  basic patterns: ankle 

strategy, hip strategy and stepping strategy. The article also said 

that the therapists evaluated motor co-ordination by placing the 

child on a movable surface, The Clinical Observations Of Motor 

and Postural Skills(COMPS), Flat Board and Tilt Board Reach 

Test(Fisher and Bundy). For measuring the biomechanical 

system, Force output and Range Of Motion have shown to be 

related. Force Output has been evaluated using Manual Muscle 

Testing. For Postural Stability, Alberta Infant Motor Scale, Bayley 

Scales of Infant Development, etc have been used. This article 

stated that research is needed for pediatric test and 

measurement development in all areas related to postural 

stability. 5 
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26. Pamela W. Duncan and associates conducted a study on 

functional reach as  new clinical measure of balance in 1990. 

Here, volunteers were recruited from 3 sources: Employees at 

the Duke University Medical Centre and the Durham Veterans 

Administration Hospital, students of the Duke University Physical 

Therapy Program, the Duke Aging Centre registry of 

community-dwelling elderly. Subjects were excluded if they were 

left-handed, carried a major orthopaedic or   neurologic 

diagnosis, had experienced any unexplained falls within the past 

6 months, were unable to stand for 10 minutes without the use 

of an assistive device or had pain that would limit their ability. 

The functional reach was measured using an electronic device 

comprising a sliding horizontal track supported by 2 adjustable 

height tripods. The range for electronic functional reach was 6.5 

to 20.8ins and for yardstick reach, the range was 1.6 to 19.3ins. 

Their results indicated that several factors influence functional 

reach, height and age being the most significant ones. Their 

analysis reveals that females have a shorter reach then males. 

They concluded that standing functional reach is a reliable 

measure of balance that may be useful in the clinical assessment 

of instability.26 

 

6.1) Primary 
Objectives :-  

To find the reliability of Modified Functional Reach Test in children with 

Cerebral Palsy aged 6-18 years in terms of test-retest reliability. 

6.2) Other Objectives 1:- 

(if any)  

To find the reliability of Modified Functional Reach Test in Cerebral Palsy 

aged 6-18 years in both genders in terms of test-retest reliability. 

 

6.3) Other Objectives 2:- 

(if any) 

NOT APPLICABLE 
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07) Methodology :- • Type of Study: An observational cross-sectional study 

• Study setting: Physiotherapy Out Patient Department of Tertiary 

Care Centers. 

• Study population: Children with Cerebral Palsy aged 6-18 years 

of both genders 

• Sampling Technique: Convenient sampling 

• Duration of study: 18 months 

      Sample size estimation: 

• To calculate the sample size, a pilot study was done. 

• A sample of 5 children with diagnosis of Cerebral Palsy was 

included in the pilot study. 

• The forward and the lateral reach(right and left) were taken and 

the mean and standard deviation was calculated as follows: 

• Mean= 5.24cms and 

• Standard Deviation(SD)= ±4.26 

• The correlation coefficient between the test and retest was 

found out. 

• The reliability of the pilot study was calculated by the 

formula  where “r” is the correlation between test and 

retest and the value of which was taken as 0.996.  

• The sample size was calculated by the formula 

n value of which was 1.855. 

• A sample size of 30 will be included in the study. 

Method of selection of study subjects: 

 Inclusion Criteria: 

• Children diagnosed with Cerebral Palsy, by pediatrician, 

belonging to the age group of 6-18 years, both genders.1 

• Children able to follow verbal commands.1 

• Children having the GMFCS(Gross Motor Function Classification 

System) of 3 or less.11,12 

• Children with Cerebral Palsy who are able to assume 900 of 

flexion and abduction of shoulders, elbow extension, and 

forearm pronation.1  
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Exclusion Criteria: 

• Children with Mental Retardation, seizure disorders. 

• Children having fixed deformities in their upper limbs and not 

able to perform the test. 

• Children undergone upper limb tendon lengthening surgery 

recently in two weeks duration. 

Subject withdrawal Criteria: 

      Subjects not co-operative throughout the study. 

Operational definitions: 

• Cerebral Palsy: Cerebral Palsy is defined as a non-progressive 

neuromotor disorder of cerebral origin.10 

• Balance: Balance is defined as the ability to keep body’s Centre 

Of Mass(COM) within the limits of stability and base of support.3 

• Sitting Balance: Sitting balance is defined as the ability of person 

to maintain control over upright posture during forward reach 

without stabilization.5 

• Modified Functional Reach Test: The Modified Functional Reach 

Test is the objective measure to assess static as well as dynamic 

sitting balance in two directions, forward and lateral(right and 

left). The test is adapted from the Functional Reach Test for 

individuals unable to stand.10    

• Reliability: Reliability is the dependability, consistency and 

stability of an assessment tool.16 

• Test-retest reliability: Test-retest reliability is the consistency of 

an assessment tool between one test occasion and another.16                     

Methods of measurements: 

• To find out the maximal distance the child can reach while 

leaning forward and to the sides, the child will be made to sit 

independently(unsupported) on an adjustable stool, with back 

straight and the feet pelvis width apart.1,7 

• The hip, knee, ankle, will be positioned at 900  and the feet will 

be flat on the surface.1,7 

• An initial measurement will be taken with the upper extremity 

flexed and abducted to 900.1,5,7 
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• The anatomical landmark for the measurement of the reach 

distance will be the ulnar styloid process.5 

• The measurement of the reach distance will include the reach 

distance in the forward direction, and the left and right 

directions. 1,5,7    

Data collection tools: 

• An adjustable stool1,5,7 

• A yardstick 

• A measuring tape 

• A weighing machine 

• A pen  

• Evaluation proforma 

       

 

Variables: 

• Independent variables: 

•  Age 

• Gender 

• Rater 

• Dependent variables: 

• Height 

• Weight 

• Reach Distance 

Data collection: 

• Requisite permission from the Institutional Head will be 

obtained.1 

• Permission from the Ethics committee and the Board Of Research 

committee will be obtained.  

• Permission from the Institutional Heads of Tertiary Care Centres 

and the owners of the respective paediatric rehabilitation clinics 

will be taken. 

• Informed and written consent from parents will be obtained. 

• Children will be included according to the inclusion and the 

exclusion criteria. 
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• Children with Cerebral Palsy will be recruited by convenient 

sampling. 

• Quota sampling will be used. 

• The procedure will be explained to the parents or the care-takers 

of the children. 

• Anthropometric measurements(age, height, weight, BMI in 

percentile) of the children will be taken.1,5 

• A yardstick will be arranged at the level of the shoulder of the 

child.5,6,8 

• Set-up for the test will be done prior to the test and children will 

be made to sit on an adjustable stool with back straight(without 

back support) and feet pelvis width apart.1,5      

• The children will be instructed to keep their reaching shoulder in 

90° of flexion and abduction for forward and lateral reach test 

respectively.5,6 

• An initial measurement of the reach tests distance in the forward 

and the lateral direction(right and left) will be taken. 

• The anatomical landmark used for the measurement of the reach 

distance will be the ulnar styloid process.8 

•  They will be explained to reach as far as they can, with 

shoulders 900   flexed or abducted, elbow extended, forearm 

pronated, wrist neutral, fists either open or close, in the forward 

as well as lateral direction, both right and left sides  maintaining 

their balance. 8 

• Two trials(for adaptation) will be given for each test.1, 8 

• Three attempts will be given for each test and the average of 

three values will be calculated.5,7 

• The forward and lateral reach(right and left) distance will be 

measured on the same group of children again after 10 minutes 

duration. The child will be moved out from the test position for 

ten minutes duration. 

• The same procedure will be repeated after 10 minutes in the 

same children with Cerebral Palsy by same rater and hence these 

values will be considered for calculating the test-retest reliability 
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of Modified Functional Reach Test. 

Data management and analysis: 

• The data collected will be entered in an excel sheet, and the 

back-up of the data will be maintained. 

• The patient’s identity and information will be kept confidential. 

• The data will be utilized for further analysis. 

• Mean, Standard Deviation of the forward reach and the left and 

right lateral reach values will be calculated. 

• The Intra-class correlation co-efficient will be calculated for 

test-retest reliability for Modified Functional Reach Test in 

children with Cerebral Palsy of age 6-18 years in both genders. 

 

 

Results: 

Results will be discussed in the final copy of dissertation. 
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9) Timeline/Gantt 
Chart :- 

 

 
 

 
 

MONTHS 

 
 
 

Allocation of 
Guide 

 

October 2019 

2 Topic finalization 
for the synopsis 

 

November 2019 

3 Formulation of 
Research 
question 

 

December 2019 

4 Formulation of 
objectives 

 

December 2019 

5 Hypothesis 
formulation 

 

January 2020 

6 Protocol of 
Research 

 

January 2020 

7 Institutional, 
Ethics and BORS 

clearance 
obtained 

 

February 2020 

8 
 
 

Submission to 
the University 

 

       March 2020 
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Gantt chart for 

synopsis             

Sr 

n

o Component 

201

9 2019 

201

9 

202

0 

202

0 

202

0 

    Oct Nov Dec Jan Feb 

Mar

ch 

1 Allocation of guide             

2 

Topic finalization for 

the synopsis     

 

      

3 

formulation of research 

question             

4 

formulation of 

objectives             

5 Hypothesis formulation             

6 Protocol of research             

7 

Institutional, Ethics and 

BORS clearance 

obtained             

8 Review of literature             

9 

Methodology 

formulation             

1

0 Study designing              

1 Sample size estimation             

9 
 
 

Data Collection April 2020 to March 2021 

10 
 
 

Data 
presentation and 

analysis 

March 2021 

11 
 
 

Writing 
Discussion and 

conclusion 

April 2021 

12 Submission of 
thesis to MUHS 

May 2021 
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1 

1

2 

Management and data 

analysis             

1

3 

Compilation of 

synopsis       

1

4 Uploading of synopsis       

 
 
 
 
 
 

10) Annexures :- ANNEXURE I (A) -Case record form 

ANNEXURE I (B)- Data collection tools  

ANNEXURE II (A)- Patient information sheet (Including English, Marathi, 

Hindi).  

ANNEXURE II (B)-Letter of consent (Including English, Marathi, Hindi).  

ANNEXURE II (C)-Permission letters(A,B,C) 

ANNEXURE III- Timeline / Gantt chart 

ANNEXURE I (A)  
CASE RECORD FORM 
DATE:______________________________________________________  
NAME: _____________________________________________________ 
AGE:_______________________________________________________ 
GENDER:___________________________________________________ 
ADDRESS:___________________________________________________
________________ __________________________________________  
PHONE NO.:________________________________________________  
WEIGHT(kilogram):________________  
HEIGHT (centimeter):________________  
GMFC LEVEL: ______________ 
 

REACH 
VALUES(in 

cms) 
 

ATTEMPT 1 ATTEMPT 2 

 

ATTEMPT 3 MEAN 

FORWAR
D REACH 

 

    

RIGHT 
LATERAL 
REACH 
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LEFT 
LATERAL 
REACH 

 

    

 
AFTER 10 MINUTES 
 

REACH 
VALUES(in 

cms) 
 

ATTEMPT 1 

 

ATTEMPT 2 

 

ATTEMPT 3 MEAN 

FORWAR
D REACH 

 

    

RIGHT 
LATERAL 
REACH 

 

    

 
 
 
ANNEXURE I (B)  
 
DATA COLLECTION TOOLS:- 
 

1. Figure1:Weighing machine: 

 
 

2. Figure2:Measuring tape: 
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3. Figure3:Yardstick: 

 

 

4. Figure4:Adjustible stool: 

 

 

 

 

 

 

ANNEXURE II (A)  
Participant’s information sheet  
Purpose:  To ensure that written informed consent is obtained from 
participants according to the regulatory requirements of ICMR and 
approved by IEC.  
  
Scope:  These standard procedures include cerebral palsy children of 
6-18 years, both male and female. Their parents will be briefed about 
the study and those who are willing to participate voluntarily will be 
included in this study.   
  
Responsibilities:  The researcher will obtain written informed consent 
from all the participants who are volunteering to be the part of this 
study.   
  
Procedure:  1. The researcher will select the participants of cerebral 
palsy children of 6-18 years (both male and female). 
  
2. The investigator will explain the observational protocol to allay 
apprehension and answer all the queries of the participant and their 
parents.  
  
3. If the participant and their parents decide to participate then they 
would be consented according to the standard procedure.  



C:\Program Files (x86)\pdfconverter\temp\NVDC\D6DAF702-4B61-4BF0-83C7-56EB969CE5B4\82fcfa97-c160-49cb-a9e1-091533d51905.doc [Page : 35] 
   

  
4. If the participant and parents expresses interest but has some doubts 
in that case they would be solved.   
  
5. If the participants and parents are comfortable with the explanation 
then they will fill the informed consent according to standard 
operational procedure.  
  
6. Study procedures will begin after the participant’s and parents 
concern.   
 
7. Detailed medical and any other physical problem history will be 
obtained from the participants and parents so as to verify the inclusion 
and exclusion criteria.  
8. If participant and parents want to discuss this information to their 
family members then they are entitled to do so before giving the 
consent. 
 
General information to research participants:   
 1. Name:      Age:      Sex:      Date:  
 
2. You would be required to fill the Proforma and the purpose of the 
research is to study “RELIABILITY OF MODIFIED FUNCTIONAL REACH 
TEST IN CHILDREN WITH CEREBRAL PALSY OF AGE 6-18 YEARS : AN 
OBSERVATIONAL CROSS-SECTIONAL STUDY.”  
  
3. If you are willing to voluntarily participate in the study then you are 
expected to enroll with us right from the moment of filling Proforma till 
the completion of the test.   
  
4. If you are uncomfortable during this period then kindly let us know so 
that we can help you and overcome your problems without any 
untoward effect.   
  
5. You will not be given any reimbursement and compensation.   
  
6. If at any moment you want to discontinue from this research study 
then you are free to do so and there would not be any hindrance from 
our side.  
  
7. The details of the risk, discomfort, advantages and disadvantages of 
the study will be explained to you before obtaining the letter of consent.   
  
8. The data obtained from this study would be confidentially protected 
and maintained and if the photograph is used then their identity would 
not be revealed. If the photograph is published then permission would 
be obtained.   
 
9.All the risk of various test procedures required for this study will be 
explained to you and accordingly the consent will be taken.   
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10. If you feel exhausted or unable to complete the test you need not 
worry and let us know so that necessary steps can be initiated.  
11.If you are not satisfied at any moment then you can withdraw at any 
time without any consequences.   
12. Name of Researcher:       
  Phone number:         
Address:   
  
13. Name of Guide:        
 Phone number:         
Address:   
  
14. Name of Institution: 
 
 
ANNEXURE II (A) 

 सहभागीींची माहहती पत्रक 

 .उद्देशः आयसीएमआरच्या नियामक आवश्यकताींिुसार आणि 

आयईसीद्वारे मींजूर झालेल्या सहभागीींकडूि लेखी सूचचत सींमती 
ममळववली गेली आहे हे सुनिश्श्चत करण्यासाठी. 

 

 व्याप्ती: या मािक प्रक्रियाींमध्ये सेरेब्रल पाल्सी 6-18 वर्ाांच्या मुले, िर 

आणि मादी दोन्ही समाववष्ट करतात. तयाींच्या पालकाींिा 
अभ्यासाबद्दल माहहती हदली जाईल आणि जे स्वेच्छेिे सहभागी होऊ 

इश्च्छतात तयाींिा या अभ्यासामध्ये समाववष्ट केले जाईल. 

 

 जबाबदा :् या: या अभ्यासाचा भाग होण्यासाठी स्वयींसवेा करिा ् या 
सवव सहभागीींकडूि सींशोधकाींिा लेखी माहहती हदली जाईल. 

 

1. प्रक्रियाः  सींशोधक 6-18 वयोगटातील (पुरुर् आणि महहला दोन्ही) 
स्पॅश्स्टक सेरेब्रल पाल्सी मुलाींच्या सहभागाची निवड करेल. 

 

2. अन्वेर्क आशींका दरू करण्यासाठी आणि सहभागी आणि तयाींच्या 
पालकाींच्या सवव प्रश्िाींची उत्तरे देण्यास निरीक्षक प्रोटोकॉल स्पष्ट करेल. 

 

3.  जर सहभागी आणि तयाींच ेपालक सहभागी होण्यासाठी ठरले तर तयाींिा 
मािक प्रक्रियेिुसार सींमती हदली जाईल. 

 

4.  जर सहभागी आणि पालकाींिी स्वारस्य व्यक्त केले परींत ुतया बाबतीत 
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काही शींका असल्यास तयाींच ेनिराकरि होईल. 

5. जर सहभागी व पालक स्पष्टीकरिास आरामदायक असतील तर त े

मािक ऑपरेशिल प्रक्रियेिसुार माहहतीची सींमती भरतील. 

 

6.  सहभागीच्या आणि पालकाींच्या चचींतेिींतर अभ्यासाची प्रक्रिया सुरू 

होईल. 

 

7.  समावेश आणि वगळण्याच्या निकर्ाींची पडताळिी करण्यासाठी 
सहभागी आणि पालकाींकडूि तपशीलवार वैद्यकीय आणि इतर 

कोितीही शारीररक समस्या इनतहास प्राप्त केली जातील. 

 

8.  जर सहभागी आणि पालकाींिा आपल्या कुटुींबातील सदस्याींसह या 
माहहतीवर चचाव करायची असेल तर सींमती देण्यापूवी त ेतसे करण्यास 

पात्र आहेत. 

सींशोधि करिार याींिा सामान्य माहहती: 
1. िाव:                                 वय:         मलींग:         

तारीख: 

 

2. आपिास प्रोफामाव भरिे आवश्यक आहे आणि सींशोधिाचा हेतू म्हिजे 

"वय -18 त े१ Y वर्ाांच्या सरेेब्रल पाल्सी सह मुलाींमध्ये सुधाररत 

कायावच्या ववश्वासाचा ववश्वास: एक ऑपरेशिल िॉस-सेक्शिल स्टडी." 

 

3. जर आपि स्वेच्छेिे अभ्यासामध्ये भाग घेऊ इश्च्छत असाल तर आपि 

चाचिी पूिव होईपयांत प्रोफामाव भरण्याच्या क्षिापासूि आमच्यासह 

आमच्याकड ेिोंदिी करिे अपेक्षक्षत आहे. 

 

4. या कालावधीत आपिास अस्वस्थ वाटत असल्यास कृपया दयापूववक 

आम्हाला कळवा जेिेकरूि आम्ही कोितीही अवप्रय पररिाम ि करता 
आम्ही आपल्याला मदत करू आणि आपल्या अडचिीींवर मात करू. 

 

5. तुम्हाला कोितीही भरपाई आणि िुकसािभरपाई हदली जािार िाही. 

 

6. कोितयाही क्षिी आपल्याला या सींशोधि अभ्यासापासूि दरू ठेवायच े
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असेल तर आपि तसे करण्यास मोकळे आहात आणि आमच्या बाजूिे 
कोिताही अडथळा येिार िाही. 

 

7. अभ्यासाच ेजोखीम, अस्वस्थता, फायदे आणि तोटे याींच ेतपशील 

आपल्याला सींमतीपत्र प्राप्त करण्यापूवी स्पष्ट केले जाईल. 

 

8. या अभ्यासािुसार ममळालेला डटेा गुप्तपिे सींरक्षक्षत आणि राखला 
जाईल आणि जर छायाचचत्र वापरला असेल तर तयाींची ओळख प्रकट 

होिार िाही. जर छायाचचत्र प्रकामशत झाले तर परवािगी घेतली जाईल. 

 

9. या अभ्यासासाठी आवश्यक असलेल्या ववववध चाचण्या प्रक्रियेचा 
जोखीम तुम्हाला समजावूि साींचगतली जाईल आणि तयािुसार सींमती 
घेतली जाईल. 

 

10. आपि थकल्यासारखे क्रकीं वा कसोटी पूिव करण्यात अक्षम झाल्यास 

आपल्याला काळजी करण्याची आवश्यकता िाही आणि आम्हाला 
कळवा जेिेकरुि आवश्यक पावले उचलता येतील. 

 

11.  आपि कोितयाही क्षिी समाधािी िसल्यास आपि कोितयाही 
पररिामामशवाय कधीही माघार घेऊ शकता. 

 

12. सींशोधकाच ेिाव: 

फोि िींबर: 

पत्ता: 

 

 

13. मागवदशवकाच ेिाव: 

फोि िींबर: 

पत्ता: 

 

14. सींस्थेच ेिाव: 
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ANNEXURE II (A) 

प्रनतभागी की सूचिा पत्र 

उद्देश्य: यह सुनिश्श्चत करिा क्रक मलणखत सूचचत सहमनत आईसीएमआर की 
नियामक आवश्यकताओीं के अिुसार प्रनतभाचगयों स े प्राप्त की गई है और 

आईईसी द्वारा अिुमोहदत है। 
  

स्कोप: इि मािक प्रक्रियाओीं में 6-18 वर्व के सेरेब्रल पाल्सी बच्च ेशाममल हैं, 
श्जिमें पुरुर् और महहला दोिों शाममल हैं। उिके माता-वपता को अध्ययि के बारे 

में जािकारी दी जाएगी और जो लोग स्वेच्छा से भाग लेिे के इच्छुक हैं उन्हें इस 

अध्ययि में शाममल क्रकया जाएगा। 
  

श्जम्मेदाररयाीं: शोधकताव उि सभी प्रनतभाचगयों से मलणखत सूचचत सहमनत प्राप्त 

करेंगे जो इस अध्ययि का हहस्सा बििे के मलए स्वेच्छा स ेहैं। 
  

प्रक्रिया: 1. शोधकताव 5-15 वर्व (पुरुर् और महहला दोिों) के स्पस्टी सेरेब्रल पाल्सी 
बच्चों के प्रनतभाचगयों का चयि करेगा 
  

2. अन्वेर्क अवलोकि प्रोटोकॉल को सभी आशींकाओीं को समझाएगा और 

प्रनतभागी और उिके माता-वपता के सभी प्रश्िों का उत्तर देगा। 
  

3. यहद प्रनतभागी और उिके माता-वपता भाग लेिे का नििवय लेते हैं तो उन्हें 
मािक प्रक्रिया के अिुसार सहमनत दी जाएगी। 
  

4. यहद प्रनतभागी और माता-वपता रुचच व्यक्त करत ेहैं, लेक्रकि उस मामले में 
कुछ सींदेह हैं, तो वे हल हो जाएींगे। 
यहद प्रनतभाचगयों और माता-वपता स्पष्टीकरि के साथ सहज हैं तो व ेमािक 

सींचालि प्रक्रिया के अिुसार सूचचत सहमनत को भर देंगे। 
  

6. प्रनतभागी और माता-वपता की चचींता के बाद अध्ययि प्रक्रिया शुरू होगी। 
 

7. ववस्ततृ चचक्रकतसा और क्रकसी भी अन्य शारीररक समस्या के इनतहास को 
प्रनतभाचगयों और माता-वपता स े प्राप्त क्रकया जाएगा ताक्रक समावेशि और 

बहहष्करि मािदींडों को सतयावपत क्रकया जा सके। 
  

8. यहद प्रनतभागी और माता-वपता इस जािकारी पर अपिे पररवार के सदस्यों स े

चचाव करिा चाहते हैं, तो व ेसहमनत देिे से पहले ऐसा करिे के हकदार हैं। 
अिुसींधाि प्रनतभाचगयों को सामान्य जािकारी: 
 1. िाम:                                                              

आयु:          मलींग:           नतचथ: 
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2. आपको प्रोफामाव भरिे की आवश्यकता होगी और अिुसींधाि का उद्देश्य 

"18-18 वर्व की आयु सीमा के पामलशयल के साथ बच्चों में नि: शुल्क परीक्षि 

पाठ्यिम की ववश्वसिीय ररपोटव का अध्ययि करिा होगा: एक अनतररक्त 

राष्रीय-अिुभागीय अध्ययि।" 

  

3. यहद आप स्वेच्छा स ेअध्ययि में भाग लेिे के इच्छुक हैं तो आपसे यह अपेक्षा 
की जाती है क्रक आप प्रोफामाव भरिे स े लेकर परीक्षि पूरा होि ेतक हमारे साथ 

िामाींकि करें। 
  

4. यहद आप इस अवचध के दौराि असहज हैं, तो कृपया हमें बताएीं ताक्रक हम 

आपकी मदद कर सकें  और आपकी समस्याओीं को बबिा क्रकसी अवप्रय प्रभाव के 

दरू कर सकें । 
  

5. आपको कोई प्रनतपूनत व और मुआवजा िहीीं हदया जाएगा। 
  

6. यहद क्रकसी भी क्षि आप इस शोध अध्ययि स ेहटिा चाहते हैं तो आप ऐसा 
करिे के मलए स्वतींत्र हैं और हमारी ओर स ेकोई बाधा िहीीं होगी। 
  

7. सहमनत पत्र प्राप्त करि ेस ेपहले अध्ययि के जोणखम, असुववधा, फायदे और 

िुकसाि का वववरि आपको समझाया जाएगा। 
  

8. इस अध्ययि से प्राप्त आींकडों को गोपिीय रूप स ेसींरक्षक्षत और बिाए रखा 
जाएगा और अगर तस्वीर का उपयोग क्रकया जाता है तो उिकी पहचाि उजागर 

िहीीं की जाएगी। अगर तस्वीर प्रकामशत होती है तो अिुमनत ममल जाएगी। 
 

9. इस अध्ययि के मलए आवश्यक ववमभन्ि परीक्षि प्रक्रियाओीं के जोणखम को 
आपको समझाया जाएगा और तदिुसार सहमनत ली जाएगी। 
  

10. यहद आप थकावट महसूस करत ेहैं या परीक्षि परूा करि ेमें असमथव हैं, तो 
आपको चचींता करिे की आवश्यकता िहीीं है और हमें बताएीं ताक्रक आवश्यक कदम 

उठाए जा सकें । 
 

11.यहद आप क्रकसी भी क्षि सींतुष्ट िहीीं हैं तो आप बबिा क्रकसी पररिाम के क्रकसी 
भी समय वापस ले सकते हैं। 

 

12. शोधकताव का िाम: 

       फोि िींबर: 

      पता: 
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13. गाइड का िाम: 

       फोि िींबर: 

      पता: 
  

14. सींस्था का िाम: 

 
  
ANNEXURE II (B) 
 LETTER OF CONSENT 
“RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN 
WITH CEREBRAL PALSY OF AGE 6-18 YEARS : AN OBSERVATIONAL 
CROSS-SECTIONAL STUDY.”  
1. I have received an explanation of the nature, purpose, duration and 
foreseeable effects and risks of the trial and what the child will be 
expected to do. My questions have been answered satisfactorily. 
2. I understand that my child’s participation in the trial is voluntary and 
that I may refuse to participate or may withdraw from the trial at any 
time, without penalty or loss of benefits to which I am otherwise 
entitled.  
3. I further understand that any information that becomes available 
during the course of the study that may affect my willingness to take 
part will be informed to me. 
 4. Institutional Ethics Committee authorities may wish to examine my 
medical records to verify the information collected. By signing this 
document, I give permission for this review of my records. 
 5. I understand that my child’s identity will not be revealed in any 
report or publication. 
 6. I agree to take part in the above study.  
Name of the research participant ______________________ 
Signature/thumb impression of the research 
participant________________________ 
 
 
ANNEXURE II (B)  

सहमनत – पत्र 

 "वय 6-18 वर्ाांच्या सेरेब्रल पाल्सी सह मुलाींमध्ये सुधाररत कायवक्षम पध्दतीचा 
ववश्वास: एक ऑपरेशिल िॉस-सेक्शिल स्टडी." 

1. मला चाचिीच ेस्वरुप, हेतू, कालावधी आणि अपेक्षक्षत पररिाम आणि 

जोखीम आणि मुलाकडूि काय अपेक्षक्षत केले जाईल याच ेस्पष्टीकरि 

प्राप्त झाले आहे. माझ्या प्रश्िाींची उत्तरे समाधािकारक आहेत. 

2. मला समजले आहे की चाचिीत माझ्या मुलाचा सहभाग ऐश्च्छक आहे 

आणि मी कोितयाही प्रकारचा दींड क्रकीं वा मी गोंधळात घेतलेल्या 
फायद्याींच्या िुकसािीमशवाय कोितयाही वेळी सहभागी होण्यास िकार 

देऊ शकतो क्रकीं वा चाचिीमधिू मागे घेऊ शकतो. 
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3. मला पुढे हे समजले आहे की अभ्यासाच्या वेळी उपलब्ध होिारी 
कोितीही माहहती जी माझ्या सहभागाच्या इच्छेवर पररिाम करू शकते 
मला कळववली जाईल. 

4. सींस्थातमक आचारसींहहता सममतीच ेअचधकारी गोळा केलेली माहहती 
सतयावपत करण्यासाठी माझ्या वैद्यकीय िोंदी तपास ूशकतात. या 
दस्तऐवजावर सही करूि, मी माझ्या िोंदीींच्या या पुिरावलोकिासाठी 
परवािगी देतो. 

5. मला समजले आहे की माझ्या मुलाची ओळख कोितयाही अहवालात 

क्रकीं वा प्रकाशिात प्रकट होिार िाही. 

6. मी वरील अभ्यासामध्ये भाग घेण्यास सहमत आहे. 

7. सींशोधि सहभागीच ेिाव ______________________ 

8. सींशोधि सहभागीची स्वाक्षरी / अींगठा ठसा ____________________ 

ANNEXURE II (B)  

 सहमनत – पत्र  

 "6-18 साल की सेरेब्रल पाल्सी के साथ बच्चों में पढे जािे वाले बच्चों के 

मलए कई बार पढे जािे की औपचाररकता: एक हदि का राष्रीय-सत्रीय 

अध्ययि।" 

1. मुझ ेपरीक्षि की प्रकृनत, उद्देश्य, अवचध और दरूदमशवता प्रभाव और 

जोणखमों का स्पष्टीकरि ममला है   

2. और बच्च ेको क्या करिे की उम्मीद होगी। मेरे सवालों का 
सींतोर्जिक जवाब हदया गया है। 

3. मैं समझता हूीं क्रक परीक्षि में मेरे बच्च ेकी भागीदारी स्वैश्च्छक है 

और मैं क्रकसी भी समय परीक्षि से भाग लेि ेया वापस लेिे से इींकार 

कर सकता हूीं, बबिा क्रकसी दींड या लाभ के िुकसाि के श्जसके मैं 
अन्यथा हकदार हूीं। 

4. मैं आगे समझता हूीं क्रक अध्ययि के दौराि उपलब्ध होिे वाली कोई 

भी जािकारी जो मेरे भाग लेिे की इच्छा को प्रभाववत कर सकती है, 

मुझ ेसूचचत क्रकया जाएगा। 

5. सींस्थागत आचार सममनत के अचधकारी एकबत्रत जािकारी को 
सतयावपत करिे के मलए मेरे मेडडकल ररकॉडव की जाींच कर सकते हैं। 
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इस दस्तावेज़ पर हस्ताक्षर करके, मैं अपिे ररकॉडव की इस समीक्षा 
की अिुमनत देता हूीं। 

6. मैं समझता हूीं क्रक मेरे बच्च ेकी पहचाि क्रकसी भी ररपोटव या प्रकाशि 

में सामिे िहीीं आएगी। 

7. मैं उपरोक्त अध्ययि में भाग लेिे के मलए सहमत हूीं। 

8.अिुसींधाि प्रनतभागी का िाम ______________________ 

   शोधाथी का हस्ताक्षर / अींगूठे का 
निशाि________________________ 

 
ANNEXURE II (C)  

 

PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of 

Physiotherapy, would request you to grant me permission to carry out 

my research work in children with Cerebral Palsy aged 6-18 years. 

      My research topic is “RELIABILITY OF MODIFIED FUNCTIONAL 

REACH TEST IN CHILDREN WITH CEREBRAL PALSY OF AGE 6-18 YEARS : 

AN OBSERVATIONAL CROSS-SECTIONAL STUDY” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          
Head of Institute 
 

ANNEXURE II (C)  
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PERMISSION LETTER 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, 

would request you to grant me permission to carry out my research 

work.  

      My research topic is, “RELIABILITY OF MODIFIED FUNCTIONAL 

REACH TEST IN CHILDREN WITH CEREBRAL PALSY OF AGE 6-18 YEARS : 

AN OBSERVATIONAL CROSS-SECTIONAL STUDY” 

      I promise that the ethics as well as participants care shall be duly 

complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 

 

Annexure III  
TIMELINE/GANTT CHART OF DISSERTATION 
TIMELINE CHART 
 
 
 

SR.N
O 

COMPONENTS MONTHS 

1 Allocation of 
Guide 

October 2019 

2 Topic finalization 
for the synopsis 

November 2019 

3 Formulation of 
Research 
question 

December 2019 

4 Formulation of 
objectives 

December 2019 
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5 Hypothesis 
formulation 

January 2020 

6 Protocol of 
Research 

 

January 2020 

7 Institutional, 
Ethics and BORS 

clearance 
obtained 

February 2020 

8 Submission to 
the University 

March 2020 

9 Data Collection April 2020 to March 2021 

10 Data 
Presentation and 

Analysis 

March 2021 

11 Writing 
Discussion and 

Conclusion 

April 2021 

12 Submission of 
thesis to MUHS 

May 2021 
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Sr no 

 Gantt chart for 
dissertation 

Oct 
19 

No
v19 

Dec
19 

Jan
20 

Feb
20 

M
ar
2
0 

Apr
-Ju

n 
20 

Jul-
sep
t 20 

Oct
-de

c 
20 

Ja
n-
m
ar 
2
1  

A
pr
il 
2
1 

M
ay 
2
1 

1 selection of topic                         

2 
formulation of research 
question                         

3 
formulation of aim and 
objective                         

4 
hypothesis and null 
hypothesis                         

5 research protocol                         

6 ethical clearance                         

7 research designing                         

8 review of literature                         

9 Methodology                         

10 study designing                         

11 study setting                         

12 sample size estimation                         

13 selection of study tools                         

14 
method of data 
collection                         

15 data collection process                         

16 
management and 
analysis                         

17 statistical analysis of data                         

18 Submission to MUHS                         
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ABBREVIATIONS: 

 

SPCM: Seated Postural Control Measure  

SACND: Sitting Assessment for Children with Neuromotor Dysfunction  

SAROMM: Spinal Alignment and Range of Motion Measure  

SATCo: Segmental Assessment of Trunk Control  

TIS: Trunk Impairment Scale  

TCMS: Trunk Control Measurement Scale 

GMFM: Gross Motor Function Measure 

GMFCS: Gross Motor Function Classification System 

mFRT: Modified Functional Reach Test 
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EFFECT OF 6 WEEKS STATIONARY CYCLING EXERCISE TRAINING VERSUS 

CONVENTIONAL GAIT TRAINING EXERCISES ON AMBULATORY FUNCTION AND 

GAIT SPEED USING DYNAMIC GAIT INDEX AND TIMED UP AND GO TEST IN 

CHRONIC STROKE PATIENTS AGED 30-60 YEARS: A RANDOMIZED CONTROLLED 

TRAIL. 
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ABBREVATIONS 

ADL – Activities of daily living 

CVA – Cerebrovascular accidents 

FES – Functional electrical stimulation 

EMG – Electromyography 

SCI – Spinal cord injury 

PROM – Passive range of motion 

BBS – Berg balance scale 

TUG – Timed up and go test 

DGI – Dynamic gait index 

MMSE – Mini-mental scale examination 

PD – Parkinson’s disease 
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                                                          INTRODUCTION 

The World Health Organization (WHO) definition of stroke is, “rapidly developing clinical signs of 

focal (or global) disturbances of cerebral function, with symptoms lasting 24 hours or longer or 

leading to death, with no apparent cause other than vascular origin1.”  

The pathological background for stroke may either be ischemic or hemorrhagic disturbance of the 

cerebral blood circulation1. Ischemic stroke is the most common type, affecting about 80% of 

individual with stroke, and results when clot blocks or impairs blood flow, depriving the brain of 

essential oxygen and nutrients. Hemorrhagic stroke occurs when blood vessels rupture, causing 

leakage of blood in or around the brain2. 

Worldwide, cerebrovascular accidents (stroke) are the second leading cause of death and third 

leading cause of disability. According to a systemic review in 2017 on incidence and prevalence of 

stroke in India, there is crude prevalence of stroke ranged from 44.29 to 559/100,000 persons in 

different parts of the country during the past decades; out of which cumulative incidence of stroke 

ranged from 105 to 152/100,000 persons per year.3 

Motor deficits are characterized by paralysis (Hemiplegic) or weakness (Hemiparesis), typically on 

the side of the body opposite the side of lesion2. 

Stroke is generally characterized by hemiparesis, walking inability without assistance and difficulty 

in performing activities in daily living independently4. For stroke patient ambulation becomes very 

difficult task due to residual motor weakness, spasticity, poor motor control, postural imbalance, in-

coordination, and loss of sensation4. This ultimately results in poor quality of life and social 

participation4. 
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Rehabilitation’s major objective in patient with motor impairment in lower limb is to recover 

walking capacity. This problem, besides the negative influence on the patient’s independence, leads 

to immobility. Musculoskeletal disturbances, cardiovascular problem as well as low aerobic 

endurance significantly affect the patient’s ADL performance and in severe cases may lead to death5. 

The rehabilitation continues to be useful even after decades after stroke6. In chronic stroke patients, 

year of disuse can compound the already debilitating effects of the initial injury6, 5. Walking is one of 

the most frequently impacted ability which affects the quality of life directly by decreasing patient’s 

ability to ambulate6. 

Walking occurs via initiating descending motor command from Supraspinal centers that activates 

spinal networks and is modulated by afferent sensory feedback. In stroke there is interruption in 

descending motor commands and Supraspinal regulation6. 

Regaining walking independence is a principal objective for stroke patients. Interventions 

contributing to this functional outcome are therefore important and should include goal directed 

rehabilitation program. Post stroke, patients often have substantial leg weakness and are unable to 

contract paretic muscle sufficiently to take part in function, like walking training7. 

Gait training is the primary method to improve walking ability8. It refers to a wide range of physical 

intervention all aimed at improving the functional activity of ambulation9. 

Various studies have employed different exercise intervention such as progressive exercise, muscle 

strengthening exercise, rhythmic pattern exercise, virtual training to improve gait in stroke patients10. 

Most of the study also used treadmill with or without weight support as exercise intervention to 

improve walking capacity and function in stroke4. Cycling is one of the rehabilitation programs that 
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can be used to improve the function of ambulation. The muscle activation pattern of walking and 

cycling is similar, and it is proposed that it is generated by same neural network4, 5, 6.   

Cycling and walking shares similar reciprocal movements of flexion and extension of hip, knee, and 

ankle and both require alternating and coordinated antagonist muscle activation4, 5, 6. It helps to 

maintain functional range of hip and knee joints required for walking. 

When pedaling, the lower limb muscles are very similar to walking, which strengthen. The cycling 

can serve as a tool of enhancing rehabilitation of patient with CVA8. 

Cycling motion itself activates the somatosensory receptors and generate ascending inputs to central 

nervous system4. It has been suggested that the neural mechanism that underlie coordination of 

rhythmic limb movement during human locomotion are similar to those used by quadrupeds11. 

Cycling exercise is normally performed by patients in sitting thus it can be well tolerated by acute, 

sub-acute, chronic stroke patients4. Cycling avoids loss of balance and can be safely performed even 

from a wheelchair. It does not require expensive robotic devices or the constant supervision of 

therapist which are on the contrary, necessary to support body weight and to prevent falls during gait 

training 12. 

It can be used as task-oriented locomotor intervention which can be used to supplement functional 

ambulatory training 13. 

Decrease in physical activities such as walking eventually leads to decrease cardio-respiratory 

endurance4. Thus, it is important to improve the walking abilities in chronic stroke patients. 

Some stroke patients are unable to perform exercises because the muscle force in lower limb is weak 

to secure body weight support. Therefore, there is a demand for rehabilitation methods oriented to 

recovery of the walking capacity of patients. Because of similarities with walking, cycling can be 
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present as a solution to this problem or might be used as an alternative motor function rehabilitation 

method6. 

Several studies have proved the effectiveness of cycling in improving balance, aerobic capacity, 

walking capacity along with conventional gait training exercises. But the current study will be done 

to find the effectiveness of stationary cycling versus conventional gait training exercises on gait 

speed and ambulatory function in chronic stroke patients. 
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                                                   RATIONALE OF THE STUDY 

The  neurological  lesions  which  occur  as  a result  of  stroke  leads  to permanent  disability. It 

includes weakness, gait asymmetries, decrease in walking ability and difficulty with activities of 

daily living4. 

Despite initial improvement in motor function post stroke, patient often demonstrate plateau or 

deceleration of motor recovery in the chronic stage, walking ability being most commonly affected4. 

Decrease in walking ability is one of the most debilitating effects in patient with chronic stroke5. 

Decrease in walking ability eventually hampers the quality of life, and thus it increases the 

dependency of patient while performing activities of daily living5. Decrease in walking ability leads 

to decrease in cardio-respiratory endurance4, 5, 10. 

The current approach of stroke rehabilitation focuses more on task specific training which involves 

the regular practice of functional task4. 

Besides improving muscle strength, cycling exercise also facilitates muscle control of lower limb, 

which may allow putting weight on affected lower limb4, 10. Cycling had been proved to be effective 

in increasing walking abilities in patient with sub-acute stroke6. 

However, few studies (Sung-Jin Kim, et al. and Ernest Ofori, et al.) have evaluated the effect of 

stationary cycling in improving gait abilities in chronic and sub-acute stroke patients. In these studies 

the stationary cycling have been used in addition with standard exercises program to find the effect 

on gait abilities4, 10. 

Thus, the current study will be done to observe the individual effect of stationary cycling exercise 

versus conventional gait training exercises on gait abilities in chronic stroke patients.    
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RESEARCH QUESTION  

Is there any effect of 6 weeks stationary cycling exercise training versus conventional gait training 

exercises on ambulatory function and gait speed using dynamic gait index and timed up and go test 

in chronic stroke patients aged 30-60 years? 
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HYPOTHESIS 

 

Null hypothesis: 

There is no statistically significant effect of 6 weeks stationary cycling exercise training versus 

conventional gait training exercises on ambulatory function and gait speed using dynamic gait index 

and timed up and go test in chronic stroke patients aged 30-60 years. 

Alternate hypothesis: 

There is statistically significant difference in 6 weeks stationary cycling exercise training versus 

conventional gait training exercises on ambulatory function and gait speed using dynamic gait index 

and timed up and go test in chronic stroke patient aged 30-60 years. 
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OBJECTIVES 

To study the effect of 6 weeks stationary cycling exercise training versus conventional gait training 

exercises on ambulatory function and gait speed using dynamic gait index and timed up and go test 

in chronic stroke patient aged 30-60 years. 
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REVIEW OF LITERATURE  

1. Mohamed S. et al (2021) conducted the study to determine the effect of cycling exercise on 

motor excitability and its consequences on spatiotemporal gait parameters in stroke patients. 

40 male stroke patients aged 40-60 yrs were recruited in study for 10 weeks. The result 

showed significant improvement in speed, step cycle, step length and excitability over motor 

area. Thus they concluded that cycling exercise has positive motor excitability and gait 

abnormalities in stroke patients14. 

2. Ernest Kwesi Ofori, et al (2019) conducted the study to assess the effect of ergometer cycling 

on the ambulatory function and cardiovascular fitness of patients with stroke in the sub-acute 

phase. Twenty patients was allocated in the study and was divided into two groups i.e. 

experimental (ergometer cycling group) and control (non-ergometer cycling group). 

Experimental group performed ergometer cycling along with conventional physiotherapy for 

60 minutes, 3times/week for 8 weeks. Control group performed conventional physiotherapy 

for same period of time as experimental group. An outcome measure includes heart rate, 

blood pressure, 6-minute walk test, functional ambulatory category, and ambulatory velocity. 

Assessment was taken at the baseline and after the end of 8 weeks. The ambulatory velocity 

and 6-minute walk test shows significant improvement at the end of 8 weeks whereas there is 

no significant improvement in functional ambulatory score. The means of heart rate, blood 

pressure was significantly decrease in experimental group as compared to control group. 

Thus they concluded that ergometer cycling improves ambulatory function and 

cardiovascular fitness in sub-acute stroke4. 

3. Takuya Iyanaga et al (2019) conducted study to investigate the effect of recumbent cycling 

with integrated volitional control electrical stimulation (IVES) on gait ability in stroke 

patients. Six stroke patients performed recumbent cycling (R-cycling) with and without IVES 

in the power assist (IVES-P) mode. Gait speed and the number of steps numbers on a 10-m 
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walking test was assessed before and after each interventional session. Result showed that R-

cycling with IVES-P mode improved gait speed during the recovery stage in stroke patients 

to a greater extent than that achieved with R-cycling alone15. 

4. Stacey E. Aaron, et al (2018) conducted a pilot study to evaluate the effects of an FES-

assisted cycling intervention on aerobic capacity and locomotor function in individual post-

CVA. Eleven individuals with chronic stoke was included in the study. Intervention was 

performed for 8 weeks, 3times/week. Outcome measures includes VO2PEAK , self selected and 

fastest comfortable walking speed, gait and pedaling symmetry, 6-minute walk test, berg 

balance scale, stroke impact scale participation, fall efficacy scale  was used. Assessment was 

done at baseline and after the end of 8 weeks. Over ground self selected walking speed 

(SSWS), fastest comfortable walking speed and spatiotemporal parameters of walking were 

measured over a GAIT Rite. The result showed significant improvement in VO2Peak, self 

selected walking speed, fastest comfortable walking speed, paretic step ratio, berg balance 

score, dynamic gait index, activities specific balance confidence scale. There was no 

significant improvement in 6 minute walk test and fall efficacy scale. They concluded that 

functional electrical stimulated assisted cycling used as a measure to improve both aerobic 

capacity and locomotor function16. 

5. Mehmet Uygur et al (2017) conducted the study to find the effectiveness of a low-resistance, 

interval bicycling intervention in Parkinson’s disease. Fourteen individuals with PD 

(HoehnYahr stage of 3.0 or less) participated in 12, 30-minute sessions of low-resistance 

interval training on a stationary recumbent bicycle. Motor examination section of the 

UPDRS, 10-meter walk, timed-up-and-go, functional reach, 4-square step test, 9-hole peg 

test, and simple reaction time scores all exhibited significant improvements (p < 0.05)17. 
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6. Christel Vanroy et al (2017) conducted the study to evaluate effectiveness of active cycling in 

sub-acute stroke rehabilitation. Fifty – nine patients with acute stroke were enrolled in the 

study. Patients were randomly allocated to a 3-month cycling group and education or to a 

control group. Afterwards, active cycling group was randomized into a coaching versus non-

coaching group for nine months. Aerobic capacity, isometric knee extension strength and gait 

ability and speed were measured before and after intervention and during follow-up at six and 

12 months. Result showed no significant effect in training group and control group18. 

7. Taryn Klarner, et al (2016) studied the long term plasticity in reflex excitability induced by 

five weeks of arm and leg cycling after stroke. Nineteen patients with chronic stroke perform 

arm and leg cycling for 5 weeks, 3 times/week. A change in reflex excitability was inferred 

from modulation of cutaneous and stretch reflex. The result showed that arm and leg cycling 

training induces plasticity and modifies reflex excitability after stroke19. 

8. Emilia Ambrosini, et al (2016) conducted a study to evaluate the neuromechanics of 

recumbent leg cycling in post-acute stroke patients. Twelve subjects were recruited in the 

study. The patients were asked to walk on GAIT rite and spatiotemporal parameters were 

measured. A gait symmetry index (ST ratio) was computed as the ratio between the 

percentage stance time of the affected and unaffected leg. Lower limb motor impairment was 

evaluated through the leg subscale of the Motricity Index (MI), which evaluates the strength 

of the affected leg and ranges from 0 (maximal impairment) to 100 (no impairment). The 

result showed Significant correlations between cycling based metrics and gait parameters, 

suggesting that neuromechanical quantities of pedaling can inform on walking dysfunctions. 

Thus the findings support the use of pedaling as a rehabilitation method and an assessment 

tool after stroke, mainly in the early phase, when patients can be unable to perform safe and 

active gait training20. 
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9. Sung-jin Kim, et al (2015) conducted the study to investigate the effects of stationary cycling 

exercise on the balance and gait abilities of chronic stroke patients. Thirty two patients were 

recruited in the study and were randomly allocated in control group and experimental group. 

Experimental group performed stationary cycling exercise training along with standard 

rehabilitation protocol for 30 minutes, 5 times/week for 6 weeks while control group 

performed conventional physiotherapy for same period of time. To assess balance, berg 

balance scale and timed up and go test was used while 10 meter walk test is used to assess 

gait function. There was significant improvement in berg balance scale, timed up and go test 

and 10 meter walk test in experimental group. This study demonstrated that stationary cycling 

exercise training is an effective intervention for increasing the balance and gait abilities of 

chronic stroke patients10. 

10. David Barbosa, et al (2015) reviewed the studies to find the effectiveness of application of 

cycling and cycling combined with feedback in the rehabilitation of stroke patients. The 

cycling characteristics and applications, the applied test protocols as well as the tools used to 

assess the state and the recovery of patients and types of cycling devices are presented. The 

application of cycling with feedback shows more promising results when compared with 

without feedback. Positive effects on motor abilities were found in sub-acute and chronic 

stroke patients5. 

11. Byoung-Sun Park et al (2015) conducted the study to confirm the effect of both conventional 

over ground training and gait trainer with partial body weight support on spatiotemporal 

parameters in chronic stroke patients. The result showed significant improvement in 

functional ambulation classification, walking speed in both the groups. Thus they concluded 

that both the treatment protocol i.e. gait trainer with partial body weight support and 

conventional over ground training can be an effective method in improving gait abilities in 

stroke patients21. 
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12. Nm Salbach et al (2014) conducted the randomized controlled trail to evaluate the effect of 

task oriented training intervention on walking distance and speed. 91 individuals with stroke 

within 1 year of stroke were recruited in study. The experimental group performs 10 

functional tasks while control group perform upper limb activities. Outcome measures used 

were 6-min walk test, 5-meter walk, BBS and TUG test. The result showed significant 

improvement in walking, balance, speed and distance after 6 weeks of intervention. Thus they 

concluded that task oriented training can improve walking distance and speed post 

intervention in stroke patients22. 

13. So Young Le, et al (2013) studied the effect of assisted ergometer training with a functional 

electrical stimulation on exercise capacity and functional ability in sub-acute stroke patient. 

Sixteen patients with sub-acute stroke were recruited in the study. These patients were 

randomly assigned into functional electrical stimulation group (FES) and control group. The 

patient underwent ergometer training for 30 min, 5times/week for 4 weeks. Outcome measure 

used were 6-minute walk test, berg balance score, Korean version of modified barthel index, 

VO2Peak, metabolic equivalent, resting and maximal heart rate, resting and maximal blood 

pressure, maximal rate pressure product, sub-maximal rate pressure product, sub-maximal 

rate of perceived exertion, exercise duration, respiratory exchange ratio, and estimated 

anaerobic threshold were determined before and after treatment. The study demonstrated that 

ergometer training improved functional abilities when given for 4 weeks while aerobic 

capacity was improved after assisted ergometer training with FES only23. 

14. Pei-Yi Lin, et al (2013) investigated cortical control during self-paced active cycling with and 

without speed feedback, and during motor driven passive cycling in patients with sub-cortical 

stroke. Seventeen patients with sub-cortical stroke were recruited in the study. Near-infrared 

spectroscopy (NIRS) signals and EMG activity were measured during cycling. 20 channel of 

measurement was used and it covered sensorimotor cortex (SMC), supplementary motor area 
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(SMA), premotor cortex (PMC). There were three cycling conditions: active cycling with no 

visual feedback, active cycling with visual feedback and passive cycling. Results showed that 

the cortical activation pattern during passive cycling was similar to that during active cycling 

without feedback. Thus passive cycling can be used for activating cortical region and for 

facilitating motor recovery after stroke24. 

15. Emilia Ambrosini, et al (2012) conducted the study to evaluate the effect of cycling induced 

by electrical stimulation improves muscle activation and symmetry during pedaling in 

hemiparetic patients. Thirty five patients with post-acute stroke were recruited in the study. 

Participants were randomized into experimental or FES-cycling group and control or placebo 

FES-cycling group. Intervention was performed for 5 times/week for 4 weeks. Clinical 

outcomes used was the motricity index, the gait speed, the electromyography activation of the 

rectus femoris and biceps femoris, and the mechanical work produced by each leg during 

voluntary pedaling. The result showed significant improvement in the activation of the 

paretic muscle in FES group while there was no significant effect in placebo FES group25. 

16. Nicola J. Hancock, et al (2011) conducted the systemic review to evaluate the effect of lower 

limb reciprocal pedaling on motor function after stroke. The following databases were 

searched electronically: COCHRANE: Database of Systematic Reviews; Database of 

Abstracts of Reviews of Effects; Central Register of Controlled Trials; Cochrane 

Methodology Register; Cochrane Stroke Group; MEDLINE; EMBASE; CINAHL; AMED; 

PEDro; PsycINFO. They randomly selected 50 titles from the total pool, using a 

computerized random number system. The findings provide proof-of-concept for pedaling 

interventions and provide a foundation for subsequent research, suggesting a need for further 

standardized, controlled clinical trials of clearly described pedaling interventions, across a 

broad range of stroke survivors and with subsequent transparent reporting of findings7. 
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17. Simona Ferrante et al (2011) conducted the study on a biofeedback cycling training to 

improve locomotion in chronic stroke patients. The aim of the study was to explore the 

feasibility of a biofeedback pedaling treatment and its effect on cycling and walking ability in 

chronic stroke patients. A case series study was designed. Participants were recruited on the 

basis of gait pattern classification. 153 chronic stroke patients were recruited in the study. The 

training consists of 2 week treatment of 6 sessions. Participants were assessed before, after 

and at follow up visit. Outcome measures were the unbalanced during pedaling test, and the 

temporal, spatial and symmetry parameters during gait analysis. There was significant 

decreased in the pedaling unbalanced after treatment and maintained significant improvement 

at follow up. The result showed that the treatment is feasible and it might be effective in 

progress from pedaling to locomotion12. 

18. Seyed Mansoor Rayegani et al (2011) conducted the study on the effect of electrical passive 

cycling on spasticity in war veterans with SCI. The aim of the study was to evaluate the effect 

the of electrical passive cycling on PROM, spasticity and electro-diagnostic parameters in 

SCI. 64 SCI veterans was recruited in prospective clinical trial. Two groups were made; 1) 

patient without cycling, 2) patient with electrical passive cycling. Main outcome measures 

include hip, knee, ankle range of motion, spasticity scale, electro-diagnostic parameters 

including F-wave consistency, F-wave amplitude, H/M ratio, F/M ratio, H-reflex onset 

latency, H-reflex amplitude. Results showed significant decrease in spasticity scale, 

improvement in range of motion in hip, knee and ankle and significant difference in F/M ratio, 

Hmax/Mmax (RT and LT) ratio in Group 2. Thus it is concluded that passive rhythmic leg 

exercises can lead to decrease in spasticity, increase passive range of motion and 

improvement in electro-diagnostic parameters in SCI patients26. 
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19. Ada Tang et al (2009) conducted the study to evaluate the feasibility of adding aerobic cycle 

ergometer training to conventional rehabilitation early after stroke and to determine effects on 

aerobic capacity, walking ability, and health-related quality of life. The Exercise group added 

30 minutes of aerobic cycle ergometry to conventional inpatient rehabilitation 3 days/week 

until discharge; the Control group received conventional rehabilitation only. All participants 

performed a graded maximal exercise test on a semi-recumbent cycle ergometer, 

spatiotemporal gait assessments, 6-Minute Walk Test, and Stroke Impact Scale. They 

concluded that early aerobic training shows greater improvement in aerobic capacity and 

walking capacity suggests that such training may have an early beneficial effect and should 

be considered for inclusion in rehabilitation programs27. 

20. Mi-Joung Lee, et al (2008) conducted the study to compare the effect of aerobic cycle 

training and progressive resistance training on walking ability after stroke. Fifty-two 

individual was recruited in the study. Participants undertook 30 exercise session over 10 to 12 

weeks. Group were allocated as aerobic cycling plus sham progressive resistance training, 

sham cycling plus progressive resistance training, sham cycling plus progressive resistance 

training, aerobic cycling plus progressive resistance training, or sham cycling plus sham 

progressive resistance training. Primary outcomes were 6-minute walk test, habitual and fast 

gait velocities, and stair climbing power. Secondary outcome included measures of cardio-

respiratory fitness, muscle strength, power, and endurance and psychosocial attributes. 

Results showed that sham exercise improved walking distance and gait velocity 

significantly28. 

21. K. diserens, et al (2007) conducted the study to evaluate the effect of arm cycling on post 

stroke spasticity and motor control. Nine patients undergone arm ergometer training for 3 

weeks, 5 days/week. The patients were tested one week before training, at training onset, at 

the end of training and 2 weeks after training. Outcome measures used were Ashworth scale, 



21 
 

Rivermead Motorik assessment and motricity index and cycling force. They noticed 

significant effect of arm cycling on spasticity and motor control29. 

22. Johanna Jonsdottir, Davide Cattaneo (2007) conducted the study to establish the test-retest 

and interrater reliability as well as the concurrent construct validity of the DGI as a measure 

for dynamic balance in people with chronic stroke. 25 participants were included into the 

study.  Thus they concluded that DGI showed high reliability and showed evidence of 

concurrent validity. It is a useful clinical tool for evaluating dynamic balance in ambulatory 

people with chronic stroke30. 

23. Michal Katz-Leurer, et al (2006) conducted a study to investigate the effect of early cycling 

training on balance and motor abilities of stroke patients in sub-acute stage. Twenty four 

patients with sub-acute stroke was randomly assigned into experimental or cycling training 

group and control or non-cycling training group. Control group receive usual rehabilitation 

programme while experimental group receive cycling ergometer session along with usual 

rehabilitation programme lasting for 3 weeks, 5 days/week. Both groups were followed for 6 

weeks. Balance was assessed using the postural assessment scale and lower extremity 

function was assessed by fugl- Meyer assessment. Results showed that experimental group 

had more significant effect than control group31. 

24. A Kamps et al (2005) conducted the study to evaluate the effect of cyclic movement training 

of the lower limb on gait in chronic stroke patients.31 patients were recruited for study, out of 

which 16 was supplied by MOTOmed Viva2 movement trainer of experimental group and 

control group was given conventional therapy and ergo-therapeutic intervention. Participants 

were trained 2/day for 4 months. Outcome measures include 2 and 6 min walking test, Tinetti 

test, berg balance scale, timed up and go test. The result showed improvement in walking 

distance, comfortable gait speed and TUG test. Thus MOTOmed movement therapy is 

helpful in addition to conventional therapy32. 
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25. Ulla-Britt Flansbjer, et al (2005) conducted the study to assess the reliability of 6 gait 

performance test in individual with chronic stroke. Fifty men and women were recruited in 

the study. The timed and go test, the comfortable and the fast gait speed tests, the stair 

climbing ascend and descend test and 6 minute walk test were assessed 7 days apart. 

Reliability was measured using intraclass correlation coefficient, the Bland and Altman 

analysis, the standard error of measurement and the smallest real difference. They found 

these test reliable and recommended to use these test as a gait performance measure in 

chronic stroke patient33. 

26. Karen L. Perell et al (2001) conducted the study to evaluate the effect of bicycle exercise on 

knee-muscle strength and gait speed in patients with CVA. 8 male patients were recruited in 

the study. Outcome measures include knee strength for both concentric and eccentric 

contractions using Isokinetic dynamometer and 50 foot walk test were performed. 

Participants trained 3 times / week for 4 weeks. Result showed significant improvement in 

knee extensors strength in involved limb. There was no significant improvement in knee 

flexors strength and walking speed34. 

27. Rachel Holt et al (2001) conducted case report to find effectiveness of static bicycle training 

on functional mobility in chronic stroke. This case report documents a patient 18 months 

post-stroke who completed eight weeks of training on a static bicycle. The programme 

resulted in improvements in his walking speed and symmetry35. 
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METHODOLOGY 

 Material and Method 

 Study Design: A randomized controlled trail 

 Study Setting: Physiotherapy outpatient department (OPD) of tertiary care centre.  

 Study Population: Chronic stroke patients aged 30-60 years. 

 Duration of study: 18 months 

 Sample size: 30  

 Sampling technique: Convenient sampling 

 Sample size estimation: 

Sample  size  was  determined  considering  the  study  of  Ernest  Kwesi  Ofori  et.al,      

(2019) named, ergometry  cycling  improves  the  ambulatory  function  and  cardiovascular 

fitness  of  stroke patient.4  

The  mean  and  standard  deviation  value  for  experimental  group  was  0.74 ± 0.18  and  

for  control  group  was  0.49 ± 0.24. 

The formula used: 

              n=4(zα + zβ) SD²/ (X̅1-X̅2) ² 

Where, 

α = 5% 

β = 20% 

      Zα - standard normal variant at α level 

      Zβ – standard normal variant at β level  

The  required  sample  size  was  calculated  as  12  in  each  group and round off to 15 , total  

sample  size  30. 

The  sample  size  was  calculated  by  using  open  EPI  calculator  version  7. 



24 
 

The calculated sample size was 30. After approval from university data collection was 

started. After the onset of COVID-19 pandemic, lockdown was issued by government during 

first and second wave of pandemic. Because of lockdown the desired sample size could not 

be collected. Thus 20 samples were collected. 

 

SELECTION CRITERIA 

 Inclusion criteria: 

1. Duration of onset of stroke ≥ 6 months. 

2. Could able to walk at least 10 meter with or without assistance 

3. Able to communicate and understand ( MMSE >24) 

4. Brunnstrom’s recovery stage 4 for lower extremity. 

5. Adequate range of motion of lower limb joint required for cycling. 

 Exclusion criteria: 

1. Neurological disorder other than CVA. 

2. Patient diagnosed with cognitive illness. 

3. Severe arthritis and any musculoskeletal condition ( fractures or deformity) 

4. Severe and uncontrolled hypertension (systolic ≥ 200mmhg, diastolic ≥ 110mmhg). 

5. Limited range of motion of lower limb. 

 Withdrawal criteria: 

1. If the patient diagnosed with any of the disorders stated in exclusion criteria during 

study period. 

2. Discontinuity in the treatment 
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 OPERATIONAL DEFINITION: 

1. Chronic Stroke: It is the sudden loss of neurological function caused by interruption 

of the blood flow to the brain. It is characterized by duration of onset ≥ 6 months.  

2. Stationary cycling exercise: In the current study stationary cycling exercise training 

program is used as an intervention to improve the ambulatory function in chronic 

stroke patients. 

3. Dynamic gait index :  In  the  current  study  dynamic  gait  index  is  used  to  assess  

the  ambulatory  function  in  chronic  stroke patients. 

4. Timed up and go test : In  the  current  study  timed  up  and  go  test  is  used  to  

assess  the  gait  speed  in  chronic  stroke  patients. 

 

 VARIABLES 

1.  Independent variables: 

a) Stationary cycling 

b) Conventional gait training  

2. Dependent Variables:  

a) Dynamic gait index 

b) Timed up and go test 

 Method of measurement: 

1. Dynamic Gait Index: 

a. Dynamic gait index examines a patient’s ability to perform variations in walking 

on command.  

b. A four point scale (0-3) includes specific descriptors of normal control (3), mild 

impairment (2), moderate impairment (1), and severe impairment (0), with 

maximum possible score of 24. 
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c. Higher score indicates greater function and a score of < 19 indicates an increase 

risk of fall. 

2. Timed Up And Go Test: 

a. It is quick test used to assess the functional mobility. 

b. It can also be used as a gait performance test. 

c. The patient is seated comfortably in a firm chair. The patient is then instructed 

to rise, stand momentarily, and then walk 3m toward a wall at normal walking 

speed turn without touching wall, return to the chair, turn and sit down. 

d. Timing with the stopwatch is recorded when the patient is instructed to go and 

ends when the patients return to the starting position seated in the chair. 

e. Score ≤ 10 seconds indicates normal or no risk of fall. 

f. Score 11-20 seconds indicates moderately normal or increase risk of fall. 

g. Score ≥ 30 seconds indicates severely abnormal or high risk of fall. 

 Study instrument/Data collection tool. 

1. Stationary cycle: 
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2. Pulse oximetry: 

              

 

3. Cones for obstacle walking: 

              

 

4. Pen  

             

 

 

 



28 
 

5. Chair  

              

6. Paper  

      

 

7. Stopwatch 
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8. Steps  

                

 

Method of data collection: 

The study was performed on chronic stroke patient aged 30-60 years. Permission from the 

institutional head and ethics committee was taken.  Intervention was explained. Written consents 

from the participants were taken. Subjects fulfilling the inclusion criteria were included in the study. 

Demographic Data was obtained. Pretest dynamic gait index and timed ups and go test score was 

noted. Participants were encouraged to perform exercise for 6 weeks. Post intervention dynamic gait 

index and timed up and go test was noted. Data was collected and analyzed.  

Block randomization method: In these method participants were randomly divided into both 

groups and were equally divided. 
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Data management and analysis: 

 The data collected was entered in the excel sheet. 

 Subjects  was  matched  in  both  the  groups  according  to  the  age , gender , duration  of  

onset  ( ≥ 6 months ) and cause (Hemorrhagic or Ischemic). 

 Participant identity and information was kept confidential. 

 The  sample  size  was  calculated  by  EPI  info  version  7  software . 

 The mean, standard deviation and percentage was calculated.  

 p ≤  0.05  was  considered  statistically  significant. 

 For  within  the  group  ( pre and post ) paired  t-test  or  Wilcoxin  signed  rank  test  was 

used. 

 For  between  the  group  (post) unpaired t–test  or  Mannwhitney  U  test  was  used. 

 

  Intervention 

 Subject was selected according to inclusion criteria. 

 Written consent for the study was taken from patients. 

 Subjects were selected from physiotherapy outpatient department of tertiary care hospital. 

 Subjects were divided into experimental group (Group A) and control group (Group B). 

1. Experimental group: 

 Experimental group had performed stationary cycling exercises along with 

conventional physiotherapy. 

 Exercise protocol was performed 3times/week for 6 weeks. 

 Experimental group had performed cycling exercises for 30 min following 5 min of 

warm-up exercises, 20 min of stationary cycling training and 5 min of cool-down 

exercises. 
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 Warm-up exercises included cycling at self-selected speed and cool-down exercises 

included lower limb stretching and slow pedaling. 

 Intensity of cycling was determined by calculating % heart rate reserve. 

 Cycling was performing at an intensity of 40-60% of heart rate reserve i.e. at 

moderate intensity. 

 Rest period was given in between as per patient’s requirement. 

 In case if the patient is not able to stabilize the foot on pedal, straps were used to tie it. 

 Resistance of the cycling was increased as per the patient requirement. 

2. Control group: 

 Control group had performed conventional gait training exercises along with 

conventional physiotherapy. 

 Conventional gait training exercises was performed 3times/week for 6 weeks for 20 

minutes. 

 Conventional gait training exercises includes: 

 Walking on foot marks:  

Patient will be asked to stand on predefined spot.  

Then patient will be asked to walk forward by placing alternate foot on marks. 

 Walking sideways: 

Patient will be asked to stand on predefined spot.  

Then patient will be asked to walk sideways by placing alternate foot sideways. 

 Walking backward: 

Patient will be asked to stand on predefined spot.  

Then patient will be asked to walk backward by placing alternate foots 

backward. 
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 Walking around obstacles: 

Patient will be asked to stand on predefined spot.  

Then patient will be asked to walk around the obstacles. 

 Walking over obstacles: 

Patient will be asked to stand on predefined spot.  

Then patient will be asked to walk over the obstacles. 

 Stepping up: 

Patient will be asked to stand on a predefined spot.  

The patient will do a step up by shifting weight laterally on the affected limb 

and will place the unaffected limb on the stepper.   

Then a reverse pattern will be followed.   

The difficulty level will be increased with increasing the height of the step. 

 Stair climbing: 

First the patient will be asked to place his unaffected limb on step by laterally 

shifting his weight on affected limb. Then the affected limb will be placed on 

the step.   

First the patient will be asked to climb one step at a time which will progress 

to alternate stepping with unaffected and affected limb. 

 Conventional physiotherapy protocol for both groups include: 

 Strength training is done using elastic bands, tubes or free weights 

 Stretching includes hamstring, piriformis, adductors, tendo-achillies and hip flexors. 

 Trunk training includes pelvic bridging, trunk rotation, abdominal curls and progression is 

done on ball. 

 Proprioceptive neuromuscular facilitation for upper limb, lower limb, and trunk. 
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 Balance training includes standing in comfortable position, standing with wide base of 

support, standing with narrow base of support, standing one foot in front, tandem standing; 

reach outs in standing and perturbations in standing. 

                                                        Stationary cycling training:  
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Conventional gait training: 

Walking forward    

                                            

            Starting position                                                                            Ending position                                                                                                                          

Walking sideways: 

                                          

          Starting position                                                                     Ending position 
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Walking backwards: 

                           

          Starting position                                                                 Ending position 

 

Walking over the obstacles 
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Walking around the obstacles 

                               

 

Stepping                                                             Stair climbing 
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GENERAL PROCEDURE 

 

 

   

Procedure was explained and written consent was taken from the Subjects. 

 

Subjects fulfilling inclusion criteria were included. Demographic data was obtained. 

 

Pre intervention dynamic gait index and timed up and go test was assessed. 

 

Subjects were encouraged to perform the exercise program for 6 weeks. 

 

Post intervention dynamic gait index and timed up and go test was assessed after 6 weeks. 

 

Pre and post data was analyzed. 

 

 

 

 

 

 

Permission from the head of the institution and approval from the ethics committee was taken 
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Randomized controlled trail: 

Assessed for eligibility 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group A- stationary cycling 
exercise (n=10) 

 Received allocated 
intervention 

wwwww 

Group B- conventional gait 
training exercises (n=10) 

 Received allocated 
intervention 

 

Excluded: Not meeting 

inclusion criteria 

Patient diagnosed with: 

Cognitive illness, 

musculoskeletal condition, 

severe hypertension 

Allocation 

Follow up Follow up 

Analysed  Analysed 

Follow up 

Analysis 

Baseline data measure (zero weeks) 

Block randomization (n=20) 

Data measure (after 6 weeks) 
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DATA   ANALYSIS AND RESULTS: 

Statistical software EPI info version 7 software was used for data analysis. Paired T-Test and 

Unpaired T-Test was used for statistical analysis. The Test was used to know the Effect of 6 weeks 

stationary cycling exercise training versus conventional gait training exercises on ambulatory 

function and gait speed using dynamic gait index and timed up and go test in chronic stroke patients 

aged 30-60 years. P≤0.05 was considered to be statistically significant.                                                                 

Result: 

The study include 20 chronic stroke patients (age 30-60 years) fulfilling the eligibility criteria with 

an aim to know the effect of 6 weeks stationary cycling exercises versus conventional gait training 

exercises on ambulatory function and gait speed using dynamic gait index and timed up and go test. 

Following are the observation; 

 Table 1 and Graph1 shows the distribution of participants according to the age in years with 

mean of 44.5 in group A and 53.8 in group B. 

 Table 2 and Graph 2 shows the distribution of participants according to gender with of 

number of female 3 (30%) and male 7(70%) in group A and number of female 4(40%) and 

male 6 (60%) in group B. 

 Graph 3 and Table 3 shows mean and standard deviation of dynamic gait index pre 

intervention is 18.90± 0.876 and post intervention is 22.00±0.816. 

There is percentage increase in post dynamic gait index score by 16.4% 

The paired t-test showed p value < 0.01 denoting statistically significant. 

 The mean and standard deviation of timed up and go test (sec) pre intervention is18.20±2.974 

and post intervention is 14.10±2.846 

 There is percentage decrease in post timed up and go test score by 22.5% 
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The paired t-test showed p value < 0.01 denoting highly statistically significant. 

Thus there is significant improvement of dynamic gait index and timed up and go (sec) test 

value in group A post intervention. 

 

 Table 4 and Graph 4 shows mean and standard deviation of pre and post intervention of group 

B 

 The mean and standard deviation of dynamic gait index pre intervention is 

18.90±1.101 

 The mean and standard deviation of dynamic gait index post intervention is 20.50± 

0.850 

There is percentage increase in dynamic gait index score by 8.5% 

The paired t-test showed p value < 0.01 denoting statistically significant. 

 The mean and standard deviation of timed up and go test (sec) pre intervention is 

19.00 ± 3.496 

 The mean and standard deviation timed up and go test post (sec) intervention is 

17.00± 4.149 

There is percentage decrease in timed up and go test (sec) score by 5.8% 

The paired t-test showed p value 0.02 which is less than 0.05 denoting statistically 

significant. There is significant improvement of dynamic gait index and timed up and 

go test (sec) value in group B post intervention. 

 

 Table 5 and Graph 5 shows the comparison between mean and standard deviation of group A 

and group B pre intervention. 

 The mean and standard deviation of dynamic gait index pre intervention in group A 

is 18.90 ± 0.876 and group B is 18.90 ± 1.101. 
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 The mean and standard deviation of timed up and go test (sec) pre intervention in 

group A is 18.20 ± 2.974 and group B is 19.00± 3.496. 

Unpaired t-test shows the p value of dynamic gait index and timed up and go test 

(sec) in both the groups pre intervention statistically non significant i.e. 1 and 0.588 

respectively. 

 

 Graph 6 and Table 6 shows the comparison between mean and standard deviation of group A 

and group B post intervention. 

 The mean and standard deviation value of dynamic gait index post intervention in 

group A is 22.00 ± 0.816 and in group B is 20.50 ± 0.850. 

The p-value of group A and B post intervention is 0.001 which is <0.05 denoting 

statistically significant. 

 The mean and standard deviation value of timed up and go test (sec) post 

intervention in group A is 14. 10 ± 2.846 and in group B is 17.90 ± 4.149 

 DGI improved by 16.4% and time taken to complete TUG test decreased by 22.50 % 

in group A while in group B DGI increase by 8.50% and time taken to complete 

TUG test decreased by 5.80%. 

Unpaired t-test shows the p-value of group A and group B post intervention < 0.05 

denoting statistically significant. 

Thus there is significant improvement of dynamic gait index and timed up and go 

test (sec) value post intervention. 
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DISCUSSION 

The present study was aimed to compare the effect of stationary cycling training exercise versus 

conventional gait training exercises on ambulatory function and gait speed in chronic stroke patients. 

The estimated sample size was 30. After the approval from the university the sample collection was 

started. After the onset of COVID-19 pandemic, lockdown was issued by the government during first 

and second wave of the pandemic. Because of lockdown the desired samples could not be collected. 

After the near normal situation sample collection was started. Therefore, sample size was 20 with 10 

patients in each group (group A- 10 and group B-10) aged between 30-60 years. Subjects were 

selected on the basis of selection criteria and were divided equally in both the groups using Block 

Randomization method. 

Group A received stationary cycling exercise along with conventional physiotherapy treatment and 

group B received gait training exercises along with conventional physiotherapy treatment for 6 

weeks. Ambulatory function and gait speed were measured by dynamic gait index and timed up and 

go test respectively prior and after 6 weeks of intervention protocol 

The good reliability and validity of outcome measure was reported in the literature. The DGI showed 

high reliability (0.96) and concurrent validity (0.68-0.83) 30. Thus, it is a useful clinical tool for 

evaluating mobility and dynamic balance in chronic stroke patients. The TUG shows high reliability 

(0.94-0.99) and can be recommended to evaluate the gait performance in individual with chronic 

stroke 33. 

The result of present study showed the statistically significant improvement in DGI and TUG (sec) 

scores post intervention within the groups A (table 3, p-value <0.05) and group B (table 4, p-value 

<0.05) indicating both the treatment protocol effective.  
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When the comparison of outcome measures were made between the two groups, the group A showed 

statistically significant improvement in DGI and TUG(sec) score post intervention as compared to 

group B (table 6). At the end of 6 weeks of treatment intervention the increase in percentage of both 

the outcome measures were higher in group A as compared to group B. Group A showed 16.40% 

increase in the mean of DGI score post intervention whereas group B showed 8.5% increase in the 

mean of DGI score post intervention. The time taken by patients to complete the TUG (sec) test was 

decreased by 22.50% in Group A and 5.80% in group B post intervention. 

The present study showed statistically significant improvement in DGI and TUG (sec) score with 

both the treatment protocol i.e. stationary cycling exercise and conventional gait training exercises. 

Cycling is the motor task which is controlled by cerebral cortex14. Studies done on 

electroencephalogram during cycling suggest that continuous pedaling activates the muscle which is 

under cortico-spinal control. Impaired locomotor function leads to decrease speed of walking which 

eventually affects activities of daily living14. Cycling improves the neuromuscular control during 

walking14. Thus, stationary cycling can eventually increase the locomotor function as it shares same 

pattern as walking which will eventually increase the functional activity. 

Human walking is controlled by pre-motor cortex and supplementary motor cortex situated in 

cerebral cortex of human brain. These areas help in initiation and planning during walking activities. 

Along with these areas there is a network of nerve cells called as central pattern generators in spinal 

cord which is responsible for regulating the function of walking. These central pattern generators 

receive the afferent information from midbrain and cerebral cortex and initiate rhythmic movement 

of limb required for walking 36, 37. 

Gait training is one of the task specific activities. It involves various task performed during walking. 

Regular practice of these task enable patient to improve locomotor function. It increases the reflex 

activity thereby improving the function38. 
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The present study showed the more positive effect of stationary cycling exercise on ambulatory 

function and gait speed as compared to conventional gait training exercises. Various studies proved 

the positive effect of stationary cycling exercise in improving balance, motor excitability, functional 

mobility, locomotor function and aerobic capacity in chronic stroke patients10, 16, 35. Cycling has also 

proved effective in various other conditions too. Cycling showed positive effect in improving 

functional ability, balance, muscle strength, gross motor function in patients with cerebral palsy39. 

Seyed Mansoor Rayegani et al. proved the effectiveness of cycling in decreasing spasticity and 

increasing PROM of lower limb in spinal cord injury war veterans 26. In the current study decrease in 

spasticity due to cycling might be one of the reasons to improve gait speed and ambulatory function. 

Studies done on cycling had also proved its effectiveness in improving postural balance and motor 

abilities in sub-acute stroke within 3 weeks of training 31. 

Cycling and walking involves rhythmic movement of lower limbs. This movement activates the 

muscle of lower limb which is responsible for walking. Christine C et al. suggest that 6 muscle 

groups (hip and knee extensors, hip and knee flexors, ankle plantar flexors and dorsiflexors) form the 

basis of pedaling propulsion which is directly responsible for human locomotion 40. Karen L Perell 

et al. showed the positive effect of 4 weeks cycling training on knee extensor strength 34.  

Neural connections remain partially intact after stroke repetitive task helps to induce motor plasticity. 

Taryn Klarner et al. showed the effect of arm and leg cycling on inducing plasticity and modifies 

reflex excitability after stroke 19. 
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STRENGTH 

 Dynamic gait index is the gold standard outcome measure which can be easily used to assess 

the ambulatory function and it is cost effective. 

 Intervention provided in study consists of stationary cycling which can be readily available 

and easily administered in sitting position. 
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                                                          WEAKNESS 

 Age and gender wise equal distribution of patients were not done i.e. male and female was 

not equally distributed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

CONCLUSION 

 Present study concluded that stationary cycling exercises and conventional gait training 

exercise are both effective in improving gait speed and ambulatory function in chronic stroke 

patients. 

 However between the groups, stationary cycling exercise group (Group A) showed more 

improvement in gait speed and ambulatory function as compared to conventional gait training 

group (Group B). 

 Thus study suggests that stationary cycling exercises can be used as a rehabilitation tool for 

chronic stroke patients to improve gait abilities. 
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LIMITATIONS 

 Unable to complete sample size due to COVID pandemic 

 lack of blinding 
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CLINICAL IMPLICATIONS 

 Stationary cycling exercise training can be included in clinical practice for the patients who 

find it difficult to perform gait training exercises initially. 

 Stationary cycling exercises along with conventional gait training exercises can also be 

included to improve gait abilities. 

 Stationary cycling exercise is safe and can be enjoyable for the patients.       
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                                                    RECOMMENDATIONS 

 Effect of Stationary cycling can be studied in other conditions and result can be correlated. 

 Stationary cycling exercises can be performed in acute and sub-acute stroke as it can be 

easily performed in sitting position. 

 Home program of stationary cycling can be recommended to the patient. 
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SUMMERY 

Stroke or cardiovascular accident is the sudden loss of neurological function caused by an 

interruption of the blood flow to the brain. For chronic stroke patients ambulation become very 

difficult task due year of disuse. Walking is one of the impacted ability which affects quality of life. 

A present study was randomized control trial carried on 20 individuals with chronic stroke (age 30-

60 years). The study was done to examine the effect of stationary cycling exercise versus 

conventional gait training exercises on ambulatory function and gait speed using dynamic gait index 

and timed up and go test. The data was analyzed using paired t-test within the groups and unpaired t-

test between the groups. The mean score of DGI and TUG (sec) post intervention in group A is 

22.00±0.816 and 14.10±2.840. The mean score of DGI and TUG (sec) post intervention in group B is 

20.50±0.850 and 17.90±4.149. Both the groups have significant improvement in DGI and TUG (sec) 

after 6 weeks of intervention. However between the groups A and B there was significant 

improvement in DGI and TUG (sec) score in group A compared to group B. Thus this study 

concluded that stationary cycling exercise had proved effective in improving ambulatory function 

and gait speed when compared with conventional gait training exercises in chronic stroke patients. 
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TABLES AND GRAPHS  

Table 1:  Age wise distribution of patients in both the groups. 

 

 
Interpretation: Table 1 shows the distribution of participants according to the age in years with mean 

and standard deviation of 44.5±10.937 in group A and 53.8±6.114 in group B. 
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Group N Mean Std. Deviation 

A 10 44.50 10.937 

B 10 53.60 6.114 

Total 20 49.05 9.806 
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Table 2:  Gender wise distribution of patients in both the groups: 

 

Gender * Group Cross tabulation 

 Group Total 

A B 

Gender 

Female 
Count 3 4 7 

% within Group 30.0% 40.0% 35.0% 

Male 
Count 7 6 13 

% within Group 70.0% 60.0% 65.0% 

Total 
Count 10 10 20 

% within Group 100.0% 100.0% 100.0% 

 

Interpretation: Table 2  shows the distribution of participants according to gender with of number of 

female 3 (30%) and male 7(70%) in group A and number of female 4(40%) and male 6 (60%) in 

group B. 
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Table 3: Mean and standard deviation value of dynamic gait index and timed up and go test in Group 

A pre and post intervention: 

 Mean Std. Deviation % of Increase 

Or Decrease 

T 

value 

P 

value 

DGI 
Pre  18.90 0.876 16.4% 

-31.0 <0.01 
Post  22.00 0.816 

TUG 

(sec) 

Pre  18.20 2.974 22.5% 
17.57 <0.01 

Post  14.10 2.846 

 

Interpretation: At the end of 6 week of intervention there is significant improvement in dynamic 

gait index and timed up and go test in group A (p-value <0.05) 
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Table 4: Mean and standard deviation value of dynamic gait index and timed up and go test in group 

B pre and post intervention: 

 Mean Std. Deviation % of Increase 

Or Decrease 

T 

value 

P 

value 

DGI 
Pre  18.90 1.101 8.5% 

-6.0 <0.01 
Post  20.50 0.850 

TUG 

(sec) 

Pre  19.00 3.496 5.8% 
2.7 0.024 

Post  17.90 4.149 

       

 

Interpretation: At the end of 6 week of intervention there is significant improvement in dynamic 

gait index and timed up and go test in group B (p-value <0.05) 

 
 

 

 
 
 

18.9

20.5

19

17.9

16.5

17

17.5

18

18.5

19

19.5

20

20.5

21

Pre Post Pre Post

DGI TUG

Group B



56 
 

Table 5: Mean and standard deviation value of dynamic gait index and timed up and go test pre 

intervention between the group A and group B: 

  

 
Group N Mean Std. Deviation T value P value 

Pre DGI 
A 10 18.90 0.876 

0 1 

B 10 18.90 1.101 

Pre TUG 
A 10 18.20 2.974 

-0.551 0.588 

B 10 19.00 3.496 

  

Interpretation: Before intervention the dynamic gait index and timed up and go test has a major 

mean difference (p-value ≥0.05) which denotes that it is not statistically significant in both the 

groups (group A and group B). 
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Table 6: Mean and standard deviation value of dynamic gait index and timed up and go test post 

intervention between the group A and group B: 

 

Group Statistics 

 
Group N Mean Std. Deviation T value P value 

Post DGI 
A 10 22.00 0.816 

4.025 0.001 

B 10 20.50 0.850 

Post TUG 

(sec) 

A 10 14.10 2.846 
-2.389 0.028 

B 10 17.90 4.149 

 

Percentage increase table of dynamic gait index and timed up and go test value post intervention in 

group A and group B: 

Outcome measures Group A Group B 

DGI  16.40% 8.50% 

TUG (sec) 22.50% 5.80% 

 

Interpretation: At the end of 6 week of intervention there is significance improvement in dynamic 

gait index and timed up and go test between group A and group B (p-value <0.05) . But the mean 

value of Group A is more than Group B which denotes Group A is more statistically significant than 

Group B. DGI improved by 16.4% and TUG increased by 22.50 % in group A while in group B DGI 

increase by 8.50% and TUG increased by 5.80%. 
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ANNEXURES 

Annexure (I) – Proforma   

Name:  

Age:  

Gender:  

Diagnosis:  

Duration of onset:  

Brunnstrom’s recovery stage:  

Medical H/o:  

Heart rate (at rest):  

Heart rate (max):  

Target heart rate:  

Address:  

Date:     

 

Outcome measures 

 

Pre-intervention score 

 

Post-intervention score 

Dynamic gait index   

Timed up and go test   
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ANNEXURE II (A) - PARTICIPANT INFORMATION SHEET (ENGLISH) 

 

 Purpose: 

To ensure that written consent will be obtained from participant. 

  

 Scope: 

This study includes stroke subjects both males and females and are voluntarily willing to 

participate in this study. 

 

 Responsibilities: 

The researcher will obtain written informed consent from all the participants who are 

voluntarily participant in the study. 

 

 Procedure: 

1. The researcher will select participant among stroke subjects. 

2. The intervention protocol will be explained to answer the queries of the participants. 

3. If the participant decides to participate then consent form should be filled by participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then they 

entitled to do so before giving the consent. 
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 General information to participants: 

1.  Name: 

                   Age: 

                   Gender: 

                   Date: 

You would be required to fill the proforma and the purpose of the research is to study: 

“Effect of stationary cycling exercises versus conventional gait training exercises on 

Ambulatory function and gait speed using dynamic gait index and timed and go test in chronic 

stroke patients aged 30-60 years”. 

2. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filing proforma till the completion of the test. 

3. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems. 

4. You will not be given any reimbursement and compensation. 

5. If at any moment you want to discontinue from this research study then you are free to do 

so and there would not be any hindrance from our side. 

6. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent. 

7. The data obtained from this study would be confidentially protected and maintained and 

if the photograph is used then your identity would not be revealed. 

8. All the risk of various test procedures required for the study will be explained to you and 

accordingly the consent will be taken. 

9. If you feel exhausted or unable to complete the test please kindly let us know so that the 

necessary steps can be initiated. 
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10. Name of the researcher: 

Phone number: 

Address: 

11. Name of the guide: 

Phone number: 

Address: 

12. Name of the institute: 
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ANNEXURE II (B): PATIENT INFORMATION SHEET (MARATHI) 
 

सहभागी वतृ्तपत्र: 

उद्देशः 

सहभागी कडून लेखी संमती घेतली जाईल याची खात्री करण्यासाठी. 

व्याप्ती: 

अभ्यासा मध्ये पुरुष आणि स्त्रत्रया दोघांसाठी अनुवांशशक लोकसंख्या समाववष्ट आहे आणि रवेच्छेने 

या अभ्यासा मध्ये भाग घेण्यास इच्छुक आहेत. 

उत्तरदाययत्व: 

अभ्यासा मध्ये रवेच्छेने भाग घेिार् या सवस सहभागीं कडून संशोाकांना लेखी मातहती तदली जाईल. 

प्रक्रिया:  

1. संशोाकांना अनुवांशशक लोकांमाील सहभागीची यनवड करेल. 

2. सहभागींच्या प्रशनांची उत्तर देण्यासाठी हरतक्षेप प्रोटोकॉल रपष्ट केला जाईल. 

3. जर सहभागी ने भाग घेण्याचा यनिसय केला असेल तर सहभागी ने संमती फॉमस भरला 

पातहजे. 

4. सहभागींच्या संमती नंतर अभ्यासाची प्रक्रिया सुरू होईल. 

5. समाववष्ट आणि वगळण्याच्या यनकषांची पडताळिी करण्यासाठी सहभागी कडून इतर 

कोित्याही शारीररक समरयेचा तपशीलवार वैद्यकीय आणि इयतहास प्राप्त केला जाईल. 

6. जर सहभागीं नात्यांच्या कुटंुबातील सदरयांसहया मातहती वर चचास करायची असेल तर संमती   

देण्यापूवीते तसे करण्यासपात्र आहेत. 

सहभागींना सामान्य मातहती: 



69 
 

1. नाव: 

वय: 

शलगं: 

तारीख: 

2. आपल्याला प्रोफामास भरण्याची आवशयकता आहे आणि संशोानाचा हेतू हा अभ्यासकरिे आहे:       

“6 आठवडे परंपरागत चाल चालण्याची ढब टे्रयनगं ववरुद्ा थांबलेला सायकशलगं व्यायाम 

प्रशशक्षि चालता क्रफरता कायस आणि चाल चालण्याची ढब प्रभावशाली चाल चालण्याची ढब 

यनदेशांक कालबाह्य झाले आहे ते जाण्यास कसोटीत वदृ्ा 30-60 वषाांपासून तीव्र रट्रोक 

रुगिांना वापरून व्यायाम”. 

3. आपि रवेच्छेने अभ्यासा मध्ये भाग घेऊ इस्त्च्छत असल्यास, आपि परीक्षेची पूतसता होई 

पयांत प्रोफामास दाखल करण्याच्या क्षिापासून आमच्यासह आमच्याकडे नोंदिी करिे अपेक्षक्षत 

आहे. 

4. या कालावाीत आपि अरवरथ असल्यास, कृपया आम्हाला कळविे करून आम्ही आपल्याला 

मदत करू आणि आपल्या अडचिी दरू करू. 

5. तुम्हाला कोितीही भरपाई आणि नुकसान भरपाई तदली जािार नाही. 

6. कोित्याही क्षिी आपि या संशोानाचा अभ्यासा पासून दरू जाण्याची इच्छा असल्यास आपि 

असे करण्यास मोकळे आहात आणि आमच्या बाजूने कोितीही अडथळा येिार नाही. 

7. संमती फॉमस प्राप्त करण्यापूवी जोखीम, असुववाा, फायदे आणि अभ्यासाचे तोटे यांचे तपशील 

आपल्याला समजावून सांगगतले जातील. 

8. या अभ्यासा माून प्राप्त केलेला डेटा गुप्त पिे जतन केला जाईल आणि त्याची देखभाल 

केली जाईल आणि छायागचत्रे वापरल्यास आपली ओळख उघड केली जािार नाही. 

9. अभ्यासासाठी आवशयक असलेल्या ववववा चाचिी प्रक्रियेचे सवस जोखीम आपल्याला रपष्ट 
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केले जातील आणि त्यानुसार समंती घेतली जाईल. 

10. आपि थकल्यासारखे क्रकंवा कसोटी पूिस करण्यात अक्षम झाल्यास कृपया आम्हाला कळविे 

करुन आवशयकती पावले उचलता येतील. 

11. संशोाकाचेनाव: 

      फोननंबर: 

      पत्ता: 

12. मागसदशसकनाव: 

      फोननंबर: 

      पत्ता: 

13. संरथेचेनाव: 
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ANNEXURE II (C): PATIENT INFORMATION SHEET (HINDI) 

 

प्रयतभागी सूचकांक पत्र: 

• उद्देशय: 

यह सुयनस्त्शचत करने के शलए क्रक प्रयतभागी से शलणखत सहमयत प्राप्त की जाएगी। 

• रकोप: 

इस अध्ययन में पुरुष और मतहलाओ ंदोनों के शलए जरागचक्रकत्सा आबादी शाशमल है और रवेच्छासे 

इस अध्ययन में भाग लेने के शलए तैयार है। 

• दाययत्व: 

शोाकतास उन सभी प्रयतभागगयों से शलणखत सूगचत सहमयत प्राप्त करेगा जो अध्ययन में रवेच्छा से 

भाग लेने वाले है। 

• प्रक्रिया: 

1. शोाकतास तीव्र रट्रोक आबादी के बीच प्रयतभागी का चयन करेगा। 

2. प्रयतभागगयों के प्रशनों का उत्तर देने के शलए हरतक्षेप प्रोटोकॉल को समझाया जाएगा। 

3. यतद प्रयतभागीने भाग लेने का यनिसय शलया है तो प्रयतभागी द्वारा सहमयत फॉमस भरा जाना 

  चातहए। 

4. प्रयतभागी की सहमयत के बाद अध्ययन प्रक्रिया शरुू होगी। 

5. ववरततृ गचक्रकत्सा और क्रकसी भी अन्य शारीररक समरया का इयतहास प्रयतभागी से प्राप्त क्रकया 

  जाएगा ताक्रक समावेशन और बतहष्करिमान दंडों को सत्यावपत क्रकया जा सके। 
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6. यतद वें प्रयतभागी इस जानकारी पर अपने पररवार के सदरयों के साथ चचास करना चाहते है 

   तो वे सहमयत देने से पहले ऐसा करने के हकदार है। 

• प्रयतभागगयों को सामान्य जानकारी 

1.  नाम: 

       उम्र: 

       शलगं: 

       तदनांक: 

2. आपको प्रोफामास भरने की आवशयकता होगी और शोाका उद्देशय अध्ययन करना है: “स्त्रथर  

चालन और पारंपररक गयत प्रशशक्षि पर बनाम स्त्रथर चाल सूचकांक के उपयोग से स्त्रथर 

साइक्रकल चालन अभ्यासों का प्रभाव और 30-60 वषस की आयु के पुराने रट्रोक के रोगगयों में 

समय पर जाना और परीक्षि करना” 

   3. यतद आप रवेच्छा से अध्ययन में भाग लेने के इच्छुक है तो आप से अपेक्षा की जाती है  

      क्रक आप परीक्षि पूरा होने तक प्रोफामास दाणखल करने के क्षि से ही हमारे साथ नामांकन  

      करें। 

3. यतद आप इस अवगाके दौरान असहज है, तो कृपया हमें बताएं ताक्रक हम आपकी मदत    

कर सके और आपकी समरयाओ ंको दरू कर सके। 

4. आपको कोई प्रयतपूयत स और मुआवजा नाही तदया जाएगा। 

5. यतद क्रकसी भी क्षि आप इस शोा अध्ययन से हटना चाहते है तो आप ऐसा करने के शलए 

रवतंत्र है और हमारी और से कोई बााा नहीं होगी। 
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6. सहमयत पत्र प्राप्त करने से पहले अध्ययन के जोणखम, असुववाा, फायदे और नुकसान का 

वववरि आपको समझाया जाएगा। 

7. इस अध्ययन से प्राप्त आकंडों को गोपनीय रूप से संरक्षक्षत और बनाए रखा जाएगा और यतद 

तरवीर का उपयोग क्रकया जाता है तो आपकी पहचान उजागर नहीं की जाएगी। 

8. अध्ययन के शलए आवशयक ववशभन्न परीक्षि प्रक्रियाओ ं के सभी जोणखमों को आपको 

समझाया जाएगा और तदनुसार सहमयत ली जाएगी। 

9. यतद आप थकावट महससू करते है या परीक्षि पूरा करने में असमथस है तो कृपया हमें बताएं 

ताक्रक आवशयक कदम उठाएजा सके। 

10.  शोाकतास का नाम: 

        फोन नंबर: 

        पता: 

11.  गाइड का नाम: 

       फोननंबर: 

       पता: 

12.  संरथान का नाम: 
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ANNEXURE III (A) 

LETTER OF CONSENT (ENGLISH) 

I ____________________________________________ voluntarily consent as a participant 

for the dissertation: “EFFECT OF 6 WEEKS STATIONARY CYCLING EXERCISE TRAINING 

VERSUS CONVENTIONAL GAIT TRAINING EXERCISES ON AMBULATORY FUNCTION 

AND GAIT SPEED USING DYNAMIC GAIT INDEX AND TIMED UP AND GO TEST IN 

CHRONIC STROKE PATIENTS AGED 30-60 YEARS: A RANDOMIZED CONTROLLED 

TRAIL.” conducted by _________. I have been informed regarding the purpose of the study and 

duration of work. I have no objection to undertake the required procedure and to undergo various 

testing procedure regarding to the study. I reserve my right to withdraw from study at any instant of 

study period. The researcher has assured me that I would be treated well without any untoward 

seffects. 

 

Signature of the participants/                                                    Thumb impression of patient 
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ANNEXURE III (B): 

LETTER OF CONSENT (MARATHI) 

          संमतीपत्र: 

 

मी___________________________________________ रवेच्छेने यनबंा करण्यासाठी 

सहभागी म्हिून सहभागी होण्यास तैयार आहे: " 6 आठवडे परंपरागत चाल चालण्याची ढब टे्रयनगं 

ववरुद्ा थांबलेला सायकशलगं व्यायाम प्रशशक्षि चालता क्रफरता कायस आणि चाल चालण्याची ढब 

प्रभावशाली चाल चालण्याची ढब यनदेशांक कालबाह्य झाले आहे ते जाण्यास कसोटीत वदृ्ा 30-60 

वषाांपासून तीव्र रट्रोक रुगिांना वापरून व्यायाम."_________ द्वारा आयोस्त्जत" अभ्यासाचा उद्देशः 

आणि कामाचा कालावाी या ववषयी मला  मातहती देण्यात आली आहे. अभ्यासा संदभासत आवशयक 

प्रक्रिया करण्याची आणि ववववा चाचिी प्रक्रिया पारपाडण्यास मला हरकत नाही. अभ्यासाच्या काही 

काळात मी अभ्यासातून माघार घेण्याचा माझा हक्क राखून ठेवतो. 

संशोाकाने मला या बद्दल आशवासन तदले आहे की कोित्याही अयनष्ट प्रभावा शशवाय माझ्या सोबत 

चांगला व्यवहार केला जाईल. 

 

                                         सहभागींची रवाक्षरी / सहभागींची अंगठा 
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ANNEXURE III (C) 

LETTER OF CONSENT (HINDI) 

                                सहमयत - पत्र: 

मैं____________________________________________ रवैस्त्च्छक रूप से शोा प्रबंा के 

शलए एक प्रयतभागी के रूप मे भाग लेने के शलए तैया रहूूँ: “बनाम परंपरागत चाल प्रशशक्षि 6 सप्ताह 

स्त्रथर सायस्त्क्लंग व्यायाम प्रशशक्षि के चल फंक्शन और चाल रपीड का उपयोग गयतशील चाल सूचकांक व 

समयबद्ा उत्तर प्रदेश और जाने के परीक्षि में िोयनक रट्रोक रोगगयों वदृ्ा 30-60 साल पर अभ्यास करना: 

ई एक यादृस्त्च्छक यनयंत्रत्रत टे्रल।”_________ द्वारा आयोस्त्जत क्रकया जाता है। 

मुझे अध्ययन के उद्देशय और कायस की अवगा के बारे में सूगचत क्रकया गया है । मुझे आवशयक 

प्रक्रिया शरुूकर ने और अध्ययन के संबंा में ववशभन्न परीक्षि प्रक्रिया से गुजरने में कोई आपवत्त 

नही ंहै। मैं अध्ययन के क्रकसी भी समय अध्ययन से हटने का अपना अगाकार सुरक्षक्षत रखता हंू। 

शोाकतास ने मुझे इसके बारे में आशवासन तदया है की मुझे त्रबना क्रकसी अवप्रय प्रभाव के अच्छी तरह 

से इलाज क्रकया जायेगा I 

                                

                                प्रयतभागगयों के हरताक्षर / प्रयतभागगयों का अंगूठे का यनशान     
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ANNEXURE IV - PERMISSION LETTER (A) 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I, Mr/Miss___________________, student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work in Chronic Stroke patients.  

My research topic is “Effect of 6 weeks stationary cycling exercise training versus conventional gait 

training exercises on ambulatory function and gait speed using dynamic gait index and timed up and 

go test in chronic stroke patients aged 30-60 years: A Randomized controlled trail.” 

I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          Head of Institute 
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ANNEXURE IV - PERMISSION LETTER (B) 

 

To,   

The Chairman,  

Ethics Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

I, Mr/Miss_____________ student of Master of Physiotherapy, would request you to grant me 

permission to carry out my research work.  

My research topic is, “Effect of 6 weeks stationary cycling exercise training versus conventional gait 

training exercises on ambulatory function and gait speed using dynamic gait index and timed up and 

go test in chronic stroke patients aged 30-60 years: A Randomized controlled trail.” 

I promise that the ethics as well as participants care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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ANNEXURE IV - PERMISSION LETTER (C) 

To,   

The Head of Physiotherapy rehabilitation centre 

______________ 

______________ 

Subject: Permission letter to carry out physiotherapy research work.  

Respected sir/madam 

I, Mr/Miss_____________ student of Master of Physiotherapy, would request you to grant me 

permission to carry out my research work in your esteemed work place. My research topic is, “Effect 

of 6 weeks stationary cycling exercise training versus conventional gait training exercises on 

ambulatory function and gait speed using dynamic gait index and timed up and go test in chronic 

stroke patients aged 30-60 years: A Randomized controlled trail.” 

For these purpose, I have to take participants from your rehabilitation centre that are aged between 

30-60 years and have history of stroke for further procedure. I kindly request you to do the needful in 

these regard. 

 

Yours sincerely,  

Research student  

Date:  

Place: 
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ANNEXURE (V) 

 

A. DYNAMIC GAIT INDEX: 

 Dynamic gait index examines a patient’s ability to perform variations in walking on 

command.  

 A four point scale (0-3) includes specific descriptors of normal control (3), mild impairment 

(2), moderate impairment (1), and severe impairment (0), with maximum possible score of 

24. 

 Higher score indicates greater function and a score of < 19 indicates an increase risk of fall. 

B. TIMED UP AND GO TEST: 

 It is quick test used to assess the functional mobility. 

 It can also be used as a gait performance test. 

 The patient is seated comfortably in a firm chair. The patient is then instructed to rise, stand 

momentarily, and then walk 3m toward a wall at normal walking speed turn without touching 

wall, return to the chair, turn and sit down. 

 Timing with the stopwatch is recorded when the patient is instructed to go and ends when the 

patients return to the starting position seated in the chair. 

 Score ≤ 10 seconds indicates normal or no risk of fall. 

 Score 11-20 seconds indicates moderately normal or increase risk of fall. 

 Score ≥ 30 seconds indicates severely abnormal or high risk of fall. 
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GANTT CHART OF DISSERTATION: 

 

Sr. no  Components  2019 
Nov 

2019 
Dec 

2020 
Jan  

2020 
Feb 

2020 
march  

2020 
April-
June 

2020 
Jul-
Sept 

2020 
Oct-
Dec 

2021 
Jan-
mar 

2021 
April-

Jun 

2021 
July- 
Sept 

1 Allotment of guide                       
2 Selection of topic                       

3 
Formulation of research 
question                       

4 
formulation of aim and 
objectives                       

5 
hypothesis, alternate 
hypothesis                       

6 Research protocol                       
7 Research designing                       
8 Review of literature                       
9 methodology formulation                       

10 study designing                       
11 study setting                       
12 sample size estimation                       

13 
selection of study 
instruments                       

        14 method of data collection                        

15 
data management and 
analysis procedure                       

16 IEC and BORS clearance                       
17 compilation of synopsis                       
18 uploading of synopsis                       
19 data collection                       

20 
data presentation and 
analysis                       

21 
writing of discussion and 
conclusion                       

22 Compilation of dissertation 
           

23 
submission of thesis to 
MUHS                       
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MASTERCHART 
 

GROUP A 

SAMPLE AGE (Years) GENDER DGI 

 Pre               Post         

TUG (sec) 

  Pre            Post 

1 50 M 20                 23 14                10 

2 46 M 19                 22 24                20 

3 31 M 20                 23 14                11 

4 54 F 18                 21 17                13 

5 56 F 18                 22 20                16 

6 30 M 18                 21 20                16 

7 31 M 19                 22 18                14 

8 42 M 20                 23 19                15 

9 60 M 19                 22 19                13 

10 45 F 18                 21 17                13 
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GROUP B 

SAMPLE AGE GENDER DGI 

Pre            Post 

TUG 

Pre              Post 

1 59 M 19               20 14               12 

2 45 F 19               21 19               18 

3 51 M 18               20 24               22 

4 62 M 17               19 19               17 

5 60 F 20               21 20               18 

6 54 M 19               21 21               23 

7 59 M 21               21 24               24 

8 46 M 19               20 17               16 

9 51 F 19               22 14               12 

10 49 F 18               20 18               17 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  EFFECT OF 6 WEEKS STATIONARY CYCLING EXERCISE TRAINING 

VERSUS CONVENTIONAL GAIT TRAINING EXERCISES ON 

AMBULATORY FUNCTION AND GAIT SPEED USING DYNAMIC GAIT 

INDEX AND TIMED UP AND GO TEST IN CHRONIC STROKE PATIENTS 

AGED 30-60 YEARS: A RANDOMIZED CONTROLLED TRAIL. 

 

02) Introduction :- The world health organization (WHO) definition of stroke is, “rapidly 

developing clinical signs of focal (or global) disturbances of cerebral 

function, with symptoms lasting 24 hours or longer or leading to 

death, with no apparent cause other than vascular origin(1).”  

The pathological background for stroke may either be ischemic or 

hemorrhagic disturbance of the cerebral blood circulation(1). Ischemic 

stroke is the most common type, affecting about 80% of individual 

with stroke, and results when clot blocks or impairs blood flow, 

depriving the brain of essential oxygen and nutrients. Hemorrhagic 

stroke occurs when blood vessels rupture, causing leakage of blood in 

or around the brain(2). 

Worldwide, cerebrovascular accidents (stroke) are the second leading 

cause of death and third leading cause of disability. According to a 

systemic review in 2017 on incidence and prevalence of stroke in 

India, there is crude prevalence of stroke ranged from 44.29 to 

559/100,000 persons in different parts of the country during the past 

decades; out of which cumulative incidence of stroke ranged from 

105 to 152/100,000 persons per year(3). 

Motor deficits are characterized by paralysis (hemiplegic) or 

weakness (hemiparesis), typically on the side of the body opposite 

the side of lesion(2). 

Stroke is generally characterized by walking inability without 

assistance, hemiparesis, and difficulty in performing activities in daily 

living independently(4). For stroke patient ambulation becomes very 
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difficult task due to residual motor weakness, spasticity, poor motor 

control, postural imbalance, in coordination, and loss of sensation(4). 

This ultimately results in poor quality of life and social participation(5). 

The rehabilitation continues to be useful even after decades after 

stroke(5). In chronic stroke patients, year of disuse can compound the 

already debilitating effects of the initial injury. Walking is one of the 

most frequently impacted ability which affects the quality of life 

directly by decreasing patient’s ability to ambulate(5). 

Walking occurs via initiating descending motor command from 

supraspinal centers that activates spinal networks and is modulated 

by afferent sensory feedback. In stroke there is interruption in 

descending motor commands and supraspinal regulation(5). 

Regaining walking independence is a principal objective for stroke 

patients. Interventions contributing to this functional outcome are 

therefore important and should include goal directed rehabilitation 

program. Post stroke, patients often have substantial leg weakness 

and are unable to contract paretic muscle sufficiently to take part in 

function, like walking training(6). 

Cycling is one of the rehabilitation programs that can be used to 

improve the function of ambulation. The muscle activation pattern of 

walking and cycling is similar and it is proposed that it is generated by 

same neural network(5). Restoring the walking ability should be main 

rehabilitation goal in stroke patients(4). 

Various studies have employed different exercise intervention such 

as progressive exercise, muscle strengthening exercise, rhythmic 

pattern exercise, virtual training(7). Christopher, MD et al conducted a 

randomized controlled trial in a stroke patients aged 60 yrs and older 

with mild chronic disability and demonstrated that 3 months of 

progressive aerobic treadmill exercises, compared with conventional 

physiotherapy, leads to clinically relevant benefits in cardiovascular 

fitness and walking endurance, as well as statistically significant 

improvement in gait speed, balance, self-rated functional mobility 

and quality of life(8). 

Cycling and walking shares similar reciprocal movements of flexion 
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and extension of hip, knee, and ankle and both require alternating 

and coordinated antagonist muscle activation(4,7). It helps to maintain 

functional range of hip and knee joints required for walking. 

Cycling motion itself activates the somatosensory receptors and 

generate ascending inputs to central nervous system(5). Cycling 

exercise is normally performed by patients in sitting thus it can be 

well tolerated by acute, sub-acute, chronic stroke 

patients(4).Decrease in physical activities such as walking eventually 

leads to decrease cardio-respiratory endurance(4). Thus it is important 

to improve the walking abilities in chronic stroke patients. 

Studies done by (Sung-Jin Kim, et al. 2015) and (Ernest Kwesi Ofori, et 

al. 2019) have found the effectiveness of stationary cycling in 

improving aerobic capacity and balance in post stroke patients(4,7). So 

the current study will be done to find the effectiveness of stationary 

cycling on ambulatory function and gait speed using dynamic gait 

index and timed up and go test in chronic stroke patients. 

 

               RATIONALE OF THE STUDY 

The neurological lesions which occurs as a result of stroke leads to 

permanent disability. It includes weakness, gait asymmetries, 

decrease in walking ability and difficulty with activities of daily 

living(5). 

Despite initial improvement in motor function post stroke, patient 

often demonstrate plateau or deceleration of motor recovery in the 

chronic stage, walking ability being most commonly affected(4). 

Decrease in walking ability is one of the most debilitating effects in 

patient with chronic stroke(5). Decrease in walking ability eventually 

hampers the quality of life and thus it increases the dependency of 

patient while performing activities of daily living(5). Decrease in 

walking ability leads to decrease in cardio-respiratory endurance(4,7). 

The current approach of stroke rehabilitation focuses more on task 

specific training which involves the regular practice of functional 

task(4). 

Besides improving muscle strength, cycling exercise also facilitates 
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muscle control of lower limb, which may allow putting weight on 

affected lower limb(4,7). 

Cycling had been proved to be effective in increasing walking abilities 

in patient with sub-acute stroke(7). 

However few studies (Sung-Jin Kim, et.al and Ernest Ofori, et.al) have 

evaluated the effect of stationary cycling in improving gait abilities in 

chronic and sub-acute stroke patients. In these studies the stationary 

cycling have been used in addition with standard exercises program 

to find the effect on gait abilities(4,7). 

Thus the current study will be done to observe the individual effect of 

stationary cycling exercise versus conventional gait training exercises 

on gait abilities in chronic stroke patients.    

 

s3.1) Primary Research 
Question :- 

Is there any effect of 6 weeks stationary cycling exercise training 

versus conventional gait training exercises on ambulatory function 

and gait speed using dynamic gait index and timed up and go test in 

chronic stroke patients aged 30-60 years? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not applicable 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not applicable 

4.1) Primary 
Hypothesis :- 

Null hypothesis: 

There is no statistically significant difference in effect of 6 weeks 

stationary cycling exercises versus conventional gait training 

exercises on ambulatory function and gait speed using dynamic gait 

index and timed up and go test in chronic stroke patients aged 30-60 

years. 
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Alternate hypothesis: 

There is statistically significant difference in effect of 6 weeks 

stationary cycling exercise training versus conventional gait training 

exercises on ambulatory function and gait speed using dynamic gait 

index and timed up and go test in chronic stroke patient aged 30-60 

years. 

4.2) Other Hypothesis 
1:- 

(if any) 

Not applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

Not applicable 

05) Review of 
Literature :- 

1. Ernest Kwesi Ofori, et al (2019) conducted the study to assess 

the effect of ergometer cycling on the ambulatory function 

and cardiovascular fitness of patients with stroke in the 

sub-acute phase. Twenty patients was allocated in the study 

and was divided into two groups i.e. experimental (ergometer 

cycling group) and control (non-ergometer cycling group). 

Experimental group performed ergometer cycling along with 

conventional physiotherapy for 60 minutes, 3times/week for 

8 weeks. Control group performed conventional 

physiotherapy for same period of time as experimental group. 

An outcome measure includes heart rate, blood pressure, 

6-minute walk test, functional ambulatory category, and 

ambulatory velocity. Assessment was taken at the baseline 

and after the end of 8 weeks. The ambulatory velocity and 

6-minute walk test shows significant improvement at the end 

of 8 weeks whereas there is no significant improvement in 

functional ambulatory score. The means of heart rate, blood 

pressure was significantly decrease in experimental group as 

compared to control group. Thus they concluded that 

ergometer cycling improves ambulatory function and 

cardiovascular fitness in sub-acute stroke(4). 
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2. Stacey E. Aaron, et al (2018) conducted a pilot study to 

evaluate the effects of an FES-assisted cycling intervention on 

aerobic capacity and locomotor function in individual 

post-CVA. Eleven individuals with chronic stoke was included 

in the study. Intervention was performed for 8 weeks, 

3times/week. Outcome measures includes VO2PEAK , self 

selected and fastest comfortable walking speed, gait and 

pedaling symmetry, 6-minute walk test, berg balance scale, 

stroke impact scale participation, fall efficacy scale  was 

used. Assessment was done at baseline and after the end of 8 

weeks. Over ground self selected walking speed (SSWS), 

fastest comfortable walking speed and spatiotemporal 

parameters of walking were measured over a GAIT Rite. The 

result showed significant improvement in VO2Peak, self selected 

walking speed, fastest comfortable walking speed, paretic 

step ratio, berg balance score, dynamic gait index, activities 

specific balance confidence scale. There was no significant 

improvement in 6 minute walk test and fall efficacy scale. 

They concluded that functional electrical stimulated assisted 

cycling used as a measure to improve both aerobic capacity 

and locomotor function(9). 

3. Christel Vanroy, et al (2017) conducted the study to evaluate 

effectiveness of active cycling in sub-acute stroke 

rehabilitation. Fifty – nine patients with acute stroke were 

enrolled in the study. Patients were randomly allocated to a 

3-month cycling group and education or to a control group. 

Afterwards, active cycling group was randomized into a 

coaching versus non-coaching group for nine months. Aerobic 

capacity, isometric knee extension strength and gait ability 

and speed were measured before and after intervention and 

during follow-up at six and 12 months. Result showed no 

significant effect in training group and control group(10).  

4. Taryn Klarner, et al (2016) studied the long term plasticity in 

reflex excitability induced by five weeks of arm and leg cycling 
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after stroke. Nineteen patients with chronic stroke perform 

arm and leg cycling for 5 weeks, 3 times/week. A change in 

reflex excitability was inferred from modulation of cutaneous 

and stretch reflex. The result showed that arm and leg cycling 

training induces plasticity and modifies reflex excitability after 

stroke(11). 

5. Emilia Ambrosini, et al (2016) conducted a study to evaluate 

the neuromechanics of recumbent leg cycling in post-acute 

stroke patients. Twelve subjects were recruited in the study. 

The patients were asked to walk on GAIT rite and 

spatiotemporal parameters were measured. A gait symmetry 

index (ST ratio) was computed as the ratio between the 

percentage stance time of the affected and unaffected leg. 

Lower limb motor impairment was evaluated through the leg 

subscale of the Motricity Index (MI), which evaluates the 

strength of the affected leg and ranges from 0 (maximal 

impairment) to 100 (no impairment). The result showed 

significant correlations between cycling based metrics and 

gait parameters, suggesting that neuromechanical quantities 

of pedaling can inform on walking dysfunctions. Thus the 

findings support the use of pedaling as a rehabilitation 

method and an assessment tool after stroke, mainly in the 

early phase, when patients can be unable to perform safe and 

active gait training(12). 

6. Sung-jin Kim, et al (2015) conducted the study to investigate 

the effects of stationary cycling exercise on the balance and 

gait abilities of chronic stroke patients. Thirty two patients 

were recruited in the study and were randomly allocated in 

control group and experimental group. Experimental group 

performed stationary cycling exercise training along with 

standard rehabilitation protocol for 30 minutes, 5 times/week 

for 6 weeks while control group performed conventional 

physiotherapy for same period of time. To assess balance, 

berg balance scale and timed up and go test was used while 
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10 meter walk test is used to assess gait function. There was 

significant improvement in berg balance scale, timed up and 

go test and 10 meter walk test in experimental group. This 

study demonstrated that stationary cycling exercise training is 

an effective intervention for increasing the balance and gait 

abilities of chronic stroke patients(7). 

7. David Barbosa, et al (2015) reviewed the studies to find the 

effectiveness of application of cycling and cycling combined 

with feedback in the rehabilitation of stroke patients. The 

cycling characteristics and applications, the applied test 

protocols as well as the tools used to assess the state and the 

recovery of patients and types of cycling devices are 

presented. The application of cycling with feedback shows 

more promising results when compared with without 

feedback. Positive effects on motor abilities were found in 

sub-acute and chronic stroke patients(13). 

8. So Young Le, et al (2013) studied the effect of assisted 

ergometer training with a functional electrical stimulation on 

exercise capacity and functional ability in sub-acute stroke 

patient. Sixteen patients with sub-acute stroke were recruited 

in the study. These patients were randomly assigned into 

functional electrical stimulation group (FES) and control 

group. The patient underwent ergometer training for 30 min, 

5times/week for 4 weeks. Outcome measure used were 

6-minute walk test, berg balance score, Korean version of 

modified barthel index, VO2Peak, metabolic equivalent, resting 

and maximal heart rate, resting and maximal blood pressure, 

maximal rate pressure product, sub-maximal rate pressure 

product, sub-maximal rate of perceived exertion, exercise 

duration, respiratory exchange ratio, and estimated anaerobic 

threshold were determined before and after treatment. The 

study demonstrated that ergometer training improved 

functional abilities when given for 4 weeks while aerobic 

capacity was improved after assisted ergometer training with 
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FES only(14). 

9. Pei-Yi Lin, et al (2013) investigated cortical control during 

self-paced active cycling with and without speed feedback, 

and during motor driven passive cycling in patients with 

sub-cortical stroke. Seventeen patients with sub-cortical 

stroke was recruited in the study. Near-infrared spectroscopy 

(NIRS) signals and EMG activity were measured during cycling. 

20 channel of measurement was used and it covered 

sensorimotor cortex (SMC), supplementary motor area (SMA), 

premotor cortex (PMC). There was three cycling conditions: 

active cycling with no visual feedback, active cycling with 

visual feedback and passive cycling. Results showed that the 

cortical activation pattern during passive cycling was similar to 

that during active cycling without feedback. Thus passive 

cycling can be used for activating cortical region and for 

facilitating motor recovery after stroke(15). 

10. Emilia Ambrosini, et al (2012) conducted the study to evaluate 

the effect of cycling induced by electrical stimulation 

improves muscle activation and symmetry during pedaling in 

hemiparetic patients. Thirty five patients with post-acute 

stroke were recruited in the study. Participants were 

randomized into experimental or FES-cycling group and 

control or placebo FES-cycling group. Intervention was 

performed for 5 times/week for 4 weeks. Clinical outcomes 

used was the motricity index, the gait speed, the 

electromyography activation of the rectus femoris and biceps 

femoris, and the mechanical work produced by each leg 

during voluntary pedaling. The result showed significant 

improvement in the activation of the paretic muscle in FES 

group while there was no significant effect in placebo FES 

group(16). 

11. Nicola J. Hancock, et al (2011) conducted the systemic review 

to evaluate the effect of lower limb reciprocal pedaling on 

motor function after stroke. The following databases were 
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searched electronically: COCHRANE: Database of Systematic 

Reviews; Database of Abstracts of Reviews of Effects; Central 

Register of Controlled Trials; Cochrane Methodology Register; 

Cochrane Stroke Group; MEDLINE; EMBASE; CINAHL; AMED; 

PEDro; PsycINFO. They randomly selected 50 titles from the 

total pool, using a computerized random number system. The 

findings provide proof-of-concept for pedaling interventions 

and provide a foundation for subsequent research, suggesting 

a need for further standardized, controlled clinical trials of 

clearly described pedaling interventions, across a broad range 

of stroke survivors and with subsequent transparent reporting 

of findings(6). 

12. Mi-Joung Lee, et al (2008) conducted the study to compare 

the effect of aerobic cycle training and progressive resistance 

training on walking ability after stroke. Fifty-two individual 

was recruited in the study. Participants undertook 30 exercise 

session over 10 to 12 weeks. Group were allocated as aerobic 

cycling plus sham progressive resistance training, sham cycling 

plus progressive resistance training, sham cycling plus 

progressive resistance training, aerobic cycling plus 

progressive resistance training, or sham cycling plus sham 

progressive resistance training. Primary outcomes were 

6-minute walk test, habitual and fast gait velocities, and stair 

climbing power. Secondary outcome included measures of 

cardio-respiratory fitness, muscle strength, power, and 

endurance and psychosocial attributes. Results showed that 

sham exercise improved walking distance and gait velocity 

significantly(17). 

13. K. diserens, et al (2007) conducted the study to evaluate the 

effect of arm cycling on post stroke spasticity and motor 

control. Nine patients undergone arm ergometer training for 

3 weeks, 5 days/week. The patients were tested one week 

before training, at training onset, at the end of training and 2 

weeks after training. Outcome measures used were Ashworth 
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scale, Rivermead Motorik assessment and motricity index and 

cycling force. They noticed significant effect of arm cycling on 

spasticity and motor control(18). 

14. Michal Katz-Leurer, et al (2006) conducted a study to 

investigate the effect of early cycling training on balance and 

motor abilities of stroke patients in sub-acute stage. Twenty 

four patients with sub-acute stroke was randomly assigned 

into experimental or cycling training group and control or 

non-cycling training group. Control group receive usual 

rehabilitation programme while experimental group receive 

cycling ergometer session along with usual rehabilitation 

programme lasting for 3 weeks, 5 days/week. Both groups 

were followed for 6 weeks. Balance was assessed using the 

postural assessment scale and lower extremity function was 

assessed by fugl- Meyer assessment. Results showed that 

experimental group had more significant effect than control 

group(19). 

15. Ulla-Britt Flansbjer, et al (2005) conducted the study to assess 

the reliability of 6 gait performance test in individual with 

chronic stroke. Fifty men and women were recruited in the 

study. The timed and go test, the comfortable and the fast 

gait speed tests, the stair climbing ascend and descend test 

and 6 minute walk test were assessed 7 days apart. Reliability 

was measured using intraclass correlation coefficient, the 

bland and altman analysis, the standard error of 

measurement and the smallest real difference. They found 

these test reliable and recommended to use these test as a 

gait performance measure in chronic stroke patient(20). 

 

6.1) Primary 
Objectives :-  

To study the effect of 6 weeks stationary cycling exercise training 

versus conventional gait training exercises on ambulatory function 

and gait speed using dynamic gait index and timed up and go test in 

chronic stroke patient aged 30-60 years. 
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6.2) Other Objectives 1:- 

(if any)  

Not applicable 

6.3) Other Objectives 2:- 

(if any) 

Not applicable 

07) Methodology :- Study Design: A randomized controlled trail 

Study Setting: Physiotherapy outpatient department (OPD) of 

tertiary care centre.  

Study Population: Chronic stroke patients aged 30-60 years. 

Duration of study: 18 months 

Sample size: 30 

          Sample size estimation 

Sample  size  was  determined  considering  the  study  of  

Ernest  Kwesi  Ofori  et.al, (2019) named, ergometry  cycling  

improves  the  ambulatory  function  and  cardiovascular 

fitness  of  stroke  patient . 

The  mean  and  standard  deviation  value  for  

experimental  group  was  0.74 ± 0.18  and  for  control  

group  was  0.49 ± 0.24. 

The  formula  used : 

              n=4(zα + zβ) SD²/ (X̅1-X̅2) ² 

Where, 

α = 5% 

β = 20% 

Zα - standard normal variant at α level 

      Zβ – standard normal variant at β level  
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The  required  sample  size  was  calculated  as  12  in  

each  group and round off to 15 , total  sample  size  30 . 

The  sample  size  was  calculated  by  using  open  EPI  

calculator  version  7. 

Sampling technique: Convenient sampling 

METHODS OF SELECTION OF SUBJECTS:  

INCLUSION CRITERIA:  

Duration of onset of stroke ≥ 6 months. 

Could able to walk at least 10 meter with or without assistance 

Able to communicate and understand ( MMSE >24) 

Brunnstrom’s recovery stage 4 for lower extremity. 

Adequate range of motion of lower limb joint required for cycling. 

  

EXCLUSION CRITERIA: 

Neurological disorder other than CVA. 

Patient diagnosed with cognitive illness. 

Severe arthritis and any musculoskeletal condition ( fractures or 

deformity) 

Severe and uncontrolled hypertension(systolic ≥ 200mmhg, diastolic 

≥ 110mmhg) 

Limited range of motion of lower limb. 

WITHDRAWAL CRITERIA: 

If the patient diagnosed with any of the disorders stated in exclusion 

criteria during study period. 

Discontinuity in the treatment. 

 

OPERATIONAL DEFINITION: 

Chronic Stroke: It is the sudden loss of neurological function 

caused by interruption of the blood flow to the brain. It is 

characterized by duration of onset ≥ 6 months(2). 
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Stationary cycling exercise: In the current study stationary 

cycling exercise training program is used as an intervention 

to improve the ambulatory function in chronic stroke 

patients(7). 

Dynamic gait index : In the current study dynamic gait index is used 

to assess the ambulatory function in chronic stroke patients(9). 

Timed up and go test : In the current study timed up and go test is  

used to assess the gait speed in chronic stroke patients(5). 

VARIABLES: 

Independent variables: 

Stationary cycling 

Conventional gait training  

Dependent Variables:  

Dynamic gait index 

Timed up and go test 

Method of measurement: 

DYNAMIC GAIT INDEX:: 

Dynamic gait index examines a patient’s ability to perform variations 

in walking on command. A four point scale (0-3) includes specific 

descriptors of normal control ( 3 ), mild  impairment ( 2 ), moderate 

impairment ( 1 ), and severe impairment ( 0 ), with maximum possible 

score of 24 . 

Higher score indicates greater function and a score of < 19 indicates 

an increased risk of fall. 
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TIMED UP AND GO TEST : 

It is quick test used to assess the functional mobility. 

It can also be used as a gait performance test. 

The patient is seated comfortably in a firm chair.  

The patient is then instructed to rise, stand momentarily, and then 

walk 3m toward a wall at normal walking speed turn without 

touching wall, return to the chair, turn and sit down. 

Timing with the stopwatch is recorded when the patient is instructed 

to go and ends when the patients return to the starting position 

seated in the chair. 

Score ≤ 10 seconds indicates normal or no risk of fall. 

Score 11-20 seconds indicates moderately normal or increase risk of 

fall. 

Score ≥ 30 seconds indicates severely abnormal or high risk of fall. 
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Study instrument/Data collection tools: 

Stationary cycle: 

 

Pulse oximeter: 

 

 

Cones for walking: 
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Pen: 

 

Chair: 

 

Paper: 

 

 

Stopwatch: 
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Steps: 

 

Outcome measures: 

Dynamic gait index 

Timed up and go test 

Method of data collection: 

The study will be performed on chronic stroke patient aged 30-60 

years. Permission from the institutional head and ethics committee 

will be taken.  Intervention will be explained. Written consents from 

the participants will be taken. Subjects fulfilling the inclusion criteria 

will be included. Demographic Data will be obtained. Pretest dynamic 

gait index will be noted. Participants will be encouraged to perform 

exercise for 6 weeks. Post intervention dynamic gait index will be 

noted. Data will be collected and analyzed. 

Data management and analysis: 

The data collected will be entered in the excel sheet. 

Subjects  will  be  matched  in  both  the  groups  according  

to  the  age , gender , duration  of  onset  ( ≥ 6 months ) and 

cause (Hemorrhagic or Ischemic). 

Participant identity and information will be kept confidential. 

The  sample  size  will  be  calculated  by  EPI  info  version  

7  software . 

The mean SD and percentage will be calculated.  

p ≤  0.05  will  be  considered  statistically  significant. 
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For  within  the  group  ( pre and post ) paired  t-test  or  

Wilcoxin  signed  rank  test  will  be  used. 

For  between  the  group  (post) unpaired t–test  or  

Mannwhitney  U  test  will  be  used. 

GENERAL PROCEDURE:  

Permission from the head of the institution and approval from the 

ethics committee will be taken. 

Procedure will be explained. 

Written consent will be taken from the Subjects. 

Subjects fulfilling inclusion criteria will be included. 

Demographic data will be obtained. 

Pre intervention dynamic gait index and timed up and go test will be 

assessed.  

Subjects will be encouraged to perform the exercise  program for 6 

weeks  

Post intervention dynamic gait index and timed up and go test will be 

assessed after 6 weeks.  

Pre and post data will be analyzed. 

Randomized controlled trail: 

All 30 subjects will be randomly assigned into experimental and 

control groups using a random, predetermined computer generated 

software random allocation software version 1.0. Randomization will 

be according blocked randomization method. The patients will not 

know about group allocation procedure. 
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s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Excluded: not 
meeting inclusion 
criteria. 
Patient diagnosed 
with cognitive illness. 
Patient with known 
musculoskeletal 
condition. 
Patient with severe 
hypertension. 

       Randomization 

(n=30) 

         Allocation   

Experimental group 

(group A) (n=15) will 

receive stationary 

cycling exercise 

Control group (group B) 

(n=15) will receive 

conventional gait 

training exercises. 

 

Will be assessed at 
the baseline. 

Will be assessing at the 
baseline 

    Intervention        Intervention 
 

     Follow up         Follow up 

Will be analyzed at the 

end of 6 weeks. 

Will be analyzed at the 

end of 6 weeks. 

       Assessment of eligibility 
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Intervention: 

Subject will be selected according to inclusion criteria. 

Written consent for the study will be taken from patients. 

Subjects will be selected from physiotherapy outpatient department 

of tertiary care hospital. 

Subjects will be divided into experimental group (Group A) and 

control group (Group B). 

Experimental group: 

Experimental group will perform stationary cycling exercises along 

with institutional conventional physiotherapy. 

Exercise protocol will be performing 3times/week for 6 weeks. 

Experimental group will be performing cycling exercises for 30 min 

following 5 min of warm-up exercises, 20 min of stationary cycling 

training and 5 min of cool-down exercises. 

Warm-up exercises will include cycling at self-selected speed and 

cool-down exercises will include lower limb stretching and slow 

pedaling. 

Intensity of cycling will be determined by calculating % heart rate 

reserve. 

Cycling will be performing at an intensity of 40-60% of heart rate 

reserve i.e. at moderate intensity. 

Rest period will be given in between as per patient’s requirement. 

In case if the patient is not able to stabilize the foot on pedal, straps 

will be used to tie it. 

Resistance of the cycling will be increased as per the patient 

requirement. 

Control group: 

Control group will be performing conventional gait training exercises 

along with conventional physiotherapy. 

Conventional gait training exercises will be performed 3times/week 
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for 6 weeks for 20 minutes. 

Conventional gait training exercises includes: 

Walking on foot marks: 

Patient will be asked to stand on predefined spot. 

Then patient will be asked to walk forward by placing alternate foot 

on marks. 

Walking sideways: 

Patient will be asked to stand on predefined spot. 

Then patient will be asked to walk sideways by placing alternate foot 

sideways. 

Walking backward: 

Patient will be asked to stand on predefined spot. 

Then patient will be asked to walk backward by placing alternate 

foots backward. 

Walking around obstacle: 

Patient will be asked to stand on predefined spot. 

Then patient will be asked to walk around the obstacles. 

Walking over obstacles: 

Patient will be asked to stand on predefined spot. 

Then patient will be asked to walk over the obstacles. 

Stepping up: 

Patient will be asked to stand on a predefined spot. 

The patient will do a step up by shifting weight laterally on the 

affected limb and will place the unaffected limb on the stepper.  

Then a reverse pattern will be followed.  

The difficulty level will be increased with increasing the height of the 

step. 

Stair climbing: 
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First the patient will be asked to place his unaffected limb on step by 

laterally shifting his weight on affected limb. Then the affected limb 

will be placed on the step.  

First the patient will be asked to climb one step at a time which will 

progress to alternate stepping with unaffected and affected limb.   

Institutional Conventional protocol for both groups include: 

Institutional physiotherapy protocol consisted of stretching and 

strengthening exercises of lower limbs (10 minutes), trunk stability 

exercises (10 minutes), standing balance training (15 minutes) and 

functional re-education (10 minutes). 

Result: The result will be discussed in the final copy of dissertation.  
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11 study setting             

12 
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13 
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collection             

15 
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and data 

analysis             

16 
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tests             

17 

compilation 

of synopsis             

18 
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10) Annexures :- Annexure I – Proforma  
 
Annexure II(a)-Informed Consent document(English, Marathi, Hindi) 
 
Annexure II(b)- Patient Information Sheet (English, Marathi, Hindi) 
 
Annexure II(c)- Permission letter (a) 
            Permission letter (b) 
 
Annexure III- Timeline/Gantt chart        
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                         Annexure (a) – Proforma 

 

Name: 

Age: 

Gender: 

Diagnosis: 

Duration of onset: 

Brunnstrom’s recovery stage: 

Medical H/o: 

Heart rate (at rest): 

Heart rate (max): 

Target heart rate: 

Address: 

Date: 

 

 

 

Outcome measures Pre-intervention score Post-intervention score 

Dynamic gait index   

Timed up and go test   
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             Annexure II (a) – Informed Consent (English) 

 

Letter of consent: 

 

I ____________________________________________ voluntarily consent as a participant 

for the dissertation: “EFFECT OF 6 WEEKS STATIONARY CYCLING EXERCISE TRAINING VERSUS 

CONVENTIONAL GAIT TRAINING EXERCISES ON AMBULATORY FUNCTION AND GAIT SPEED 

USING DYNAMIC GAIT INDEX AND TIMED UP AND GO TEST IN CHRONIC STROKE PATIENTS 

AGED 30-60 YEARS: A RANDOMIZED CONTROLLED TRAIL.” conducted by _________. 

I have been informed regarding the purpose of the study and duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedure 

regarding to the study. I reserve my right to withdraw from study at any instant of study 

period. 

The researcher has assured me that I would be treated well without any untoward effects. 

 

                                                   Signature of the participants/ 

                                                   Thumb impression of patient   
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                Annexure II (a) - Informed Consent (Marathi) 

                            

                              संमतीपत्र: 

 

मी___________________________________________ स्वेच्छेने ननबंध करण्यासाठी 

सहभागी म्हणून सहभागी होण्यास तैयार आहे: " 6 आठवडे परंपरागत चाल चालण्याची ढब टे्रननगं 

ववरुद्ध थांबलेला सायकललगं व्यायाम प्रलिक्षण चालता फिरता कायय आणण चाल चालण्याची ढब 

प्रभाविाली चाल चालण्याची ढब ननरे्दिांक कालबाह्य झाले आहे ते जाण्यास कसोटीत वदृ्ध 30-60 

वर्ाांपासून तीव्र स्ट्रोक रुगणांना वापरून व्यायाम."_________ द्वारा आयोजजत" 

अभ्यासाचा उद्रे्दिः आणण कामाचा कालावधी या ववर्यी मला माहहती रे्दण्यात आली आहे. अभ्यासा 

संर्दभायत आवश्यक प्रफिया करण्याची आणण ववववध चाचणी प्रफिया पारपाडण्यास मला हरकत नाही.  

अभ्यासाच्या काही काळात मी अभ्यासातून माघार घेण्याचा माझा हक्क राखून ठेवतो. 

संिोधकाने मला या बद्र्दल आश्वासन हर्दले आहे की कोणत्याही अननष्ट प्रभावा लिवाय माझ्या 

सोबत चांगला व्यवहार केला जाईल. 

 

                                         सहभागींची स्वाक्षरी / सहभागींची अंगठा 
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                   Annexure II (a) - Informed Consent (Hindi) 

 

                                सहमनत - पत्र: 

 

मैं____________________________________________ स्वैजच्छक रूप स ेिोध प्रबंध के 

ललए एक प्रनतभागी के रूप मे भाग लेने के ललए तैया रहूूँ: “बनाम परंपरागत चाल प्रलिक्षण 6 सप्ताह 

जस्थर सायजक्लंग व्यायाम प्रलिक्षण के चल िंक्िन और चाल स्पीड का उपयोग गनतिील चाल 

सूचकांक व समयबद्ध उत्तर प्ररे्दि और जाने के परीक्षण में िोननक स्ट्रोक रोगगयों वदृ्ध 30-60 साल पर 

अभ्यास करना: ई एक यादृजच्छक ननयंत्रत्रत टे्रल।”_________ द्वारा आयोजजत फकया जाता है। 

मुझे अध्ययन के उद्रे्दश्य और कायय की अवगध के बारे में सूगचत फकया गया है । मुझे आवश्यक 

प्रफिया िुरूकर ने और अध्ययन के संबंध में ववलभन्न परीक्षण प्रफिया स ेगजुरने में कोई आपवत्त 

नही ंहै। मैं अध्ययन के फकसी भी समय अध्ययन स ेहटने का अपना अगधकार सुरक्षक्षत रखता 

हंू। िोधकताय ने मुझे इसके बारे में आश्वासन हर्दया है की मुझे त्रबना फकसी अवप्रय प्रभाव के अच्छी 

तरह स ेइलाज फकया जायेगा I 

                                                     प्रनतभागगयों के हस्ताक्षर / 

                                                  प्रनतभागगयों का अंगूठे का ननिान     
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             Annexure III (b) Patient Information Sheet (English) 
 

• Purpose: 

To ensure that written consent will be obtained from participant. 

  

• Scope: 

This study includes stroke subjects both males and females and are voluntarily willing 

to participate in this study. 

 

• Responsibilities: 

The researcher will obtain written informed consent from all the participants who 

are voluntarily participant in the study. 

 

• Procedure: 

1. The researcher will select participant among stroke subjects. 

2. The intervention protocol will be explained to answer the queries of the 

participants. 

3. If the participant decides to participate then consent form should be filled by 

participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then 

they entitled to do so before giving the consent. 

 

• General information to participants: 

1.  Name: 

          Age: 

          Gender: 

          Date: 

You would be required to fill the proforma and the purpose of the research is to study: 

“Effect of stationary cycling exercises versus conventional gait training exercises on      

ambulatory function and gait speed using dynamic gait index and timed and go test in 

chronic stroke patients aged 30-60 years”. 
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2. If you are willing to voluntarily participate in the study then you are expected to 

enrol with us right from the moment of filing proforma till the completion of the 

test. 

3. If you are uncomfortable during this period then kindly let us know so that we 

can help you and overcome your problems. 

4. You will not be given any reimbursement and compensation. 

5. If at any moment you want to discontinue from this research study then you are 

free to do so and there would not be any hindrance from our side. 

6. The details of the risk, discomfort, advantages and disadvantages of the study will 

be explained to you before obtaining the letter of consent. 

7. The data obtained from this study would be confidentially protected and 

maintained and if the photograph is used then your identity would not be 

revealed. 

8. All the risk of various test procedures required for the study will be explained to 

you and accordingly the consent will be taken. 

9. If you feel exhausted or unable to complete the test please kindly let us know so 

that the necessary steps can be initiated. 

10. Name of the researcher: 

Phone number: 

Address: 

11. Name of the guide: 

Phone number: 

Address: 

12. Name of the institute: 
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                Annexure III (b) Patient Information Sheet (Marathi) 

 

सहभागी वतृ्तपत्र: 

उद्रे्दिः 

सहभागी कडून लेखी संमती घेतली जाईल याची खात्री करण्यासाठी. 

व्याप्ती: 

अभ्यासा मध्ये पुरुर् आणण जस्त्रया र्दोघांसाठी अनुवांलिक लोकसंख्या समाववष्ट आहे आणण स्वेच्छेन े

या अभ्यासा मध्ये भाग घेण्यास इच्छुक आहेत. 

उत्तरर्दानयत्व: 

अभ्यासा मध्ये स्वेच्छेने भाग घेणार् या सवय सहभागीं कडून sसंिोधकांना लेखी माहहती हर्दली जाईल. 

प्रफिया:  

1. संिोधकांना अनुवांलिक लोकांमधील सहभागीची ननवड करेल. 

2. सहभागींच्या प्रश्नांची उत्तर रे्दण्यासाठी हस्तक्षेप प्रोटोकॉल स्पष्ट केला जाईल. 

3. जर सहभागी न ेभाग घेण्याचा ननणयय केला असेल तर सहभागी ने संमती िॉमय भरला पाहहजे. 

4. सहभागींच्या संमती नतंर अभ्यासाची प्रफिया सुरू होईल. 

5. समाववष्ट आणण वगळण्याच्या ननकर्ांची पडताळणी करण्यासाठी सहभागी कडून इतर 

कोणत्याही िारीररक समस्येचा तपिीलवार वैद्यकीय आणण इनतहास प्राप्त केला जाईल. 

6. जर सहभागीं नात्यांच्या कुटंुबातील सर्दस्यांसहया माहहती वर चचाय करायची असेल तर संमती   

रे्दण्यापूवीते तसे करण्यासपात्र आहेत. 

सहभागींना सामान्य माहहती: 

1. नाव: 

वय: 

ललगं: 

तारीख: 

2. आपल्याला प्रोिामाय भरण्याची आवश्यकता आहे आणण संिोधनाचा हेतू हा अभ्यासकरणे 
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आहे:       

“6 आठवडे परंपरागत चाल चालण्याची ढब टे्रननगं ववरुद्ध थांबलेला सायकललगं व्यायाम 

प्रलिक्षण चालता फिरता कायय आणण चाल चालण्याची ढब प्रभाविाली चाल चालण्याची ढब 

ननरे्दिांक कालबाह्य झाले आहे ते जाण्यास कसोटीत वदृ्ध 30-60 वर्ाांपासून तीव्र स्ट्रोक 

रुगणांना वापरून व्यायाम”. 

3. आपण स्वेच्छेने अभ्यासा मध्ये भाग घेऊ इजच्छत असल्यास, आपण परीक्षेची पूतयता होई 

पयांत प्रोिामाय र्दाखल करण्याच्या क्षणापासून आमच्यासह आमच्याकडे नोंर्दणी करणे 

अपेक्षक्षत आहे. 

4. या कालावधीत आपण अस्वस्थ असल्यास, कृपया आम्हाला कळवणे करून आम्ही 

आपल्याला मर्दत करू आणण आपल्या अडचणी र्दरू करू. 

5. तुम्हाला कोणतीही भरपाई आणण नुकसान भरपाई हर्दली जाणार नाही. 

6. कोणत्याही क्षणी आपण या संिोधनाचा अभ्यासा पासून र्दरू जाण्याची इच्छा असल्यास 

आपण अस ेकरण्यास मोकळे आहात आणण आमच्या बाजूने कोणताही अडथळा येणार नाही. 

7. संमती िॉमय प्राप्त करण्यापूवी जोखीम, असुववधा, िायरे्द आणण अभ्यासाचे तोटे यांचे तपिील 

आपल्याला समजावून सांगगतले जातील. 

8. या अभ्यासा मधून प्राप्त केलेला डेटा गुप्त पणे जतन केला जाईल आणण त्याची रे्दखभाल 

केली जाईल आणण छायागचते्र वापरल्यास आपली ओळख उघड केली जाणार नाही. 

9. अभ्यासासाठी आवश्यक असलेल्या ववववध चाचणी प्रफियेचे सवय जोखीम आपल्याला स्पष्ट 

केले जातील आणण त्यानुसार संमती घेतली जाईल. 

10. आपण थकल्यासारखे फकंवा कसोटी पूणय करण्यात अक्षम झाल्यास कृपया आम्हाला कळवणे 

करुन आवश्यकती पावले उचलता येतील. 

11. संिोधकाचेनाव: 

      िोननंबर: 

      पत्ता: 

12. मागयर्दियकनाव: 
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      िोननंबर: 

      पत्ता: 

13. संस्थेचेनाव: 
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               Annexure III (b) Patient Information Sheet (Hindi) 

 

प्रनतभागी सूचकांक पत्र: 

• उद्रे्दश्य: 

यह सुननजश्चत करने के ललए फक प्रनतभागी स ेललणखत सहमनत प्राप्त की जाएगी। 

• स्कोप: 

इस अध्ययन में पुरुर् और महहलाओं र्दोनों के ललए जरागचफकत्सा आबार्दी िालमल है और स्वेच्छास े

इस अध्ययन में भाग लेने के ललए तैयार है। 

• र्दानयत्व: 

िोधकताय उन सभी प्रनतभागगयों से ललणखत सूगचत सहमनत प्राप्त करेगा जो अध्ययन में स्वेच्छा 

स ेभाग लेने वाले है। 

• प्रफिया: 

1. िोधकताय तीव्र स्ट्रोक आबार्दी के बीच प्रनतभागी का चयन करेगा। 

2. प्रनतभागगयों के प्रश्नों का उत्तर रे्दने के ललए हस्तक्षेप प्रोटोकॉल को समझाया जाएगा। 

3. यहर्द प्रनतभागीने भाग लेने का ननणयय ललया है तो प्रनतभागी द्वारा सहमनत िॉमय भरा जाना 

  चाहहए। 

4. प्रनतभागी की सहमनत के बार्द अध्ययन प्रफिया िुरू होगी। 

5. ववस्ततृ गचफकत्सा और फकसी भी अन्य िारीररक समस्या का इनतहास प्रनतभागी से प्राप्त फकया 

  जाएगा ताफक समावेिन और बहहष्करणमान रं्दडों को सत्यावपत फकया जा सके। 

6. यहर्द वें प्रनतभागी इस जानकारी पर अपने पररवार के सर्दस्यों के साथ चचाय करना चाहते है 

   तो व ेसहमनत रे्दने स ेपहले ऐसा करने के हकर्दार है। 

• प्रनतभागगयों को सामान्य जानकारी 

 

1.  नाम: 

       उम्र: 
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       ललगं: 

       हर्दनांक: 

2. आपको प्रोिामाय भरने की आवश्यकता होगी और िोधका उद्रे्दश्य अध्ययन करना है: “जस्थर  

चालन और पारंपररक गनत प्रलिक्षण पर बनाम जस्थर चाल सूचकांक के उपयोग से जस्थर 

साइफकल चालन अभ्यासों का प्रभाव और 30-60 वर्य की आय ुके पुराने स्ट्रोक के रोगगयों 

में समय पर जाना और परीक्षण करना” 

   3. यहर्द आप स्वेच्छा से अध्ययन में भाग लेने के इच्छुक है तो आप स ेअपेक्षा की जाती है  

      फक आप परीक्षण पूरा होने तक प्रोिामाय र्दाणखल करने के क्षण से ही हमारे साथ नामांकन  

      करें। 

3. यहर्द आप इस अवगधके र्दौरान असहज है, तो कृपया हमें बताए ंताफक हम आपकी मर्दत    

कर सके और आपकी समस्याओं को र्दरू कर सके। 

4. आपको कोई प्रनतपूनत य और मुआवजा नाही हर्दया जाएगा। 

5. यहर्द फकसी भी क्षण आप इस िोध अध्ययन से हटना चाहते है तो आप ऐसा करने के ललए 

स्वतंत्र है और हमारी और से कोई बाधा नहीं होगी। 

6. सहमनत पत्र प्राप्त करने से पहले अध्ययन के जोणखम, असुववधा, िायरे्द और नुकसान 

का वववरण आपको समझाया जाएगा। 

7. इस अध्ययन से प्राप्त आकंडों को गोपनीय रूप से संरक्षक्षत और बनाए रखा जाएगा और 

यहर्द तस्वीर का उपयोग फकया जाता है तो आपकी पहचान उजागर नहीं की जाएगी। 

8. अध्ययन के ललए आवश्यक ववलभन्न परीक्षण प्रफियाओं के सभी जोणखमों को आपको 

समझाया जाएगा और तर्दनुसार सहमनत ली जाएगी। 

9. यहर्द आप थकावट महसूस करते है या परीक्षण पूरा करने में असमथय है तो कृपया हमें 

बताएं ताफक आवश्यक कर्दम उठाएजा सके। 

10.  िोधकताय का नाम: 

        फोन नंबर: 

        पता: 
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11.  गाइड का नाम: 

       िोननंबर: 

       पता: 

12.  संस्थान का नाम: 
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                      Annexure II(c) - Permission letter (a) 
            
 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I, Mr/Miss___________________, student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work in Chronic Stroke patients.  

My research topic is “Effect of 6 weeks stationary cycling exercise training versus 

conventional gait training exercises on ambulatory function and gait speed using dynamic 

gait index and timed up and go test in chronic stroke patients aged 30-60 years: A 

Randomized controlled trail.” 

I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          

Head of Institute 
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                       Annexure II(c) - Permission letter (b) 
            

To,  

The Chairman,  

Ethics Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

I, Mr/Miss_____________ student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work.  

My research topic is, “Effect of 6 weeks stationary cycling exercise training versus 

conventional gait training exercises on ambulatory function and gait speed using dynamic 

gait index and timed up and go test in chronic stroke patients aged 30-60 years: A 

Randomized controlled trail.” 

I promise that the ethics as well as participants care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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                   Timeline chart/Gantt chart 

 

October 2019 Allocation Of The Guide 

November 2019 Topic Finalization For The Synopsis 

December 2019 Started Working For The Synopsis 

January 2020 Institutional Ethical Clearance Obtained 

February 2020 BORS Approval 

March 2020 

 

Synopsis Submission To MUHS 

April 2020 To March 2021 Data Presentation And Analysis 

April 2021 Discussion  And Conclusion 

May 2021 Submission Of Thesis To MUHS 
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Gantt chart of dissertation: 

Sr. 
No.   Oct-19 Nov-19 Dec-19 Jan-20 Feb-20 Mar-20 

Apr-Jun 
20 

Jul-Sept 
20 

Oct-Dec 
20 

Jan-mar 
21  

April 
21 

May 
21 

Jun 
-21 

July 
-21 

1 selection of topic                             

2 

formulation of 
research question                             

3 

formulation of aim 
and objective                             

4 

hypothesis and null 
hypothesis                             

5 research protocol                             

6 ethical clearance                             

7 research designing                             

8 review of literature                             

9 Methodology                             

10 study designing                             

11 study setting                             

12 

sample size 
estimation                             

13 

selection of study 
tools                             

14 

method of data 
collection                             

15 

data collection 
process                             

16 

management and 
analysis                             

17 

statistical analysis of 
data                             

18 statistical tests                             

19 

compilation of 
synopsis                             

20 uploading of synopsis                             

21 results and tables                             

22 Discussion                             

23 Conclusion                             

24 Summary                             

25 References                             

26 

Compilation of 
dissertation                            

27 

uploading of 
dissertation                             

  

 

 

 

 

 

 

 

 

 

 



C:\Users\convert\AppData\Local\Temp\1\task-420551575\c29278b1528574ffb168b8ca5a8a0110.doc [Page : 45] 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



C:\Users\convert\AppData\Local\Temp\1\task-420551575\c29278b1528574ffb168b8ca5a8a0110.doc [Page : 46] 
   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 
DOWN’S SYNDROME AGED 6-18 YEARS: AN OBSERVATIONAL CROSS 

SECTIONAL STUDY 

 

 

DISSERTATION 

MASTER OF PHYSIOTHERAPY (M.PT) 

NEUROPHYSIOTHERAPY 

 

 

UNDER 

MAHARASHTRA UNIVERSITY OF HEALTH SCIENCES,NASHIK 

2019-2020 

  



2 
 

Name of the course 
 
 
 
 
 
 
 
 
 

: 
 
 
 
 
- 

Master of Physiotherapy 

Name of subject 
 
 
 
 
 
 

: 
 
 
 
- 

Neurophysiotherapy 

Admitted year/Academic 
year 

 
 
 
 
 
 
 

: 
 
 
 
 
- 

2019-2020 

 

TOPIC OF DISSERTATION 

RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 

DOWN’S SYNDROME AGED 6-18 YEARS: AN OBSERVATIONAL CROSS 

SECTIONAL STUDY 

 

  



3 
 

CONTENTS 

Sr. No  Page No 
1 Abbreviations 4 
2 Introduction 5-8 
3 Rationale of the study 9 
4 Research question 10 
5 Hypothesis 11 
6 Review of literature 12-34 
7 Objectives 35 
8 Methodology 36-48 
9 Data Analysis 49 
10 Results 50-52 
11 Discussion 53-56 
12 Strength 57 
13 Weakness 58 
14 Conclusion 59 
15 Limitations 60 
16 Clinical implication 61 
17 Recommendations 62 
18 Summary 63-64 
19 Tables and Graphs 65-76 
20 References 77-80 
21 Annexure 81-100 
22 Timeline/Ghant chart 101 
23 Master chart 102-103 

 

 

  



4 
 

Abbreviations: 

mFRT- Modified functional reach test 

mLRT- Modified lateral reach test 

PBS-Pediatric balance scale 

BOTMP-Bruininks-Oseretsky test of motor proficiency 

GMFM-Gross motor functional measure 

BMI-Body mass index 

 

  



5 
 

INTRODUCTION 

Balance is the condition in which all the forces acting on the body are balanced so that the 

centre of mass is lying within the limits of stability and the boundaries of base of support.1 

The ability to maintain balance in a standing or sitting position is termed as static balance 

whereas the ability to maintain postural control during movements is termed as dynamic 

balance, such as reaching for an object or walking across objects. 1 Balance can further be 

subdivided into four types i.e. static steady-state balance, dynamic steady-state balance, 

proactive balance, and reactive balance.2 Balance is the ability to maintain, achieve, and 

restore any adopted posture.3 In day-to-day life, every person has to maintain static and 

dynamic balance.3 Hence, balance existence is not only important for maintaining posture , 

but also for mobility, performance of daily activities in a safe way and in response to external 

disturbance.3 Balance is fundamental to the ability to safely accomplish movements or motor 

tasks characterizing daily life.4 

Individuals with musculoskeletal and neurological disorders more often have deficit in 

balance and mobility abnormal motor development may show variation in postural 

adjustments leading to impaired sitting and standing balance.1 Seated balance is the ability of 

a person to maintain control over upright sitting posture as well as during forward reach 

without stabilization.5 Seated balance is critical during functional activities(e.g. Reaching in 

either direction) for individuals and children who are non- ambulatory with neuromuscular 

dysfunction.5 In typically developing children sitting milestone is achieved at the age of 5-8 

months as well as reaching activity is also achieved at the same age.1  Sitting is an important 

motor milestone because it is the first upright posture.6 

Neurological disorders such as cerebral palsy, muscular dystrophy, Down’s syndrome, 

gullain-barre syndrome, traumatic brain  injury and learning disabilities  are more often have 

deficits in balance and problems in mobility due to lack of postural stability leads to 
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increased risk of falls.7 In this sense, children with Down’s syndrome present difficulties in 

balance which results in a static or dynamic functional balance deficit.7 Balance dysfunction 

is often described in Down’s syndrome children and associated with motor coordination 

difficulties.8 As such , these postural and balance deficits represent a serious functional 

limitation for children with Down’s syndrome.9 

Down’s Syndrome is a chromosomal abnormality that occurs in approximately one of every 

800-1000 live births in India and 1.4 per 1,000 live births in the United States.9,4 Down’s 

syndrome is characterized by hypotonia, intellectual disability , increased joint hypermobility 

that contributes towards severe balance issues.10 Down’s syndrome can occur in one of the 

three types i.e. meiotic nondysfunction, translocation down syndrome, mosaicism.10 Down’s 

syndrome is leading cause of various other health issues including learning and memory, 

congenital heart disease, Alzeimers disease, leukemia, cancer etc.11 The motor development 

of child with Down’s syndrome occurs more slowly, taking more time to crawl, sit and walk, 

different gait patterns, slow movements, defects in postural control and lack of coordination 

and an inability to respond rapidly to changes in the environment and this delay may lead to 

functional limitations.7,11  Among children with Down’s syndrome, gross motor skills,static 

and dynamic balance are more affected.12 Some more disabilities include decreased muscle 

strength, persistent primitive reflexes and slowed reaction time during voluntary movement.13 

Balance has been studied in various ways by recording, examining and investigating the bio-

mechanical physiological descriptions of balance reactions, components of balance as well 

the ability of a person to balance.14 The dynamic balance measures which assess the ability to 

maintain equilibrium in response to either self motivation or external perturbation which are 

superior to static task.14 In this sense , balance assessment is necessary for most adult as well 

as pediatric patients in physical therapy settings in order to help establish appropriate 

treatment goals, increase awareness of fall risk, and assign appropriate assistive device.15 
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To assess balance, various age specific scales, tests and measures are available that assess 

sitting as well as standing balance individually or as a part of the test such as paediatric 

clinical test of sensory interaction for balance, seated postural control measure, level of 

sitting ability scale, paediatric balance scale(PBS), Bruininks-Oseretsky test of motor 

proficiency (BOTMP), timed get up and go test, sitting assessment for children with 

neuromotor dysfunction, gross motor function measure(GMFM), Chailey levels of ability,  

and modified Functional Reach Test (mFRT).1 The mFRT is used for balance evaluation and 

it is less time consuming and requires no equipment, easily understood by all age groups and 

hence is widely used as objective measures to assess dynamic sitting balance.1 Modified 

functional reach test examines movements in two directions, forward and lateral in sitting.1 It 

is having high intra-rater and inter-rater reliability as 0.84,0.71 among adult respectively.1  

Normal values of modified functional reach test are available which evaluates forward and 

lateral reach distance in Indian school going children of age 6 to 12 years .1 Children with 

Down’s syndrome are able to sit and can perform activities in sitting which requires both 

sitting and dynamic balance.11 Individuals with  Down’s syndrome have a significant delay in 

motor skills and balance development that persists through adulthood and rank lower on 

balance performance than the general population or other mentally handicapped groups.11 

Down’s syndrome have an increased risk of intellectual disability and it is difficult to 

determine whether cognition has deteriorated with age.16 The mini mental scale examination 

(MMSE) is standard cognitive test widely used to assess dementia.16 The normative data of 

modified functional reach test in younger and middle-aged North- eastern Indian population 

also normative data of modified functional reach test in Indian school-going children of age 

6-12 years which evaluate the forward and lateral reach distance in both genders and 

normative reference values for functional, lateral, and oblique direction reach tests in Saudi 

children aged 6 to 15 years are available. 1,15,17 In previous study it showed that these values 
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can be used for the assessment of balance impairments among children aged 6-12 years in 

India, in conditions like Down’s syndrome, Cerebral palsy etc.1 To date there is  scarcity of 

data on reliability of mFRT among Down’s syndrome children and feasibility of modified 

functional reach test gives a chance to evaluate sitting balance and established the reliability 

of mFRT in children of age 6-18 years among both gender with Down’s syndrome. 
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Rationale of the study 

Poor static and dynamic balance is the common characteristic of individuals with Down’s 

syndrome due to hypotonia, joint laxity, decreased muscle weakness and hence poor postural 

control .10 Static and dynamic balance of individuals with Down’s syndrome are important 

for development of physical independence and capacity to participate in recreational games, 

play and social activities. 10 According to previous studies normal values of modified 

functional reach test in Indian school going children of age 6-12 years has been established.1 

Modified functional reach test is reported to be reliable measure of seated balance in non-

ambulatory patients with spinal cord injuries, ataxia, and in sub-acute phase of stroke 

rehabilitation.14,18,33 

The present study is attempted to establish the reliability of modified functional reach test in 

children with Down’s syndrome aged 6-18 years. 
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Research Question 

What is the reliability of Modified functional reach test in children with Down’s syndrome 

aged 6-18 years in terms of test retest reliability? 
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Hypothesis 

Null Hypothesis: NOT APPLICABLE 

Alternative Hypothesis: NOT APPLICABLE 
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Review of Literature 

1) Hewa Haputhanthirige et al (2021) conducted a study on assessment of balance 

functions in children with downs syndrome  attending selected paediatric clinical 

settings in Colombo district, Sri lanka. In this study to assess balance variations 

among children with downs syndrome were divided in three different age groups 

i,e 3 to 5 years,6 to 9 years and 10 to 12 years and to compare age-matched 

healthy children. Descriptive study was conducted on 64 downs syndrome 

children. Paediatric balance scale which is a 14-item validated scale assessing 

three different aspects of balance i.e static,dynamic and transfer stability, was 

used. each item was scored from 0-4. Scoring was performed by pre-trained 

investigators. The results showed that total PBS score for downs syndrome group 

was less than that of normal children (mean=54.58) (p=0.001). out of three 

aspects, dynamic skills were highly affected, and among them, downs syndrome 

children exhibit lowest balance skills for standing on one foot. Hence the study 

concluded that balance skills of downs syndrome children were significantly less 

than their age match normal peers. The dynamic aspects of balance were more 

affected than static or transfer stability. In downs syndrome skills showed an 

improvement with age.13 

2) JS Tedla et al  2021 conducted a study on normative refrence values for 

functional,lateral,oblique direction reach tests in Saudi children in 6 to 15 years 

old and psychometric properties of oblique direction reach test.  In this cross 

sectional study, 300 students Saudi children were included. Demographic data like 

age, gender, height, and weight were collected from the children and BMI was 

calculated. Children were measured for distance reached in forward, lateral, and 

oblique direction on a graph paper, which was mounted on a wall. For calculating 
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forward reach children were asked to stand bare foot parallel to the wall with feet 

shoulder width apart. Children raised their arm to 90 degree of flexion and 

maintained this position. The acromion process of subjects was leveled to a 

reference point on the graph paper. The researcher marked a starting point on the 

graph paper at the level of third meta-carpal head on a closed fist. Then 

investigator gave instructions to the subjects to lean forward as much as possible 

without taking a step, without lifting the heel and without leaning on the wall. 

After maximal reach in forward direction the subjects were asked to pause this 

position for 2–3 seconds, researcher marked amending point on the graph paper at 

the level of third metacarpal head on a closed fist. The distance between starting 

and ending points were measured with a ruler and noted in centimeters as a value 

of functional reach. For measuring lateral reach test, the children were asked to 

stand bare foot facing away from the wall with feet shoulder width apart. The 

position of the subjects was adjusted in such a manner that the acromion process 

leveled at a reference point on the graph paper. Children were instructed to raise 

their arm sideways to 90 degrees of abduction. The researcher marked a starting 

point on the graph paper at the level of third meta-carpal head on a closed fist. 

Subjects were instructed to reach laterally as much as possible without taking step 

and without lifting the other lower extremity. After reaching sideways, children 

were asked to maintain this position for 2–3 seconds, researcher marked amending 

point on the graph paper at the level of third metacarpal head on a closed fist. The 

distance between starting and ending points were measured with a ruler. The 

lateral reach distance was mentioned in centimeters. For measuring oblique reach 

test. A movable cardboard with a graph paper was placed in 45 degrees between 

antero-lateral directions. Then subjects were made to stand in relaxed position 
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facing forward with feet apart at shoulder width. Children were asked to raise the 

arm to 90 degrees obliquely in scapular plane between flexion and abduction. 

Subjects were asked to hold this position and the researcher marked a starting 

point on the graph paper at the level of third meta-carpal head on a closed fist. 

Subjects were instructed to reach obliquely as far as possible without taking step, 

without bending knees and without taking support of cardboard. The children 

maintained this position for 2-3 seconds; researcher marked an ending point on the 

graph paper at the level of third metacarpal head on a closed fist. The distance 

between starting and ending points were measured with a ruler. The oblique reach 

distance was mentioned in centimeters. The descriptive values for anthropometric 

characteristics, FRT, LRT, and ODRT distances of 300 children (150 male and 

150 female) with age group between 6 and 15 years delineates the relationship of 

anthropometric measurements with all three-reach distances. The female children 

accomplished a better FRT value with 25.89 ± 6.06 when compared to their male 

counter parts with 25.38 ± 7.75. The results of functional reach test in association 

with anthropometric measures showed a steady escalation from 6-15 years. At the 

age of 9, 10, 11, and 14-years female children dominated male children with better 

forward reach distances. There was a moderate correlation between age, height 

and weight to the FRT with r values 0.55, 0.56, and 0.54, respectively at the 

significance < 0.001. The results of lateral reach test in association with 

anthropometric measures recorded by male and female for LRT were 19.46 ± 6.36 

and 18.36 ± 4.83 respectively. In all age groups, male children achieved greater 

lateral reach distances than female children except at 10 and 11 years where 

females surpassed males. There was a moderate correlation between age, height, 

and weight to the LRT with r values 0.53, 0.52, and 0.55, respectively at the 
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significance < 0.001. The results of oblique reach distance test in association with 

anthropometric measures showed reach distance of 22.06 ± 6.40 of male and 

female counterpart recorded 22.10 ± 5.56. There was a moderate correlation 

between age, height, and weight to the ODRT with r values 0.51, 0.50 and 0.49 

respectively at the significance < 0.001. Hence, the study established normal 

values for functional, lateral, and oblique direction reach test in 6–15 years of 

Saudi children. The mean and standard deviation for forward, lateral and oblique 

direction reach was 25.63 ± 6.95, 18.91 ± 5.66, 22.08 ± 5.98 cm. The regression 

analysis showed association with the weight for all the three reach tests. This 

study also concluded that oblique direction reach test is a valid and reliable for 

measuring limits of stability in oblique direction.3 

3) Maiano C et al 2019 concluded a systematic review on do exercise interventions 

improve balance for children and adolescents with down syndrome. The purpose 

of this review was to summarize the findings examining the effects of exercise 

interventions designed to improve balance in youths with down syndrome. Studies 

conducted among children and adolescents with down syndrome assessed static 

balance using either posturography apparatus or clinical version of stork test. 

Those measuring dynamic balance used either a posturography apparatus or 

clinical balance tests, such as the heel-to-toe dynamic balance test and timed up 

and go test. The exercise intervention include backward walking training, 

computerised balance training using visual feedback, core stability exercises, 

vibration platform. The intervention lasted between 6 and 24 weeks. The study 

concluded that posturographic tests are significant and has a positive effect on 

exercise intervention on balance of youth with downs syndrome. The future scope 

of this study can be to increase duration of exercise intervention.16 
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4) Pablo V et al 2019 conducted a study on improving cognitive visual motor 

abilities in individuals with down syndrome , the sample of DS students was 

selected. The sample was divided into experimental group and controlled group. 

In this study two main instruments were used: the Illinois test for psycholinguistic 

activities and various stimulation exercises using TANGO:H. In this study 3-10% 

of of all children with specific language deficits can be indentified by auditory 

integration sub test. In TANGO H : three groups of exercise were designed. 

Designer with 5 exercises each where a pattern to be followed. Each group of 

exercises stimulates one of the basic factors of visual-motor cognitive aptitudes. 

The exercise were applied iteratively over a month, with a weekly lesson lasting 

approximately 20 min. To evaluate the progress between each lesson 

longitudinally, a semi-structered observation was made in all working lessons with 

the experimental group, for each individual and session. Results indicated that 

direct score is considerable in all subtest of the experimental group and reduced in 

control group .only in two cases were there changes in experimental group. The 

graphical reports presents the variation between the means of the direct score of 

four sub-tests, showing the upward trend between pre-test and post-test, which is 

greater in experimental group. In every case, the time that each individual needed 

to complete the stimulation task tends to decrease between the each lesson. The 

study concluded that the TANG0:H platform, where the users interacts with the 

system by their body. The system uses a KINECT sensor to recognize gestures, 

requiring no physical contact with traditional control systems, and takes into 

account the results obtained in the study carried out on the effectiveness as a 

cognitive visual-motor rehabilitation tool. In future, a study of those parts of the 
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body that are most difficult for the users to move could be easily performed and 

presented afterwards.17 

5) AA Deshmukh et al 2018 conducted a study where they established normal 

values of modified functional reach test in Indian school going children of age 6-

12 years where 280 children (6-12 years), 140 boys and 140 girls were selected by 

stratified random sampling, subdivided into 7 groups. Anthropometric data was 

taken and the reach distance was measured in 3 attempts. The mean of the 3 

successive trails was calculated. The score of modified functional reach was 

19.53± 3.57cm to 26.48± 5.27cm. The score of lateral reach was 17.68± 2.59cm to 

22.50±3.75cm. The study concluded that the normal values obtained can be used 

as a baseline data for assessment of balance impairments among children aged 6-

12 years in India, in conditions like down’s syndrome, cerebral palsy, muscular 

dystrophies, etc.1 

6) Jessica Cristina 2018 conducted a study on postural control in children with 

down syndrome: evaluation of functional balance and mobility. This study aims to 

characterize the balance and functional mobility of children with Down syndrome. 

The cross sectional study with sample convenience was performed with children 

with down syndrome, confirmed through karotype, between the ages of 8-12 

years. The evaluation of postural control was performed with two instruments: 

pediatric balance scale and reach test. Twenty-one participants with DS , 12 boys 

and 9 girls median age of 10 years old, were evaluated. The score obtained in the 

pediatric balance scale was 53. The distance obtained in the reach test was 19cm. 

hence, the study concluded that the performance of functional activities is little 

affected, according to median score obtained in the evaluation of functional 

balance through the pediatric balance scale. The measures reached in the reach test 



18 
 

implies a reduction of functional mobility, so children with DS should be 

stimulated to do activities that promote the development of postural control 

strategies.7 

7) Jin Gang Her et al  2018 conducted a study on reliability of pediatric balance 

scale in the assessment of the children with cerebral palsy were a convienience 

sample of 36 children diagnosed with CP between 6 and 13 years of age among 20 

boys and 16 girls was taken. The inclusion criteria were ability to follow verbal 

commands, absence of nerve block injection or orthopaedic surgery within the 

previous 6 months, such as botox injection or muscle lengthening surgery; absence 

of cardiovascular disease and joint contractures; ability to stand without upper 

extremity support for four seconds. All children were assessed bare foot and 

without assistive device, video recordings were made of each item of PBS . 7 

pediatric physical therapists participated in the reliability scoring study. The 

reliability scoring session was conducted in three parts after all video-recording. In 

part 1, to assess inter-rater reliability, the seven raters scored the same recordings. 

In part 2, to determine intra-rater reliability, two of the seven raters rescored the 

recordings. In part 3, to examine test rest reliability, rater C scored the video 

recordings in 2 sessions. For relative reliability, the intra class correlation 

coefficient with 95% confidence intervals was used to evaluate the inter-rater, 

intra-rater and test-retest reliability of total scores of PBS. High inter-rater 

reliability was demonstrated by an ICC, value of 0.901 for the total score of the 

PBS. The study concluded that they have demonstrated satisfactory absolute and 

relative inter-and intra-rater reliabilities of the PBS. The future scope of the study 

is PBS values can be used to assess the functional balance of children with CP.19 



19 
 

8) Piyush Gupta and co authors in the book “PG Textbook of Pediatrics”-2nd 

edition in 2018, chapter: “Chromosomal disorders” stated that Down’s syndrome 

is defined as a chromosomal abnormality that occurs in approxiametly one in 

every 800-1,000 livebirths. It was described in 1866 by John Langdon Down so 

named as Down’s Syndrome.9 

9) Sawika Promson et al 2018 conducted a study on reliability of the multi-

directional reach test in children with down syndrome between 7 and 12 years old. 

In this cross sectional study 10 children with downs syndrome was recruited from 

physical therapy department in rajanukul institute. The multi directional reach test 

was scores by two testers. The assessment tool for the multidirectional reach test 

in the study was divided in two parts. The first part was measuring scale that made 

up of stainless steel yardstick. The second part made from acrylic sheets. The slide 

pad was used to slide along the stainless steel yardstick and touch the 3rd 

metacarpal of participants for evaluate reach distance. The participants 

anthropometric data such as age,weight,height,lengthof upper and lower 

extremities were recorded. The result of this study, the intra-tester reliability of 

MDRT in children with downs syndrome ranged from moderate to excellent. 

Intra-tester reliability was excellent for forward and backward(0.90,0.79)and 

moderate for leftward and rightward (0.75,0.72). In healthy adult and the elderly, 

the MDRT has excellent reliability (ICC=0.93 to 0.95) and fair to moderate 

concurrent validity concurrent validity of the MDRT with Timed Up and Go Test 

 r=0.26 to 0.44 and Berg Balance Scale  r=0.36 to 0.48. In school-age typical 

development  children, the MDRT has high inter-rater reliability (ICC=0.80–0.86) 

and intra-rater reliability (ICC=0.89–0.97) in all directions. Various clinical 

balance tests such as FRT, four square step test , TUG are available for children 



20 
 

with DS. Hence, the study concluded that the when assessing dynamic balance and 

limits of stability with multi directional reach test, the pre-and post-test should be 

conducted by the same tester for reducing measurement error.20 

10) Samire Beqaj et al 2018 conducted a study on contribution to physical and motor 

characteristics to functional performance in children and adolescents with downs 

syndrome. In this study 44 children with downs syndrome of age 3 to 18 years 

were included. The assessments were conducted in two sessions within the same 

week. At first session all the participants were assessed with BMI,GMFM-88,PBS. 

at the second session, from the original sample of 44 participants, 34 were 

additionally assessed for PEDI-CAT, 27 for both PEDI-CAT and 9-HPT, and 

finally 26 for all 3 of the remaining variable. A calibrated hydraulic dynamometer, 

was utilization for evaluation of maximum hand grip strength. The children were 

asked to squeeze the dynamometer as hard as possible with one hand. The 

duration of contraction was 3-5 seconds. Three repetitions were performed and 

verbal encouragement was given during the test. For estimation of gross motor 

function GMFM was used. PBS was used to assess body balance among 

individuals who were able to stand and walk independently. The nine hole peg test 

was used to assess manual dexterity. Functional abilities were evaluated using 

PEDI-CAT, a computer adaptive test which is the revision of pediatric evaluation 

of disability inventory.  Hence the study concluded fine motor skills and grip 

strength are significant predictors of performance of daily activities.21 

11) X.L.Li et al 2017 conducted a study on the reliability and validity of sitting 

balance control tests in stroke survivors where 11 community-dwelling stroke 

survivors 8 men and 3 women of age   61.7 years and 15 healthy subjects (6 men 

and 9 women of age 54.3 years were recruited by convenience sampling and all 
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stroke subjects had survived a stroke for a minimum of 2 years. Inclusion criteria 

for stroke survivors: Subjects able to sit unsupported independently for at least 2 

minutes, able to perform shoulder flexion for at least 90°, previously fully 

independent in activity of daily living, and able to communicate and follow 

instructions. Inclusion criteria for healthy subjects: independent in activity of daily 

living, outdoor walkers and able to communicate and follow instructions. The 

exclusion criteria for both the groups were orthopeadic or other neurological 

diseases affecting balance, hemianopia, visio-spatial neglect, marked hypertonicity 

of muscles, unstable medical conditions and unable to sit. Limits of stability test 

and sequential weight shifting test were the outcome measures. mean of the eight 

directions in reaction time, maximum excursion and directional control while 

those of sequential weight shifting were the total movement time and directional 

control. The modified functional reach test was shown to have excellent test-retest 

reliability in healthy population and stroke survivors. The trunk impairment scale 

was proven to have high test-retest reliability and inter-rater reliability. Hence, in 

this study, good test-retest reliability of the two dynamic sitting balance tests has 

been shown.22 

12) Trapthi Kamath et al 2017 conducted a study on the test rest retest reliability and 

concurrent validity of functional reach test in 5 to 15 years old children with 

downs syndrome. This cross sectional study was conducted in alva’s special 

school, chethana special school, Manglore special school. 50 downs syndrome 

children were selected for the study. The subjects were asked to perform three 

trials of functional reach and timed up and go test and average of the three trials 

was used for data analysis. The outcome measures of the study were measured 

such as body mass index,waist circumference. For estimation of test retest 
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reliability, functional reach test was done by principal investigator once and inter-

rater reliability was assessed by principal investigator and second investigator by 

the interval of 5 days. Timed up and go test was used as the criterion dynamic 

balance,locomotion and coordination measure to validate functional reach. The 

data was analysed statistically, the test retest reliability of functional reach with 

ICC (2,1)=0.72(p=0.02). According to this literature the normal values of 

functional reach test in the age group 3 to 5 years ranged between 5.2 to 22.7 cm 

and it was in the range of 19.7 to 32.2 cm for the normal children in age group of  

6 to 12 years. Hence the study concluded that functional reach test is valid and 

reliable measure in estimating dynamic balance in children with downs 

syndrome.12 

13) Ambreen Asim et al 2015 conducted a study on down syndrome as it is one of 

the commonest disorders with huge medical and social cost. Down syndrome is 

associated with number of phenotypes including congenital heart defects,leukemia 

, Alzeimars disease, etc. DS patients has greately increased risk of early onset of 

AD . after the age of 50, the risk of developing dementia increases in DS patients 

upto 70%. The incidence of CHD in newborn babies with DS is upto 50% . 

Ventricular septal defect is also observed in these population upto 35% of patients. 

Patients with DS display a unique spectrumof malignancies which include 

luekemia as well as solid tumors . patients with DS has 19-20 fold increased 

relative risk of luekemia. People with DS have been reported to have a reduced 

incidence of hypertension. This review provides the detailed description on the 

application of techniques to prenatal diagnosis in down syndrome.10 

14) Saeed Ghaeeni et al 2015 conducted a study on effect of core stability training on 

static balance of the children with downs syndrome. The present study was 
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experimental study with pre and post tests method and the control and 

experimental groups. Children with downs syndrome were selected referred at 

Nurabad rehabilitation centre. Twenty childrens of age 8-13 years old were 

divided into 2 groups having no neurological or mobility disorders. Experimental 

group subjects  performed jeffreys core stability exercises for 8 weeks, 3 times a 

week, and each session lasted 45-60 minutes. To evaluate static balance, modified 

stork test was used. This test with an acceptable validity, reliability of 0.87 and 

objectivity of  0.99, was performed 3 times for each leg and best time obtained 

were recorded. This study showed that core stability exercise increases static 

balance of children with downs syndrome. Hence, the study concluded that core 

stability exercises have positive effect of static balance on children with downs 

syndrome.23 

15) Danielle Chamberlain et al 2014 conducted a study on the use of the modified 

functional reach test in a patient with Friedreich’s ataxia, where the subject was a 

non-ambulatory 24year old male with friedreich’s ataxia and his primary 

physiotherapy goal was to improve sitting balance. The patient was seen for twice 

a week for 6 weeks, where sessions were limited to 30minutes. Emphasis was 

placed on seated balance exercises at the edge of the mat table. Range of motion 

exercises for wheelchair positioning and comfort, strengthening exercises were 

also included to maintain upper body strength for transfers. The patient 

participated in 10 therapy sessions. Despite the observable changes in the patient’s 

functional mobility and seated balance, Friedreich’s ataxia rating scale scores 

remained unchanged over 6 months period of time. In contrast scores on the 

modified functional reach test decreased from 30.5cm to 5.0cm in forward 

direction and from 7.5cm to 4.0cm to the right. The patient’s lateral reach was 



24 
 

inconsistent and demonstrated improvement from 5.75cm to 6.5cm reach at the 

end of the period. The modified functional reach test provided quantitative 

documentation of the patient’s decreased seated balance.5 

16) Ewa Biec 2014 conducted a study on postural stability in young adults with Down 

Syndrome in challenging condition. In this study postural sway in quiet stance in 

four 20-second tests: with eyes open or closed and on hard or foam surface was 

evaluated. 10 subjects with down syndrome and eleven healthy subjects 

participated, aged 29.8 and 28.4 years. The subjects were asked to stand barefoot 

as motionlessly as possible with feet together and hands at their sides. In eyes 

open trials the subjects were instructed to focus their gaze on a dot placed at eye 

level at a distance of 2m. Each recording started 10 seconds after the subject was 

ready for testing. There were no intergroup differences in the amplitude except the 

stance on foam pad with eyes open when subject with down syndrome had larger 

sway. This indicated that each group used entirely different adjustments of 

postural strategies to the somatosensory challenge. The study proposed that the 

inferior postural control of subject with down syndrome results mainly from 

insufficient experience in dealing with unpredictable postural stimuli and deficit in 

motor learning.24 

17) Priyanka Singh et al 2013 conducted a study where they established normative 

data of modified functional reach test in younger and middle aged north eastern 

Indian population, in the age 20-59 years where a total of 200 apparently healthy 

subjects participate. They were divided into 2 groups younger and middle-aged. 

Anthropometrics were measured and forward and lateral reach was found out in 3 

trials. The mean score of the forward and lateral reach of right and left in group 1 

was compared to group 2. The mean score of the forward and lateral reach of right 
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and left in group 1 was higher as compared to group 2. The normative value for 

forward reach in group 1 was 34.05±9.03cm. For right lateral reach it was 18.2± 

5.26cm and for left lateral reach it was 17.32 ±5.21cm, respectively. The 

normative value for forward reach in group 2 was 25.18± 5.71cm. For right and 

left lateral reach, values were 14.02± 3.98cm and 13.53± 4.25cm, respectively.25 

18) Roksana Malak et al  2013 conducted a study on motor skills,cognitive 

development and balance functions in children with downs syndrome. The study 

consisted of 79 children with downs syndrome. Average age was 6 years and 3 

months ± 4 years and 6 months. Participants were divided according to age range 

into 3 groups < 3 years old, 3-6 years old, 6 years old. Children were assessed 

using gross motor function measure-88, Paediatric balance scale,Kasperczyk 

visual point method. Psychological diagnosis was done using the brunet-lezine 

scale for children younger than 3 years of age and the wechsler intelligence scale 

for children above the age of 3 years. The results of GMFM-88 in relation to age 

under 3 years, none of them had a profound delay in psychomotor development. 

GMFM score were significantly lower in children with moderate psychomotor 

delay than in children with mild psychomotor delay, or normally developed 

children (p=0.043). GMFM-88 scores in children with mild mental impairment, 

compared to children with moderate mental impairment (p=0.72) in the age range 

3–6 years. Similarly, there was no significant difference in GMFM-88 scores in 

children with mild mental impairment, compared to children with moderate 

mental impairment in children above the age of 6 years. GMFM-88 scores in 

children with profound mental impairment were lower than in children with mild 

or moderate mental impairment. Functional balance was assessed in children older 

than 4  years. There was a statistically significant correlation between GMFM-88 
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scores and the PBS scores, r=0.7; p<0.0001. Hence, the study concluded that the 

motor development of children with downs syndrome is associated with cognitive 

development, specially in first three years of life and balance functions are closely 

related to motor skills among such children.26 

19) Romina Villamote et al 2010 conducted a study on reliability of 16 balance tests 

in individuals with down syndrome. In this study sixteen balance tests were 

administered to a limited convenience sample of 21 participants with down 

syndrome. Participants ranged in chronological age from 5 to 31.  All participants 

had been diagnosed with down syndrome with mild and moderate cognitive 

impairment. Each participant completed 16 different balance tests twice on one 

day and then repeated the assessment twice on a subsequent day for a total of four 

assessments. During each assessment, participants completed three trials of each 

balance test for a total of 12 trials of each balance test. The 16 balance tests were 

selected as below.center of gravity sway tests,standing test- firm surface with eyes 

open and eyes closed , standing test- soft surface with eyes opened and eyes 

closed, standing on preferred leg on the floor with eyes open,standing on preferred 

leg on a balance beam with eyes open,standing on preferred leg on a balance beam 

with eyes closed,walking forward on balance beam,walking forward on a walking 

line,walking forward heel-to-toe on a balance beam,walking forward heel-to-toe 

on a walking line,stepping over response speed stick on a balance beam,timed get-

up and go test,full turn,forward reach,sit-to stand test. Three trials of each test 

were performed during each of the four assessment.Hence, the study concluded 

that 16 balance tests in individuals with down syndrome are reliable. Future scope 

of the study can be larger sample sizes.11 
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20) Meneghetti et al 2009 conducted a study on static balance assessment among 

children and adolescents with down syndrome. This study aims to evaluate static 

balance and the influence of visual information among children and adolescents 

with down syndrome by means of computerized biophotogrammetry. Inclusion 

criteria were DS children and adolescents aged 7 to 14 years and diagnosed by a 

karotype test. The criteria for exclusion were DS who could not remain in 

orthostatic position during filming. children and adolescents with a diagnosis of 

autism or other diagnosed neurological dysfunction,  Eleven children and 

adolescents with DS took part in the study and 14 neurological normal children 

and adolescents comprised the control group. Both groups were homogeneous in 

gender, weight, height, and age. Three subjects were excluded from the studied 

group because they did not remain in orthostatic position and thus could not be 

filmed.  During filming each subject was advised to assume a relaxed posture, 

with arms as stable as possible to the side of the body and feet parallel on a flat 

surface, previously marked for the plantar surface. A plumb line was placed in the 

background to serve as a reference for the angle analysis. Computerized 

biophotogrammetry was used to quantify angles and verify body sway in static 

balance , followed by application of romberg’s test. To quantify the degrees of 

anterior-posterior sway, they calculated the sum of the anterior and posterior sway 

deviation, and to quantify the degrees of lateral sway they calculated the sum of 

sways to the left and to the right.  The result of the present study show that, during 

tests in which no visual information was available, the evaluated groups had a 

harder sway than when the visual information was preserved. Both anterior-

posterior and lateral sway was more significant with eyes covered than without 

eyes covered. Hence the study concluded computerized biophotogrammetry was 
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efficient in the assessment of balance in down syndrome individuals, establishing 

itself as an important tool for the evaluation procedures in physical therapy 

practice. Future scope of the present study are needed to carry on this investigation 

given the limited number of subjects who take part in this study.8 

21) Michal Katz-Leurer et al 2009 conducted a stud n Reliability and Validity of the 

Modified Functional Reach Test at the sub-acute stage post-stroke where the 

patients recruited were from the inpatient rehabilitation department at Hadassah 

University Hospital, Jerusalem, Israel. Patients with brainstem lesions and/or 

bilateral signs or hemorrhagic events, Mini-Mental state examination<20, those 

who were not able to sit unsupported for 10 seconds, were excluded from the 

study. The data was collected at two occasions, 2-3 weeks post-event and again 6 

weeks later, the test was performed 3 times, the second and third attempts were 

compared for the within-session reliability. The Modified Functional Reach Test 

exhibited high reliability in all directions(intra-class correlation coefficient 

range0.90-0.97.18 

22) Norris Rosemary et al 2008 conducted a study on the functional reach test in 3-5 

year old children without disabilities. In this study one hundred twenty one 

children participated aged 3-5 years without known disabilities. Materials used in 

this investigation included an aluminium meter-stick to measure functional reach 

distance, a calibrated scale for measurement of body weight, and an 

anthropometer for standing height.Before measuring functional reach, the 

children’s shoes and socks were removed.Each child was asked to stand with the 

lateral aspect of the right shoulder parallel to the wall. A leveled meter stick was 

secured to the wall at the height of childs acromion. Each child was allowed to 

perform two practise trials that were not recorded. Demonstrations and verbal 
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instructions were repeated in the same format each time. To measure functional 

reach distance initial measure was taken with the childs arm raised horizontally 

using the placement of third metacarpal along the meter stick . a second measure 

was taken after reaching, again using the location of third metacarpal along the 

meter stick. A trial was considered successful if the functional reach was 

performed without the child stepping, touching the wall. Brief rest period of 

approxiametly 5-10 seconds were allowed. The parameter measured was the 

distance the child reached while standing. Results indicate that the 5-year-old 

group was the most variable (13.8-17.7cm), while 3- and-4 year old children have 

similar levels of variability 10.7-12.1 cm and 12.7-14.5 cm. Hence this study 

concludes that the functional reach test can be used to determine a childs ability to 

reach forward and to maintain balance. It also indicates that functional reach test is 

feasible, clinical tests that determine the dynamic balance of 3-5 year old 

children.27 

23) T. Michael O’Shea et al 2007 conducted a study on “Diagnosis, treatment and 

prevention of Cerebral Palsy” stated that the diagnosis of Cerebral Palsy is based 

on a clinical assessment and not on lab testing or neuroimaging. In clinical 

practice, the diagnosis of Cerebral Palsy is typically based on observations or 

parent reports of achieved motor milestones. The approach that appears to be most 

widely used is based on the standard measure of motor function, the Gross Motor 

Function Classification System(GMFCS). It also stated that until recently, the 

neuroimaging studies of preterm infants with Cerebral Palsy were based largely on 

neonatal cranial ultrasound. It also stated that the American Academy of Pediatrics 

has emphasized the importance of a primary care “medical home” for children 

with chronic illnesses, including Cerebral Palsy. The roles of the medical home 
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include care co-ordination to minimize redundant services, monitoring of response 

to treatments, interpreting findings to the family, orchestrating co-management 

with specialists, and advocating for the patient with prayers and providers such as 

the public schools. The prognosis for independent ambulation of the children with 

Cerebral Palsy depends in large part on the type of motor impairment. It stated 

that the interventions that prolong the gestation, or decrease the risk of preterm 

delivery, will decrease the risk of Cerebral Palsy, where approaches to reduce the 

rate of preterm birth include smoking cessation during pregnancy, calcium 

channel blockers, oxytocin antagonists, anti-platelet drugs, etc. It concluded that 

the care of the children with Cerebral Palsy requires a multidisciplinary, 

comprehensive and co-ordinated approach.28 

24) Scott Bennie et al 2003 presented a study to compare the timed up and go and 

functional reach test to the berg balance scale. The study examined 20 subjects 

with the ages of 38-86 years. The subjects came from outpatient rehabilitation, 

inpatient rehabilitation and acute care facilities. Subjects needed a minimum score 

of 20 on the mini mental scale exam to participate. The subjects also had to be 

able to stand for 60 seconds with a supervision level of assistance, without use of 

any assistive, prosthetic, or orthotic device. Subjects with severe visual or auditory 

deficits were excluded. The mini mental scale exam, administered orally, 

measures cognitive performance in adults. it is divided in two sections, with a 

maximum combined score of 35 points. A piece of paper and a writing utensil are 

the required tools to perform the task performance section. In timed up and go test, 

timed subjects rise from a chair, walk three meters, turn, walk back, and sit down. 

No assistive, orthotic, or prosthetic device is allowed during the test. All chair 

used has an appropriate seat height, stopwatch to timed each test and recorded the 
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time in seconds. To perform the functional reach test subjects stand comfortably 

parallel to the wall, make a fist, and raise their arms to 90 degrees of flexion. A 

yardstick is placed parallel to the subjects raised arms. The examiner measures 

and records the placement of the end of the subjects third metacarpal along the 

yardstick. Three trials of the same were taken. The bergs balance scale evaluates a 

subjects functional balance by his/her performance on 14 activities of daily living. 

There are three dimensions to the test: maintenance of position, postural 

adjustment to voluntary movements and reaction to external disturbances. All 

items are graded on a five point scale, zero to four. The test takes 15-20 minutes to 

complete and requires a step stool, mat table, chair with arms, measuring tape, 

stopwatch and pen. The mean score on the timed up and go test was 21.6 seconds. 

The mean score of functional reach test was 17.7cm. the mean score on the berg 

balance scale was 43.5.there was a significant correlation between the timed up 

and go and borg’s balance scale (r=-0.47,p=0.04) . the correlation between 

functional reach and bergs balance scale was not significant(r=0.42,p=0.06). the 

correlation analysis for the functional reach and timed up and go tests with bergs 

balance scale demonstrated a significant multiple correlation 

coefficient(r=0.56,p=0.04).Result indicates that there was significant correlation 

between timed up and go and bergs balance scale. The correlation between 

functional reach and berg balance scale was not significant. The timed up and go 

test alone or a combination of timed up and go and functional reach tests can be 

used as a simple measure of balance comparable to the berg balance scale. Further 

research can be done on why this variable affects correlation coefficients.15 

25) Knox V. 2002 conducted a case study on evaluation of the sitting assessment for 

children with neuromotor dysfunction as a measurement tool in Cerebral Palsy, 
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where the patient has spastic diaplegia associated with prematurity. The sitting 

assessment for children with neuromotor dysfunction is designed to measure 

sitting postural control in children with neuromotor disabilities, aged 2-10 years, 

who can sit without constant hand support. The test consists of 2 phases rest and 

reach. which are video and the test is scored from the video. The treatment 

included sequences of moving through sitting, side sitting, all fours, and crawling, 

improving the ability and quality of reaching in sitting and supported standing. 

The patient improved in all sitting behaviours measured by sitting assessment for 

children with neuromotor dysfunction, making most progress in the reach phase.29 

26) Suzanne M Lynch et al 1998 conducted a study on reliability of measurements 

obtained with a Modified Functional Reach Test in subjects with spinal cord 

injury where 30 male subjects with spinal cord injury were divided into 3 groups 

based on injury type. Group1 consisted of subjects of subjects with C5-C6 

tetraplegia, group2 consisted of subjects with T1-T4 paraplegia, and group3 

consisted of subjects with T10-T12 paraplegia. The subjects were between 18 and 

45 years of age. Inclusion criteria was: subjects had to be able to sit independently 

of a seating system with only a backboard for support, the subjects’ upper 

extremities had to be without deformities, and each subject had to be able to 

assume and maintain 90° of shoulder flexion. Exclusion criteria was: The presence 

of inadequate muscle force to maintain shoulder flexion during reaching, 

inadequate range of motion, or musculoskeletal deformity. Each subject had to 

practice trials of maximal forward reach, followed by three trials during which 

data was collected. The mean of these three trials was recorded. The mean 

maximal reach was 14.7cm for group1, 15.5cm for group2, and 22.9cm for 
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group3. here was no difference in the ability to reach between groups1 and 2, but 

mean reach was greater in group3 compared with groups1 and 2.14 

27) Sarah L Westcott et al 1997  conducted a study “Evaluation of Postural stability 

in children: current theories and assessment tools in 1997. For the measurement of 

sensory system, a clinical test of vestibular function is the Postrotatory Nystagmus 

Test where the child sits on a rotating platform and is spun by the therapist for 20 

seconds; and also the Vestibular ‘Ocular Reflex Testing which permits 

measurement of reflexive eye movements driven by the vestibular system. 

Another test is the Pediatric Clinical Test of Sensory Interaction for Balance. 

Experiments that moved the floor surface showed three basic patterns: ankle 

strategy, hip strategy and stepping strategy. The article also said that the therapists 

evaluated motor co-ordination by placing the child on a movable surface, The 

Clinical Observations Of Motor and Postural Skills, Flat Board and Tilt Board 

Reach Test(Fisher and Bundy). For measuring the biomechanical system, Force 

output and Range Of Motion have shown to be related. Force Output has been 

evaluated using Manual Muscle Testing. For Postural Stability, Alberta Infant 

Motor Scale, Bayley Scales of Infant Development, etc have been used. This 

article stated that research is needed for pediatric test and measurement 

development in all areas related to postural stability.30 

28) Pamela W. Duncan et al 1990 conducted a study on the functional reach as a 

clinical measure of balance in 128 subjects was evaluated of 21-87 years. It was 

an experimental study to establish functional reach as a measure of the margin of 

stability versus the labroratory method, center of pressure excursion. Instruments 

used in this study included an electronic system for measuring functional reach, 

and a 48-inch measuring device, or yardstick. In this brief neurological 
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examination included testing of the biceps, patellar and Babinski reflexes, 

coordination, great toe proprioception, and upper and lower extremity tone were 

examined. Musculoskeletal examinations were performed. Range of motion of the 

right elbow and shoulder was tested.  Functional reach was measured using the 

simple clinical apparatus. Results indicate that several factors influence functional 

reach and strongly associated with measurements of the center of pressure 

excursion.The intraclass correlation coefficient for center of pressure excursion 

was 0.52  electronic functional reach  0.81 and yardstick reach 0 .92 . The 

coefficient of variation was 7.5% for center of pressure, 4.4% for electronic 

functional reach, and 2.5% for yardstick functional reach. Age influenced all three 

measures ie yardstick functional reach, electronic functional reach, center of 

excursion. As age increased all measures decreased. The range for electronic 

functional reach was 6.5 ins to 20.8 ins. and for yardstick reach the range was 1.6 

ins. to. 19.3 ins .the study concluded that several factors influence functional 

reach. Height and age are most significant factors. In this study measure of 

functional reach assesses only anterior and posterior dynamic stability. The future 

scope of this study is that it is possible to map out full three dimensional estimates 

of the range of standing reach.31 
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Objectives 

 To find reliability of Modified Functional Reach Test in children with Down’s 

syndrome aged 6-18 years. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36 
 

Material and Methods 

• Type of Study Design: An Observational Cross Sectional Study. 

• Study Setting: Physiotherapy out patient department of tertiary care centre and 

special schools of the city. 

• Study population: Down’s syndrome children aged 6-18 years of both genders. 

• Sampling Technique: Convenient sampling technique. 

• Study Duration: 18 months. 

• Sample Size Estimation: 

• To calculate a sample size, the pilot study was done. 

• A sample of 5 children with diagnosis Down’s syndrome was included in the pilot 

study. 

• The forward and lateral reach (right & left) were taken and the mean and standard 

deviation was calculated as follows: 

• Mean=23.86 cms and 

• Standard Deviation(SD)=3.24 

• The correlation coefficient between the test retest was found out. 

• The reliability of the pilot study was calculated by the formula 2r/1+r2 where ”r” is 

the correlation coefficient between the test and retest and the value of which was 

taken as 0.91. 

• The sample size was calculated by the formula n= 4SD2/L2 where” L” is the error, the 

value of which was ±1. 

• A sample size of 41 was included in the study. 
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Method of selection of study subjects 

Inclusion Criteria:- 

 Children diagnosed with Down’s syndrome belonging in the age group of 6-18 years, 

both genders.1 

 Children able to follow simple verbal commands.1 

 Children having MMSE score more than 24. 16 

 Children with Down’s syndrome who are able to assume 900 of flexion and abduction 

of shoulders, elbow extension, and forearm pronation.1 

Exclusion Criteria:- 

 Children having deformities in their upper limbs and not able to perform the test. 

 Children undergone upper limb tendon lengthening surgery recently in two weeks 

duration. 

 Children having any known neurological disorder other than Down’s syndrome. 

 

Subject Withdrawal Criteria :- 

 Subjects not co-operative throughout the study. 

Operational Definition:- 

 Down’s Syndrome: This is the commonest chromosomal disorder occurring with a 

frequency of 1:8000 to 1: 1000 newborns. Chromosome number 21 is present in 

triplicate (trisomy); the origin of the extra chromosome being either maternal or 

paternal.9 
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 Balance : Balance is the condition in which all the forces acting on the body are 

balanced so that the centre of mass is within the limits of stability and the boundaries 

of base of support.1 

 Sitting Balance : Sitting balance is defined as the ability of person to maintain control 

over upright posture during forward reach without stabilization.30 

 Modified functional reach test: Modified functional reach test is the objective 

measure to assess static as well as dynamic sitting balance in two directions, forward 

and lateral (right and left). The test is adapted from the functional reach test for 

individuals unable to stand.32 

 Reliability: Reliability is the property of consistency of a measurement that gives the 

same result on different occasion.25 

 Test-retest reliability: Test-retest reliability is the degree to which test scores remain 

unchanged when measuring a stable individual characteristic on different occasions. 

Test-retest reliability measures the stability of the scores of a stable construct obtained 

from the same person on two or more separate occasions.18 
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Methods of measurements: 

 To find out the maximal distance the child can reach while leaning forward and to the 

sides, the child was made to sit independently(unsupported) on an adjustable stool, 

with back straight and the feet pelvis width apart.1,25 

 The hip, knee, ankle, was positioned at 90º  and the feet was flat on the surface.1,25 

 An initial measurement was taken with the upper extremity flexed and abducted to 

90º.1,25,30 

 The anatomical landmark for the measurement of the reach distance was the ulnar 

styloid process.30 

 The measurement of the reach distance was included the reach distance in the forward 

direction, and the left and right directions. 1,25,30 

Data Collection Tools: 

1)A Yardstick 

 

A Yardstick 
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2) An Adjustable stool1,30 

 

 

An Adjustable stool. 

 

 

3) A Weighing machine 

 

A Weighing machine 
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4) A Measuring tape 

 

A Measuring tape 

 

5) A Pen 

6) Evaluation proforma. 
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Variables: 

Independent variables: 

 Age 

 Gender 

 Rater 

Dependent variables: 

 Height 

 Weight 

 Reach distance 

Data Collection: 

 Requisite permission from the Institutional Head was obtained.1 

 Permission from the Ethics Committee and Board of Research Committee was 

obtained. 

 Permission from the institutional heads of tertiary care centre and the owners of the 

respective paediatric rehabilitation clinics/centre and special schools of the city was 

taken. 

 The informed and written consent from parents was obtained. 

 Children were included according to the inclusion criteria and exclusion criteria. 

 Children with Down’s syndrome will be recruited by convenient sampling. 

 Quota sampling was used. 

 The procedure was explained to the parents or the care-takers of the children. 

 Anthropometric measurements (age, height, weight, BMI in percentile) of the children 

was taken.1,30 
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 A yardstick was arranged at the level of the shoulder of the child.5,30,28 

 Set-up for the test was done prior to the test and children were made to sit on an 

adjustable stool with back straight (without back support) and feet pelvis width 

apart.1,30 

 The children was instructed to keep their reaching shoulder in 90° of flexion and 

abduction for forward and lateral reach test respectively.5,30 

 An Initial measurement of the reach tests distance in the forward and lateral 

direction(right and left) was taken. 

 The anatomical landmark used for the measurement of the reach distance was the 

ulnar styloid process.28 

 They were explained to reach as far as they can, with shoulders 900   flexed or 

abducted, elbow extended, forearm pronated, wrist neutral, fists either open or close, 

in the forward as well as lateral direction, both right and left sides  maintaining their 

balance.28 

 Two trial attempts were given for adaptation.1,28 

 Three attempts were given for each test and the average of three values were 

calculated.25,30 

 The values of the forward and lateral reach were measured on the same group of 

children again after 10 minutes duration. The child was moved out from the test 

position for ten minutes duration. 

 The same procedure was repeated after 10 minutes in the same children with Down’s 

syndrome by same rater and hence modified functional reach test values was 

considered for calculating the test-retest reliability of Modified Functional Reach Test 

in Down’s syndrome of age 6-18 years. 
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Figure (1) 

Modified functional reach test in forward direction starting point. 

 

Figure (2) 

Modified functional reach test in forward direction end point. 
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Figure (3) 

Modified functional reach test in left lateral direction starting point. 

 

Figure (4) 

Modified functional reach test left lateral direction end point 

 

 

 

 

 



 

Modified functional reach test right lateral direction starting point.

  

Modified functional reach test right lateral direction end poi
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Figure (5) 

Modified functional reach test right lateral direction starting point.

 

Figure (6) 

Modified functional reach test right lateral direction end poi

 

 

 

 

Modified functional reach test right lateral direction starting point. 

Modified functional reach test right lateral direction end point. 
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GENERAL PROCEDURE 

 

Permission from the head of the institution and approval from the ethics committee was taken 

 

 

Procedure was explained was written informed consent form was taken from the subjects 

 

 

Subjects fulfilling inclusion criteria were included. Demographic data was obtained 

 

 

 

Modified functional reach test was assessed in both forward and lateral direction 

 

 

 

Modified functional reach test in both lateral direction was assessed 
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Subjects were encouraged to perform the test again after 10 mins of duration 

 

 

 

Pre and post measurements of the tests were assessed and data was analysed 
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                                              Data management and analysis 

• The data collected was entered in an excel sheet, and the back-up of the data was 

maintained. 

• The patient’s identity and information was kept confidential. 

• The data was utilized for further analysis. 

• Mean, Standard Deviation of the forward reach and the left and right lateral reach 

values was calculated. 

• The Intra-class correlation co-efficient was calculated for test-retest reliability for 

Modified functional reach test in children with Down’s syndrome aged 6-18 years. 
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RESULTS 

The present study include 41 Down’s syndrome children (age 6-18 years) fulfilling the 

eligibility criteria with an aim to know reliability of modified functional reach test in children 

with Down’s syndrome aged 6 to 18 years. 

Following are the observations: 

Table 1 and Graph 1shows the distribution of  number of participants  according to age and 

BMI with mean and standard deviation of 14.34±2.79 years and 20.78±4.93 Kg/m2 

respectively. 

Table 2 and Graph 2 shows the number of male and female present participants in the study. 

In the present study male participants were 26 and female participants were 15. 

Table 3 and Graph 3 shows intra rater test retest reliability of modified forward reach test is 

0.961 (highly reliability). The intra rater test retest for modified left lateral reach test is 0.964 

(high reliability). The intra rater test retest for modified right lateral reach test is 0.82 (good to 

high reliability). Whereas the forward reach test and retest showed mean 13.77±2.96 

cm,13.93±2.728 cm. modified left lateral test and retest showed mean 11.98±2.99 cm. 

modified right lateral test and retest showed mean 10.99±2.08cm respectively. 

Table 4 and Graph 4 shows the mean and standard deviation of mFRT among children with 

Down’s syndrome males and female is 13.46±2.91cm & 13.46±2.91 cm respectively. It was 

observed that the values of modified functional reach test showed nearly similar values of 

reach among both genders p value 0.38 not significant. Modified left lateral reach test showed 

no significant difference among genders p=0.07. 
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Modified lateral right side showed high significant difference among genders p=0.002 high 

significant. The MMSE score showed no statistical difference among genders p=0.29. mean 

score of MMSE was 24.9. 

Table 5 and Graph 5 shows modified forward reach test among age group of 6-14years and 

15-18 years showed significant difference. The mean was 12.25±2.93 cm and 15.54±1.84 cm 

respectively. It was observed that the value of modified forward reach test showed not 

significant values among age groups p=<0.01. In modified left lateral reach test among age 

groups of 6-14 years and 15-18 years showed non significant difference . the mean was 10.38 

± 2.77cm and 13.84±2.03cm. It was observed that the value of modified left lateral reach test 

showed not significant values among age groups p=<0.01. in modified right lateral reach test 

among age groups of 6-14 years and 15-18 years showed non significance difference. The 

mean was 10.92 cm±1.58 cm and 11.07±2.78cm. It was observed that the value of modified 

right lateral reach test showed non significance among age groups p=0.829. In age group of 

6-14 years and 15-18 years MMSE score showed mean 26.09±1.10  and 26.58±1.055 

respectively. 

Table 6 and Graph 6 shows in present study modified functional reach test showed positive 

weak correlation with MMSE and mean 13.77±2.09 (r=0.225). Modified left lateral reach test 

showed positive very weak correlation with MMSE and mean 11.98±2.99  (r=0.028). 

Modified right lateral reach test showed negative very weak correlation with MMSE and 

mean 10.99±2.19 (r=-0.149). 

Table 7 and Graph 7 shows In the present study correlation of BMI with reach values was 

compared which showed mean of 20.78 ±4.93Kg/m2  whereas forward reach test showed 

mean of 13.7 ±2.96Kg/m2 and correlation coefficient was 0.190 and left lateral reach test 
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showed mean of 11.98±2.99Kg/m2 and correlation coefficient was 0.337. Right lateral reach 

test showed mean 10.99± 2.19Kg/m2 and correlation coefficient was 0.257. 

Table 8 and Graph 8 shows the mean value of forward reach test is 13.77±2.96cm and values 

ranged from 12.83 to 14.71cm among both genders. The modified left lateral reach test 

values 11.98±2.99 cm which range from 11.04 to 12.93 cm. the m right lateral reach test 

values 10.99±2.19 cm which range from 10.3 to 11.69 cm. 

Table 9 and Graph 9 shows in the present study modified left lateral reach test showed 

11.98±2.99 cm and modified right lateral reach test showed non significant difference with 

mean 10.98±2.19 cm. 

When compared modified functional reach test among right and left side there is no 

significant difference p= 0.09. It is observed that both right and left side values were nearly 

similar and comparable. 
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DISCUSSION 

The present study aimed at establishing the intra-rater (test retest) reliability of modified 

functional reach test (forward and lateral reach test) of age 6-18 years in children with 

Down’s syndrome among both genders which found to be excellent intrarater reliability for 

all direction i.e forward reach 0.96(high/excellent reliability) and lateral reach 

0.96(high/excellent reliability),0.82 (good reliability) (right & left) respectively. 

In the present study participants with age group of 6 to 18 years were included which were 

divided into two groups i.e 6 to 14 years and 15 to 18 years. Total 41 participants with 

Down’s syndrome were included among 26 were males and 15 were females respectively. 

A previous study(1998) performed in a subjects with spinal cord injury(n=30) of age 18-45 

years found modified functional reach test as a reliable tool to evaluate to dynamic sitting 

balance which is C5-C6 level 0.94 for T1-T4 o.85 and T10-T12 it is 0.93.14 In this study only 

modified forward reach test values were evaluated and modified lateral reach test values was 

not assess. In comparison to the previous study the measures of forward reach test was 

significantly greater than present study.14 

Another study performed in friedreich’s ataxia (2014) was only one patient was evaluated 

using modified functional reach test.5 It was observed that the forward reach test values 

(30.5-5cm) significantly correlated after 6 weeks of follow up were as lateral reach tests 

values differs slightly in follows   7.5 to 4.0 cm for modified left lateral reach test, 9.5 to 5.75 

cm for right lateral reach test respectively.5 Friedreich’s ataxia is a progressive degenerative 

condition were patient is unable to stand.5 Modified functional reach test helps to evaluate 

dynamic sitting balance in patient with sitting ability (were unable to stand and perform other 

tests) so, it can be stated that modified functional reach test is feasible to evaluate dynamic 

sitting balance in condition like Friedreich’s ataxia.5 
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In another study in stroke patients (n=10) found reliability of modified functional reach test 

found to be 0.90-0.95(high or excellent reliability).18  So it can be stated that in children with 

Down’s syndrome modified functional reach test showed good to excellent reliability which 

is also found in condition like spinal cord injury and stroke.5,18 

In present study the values of modified forward reach test, are 13.77±2.96 cm, for modified 

left lateral reach test were 11.98±2.99 cm, for modified right lateral reach test were 

10.99±2.15 cm respectively. When compared to previous study the normal typically 

developing children of age 6 to 12 years showed modified functional reach test values range 

from 19.53±3.57cm to 26.48±5.27cm and 17.68±2.59cm to 22.50±3.75 cm among both 

genders respectively.1 Another study performed in Saudi children aged 6 to 15 years which 

ranged from 25.63±6.95,18.91±5.66 cm for forward and lateral reach.3 In the present study it 

is observed that in children with Down’s syndrome forward reach test values were greater as 

compared to lateral reach test values which is also observed in typically developing children 

of age 6 to 12 years and 6 to 15 years. When compared to typically developing children, 

children with Down’s syndrome have multiple motor dysfunction which could contribute for 

their lesser mFRT reach values. When compared to normative values Down’s syndrome 

children showed much lesser values both in forward and lateral reach directions (right and 

left).As compared to typically developing children, children with Down’s syndrome have 

multiple motor dysfunction which could contribute for their reach values. When compared to 

normative values Down’s syndrome children showed much lesser values both forward and 

lateral reach. Down’s syndrome is a motor dysfunction which has hypotonia , lack of balance, 

mental retardation hence this can be the reason of reduced performance in modified 

functional reach test.9 Previous studies found that the reliable measures of balance can also be 

used to reduce risk of fall. Hence, by comparing modified functional reach test values it will 
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be easy to predict risk of fall in children with Down’s syndrome. The modified functional 

reach test is feasible, easy to understand, easy to execute and cost effective outcome measures 

to evaluate dynamic sitting balance. Hence, implication at clinical setting is more even in 

children with Down’s syndrome. In present study mini mental scale examination score was 

24.10±2.587 which considered normal mental affection. It was observed that the MMSE 

score does not correlate with forward reach and lateral reach (left, right) in children with 

Down’s syndrome. The correlation of MMSE score with modified functional reach test for 

forward reach test showed positive weak correlation (0.225), left lateral reach test showed 

positive very weak correlation (0.028),right lateral reach test showed negative very weak 

correlation (-0.149). hence, the previous study showed that the correlation of MMSE scale 

examination with modified functional reach test is significantly correlated. In the sense, the 

study showed that MMSE score is not significantly correlated with modified functional reach 

test. 

For integrating sensory information from visual, somato-sensory, vestibular receptors and 

producing adequate muscle synergies, enables to achieve and maintain balance under static 

conditions where the base of support and ground remain stationary e.g. sitting, standing as 

well as under dynamic conditions where the centre of mass and the base of support shift e.g. 

reaching in sitting and standing, walking etc.31 Balance is a quite dynamic process that is 

unconsciously driven. 23 Coordination between eyes, internal ear, proprioceptive sense, and 

the nervous system is a prerequisite for maintaining balance in highly variable environmental 

conditions.23 According to literature available, people with mental disability showed, the 

considerably weaker ability to maintain body posture than their normal peers and this 

situation causes a disruption in gait pattern and increases the risk of fall and its 

consequences.23 Muscle weakness, limited range of motion, ataxia and abnormal muscle tone 

are negative factors affecting the balance functions.23 Balance reaction is additionally 
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problematic due to inadequate co–contraction caused by muscle weakness, mental 

retardation, dysfunction in sensory integration processes, cartilage hypoplasia, and improper 

bone density.26 Hence, it is highly important to assess both static and dynamic balance among 

children with Down’s syndrome. 

Hence, it can be stated that modified functional reach test is reliable tool to evaluate dynamic 

sitting balance in age group of 6 to 18 years of Down’s syndrome children. Variably it can 

also be stated that modified functional reach test values increases as the age advances and 

does not correlate with score of MMSE and BMI among both genders. 
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STRENGTH 

 Modified functional reach test can be used effectively in children with Down’s 

syndrome. 
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WEAKNESS 

 In the present study male and female were not distributed equally. 
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                                                                     CONCLUSION 

 The present study concluded the reliability of modified functional reach test in 

Down’s syndrome children of age 6-18 years. 
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LIMITATIONS 

 In the present study the gender distribution was unequal. 
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CLINICAL IMPLICATION 

 Modified functional reach test showed excellent intra-rater (test retest) reliability in 

children with Down’s syndrome of age 6-18 years which can be implicated effectively 

at clinical settings. 
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RECOMMENDATIONS 

 The reliability of study can be perform in adult Down’s syndrome patient. 

 Gender wise difference in modified functional reach test can also be assessed in future 

studies. 
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SUMMARY 

In the present study the reliability of modified functional reach test in children with 

Down’s syndrome aged 6 to 18 years had come to the conclusion that the modified 

functional reach test is highly reliable in children with Down’s syndrome aged 6 to 18 

years respectively. In the present study Fourty One (n=41) participants diagnosed 

with Down’s syndrome were included. Among the included samples twenty six were 

male and fifteen were female. The subjects within the age group of six to eighteen 

years were included. The modified functional reach test was performed with the 

required equipment like an adjustable stool,a yardstick,weighing 

machine,measurement tape. Set-up for the test was done prior to the test and children 

were made to sit on an adjustable stool with back straight (without back support) and 

feet pelvis width apart.The children was instructed to keep their reaching shoulder in 

90° of flexion and abduction for forward and lateral reach test respectively.An Initial 

measurement of the reach tests distance in the forward and lateral direction(right and 

left) was taken.The anatomical landmark used for the measurement of the reach 

distance was the ulnar styloid process.They were explained to reach as far as they can, 

with shoulders 900   flexed or abducted, elbow extended, forearm pronated, wrist 

neutral, fists either open or close, in the forward as well as lateral direction, both right 

and left sides  maintaining their balance.Two trial attempts were given for adaptation. 

Three attempts were given for each test and the average of three values were 

calculated.The values of the forward and lateral reach were measured on the same 

group of children again after 10 minutes duration. The child was moved out from the 

test position for ten minutes duration. The same procedure was repeated after 10 

minutes in the same children with Down’s syndrome by same rater and hence 

modified functional reach test values was considered for calculating the test-retest 
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reliability of Modified Functional Reach Test in Down’s syndrome of age 6-18 years. 
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TABLES AND GRAPHS 

TABLE 1: Mean and Standard Deviation of age and BMI of study participants 

 Age (Years) 

 

BMI(Kg/m2) 

N 41 41 

Mean 14.34 20.78 

Standard Deviation ±2.79 ±4.93 

 

Table 1: Shows the distribution  of  number of participants  according to age with mean and 

standard deviation of 14.34±2.79 years and mean and standard deviation of BMI 

20.78±4.93Kg/m2 

 

TABLE 2:  Gender wise distribution of participants and percentage of children with Down’s 

syndrome of age 6-18 years. 

 Number of participants(n) Percentage(%) 

Female 15 36.6 

Male 26 63.4 

Total 41 100 

 



 

Interpretation: The table 2  showed that out of total 41 Down’s syndrome participants in 

study 15 were female (36.6%) and 26 were male (63.4%).

The ratio of gender wise distribution is 4:7 for female and male participants i
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showed that out of total 41 Down’s syndrome participants in 

study 15 were female (36.6%) and 26 were male (63.4%). 

The ratio of gender wise distribution is 4:7 for female and male participants i

 

 

 

showed that out of total 41 Down’s syndrome participants in 

The ratio of gender wise distribution is 4:7 for female and male participants in present study. 
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TABLE 3: Reliability of modified Functional Reach Test 

 n Mean(cm) Standard 

Deviation

(±) 

Reliability 

Forward 

Reach 

(Test) 

41 13.77 2.9699  

 

 

 

0.961 

Forward 

Reach 

(Retest) 

41 13.93 2.728 

Left 

Lateral 

(Test) 

41 11.988 2.9954  

 

0.964 

Left 

Lateral 

(Retest) 

41 12.178 2.3792 

Right 

Lateral 

(Test) 

41 10.993 2.1959  

 

0.823 

Right 

Lateral 

(Retest) 

41 11.417 2.0858 

 

Interpretation:  Shows that in the present study the intra rater test retest reliability of 

modified forward reach test is 0.961 (highly reliability) 



 

The intra rater test retest for modified left lateral reach test is 0.964 (high reliability). The 

intra rater test retest for modified right lateral reach test is 0.82 (good to high reliability). 

Whereas the forward reach test and retest 

modified left lateral test and retest showe

and retest showed mean 10.99±2.08 cm
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The intra rater test retest for modified left lateral reach test is 0.964 (high reliability). The 

intra rater test retest for modified right lateral reach test is 0.82 (good to high reliability). 

Whereas the forward reach test and retest showed mean 13.77±2.96 ,13.93±2.72 cm

d retest showed mean 11.98±2.99 cm. modified right lateral te

d retest showed mean 10.99±2.08 cm respectively. 

The intra rater test retest for modified left lateral reach test is 0.964 (high reliability). The 

intra rater test retest for modified right lateral reach test is 0.82 (good to high reliability). 

showed mean 13.77±2.96 ,13.93±2.72 cm. 

. modified right lateral test 
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TABLE 4: Comparison of modified Functional Reach Test with gender and MMSE score. 

 Gender n Mean 

± SD 

(cm) 

T value P value 

 

Forwar

d 

Reach 

Male 

 

 

26 

 

 

13.465                    

± 

2.9138 

 

 

 

-0.878 

 

 

 

0.385 Female 15 14.313

± 

3.0905 

 

 

Left 

lateral 

Male 

 

 

26 

 

 

11.354

± 

3.0315 

 

 

 

-1.836 

 

 

 

0.074 Female 15 13.087

± 

2.6806 

 

 

Right 

lateral 

Male 

 

 

26 

 

 

10.024 

± 

2.2584 

 

 

 

-3.406 

 

 

 

0.002  

Female 

 

15 

12.360

± 

1.2293 

 



 

 

Interpretation: Shows that in the present study the 

with DS among males and female is 13.46±2.91 & 13.46±2.91 respectively. It was observed 

that the values of modified functional reach test showed nearly similar values of reach among 

both genders p value 0.38 not sign

significant difference among genders p=0.07.

significant difference among genders p=0.002 high significant . the m

statistical difference among genders p=0.29.

 

MMSE 

Score 

Male 

 

26 

 

 

MMSE 

Score 

 

Female 

 

15 

26.07±

1.163
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Shows that in the present study the mean and standard deviation of children 

with DS among males and female is 13.46±2.91 & 13.46±2.91 respectively. It was observed 

that the values of modified functional reach test showed nearly similar values of reach among 

both genders p value 0.38 not significant. Modified left lateral reach test showed no 

significant difference among genders p=0.07. Modified lateral right side showed high 

significant difference among genders p=0.002 high significant . the mmse score showed no 

enders p=0.29. 

 

 

26.16 

± 1.14 

 

 

1.061 

 

 

0.295 

26.07± 

1.163 

 

 

1.061 

 

 

0.295 

 

mean and standard deviation of children 

with DS among males and female is 13.46±2.91 & 13.46±2.91 respectively. It was observed 

that the values of modified functional reach test showed nearly similar values of reach among 

ificant. Modified left lateral reach test showed no 

Modified lateral right side showed high 

mse score showed no 
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Table 5: Comparison of modified Functional reach test values with age & MMSE score 

 Age 

(Years) 

n Mean 

± SD 

(cm) 

T value P value 

 

Forwar

d 

Reach 

6-14 

 

 

22 

 

 

12.250

± 

2.9356 

 

 

 

-4.217 

 

 

 

<0.01  

15-18 

 

19 

 

15.542

± 

1.8461 

 

 

Left 

lateral 

6-14 

 

 

22 

 

 

10.382

± 

2.7750 

 

 

 

-4.494 

 

 

 

<0.01 15-18 19 13.847

± 

2.0378 

 

Right 

lateral 

6-14 

 

 

22 

 

 

10.923

± 

1.5865 

 

 

-0.217 

 

 

0.829 

 

15-18 

 

19 

11.074

± 

2.7868 



 

 

 

MMSE 

Score 

6-14 

 

 

22 

 

 

 

Interpretation: Shows that in the present study modified forward reach

group of 6-14years and 15-18 years showed significant difference. The mean was

12.25±2.93 and 15.54±1.84 cm

forward reach test showed not significant values among age groups p=<0.0

lateral reach test among age groups of 6

difference . the mean was 10.38± 2.77 and 13

modified left lateral reach test showed not significan

modified right lateral reach test among age groups of 6

non-significance difference. The mean was

that the value of modified right latera

groups p=0.829. In age group of 6

26.09±1.10 and 26.58±1.05 cm
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26.09 

± 

1.109 

 

 

-1.37 

 

 

0.295 

Shows that in the present study modified forward reach test among age 

18 years showed significant difference. The mean was

±1.84 cm respectively. it was observed that the value of modified 

forward reach test showed not significant values among age groups p=<0.0

lateral reach test among age groups of 6-14 years and 15-18 years showed non

was 10.38± 2.77 and 13.84±2.03 cm. it was observed that the value of 

modified left lateral reach test showed not significant values among age groups p=<0.01. in 

modified right lateral reach test among age groups of 6-14 years and 15-18 years showed 

significance difference. The mean was 10.92±1.58 and 11.07±2.78 cm

that the value of modified right lateral reach test showed non significance values among age 

groups p=0.829. In age group of 6-14 years and 15-18 years mmse score showed mean 

26.09±1.10 and 26.58±1.05 cm respectively 

 

 

test among age 

18 years showed significant difference. The mean was 

respectively. it was observed that the value of modified 

forward reach test showed not significant values among age groups p=<0.01.in modified left 

18 years showed non-significant 

. it was observed that the value of 

t values among age groups p=<0.01. in 

18 years showed 

cm. it was observed 

l reach test showed non significance values among age 

se score showed mean 
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Table 6: Comparison of mmse score with modified functional reach test & modified left 

lateral reach test and modified right lateral reach test 

 

Descriptive statistics 

 Mean ± SD 

(cm) 

Correlation Coefficient 

MMSE Score 24.10 ± 2.58  

Forward 

Reach 

13.77±2.96 0.225 

Left lateral 11.98±2.99 0.028 

Right lateral 10.99±2.19 -0.149 

 

Interpretation: Shows that in present study modified functional reach test showed positive 

weak correlation with mmse and mean 13.77±2.09 (r=0.225). Modified left lateral reach test 

showed positive very weak correlation with mmse and mean 11.98±2.99 (r=0.028). Modified 

right lateral reach test showed negative very weak correlation with mmse and mean 

10.99±2.19 (r=-0.149). 
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Table 7: Comparison of BMI with modified forward reach test and modified left lateral reach 

test and modified right lateral reach test. 

 Mean Standard 

deviation 

Correlation Coefficient 

BMI 20.78 Kg/m2 4.93 Kg/m2  

Forward 

Reach 

13.76 cm 2.96 cm 0.190 

Left lateral 11.98 cm 2.99 cm 0.337 

Right lateral 10.99 cm 2.19 cm 0.257 

 

Interpretation of table 6 & 7 it is observed that mmse and bmi does not showed any 

significant correlation with mfrt value. i.e both mfrt and mlrt. 

Interpretation of table 7: Shows that in the present study correlation of BMI with reach 

values was compared which showed mean of 20.78 Kg/m2 and standard deviation 4.93 

Kg/m2 whereas forward reach test showed mean of 13.77 cm and standard deviation 2.96 

cm and correlation coefficient was 0.190 and left lateral reach test showed mean of 11.98 

cm and standard deviation 2.99 cm and correlation coefficient was 0.337. Right lateral reach 

test showed mean 10.99 cm and standard deviation 2.19 cm and correlation coefficient was 

0.257. 
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Table 8:Modified functional reach test with the mean and standard deviation with confidence 

limit 

 Mean Standard 

deviation 

95% Confidence Limit 

 

Forward 

Reach 

13.776 2.9699 14.71 

Left Lateral 11.988 2.9954 12.93 

Right Lateral 10.993 2.1959 11.69 

 

Interpretation:  Shows that in the present study the mean value of forward reach test is 

13.77±2.96cm and values ranged from 12.83±14.71cm among both genders. The m left 

lateral reach test values 11.98±2.99 cm which range from 11.04 to 12.93 cm. the m right 

lateral reach test values 10.99±2.19 cm which range from 10.3 to 11.69 cm.  
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Table 9: Modified lateral reach test with and standard deviation 

 

 

Lateral 

test 

 

 

Group n Mean 

(cm) 

Std.de 

(cm) 

T 

value 

P value 

Left 41 11.98 2.99 1.716 0.09 

Right 41 10.99 2.19 

 

Interpretation: Shows that in the present study modified left lateral reach test showed 

11.9±2.99 cm and modified right lateral reach test showed non significant difference with 

mean 10.98±2.19 cm. 

When compared modified functional reach test among right and left side there is no 

significant difference p= 0.09. it is observed that both right and left side values were nearly 

similar and comparable. 
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ANNEXURES 

Annexure 1 (A) 

Case Record Form 

Date:_______________ 

Name:__________________________________________ 

Age:__________Years 

Gender:__________ 

Address:___________________________________ 

Phone Number:____________________ 

Height:_____________Centimeters 

Weight:____________ Kilograms 

BMI: ______________Kg/m2 

MMSE level:___________ 

Modified functional reach test score sheet 

Reach 

values 

(in cms) 

Attempt 

 

 

 

Attempt  

 

 

 

Attempt 

 

 

 

Mean 

 

 

 



82 
 

Forward 

reach 

 

 

 

 

  

 

Right 

lateral 

reach 

    

Left 

lateral 

reach 

 

    

Modified functional reach test score sheet after 10 minutes: 

Reach 

values 

(in cms) 

Attempt 

 

 

 

Attempt  

 

 

 

Attempt 

 

 

 

Mean 

 

 

 

Forward 

reach 

 

 

 

 

  

 

Right 

lateral 

reach 
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                                                          ANNEXURE 2 (A) 

Participant’s information sheet  

Purpose:  To ensure that written informed consent is obtained from participants according to 

the regulatory requirements of ICMR and approved by IEC.  

Scope:  These standard procedures include Down’s syndrome children of 6-18 years, both 

male and female. Their parents were briefed about the study and those who are willing to 

participate voluntarily were included in this study.   

  

Responsibilities:  The researcher were obtain written informed consent from all the 

participants who were volunteering to be the part of this study.   

  

Procedure:   

1. The researcher selected the participants of Down’s syndrome children of 6-18 years (both 

male and female). 

  

2. The investigator was explained the observational protocol to allay apprehension and 

answer all the queries of the participant and their parents.  

  

3. If the participant and their parents decide to participate then they were consented according 

to the standard procedure.  
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4. If the participant and parents expresses interest but has some doubts in that case they were 

solved.   

  

5. If the participants and parents are comfortable with the explanation then they will fill the 

informed consent according to standard operational procedure.  

  

6. Study procedures were began after the participant’s and parents concern.   

 

7. Detailed medical and any other physical problem history was obtained from the 

participants and parents so as to verify the inclusion and exclusion criteria.   

  

8. If participant and parents want to discuss this information to their family members then 

they were entitled to do so before giving the consent. 

General information to research participants:   

1. Name:      Age:      Sex:      Date:  

 

2. You would be required to fill the Proforma and the purpose of the research is to study 

“RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 

DOWN’S SYNDROME AGED 6-18 YEARS : AN OBSERVATIONAL CROSS-

SECTIONAL STUDY.”  
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3. If you are willing to voluntarily participate in the study then you are expected to enroll 

with us right from the moment of filling Proforma till the completion of the test.   

  

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems without any untoward effect.   

  

5. You will not be given any reimbursement and compensation.   

  

6. If at any moment you want to discontinue from this research study then you are free to do 

so and there would not be any hindrance from our side.  

  

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent.   

  

8. The data obtained from this study would be confidentially protected and maintained and if 

the photograph is used then their identity would not be revealed. If the photograph is 

published then permission would be obtained.   

 

9.All the risk of various test procedures required for this study will be explained to you and 

accordingly the consent will be taken.   
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10. If you feel exhausted or unable to complete the test you need not worry and let us know 

so that necessary steps can be initiated.   

  

11. If you are not satisfied at any moment then you can withdraw at any time without any 

consequences.   

12. Name of Researcher:       

Phone number:         
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                                                                   ANNEXURE II (A) 

 सहभागीचंी मािहती प क 

 उ ेशः  आयसीएमआर ा िनयामक आव कतांनुसार आिण आयईसी ारे मंजूर झाले ा 

सहभागीकंडून लेखी सूिचत संमती िमळिवली गेली आहे हे सुिनि त कर ासाठी. 

 ा ी: या मानक ि यांम े डाऊन िसंडोम 6-18 वषा ा मुले, नर आिण मादी दो ी 

समािव  करतात. ां ा पालकांना अ ासाब ल मािहती िदली जाईल आिण जे े े ने 

सहभागी होऊ इ तात ांना या अ ासाम े समािव  केले जाईल. 

 

 जबाबदा :◌्या: या अ ासाचा भाग हो ासाठी यंसेवा करणा all◌्या सव सहभागीकंडून 

संशोधकांना लेखी मािहती िदली जाईल. 

 

1. ि याः   संशोधक 6-18 वयोगटातील (पु ष आिण मिहला दो ी) डाऊन िसंडोम मुलां ा 

सहभागाची िनवड करेल. 

 

2. अ ेषक आशंका दूर कर ासाठी आिण सहभागी आिण ां ा पालकां ा सव ांची उ रे 

दे ास िनरी क ोटोकॉल  करेल. 

 

3.  जर सहभागी आिण ांचे पालक सहभागी हो ासाठी ठरले तर ांना मानक ि येनुसार 

संमती िदली जाईल. 
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4.  जर सहभागी आिण पालकांनी ार   केले परंतु ा बाबतीत काही शंका अस ास 

ांचे िनराकरण होईल. 

 

5.  जर सहभागी व पालक ीकरणास आरामदायक असतील तर ते मानक ऑपरेशनल 

ि येनुसार मािहतीची संमती भरतील. 

 

6.  सहभागी ा आिण पालकां ा िचंतेनंतर अ ासाची ि या सु  होईल. 

 

7.  समावेश आिण वगळ ा ा िनकषांची पडताळणी कर ासाठी सहभागी आिण पालकांकडून 

तपशीलवार वै कीय आिण इतर कोणतीही शारी रक सम ा इितहास ा  केली जातील. 

 

8.  जर सहभागी आिण पालकांना आप ा कुटंुबातील सद ांसह या मािहतीवर चचा करायची 

असेल तर संमती दे ापूव  ते तसे कर ास पा  आहेत. 

संशोधन करणार्यांना सामा  मािहती: 

1. नाव:                                 वय:         िलंग:         तारीख: 
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2. आपणास ोफामा भरणे आव क आहे आिण संशोधनाचा हेतू णजे "वय -6 ते 18 वषा ा 

अनुभवी पा ांसह मुलांम े सुधा रत काया ा िव ासाचा िव ास: एक ऑपरेशनल ॉस-

से नल डी." 

 

3. जर आपण े े ने अ ासाम े भाग घेऊ इ त असाल तर आपण चाचणी पूण होईपयत 

ोफामा भर ा ा णापासून आम ासह आम ाकडे नोदंणी करणे अपेि त आहे. 

 

4. या कालावधीत आपणास अ थ वाटत अस ास कृपया दयापूवक आ ाला कळवा 

जेणेक न आ ी कोणतीही अि य प रणाम न करता आ ी आप ाला मदत क  आिण 

आप ा अडचणीवंर मात क . 

 

5. तु ाला कोणतीही भरपाई आिण नुकसानभरपाई िदली जाणार नाही. 

 

6. कोण ाही णी आप ाला या संशोधन अ ासापासून दूर ठेवायचे असेल तर आपण तसे 

कर ास मोकळे आहात आिण आम ा बाजूने कोणताही अडथळा येणार नाही. 

 

7. अ ासाचे जोखीम, अ थता, फायदे आिण तोटे यांचे तपशील आप ाला संमतीप  ा  

कर ापूव   केले जाईल. 
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8. या अ ासानुसार िमळालेला डेटा गु पणे संरि त आिण राखला जाईल आिण जर छायािच  

वापरला असेल तर ांची ओळख कट होणार नाही. जर छायािच  कािशत झाले तर 

परवानगी घेतली जाईल. 

 

9. या अ ासासाठी आव क असले ा िविवध चाच ा ि येचा जोखीम तु ाला समजावून 

सांिगतली जाईल आिण ानुसार संमती घेतली जाईल. 

 

10. आपण थक ासारखे िकंवा कसोटी पूण कर ात अ म झा ास आप ाला काळजी 

कर ाची आव कता नाही आिण आ ाला कळवा जेणेक न आव क पावले उचलता 

येतील. 

11.  आपण कोण ाही णी समाधानी नस ास आपण कोण ाही प रणामािशवाय कधीही माघार 

घेऊ शकता. 

12. संशोधकाचे नाव: 

फोन नंबर: 

प ा: 

13. मागदशकाचे नाव: 

फोन नंबर: 

प ा: 

14. सं थेचे नाव: 
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                                                                ANNEXURE II (A) 

ितभागी की सूचना प  

 उ े : यह सुिनि त करना िक िल खत सूिचत सहमित आईसीएमआर की िनयामक आव कताओ ंके 

अनुसार ितभािगयो ंसे ा  की गई है और आईईसी ारा अनुमोिदत है। 

  

ोप: इन मानक ि याओ ंम 6-18 वष के डाऊन िसंडोम ब े शािमल ह, िजनम पु ष और मिहला 

दोनो ंशािमल ह। उनके माता-िपता को अ यन के बारे म जानकारी दी जाएगी और जो लोग े ा से 

भाग लेने के इ ु क ह उ  इस अ यन म शािमल िकया जाएगा। 

  

िज ेदा रयां: शोधकता उन सभी ितभािगयो ंसे िल खत सूिचत सहमित ा  करगे जो इस अ यन का 

िह ा बनने के िलए े ा से ह। 

 

ि या: 1. शोधकता 6-18 वष (पु ष और मिहला दोनो)ं के ी डाऊन िसंडोम  ब ो ंके 

ितभािगयो ंका चयन करेगा 

  

2. अ ेषक अवलोकन ोटोकॉल को सभी आशंकाओ ंको समझाएगा और ितभागी और उनके माता-

िपता के सभी ो ंका उ र देगा। 
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3. यिद ितभागी और उनके माता-िपता भाग लेने का िनणय लेते ह तो उ  मानक ि या के अनुसार 

सहमित दी जाएगी। 

  

4. यिद ितभागी और माता-िपता िच  करते ह, लेिकन उस मामले म कुछ संदेह ह, तो वे हल हो 

जाएंगे। 

  

5. यिद ितभािगयो ंऔर माता-िपता ीकरण के साथ सहज ह तो वे मानक संचालन ि या के 

अनुसार सूिचत सहमित को भर दगे। 

  

6. ितभागी और माता-िपता की िचंता के बाद अ यन ि या शु  होगी। 

 

7. िव ृत िचिक ा और िकसी भी अ  शारी रक सम ा के इितहास को ितभािगयो ंऔर माता-िपता 

से ा  िकया जाएगा तािक समावेशन और बिह रण मानदंडो ंको स ािपत िकया जा सके। 

  

8. यिद ितभागी और माता-िपता इस जानकारी पर अपने प रवार के सद ो ंसे चचा करना चाहते ह, तो 

वे सहमित देने से पहले ऐसा करने के हकदार ह। 

अनुसंधान ितभािगयो ंको सामा  जानकारी: 

1. नाम:  
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आयु:            िलंग:                    ितिथ: 

 

2. आपको ोफामा भरने की आव कता होगी और अनुसंधान का उ े  "6-18 वष की आयु सीमा के 

पािलशयल के साथ ब ो ंम िन: शु  परी ण पा म की िव सनीय रपोट का अ यन करना होगा: 

एक अित र  रा ीय-अनुभागीय अ यन।" 

  

3. यिद आप े ा से अ यन म भाग लेने के इ ु क ह तो आपसे यह अपे ा की जाती है िक आप 

ोफामा भरने से लेकर परी ण पूरा होने तक हमारे साथ नामांकन कर। 

  

4. यिद आप इस अविध के दौरान असहज ह, तो कृपया हम बताएं तािक हम आपकी मदद कर सक 

और आपकी सम ाओ ंको िबना िकसी अि य भाव के दूर कर सक। 

  

5. आपको कोई ितपूित और मुआवजा नही ंिदया जाएगा। 

  

6. यिद िकसी भी ण आप इस शोध अ यन से हटना चाहते ह तो आप ऐसा करने के िलए तं  ह और 

हमारी ओर से कोई बाधा नही ंहोगी। 

  

7. सहमित प  ा  करने से पहले अ यन के जो खम, असुिवधा, फायदे और नुकसान का िववरण 

आपको समझाया जाएगा। 
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8. इस अ यन से ा  आंकड़ो ंको गोपनीय प से संरि त और बनाए रखा जाएगा और अगर त ीर 

का उपयोग िकया जाता है तो उनकी पहचान उजागर नही ंकी जाएगी। अगर त ीर कािशत होती है तो 

अनुमित िमल जाएगी। 

 

9. इस अ यन के िलए आव क िविभ  परी ण ि याओ ंके जो खम को आपको समझाया जाएगा 

और तदनुसार सहमित ली जाएगी। 

  

10. यिद आप थकावट महसूस करते ह या परी ण पूरा करने म असमथ ह, तो आपको िचंता करने की 

आव कता नही ंहै और हम बताएं तािक आव क कदम उठाए जा सक। 

 

11.यिद आप िकसी भी ण संतु  नही ंह तो आप िबना िकसी प रणाम के िकसी भी समय वापस ले 

सकते ह। 

 

12. शोधकता का नाम: 

 फ़ोन नंबर: 

  पता: 
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13. गाइड का नाम: 

 फ़ोन नंबर: 

 पता: 

  

14.सं था का नाम: 
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ANNEXURE II (B) 

LETTER OF CONSENT 

 “RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN WITH 

DOWN’S SYNDROME AGED 6-18 YEARS: AN OBSERVATIONAL CROSS-

SECTIONAL STUDY.”  

1. I have received an explanation of the nature, purpose, duration and foreseeable effects and 

risks of the trial and what the child will be expected to do. My questions have been answered 

satisfactorily. 

2. I understand that my child’s participation in the trial is voluntary and that I may refuse to 

participate or may withdraw from the trial at any time, without penalty or loss of benefits to 

which I am otherwise entitled.  

3. I further understand that any information that becomes available during the course of the 

study that may affect my willingness to take part will be informed to me. 

 4. Institutional Ethics Committee authorities may wish to examine my medical records to 

verify the information collected. By signing this document, I give permission for this review 

of my records. 

 5. I understand that my child’s identity will not be revealed in any report or publication. 

 6. I agree to take part in the above study.  

Name of the research participant ______________________ 

Signature/thumb impression of the research participant________________________ 
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ANNEXURE II (B) 

संमेलनाचे प  

 "वय 6-18 वषा ा डाऊन िसंडोम सह मुलांम े सुधा रत काय म प दतीचा िव ास: एक ऑपरेशनल 

ॉस-से नल डी." 

1. मला चाचणीचे प, हेतू, कालावधी आिण अपेि त प रणाम आिण जोखीम आिण मुलाकडून 

काय अपेि त केले जाईल याचे ीकरण ा  झाले आहे. मा ा ांची उ रे 

समाधानकारक आहेत. 

2. मला समजले आहे की चाचणीत मा ा मुलाचा सहभाग ऐ क आहे आिण मी कोण ाही 

कारचा दंड िकंवा मी गोधंळात घेतले ा फाय ां ा नुकसानीिशवाय कोण ाही वेळी 

सहभागी हो ास नकार देऊ शकतो िकंवा चाचणीमधून मागे घेऊ शकतो. 

3. मला पुढे हे समजले आहे की अ ासा ा वेळी उपल  होणारी कोणतीही मािहती जी मा ा 

सहभागा ा इ े वर प रणाम क  शकते मला कळिवली जाईल. 

 

4. सं था क आचारसंिहता सिमतीचे अिधकारी गोळा केलेली मािहती स ािपत कर ासाठी 

मा ा वै कीय नोदंी तपासू शकतात. या द ऐवजावर सही क न, मी मा ा नोदंी ं ा या 

पुनरावलोकनासाठी परवानगी देतो. 

5. मला समजले आहे की मा ा मुलाची ओळख कोण ाही अहवालात िकंवा काशनात कट 

होणार नाही. 

6. मी वरील अ ासाम े भाग घे ास सहमत आहे. 

7. संशोधन सहभागीचे नाव ______________________ 

8. संशोधन सहभागीची ा री / अंगठा ठसा ____________________ 
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                                                                          ANNEXURE II (B) 

सहमित – प  

 "6-18 साल की डाऊन िसंडोम के साथ ब ो ंम पढ़े जाने वाले ब ो ंके िलए कई बार पढ़े जाने की 

औपचा रकता: एक िदन का रा ीय-स ीय अ यन।" 

 

1. मुझे परी ण की कृित, उ े , अविध और दूरदिशता भाव और जो खमो ंका ीकरण 

िमला है   

2. और ब े को ा करने की उ ीद होगी। मेरे सवालो ंका संतोषजनक जवाब िदया गया है। 

3. म समझता ं िक परी ण म मेरे ब े की भागीदारी ै क है और म िकसी भी समय 

परी ण से भाग लेने या वापस लेने से इंकार कर सकता ं, िबना िकसी दंड या लाभ के 

नुकसान के िजसके म अ था हकदार ं। 

4. म आगे समझता ं िक अ यन के दौरान उपल  होने वाली कोई भी जानकारी जो मेरे भाग 

लेने की इ ा को भािवत कर सकती है, मुझे सूिचत िकया जाएगा। 

5. सं थागत आचार सिमित के अिधकारी एकि त जानकारी को स ािपत करने के िलए मेरे 

मेिडकल रकॉड की जांच कर सकते ह। इस द ावेज़ पर ह ा र करके, म अपने रकॉड 

की इस समी ा की अनुमित देता ं। 

 

6. म समझता ं िक मेरे ब े की पहचान िकसी भी रपोट या काशन म सामने नही ंआएगी। 

7. म उपरो  अ यन म भाग लेने के िलए सहमत ं। 

8.अनुसंधान ितभागी का नाम ______________________ 

   शोधाथ  का ह ा र / अंगूठे का िनशान________________________ 
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ANNEXURE II (C) 

PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in newly diagnosed diabetes 

patients.  

      My research topic is “Reliability of modified functional reach test in children with 

down’s syndrome aged 6-18 years: an observational cross sectional study” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          Head of Institute 
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Annexure 2 (C) 

PERMISSION LETTER 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.  

      My research topic is, “Reliability of modified functional reach test in children with 

down’s syndrome aged 6-18 years: an observational cross sectional study” 

      I promise that the ethics as well as participants care shall be duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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GANTT CHART FOR DISSERTATION 

Sr.no  Components  
2019 
Nov 

2019 
Dec 

2020 
Jan  

2020 
Feb 

2020 
march  

2020 
April-
June 

2020 
Jul-
Sept 

2020 
Oct-
Dec 

2021 
Jan-
mar 

2021 
April-

Jun 

2021 
July- 
Sept 

1 Allotment of guide                       
2 Selection of topic                       

3 
Formulation of 
research question                       

4 
formulation of aim and 
objectives                       

5 
hypothesis, alternate 
hypothesis                       

6 Research protocol                       
7 Research designing                       
8 Review of literature                       

9 
methodology 
formulation                       

10 study designing                       

11 study setting                       
12 sample size estimation                       

13 
selection of study 
instruments                       

        
14 

method of data 
collection                        

15 
data management and 
analysis procedure                       

16 
IEC and BORS 
clearance                       

17 
compilation of 
synopsis                       

18 uploading of synopsis                       
19 data collection                       

20 
data presentation and 
analysis                       

21 
writing of discussion 
and conclusion                       

22 
Compilation of 
dissertation            

23 
submission of thesis to 
MUHS                       
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Master Chart 

Sr 
No Age  Gender  BMI  

Forward 
Reach 
Set 1 

Forward 
Reach Set 

2 

Left 
lateral 
Set 1 

Left 
lateral 
Set 2 

 

 

 

Right 
lateral 
Set 1 

Right 
lateral 
Set 2 

 

 

 
MMSE 
Score 

   Mean Mean Mean Mean  Mean Mean  
1 14  F  16  16 16 16 16  16 16  25 
2 9  F  13  10.3 10.6 11 11.6  12 12.3  25 
3 14  M  22  13.3 14 8.6 9.3  9.3 10.3  26 
4 16  M  24  16 16.6 16 16.3  15.3 17  27 
5 18  M  22  14 12.5 12 11.3  7.3 12  28 
6 18  M  16  16 16 13.3 13.6  9.6 11.6  28 
7 18  M  18  15.6 16 15 15  7.6 7.3  27 
8 14  M  7  16.3 16 9 9.6  8.3 9.3  27 
9 8  M  13  8.3 8.6 12.3 12.3  12.6 12.6  25 
10 12  M  20  11.6 13.6 6.3 8  8.3 9.6  27 
11 13  M  13  12.3 13.3 7.3 7.6  9.3 10.6  26 
12 13  F  21  12 12.3 8 9.3  10.3 8.6  27 
13 17  M  22  14.3 15.6 8.3 9.3  7 7.6  27 
14 16  F  26  12.6 12.66667 15.3 15  12.6 16.6  27 
15 12  F  18  8.3 8.666667 12.3 12.6  12.3 12.6  26 
16 18  M  21  13.6 11.66667 11.6 11.6  8 12.3  28 
17 17  F  21  17 17.33333 13.6 14  13.6 13.6  27 
18 10  M  26  15.1 13 8.3 11.3  11 11.3  28 
19 18  M  22  12 12.66667 12 11.3  7.6 11  26 
20 18  M  19  13.6 13.33333 13 12.3  8.6 11.3  25 
21 15  F  18  17.3 17.33333 14.6 14.3  13.3 13  26 
22 13  F  28  11.6 13.33333 12 12.3  12 11.3  26 
23 11  M  22  8.6 9.333333 8.6 9.3  9.6 9.6  25 
24 16  M  26  17.6 16 16 15.3  13.6 12.3  27 
25 16  M  28  17.6 17 15.6 14  12.3 11.3  26 
26 18  M  21  14 11.66667 11.6 14.3  8.6 12  27 
27 17  F  24  16.3 17 14 13.6  13.6 14  27 
28 15  F  29  15.3 17.33333 15 15.3  12.6 12.6  23 
29 8  M  18  8.3 8.6 12.3 12.3  12.6 12.6  25 
30 13  M  26  17.6 17 15.6 14  12.3 11.3  25 
31 14  M  15  13.3 13 7.3 8.3  9.3 8.3  25 
32 13  M  21  12 12.3 8 9.3  10.3 8.6  24 
33 15  M  21  17.3 17.33333 14.6 14.3  13.3 13  24 
34 11  M  26  8.6 9.333333 8.6 9.3  9.6 9.6  25 
35 14  F  14  11.6 13.33333 12 12.3  12 11.3  27 
36 13  M  23  11.6 13.33333 12 12.3  12 11.3  28 
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37 13  M  27  11.6 13.33333 12 12.3  12 11.3  28 
38 14  F  18  16.3 17 14 13.6  13.6 14  25 
39 17  F  20  17.6 16 16 15.3  13.6 12.3  26 
40 16  F  28  17.6 17 15.6 14  12.3 11.3  27 
41 13  F  19  17.6 17 15.6 14  12.3 11.3  27 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN 

WITH DOWN’S SYNDROME AGED 6-18 YEARS: AN OBSERVATIONAL 

CROSS SECTIONAL STUDY 

02) Introduction :- Balance is the condition in which all the forces acting on the body 

are balanced so that the centre of mass is lying within the limits of 

stability and the boundaries of base of support.1 The ability to 

maintain balance in a standing or sitting position is termed as static 

balance whereas the ability to maintain postural control during 

movements is termed as dynamic balance, such as reaching for an 

object or walking across objects. 1  Balance has been studied in 

various ways by recording, examining and investigating the 

biomechanical physiological descriptions of balance reactions, 

components of balance as well the ability of a person to balance, 

across the life span.2 The dynamic balance measures which assess 

the ability to maintain equilibrium in response to either self 

motivation or external perturbation which are superior to static 

tasks.2 Integrating sensory information from visual, somato-sensory, 

vestibular receptors and producing adequate muscle synergies, 

enables to achieve and maintain balance under static conditions 

where the base of support and ground remain stationary e.g.sitting, 

standing as well as under dynamic conditions where the centre of 

mass and the base of support shift e.g. Reaching in sitting and 

standing, walking etc.3 Balance can further be subdivided into four 

types i.e. static steady-state balance,dynamic steady-state balance, 

proactive balance, and reactive balance.4 

Balance assessment is necessary for most adult as well as paediatric 

patients in physical therapy settings in order to help establish 

appropriate treatment goals, increase awareness of fall risk, and 

assign appropriate assistive device.5 In typically developing children 

sitting milestone is achieved at the age of 5-8 months as well as 
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reaching activity is also achieved at the same age.1 In children with 

neuromuscular dysfunction or have abnormal motor development 

may show variation in postural adjustments leading to impaired 

sitting and standing balance.1 Seated balance is the ability of a 

person to maintain control over upright sitting posture as well as 

during forward reach without stabilization.6 Seated balance is 

critical during functional activities(e.g. Reaching in either direction) 

for individuals and children who are non- ambulatory with 

neuromuscular dysfunction.6 

To assess balance, various age specific scales, tests and measures 

are available that assess sitting as well as standing balance 

individually or as a part of the test such as paediatric clinical test of 

sensory interaction for balance, seated postural control measure, 

level of sitting ability scale, paediatric balance scale(PBS), 

Bruininks-Oseretsky test of motor proficiency (BOTMP), timed get 

up and go test, sitting assessment for children with neuromotor 

dysfunction, gross motor function measure(GMFM), Chailey levels 

of ability,  and modified Functional Reach Test (mFRT).1   

Modified functional reach test is used for balance evaluation and it 

is less time consuming and requires no equipment, easily 

understood by all age groups and hence is widely used as objective 

measures to assess dynamic sitting balance.1 Modified functional 

reach test examines movements in two directions, forward and 

lateral in sitting.1 It is having high intra-rater and inter-rater 

reliability as 0.84,0.71 among adult respecctively.1 Balance is 

important  for maintaining posture, but also for mobility and 

performance of daily activities.7  Individuals with musculoskeletal 

and neurological disorders more often have deficit in balance and 

mobility.8 In this sense, children with Down’s syndrome may present 

difficulties in postural control which may results in a static or 

dynamic functional balance deficit.8 Dysfunction in postural control 

are often described in Down’s syndrome children and associated 

with motor coordination difficulties.9 

Down’s Syndrome is a chromosomal abnormality that occurs in 
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approximately one of every 800-1000 live births in India and 1.4 per 

1,000 live births in the United States.10,11 Down’s Syndrome is 

characterized by hypotonia, intellectual disability , decreased joint 

flexibility that contributes towards severe balance issues.12 

Down’s Syndrome can occur in one of the three types. Meiotic 

nondisfunction, translocation down syndrome, mosaicism.12Down’s 

Syndrome is one of the most leading causes of intellectual 

disabilities and millions of these patients face various health issues 

including learning and memory, congenital heart disease, Alzeimers 

disease, leukemia, cancer.13 The motor development of child with 

down’s syndrome occurs more slowly, taking more time to crawl, sit 

and walk, different gait patterns, slow movements and an inability 

to respond rapidly to changes in the environment and this delay 

may lead to functional limitations.8,12 Normal values of modified 

functional reach test are available which evaluates forward and 

lateral reach distance in Indian school going children of age 6 to 12 

years .1 Children with Down’s Syndrome are able to sit and can 

perform activities in sitting which requires both sitting and dynamic 

balance.13 Individuals with Down’s syndrome have a significant 

delay in motor skills and balance development that persists through 

adulthood and rank lower on balance performance than the general 

population or other mentally handicapped groups.13 

Balance is fundamental to the ability to safely accomplish 

movements or motor tasks characterizing daily life.11 As such, these 

postural and balance deficits represent a serious functional 

limitation for this population.10 Among youths with Down’s 

syndrome, these balance or postural deficits may even heighten 

motor delays or impairments.13 Down’s Syndrome have an 

increased risk of intellectual disability it is difficult to determine 

whether cognition has deteriorated with age.14 The mini mental 

scale examination is standard cognitive test widely used to assess 

dementia.14 The Normative data of Modified Functional Reach Test 

in younger and middle-aged North- eastern Indian Population and 

also Normal values of Modified Functional Reach Test in Indian 
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school-going children of age 6-12 years which evaluate the forward 

and lateral reach distance in both genders are available. 1,15 It was 

proposed that these values can be used for the assessment of 

balance impairments among children aged 6-12 years in India, in 

conditions like Down’s Syndrome, Cerebral Palsy etc.1 This feasibility 

of modified functional reach test gives us a chance to evaluate 

sitting balance in children with Down’s Syndrome. 

In order to execute any test or scale in a population, the reliability of 

that test or scale in the population is needed to established.till 

date ,no study has been found on the reliability of modified 

functional reach test in children with Down’s Syndrome. So, this 

study aims at establishing the reliability of modified functional 

reach test in children with Down’s Syndrome of age 6-18 years. 

Rationale of the study: Poor static and dynamic balance is the 

common characteristic of individuals with Down’s syndrome due to 

hypotonia, joint laxity, decreased muscle weakness and hence poor 

postural control .12 Static and dynamic balance of individuals with 

Down’s syndrome are important for development of physical 

independence and capacity to participate in recreational games, 

play and social activities. 12 According to previous studies normal 

values of modified functional reach test in Indian school going 

children of age 6-12 years has been established.1 Modified 

functional reach test is reported to be reliable measure of seated 

balance in non-ambulatory patients with spinal cord injuries, ataxia, 

and in sub-acute phase of stroke rehabilitation.2,25  

The present study is attempted to establish the reliability of 

modified functional reach test in children with Down’s syndrome 

aged 6-18 years. 

 

3.1) Primary Research 
Question :- 

What is the reliability of Modified functional reach test in children 

with Down’s syndrome aged 6-18 years in terms of test retest 

reliability? 
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3.2) Secondary Research 
Question 1 :- 

(if any) 

 

NOT APPLICABLE 

 

3.3) Secondary Research 
Question 2 :- 

(if any) 

 

NOT APPLICABLE 

 

4.1) Primary 
Hypothesis :- 

Null Hypothesis: NOT APPLICABLE 

Alternative Hypothesis: NOT APPLICABLE 

 

4.2) Other Hypothesis 
1:- 

(if any) 

NOT APPLICABLE 

4.3) Other Hypothesis 
2 :- 

(if any) 

 NOT APPLICABLE 

05) Review of 
Literature :- 

1. Maiano C and associates in 2019 concluded a systematic 

review on do exercise interventions improve balance for 

children and adolescents with down syndrome. The purpose 

of this review was to summarize the findings examining the 

effects of exercise interventions designed to improve 

balance in youths with down syndrome. Studies conducted 

among children and adolescents with down syndrome 

assessed static balance using either posturography 

apparatus or clinical version of stork test. Those measuring 

dynamic balance used either a posturography apparatus or 

clinical balance tests, such as the heel-to-toe dynamic 

balance test and timed up and go test. The exercise 

intervention include backward walking training, 

computerised balance training using visual feedback, core 

stability exercises, vibration platform. The intervention 

lasted between 6 and 24 weeks. The study concluded that 

posturographic tests are significant and has a positive effect 
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on exercise intervention on balance of youth with downs 

syndrome. The future scope of this study can be to increase 

duration of exercise intervention.14 

2.  Pablo V. Torres- Carrion and co-author in 2019 conducted 

a study on improving cognitive visual motor abilities in 

individuals with down syndrome , the sample of DS 

students was selected. The sample was divided into 

experimental group and controlled group. In this study 

two main instruments were used: the Illinois test for 

psycholinguistic activities and various stimulation 

exercises using TANGO:H. In this study 3-10% of of all 

children with specific language deficits can be indentified 

by auditory integration sub test. In TANGO H : three 

groups of exercise were designed. Designer with 5 

exercises each where a pattern to be followed. Each 

group of exercises stimulates one of the basic factors of 

visual-motor cognitive aptitudes. The exercise were 

applied iteratively over a month, with a weekly lesson 

lasting approximately 20 min. To evaluate the progress 

between each lesson longitudinally, a semi-structered 

observation was made in all working lessons with the 

experimental group, for each individual and session. 

Results indicated that direct score is considerable in all 

subtest of the experimental group and reduced in control 

group .only in two cases were there changes in 

experimental group. The graphical reports presents the 

variation between the means of the direct score of four 

sub-tests, showing the upward trend between pre-test 

and post-test, which is greater in experimental group. In 

every case, the time that each individual needed to 

complete the stimulation task tends to decrease between 

the each lesson. The study concluded that the TANG0:H 

platform, where the users interacts with the system by 
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their body. The system uses a KINECT sensor to recognize 

gestures, requiring no physical contact with traditional 

control systems, and takes into account the results 

obtained in the study carried out on the effectiveness as a 

cognitive visual-motor rehabilitation tool. In future, a 

study of those parts of the body that are most difficult for 

the users to move could be easily performed and 

presented afterwards.15 

3. AA Deshmukh and co-author in 2018 conducted a study 

where they established normal values of modified 

functional reach test in Indian school going children of 

age 6-12 years where 280 children (6-12 years), 140 boys 

and 140 girls were selected by stratified random 

sampling, subdivided into 7 groups. Anthropometric data 

was taken and the reach distance was measured in 3 

attempts. The mean of the 3 successive trails was 

calculated. The score of modified functional reach was 

19.53± 3.57cm to 26.48± 5.27cm. The score of lateral 

reach was 17.68± 2.59cm to 22.50±3.75cm. The study 

concluded that the normal values obtained can be used as 

a baseline data for assessment of balance impairments 

among children aged 6-12 years in India, in conditions like 

down’s syndrome, cerebral palsy, muscular dystrophies, 

etc.1 

4.   Jessica Cristina in 2018 conducted a study on postural 

control in children with down syndrome: evaluation of 

functional balance and mobility. This study aims to 

characterize the balance and functional mobility of 

children with Down syndrome. The cross sectional study 

with sample convenience was performed with children 

with down syndrome, confirmed through karotype, 

between the ages of 8-12 years. The evaluation of 

postural control was performed with two instruments: 
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pediatric balance scale and reach test. Twenty-one 

participants with DS , 12 boys and 9 girls median age of 

10 years old, were evaluated. The score obtained in the 

pediatric balance scale was 53. The distance obtained in 

the reach test was 19cm. hence, the study concluded that 

the performance of functional activities is little affected, 

according to median score obtained in the evaluation of 

functional balance through the pediatric balance scale. 

The measures reached in the reach test implies a 

reduction of functional mobility, so children with DS 

should be stimulated to do activities that promote the 

development of postural control strategies.8 

5.   Jin Gang Her and associates in 2018 conducted a study 

on reliability of paediatric balance scale in the assessment 

of the children with cerebral palsy were a convinience 

sample of 36 children diagnosed with CP between 6 and 

13 years of age among 20 boys and 16 girls was taken. 

The inclusion criteria were ability to follow verbal 

commands, absence of nerve block injection or 

orthopaedic surgery within the previous 6 months, such 

as botox injection or muscle lengthening surgery; absence 

of cardiovascular disease and joint contractures; ability to 

stand without upper extremity support for four seconds. 

All children were assessed bare foot and without assistive 

device, video recordings were made of each item of PBS . 

7 pediatric physical therapists participated in the 

reliability scoring study. The reliability scoring session was 

conducted in three parts after all video-recording. In part 

1, to assess inter-rater reliability, the seven raters scored 

the same recordings. In part 2, to determine intra-rater 

reliability, two of the seven raters rescored the recordings. 

In part 3, to examine test rest reliability, rater C scored the 

video recordings in 2 sessions. For relative reliability, the 

intra class correlation coefficient with 95% confidence 
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intervals was used to evaluate the inter-rater, intra-rater 

and test-retest reliability of total scores of PBS. High 

inter-rater reliability was demonstrated by an ICC, value of 

0.901 for the total score of the PBS. The study concluded 

that they have demonstrated satisfactory absolute and 

relative inter-and intra-rater reliabilities of the PBS. The 

future scope of the study is PBS values can be used to 

assess the functional balance of children with CP.16 

6.  Piyush Gupta and co authors in the book “PG Textbook of 

Pediatrics”-2nd edition in 2018, chapter: “Chromosomal 

disorders” stated that Down’s syndrome is defined as a 

chromosomal abnormality that occurs in approxiametly 

one in every 800-1,000 livebirths. It was described in 1866 

by John Langdon Down so named as Down’s Syndrome.10 

7.  X.L.Li and associates in 2017 conducted a study on the 

reliability and validity of sitting balance control tests in 

stroke survivors where 11 community-dwelling stroke 

survivors 8 men and 3 women of age   61.7 years and 15 

healthy subjects (6 men and 9 women of age 54.3 years 

were recruited by convenience sampling and all stroke 

subjects had survived a stroke for a minimum of 2 years. 

Inclusion criteria for stroke survivors: Subjects able to sit 

unsupported independently for at least 2 minutes, able to 

perform shoulder flexion for at least 90°, previously fully 

independent in activity of daily living, and able to 

communicate and follow instructions. Inclusion criteria 

for healthy subjects: independent in activity of daily 

living, outdoor walkers and able to communicate and 

follow instructions. The exclusion criteria for both the 

groups were orthopeadic or other neurological diseases 

affecting balance, hemianopia, visio-spatial neglect, 

marked hypertonicity of muscles, unstable medical 

conditions and unable to sit. Limits of stability test and 

sequential weight shifting test were the outcome 
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measures. mean of the eight directions in reaction time, 

maximum excursion and directional control while those of 

sequential weight shifting were the total movement time 

and directional control. The modified functional reach 

test was shown to have excellent test-retest reliability in 

healthy population and stroke survivors. The trunk 

impairment scale was proven to have high test-retest 

reliability and inter-rater reliability. Hence, in this study, 

good test-retest reliability of the two dynamic sitting 

balance tests has been shown.17 

8.  Ambreen Asim and associates in 2015 conducted a study 

on down syndrome as it is one of the commonest 

disorders with huge medical and social cost. Down 

syndrome is associated with number of phenotypes 

including congenital heart defects,leukemia , Alzeimars 

disease, etc. DS patients has greately increased risk of 

early onset of AD . after the age of 50, the risk of 

developing dementia increases in DS patients upto 70%. 

The incidence of CHD in newborn babies with DS is upto 

50% . Ventricular septal defect is also observed in these 

population upto 35% of patients. Patients with DS display 

a unique spectrumof malignancies which include 

luekemia as well as solid tumors . patients with DS has 

19-20 fold increased relative risk of luekemia. People with 

DS have been reported to have a reduced incidence of 

hypertension. This review provides the detailed 

description on the application of techniques to prenatal 

diagnosis in down syndrome.12 

9.   Danielle Chamberlain and associates in 2014 conducted 

a study on the use of the modified functional reach test in 

a patient with Friedreich’s ataxia, where the subject was a 

non-ambulatory 24year old male with friedreich’s ataxia 

and his primary physiotherapy goal was to improve sitting 

balance. The patient was seen for twice a week for 6 
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weeks, where sessions were limited to 30minutes. 

Emphasis was placed on seated balance exercises at the 

edge of the mat table. Range of motion exercises for 

wheelchair positioning and comfort, strengthening 

exercises were also included to maintain upper body 

strength for transfers. The patient participated in 10 

therapy sessions. Despite the observable changes in the 

patient’s functional mobility and seated balance, 

Friedreich’s ataxia rating scale scores remained 

unchanged over 6 months period of time. In contrast 

scores on the modified functional reach test decreased 

from 30.5cm to 5.0cm in forward direction and from 

7.5cm to 4.0cm to the right. The patient’s lateral reach 

was inconsistent and demonstrated improvement from 

5.75cm to 6.5cm reach at the end of the period. The 

modified functional reach test provided quantitative 

documentation of the patient’s decreased seated 

balance.6 

10. Ewa Biec in 2014 conducted a study on postural stability 

in young adults with Down Syndrome in challenging 

condition. In this study postural sway in quiet stance in 

four 20-second tests: with eyes open or closed and on 

hard or foam surface was evaluated. 10 subjects with 

down syndrome and eleven healthy subjects participated, 

aged 29.8 and 28.4 years. The subjects were asked to 

stand barefoot as motionlessly as possible with feet 

together and hands at their sides. In eyes open trials the 

subjects were instructed to focus their gaze on a dot 

placed at eye level at a distance of 2m. Each recording 

started 10 seconds after the subject was ready for testing. 

There were no intergroup differences in the amplitude 

except the stance on foam pad with eyes open when 

subject with down syndrome had larger sway. This 

indicated that each group used entirely different 
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adjustments of postural strategies to the somatosensory 

challenge. The study proposed that the inferior postural 

control of subject with down syndrome results mainly 

from insufficient experience in dealing with unpredictable 

postural stimuli and deficit in motor learning.26 

11. Priyanka Singh and associates in 2013 conducted a study 

where they established normative data of modified 

functional reach test in younger and middle aged north 

eastern Indian population, in the age 20-59 years where a 

total of 200 apparently healthy subjects participate. They 

were divided into 2 groups younger and middle-aged. 

Anthropometrics were measured and forward and lateral 

reach was found out in 3 trials. The mean score of the 

forward and lateral reach of right and left in group 1 was 

compared to group 2. The mean score of the forward and 

lateral reach of right and left in group 1 was higher as 

compared to group 2. The normative value for forward 

reach in group 1 was 34.05±9.03cm. For right lateral reach 

it was 18.2± 5.26cm and for left lateral reach it was 17.32 

±5.21cm, respectively. The normative value for forward 

reach in group 2 was 25.18± 5.71cm. For right and left 

lateral reach, values were 14.02± 3.98cm and 13.53± 

4.25cm, respectively.18 

12. Romina Villamote and associates in 2010 conducted a 

study on reliability of 16 balance tests in individuals with 

down syndrome. In this study sixteen balance tests were 

administered to a limited convenience sample of 21 

participants with down syndrome. Participants ranged in 

chronological age from 5 to 31.  All participants had 

been diagnosed with down syndrome with mild and 

moderate cognitive impairment. Each participant 

completed 16 different balance tests twice on one day 

and then repeated the assessment twice on a subsequent 

day for a total of four assessments. During each 
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assessment, participants completed three trials of each 

balance test for a total of 12 trials of each balance test. 

The 16 balance tests were selected as below.center of 

gravity sway tests,standing test- firm surface with eyes 

open and eyes closed , standing test- soft surface with 

eyes opened and eyes closed, standing on preferred leg 

on the floor with eyes open,standing on preferred leg on 

a balance beam with eyes open,standing on preferred leg 

on a balance beam with eyes closed,walking forward on 

balance beam,walking forward on a walking line,walking 

forward heel-to-toe on a balance beam,walking forward 

heel-to-toe on a walking line,stepping over response 

speed stick on a balance beam,timed get-up and go 

test,full turn,forward reach,sit-to stand test. Three trials 

of each test were performed during each of the four 

assessment.Hence, the study concluded that 16 balance 

tests in individuals with down syndrome are reliable. 

Future scope of the study can be larger sample sizes.13 

13. Meneghetti in 2009 conducted a study on static balance 

assessment among children and adolescents with down 

syndrome. This study aims to evaluate static balance and 

the influence of visual information among children and 

adolescents with down syndrome by means of 

computerized biophotogrammetry. Inclusion criteria were 

DS children and adolescents aged 7 to 14 years and 

diagnosed by a karotype test. The criteria for exclusion 

were DS who could not remain in orthostatic position 

during filming. children and adolescents with a diagnosis 

of autism or other diagnosed neurological dysfunction,  

Eleven children and adolescents with DS took part in the 

study and 14 neurological normal children and 

adolescents comprised the control group. Both groups 

were homogeneous in gender, weight, height, and age. 

Three subjects were excluded from the studied group 
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because they did not remain in orthostatic position and 

thus could not be filmed.  During filming each subject 

was advised to assume a relaxed posture, with arms as 

stable as possible to the side of the body and feet parallel 

on a flat surface, previously marked for the plantar 

surface. A plumb line was placed in the background to 

serve as a reference for the angle analysis. Computerized 

biophotogrammetry was used to quantify angles and 

verify body sway in static balance , followed by 

application of romberg’s test. To quantify the degrees of 

anterior-posterior sway, they calculated the sum of the 

anterior and posterior sway deviation, and to quantify the 

degrees of lateral sway they calculated the sum of sways 

to the left and to the right.  The result of the present 

study show that, during tests in which no visual 

information was available, the evaluated groups had a 

harder sway than when the visual information was 

preserved. Both anterior-posterior and lateral sway was 

more significant with eyes covered than without eyes 

covered. Hence the study concluded computerized 

biophotogrammetry was efficient in the assessment of 

balance in down syndrome individuals, establishing itself 

as an important tool for the evaluation procedures in 

physical therapy practice. Future scope of the present 

study are needed to carry on this investigation given the 

limited number of subjects who take part in this study.9 

14. Michal Katz-Leurer, Iris Fisher, Martin Neeb, Isabella 

Schwartz and Eli Carmeli in 2009 conducted a stud n 

Reliability and Validity of the Modified Functional Reach 

Test at the sub-acute stage post-stroke where the patients 

recruited were from the inpatient rehabilitation 

department at Hadassah University Hospital, Jerusalem, 

Israel. Patients with brainstem lesions and/or bilateral 

signs or hemorrhagic events, Mini-Mental state 



C:\Users\convert\AppData\Local\Temp\1\task-809893943\4d5aa7c12dc3645d0be27ad7a96a57af.doc [Page : 15] 
   

examination<20, those who were not able to sit 

unsupported for 10 seconds, were excluded from the 

study. The data was collected at two occasions, 2-3 weeks 

post-event and again 6 weeks later, the test was 

performed 3 times, the second and third attempts were 

compared for the within-session reliability. The Modified 

Functional Reach Test exhibited high reliability in all 

directions(intra-class correlation coefficient 

range0.90-0.97.25 

15. Norris Rosemary A and associates in 2008 conducted a 

study on the functional reach test in 3-5 year old children 

without disabilities. In this study one hundred twenty one 

children participated aged 3-5 years without known 

disabilities. Materials used in this investigation included 

an aluminium meter-stick to measure functional reach 

distance, a calibrated scale for measurement of body 

weight, and an anthropometer for standing height.Before 

measuring functional reach, the children’s shoes and 

socks were removed.Each child was asked to stand with 

the lateral aspect of the right shoulder parallel to the wall. 

A leveled meter stick was secured to the wall at the 

height of childs acromion. Each child was allowed to 

perform two practise trials that were not recorded. 

Demonstrations and verbal instructions were repeated in 

the same format each time. To measure functional reach 

distance initial measure was taken with the childs arm 

raised horizontally using the placement of third 

metacarpal along the meter stick . a second measure was 

taken after reaching, again using the location of third 

metacarpal along the meter stick. A trial was considered 

successful if the functional reach was performed without 

the child stepping, touching the wall. Brief rest period of 

approxiametly 5-10 seconds were allowed. The parameter 

measured was the distance the child reached while 
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standing. Results indicate that the 5-year-old group was 

the most variable (13.8-17.7cm), while 3- and-4 year old 

children have similar levels of variability 10.7-12.1 cm and 

12.7-14.5 cm. Hence this study concludes that the 

functional reach test can be used to determine a childs 

ability to reach forward and to maintain balance. It also 

indicates that functional reach test is feasible, clinical 

tests that determine the dynamic balance of 3-5 year old 

children.19 

16. T. Michael O’Shea, in 2007, in an article “Diagnosis, 

treatment and prevention of Cerebral Palsy” stated that 

the diagnosis of Cerebral Palsy is based on a clinical 

assessment and not on lab testing or neuroimaging. In 

clinical practice, the diagnosis of Cerebral Palsy is typically 

based on observations or parent reports of achieved 

motor milestones. The approach that appears to be most 

widely used is based on the standard measure of motor 

function, the Gross Motor Function Classification 

System(GMFCS). It also stated that until recently, the 

neuroimaging studies of preterm infants with Cerebral 

Palsy were based largely on neonatal cranial ultrasound. It 

also stated that the American Academy of Pediatrics has 

emphasized the importance of a primary care “medical 

home” for children with chronic illnesses, including 

Cerebral Palsy. The roles of the medical home include care 

co-ordination to minimize redundant services, monitoring 

of response to treatments, interpreting findings to the 

family, orchestrating co-management with specialists, and 

advocating for the patient with prayers and providers 

such as the public schools. The prognosis for independent 

ambulation of the children with Cerebral Palsy depends in 

large part on the type of motor impairment. It stated that 

the interventions that prolong the gestation, or decrease 

the risk of preterm delivery, will decrease the risk of 
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Cerebral Palsy, where approaches to reduce the rate of 

preterm birth include smoking cessation during 

pregnancy, calcium channel blockers, oxytocin 

antagonists, anti-platelet drugs, etc. It concluded that the 

care of the children with Cerebral Palsy requires a 

multidisciplinary, comprehensive and co-ordinated 

approach.23 

17. Scott Bennie and associates in 2003 presented a study to 

compare the timed up and go and functional reach test to 

the berg balance scale. The study examined 20 subjects 

with the ages of 38-86 years. The subjects came from 

outpatient rehabilitation, inpatient rehabilitation and 

acute care facilities. Subjects needed a minimum score of 

20 on the mini mental scale exam to participate. The 

subjects also had to be able to stand for 60 seconds with 

a supervision level of assistance, without use of any 

assistive, prosthetic, or orthotic device. Subjects with 

severe visual or auditory deficits were excluded. The mini 

mental scale exam, administered orally, measures 

cognitive performance in adults. it is divided in two 

sections, with a maximum combined score of 35 points. A 

piece of paper and a writing utensil are the required tools 

to perform the task performance section. In timed up and 

go test, timed subjects rise from a chair, walk three 

meters, turn, walk back, and sit down. No assistive, 

orthotic, or prosthetic device is allowed during the test. 

All chair used has an appropriate seat height, stopwatch 

to timed each test and recorded the time in seconds. To 

perform the functional reach test subjects stand 

comfortably parallel to the wall, make a fist, and raise 

their arms to 90 degrees of flexion. A yardstick is placed 

parallel to the subjects raised arms. The examiner 

measures and records the placement of the end of the 
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subjects third metacarpal along the yardstick. Three trials 

of the same were taken. The bergs balance scale 

evaluates a subjects functional balance by his/her 

performance on 14 activities of daily living. There are 

three dimensions to the test: maintenance of position, 

postural adjustment to voluntary movements and 

reaction to external disturbances. All items are graded on 

a five point scale, zero to four. The test takes 15-20 

minutes to complete and requires a step stool, mat table, 

chair with arms, measuring tape, stopwatch and pen. The 

mean score on the timed up and go test was 21.6 

seconds. The mean score of functional reach test was 

17.7cm. the mean score on the berg balance scale was 

43.5.there was a significant correlation between the 

timed up and go and borg’s balance scale 

(r=-0.47,p=0.04) . the correlation between functional 

reach and bergs balance scale was not 

significant(r=0.42,p=0.06). the correlation analysis for the 

functional reach and timed up and go tests with bergs 

balance scale demonstrated a significant multiple 

correlation coefficient(r=0.56,p=0.04).Result indicates 

that there was significant correlation between timed up 

and go and bergs balance scale. The correlation between 

functional reach and berg balance scale was not 

significant. The timed up and go test alone or a 

combination of timed up and go and functional reach 

tests can be used as a simple measure of balance 

comparable to the berg balance scale. Further research 

can be done on why this variable affects correlation 

coefficients.5 

18. Knox V. in 2002, conducted a case study on evaluation of 

the sitting assessment for children with neuromotor 

dysfunction as a measurement tool in Cerebral Palsy, 

where the patient has spastic diaplegia associated with 



C:\Users\convert\AppData\Local\Temp\1\task-809893943\4d5aa7c12dc3645d0be27ad7a96a57af.doc [Page : 19] 
   

prematurity. The sitting assessment for children with 

neuromotor dysfunction is designed to measure sitting 

postural control in children with neuromotor disabilities, 

aged 2-10 years, who can sit without constant hand 

support. The test consists of 2 phases rest and reach. 

which are video and the test is scored from the video. The 

treatment included sequences of moving through sitting, 

side sitting, all fours, and crawling, improving the ability 

and quality of reaching in sitting and supported standing. 

The patient improved in all sitting behaviours measured 

by sitting assessment for children with neuromotor 

dysfunction, making most progress in the reach phase.7 

19. Suzanne M Lynch and associates in 1998 conducted a 

study on reliability of measurements obtained with a 

Modified Functional Reach Test in subjects with spinal 

cord injury where 30 male subjects with spinal cord injury 

were divided into 3 groups based on injury type. Group1 

consisted of subjects of subjects with C5-C6 tetraplegia, 

group2 consisted of subjects with T1-T4 paraplegia, and 

group3 consisted of subjects with T10-T12 paraplegia. The 

subjects were between 18 and 45 years of age. Inclusion 

criteria was: subjects had to be able to sit independently 

of a seating system with only a backboard for support, the 

subjects’ upper extremities had to be without 

deformities, and each subject had to be able to assume 

and maintain 90° of shoulder flexion. Exclusion criteria 

was: The presence of inadequate muscle force to 

maintain shoulder flexion during reaching, inadequate 

range of motion, or musculoskeletal deformity. Each 

subject had to practice trials of maximal forward reach, 

followed by three trials during which data was collected. 

The mean of these three trials was recorded. The mean 

maximal reach was 14.7cm for group1, 15.5cm for 

group2, and 22.9cm for group3. here was no difference in 
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the ability to reach between groups1 and 2, but mean 

reach was greater in group3 compared with groups1 and 

2.2 

20. Sarah L Westcott, Linda Pax Lowes, Pamela K Richardson, 

conducted a study “Evaluation of Postural stability in 

children: current theories and assessment tools in 1997. 

For the measurement of sensory system, a clinical test of 

vestibular function is the Postrotatory Nystagmus Test 

where the child sits on a rotating platform and is spun by 

the therapist for 20 seconds; and also the Vestibular 

Ocular Reflex Testing which permits measurement of 

reflexive eye movements driven by the vestibular system. 

Another test is the Pediatric Clinical Test of Sensory 

Interaction for Balance. Experiments that moved the floor 

surface showed three basic patterns: ankle strategy, hip 

strategy and stepping strategy. The article also said that 

the therapists evaluated motor co-ordination by placing 

the child on a movable surface, The Clinical Observations 

Of Motor and Postural Skills, Flat Board and Tilt Board 

Reach Test(Fisher and Bundy). For measuring the 

biomechanical system, Force output and Range Of Motion 

have shown to be related. Force Output has been 

evaluated using Manual Muscle Testing. For Postural 

Stability, Alberta Infant Motor Scale, Bayley Scales of 

Infant Development, etc have been used. This article 

stated that research is needed for pediatric test and 

measurement development in all areas related to postural 

stability.20 

21. Pamela W. Duncan and associates in 1990 conducted a 

study on the functional reach as a clinical measure of 

balance in 128 subjects were evaluated of 21-87 years. It 

was an experimental study to establish functional reach 

as a measure of the margin of stability versus the 

labroratory method, center of pressure excursion. 
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Instruments used in this study included an electronic 

system for measuring functional reach, and a 48-inch 

measuring device, or yardstick. In this brief neurological 

examination included testing of the biceps, patellar and 

Babinski reflexes, coordination, great toe proprioception, 

and upper and lower extremity tone were examined. 

Musculoskeletal examinations were performed. Range of 

motion of the right elbow and shoulder was tested.  

Functional reach was measured using the simple clinical 

apparatus. Results indicate that several factors influence 

functional reach and strongly associated with 

measurements of the center of pressure excursion.The 

intraclass correlation coefficient for center of pressure 

excursion was 0.52  electronic functional reach  0.81 

and yardstick reach 0 .92 . The coefficient of variation was 

7.5% for center of pressure, 4.4% for electronic functional 

reach, and 2.5% for yardstick functional reach. Age 

influenced all three measures ie yardstick functional 

reach, electronic functional reach, center of excursion. As 

age increased all measures decreased. The range for 

electronic functional reach was 6.5 ins to 20.8 ins. and for 

yardstick reach the range was 1.6 ins. to. 19.3 ins .the 

study concluded that several factors influence functional 

reach. Height and age are most significant factors. In this 

study measure of functional reach assesses only anterior 

and posterior dynamic stability. The future scope of this 

study is that it is possible to map out full three 

dimensional estimates of the range of standing reach.3 

 

6.1) Primary 
Objectives :-  

To find reliability of Modified Functional Reach Test in children with 

Down’s Syndrome aged 6-18 years. 
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6.2) Other Objectives 1:- 

(if any)  

NOT APPLICABLE. 

 

 

6.3) Other Objectives 2:- 

(if any) 

NOT APPLICABLE. 

 

 

07) Methodology :- • Type of Study Design: An Observational Cross Sectional 

Study. 

• Study Setting: Physiotherapy out patient department of 

tertiary care centre and special schools of the city. 

• Study population: Down’s syndrome children aged 6-18 

years of both genders. 

• Sampling Technique: Convenient sampling technique. 

• Study Duration: 18 months. 

• Sample Size Estimation: 

• To calculate a sample size, the pilot study was done. 

• A sample of 5 children with diagnosis Down’s syndrome was 

included in the pilot study. 

• The forward and lateral reach (right & left) were taken and 

the mean and standard deviation was calculated as follows: 

• Mean=23.86 cms and 

• Standard Deviation(SD)=3.24 

• The correlation coefficient between the test retest was 

found out. 

• The reliability of the pilot study was calculated by the 

formula 2r/1+r2 where” r” is the correlation coefficient 

between the test and retest and the value of which was 

taken as 0.91. 

• The sample size was calculated by the formula n= 4SD2/L2 

where” L” is the error, the value of which was ±1. 

• A sample size of 41 was included in the study. 
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Method of selection of study subjects 

Inclusion Criteria: 

• Children diagnosed with Down’s syndrome belonging in the 

age group of 6-18 years, both genders.1 

• Children able to follow simple verbal commands.1 

• Children having MMSE score more than 24. 14 

• Children with Down’s syndrome who are able to assume 900 

of flexion and abduction of shoulders,elbow extension, and 

forearm pronation.1 

Exclusion Criteria: 

• Children having deformities in their upper limbs and not able 

to perform the test. 

• Children undergone upper limb tendon lengthening surgery 

recently in two weeks duration. 

• Children having any known neurological disorder other than 

Down’s syndrome. 

Subject Withdrawal Criteria : 

      Subjects not co-operative throughout the study. 

Operational Definition:- 

• Down’s Syndrome: This is the commonest chromosomal 

disorder occurring with a frequency of 1:8000 to 1: 1000 

newborns. Chromosome number 21 is present in triplicate 

(trisomy); the origin of the extra chromosome being either 

maternal or paternal.10 

• Balance : Balance is the condition in which all the forces 

acting on the body are balanced so that the centre of mass is 

within the limits of stability and the boundaries of base of 

support.1 

• Sitting Balance : Sitting balance is defined as the ability of 

person to maintain control over upright posture during 

forward reach without stabilization.20 

• Modified functional reach test: Modified functional reach 
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test is the objective measure to assess static as well as 

dynamic sitting balance in two directions, forward and 

lateral (right and left). The test is adapted from the 

functional reach test for individuals unable to stand.24 

• Reliability: Reliability is the property of consistency of a 

measurement that gives the same result on different 

occassions.25 

• Test-retest reliability: Test-retest reliability is the degree to 

which test scores remain unchanged when measuring a 

stable individual characteristic on different occasions. 

Test-retest reliability measures the stability of the scores of 

a stable construct obtained from the same person on two or 

more separate occasions.25 

Methods of measurements: 

• To find out the maximal distance the child can reach while 

leaning forward and to the sides, the child will be made to 

sit independently(unsupported) on an adjustable stool, with 

back straight and the feet pelvis width apart.1,18 

• The hip, knee, ankle, will be positioned at 900  and the feet 

will be flat on the surface.1,18 

• An initial measurement will be taken with the upper 

extremity flexed and abducted to 900.1,18,20 

• The anatomical landmark for the measurement of the reach 

distance will be the ulnar styloid process.20 

• The measurement of the reach distance will include the 

reach distance in the forward direction, and the left and 

right directions. 1,18,20 

Data Collection Tools: 

• A Yardstick  

• An Adjustable stool1,20 

• A Weighing machine 
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• A Measuring tape 

• A Pen 

• Case record form. 

Variables: 

Independent variables: 

• Age 

• Gender 

• Rater 

Dependent variables: 

• Height 

• Weight 

• Reach distance 

Data Collection: 

• Requisite permission from the Institutional Head will be 

obtained.1 

• Permission from the Ethics Committee and Board of 

Research Committee will be obtained. 

•  Permission from the institutional heads of tertiary care 

centres and the owners of the respective paediatric 

rehabilitation clinics/centres and special schools of the city 

will be taken. 

• The informed and written consent from parents will be 

obtained. 

• Children will be included according to the inclusion criteria 

and exclusion criteria. 

• Children with Down’s syndrome will be recruited by 

convenient sampling. 

• Quota sampling will be used. 

• The procedure will be explained to the parents or the 
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care-takers of the children. 

• Anthropometric measurements (age, height, weight, BMI in 

percentile) of the children will be taken.1,20 

• A yardstick will be arranged at the level of the shoulder of 

the child.6,20,23 

• Set-up for the test will be done prior to the test and children 

will be made to sit on an adjustable stool with back straight 

(without back support) and feet pelvis width apart.1,20 

• The children will be instructed to keep their reaching 

shoulder in 90° of flexion and abduction for forward and 

lateral reach test respectively.6,20 

• An Initial measurement of the reach tests distance in the 

forward and lateral direction(right and left) will be taken. 

• The anatomical landmark used for the measurement of the 

reach distance will be the ulnar styloid process.23 

• They will be explained to reach as far as they can, with 

shoulders 900   flexed or abducted, elbow extended, 

forearm pronated, wrist neutral, fists either open or close, in 

the forward as well as lateral direction, both right and left 

sides  maintaining their balance.23 

• Two trial attempts will be given for adaptation.1,23 

• Three attempts will be given for each test and the average of 

three values will be calculated.18,20 

• The values of the forward and lateral reach will be measured 

on the same group of children again after 10 minutes 

duration. The child will be moved out from the test position 

for ten minutes duration. 

• The same procedure will be repeated after 10 minutes in the 

same children with Down’s syndrome by same rater and 

hence modified functional reach test values will be 

considered for calculating the test-retest reliability of 

Modified Functional Reach Test in Down’s syndrome of age 

6-18 years. 

Data management and analysis: 
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• The data collected will be entered in an excel sheet, and the 

back-up of the data will be maintained. 

• The patient’s identity and information will be kept 

confidential. 

• The data will be utilized for further analysis. 

• Mean, Standard Deviation of the forward reach and the left 

and right lateral reach values will be calculated. 

• The Intra-class correlation co-efficient will be calculated for 

test-retest reliability for Modified Functional Reach Test in 

children with Down’s Syndrome aged 6-18 years. 

Results: 

Results will be discussed in the final copy of dissertation. 
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9) Timeline/Gantt 
Chart :- 

 

Sr.No  Months 

1 Allocation of Guide October 2019 

2 Topic finalization for the 
synopsis 

November 
2019 

3 Formulation of research 
question 

December 
2019 

4 Formulation of objectives December 
2019 

5 Hypothesis formulation January 2020 

6 Protocol of research January 2020 

7 Institutional,Ethics and BORS 
clearance obtained 

February 
2020 

8 Submission to the University March 2020 

9 Data Collection April 2020 to 
March 2020 

10 Data presentation and analysis March 2021 

11 Writing discussion and 
conclusion 

April 2021 

12 Submission of thesis to MUHS May 2021 

 

        

Sr 

no 

Component 2019 2019 2019 2020 2020 2020 

  Oct Nov Dec Jan Feb Mar

ch 
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1 Allocation of 

guide 

      

2 Topic 

finalization 

for synopsis 

      

3 Formulation 

of research 

question 

      

4 Formulation 

of objectives 

      

5 Hypothesis 

formulation 

      

6 Protocol of 

research 

      

7 Institutional, 

Ethics and 

BORS 

clearance 

obtained 

      

8 Review of 

literature 

      

9 Methodology 

formulation 

      

10 Study 

designing 

      

11 Sample size 

estimation 

      

12 Management 

and data 

analysis 

      

13 Complication 

of synopsis 

      

14 Uploading of 

synopsis 
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10) Annexures :- ANNEXURE 1 (A) – Case record form 

ANNEXURE 1 (B) – Data collection tools 

ANNEXURE 2 (A) – Patient Information sheet (Including English, 

Marathi, Hindi)  

ANNEXURE 2 (B) – Letter of consent (Including English, Marathi, 

Hindi) 

ANNEXURE 2 (C) – Permission letters(A,B,C) 

ANNEXURE 3- Timeline/Gantt chart 

                                                                                                      

Annexure 1 (A) 

Case Record Form 

Date:_______________ 

Name:__________________________________________ 

Age:__________Years 

Gender:__________ 

Address:___________________________________ 

Phone Number:____________________ 

Height:_____________Centimeters 

Weight:____________ Kilograms 

BMI: ______________Kg/m2 

MMSE Score:___________ 

Modified functional reach test score sheet 

Reach 

values 

(in cms) 

Attempt 
 
 
 

Attempt  
 
 
 

Attempt 
 
 
 

Mean 
 
 
 

Forward 

reach 

 
 

 
 

  
 

Right 

lateral 

reach 

    

Left 

lateral 

reach 
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Modified functional reach test score sheet after 10 minutes: 

Reach 

values 

(in cms) 

Attempt 
 
 
 

Attempt  
 
 
 

Attempt 
 
 
 

Mean 
 
 
 

Forward 

reach 

 
 

 
 

  
 

Right 

lateral 

reach 

    

 

ANNEXURE 1 (B) 

DATA COLLECTION TOOLS:- 

 

 

Figure 1: A Yardstick 

 

Figure 2: An Adjustable stool 
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Figure 3: A Weighing machine 

 

 

 

                    Figure 4: Measuring tape 

 

 

 

                                                                       

ANNEXURE 2 (A) 

Participant’s information sheet  

Purpose:  To ensure that written informed consent is obtained 

from participants according to the regulatory requirements of ICMR 

and approved by IEC.  

Scope:  These standard procedures include Down’s syndrome 

children of 6-18 years, both male and female. Their parents will be 
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briefed about the study and those who are willing to participate 

voluntarily will be included in this study.   

  

Responsibilities:  The researcher will obtain written informed 

consent from all the participants who are volunteering to be the 

part of this study.   

  

Procedure:   

1. The researcher will select the participants of Down’s syndrome 

children of 6-18 years (both male and female). 

  

2. The investigator will explain the observational protocol to allay 

apprehension and answer all the queries of the participant and their 

parents.  

  

3. If the participant and their parents decide to participate then 

they would be consented according to the standard procedure.  

  

4. If the participant and parents expresses interest but has some 

doubts in that case they would be solved.   

  

5. If the participants and parents are comfortable with the 

explanation then they will fill the informed consent according to 

standard operational procedure.  

  

6. Study procedures will begin after the participant’s and parents 

concern.   

 

7. Detailed medical and any other physical problem history will be 

obtained from the participants and parents so as to verify the 

inclusion and exclusion criteria.   

  

8. If participant and parents want to discuss this information to their 

family members then they are entitled to do so before giving the 
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consent. 

General information to research participants:   

1. Name:      Age:      Sex:      Date:  

 

2. You would be required to fill the Proforma and the purpose of the 

research is to study “RELIABILITY OF MODIFIED FUNCTIONAL REACH 

TEST IN CHILDREN WITH DOWN’S SYNDROME AGED 6-18 YEARS : 

AN OBSERVATIONAL CROSS-SECTIONAL STUDY.”  

  

3. If you are willing to voluntarily participate in the study then you 

are expected to enroll with us right from the moment of filling 

Proforma till the completion of the test.   

  

4. If you are uncomfortable during this period then kindly let us 

know so that we can help you and overcome your problems without 

any untoward effect.   

  

5. You will not be given any reimbursement and compensation.   

  

6. If at any moment you want to discontinue from this research 

study then you are free to do so and there would not be any 

hindrance from our side.  

  

7. The details of the risk, discomfort, advantages and disadvantages 

of the study will be explained to you before obtaining the letter of 

consent.   

  

8. The data obtained from this study would be confidentially 

protected and maintained and if the photograph is used then their 

identity would not be revealed. If the photograph is published then 

permission would be obtained.   

 

9.All the risk of various test procedures required for this study will 

be explained to you and accordingly the consent will be taken.   
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10. If you feel exhausted or unable to complete the test you need 

not worry and let us know so that necessary steps can be initiated.   

  

11. If you are not satisfied at any moment then you can withdraw at 

any time without any consequences.   

12. Name of Researcher:       

Phone number:         

Address:   

13. Name of Guide:        

Phone number:         

Address:   

14. Name of Institution: 

 

ANNEXURE II (A) 

 सहभागीींची माहहती पत्रक 

• उद्देशः आयसीएमआरच्या नियामक आवश्यकताींिसुार आणि 

आयईसीद्वारे मींजूर झालेल्या सहभागीींकडूि लेखी सूचचत सींमती 

ममळववली गेली आहे हे सुनिश्श्चत करण्यासाठी. 

• व्याप्ती: या मािक प्रक्रियाींमध्ये डाऊन स िंड्रोम 6-18 वर्ाांच्या 

मुले, िर आणि मादी दोन्ही समाववष्ट करतात. तयाींच्या पालकाींिा 

अभ्यासाबद्दल माहहती हदली जाईल आणि जे स्वेच्छेिे सहभागी 

होऊ इश्च्छतात तयाींिा या अभ्यासामध्ये समाववष्ट केले जाईल. 

 

• जबाबदा :् या: या अभ्यासाचा भाग होण्यासाठी स्वयींसेवा करिा 

all् या सवव सहभागीींकडूि सींशोधकाींिा लेखी माहहती हदली जाईल. 

 

1. प्रक्रियाः  सींशोधक 6-18 वयोगटातील (पुरुर् आणि महहला 
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दोन्ही) डाऊन स िंड्रोम मुलाींच्या सहभागाची निवड करेल. 

 

2. अन्वेर्क आशींका दरू करण्यासाठी आणि सहभागी आणि तयाींच्या 

पालकाींच्या सवव प्रश्िाींची उत्तरे देण्यास निरीक्षक प्रोटोकॉल स्पष्ट 

करेल. 

 

3.  जर सहभागी आणि तयाींचे पालक सहभागी होण्यासाठी ठरले तर 

तयाींिा मािक प्रक्रियेिुसार सींमती हदली जाईल. 

 

4.  जर सहभागी आणि पालकाींिी स्वारस्य व्यक्त केले परींत ुतया 

बाबतीत काही शींका असल्यास तयाींचे निराकरि होईल. 

 

5.  जर सहभागी व पालक स्पष्टीकरिास आरामदायक असतील तर 

ते मािक ऑपरेशिल प्रक्रियेिुसार माहहतीची सींमती भरतील. 

 

6.  सहभागीच्या आणि पालकाींच्या चचींतेिींतर अभ्यासाची प्रक्रिया 

सुरू होईल. 

 

7.  समावेश आणि वगळण्याच्या निकर्ाींची पडताळिी करण्यासाठी 

सहभागी आणि पालकाींकडूि तपशीलवार वैद्यकीय आणि इतर 

कोितीही शारीररक समस्या इनतहास प्राप्त केली जातील. 

 

8.  जर सहभागी आणि पालकाींिा आपल्या कुटुींबातील सदस्याींसह 
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या माहहतीवर चचाव करायची असेल तर सींमती देण्यापूवी ते तस े

करण्यास पात्र आहेत. 

सींशोधि करिार याींिा सामान्य माहहती: 

1. िाव:                                 वय:         

मलींग:         तारीख: 

 

2. आपिास प्रोफामाव भरिे आवश्यक आहे आणि सींशोधिाचा हेतू 

म्हिज े"वय -6 ते 18 वर्ाांच्या अिुभवी पाळयाींसह मुलाींमध्ये 

सुधाररत कायावच्या ववश्वासाचा ववश्वास: एक ऑपरेशिल 

िॉस-सेक्शिल स्टडी." 

 

3. जर आपि स्वेच्छेिे अभ्यासामध्ये भाग घेऊ इश्च्छत असाल तर 

आपि चाचिी पूिव होईपयांत प्रोफामाव भरण्याच्या क्षिापासूि 

आमच्यासह आमच्याकडे िोंदिी करि ेअपेक्षक्षत आहे. 

 

4. या कालावधीत आपिास अस्वस्थ वाटत असल्यास कृपया 

दयापूववक आम्हाला कळवा जेिेकरूि आम्ही कोितीही अवप्रय 

पररिाम ि करता आम्ही आपल्याला मदत करू आणि आपल्या 

अडचिीींवर मात करू. 

 

5. तुम्हाला कोितीही भरपाई आणि िुकसािभरपाई हदली जािार 

िाही. 
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6. कोितयाही क्षिी आपल्याला या सींशोधि अभ्यासापासूि दरू 

ठेवायचे असेल तर आपि तसे करण्यास मोकळे आहात आणि 

आमच्या बाजूिे कोिताही अडथळा येिार िाही. 

 

7. अभ्यासाचे जोखीम, अस्वस्थता, फायदे आणि तोटे याींचे तपशील 

आपल्याला सींमतीपत्र प्राप्त करण्यापूवी स्पष्ट केले जाईल. 

 

8. या अभ्यासािुसार ममळालेला डेटा गुप्तपिे सींरक्षक्षत आणि राखला 

जाईल आणि जर छायाचचत्र वापरला असेल तर तयाींची ओळख 

प्रकट होिार िाही. जर छायाचचत्र प्रकामशत झाले तर परवािगी 

घेतली जाईल. 

 

9. या अभ्यासासाठी आवश्यक असलेल्या ववववध चाचण्या प्रक्रियेचा 

जोखीम तुम्हाला समजावूि साींचगतली जाईल आणि तयािुसार 

सींमती घेतली जाईल. 

 

10. आपि थकल्यासारखे क्रकीं वा कसोटी पूिव करण्यात अक्षम झाल्यास 

आपल्याला काळजी करण्याची आवश्यकता िाही आणि आम्हाला 

कळवा जेिेकरुि आवश्यक पावले उचलता येतील. 

11.  आपि कोितयाही क्षिी समाधािी िसल्यास आपि कोितयाही 

पररिामामशवाय कधीही माघार घेऊ शकता. 

12. सींशोधकाचे िाव: 

फोि िींबर: 
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पत्ता: 

13. मागवदशवकाचे िाव: 

फोि िींबर: 

पत्ता: 

14. सींस्थेचे िाव: 

 

ANNEXURE II (A) 

प्रनतभागी की सूचिा पत्र 

 उद्देश्य: यह सुनिश्श्चत करिा क्रक मलणखत सूचचत सहमनत 

आईसीएमआर की नियामक आवश्यकताओीं के अिुसार प्रनतभाचगयों से 

प्राप्त की गई है और आईईसी द्वारा अिुमोहदत है। 

  

स्कोप: इि मािक प्रक्रियाओीं में 6-18 वर्व के डाऊन स िंड्रोम बच्च ेशाममल 

हैं, श्जिमें पुरुर् और महहला दोिों शाममल हैं। उिके माता-वपता को 

अध्ययि के बारे में जािकारी दी जाएगी और जो लोग स्वचे्छा स ेभाग 

लेिे के इच्छुक हैं उन्हें इस अध्ययि में शाममल क्रकया जाएगा। 

  

श्जम्मेदाररयाीं: शोधकताव उि सभी प्रनतभाचगयों से मलणखत सूचचत सहमनत 

प्राप्त करेंगे जो इस अध्ययि का हहस्सा बििे के मलए स्वेच्छा से हैं। 

 

प्रक्रिया: 1. शोधकताव 6-18 वर्व (पुरुर् और महहला दोिों) के स्पस्टी डाऊन 

स िंड्रोम  बच्चों के प्रनतभाचगयों का चयि करेगा 
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2. अन्वेर्क अवलोकि प्रोटोकॉल को सभी आशींकाओीं को समझाएगा और 

प्रनतभागी और उिके माता-वपता के सभी प्रश्िों का उत्तर देगा। 

  

3. यहद प्रनतभागी और उिके माता-वपता भाग लेि ेका नििवय लेते हैं तो 

उन्हें मािक प्रक्रिया के अिुसार सहमनत दी जाएगी। 

  

4. यहद प्रनतभागी और माता-वपता रुचच व्यक्त करते हैं, लेक्रकि उस मामले 

में कुछ सींदेह हैं, तो व ेहल हो जाएींगे। 

  

5. यहद प्रनतभाचगयों और माता-वपता स्पष्टीकरि के साथ सहज हैं तो 

वे मािक सींचालि प्रक्रिया के अिुसार सूचचत सहमनत को भर देंगे। 

  

6. प्रनतभागी और माता-वपता की चचींता के बाद अध्ययि प्रक्रिया शुरू होगी। 

 

7. ववस्ततृ चचक्रकतसा और क्रकसी भी अन्य शारीररक समस्या के इनतहास 

को प्रनतभाचगयों और माता-वपता स ेप्राप्त क्रकया जाएगा ताक्रक समावेशि 

और बहहष्करि मािदींडों को सतयावपत क्रकया जा सके। 

  

8. यहद प्रनतभागी और माता-वपता इस जािकारी पर अपिे पररवार के 

सदस्यों से चचाव करिा चाहते हैं, तो व ेसहमनत देिे से पहले ऐसा करि े

के हकदार हैं। 

अिुसींधाि प्रनतभाचगयों को सामान्य जािकारी: 

1. िाम:  

आयु:            मलींग:                    नतचथ: 
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2. आपको प्रोफामाव भरिे की आवश्यकता होगी और अिुसींधाि का उद्देश्य 

"6-18 वर्व की आय ुसीमा के पामलशयल के साथ बच्चों में नि: शुल्क 

परीक्षि पाठ्यिम की ववश्वसिीय ररपोटव का अध्ययि करिा होगा: एक 

अनतररक्त राष्रीय-अिुभागीय अध्ययि।" 

  

3. यहद आप स्वेच्छा स ेअध्ययि में भाग लेिे के इच्छुक हैं तो आपस े

यह अपेक्षा की जाती है क्रक आप प्रोफामाव भरिे स ेलेकर परीक्षि पूरा होि े

तक हमारे साथ िामाींकि करें। 

  

4. यहद आप इस अवचध के दौराि असहज हैं, तो कृपया हमें बताएीं ताक्रक 

हम आपकी मदद कर सकें  और आपकी समस्याओीं को बबिा क्रकसी अवप्रय 

प्रभाव के दरू कर सकें । 

  

5. आपको कोई प्रनतपूनत व और मुआवजा िहीीं हदया जाएगा। 

  

6. यहद क्रकसी भी क्षि आप इस शोध अध्ययि से हटिा चाहते हैं तो 

आप ऐसा करिे के मलए स्वतींत्र हैं और हमारी ओर से कोई बाधा िहीीं 

होगी। 

  

7. सहमनत पत्र प्राप्त करिे से पहले अध्ययि के जोणखम, असुववधा, फायदे 

और िुकसाि का वववरि आपको समझाया जाएगा। 

  

8. इस अध्ययि स ेप्राप्त आींकडों को गोपिीय रूप स ेसींरक्षक्षत और बिाए 

रखा जाएगा और अगर तस्वीर का उपयोग क्रकया जाता है तो उिकी पहचाि 

उजागर िहीीं की जाएगी। अगर तस्वीर प्रकामशत होती है तो अिुमनत ममल 
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जाएगी। 

 

9. इस अध्ययि के मलए आवश्यक ववमभन्ि परीक्षि प्रक्रियाओीं के जोणखम 

को आपको समझाया जाएगा और तदिुसार सहमनत ली जाएगी। 

  

10. यहद आप थकावट महसूस करते हैं या परीक्षि पूरा करिे में असमथव 

हैं, तो आपको चचींता करि ेकी आवश्यकता िहीीं है और हमें बताएीं ताक्रक 

आवश्यक कदम उठाए जा सकें । 

 

11.यहद आप क्रकसी भी क्षि सींतुष्ट िहीीं हैं तो आप बबिा क्रकसी पररिाम 

के क्रकसी भी समय वापस ले सकते हैं। 

 

12. शोधकताव का िाम: 

 फोि िींबर: 

  पता: 

  

13. गाइड का िाम: 

 फोि िींबर: 

 पता: 

  

14.संस्था का नाम: 

ANNEXURE II (B) 

LETTER OF CONSENT 

 “RELIABILITY OF MODIFIED FUNCTIONAL REACH TEST IN CHILDREN 

WITH DOWN’S SYNDROME AGED 6-18 YEARS: AN OBSERVATIONAL 

CROSS-SECTIONAL STUDY.”  



C:\Users\convert\AppData\Local\Temp\1\task-809893943\4d5aa7c12dc3645d0be27ad7a96a57af.doc [Page : 45] 
   

1. I have received an explanation of the nature, purpose, duration 

and foreseeable effects and risks of the trial and what the child will 

be expected to do. My questions have been answered satisfactorily. 

2. I understand that my child’s participation in the trial is voluntary 

and that I may refuse to participate or may withdraw from the trial 

at any time, without penalty or loss of benefits to which I am 

otherwise entitled.  

3. I further understand that any information that becomes available 

during the course of the study that may affect my willingness to take 

part will be informed to me. 

 4. Institutional Ethics Committee authorities may wish to examine 

my medical records to verify the information collected. By signing 

this document, I give permission for this review of my records. 

 5. I understand that my child’s identity will not be revealed in any 

report or publication. 

 6. I agree to take part in the above study.  

Name of the research participant ______________________ 

Signature/thumb impression of the research 

participant________________________ 

 

ANNEXURE II (B) 

सींमेलिाच ेपत्र 

 "वय 6-18 वर्ाांच्या डाऊन स िंड्रोम सह मुलाींमध्ये सुधाररत कायवक्षम 

पध्दतीचा ववश्वास: एक ऑपरेशिल िॉस-सेक्शिल स्टडी." 

1. मला चाचिीचे स्वरुप, हेतू, कालावधी आणि अपेक्षक्षत पररिाम 

आणि जोखीम आणि मुलाकडूि काय अपेक्षक्षत केले जाईल याचे 

स्पष्टीकरि प्राप्त झाले आहे. माझ्या प्रश्िाींची उत्तरे 

समाधािकारक आहेत. 

2. मला समजले आहे की चाचिीत माझ्या मुलाचा सहभाग ऐश्च्छक 

आहे आणि मी कोितयाही प्रकारचा दींड क्रकीं वा मी गोंधळात 
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घेतलेल्या फायद्याींच्या िकुसािीमशवाय कोितयाही वेळी सहभागी 

होण्यास िकार देऊ शकतो क्रकीं वा चाचिीमधूि मागे घेऊ शकतो. 

3. मला पुढे हे समजले आहे की अभ्यासाच्या वेळी उपलब्ध होिारी 

कोितीही माहहती जी माझ्या सहभागाच्या इच्छेवर पररिाम करू 

शकते मला कळववली जाईल. 

 

4. सींस्थातमक आचारसींहहता सममतीचे अचधकारी गोळा केलेली 

माहहती सतयावपत करण्यासाठी माझ्या वैद्यकीय िोंदी तपासू 

शकतात. या दस्तऐवजावर सही करूि, मी माझ्या िोंदीींच्या या 

पुिरावलोकिासाठी परवािगी देतो. 

5. मला समजले आहे की माझ्या मुलाची ओळख कोितयाही 

अहवालात क्रकीं वा प्रकाशिात प्रकट होिार िाही. 

6. मी वरील अभ्यासामध्ये भाग घेण्यास सहमत आहे. 

7. सींशोधि सहभागीचे िाव ______________________ 

8. सींशोधि सहभागीची स्वाक्षरी / अींगठा ठसा 

____________________ 

ANNEXURE II (B) 

सहमनत – पत्र 

 "6-18 साल की डाऊन स िंड्रोम के साथ बच्चों में पढे जािे वाले बच्चों 

के मलए कई बार पढे जािे की औपचाररकता: एक हदि का राष्रीय-सत्रीय 

अध्ययि।" 
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1. मुझे परीक्षि की प्रकृनत, उद्देश्य, अवचध और दरूदमशवता प्रभाव 

और जोणखमों का स्पष्टीकरि ममला है   

2. और बच्च ेको क्या करि ेकी उम्मीद होगी। मेरे सवालों का 

सींतोर्जिक जवाब हदया गया है। 

3. मैं समझता हूीं क्रक परीक्षि में मेरे बच्च ेकी भागीदारी स्वैश्च्छक 

है और मैं क्रकसी भी समय परीक्षि स ेभाग लेि ेया वापस 

लेिे स ेइींकार कर सकता हूीं, बबिा क्रकसी दींड या लाभ के 

िुकसाि के श्जसके मैं अन्यथा हकदार हूीं। 

4. मैं आगे समझता हूीं क्रक अध्ययि के दौराि उपलब्ध होिे वाली 

कोई भी जािकारी जो मेरे भाग लेिे की इच्छा को प्रभाववत 

कर सकती है, मुझे सूचचत क्रकया जाएगा। 

5. सींस्थागत आचार सममनत के अचधकारी एकबत्रत जािकारी को 

सतयावपत करिे के मलए मेरे मेडडकल ररकॉडव की जाींच कर 

सकते हैं। इस दस्तावेज़ पर हस्ताक्षर करके, मैं अपिे ररकॉडव 

की इस समीक्षा की अिुमनत देता हूीं। 

 

6. मैं समझता हूीं क्रक मेरे बच्च ेकी पहचाि क्रकसी भी ररपोटव या 

प्रकाशि में सामिे िहीीं आएगी। 

7. मैं उपरोक्त अध्ययि में भाग लेिे के मलए सहमत हूीं। 

8.अिुसींधाि प्रनतभागी का िाम ______________________ 

   शोधाथी का हस्ताक्षर / अींगूठे का 

निशाि________________________ 
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ANNEXURE 2 (C) 

PERMISSION LETTER 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of 

Physiotherapy, would request you to grant me permission to carry 

out my research work in newly diagnosed diabetes patients.  

      My research topic is “Reliability of modified functional reach 

test in children with down’s syndrome aged 6-18 years: an 

observational cross sectional study” 

      I kindly request you to do the needful in this regard.  

Thanking you in anticipation.  

Yours sincerely,  

Research student  

Date:  

Place:  

Guide                                                                          

Head of Institute 
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Annexure 2 (C) 

PERMISSION LETTER 

To,  

The Chairman,  

Ethical Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

      I, Mr/Miss_____________ , student of Master of 

Physiotherapy, would request you to grant me permission to carry 

out my research work.  

      My research topic is, “Reliability of modified functional 

reach test in children with down’s syndrome aged 6-18 years: an 

observational cross sectional study” 

      I promise that the ethics as well as participants care shall be 

duly complied.  

      I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 

TIMELINE/GANTT CHART OF DISSERTATION 

TIMELINE CHART 

Sr No 

 

 
COMPONENTS 

 
MONTHS 

 

1 

Allocation of Guide October 2019 
 

2 Topic finalization for 
the synopsis 

November 2019 

3 Formulation of 
research question 

December 2019 

4 Formulation of 
objectives 

December 2019 

5 Hypothesis 
formulation 

January 2020 

6 Protocol of research January 2020 
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7 Institutional,Ethics, 
BORS clearance 

obtained 

February 2020 

8 Submission to the 
University 

March 2020 

9 Data collection April 2020 to March 
2021 

10 Data presentation 
and analysis 

March 2021 
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and conclusion 

April 2021 

12 Submission of thesis 
to MUHS 

May 2021 
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7 Research 
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8 Review of 

literature 

            

9 Methodo
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designing 

            

11 Study 
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size 
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ABBREVATIONS: 

Mfrt: Modified functional reach test 

PBS- Pediatric balance scale 

BOTMP- Bruininks-Oseretsky test of motor proficiency 

GMFM-Gross motor function measure 

BMI-Body mass index 

MMSE-Mini mental scale examination 
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INTRODUCTION 

 

Stroke is a leading cause of mortality and disability, globally. Stroke is classically 

characterized as a neurological deficit attributed to anacute focal injury of the central nervous 

system by a vascularcause, including cerebral infarction, intra-cerebral hemorrhage,and 

subarachnoid hemorrhage, and is a major cause of disability and death worldwide1.  

According to a systemic review in 2021 on incidence and prevalence of stroke in India, 

Prevalence rate of stroke for total population inclusive of urban and rural population, varied 

from 44.54 to 150/100000.  The prevalence rate in urban population was 45 to 487/100000 

and for rural population it was 55 to 388.4/100000. The incidence rate for urban population 

varied from 33 to 123/100000 and in the rural population it was estimated to be 

123.57/100000.2 

Poor motor control, muscle weakness, sensory-motor problems, impairment in static and 

dynamic balance and impaired gait parameters are common characteristics shown by stroke 

patients. Impaired gait represents a significant contributor to long term disability and care 

burden after stroke.3,4 

Primary unit of gait or walking is gait cycle. Gait cycle comprises of stance and swing phase. 

In normal gait;stance constitutes approximately 60% of the gait cycle, and is defined as the 

interval in which the reference foot is in contact with the ground. Swing phase consists of 

approximately 40% of the gait cycle and is defined as the reference limb is not in contact 

with the ground. According to traditional classification of gait cycle, stance phase comprises 

of heel strike, foot flat, heel off, toe off whereas swing phase includes acceleration, mid 

swing, and deceleration.5,6 

Gait cycle has spatial (distance) and temporal(time) parameters. Measurement of these 

parameters gives basic idea about gait cycle.  Most commonly assessed spatial parameters are 

step length, stride length, step width, degree of toe out etc. The length of one stride includes 

all of the events of one gait cycle. Stride length is usually calculated as a distance between 

two heel strikes of the same limb, in a normal gait; but in pathological gait it can be 



 [Page :6] 
   

calculated as any two successive events of the same limb such as foot flat or toe off. It is 

measured as the distance between heel strikes of one extremity to that of other. It helps us in 

knowing the symmetry of gait cycle; if right and left step lengths are equal or nearly equal 

then gait cycle is said to be symmetrical. Normal value of step cadence for men is 110 and 

that of women is 116. A linear relationship exists between cadence and stride length only if 

cadence is between 80 to 120 steps.5,6 

Gait analysis is used to determine kinematics or/and kinetics of gait. Knowing biomechanics 

of gait helps in knowing particular characteristics of normal as well as abnormal gait. 

Accurate assessment of gait kinematics may help predict degree of improvement and future 

functional conditions, plan appropriately targeted treatments, and monitor efficacy of 

interventions.6,7  There are various methods which are used in analyzing gait cycle e.g Three 

dimensional gait analyses, observational gait analyses (OGA). Three-dimensional gait 

analyses helps in knowing accurate characteristics of gait but it is not feasible because of cost 

affectivity and availability of equipments. It also requires training for operating the system. 

OGAs require little or no instrumentation, are inexpensive, and can be used to describe gait 

variables.6,7 

Observational gait analyses (OGA) has been used extensively by physiotherapist for gait 

assessment in day to day clinical practice.  The results of an OGA are used to identify 

structural and activity limitations, as well as to plan an intervention and assess the outcomes. 

Digital recording of gait video is also used to do OGA. It allows slow motion and freeze-

frame analysis. Process of OGA includes the identification and accurate description of the 

patient’s gait pattern. 6,7 

Kinovea is open access video analysis software, which can be explored for motion analysis. 

Reliability and validity of Kinovea program in obtaining angles and distances has been well 

established (ICC-1).8,9 It is very convenient to use and not much training required to use this 

software. It does not require force plate or digital markers or high definition camera and it is 

free of cost which makes it feasible to use in any settings. 
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Decreased stance phase and prolonged swing phase of the paretic side are some of common 

finding observed in stroke survivors. Asymmetry in step length is one of the common 

impairment in chronic stroke patients 10,11. Stroke patients also shows following kinematic 

impairments in gait 1) Reduced hip flexion due to inability to appropriately activate the hip 

flexor muscle and over activity hip extensor; 2) Decrease in knee flexion during the swing 

phase due to decreased knee flexor activity, lack of hip flexion and over activity of the plantar 

flexor muscles.10,11 Stroke patients prefer to bear weight on non paretic limb which ultimately 

results in reduced paretic leg muscle activity and changes in angular and spatiotemporal gait 

parameters.12,13 

Ultimate purpose of rehabilitation is to help patients achieve the highest level of function. 

Human ambulation or gait is a determinant of functional independence.14Gait training 

protocol is an integral part of stroke rehab protocol. Task specific gait training program helps 

in improving the quality of walking and walking endurance by focusing on practicing a 

variety of activities along with appropriate verbal cues.15Repetitive exercises and training in 

real life task in stroke patients helps in stimulating formation of new and more effective 

functional connections within remaining brain tissue.16,17It includes tasks like forward 

walking, backward walking, step up, step down etc which are commonly used in day to day 

life.  

Considering strong preference to use the non paretic lower limb, interventions that encourage 

the use of the paretic lower limb should be explored. Constraint induced movement therapy 

(CIMT) is a promising treatment for stroke patients.18,19Primary goal of CIMT is to overcome 

learned nonuse of paretic limb to reduce hemiparesis.19 It focuses on mass task oriented 

training of the paretic limb while restricting the non paretic limb. There are numerous studies 

which showed cortical reorganization after intensive training with constraint induced 

movement therapy of upper limb in stroke.19,20 

CIMT has not been effectively transferred to lower limb in individuals with stroke as it is not 

practically possible to constraint whole non paretic lower limb without altering the gait 
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pattern.21 A study by Seok Hyun Nam (2017) et al used a 5 mm lift on the non paretic side as 

a constraint which showed significant improvement in walking speed (p<0.01) and step 

length (p<0.05) in stroke patients after 4 week intervention program.22 

There is limited evidence regarding feasibility of constraints used to induce forced use of 

paretic lower limb.21 As an alternative strategy, the non affected leg can be restrained by 

adding a weight cuff to the ankle.23,24A study by J.P Regnaux et al in 2007 suggested that 

even brief gait training using a treadmill with restrictive weight placed on the distal extremity 

of non affected lower limb can significantly improve gait ability in stroke subjects.23 

Similarly a study by Chao-Jung et al in 2017 showed induced forced use of affected leg and 

significantly improved spatiotemporal symmetry (p<0.05) of gait by applying controlled 

resistance force to non affected leg.25 

All of the studies mentioned above used treadmill for gait training. Even if treadmill walking 

is proven to be effective over ground walking, ultimate aim of the neurological rehabilitation 

is the patient should be able to walk on the ground without any assistance. Effect obtained by 

the studies which used treadmill walking as an intervention with additional weight on any of 

the lower extremity are not well defined as the author are not able to justify whether the effect 

is because of treadmill walking or the additional weight applied on any of the lower 

extremity. This is because of treadmill walking aids in initiating the gait cycle limiting the 

lower limb muscle work.26 Inertia for taking a step forward is provided with the help of 

treadmill,26 which can overshadow the effect of weights and can manipulate results. 

Practice is critical for producing long lasting changes in motor system networks and motor 

learning.27 Since these changes are crucial in gait recovery from stroke, recent focus has been 

placed on increasing the intensity of rehabilitation practices. 

Task oriented practice of skills has shown better results in stroke patients.28,29 Hence a 

structured task oriented gait training program will help in rehabilitation of stroke patients. 
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RATIONALEOF THE STUDY 

Walking dysfunction occurs in more than 80% of stroke survivors.30They face difficulties in 

performing activities of daily living due to gait impairment. Gait abnormalities along with 

muscle weakness place stroke survivors at a high risk of falls.30 Restoration of walking 

continues to be a major goal of rehabilitation for persons with stroke.31 

Various approaches have been used to tackle gait impairments in stroke patients such as robot 

assisted gait training,32 body weight support treadmill training,33 functional electrical 

stimulation34etc; but these programs haven’t been effectively transferred in clinical practice 

because of cost and training required to carry out these techniques. 

Thus, there is a necessity to find a gait training program which can be carried out with less 

time, space, manpower, and infrastructure which will help in improving walking in stroke 

patients and help them to carry out activities of daily life effectively. 

It has been proved that application of additional weight on ankle of non affected side, while 

walking on treadmill improves gait parameters in chronic stroke patients.23,24But there is little 

evidence on the effect of application of additional load over non affected ankle on gait 

parameters in chronic stroke patients while walking on the ground.  

Although various studies have shown improvement in different gait parameters using 

additional weight, there is scarcity in literature regarding the effect of additional weight on 

angular parameters of swing phase and spatiotemporal parameters. Therefore the purpose of 

this study is to find the effectiveness of weight application on non affected lower extremity 

on swing phase of affected side and spatiotemporal parameters in stroke patients. 
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RESEARCH QUESTION 

Is there any effect of additional weight on non affected lower extremity versus without 

additional weight on non affected lower extremity on gait parameters after 6 weeks gait 

training program in chronic stroke patients aged 45-75years using Kinovea software? 
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HYPOTHESIS 

 

Null Hypothesis:  

There is no significant difference in the effect of additional weight on non affected lower 

extremity versus without additional weight on non affected lower extremity on gait 

parameters after 6 weeks gait training program in chronic stroke patients aged 45-75 years 

using Kinovea software. 

Alternate Hypothesis: 

There is significant difference in the effect of additional weight on non affected lower 

extremity versus without additional weight on non affected lower extremity on gait 

parameters after 6 weeks gait training program in chronic stroke patients aged 45-75 years 

using Kinovea software. 
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OBJECTIVE 

To study the effect of additional weight on non affected lower extremity versus without 

additional weight on non affected lower extremity on gait parameters after 6 weeks gait 

training program in chronic stroke patients aged 45-75 years using Kinovea software. 
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REVIEW OF LITERATURE 

 

1. Victor Hung et al presented a study on the effects of somatosensory input on gait in 

individuals post- stroke in 2020. Fifteen participants with chronic stroke and fifteen age-

similar, non-neurologically impaired participants were included in this study. Participants 

wereasked to walk with no tactor (NT) at a self-selected speed and then wererandomly 

assigned to 4 different tactor vibration conditions bilateral off [BOFF], bilateral on {BON], 

ipsilateral on [ION], and contralateral on [CON]) at the same walking speed. Paretic limb of 

participant post-stroke, non-paretic limb of participant post-stroke, and non-impaired limb of 

non-neurologically impaired individuals were examined. In the paretic limb, ankle 

dorsiflexion at heel strike was greater for ION and CON conditions when compared to NT 

condition. Significant effect was seen in limb for peak propulsive force, propulsive impulse, 

peak braking force, braking impulse, and ankle angle at toe-off (p<0.05). They concluded that 

in post-stroke individuals gait can be modified by adding additional somatosensory input. 35 

 

2. Pilar Fernández-González et al presented a study on reliability of Kinovea software and 

agreement with a three-dimensional motion system for gait analysis in healthy subjects in 

2020. 50 participants were included in this study. Participants were evaluated twice with one 

week interval between the two appointments. Intra and inter rater reliability was calculated. 

Inter-rater reliability for hip, knee and ankle angles was greater than inter class coefficients 

correlation (ICC) =0.85. Intra group reliability was also good with ICC greater than 0.90. 36 

 

3. Ming Wu et al in 2019 presented a study on forced use of paretic leg induced by 

constraining the nonparetic leg leads to motor learning in individuals poststroke. Sixteen 

chronic stroke patients were recruited in this study. Each subject was asked to walk in two 

different conditions; one was treadmill walking with constrained force on non-paretic leg and 

another was treadmill walking only. For the additional constraint force condition, the protocol 

was walking for 1 min without load (pre), walking with constraint for 7 min (adaptation) and 
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walking without load (post). EMG evaluation throughout the study shows increased activity 

of ankle plantar-flexors and hip extensors during stance phase in early adaption setting and 

post setting also.  There was a significant improvement in symmetry of step length during 

over ground walking (p=0.04) after treadmill walking with the constraint condition, but had 

no significant change after treadmill walking only.This suggests that gait symmetry was 

significantly improved in constraint condition as compare to without constraint.21 

 

4. Albert Puig-Divı, et al presented a study onvalidity and reliability of the Kinovea program 

in obtaining angles and distances using coordinates in 4 perspectives in 2019. In Kinovea the 

perspective between the camera and the recorded object is used to measure an object or a 

person passing in front of the camera. Determining validity of the Kinovea software 

compared to AutoCAD, and its intra and inter-rater reliability in obtaining coordinates data is 

primary objective of this study. The study concludes that Kinovea software is a valid and 

reliable tool that is able to measure accurately at distances up to 5 m from the object and at an 

angle range of 90˚–45˚.8 

 

5. Kyung-Hoon Kim, Suk-Min Lee (2019) done study on effects of forward & backward 

walking training with progressive body weight supported on stroke patients. A total of 36 

chronic stroke patients were divided into three groups with 12 subjects in each group. 

Participants were divided into 3 groups body weight supported treadmill forward and 

backward walking training, progressive body weight supported treadmill forward walking 

training, progressive body weight supported treadmill backward walking training. The results 

of the study, there were significant changes in gait characteristics within each group 

(p＜0.05).Significant difference were observed among the three groups in stride length, 

double limb support stance, cadence, 10 m walk test, and 6 minutes walk test. (p＜0.05) They 

found that repetitive treadmill gait and task-oriented approach including forward and 

backward walking increased automatic movement during gait training, thereby improving 
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stride length and cadence.37 

 

6. A study done by Ashwini kale (2019) et al on effect of backward walking on gait 

parameters in stroke patients. 30 stroke patients with age 40-60 years were included in this 

study. Participants were divided in 2 groups. Experimental group was backward walking with 

conventional gait training whereas control group was conventional gait training only. 

Spatiotemporal parameters were analyzed. Results suggests that backward walking in 

addition to the conventional walking exhibited significant improvement with respect to 

walking speed, cadence, stride length, step time, step length, proving the effectiveness of 

backward walking training. (p<0.05)38 

 

7. Jaeho park et al presented a study in 2018, the effects of an additional weight aquatic 

exercise program on balance and lower extremity strength in person with stroke. 40 subjects 

participated in this study, out of which thirteen subjects were in additional weight aquatic 

exercise group, twelve in aquatic exercise group and 15 in control group. All subjects were 

assessed with the Medical Research Council (MRC), the Berg Balance scale (BBS), Timed Up 

and Go test (TUG), and 10-meter walk test (10MWT) pre and post intervention. The MRC, 

BBS, TUG, and 10MWT scores significantly improved post-intervention (p<0.05), and the 

control group also had significantly improved in all areas post-treatment (p<0.05). The study 

concludes that the additional weight aquatic exercise program improves lower extremity and 

balance in person with stroke.39 

 

8. Kazuki Fujita, Hideaki Hori, Yasutaka Kobayashi in 2018 evaluated contribution of 

muscle activity at different gait phases for improving walking performance in chronic stroke 

patients with hemiparesis.  40 chronic post-stroke patients were recruited. Electromyography 

of the tibialis anterior, soleus, rectus femoris, and biceps femoris on the paralyzed side were 

examined and spatiotemporal gait parameters were assessed. Average amplitude and 
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asymmetry indexes of each gait phase, correlations between gait velocity or asymmetry 

indexes and the activity amplitudes of various muscles during each gait phase were analyzed. 

The tibialis anterior activity (β=−0.35) and biceps femoris activity (β=0.45) during the swing 

phase were major determinants of gait velocity. Study concludes that improvement in 

walking performance will occur if the focus of treatment is increasing the biceps femoris 

activity during the swing phase.40 

 

9. Jae-woonghwang et al presented a study in 2017, the effect of ankle weight loading on 

the walking factors of adults without symptoms. 20 male and female asymptomatic healthy 

individuals were included in this study. They were asked to walk on the plate with 0 %, 1% 

and 2% of the body weight and spatiotemporal parameters were observed with GaitRite 

system. The study concludes that there was significant difference in walking distance, 

velocity and cadence between 0% group and 1% group and 0% and 2% of the body weight 

settings(p<0.05).41 

 

10. Tatiana Souza Ribeiro et al in 2017 evaluated the influence of the load addition during 

treadmill training on cardiovascular parameters and gait performance in patients with stroke. 

Thirty-eight stroke subjects were recruited they were randomly allocated into experimental 

group, which underwent treadmill training with a mass attached on non paretic lower limb 

and control group, which underwent only treadmill training. Intervention was given for 9 

session and cardiovascular parameters and spatiotemporal parameters were assessed. Results 

suggest increased walking distance and speed with no change in cardiovascular 

parameters.(p>0.05) So the study proves that it can be safely introduced as gait training 

program in poststroke individuals.24 

 

11. A study by Chao-Jung Hsu et al in 2017 on forced use of the paretic leg induced by 

constraint force applied to the nonparetic leg in individuals poststroke during walking. 
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Fifteen participants having chronic stroke with hemiparesis who were able to walk 

independently with or without assistance were included in this study. Each subject were asked 

to walk on treadmill for 2 sessions with min and maximum speed and then asked to walk with 

controlled resistance force applied to the nonparetic leg in swing phase. The study concludes 

that application of controlled resistance force to the nonparetic leg during early swing phase 

may induce forced use of paretic leg and improve the spatiotemporal symmetry in poststroke 

individuals.25 

 

12. Tatiana S. Ribeiro et al in 2017 presented a study on effect of treadmill training with 

load addition on non paretic lower limb on gait parameters after stroke. 19 chronic poststroke 

patients were recruited in this study. Participants were randomly allocated in 2 groups; one 

with treadmill training with load on ankle and the other without load on ankle; with both 

undertaking daily training for 2 weeks i.e 9 sessions. Post training participants exhibited 

increased walking speed, cadence and greater hip and knee joint excursion in both 

limbs.(p<0.05). Both the groups showed similar improvements in gait parameters. (p>0.05) 

Hence,study concluded that additional weight may not have attributed to any additional 

benefits to the gait training.42 

 

13. Seok Hyun Nam et al presented a study in 2017 changes of gait parameters following 

constrained-weight shift training in patients with stroke which concludes that constrained 

weight shift training on the paretic lower limb is an effective treatment method for improving 

normal gait pattern in stroke patients.43 

 

14. Jae-Ho Park et al presented a study in 2017a comparison of underwater gait training 

with additional weight application and over-ground gait training to improve balance and 

lower extremity strength in persons with stroke which concludes that applying additional 

weight during underwater gait training improves lower extremity strength and balance in 
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stroke patients.44 

 

15. Cho-Rong Kim et al (2017)done EMG study for muscle activation during variable gait 

training in stroke patients: stepper climbing, stair-up and level-ground gait.  Results 

concluded that there is overall increased muscle activity during the level-ground gait was 

higher than the stair-up condition, and the muscle activity during the stair-up condition was 

higher than the muscle activity during the stepper climbing condition.45 

 

16. Kim et al (2017) done a study on comparison of the effect of lateral and backward 

walking training on walking function in patients with post stroke hemiplegia. Results showed 

there were significant improvement in gait velocity (p=0.02) and stride length (p= 0.02), 

decreases in the values of the 10-m walk test (p=0.03) and double-limb support period (p= 

0.000), and improvements in gait asymmetry (p= 0.002) (P < 0.01) in subjects in the lateral 

walking training group compared with those in the other 2 groups. Significant improvement 

was seen in asymmetric gait patterns in post stroke patients after receiving additional lateral 

walking training.46 

 

17. Jessica L Burpee et aldone a study in 2015on Biomechanical gait characteristics of 

naturally occurring unsuccessful foot clearance during swing in individuals with chronic 

stroke. 26 participants with chronic stroke were included in this study. Temporal, kinematic, 

and kinetic measures of the paretic limb occurring during late stance, toe-off, and swing were 

compared between trip and non-trip steps using paired samples t-tests. In the paretic limb, the 

ankle angle at toe off (P = 0.003; d = 0.64), knee flexion velocity at toe off 

(P < 0.001; d = 0.73), and peak knee extension moment during terminal stance 

(P < 0.001; d = 0.74) were significantly different between trips and non-trip steps. The multi-

joint biomechanical changes occurring in the paretic limb during unsuccessful foot clearance 

result in a functionally longer limb. Thus, interventions targeting multiple joints in the paretic 
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limb may be needed to reduce the risk of fall following stroke.47 

 

18. Virginia W. Chu et al presented a study in 2015 perception of lower extremity loads in 

stroke survivors which concludes that Sensory deficit related to load detection in the impaired 

limb could result in an increased uncertainty of limb load and a gait strategy in which stroke 

survivors minimize loading of the impaired limb.48 

 

19. A study by Cyril duclos et alin 2014 on effect of walking with loads above the ankle on 

gait parameters of persons with hemiparesis after stroke. Ten poststroke individual with 

moderate chronic hemiparesis, were assessed while walking over ground with three different 

loads of 0.5 kg, 1 kg and 1.5 kg attached above the paretic ankle. Spatiotemporal parameters, 

kinematic and kinetic parameters were assessed using a 3 D gait analyzer. Walking with a 

load led to an increased in gait speed and in step length of the paretic limb, but not of the 

non-paretic leg. The proportion of the stance and swing phases did not change. Maximal joint 

moments and power increases varied across participants but were mostly affected in early 

stance at the hip and during the late swing phase at the knee.49 

 

20. A study by Taeyou Jung et al in 2010 on effect of applying additional weight to the 

affected leg on gait patterns during aquatic treadmill walking in people poststroke. 22 stroke 

patients with chronic hemiparesis above 40 yrs of age who were able to walk 10 m with or 

without assistance were included in this study. All the participants were asked to walk under 

water on treadmill in 3 different conditions i.e 1) no additional weight, 2) with weight above 

the affected knee 3) with weight placed above ankle. The study concludes that use of 

additional load on affected limb can reduce unwanted limb floatation and assists in increasing 

stance stability by increasing stance phase percentage of gait cycle.50 

 

21. Lara A Boyd et al (2010) did a study on motor learning in stroke patients. Study 
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concluded that skill learning of a repeated sequence alter cortical activation by inducing a 

more normal, contralateral pattern of brain activation. Also, stated that task-specific motor 

learning is an important stimulant for neuroplastic change and can remediate maladaptive 

patterns of brain activity after stroke.51 

 

22. A study by J.P Regnaux et al in 2007 on effect of loading the unaffected limb for one 

session of locomotor training on laboratory measures of gait in stroke. Ten individuals having 

acute stroke who were able to walk 10 m without assistance were included in this study. Short 

term effects on gait parameters were assessed by using 3D gait analysis system pre, post and 

immediately after 20 minutes of treadmill training with additional load. This study concludes 

that even brief gait training with a treadmill with restrictive weight placed on distal extremity 

of the non hemiparetic lower limb can improve walking speed, step length and cadence. Also 

weight bearing on paretic lower limb was increased along with hip and knee excursion.23 

 

23. Song Joo Lee et al presented a study in 2007 biomechanics of over-ground vs. treadmill 

walking in healthy individuals which concludes that while temporal gait parameters and 

kinematic patterns are similar between treadmill and over-ground walking, the muscle 

activation patterns and joint moments and powers used to achieve these movement patterns 

are often different.52 

 

24. S.L. Brown et al in 2006 evaluated influence of stepping cue on step reaction time, 

EMG, and ground reaction forces.  The purpose of this study was to assess the effect of 

visual, cutaneous and noise cues on time to onset (reaction time), time to peak, time to offset, 

load amplitude.16 male and 16 female healthy subjects with mean age 25 year were recruited 

in this study. Subjects were asked to stand with their right leg on a force platform with weight 

equally distributed and were instructed to take threesteps as fast as possible starting with the 

right foot. Visual go cue, a sural stimulation cue, arm cutaneous stimulation, or loud noise 
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was given at at random intervals. The ICC average inter-rater reliability of the four raters was 

0.76 (range: 0.60 – 0.94). ICC average intraraterreliabilities were 0.89, 0.91, 0.93 and 0.93 

for the four raters. They found cutaneous stimulation is more effective to decrease the time 

for the release of the step when compared to visual cuing. In conclusion, reaction time can be 

shortened significantly by using a cutaneous cue.53 

 

 

25. David A Brown et al presented a study in 2005limb-loaded cycling program for 

locomotor intervention following stroke which concludes that limb-loaded cycling can 

accommodate people with little force generating capability or weight-bearing ability as they 

practice locomotor skills.54 
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MATERIAL AND METHODS 

Type of study: Randomized Controlled Trial. 

Study setting: Physiotherapy OPD in tertiary care settings 

Study Population: Chronic stroke patients of age 45 to 75. 

Duration of study: 18 months  

Sampling technique: Convenient sampling method. 

Sample size estimation:  

The sample size is determined considering study by Seung Ho Shin (2014) “EFFECT OF 

GAIT TRAINING WITH ADDITIONAL WEIGHT ON BALANCE AND GAIT IN 

STROKE PATIENTS.”55 

The mean and standard deviation value for step length in Group 1 was 47.23±12.32 and for 

Group 2 was 25.21±9.27.  

The formula used:  n = 4(Zα+ Zβ)2 SD2 /(X̅1- X̅2)2  

Where, 

Zα – standard normal variant at α level. 

Zβ – standard normal variant at α level. 

SD – standard deviation 

X̅ - mean  

Where, α = 5%, β= 20%         

The required sample size considering the dropout rate is calculated as 40, i.e. 20-20 in each 

group. 

The sample size was calculated by using open EPI calculator version 7. 
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INCLUSION CRITERIA: 

Diagnosed with cerebro-vascular accident (6 months onwards after first onset).  

Both male and female. 

Ability to walk for 10 meters without assistance.  

Clinically diagnosed post stroke patients graded with Brunnstrom’s recovery stage 4 of lower 

extremity.  

 

EXCLUSION CRITERIA: 

Repeated onset of stroke.  

Patient having vestibular disorders. 

Any other neurological condition. 

Cognitively impaired patients.  (Mini Mental State Examination score ≤24). 

Cardiovascular conditions e.g recent myocardial infarction, unstable angina etc. 

Patients with fracture or trauma of lower extremity. 

Uncorrected vision and auditory impairments. 

 

OPERATIONAL DEFINITION: 

Chronic Stroke:  

Stroke is classically characterized as a neurological deficit attributed to an acute focal injury 

of the central nervous system by a vascular cause, including cerebral infarction, intracerebral 

hemorrhage, and subarachnoid hemorrhage, and is a major cause of disability and death 

worldwide.1 

Chronic stroke is defined as 6 months and onwards after the onset of stroke.  

Spatiotemporal parameters:5,6 

Cadence: The number of steps taken by person per unit time. 

Step length: Linear distance between two successive points of contact of opposite extremity. 

Stride length: A linear distance between two successive events that are accomplished by 
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same lower extremity. 

Gait cycle: Gait cycle is defined as a movement of one foot strike to the successive foot 

strike of the same lower extremity. It consists of stance phase and swing phase. 

Angular parameters of swing phase5,6:  

Acceleration: acceleration begins once the toe leaves the ground and continues until mid 

swing. It consists of, hip flexion, knee flexion and ankle plantarflexion. 

Mid swing: mid swing occurs approximately when the extremity passes directly beneath the 

body. It consists of hip flexion, knee flexion and dorsiflexion. 

Deceleration:  deceleration occurs after midswing when the limb is decelerating in 

preparation of heel strike. It consist of hip flexion, knee extension and ankle dorsiflexion.  

 

VARIABLES: 

Independent variable:  

Gait training program with additional load on non affected lower extremity. 

Gait training program without additional load on non affected lower extremity. 

Dependent variables:  

Gait parameters: 

Spatiotemporal variables  

Angular parameters of affected lower extremity in swing phase. 
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METHODS OF MEASUREMENTS: 

To assess spatiotemporal parameters:  

For assessing spatiotemporal parameters, foot print method using paint was done. A2 meter 

card-sheet was placed on the floor with adhesive tape. Patients were asked to walk on card-

sheet as a trial before the assessment.Then they were instructed to immerse both the feet in 

ink and were asked to walk on card-sheet with their normal speed. Stride length and step 

length of both lower extremities was measured from the imprints on the sheet. The sheets 

were stored for records and backup. Cadence was calculated by asking the patient to walk on 

a stipulated area for a minute.  

 

 

Photo 1: footprint method using ink to assess spatiotemporal parameters 
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To assess angular parameters of affected lower extremity in swing phase: 

The patient was made to walk on ground. Video was recorded for gait analysis. Angular 

parameters during swing phase were assessed using Kinovea software version 0.8.15 (24). 

Three points (markers) were selected in order to measure the relative angle of the hip, knee 

and ankle for any instance.  

The markers were placed over; Anterior superior iliac spine, Posterior superior iliac spine, 

Greater trochanter of femur, femoral condyle, Lateral aspect of mid calf level, Lateral 

malleolus, second metatarsal and calcaneus   

The main marker under consideration was on the hip, knee and ankle. The other two markers 

include the two markers adjacent these joints. From these 3 points (markers), the relative 

angles of hip, knee and ankle were determined during walking.   

The data was stored according to subject.  

 

Photo 2 : Markers placement on lower extremity.  



 [Page :27] 
   

STUDY INSTRUMENTS OR DATA COLLECTION TOOLS 

 

Photo 3: Weight cuff                                              Photo 4: Step stool 

               

Photo 5: Kinovea software                                               Photo 6: Ink pad 

 

Photo 7: Cardboard sheet                                          Photo 8: Measuring tape 
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METHOD OF DATA COLLECTION: 

The study was performed on chronic stroke patients aged 45-74 years. Permission from the 

institutional head and ethics committee was taken. Intervention was explained. Written 

consents from the participants were taken. Subjects fulfilling the inclusion criteria were 

included. Demographic data were obtained. Weight cuffs weighing 5% of the body weight24 

for each patient was calculated. Pretest gait parameters were noted. Participants were 

encouraged to perform exercise for 6 weeks. Post intervention gait parameters were noted. 

Data were collected and analyzed.  

 

RANDOMIZED CONTROLLED TRIAL:  

The Samples were divided randomly according to Block Randomization Technique. 

 

 

 

 

 

 

 

 

 

 

 

 

  



 [Page :29] 
   

DATA MANAGEMENT AND ANALYSIS:  

The data were collected and entered in the excel sheet. Backup was maintained. 

Patients’ confidentiality was maintained.  

Data was used for further analysis. 

The mean, standard deviation and percentage was calculated. 

For analyzing the data within the group (pre and post) paired t test or Wilcoxon signed rank 

test whichever was applicable were done. 

For analyzing the data between the groups (mean difference) Mannwhitteny U test was 

applicable were done.  

 p ≤ 0.05 will be considered statistically significant. 
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RANDOMIZED CONTROLLED TRIAL 
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INTERVENTION 

For experimental group, gait training with additional weight was given for 30 minutes with 

institutional physiotherapy protocol for 45 minutes a day 3 times a week for 6 weeks. 

For control group, gait training without additional weight was given for 30 minutes with 

institutional physiotherapy protocol for 45 minutes a day 3 times a week for 6 weeks. 

Institutional physiotherapy protocol consisted of stretching and strengthening exercises of 

lower limbs (10 minutes), trunk stability exercises (10 minutes), standing balance training (15 

minutes) and functional re- education (10 minutes). 

CONTROL GROUP: 

The patient was asked to perform following exercises as a part of gait training6 

Walking forward and backward:  

Patient was asked to stand on a predefined spot. 

Then he was asked to step in place by doing diagonal weight shifts forward and backward 

with affected lower limb followed by unaffected lower limb. 

After practicing step forward and backward, patient was asked to walk forward and backward 

in a straight line. 

                                

Photo 9:Forward walking                              Photo 10: Backward walking 
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Side-stepping and cross-stepping: 

Patient was asked to stand on a predefined spot. 

Side-stepping –  

The patient was asked to abduct the affected limb and place it on predefined spot. 

Then same procedure was followed by the non affected limb. 

After practicing side stepping, patient was asked to walk sideways/lateral walking.  

Cross stepping –  

The patient was asked to side-step affected limb and then cross the unaffected limb up and 

over the affected limb.  

Then the reverse pattern was followed with side stepping of unaffected limb. 

 

Photo 11: Side walking 

Step up:  

Patient was asked to stand on a predefined spot. 

The patient was asked to step up by shifting weight laterally on the affected limb and placed 

the unaffected limb on the stepper.  

Then a reverse pattern was followed.  
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     Photo 12: Step up 

Stair climbing:  

First the patient was asked to place his unaffected limb on step by laterally shifting his weight 

on affected limb. Then the affected limb was placed on the step.  

First the patient was asked to climb one step at a time which will progress to alternate 

stepping with unaffected and affected limb.   

Verbal cuing and manual assistance was provided whenever needed. Rest intervals were 

given whenever was necessary. 
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  Photo 13: Stair climbing 

 

Same protocol was given for 30 minutes a day, 3 times a week for 6 weeks. 

A post intervention assessment of the spatiotemporal parameters of gait and angular 

parameters of affected extremity during swing phase of gait cycle was taken after completion 

of 6 weeks.  
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EXPERIMENTAL GROUP: 

A weight cuff of approximately 5% of body weight was tied over ankle joint of non affected 

lower extremity and the patient was asked to perform following exercises as a part of gait 

training: 

Walking forward and backward:  

Then he was asked to step in place by doing diagonal weight shifts forward and backward 

with affected lower limb followed by unaffected lower limb. 

After practicing step forward and backward, patient was asked to walk forward and backward 

in a straight line. 

                                               

Photo 14: Forward walking                                               Photo 15: Backward walking 
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Side-stepping and cross-stepping: 

Patient was asked to stand on a predefined spot. 

Side-stepping –  

The patient was asked to abduct the affected limb and place it on predefined spot. 

Then same procedure was followed by the non affected limb. 

After practicing side stepping, patient was asked to walk sideways/lateral walking.  

Cross stepping –  

The patient was asked to side-step affected limb and then cross the unaffected limb up and 

over the affected limb.  

Then the reverse pattern was followed with side stepping of unaffected limb. 

                                                               

Photo 16: Side walking                                                                    
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Step up:  

Patient was asked to stand on a predefined spot. 

The patient was asked to step up by shifting weight laterally on the affected limb and placed 

the unaffected limb on the stepper.  

Then a reverse pattern was followed.  

 

         Photo 17: Step Up 

Stair climbing:  

First the patient was asked to place his unaffected limb on step by laterally shifting his weight 

on affected limb. Then the affected limb was placed on the step.  

First the patient was asked to climb one step at a time which will progress to alternate 

stepping with unaffected and affected limb.   

Verbal cuing and manual assistance was provided whenever needed. Rest intervals were 

given whenever was necessary.  
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      Photo 18: Stair climbing  

 

Same protocol was given for 30 minutes a day, 3 times a week for 6 weeks. 

A post intervention assessment of the spatiotemporal parameters of gait and angular 

parameters of affected extremity during swing phase of gait cycle was taken after completion 

of 6 weeks.  
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RESULTS 

Total number of participants included in the study were 22 with chronic stroke aged between 

45-75 years. Participants who met the inclusion criteria were included in this study.  

 

Following were observations of the study: 

Age (in years): 

Total 22 samples were included in the study, which were equally divided in both groups; 

experimental group (n=11) and control group (n=11). In experimental group, mean age of 

samples was 52.55 ± 6.758 whereas in control group it was 49.55 ± 3.532. (Table 1, Graph 1) 

Gender: 

In control and experimental group, percentage of males and females were equal. There were 5 

females (45.5%); 6 males (54.5%). (Table 2, Graph 2)  

Affected side: 

In experimental group, 5 (45.50%) participants with left side affected and 6(54.50%) 

participants with right side affected were included. Whereas in control group, 4 (36.40%) 

participants with left side affected and 7(63.60%) participants with right side affected were 

included. (Table 3, Graph 3) 

Joint angles at different stages of swing phase within the group: 

CONTROL GROUP  

Hip joint angles at acceleration, midswing and deceleration stage of swing phase: 

There was significant increase in hip joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). (Table 4, Graph 4) 

 

Knee joint angles in acceleration, midswing and deceleration stages of swing phase: 

There was significant increase in knee joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). (Table 5, Graph 5) 

Ankle joint angles in acceleration, midswing and deceleration stages of swing phase: 
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There was significant increase in ankle joint angles in acceleration, midswing and 

deceleration stages of swing phase post intervention (p value <0.01). (Table 6, Graph 6) 

This suggests that intervention given in control group was effective in improving hip, knee 

and ankle joint angles in different stages of swing phase in stroke patients. 

EXPERIMENTAL GROUP: 

Hip joint angles in acceleration, midswing and deceleration stages of swing phase: 

There was significant increase in hip joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). (Table 7, Graph 7) 

Knee joint angles in acceleration, midswing and deceleration stages of swing phase: 

There was significant increase in knee joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). (Table 8, Graph 8) 

Ankle joint angles in acceleration, midswing and deceleration stages of swing phase: 

There was significant increase in ankle joint angles in acceleration, midswing and 

deceleration stages of swing phase post intervention (p value <0.01). (Table 9, Graph 9) 

This suggests that intervention given in experimental group was effective in improving hip, 

knee and ankle joint angles in different stages of swing phase in stroke patients.  

Joint angles at different stages of swing phase between the group (control and 

experimental group): 

Hip joint angles in acceleration, midswing and deceleration stages of swing phase: 

Mean difference of hip joint flexion at acceleration stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.606) 

Mean difference of hip joint flexion at midswing stage of swing phase in control group is not 

significantly different than that of experimental group. (p value=0.797) 

Mean difference of hip joint extension at deceleration stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.949) 

(Table 10, Graph 10) 

Knee joint angles in acceleration, midswing and deceleration stages of swing phase: 
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Mean difference of knee joint flexion at acceleration stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.332) 

Mean difference of knee joint flexion at midswing stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.748) 

Mean difference of knee joint extension at deceleration stage of swing phase in control group 

is not significantly different than that of experimental group. (p value=0.652) 

(Table 11, Graph 11) 

Ankle joint angles in acceleration, midswing and deceleration stages of swing phase: 

 Mean difference of ankle joint plantarflexion at acceleration stage of swing phase in control 

group is not significantly different than that of experimental group. (p value=0.987) 

Mean difference of ankle joint dorsiflexion at midswing stage of swing phase in control 

group is not significantly different than that of experimental group. (p value=0.890) 

Mean difference of ankle joint dorsiflexion at deceleration stage of swing phase in control 

group is not significantly different than that of experimental group. (p value=0.748) 

 (Table 12, Graph 12) 

This suggests that intervention given in control group as well as experimental group was 

equally effective in improving hip, knee and ankle joint angles in different stages of swing 

phase in stroke patients. But none of the intervention given in any group showed better results 

than the other. 

Spatiotemporal parameters compared within the group: 

CONTROL GROUP 

Step length of left and right leg: 

There was significant increase in step length of left leg post intervention (p value <0.01).  

There was significant increase in step length of right leg post intervention (p value <0.01). 

This suggests that intervention given in control group was effective in improving in step 

length of left and right leg in stroke patients. (Table 13, Graph 13) 

Stride length of left and right leg: 
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There was significant increase in stride length of left leg post intervention (p value <0.01).  

There was significant increase in stride length of right leg post intervention (p value <0.01).  

This suggests that intervention given in control group was effective in improving in stride 

length of left and right leg in stroke patients. (Table 14, Graph 14) 

Cadence: 

There was significant increase in cadence post intervention (p value <0.01).  

This suggests that intervention given in control group was effective in improving cadence in 

stroke patients. (Table 15, Graph 15) 

EXPERIMENTAL GROUP: 

Step length of left and right leg: 

There was significant increase in step length of left leg post intervention (p value <0.01). 

There was significant increase in step length of right leg post intervention (p value <0.01).  

This suggests that intervention given in experimental group was effective in improving in 

step length of left and right leg in stroke patients. (Table 16, Graph 16) 

Stride length of left and right leg: 

There was significant increase in stride length of left leg post intervention (p value <0.01). 

There was significant increase in stride length of right leg post intervention (p value <0.01).  

This suggests that intervention given in experimental group was effective in improving in 

stride length of left and right leg in stroke patients. (Table 17, Graph 17) 

Cadence 

There was significant increase in cadence post intervention (p value <0.01). This suggests 

that intervention given in experimental group was effective in improving cadence in stroke 

patients. (Table 18, Graph 18) 

 

Spatiotemporal parameters compared between the group: 

Step length of left and right leg: 

There was not a significant difference in mean difference of step length of left leg of control 
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group when compared with that of experimental group. (p value=0.562) 

There was not a significant difference in mean difference of step length of right leg when 

compared with that of experimental group.(p value=0.847) 

This suggests that intervention given in both groups were equally effective in improving step 

length of left and right leg. None of the intervention in any group was better than the other. 

(Table 19, Graph 19) 

Stride length of left and right leg: 

There was not a significant difference in mean difference of stride length of left leg of control 

group when compared with that of experimental group. (p value=0.949) 

There was not a significant difference in mean difference of stride length of right leg when 

compared with that of experimental group. (p value=0.847) 

This suggests that intervention given in both groups were equally effective in improving 

stride length of left and right leg. None of the intervention in any group was better than the 

other. (Table 20, Graph 20) 

Cadence: 

There was not a significant difference in mean difference of cadence of control group when 

compared with that of experimental group. (p value=1.00) This suggests that both 

interventions were equally effective in improving cadence. None of the intervention was 

better that the other. (Table 21, Graph 21)   



 [Page :44] 
   

 

DISCUSSION 

A randomized controlled trial was carried out to study the effect of additional weight on non -

affected lower extremity versus without additional weight on non-affected lower extremity on 

gait parameters after 6 weeks gait training program in chronic stroke patients aged 45-75 

years using Kinovea software.  

According to the literature, a very high prevalence of gait impairment is found in stroke. 

Walking dysfunction occurs in more than 80% of stroke patients.30 Gait abnormality is 

characterized by a pronounced clinical gait asymmetry and impaired biomechanics.30 It 

affects activities of daily living in most of the patients. Hence, working on gait rehabilitation 

is a crucial part of treatment of stroke survivors. 

In the present study, the estimated sample size was 40. After the approval from the university 

the sample collection was started. After the onset of Covid-19 pandemic, lockdown was 

issued by the government during first and second wave of the pandemic. Because of 

lockdown the desired samples could not be collected. After the near normal situation sample 

collection was started. As the protocol of this study is 6 weeks long, due to shortage of time, 

only 22 samples were included in this study.  

A large amount of gait training for rehabilitation of acute and sub-acute phase of stroke has 

suggested that there is potential for improvement, but the research of gait rehabilitation 

during the chronic phase of stroke is inconclusive.56 The main purpose of this study was to 

assess the effects of gait rehabilitation in patients with chronic stroke, i.e. over six months 

since they had a stroke. 

Normal gait cycle consist of swing phase and stance phase. According to traditional 

classification of gait cycle, there are 4 stages in stance phase which are heel strike, foot flat, 

help off and toe off whereas swing phase includes acceleration, midswing and deceleration. 

According to kinematics of normal gait cycle, hip joint range of motion goes from 15-20 

degree flexion in acceleration, 25-30 degree flexion in midswing and 20-25 degree of hip 
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flexion (relative extension) in deceleration. Range of motion of knee joint in acceleration is 

60 degree; in midswingit is 30-45 degree knee flexion whereas in deceleration knee appears 

to be fully extended. For ankle joint, normal range of motion in acceleration is 5 to 10 degree 

plantarflexion while in midswing and deceleration ankle joint is neutral. In spatiotemporal 

parameters normal value of stride length is 1.48±0.18 meters in males and 1.27±0.19 in 

females while for step cadence it is 110±10 steps per minute for male and 116±12 in 

females.5,6 

According to observational gait analysis of swing phase in stroke patients conducted by Sally 

Moore et al, increased or decreased peak hip flexion, decreased peak knee flexion in early 

swing and decreased peak dorsiflexion in overall swing phase is observed. All of these 

findings attribute to decreased spatiotemporal parameters in stroke patients.57 

The hemiplegic gait has been reported with limitation in cadence, stride length and step 

length. There is inability to produce selective movement in the joints of the lower extremity. 

Decreased joint movement and step length results in slow velocity of gait cycle. Attempts to 

increase walking velocity by hemiplegic subjects may result in safety issues and abnormal 

gait pattern.  Hence,  structured  walking  pattern  should  be established  to  promote  optimal  

gait  of the  stroke  patients. 

In the present study, experimental group comprised of gait training with additional weight on 

non- affected lower extremity and control group comprised of gait training only. The Samples 

were divided randomly according to Block Randomization Technique. Participants were 

randomly distributed into both the groups that resulted in equal sample sizes. 6 Blocks were 

determined which were the multiple of 24. 4 possible balanced combinations were assigned 

within each block. 

Of 11 cases studied in experimental group, 6 were male (54.5%) and 5 were female (45.5). Of 

11 cases studies in control group, 6 were males (54.5%) and 5 were females (45.5%). The 

minimum and maximum age in control and experimental is 45-65 years respectively. 

In experimental group, gait training was given with additional weight tied over ankle. 
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Additional weight was hypothesized to act as a restraint and increase muscle activation in 

paretic lower limb. Increased muscle activity in paretic lower limb would eventually help in 

normalizing swing phase and spatiotemporal parameters.  

Since lower limb activities are predominantly bilateral; constraining the use of a lower limb is 

quite challenging. Whole-leg orthosis58; even prosthesis59 has been used as a constraint in 

lower extremity; however, these constraints significantly change the gait pattern and may 

increase metabolic demands on body. A study conducted by Ribeiro concluded that load 

addition of 5% of body weight on nonparetic lower limb did not alter cardiovascular 

parameters.24 Hence in present study 5% of body weight was used as an additional weight 

along with the gait training in experimental group. 

This was done in accordance with the study done by Seung Ho Shina, Mi Young Leeb (2014) 

on effect of gait training with additional weight on balance and gait in stroke patients.55 

According to this study, weight application increased muscle activation in the affected lower 

limb and shifted weight load toward the affected side. A significant increase in functional 

reach test, time up and go, berg balance scale was seen in both groups after intervention 

(p<0.05).In the additional weight group, a significant increase in gait ability was seen in after 

intervention (p<0.05). Study concluded that gait training method used in the study is effective 

and suitable for stroke patients to increase the ability of functional performance.55 

Influence of load addition on gait performance in stroke patients was investigated by Tatiana 

Souza Ribeiro (2017) et al. Additional weight with 5% of the body weight was used on non 

paretic lower extremity. The results showed improvement in speed and walking performance 

(p value<0.01).24 

Also a study conducted by Regnaux (2008) et al, used an ankle mass fixed on non- affected 

lower extremity while doing treadmill training. Results showed significant improvement in 

walking speed (P<0.001), step length (P<0.01) and cadence (P<0.01). Weight-bearing on the 

paretic leg increased (P<0.01) along with kinematic modifications including greater hip and 

knee excursion.23 
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In the current study, both interventions were found to be effective in improving gait 

parameters. The statistically significant differences were observed in gait parameters in 

statistical analysis of pre- and post intervention in the both groups (control and experimental), 

i.e., paired sample t test (parametric) and Wilcoxon matched-pairs signed-rank test(non-

parametric) whichever was applicable in both the groups showed statistically significant 

differences.(p value<0.01)Whereas, Mann-Whitney U test was performed to compare the 

results of post intervention on gait parameters between control and experimental group. Test 

results showed that there was no significant difference in the statistical analysis of post-

treatment results when compared between the groups. (p value>0.05) 

In the present study, after gait training in experimental group with addition of a load 

equivalent to 5% of body weight on the ankle and gait training in control group yield similar 

results. In support of this finding, a randomized controlled clinical trial conducted by Tatiana 

S. Ribeiro(2017) et al on effects of treadmill training with load addition on non-paretic lower 

limb on gait parameters after stroke. Treadmill training with load (equivalent to 5% of body 

weight) on the non-paretic ankle (experimental group) and treadmill training without load 

(control group) was given. Hip, knee and ankle range of motion was measured within the gait 

cycle. There was not a significant difference (p>0.05) when results of post intervention 

compared within the group. Similar effects were observed in all three components. Results 

indicate that load addition used as a restraint may not provide additional benefits to gait 

training.42 

In current study, gait training used in both groups was same except for the additional weight 

on lower extremity in experimental group. A statistically significant effect was observed after 

gait training in swing phase of gait cycle and spatiotemporal parameters in both groups 

(control group and experimental group).  

In gait training used in current study, the patient was encouraged to practice functional, task-

specific skills with manual assistance and visual cues, including the following:6 

1. Walking forward: In walking forward focus was  on moving out of synergy 
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            by combining hip and knee extension with hip abduction. 

2. Walking backward: In walking backward main focus was on moving out of synergy 

by combining hip extensors with knee flexors. 

3. Side stepping: In side stepping focus was on moving out of synergy by combining hip 

abductors with hip and knee extensors. 

4. Crossed stepping: The PNF activity of braiding combines side-stepping and cross-

stepping which helps in activating hip abductors and adductors. 

5. Step-up/step-down activities. 

6. Stair climbing. 

In swing phase; hip, knee and ankle joint angles of acceleration, mid-swing and deceleration 

was measured. Hip joint angles at different stages of swing phase were significantly 

improved (p value<0.01) after the intervention in both the groups. Repetitive practice of 

stepping up and stair climbing may have influenced on the peak hip flexion which may have 

helped in increasing hip flexion angles in acceleration, midswing and deceleration of swing 

phase. Increased activity in rectus femoris, was observed while step up and stair climbing.  

Knee joint angles of different stages of swing phase were significantly improved (p value 

<0.01) after the intervention given in both the groups. This may be because of increased knee 

flexion activity due to repeated backward walking, step up and stair climbing activity.(11,12) 

Literature suggests that there is increased muscle activity in biceps femoris which is a knee 

flexor in stair climbing and on ramps in stepping phase.(11) 

Ankle joint angles of different stages of swing phase were significantly improved (p 

value<0.01) after intervention. Tibialis anterior  is  necessary  to  help  avoid dragging  feet  

on  the  ground  during  the  swing  phase.(11)The reason behind this can be  increased tibialis 

anterior activity in step up and stair climbing.  

Spatiotemporal parameter which includes step length, stride length and cadence showed 

significant improvement after intervention with p value < 0.01. Repeated practice of forward 

and backward walking may have helped in yielding these results. 
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Cho-Rong Kim et al (2017) on EMG study for muscle activation during variable gait training 

in stroke patients: stepper climbing, stair-up and level-ground gait.  Results concluded that 

there is overall increased muscle activity during the level-ground gait was higher than the 

stair-up condition, and the muscle activity during the stair-up condition was higher than the 

muscle activity during the stepper climbing condition. This is in accordance with present 

study, which showed increased joint angles in different stages of swing phase which may be 

due to increased muscle activity.45 

A study done by Ashwini Kale(2019) et al on effect of backward walking on gait parameters 

in stroke patients. Spatiotemporal parameters were analyzed. Results suggests that backward 

walking in addition to the conventional walking exhibited significant improvement with 

respect to walking speed, cadence, stride length, step time, step length, proving the 

effectiveness of backward walking training (p<0.05)38 

Kyung-Hoon Kim, Suk-Min Lee (2019) done study on effects of forward & backward 

walking training with progressive body weight supported on stroke patients. The results of 

the study, there were significant changes in gait characteristics within each group 

(p＜0.05).Significant difference were observed among the three groups in stride length, 

double limb support stance, cadence, 10 m walk test, and 6 minutes walk test. (p＜0.05)They 

found that repetitive treadmill gait and task-oriented approach including forward and 

backward walking increased automatic movement during gait training, thereby improving 

stride length and cadence.37 

Winter et al(1987) mentioned that backward walking appears to be a mirror image of forward 

walking. Kinematic movement pattern of forward and backward walking was remarkably 

similar (r = 0.95 for hip and ankle). They reported that in order to produce the muscle 

activation pattern involved in forward walking the temporal cycling of the muscle contraction 

in backward walking is simply reversed. Increased feedback though the sensory receptors of 

the soles led to weight movement and support onto non-paretic and paretic sides in a proper 

and precise direction, as well as improvement in lower limbs muscle strength and motor 
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learning ability and reduction in double limb support stance. This is a possible reason for the 

improve gait performance after additional backward walking training.60 

Kim et al (2017) done a study on comparison of the effect of lateral and backward walking 

training on walking function in patients with post stroke hemiplegia. Results showed there 

were significant improvement in gait velocity (p=0.02) and stride length (p= 0.02), decreases 

in the values of the 10-m walk test (p=0.03) and double-limb support period (p= 0.000), and 

improvements in gait asymmetry (p= 0.002) (P < 0.01) in subjects in the lateral walking 

training group compared with those in the other 2 groups. Significant improvement was 

observed in asymmetric gait patterns in post stroke patients after receiving additional lateral 

walking training.46 

Lara A Boyd et al(2011) did a study on motor learning in stroke patients. Study concluded 

that skill learning of a repeated sequence alter cortical activation by inducing a more normal, 

contralateral pattern of brain activation. Also, stated that task-specific motor learning is an 

important stimulant for neuroplastic change and can remediate maladaptive patterns of brain 

activity after stroke. In present study, task specific skills were practiced by the patients in gait 

training intervention which may have helped in motor learning and which may have 

eventually helped them in normalizing the gait parameters.51 

In the present study, manual cues and visual assistance were used in gait training program. 

Manual assistance can be considered as somatosensory stimulus to the skin and which may 

have helped in gaining better results. Victor Hung (2019) et al studied effect of 

somatosensory input on gait in individuals post stroke. Significant improvements were 

observed in peak propulsive force during stance phase, propulsive impulse during stance 

phase, peak braking force during stance phase (p<0.05). They observed that gait in post-

stroke individuals can be acutely modified by adding additional somatosensory input, 

particularly for ankle dorsiflexion at heel strike.35 

In current study, gait training may have caused increased muscle activity due to above 

mentioned reasons which helped in normalizing the angles in swing phase and spatiotemporal 
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parameters. 

 

Improvement in joint angles at different stages of swing phase and spatiotemporal parameters 

suggests that 6 weeks gait training program was effective in improving gait parameters.  
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CONCLUSION 

A randomized controlled trial was carried out on effect of additional weight on non affected 

lower extremity versus without additional weight on non affected lower extremity on gait 

parameters which includes joint angles of swing phase and spatiotemporal parameters after 6 

weeks gait training program in chronic stroke patients aged 45-75 years. 

Results of this study showed significant effect on hip, knee and ankle joint angles in 

acceleration, midswing and deceleration stage of swing phase. Also, a significant 

improvement in step and stride length as well as cadence was observed after 6 weeks gait 

training program.  

Additional weight which was used in conjunction with gait training in experimental group 

yield similar results when compared with gait training in control. The study concludes that 6 

week gait training program is effective in improving gait parameters in chronic stroke 

patients aged 45-75 years.  
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STRENGTHS 

• Simple clinical methods and readily available instruments like ink/print method was 

used to assess spatiotemporal parameters.  

• Kinovea software was used to measure joint angles in swing phase which is readily 

available, easy to use and cost effective. 

•  Intervention provided in this study consists of over ground gait training program 

which can be administered even at outpatient department (OPD).  
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WEAKNESS 

• In 6 weeks of gait training, additional weight used was constant throughout the 

intervention. Use of progressive resistance may help in yielding better results. 

• In present study, Kinovea software were used which helped in assessing two-

dimensional(2 D) motion. A three-dimensional(3 D) analysis of gait would have been 

more accurate in measuring gait parameters.  
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LIMITATIONS 

• While measuring joint angles in swing phase, anterior and posterior view was not 

taken into consideration.  

• Joint angles of non affected lower extremity were not assessed in this study. 

• Due to Covid 19 pandemic, desired sample size was not collected. 
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CLINICAL IMPLICATION 

 

Gait impairment is found in almost 80% of stroke patients which affects their day to day life. 

It also increases the risk of falls in stroke patients. Gait rehabilitation is considered as an 

important part of neuro-rehabilitation in stroke patient.   

Current study has focused on the 6-week gait training program which consists of over ground 

task oriented practice of walking skills in different combinations. This protocol can be 

performed without any instruments and hence can be performed at outpatient 

department(OPD). Findings of this study showed improvement of joint angles in swing phase 

and spatiotemporal parameters following gait training program. This protocol can be 

recommended further for clinical purposes for improving gait parameters.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 [Page :57] 
   

RECOMMENDATION 

 

• Electromyography of muscles can be done to evaluate muscle activity while gait 

training for more accurate assessment. 

• Joint angles at different stages of stance phase of gait cycle can be assessed. 
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SUMMERY 

 

A randomized controlled trial was carried out on effect of additional weight on non affected 

lower extremity versus without additional weight on non affected lower extremity on gait 

parameters which includes joint angles of swing phase and spatiotemporal parameters after 6 

weeks gait training program in chronic stroke patients aged 45-75 years. 22 stroke patients 

were included in this study, who met the inclusion criteria of having stroke since more than 6 

months and who are able to walk independently for 10 meters. Spatiotemporal parameters 

and joint angles in swing phase were measured. Samples were randomly divided in two 

groups, experimental and controlled using blocked randomization method. In experimental 

group gait training program with additional weight on non affected lower extremity was 

given for 3 days a week for 6 weeks whereas in control group, only gait training was given 

for 3 days a week for 6 weeks. Reassessment of spatiotemporal parameters and joint angles in 

swing phase was taken post 6-weekintervention. Paired t-test and Wilcoxon signed rank test 

was used to analyze data within the group whereas Mann Whitney U test was used to 

compare the mean difference between the groups. Results of this study demonstrated 

significant improvement in hip, knee and ankle joint angles in acceleration, midswing and 

deceleration stage of swing phase in both the groups.(p value <0.01)  Also, a statistically 

significant difference was observed in step length, stride length and cadence.(p value <0.01) 

Post intervention results were not statistically different when compared within the group. This 

shows that additional weight on non affected lower extremity may not provide additional 

effect on gait parameters when combined with gait training program. The study concludes 

that the gait training program for 6-week appeared to be effective in improving gait 

parameters in chronic stroke patients.  
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TABLES AND GRAPHS 

(with interpretation) 

Table 1: Distribution of sample population according to age in years 

 

Group N Mean and  

Std. Deviation in years 

Experimental 11 52.55±6.758 

control 11 49.55±3.532 

Total 22 51.05±5.481 

 

Graph 1: Graphical representation of distribution of sample population according to age in 

years 

 

 

 

Interpretation:  

Total 22 samples were included in the study, which were equally divided in both groups; 

experimental group (n=11) and control group (n=11). In experimental group, mean age of 

samples was 52.55 ± 6.758 whereas in control group it was 49.55 ± 3.532. (Table 1, Graph 1) 
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Table 2: Distribution of sample population according to gender 

 

gender * Group Crosstabulation 

 Group Total 

Experimental  Control 

Gender 

Female 

Count 5 5 10 

% within Group 45.5% 45.5% 45.5% 

Male 

Count 6 6 12 

% within Group 54.5% 54.5% 54.5% 

Total 

Count 11 11 22 

% within Group 100.0% 100.0% 100.0% 

 

Graph 2: Pie chart representation of distribution of sample size according to gender in 

percentage  

 

 

 

Interpretation:  

In both the groups, percentage of males and females were equal. There were 5 females 

(45.5%); 6 males (54.5%). (Table 2, Graph 2)  

54.50%

45.50%

experimental & control group

Male Female



 [Page :61] 
   

 

 

Table 3: Distribution of sample population according to affected side 

 

affected side * Group Crosstabulation 

 Group Total 

Control Experimental 

af
fe

ct
ed

 s
id

e 

left 

Count 4 5 9 

% within 

Group 

36.4% 45.5% 40.9% 

right 

Count 7 6 13 

% within 

Group 

63.60% 54.5% 59.1% 

Total 

Count 11 11 22 

% within 

Group 

100.0% 100.0% 100.0% 

 

 

 

Interpretation:  

In control group, 4 (36.40%) participants with left side affected and 7(63.60%) participants 

with right side affected were included. Whereas in experimental group, 5 (45.50%) 

63.60%

36.40%

control group

Right Left

54.50%

45.50%

experimental group
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participants with left side affected and 6 (54.50%) participants with right side affected were 

included.  (Table 3, Graph 3) 
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Table 4: Pre and post intervention angular changes of hip joint in different stages of swing 

phase in degrees. (control group) 

 Pre intervention 

Mean with Std. 

deviation 

Post intervention 

Mean with Std. 

deviation 

t value p value 

Acceleration Hip flexion 7.18º±1.940º 15.73º ±1.954º -27.22 <0.01 

Midswing Hip flexion 14.00º ±3.406º 22.82º ±2.803º -19.88 <0.01 

Deceleration Hip extension 7.54º±2.381º 15.36º ±2.500º 19.52 <0.01 

 

Graph 4: Graphical representation of pre and post intervention angular changes of hip joint in 

different stages of swing phase in degrees. (control group): 

 

 

 

 

Interpretation:  

Angular changes at hip joint in different stages of swing phase: 

There was significant increase in hip joint angles in acceleration, midswing and deceleration 
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stages of swing phase post intervention (p value <0.01). 

This suggests that intervention given in control group was effective in improving hip joint 

angles in different stages of swing phase in stroke patients. 

(Table 4, Graph 4) 
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Table 5: Pre and post intervention angular changes of knee joint in different stages of swing 

phase in degrees (control group): 

 Pre intervention 

Mean with Std. 

deviation 

Post intervention 

Mean with Std. 

deviation 

t value p value 

Acceleration Knee flexion 26.45º ±6.486º 34.73º ±7.030º -20.35 <0.01 

Midswing Knee flexion 17.09º ±2.809º 24.64º ±2.248º -22.18 <0.01 

Deceleration Knee extension 12.73º ±2.533º 4.73º ±2.102º -26.53 <0.01 

 

Graph 5: Graphical representation of pre and post intervention angular changes of Knee joint 

in different phases of swing phase in degrees. (control group): 

 

 

Interpretation:  

Angular changes at knee joint in different stages of swing phase: 

There was significant increase in knee joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). 
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This suggests that intervention given in control group was effective in improving knee joint 

angles in different stages of swing phase in stroke patients. 

(Table 5, Graph 5) 
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Table 6: Pre and post intervention angular changes of ankle joint in different stages of swing 

phase in degrees (control group): 

 Pre intervention 

Mean with Std. 

deviation 

Post intervention 

Mean with Std. 

deviation 

t 

value 

p 

value 

Acceleration Ankle plantarflexion 20.64º ±3.414º 18.36º ±3.472º 16.13 <0.01 

Midswing Ankle dorsiflexion 18.91º ±3.754º 16.55º ±3.698º 15.53 <0.01 

Deceleration Ankle dorsiflexion 16.91º ±3.780º 14.55º ±3.908º 15.53 <0.01 

 

 

Graph 6: Graphical representation of pre and post intervention angular changes of ankle joint 

in different stages of swing phase in degrees(control group): 

 

Interpretation:  

Angular changes at ankle joint in different stages of swing phase : 

There was significant increase in ankle joint angles in acceleration, midswing and 

deceleration stages of swing phase post intervention (p value <0.01). 
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This suggests that intervention given in control group was effective in improving ankle joint 

angles in different stages of swing phase in stroke patients. 

(Table 6, Graph 6) 
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Table 7: Pre and post intervention angular changes of hip joint in different stages of swing 

phase in degrees (experimental group): 

 Pre intervention 

Mean with Std. 

deviation 

Post intervention 

Mean with Std. 

deviation 

t value p value 

Acceleration Hip flexion 6.09º ±1.446º 14.91º ±0.831º 27.22 <0.01 

Midswing Hip flexion 12.09º ±2.809º 21.55º ±3.643º 17.88 <0.01 

Deceleration Hip extension 6.63º ±2.203º 14.09º ±2.662º 19.11 <0.01 

 

Graph 7: Graphical representation of pre and post intervention angular changes of hip joint 

indifferent stages of swing phase in degrees (experimental group): 

 

Interpretation:  

Angular changes at hip joint in different stages of swing phase: 

There was significant increase in hip joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). 

This suggests that intervention given in experimental group was effective in improving hip 

joint angles in different stages of swing phase in stroke patients. 

(Table 7, Graph 7)  
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Table 8: Pre and post intervention angular changes of knee joint in different stages of swing 

phase in degrees. (experimental group): 

 Pre  

Mean with Std. 

deviation 

Post  

Mean with Std. 

deviation 

t value p value 

Acceleration Knee flexion 26.64º ±5.801º 35.45º ±5.610º -33.48 <0.01 

Midswing Knee flexion 17.91º ±2.809º 25.64º ±2.248º -25.39 <0.01 

Deceleration knee extension 12.73º ±3.036º 4.91º ±2.508º 26.41 <0.01 

 

Graph 8: Graphical representation of pre and post intervention angular changes of knee joint 

in different stages of swing phase in degrees. (experimental group): 

 

Interpretation:  

Angular changes at knee joint in different stages of swing phase : 

There was significant increase in knee joint angles in acceleration, midswing and deceleration 

stages of swing phase post intervention (p value <0.01). 

This suggests that intervention given in experimental group was effective in improving knee 

joint angles in different stages of swing phase in stroke patients. 

(Table 8, Graph 8)  
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Table 9: Pre and post intervention angular changes of ankle joint in different stages of swing 

phase in degrees. (experimental group): 

 

 Pre intervention 

Mean with Std. 

deviation 

Post intervention 

Mean with Std. 

deviation 

t 

value 

p value 

Acceleration Ankle plantarflexion 21.64º ±2.501º 19.36º ±2.541º 16.13 <0.01 

Midswing Ankle dorsiflexion 19.09º ±2.809º 16.73º ±2.796º 15.53 <0.01 

Deceleration Ankle dorsiflexion 17.18º ±3.516º 14.91º ±3.673º 16.13 <0.01 

 

Graph 9: Graphical representation of pre and post intervention angular changes of ankle joint 

in different stages of swing phase in degrees. (experimental group): 

 

Interpretation:  

Angular changes at ankle joint in different stages of swing phase : 

There was significant increase in ankle joint angles in acceleration, midswing and 

deceleration stages of swing phase post intervention (p value <0.01). 
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This suggests that intervention given in experimental group was effective in improving ankle 

joint angles in different stages of swing phase in stroke patients. 

(Table 9, Graph 9) 
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Table 10: Mean difference of hip joint angle at different stages of swing phase in degrees 

between the groups (Control and experimental group). 

 Mean difference 

 with Std. deviation 

(Control Group) 

Mean difference  

with Std. deviation 

(Experimental Group) 

t 

value 

p 

value 

Acceleration Hip flexion 8.55º ±1.0357º 8.82º ±1.0787º -

0.580 

0.606 

Midswing Hip flexion 8.83º ±1.0787º 9.50º ±1.7529º -

0.309 

0.797 

Deceleration Hip extension 7.22º ±1.420º 7.81º ±1.32º -

0.722 

0.476 

 

Graph 10: Graphical representation of mean difference of hip joint angle at different stages of 

swing phase in degrees between the groups (Control and experimental group). 

 

Interpretation:  

Mean difference of hip joint flexion at acceleration stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.606) 

Mean difference of hip joint flexion at midswing stage of swing phase in control group is not 

significantly different than that of experimental group. (p value=0.797) 
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Mean difference of hip joint extension at deceleration stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.949) 

This suggests that intervention given in control group as well as experimental group was 

equally effective in improving hip joint angles in different stages of swing phase in stroke 

patients. But none of the intervention given in any group showed better results than the other. 

(Table 10, Graph 10) 
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Table 11: Mean difference of knee joint angle at different stages of swing phase in degrees 

between the groups (Control and Experimental group). 

 Mean difference 

 with Std. deviation 

(Control Group) 

Mean difference  

with Std. deviation 

(Experimental Group) 

t 

value 

p 

value 

Acceleration Knee flexion 8.30º ±1.3484º 8.81º ±1.0787º -1.05 0.332 

Midswing Knee flexion 7.55º ±1.1281º 7.80º ±1.0090º -

0.354 

0.748 

Deceleration Knee extension 8.00º ±1.0269º 7.90º ±0.9816º -

0.489 

0.652 

 

Graph 11: Graphical representation of mean difference of knee joint angle at different stages 

of swing phase in degrees between the groups (Control and experimental group). 

 

Interpretation:  

Mean difference of knee joint flexion at acceleration stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.332) 

Mean difference of knee joint flexion at midswing stage of swing phase in control group is 

not significantly different than that of experimental group. (p value=0.748) 

Mean difference of knee joint extension at deceleration stage of swing phase in control group 

is not significantly different than that of experimental group. (p value=0.652) 
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This suggests that intervention given in control group as well as experimental group was 

equally effective in improving knee joint angles in different stages of swing phase in stroke 

patients. But none of the intervention given in any group showed better results than the other. 

(Table 11, Graph 11) 
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Table 12: Mean difference of ankle joint angle at different stages of swing phase in degrees 

between the groups (Control and experimental group). 

 Mean difference 

 with Std. deviation 

(Control Group) 

Mean difference  

with Std. deviation 

(Experimental Group) 

t 

value 

p 

value 

Acceleration ankle plantarflexion 2.83º ±0.5710º 2.27º ±0.4670º 0.012 0.987 

Midswing ankle dorsiflexion 2.45º ±0.5050º 2.36º ±0.5045º 0.014 0.890 

Deceleration ankle dorsiflexion 2.40º ±0.5110º 2.30º ±0.4670º -

0.447 

0.748 

 

Graph 12: Graphical representation of mean difference of ankle joint angle at different stages 

of swing phase in degrees between the groups (Control and experimental group). 

 

Interpretation:  

Mean difference of ankle joint plantarflexion at acceleration stage of swing phase in control 

group is not significantly different than that of experimental group. (p value=0.987) 

Mean difference of ankle joint dorsiflexion at midswing stage of swing phase in control 

group is not significantly different than that of experimental group. (p value=0.890) 

Mean difference of ankle joint dorsiflexion at deceleration stage of swing phase in control 
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group is not significantly different than that of experimental group. (p value=0.748) 

This suggests that intervention given in control group as well as experimental group was 

equally effective in improving ankle joint angles in different stages of swing phase in stroke 

patients. But none of the intervention given in any group showed better results than the other. 

(Table 12, Graph 12) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 [Page :79] 
   

SPATIOTEMPORAL PARAMETERS: 

 

Table 13: Pre and post intervention change in step length of left and right leg in 

centimeters.(control group): 

 

 Pre intervention 

Mean and Std. 

deviation 

Post intervention 

Mean and Std. 

deviation 

t value p value 

Step length left  15.59±6.564 19.91±6.629 -19.98 <0.01 

Step length right 18.79±5.636 22.59±5.731 -11.50 <0.01 

 

Graph 13: Graphical representation of pre and post intervention change in step length of left 

and right leg in centimeters.(control group): 

 

 

 

Interpretation:  

Step length of left and right leg: 

There was significant increase in step length of left leg post intervention (p value <0.01). 
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There was significant increase in step length of right leg post intervention (p value <0.01). 

This suggests that intervention given in control group was effective in improving in step 

length of left and right leg of stroke patients.(Table 13, Graph 13) 
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Table 14: Pre and post intervention change in stride length of left and right leg in centimeters. 

(control group): 

 Pre intervention 

Mean and Std. 

deviation 

Post intervention 

Mean and Std. 

deviation 

t value p value 

Stride length left  31.32±8.739 35.45±8.904 -27.19 <0.01 

Stride length right 31.00±11.093 35.05±10.673 -17.00 <0.01 

 

Graph 14: Graphical representation of pre and post intervention change in stride length of left 

and right leg in centimeters. (control group): 

 

Interpretation:  

Stride length of left and right leg: 

There was significant increase in stride length of left leg post intervention (p value <0.01). 

There was significant increase in stride length of right leg post intervention (p value <0.01). 

This suggests that intervention given in control group was effective in improving in stride 

length of left and right leg of stroke patients. (Table 14, graph 14) 
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Table 15: Pre and post intervention change in cadence in steps per minutes.(control group): 

 Pre intervention 

Mean and Std. 

deviation 

Post intervention 

Mean and Std. 

deviation 

t value p value 

Cadence 48.45±6.729 53.09±6.729 -11.95 <0.01 

 

 

Graph 15: Graphical representation of pre and post intervention change in cadence in steps 

per minutes. (control group): 

 

 

Interpretation:  

Cadence: 

There was significant increase in cadence post intervention (p value <0.01). 

This suggests that intervention given in control group was effective in improving cadence in 

stroke patients. (Table 15, Graph 15) 
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Table 16: Pre and post intervention change in step length of left and right leg in 

centimeters.(experimental group): 

 

 Pre intervention 

Mean and Std. 

deviation 

Post intervention 

Mean and Std. 

deviation 

t value p value 

Step length left  20.32±4.703 24.55±4.803 -17.25 <0.01 

Step length right 19.91±6.103 23.50±5.886 -12.61 <0.01 

 

Graph 16: Graphical representation of pre and post intervention change in step length of left 

and right leg in centimeters.(experimental group): 

 

Interpretation:  

Step length of left and right leg: 

There was significant increase in step length of left leg post intervention (p value <0.01). 

There was significant increase in step length of right leg post intervention (p value <0.01). 

This suggests that intervention given in experimental group was effective in improving in 

step length of left and right leg in stroke patients. (Table 16, Graph 16) 
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Table 17: Pre and post intervention change in stride length of left and right leg in 

centimeters.(experimental group): 

 Pre intervention 

Mean and Std. 

deviation 

Post intervention 

Mean and Std. 

deviation 

t value p value 

Stride length left  40.05±8.051 44.09±8.227 -13.61 <0.01 

Stride length right 39.36±11.537 43.45±11.346 -18.45 <0.01 

 

Graph 17: Graphical representation of pre and post intervention change in stride length of left 

and right leg in centimeters. (experimental group): 

 

Interpretation:  

Stride length of left and right leg: 

There was significant increase in stride length of left leg post intervention (p value <0.01). 

There was significant increase in stride length of right leg post intervention (p value <0.01). 

This suggests that intervention given in experimental group was effective in improving in 

stride length of left and right leg in stroke patients. (Table 17, Graph 17) 
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Table 18: Pre and post intervention change in cadence in steps per minutes. (experimental 

group): 

 Pre intervention 

Mean and Std. 

deviation 

Post intervention 

Mean and Std. 

deviation 

t value p value 

Cadence 50.27±7.564 54.91±7.854 -11.95 <0.01 

 

Graph 18: Graphical representation of pre and post intervention change in cadence in steps 

per minutes.(experimental group): 

 

Interpretation:  

Cadence: 

There was significant increase in cadence post intervention (p value <0.01). 

This suggests that intervention given in experimental group was effective in improving 

cadence in stroke patients.  

(Table 18, Graph 18) 
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Table 19: Mean difference of left and right step length in centimeters between the groups 

(Control and experimental group).: 

 Mean difference 

 with Std. deviation 

(Control Group) 

Mean difference  

with Std. deviation 

(Experimental Group) 

t 

value 

p 

value 

Step length of left leg 4.31 ±0.716 4.22 ±0.817 -

0.603 

0.562 

Step length of right leg 3.80 ±1.095 3.59 ±0.943 -

0.246 

0.847 

 

Graph 19: Graphical representation of mean difference of left and right step length in 

centimeters between the groups (Control and experimental group). 

 

Interpretation: 

There was not a significant difference in mean difference of step length of left leg of control 

group when compared with that of experimental group. (p value=0.562) 

There was not a significant difference in mean difference of step length of right leg of control 

group when compared with that of experimental group.(p value=0.847) 

This suggests that intervention given in both groups were equally effective in improving step 
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length of left and right leg. None of the intervention in any group was better than the other. 

(Table 19, Graph 19) 
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Table 20: Mean difference of left and right stride length in centimeters between the groups 

(Control and experimental group). 

 Mean difference 

 with Std. deviation 

(Control Group) 

Mean difference  

with Std. deviation 

(Experimental Group) 

t 

value 

p 

value 

Stride length of left leg 4.13 ±0.504 4.04 ±1.011 -

0.111 

0.949 

Stride length of right leg 4.04 ±0.789 4.09 ±0.735 -

0.206 

0.847 

 

Graph 20: Graphical representation of mean difference of left and right stride length in 

centimeters between the groups (Control and experimental group). 

 

Interpretation: 

There was not a significant difference in mean difference of stride length of left leg of control 

group when compared with that of experimental group. (p value=0.949) 

There was not a significant difference in mean difference of stride length of right leg of 

control group when compared with that of experimental group. (p value=0.847) 

This suggests that intervention given in both groups were equally effective in improving 

3.98

4

4.02

4.04

4.06

4.08

4.1

4.12

4.14

Stride length of left leg Stride length of right leg

4.13

4.044.04

4.09

In
 c

en
ti

m
et

er
s

Between the group

Mean difference of left and right stride length

Control Group Experimental group



 [Page :89] 
   

stride length of left and right leg. None of the intervention in any group was better than the 

other. 

(Table 20, Graph 20) 
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Table 21: Mean difference of cadence in steps per minute between the groups (Control and 

experimental group). 

 Mean difference 

 with Std. deviation 

(Control Group) 

Mean difference  

with Std. deviation 

(Experimental Group) 

t 

value 

p 

value 

Cadence 4.63 ±0.789 4.70±1.2826 0.000 1.000 

 

Graph 21: Graphical representation of mean difference cadence in steps per minute between 

the groups (Control and experimental group). 

 

Interpretation: 

There was not a significant difference in mean difference of cadence of control group when 

compared with that of experimental group. (p value=1.00) This suggests that intervention 

given in both groups were equally effective in improving cadence. None of the intervention in 

any group was better than the other. (Table 21, Graph 21) 
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Annexure I 

Annexure I – Performa 

Date: 

Serial no: 

Name: 

Age: 

Gender: 

Address: 

Height:meter2. 

Weight:         Kg 

Mobile number: 

Occupation: 

Group A/B: 

Duration of onset: 

Medical history 

Brunstromm’s recovery score: 

Mini mental score examination: 

 

Outcome Measure Pre-intervention  

Baseline Score (Day 1) 

Post-intervention 

(6thweek ) 

Joint  Phase Angles Angles 

Hip    

   

   

knee    

   

   

Ankle    
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Outcome 

Measure 

Pre-intervention  

(Day 1) 

Baseline Score 

Post-intervention 

(6thweek ) 

Spatiotemporal 

parameters 

Score        Score 

Step length   

Stride length   

Cadence   
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ANNEXURE II (A, B)- LETTER OF PERMISSION 

PERMISSION LETTER (A) 

To,  

The Head of Institute,  

__________________  

___________________  

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

I, Mr/Miss___________________, student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work in geriatric home.  

My research topic is “Effect of additional weight on non affected lower extremity versus 

without additional weight on non affected lower extremity on gait parameters after 6 

weeks gait training program in chronic stroke patients aged 45-75years using Kinovea 

software: A randomized controlled trial.” 

 

 

 

 

Head of Institute  
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PERMISSION LETTER (B) 

To,  

The Chairman,  

Ethical Committee.  

______________  

______________  

Subject: Permission to carry out research work.  

Respected sir/madam  

I, Mr/Miss_____________ student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work.  

My research topic is, “Effect of additional weight on non affected lower extremity versus 

without additional weight on non affected lower extremity on gait parameters after 6 

weeks gait training program in chronic stroke patients aged 45-75years using Kinovea 

software: A randomized controlled trial.” 

I promise that the ethics as well as participants care shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Annexure III (A) 

 

Informed Consent form 

1. Project title: Effect of additional weight on non affected lower extremity versus 

without additional weight on non affected lower extremity on gait parameters after 6 

weeks gait training program in chronic stroke patients aged 45-75years using Kinovea 

software: A randomized controlled trial. 

2. Introduction 

Youhave been invited to participate in this research study. Exercise will be given in the form 

of gait training, which is a part of standard exercise training. It is important for you to read 

the study description, understand the nature of study and involved risk of participation. Give 

your consent for participation in this clinical study only after understanding the nature, course 

of study & your right as a participant. 

 

3. Purpose of the study 

Gait impairments are one of the most common impairments in chronic stroke patients. These 

impairments make day to day life activities difficult.  The objective of this study is to find the 

effectiveness of additional weight on non affected lower extremity versus without additional 

weight on non affected lower extremity on gait parameters after 6 weeks gait training 

program in chronic stroke patients aged 45-75years using Kinovea software. 

 

4. Expected duration of study and the number of subjects: 

 

Duration of the study will be of 18 months. Subjects will be participating for 6 weeks. There 

will be approximately 40 subjects. 

 

5. Study procedure to be followed: 

If you show willingness to participate in this study, you will undergo a brief physical 

examination. 

1. Basic demographic data like age, gender of participant will be asked. 

2. Height and weight will be measured using the standard procedures.  

3. Gait parameters will be assessed using Kinovea software. 

4. Baseline scores will be recorded prior to the treatment. 

5. Participants will be given gait training program for 30 minutes, 3 times a week for   

6 weeks. 
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6. Risk and discomfort:  

This study is relatively safe.  

For study related injury medical care will be provided by the investigator. 

 

7. Possible benefits of the study: 

 

There will be improvement in gait parameters after the study. 

 

8. What happens when the research trial stops? 

 

You will be given information about the changes in gait parameters scores and any benefits 

you have achieved by participating in this study. 

 

9. Compensation for the participation: 

 

Participation in the study will be at no cost to you. No compensation will be provided for 

your participation. 

 

10. Treatment and the compensation for study related injury: 

 

Participant will be provided medical care at the study place for any physical injury or illness 

that occurs as a direct result of participation in this study. This medical care will be of no 

cost. Participant will not give up any legal rights by signing this form. 

 

11. Right to withdraw from study: 

 

Participation in this study is entirely voluntary. You may choose not to take part or may leave 

the study at any time. 

 

12. Confidentiality: 

 

All the study records will be kept confidential at all time. Your identity will not be revealed 

except as required by law. The result of study may be published for scientific reasons. The 

identity of the participant will not be revealed in this publication 

 

13. Thank you for taking the time to read (or have read to you) the information about this 
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study. Before you sign this document, you should ask questions about anything you do not 

understand. The study staff will answer all your questions before, during and after the study. 

If you have any questions about this study or how it is being run or possible research related 

injury you can contact your study doctor. 

 

Consent: 

1. I have read or have had read to me the information given in   the 

informed consent document for this study entitled “Effect of 

additional weight on non affected lower extremity versus without 

additional weight on non affected lower extremity on gait 

parameters after 6 weeks gait training program in chronic stroke 

patients aged 45-75years using Kinovea software: A randomized 

controlled trial. 

2. I have received an explanation of the nature, purpose, duration 

and risks of the trial, and what I will be expected to do. My 

questions have been answered satisfactorily.  

3. I understand that my participation in the trial is voluntary and 

that I may refuse to participate and may withdraw from my 

trial at any given time, without penalty or loss of benefits to 

which I am otherwise entitled.  

4. I further understand that any information that becomes available 

during the course of the study that may affect my willingness to take 

part will be informed to me. 

5. Institutional Ethics Committee authorities may wish to 

examine my medical records to verify the information 

collected. By signing this document, I give permission to 

review of my records.  

6. I understand that my identity will not be revealed in any 

reports or publications,  

7. I agree to take part in the above study.  

 

   

Name of the 

research 

Participant 

Signature/thumb 

impression ofthe 

research participant Date 
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ANNEXURE III(B) 

योजनाकाशीर्षक 

“गैर प्रभावित पैर पर अवतररक्त भार विनाम गैर प्रभावित पैर पर विना अवतररक्त भार का गेट 

पैरामीटर्स पर ६ र्प्ताह के गेट प्रविक्षण के प्रभाि४५-७५ आयु िगस के क्रोवनक स्ट्र ोक रोवगयोों में 

कीनोविआ र्ॉफ्टिेयर का प्रयोग करकर: एक यादृच्छिक वनयोंवित पररक्षण” 

प्राक्कथन 

आपको इर् िोध अध्ययन में भाग लेने के वलए आमोंवित वकया गया है।व्यायाम चलने के पद्धवत के 

प्रविक्षण के रूप में विया जायेगा, जो मानक व्यायाम प्रविक्षण का एक वहस्सा है। आपके वलए अध्ययन 

वििरण पढ़ना, अध्ययन की प्रकृवत को र्मझना और र्हभावगता का जोच्छिम िावमल करना महत्वपूणस 

है।केिल एक प्रवतभागी के रूप में प्रकृवत, अध्ययन के पाठ्यक्रम और आपके अवधकार को र्मझने के 

िाि इर् नैिावनक अध्ययन में भाग लेने के वलए अपनी र्हमवत िें। 

अभ्यासकाउदे्दश्य :  

गैट िुिसलताएों  क्रोवनक स्ट्र ोक के रोवगयोों में र्िरे् आम िुिसलताओों में रे् एक हैं। ये िुिसलताएँ विन-

प्रवतविन की जीिन गवतविवधयोों को कविन िना िेती हैं। इर् अध्ययन का उदे्दश्यगैर प्रभावित पैर पर 

अवतररक्त भार विनाम गैर प्रभावित पैर पर विना अवतररक्त भार का गेट पैरामीटर्स पर ६ र्प्ताह के गेट 

प्रविक्षण के प्रभाि४५-७५ आयु िगस के  क्रोवनक स्ट्र ोक रोवगयोों में कीनोविआ र्ॉफ्टिेयर का  प्रयोग 

करकर प्रभाि िोजना है। 

अभ्यासहेतुअपेक्षितअवक्षिएवंसहभाक्षिओकं्षकसंख्या 

अध्ययन की अिवध 18 महीने की होगी। 6 र्प्ताह तक प्रवतभागी भाग लें गे। लगभग 40 प्रवतभागी होोंगे।  

अभ्यासकीकायषप्रणालीक्षनम्नानुसारहोिी 

यवि आप इर् अध्ययन में भाग लेने की इिा वििाते हैं, तो आप एक र्ोंवक्षप्त िारीररक परीक्षा रे् 

गुजरें गे। 

1. मूल जनर्ाोंच्छिकीय डेटा जैरे् उम्र, प्रवतभागी का वलों ग पूछा जाएगा। 

2. ऊों चाई और िजन मानक प्रवक्रयाओों का उपयोग करके मापा जाएगा। 

3. वकनोविया र्ॉफ्टिेयर का उपयोग करके गैट मापिोंडोों का मूल याोंकन वकया जाएगा। 

4. उपचार रे् पहले िेर्लाइन स्कोर िजस वकया जाएगा। 

5. प्रवतभावगयोों को 6 र्प्ताह के वलए र्प्ताह में 3 िार 30 वमनट के वलए गैट प्रविक्षण कायसक्रम विया 

जाएगा। 

6.जोखिमएवंतकलीफ 

यह अध्ययन अपेक्षाकृत रु्रवक्षत है। 

अध्ययन रे् र्ोंिोंवधत चोट के वलए वचवकत्सा िेिभालकतास द्वारा प्रिान की जाएगी। 

अभ्यासकेअपेक्षितलाभ 

इर् कायसक्रम के िाि गैट मापिोंडोों में रु्धार होगा। 

7.अनुसन्धान समाप्त होने पर क्या होिा  

आपको गैट पैरामीटर में ििलाि के िारे में और इर् विषय में िावक होने िाली लाभ इनकी जानकारी 

आपको िी जाएगी । 
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8.सहभािका मेहनताना 

इर् अभ्यार् में र्हभागी होने के वलए न  आपको कुछ व्यय करना है ना ही आपको कोई मेहनताना विया 

जायेगा  । 

9.अभ्यास के दौरान लिने वाली चोट का उपचार एवं  उसका मुआवजा  

अभ्यार् के स्थान पर अभ्यार् के िौरान अगर वकर्ी प्रकार की िरीरीक चोट लगती है तो आपको 

िैद्यकीय रे्िा िी जाएगी । आपको उर्के वलए कुछ िचस नही ों करना पड़ेगा। इर् प्रपि पर हस्ताक्षर 

करने पर आपको वकर्ी िैधावनक अवधकार पर आके्षप नै आएगा । 

10.अभ्यास में सहभाक्षिता से क्षनकलनेका अक्षिकार  

इर् अभ्यार् में र्हभाग पूणसतः सै्विा पर है । आप इर्में भाग लेने रे् मना कर र्कते है या अभ्यार् को 

कभी भी छोड़ र्कते है । 

11.िोपनीयता  

इर् अभ्यार् रे् र्म्बोंवधत र्भी िस्तिेज / प्रपि हमेिा गोपनीय रिे जायेंगे। आपकी पहचान िैधवनक 

कारणोोंके अलािा उजागर नै की जाएगी। इर् अभ्यार् के पररणाम िैद्यावनक ियान के प्रर्ार क वलए 

प्रकावित वकये जायेंगे परनु्त इर्में आपकी पहचान जारी नही ों की जाएगी । 

13.इर् अभ्यार् रे् र्म्बोंवधत आिश्यक रू्चनाओोंको पढ़ने या वकर्ी के द्वारा र्मझाए जाने हेतु आपने जो 

अपना कीमती र्मय विया, उर्के वलए हम आपके आभारी है ।इर् र्हमवत पि को भरने रे् पूिस आप िे 

र्भी प्रश्न हमरे् पूछ र्कते है वजने्ह आप र्मझ न पाए हो । र्ोंिोधन र्वमवत की र्िस्य अभ्यार्पूिस 

अभ्यार् क िौरान और अभ्यार् के र्माच्छप्त के पश्चात भी आपके र्िालोोंका उत्तर तत्परता रे् िेंगे। 

अगर अभ्यार् के र्म्बन्ध में आपको कोई िोंका हो की ये कैरे् वकया जा रहा है या वकर् प्रकार की चोट 

लगने की र्म्भािना है तो आप र्ोंिोधक वचवकत्सक रे् र्ोंपकस  करे । 

सहमक्षत पत्र   

1. “गैर प्रभावित पैर पर अवतररक्त भार विनाम गैर प्रभावित पैर पर विना अवतररक्त भार का गेट 

पैरामीटर्स पर ६ र्प्ताह के गेट प्रविक्षण के प्रभाि४५-७५ आयु िगस के  क्रोवनक स्ट्र ोक रोवगयोों में 

कीनोविआ र्ॉफ्टिेयर का  प्रयोग करकर : एक यादृच्छिक वनयोंवित पररक्षण”    
 

2.मुझे इर् विषय के िारेमे पूणस जानकारी, जैरे् अभ्यार् का विषय, उर्का उदे्दश्य ,कालािवध अभ्यार् के 

िौरान आने िाली जोच्छिम तथा अभ्यार् के िौरान मेरे द्वारा अपेवक्षत र्हयोग की जानकारी िे िी गयी है। 

मुझे मेरे र्रे प्रश्नोोंके उत्तर वमल गए है। 

3.इर् अभ्यार् में मैं अपनी इिा रे् र्च्छिवलत हो रहा/रही हु। मैं इर् िात रे् अिगत हु की मेरी 

इिानुर्ार मैं इर् अभ्यार् में र्हयोग िेने के वलए कभी भी मना कर र्कता/र्कती हु ।इर्के वलए मुझे 

कोई जुरमाना या कोई नुकर्ान नही ों भरना पड़ेगा । 
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शोधप्रवतभागीकानाम 

 

शोधप्रवतभागीकाहस्ताक्षरया

अोंगूिा 
 

तारीि 
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ANNEXURE III (C) 

 

सम्मतीपत्र 

1.संशोिनप्रक्लपाचेशीर्षक: “वकनोच्छिया र्ॉफ्टिेर िापरून ४५-७५ िषासच्या क्रोवनक स्ट्र ोक 

रुग्ाोंमधे्य नॉन एफे्फक्टड पायािर अवतररक्तभारिापरून आवण नॉन एफे्फक्टड पायािर अवतररक्त 

भार न िापरता ६ आििड्यनचे चालण्याच्या पद्धतीचे प्रवशक्षण: एक यादृच्छिक वनयोंवित चाचणी” 
           

2. प्रस्तावना: या र्ोंिोधन अभ्यार्ामधे्य भाग घेण्यार्ािी तुम्हाला आमोंवित करण्यात आले आहे. 

व्यायाम प्रविक्षण चालविण्याच्या रूपात विले जाईल, जे प्रमावणत व्यायामाच्या प्रविक्षणाचा एक भाग 

आहे. अभ्यार्ाचे िणसन िाचणे, अभ्यार्ाचे स्वरूप र्मजून घेणे आवण त्यात र्हभागी होण्याचे जोिीम हे 

आपल यार्ािी महत्वाचे आहे.  प्रकृवत, अभ्यार्ाचा अभ्यार्क्रम आवण एक र्हभागी म्हणून तुमचा हक्क 

र्मजल यानोंतर  या च्छिवनकल अभ्यार्ात र्हभागार्ािी आपली र्ोंमती द्या. 

3. अभ्यासाचेउखिष्ट: क्रोवनक स्ट्र ोक च्या रुग्ाोंमधे्य चालण्याच्या पद्धतीची र्मस्या जास्त प्रमाणात 

आढळून येते  

 

4. अभयसासाठीअपेक्षितकालाविीवसहभािीव्यक्ीचंी/ मुलांचीसंख्या: 

अभ्यार्ाचा कालािधी 18 मवहन्ाोंचा अरे्ल. र्हभागी 6 आििड्याोंर्ािी र्हभागी होणार आहेत. तेथे 

अोंिाजे 40 र्हभागी होतील. 

5. अभ्यासाचीकायषपितीिालीलप्रमाणे: 

1.िैयच्छक्तकमावहतीजरे्ियआवणवलों गयाोंचीमावहतीद्यािीलागेल. 

2.मानिप्रवक्रयेद्वारेआपलेिजनआवणउोंचीमोजलीजाईल. 

3. वकनोच्छिआ र्ॉफ्टिेअर िापरून गेट पॅरामीटर्स चे मूल याोंकन केले जाईल. 

5. प्रविक्षणाच्याआधीआधाररेिाप्राप्ताोंकनमूिकेलेजातील. 

6. प्रविक्षणाचा कालािधी 30 वमनटे अरे्ल.   प्रविक्षण आििड्यातून ३ वििर् िेण्यात येईल. एकूण 

प्रविक्षण 6 आििड्याोंर्ािी राहील. 

6. जोिीमआक्षणत्रास 

हा अभ्यार् तुलनेने रु्रवक्षत आहे. 

अभ्यार्ािी र्ोंिोंवधत िुिापतीर्ािी िैद्यकीय रे्िा तपार्नीर् िेतील. 

7.अभ्यास/अध्ययनाचेअपेक्षितलाभ 

चाचणीनोंतर गेट पॅरामीटर्समधे्य रु्धारणा होईल.  

8. संशोिन समाप्त झाल्यार काय होईल? 

तुमच्या र्ोंतुलन प्राप्ताोंकन  झालेले पररितसन आवण झालेले इतर लाभ याोंर्ोंिोंधी मावहती आपणार् िेण्यात 

येईल. 

9.सहभािासाठी मानिन  
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या अभ्यार्ात र्हभागी होण्यार्ािी आपल याला कुिलाही िचस करािा लागणार नाही तरे्च आपल याला 

कुिलेही मानधन विले जाणार नाही. 

10.अभ्यासाचा दरम्यान झालेल्या दुिापतीने उपचार आक्षण नुकसान भरपाई. 

र्ोंर्ाधन प्रकल पाोंतगसत करण्यात येणाऱ्या या अभ्यार्ाचे िेळी आपल याला िुिापत झाल यार् आिश्यक 

ते िैद्यकीय उपचार केले जातील. त्यार्ािी आपणार् कुिलाही िचस करािा लागणार नाही. 

या प्रपिािर स्वाक्षरी केल याने आपल या कुिल याही कायिेिीर अवधकाराोंिर िाधा येणार नाही. 

11. अभ्यासात सहभािी न होण्याचा क्षवचार 

या अभ्यार्ात आपला र्हभाग पूणसपणे ऐच्छिक आहे. आपण यात र्हभागी होण्यार् नकार िेऊ िकता. 

वकों िा अभ्यार् मधेच र्ोडून जाऊ िकता. 

12.िोपनीयता  

या अभ्यार्ार्ोंिोंधी र्िस िस्तऐिज नेहमी गुप्त िेिण्यात येतील. कुिल याही कायिेिीर आपली ओळि 

जाहीर केली जाणार नाही. या अभ्यार्ाचे वनष्कषस िैज्ञावनक ज्ञानाच्या प्रर्ारार्ािी प्रकवित केले जातील 

परों तु त्यार्ािी आपली ओळि जाहीर केली जाणार नाही.  

13.या अभ्यार्ार्ोंिोंधी आिश्यक रू्चना िाचणे अथिा कोणाकडून र्मजून घेणे यार्ािी आपण  आपला 

अमूल य िेळ विलात त्यार्ािी मी आपला/आपली आभारी आहे. हे र्हमती पाि भरण्यापूिी आपल याला 

न र्मजलेले र्ोंिोंवधत प्रपिात कुिलेही प्रश्न आपण मला विचारू िकता. 

र्ोंिोधन र्वमतीचे र्िस्य अभ्यार्ापुिी,अभ्यार्ािरम्यान वकों िा अभयर्ाच्या र्माप्तीनोंतर आपल या 

प्रश्नाोंची उत्तरे तत्परतेने िेतील. हा अभ्यार् कर्ा केला जाईल अथिा या िरम्यान काही िुिापत होईल 

का अिा प्रकारचा मनात उद्भिणाऱ्या िोंकाोंचे वनरर्न आपण र्ोंिोधक वचवकत्सकािी र्ोंपकस  र्ाधून 

करून घेऊ िकता, 

 

सम्मती पत्र  

“वकनोच्छिया र्ॉफ्टिेर िापरून ४५-७५ िषासच्या क्रोवनक स्ट्र ोक रुग्ाोंमधे्य नॉन एफे्फक्टड पायािर 

अवतररक्त भार िापरून आवण नॉन एफे्फक्टड पायािर अवतररक्त भार न िापरता ६ आििड्यनचे 

चालण्याच्या पद्धतीचे प्रवशक्षण: एक यादृच्छिक वनयोंवित चाचणी” 
 

2.मला या विषयािद्दल र्विस्तर मावहती, जरे् अभ्यार्ाचा विषय, त्याचा उदे्धि, कालािधी, 

अभ्यार्ािरम्यान येणाऱ्या जोिीम तरे्च माझाकडून अर्लेल या अपेक्षा यािद्दल र्ोंपूणस मावहती वमळाली 

आहे. माझ्या िोंकाोंनारु्द्धा र्माधानकारक उत्तरे वमळाली आहेत  

3. या अभ्यार्ात माझा र्हभाग माझ्या इचछेनुर्ार आहे. तरे्च मला पावहजे तेिा र्हभाग घेण्यार् नकार 

िेऊ िकतो/ िकते. या िद्दल मला कुिलाही िोंड वकों िा नुकर्ान होणार नाही, हे मला मावहती आहे. 

4. अभ्यार्ािरम्यान काही निीन मावहती उपलब्ध झाल यार्, माझ्या र्हमती र्ािी अर्लेल या अटी ोंिर 

त्याचा पररणाम होणार नाही, हे मला मावहती आहे. 
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5. िैद्यकीय नैवतक र्वमतीचे र्भार्ि माझे तपार्णी िरम्यानचे अहिाल केिाही तपारू् िकतात. या 

अहिालािर र्ही करून त्याोंना ते तपार्ण्याची मी परिानगी िेतो/िेते. 

6.माझी ओळि या विषयार्ोंिोंधीच्या कोणत्याही अहिालात वकना प्रकािनामधे्य जाहीर केली जाणार 

नाही हे मला मावहती आहे  

7.या अभ्यार्ात र्हभागी होण्यार् माझी मान्ता आहे. 

 

 

 

 

 

 

  

   

र्ोंिोधनर्हभागीचेना

ि 

 

र्ोंिोधनर्हभागीचीस्वाक्षरी

वकों िाअोंगिा 
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TIMELINE/GANNT CHART 

 

 

 

 

 

  

Sr.no components  
2019 

Nov 

2019 

Dec 

2020 

Jan  

2020 

Feb 

2020 

March  

2020 

April-

June 

2020 

Jul-

Sept 

2020 

Oct-

Dec 

2021 

Jan-

Mar 

2021 

April-Jun 

2021 

Jul-

Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 

Formulation of 
research question                       

4 

Formulation of aim 
and objectives                       

5 

Hypothesis,null 
hypothesis                       

6 Research protocol                       

7 Research designing                       

8 Review of literature                       

9 

methodology 
formulation                       

10 study designing                       

11 study setting                       

12 

sample size 
estimation                       

13 

selection of study 
instruments                       

14 

method of data 
collection                        

15 

data management 
and analysis 
procedure                       

16 

IEC and BORS 
clearance                       

17 

compilation of 
synopsis                       

18 

uploading of 
synopsis                       

19 data collection                       

20 

data presentation 
and analysis                       

21 

writing of 
discussion and 
conclusion                       

22 

submission of 
thesis to MUHS                       
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MASTERCHART 

sr no age gender affected side

pre post pre post pre post pre post pre post pre post pre post prepost pre post

1 47 M right 5 13 25 34 20 18 10 19 18 26 18 16 5 12 14 5 16 14

2 50 M right 8 15 25 35 25 23 15 25 15 23 24 21 8 18 10 3 22 20

3 46 F left 10 17 20 28 25 23 15 25 15 24 25 23 10 18 12 4 24 22

4 49 M left 8 18 28 36 23 20 18 23 20 26 21 19 10 15 15 7 19 16

5 47 M right 5 14 34 44 20 18 15 24 20 28 18 16 10 18 15 6 16 13

6 46 M right 6 14 38 45 15 13 10 20 20 27 14 12 5 14 15 7 14 11

7 54 F right 9 18 35 45 18 15 15 24 20 26 15 12 8 16 15 8 13 11

8 49 M left 10 19 20 28 20 17 18 26 12 20 17 14 10 17 10 2 15 12

9 55 F right 7 15 24 30 25 23 18 28 18 24 23 20 8 17 15 5 20 18

10 47 F right 6 15 20 27 18 16 10 18 15 24 16 14 4 12 9 2 14 12

11 55 F left 5 15 22 30 18 16 10 19 15 23 17 15 5 12 10 3 13 11

ankle hip knee ankle

Control group

hip knee ankle

swing phase

acceleration mid swing decceleration

hip knee

 

 

Control group 

srno age  gender 
affected 
side step length 

  
stride length 
  cadence 

        left right left right     

        pre  post pre post pre post pre post pre post 

                            

1 47 M right 7 12 23 28 16 20 17 22 60 65 

2 50 M right 5.5 9 23 27 28 32 30 35 38 42 

3 46 F left 21 26 14 19 34 37 20 24 54 57 

4 49 M left 20 24 5.5 9 27 31 12 16 52 56 

5 47 M right 16 19 21 24 31 34 38 42 42 46 

6 46 M right 7.5 13 25 27 30 34 33 37 44 48 

7 54 F right 12 16 16 20 23 27 32 36 43 47 

8 49 M left 20 25 16 18 38 43 30 34 47 52 

9 55 F right 18 22 20 24 30 34 38 42 48 53 

10 47 F right 20 25 22 25 41 46 47 51 57 65 

11 55 F left 25 29 23 28 48 52 45 47 48 53 
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sr no age gender affected side

pre post pre post pre post pre post pre post pre post pre post pre post pre post

1 56 M left 5 15 25 34 25 23 10 18 17 26 24 22 5 12 12 5 23 21

2 49 M left 8 15 20 30 23 21 8 18 15 23 20 17 4 12 10 3 18 16

3 51 M right 8 16 22 30 20 17 12 20 18 26 19 17 6 15 12 4 18 16

4 64 M left 6 14 27 36 25 23 10 20 20 28 23 20 5 10 13 5 20 18

5 52 M right 5 15 35 44 20 18 15 24 20 28 18 16 10 18 15 5 17 14

6 45 M right 5 14 32 40 25 22 14 22 22 28 15 12 8 16 18 10 13 11

7 65 F right 8 16 35 44 20 18 15 29 22 28 20 18 10 18 18 9 20 17

8 48 F right 4 14 27 34 22 20 12 20 18 25 20 17 6 12 12 5 18 16

9 54 F left 6 16 30 39 20 17 17 27 16 25 18 16 10 15 10 3 16 14

10 46 F left 5 14 20 30 20 18 10 20 15 23 18 16 5 14 10 3 16 14

11 48 F right 7 15 20 29 18 16 10 19 14 22 15 13 5 12 10 2 10 7

anklehip knee ankle hip knee hip knee ankle

Experimental group

swing phase 

midswingacceleration decceleration

 

 

Experimental group 

sr 
no  age  gender affected side step length stride length cadence 

        left right left right     

        Pre Post Pre Post Pre Post Pre Post pre post 

                            

1 47 M right 27 32 23 27 49 54 48 52 62 66 

2 50 M right 20 24 5.5 9 27 31 15 20 40 45 

3 46 F left 20 23 22 25 41 46 47 51 57 61 

4 49 M left 17 22 16 20 42 47 37 42 59 67 

5 47 M right 9.5 13 20 22 28 32 30 34 43 47 

6 46 M right 23 27 25 28 48 52 55 60 44 49 

7 54 F right 24 28 26 29 48 51 52 54 43 47 

8 49 M left 20 25 26 30 38 41 40 44 47 51 

9 55 F right 25 28 23 26 48 52 45 49 48 53 

10 47 F right 18 23 15 20 34 36 32 36 54 59 

11 55 F left 20 25 18 23 38 43 33 37 56 59 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. 

Item Guidelines 

01) Title :-  EFFECT OF ADDITIONAL WEIGHT ON NON AFFECTED LOWER 

EXTREMITY VERSUS WITHOUT ADDITIONAL WEIGHT ON NON 

AFFECTED LOWER EXTREMITY ON GAIT PARAMETERS AFTER 6 

WEEKS GAIT TRAINING PROGRAM IN CHRONIC STROKE PATIENTS 

AGED 45-75YEARS USING KINOVEA SOFTWARE: A RANDOMIZED 

CONTROLLED TRIAL. 

 

02) Introduction :- Stroke is a leading cause of mortality and disability, globally. Stroke is  

classically characterized as a neurological deficit attributed to an 

acute focal injury of the central nervous system (CNS) by a vascular 

cause, including cerebral infarction, intracerebral hemorrhage (ICH), 

and subarachnoid hemorrhage (SAH), and is a major cause of 

disability and death worldwide(1). According to a systemic review in 

2017 on incidence and prevalence of stroke in India, There is crude 

prevalence of stroke ranged from 44.29 to 559/100,000 persons in 

different parts of The country during the past decade; out of which a 

cumulative incidence of stroke ranged from 105 to 152/100,000 

persons per year(2).  

Poor motor control, muscle weakness, sensorimotor problems, 

impairment in static and dynamic balance and impaired gait 

parameters are common characteristics shown by stroke patients. 

Impaired gait represents a significant contributor to long term 

disability and care burden after stroke. Asymmetry in step length is 

one of the common impairment in chronic stroke patients(3)(4). 

Stroke patients also shows following kinematic impairments in gait 1) 

Reduced hip flexion due to inability to appropriately activate the hip 

flexor muscle and over activity hip extensor; 2) Decrease in knee 

flexion during the swing phase due to decrease knee flexor activity, 

lack of hip flexion and over activity of the plantar flexor muscles(3)(4). 

Stroke patients prefer to bear weight on non paretic limb which 
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ultimately results in reduced paretic leg muscle activity and changes 

in angular and spatiotemporal gait parameters(5)(6).  Considering 

strong preference to using the non paretic lower limb, interventions 

that encourage the use of the paretic lower limb should be explored.  

Constraint induced movement therapy (CIMT) is a promising 

treatment for stroke patients(7)(8).  

Primary goal of CIMT is to overcome learned nonuse of paretic limb 

to reduce hemiparesis(8). It focuses on mass task oriented training of 

the paretic limb while restricting the non paretic limb.  CIMT has not 

been effectively transferred to lower limb in individuals with stroke as 

it is not practically possible to constraint whole non paretic lower 

limb without altering the gait pattern(8). Thus there is limited 

evidence regarding feasibility of using CIMT to induce forced use of 

paretic lower limb(8). As an alternative strategy, the non affected leg 

can be restrained by adding a weight cuff to the ankle(9)(10). 

A study by J.P Regnaux et al in 2007 suggested that even brief gait 

training using a treadmill with restrictive weight placed on the distal 

extremity of non affected lower limb can improve gait ability in stroke 

subjects(4).  Similarly a study by Chao-Jung et al in 2017 showed 

induced forced use of affected leg and improved spatiotemporal 

symmetry of gait by applying controlled resistance force to non 

affected leg(2). Taeyou Jung et al in 2010 showed that the use of 

applied weight on affected limb can reduce unwanted floatation on 

paretic side during aquatic treadmill training(11).  

All of the studies mentioned above used treadmill for gait training. 

Even if treadmill walking is proven to be effective over ground 

walking, ultimate aim of the neurological rehabilitation is the patient 

should be able to walk on the ground without any assistance. Effect 

obtained by the studies which used treadmill walking as an 

intervention with additional weight on any of the lower extremity are 

not well defined as the author are not able to justify whether the 

effect is because of treadmill walking or the additional weight applied 

on any of the lower extremity. This is because of treadmill walking 

aids in initiating the gait cycle limiting the lower limb muscle 
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work(12). Inertia for taking a step forward is provided(12) with the 

help of treadmill, which can overshadow the effect of weights and 

can manipulate results. 

A study by Cyril Duclos et al in 2014 showed that there is increase in 

hip and knee power bursts when load is attached to affected ankle 

while walking on the ground(9). Also a study by Seung Ho Shin et al in 

2014 showed significant improvement in gait velocity, cadence and 

single support percentage with load application while walking over 

ground in stroke patients(13). Although various studies have shown 

improvement in different gait parameters using additional weight, 

there is scarcity in literature regarding the effect of additional weight 

on angular parameters of swing phase and spatiotemporal 

parameters. Therefore the purpose of this study is to find the 

effectiveness of weight application on non affected lower extremity 

on swing phase of affected side and spatiotemporal parameters in 

stroke patients. 

 

3.1) Primary Research 
Question :- 

Is there any effect of additional weight on non affected lower 

extremity versus without additional weight on non affected lower 

extremity on gait parameters after 6 weeks gait training program in 

chronic stroke patients aged 45-75years using Kinovea software? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

N/A 

3.3) Secondary Research 
Question 2 :- 

(if any) 

N/A 

4.1) Primary 
Hypothesis :- 

Null Hypothesis:  

There is no significant difference in the effect of additional weight on 

non affected lower extremity versus without additional weight on non 

affected lower extremity on gait parameters after 6 weeks gait 

training program in chronic stroke patients aged 45-75 years using 
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Kinovea software. 

Alternate hypothesis: 

There is significant difference in the effect of additional weight on 

non affected lower extremity versus without additional weight on non 

affected lower extremity on gait parameters after 6 weeks gait 

training program in chronic stroke patients aged 45-75 years using 

Kinovea software. 

 

4.2) Other Hypothesis 
1:- 

(if any) 

N/A 

4.3) Other Hypothesis 
2 :- 

(if any) 

 N/A 

05) Review of 
Literature :- 

Ming Wu et al in 2019 presented a study on Forced use of paretic leg 

induced by constraining the nonparetic leg leads to motor learning in 

individuals poststroke. Sixteen chronic stroke patients were recruited 

in this study. Each subject was asked to walk in two different 

conditions; one was treadmill walking with constrained force on 

nonparetic leg and another was treadmill walking only. For the 

additional constraint force condition, the protocol was walking for 1 

min without load (pre), walking with constraint for 7 min (adaptation) 

and walking without load (post). EMG evaluation throughout the 

study shows increased activity of ankle plantarflexors and hip 

extensors during stance phase in early adaption setting and post 

setting also. Gait symmetry was significantly improved in constraint 

condition as compare to without constraint(8). 

 

Jaeho park et al presented a study in 2018, the effects of an 

additional weight aquatic exercise program on balance and lower 

extremity strength in person with stroke. 40 subjects participated in 

this study, out of which thirteen subjects were in additional weight 

aquatic exercise group, twelve in aquatic exercise group and 15 in 
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control group. The study concludes that the additional weight aquatic 

exercise program improves lower extremity and balance in person 

with stroke(14). 

 

Jae-woong hwang et al presented a study in 2017, the effect of ankle 

weight loading on the walking factors of adults without symptoms. 20 

male and female asymptomatic healthy individuals were included in 

this study. They were asked to walk on the plate with 0 %, 1% and 2% 

of the body weight and spatiotemporal parameters were observed 

with GaitRite system. The study concludes that there was significant 

difference in walking distance, velocity and cadence between 0% 

group and 1% group and 0% and 2% of the body weight settings(15).   

Tatiana Souza Ribeiro et al in 2017 evaluated the influence of the load 

addition during treadmill training on cardiovascular parameters and 

gait performance in patients with stroke. Thirty-eight stroke subjects 

were recruited they were randomly allocated into experimental 

group, which underwent treadmill training with a mass attached on 

non paretic lower limb and control group, which underwent only 

treadmill training. Intervention was given for 9 session and 

cardiovascular parameters and spatiotemporal parameters were 

assessed. Results suggest increased walking distance and speed with 

no change in cardiovascular parameters. So the study proves that it 

can be safely introduced as gait training program in poststroke 

individuals(16). 

 

A study by Chao-Jung Hsu et al in 2017 on forced use of the paretic 

leg induced by constraint force applied to the nonparetic leg in 

individuals poststroke during walking. Fifteen participants having 

chronic stroke with hemiparesis who were able to walk independently 

with r without assistance were included in this study. Each subject 

were asked to walk on treadmill for 2 sessions with min and 

maximum speed and then asked to walk with controlled resistance 

force applied to the nonparetic leg in swing phase. The study 

concludes that application of controlled resistance force to the 
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nonparetic leg during early swing phase may induce forced use of 

paretic leg and improve the spatiotemporal symmetry in poststroke 

individuals(8).  

 

Tatiana S. Ribeiro et al in 2017 presented a study on effect of 

treadmill training with load addition on non paretic lower limb on gait 

parameters after stroke. 19 chronic poststroke patients were 

recruited in this study. Participants were randomly allocated in 2 

groups; one with treadmill training with load on ankle and the other 

without load on ankle; with both undertaking daily training for 2 

weeks i.e 9 sessions. Post training participants exhibited increased 

walking speed, cadence and greater hip and knee joint excursion in 

both limbs(17).  

 

Seok Hyun Nam et al presented a study in 2017 Changes of gait 

parameters following constrained-weight shift training in patients 

with stroke which concludes that constrained weight shift training on 

the paretic lower limb is an effective treatment method for improving 

normal gait pattern in stroke patients(18). 

  

Jae-Ho Park et al presented a study in 2017 A Comparison of 

Underwater Gait Training with Additional Weight Application and 

Over-ground Gait Training to Improve Balance and Lower Extremity 

Strength in Persons with Stroke which concludes that applying 

additional weight during underwater gait training improves lower 

extremity strength and balance in stroke patients(19).  

 

Joel Godfrey Bettram et al presented a study in  a comparative study 

on effectiveness of overground walking with treadmill training on  

improving locomotion of stroke patients which concludes that  

Improvement of locomotor function including mobility and speed is 

seen in hemiplegic persons when intensively trained on a overground 

walking and treadmill training(20) 
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A study by Cyril duclos et al in 2014 on effect of walking with loads 

above the ankle on gait parameters of persons with hemiparesis after 

stroke. Ten poststroke individual with moderate chronic hemiparesis, 

were assessed while walking over ground with three different loads of 

0.5 kg, 1 kg and 1.5 kg attached above the paretic ankle. 

Spatiotemporal parameters, kinematic and kinetic parameters were 

assessed using a 3 D gait analyzer. Walking with a load led to an 

increased in gait speed and in step length of the paretic limb, but not 

of the non-paretic leg. The proportion of the stance and swing phases 

did not change. Maximal joint moments and power increases varied 

across participants but were mostly affected in early stance at the hip 

and during the late swing phase at the knee(9).  

Birol Balaban, Fatih Tok, presented a study on gait disturbances in 

stroke patients. 

A study by Taeyou Jung et al in 2010 on effect of applying additional 

weight to the affected leg on gait patterns during aquatic treadmill 

walking in people poststroke. 22 stroke patients with chronic 

hemiparesis above 40 yrs of age who were able to walk 10 m with or 

without assistance were included in this study. All the participants 

were asked to walk under water on treadmill in 3 different conditions 

i.e 1) no additional weight, 2) with weight above the affected knee 3) 

with weight placed above ankle. The study concludes that use of 

additional load on affected limb can reduce unwanted limb floatation 

and assists in increasing stance stability by increasing stance phase 

percentage of gait cycle(11). 

 

A study by J.P Regnaux et al in 2007 on effect of loading the 

unaffected limb for one session of locomotor training on laboratory 

measures of gait in stroke. Ten individuals having acute stroke who 

were able to walk 10 m without assistance were included in this 

study. Short term effects on gait parameters were assessed by using 

3D gait analysis system pre, post and immediately after 20 minutes of 

treadmill training with additional load. This study concludes that even 

brief gait training with a treadmill with restrictive weight placed on 
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distal extremity of the non hemiparetic lower limb can improve 

walking speed, step length and cadence. Also weight bearing on 

paretic lower limb was increased along with hip and knee 

excursion(4). 

 

Song Joo Lee et al presented a study in 2007 Biomechanics of 

over-ground vs. treadmill walking in healthy individuals which 

concludes that while temporal gait parameters and kinematic 

patterns are similar between treadmill and over-ground walking, the 

muscle activation patterns and joint moments and powers used to 

achieve these movement patterns are often different(12) 

 

David A Brown et al presented a study in 2005 Limb-Loaded Cycling 

Program for Locomotor Intervention Following Stroke which 

concludes that limb-loaded cycling can accommodate people with 

little force generating capability or weight-bearing ability as they 

practice locomotor skills(21). 

  

Virginia W. Chu et al presented a study in 2004 Perception of lower 

extremity loads in stroke survivors which concludes that Sensory 

deficit related to load detection in the impaired limb could result in 

an increased uncertainty of limb load and a gait strategy in which 

stroke survivors minimize loading of the impaired limb(22). 

 

6.1) Primary 
Objectives :-  

To study the effect of additional weight on non affected lower 

extremity versus without additional weight on non affected lower 

extremity on gait parameters after 6 weeks gait training program in 

chronic stroke patients aged 45-75 years using Kinovea software. 

 

6.2) Other Objectives 1:- 

(if any)  

N/A 
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6.3) Other Objectives 2:- 

(if any) 

N/A 

07) Methodology :- Type of study: Randomized Controlled Trial. 

Study setting: Physiotherapy OPD in tertiary care settings 

Study Population: Chronic stroke patients of age 45 to 75. 

Duration of study: 18 months  

Sampling technique: Convenient sampling method. 

Sample size estimation :  

The sample size is determined considering study by Seung Ho Shin 

(2014) effect of gait training with additional weight on balance and 

gait in stroke patients. 

The mean and standard deviation value for step length in Group 1 

was 47.23±12.32 and for Group 2 was 25.21±9.27.  

The formula used:  n = 4(Zα+ Zβ)2 SD2 /(X̅1- X̅2)2  

Where, 

Zα – standard normal variant at α level. 

Zβ – standard normal variant at α level. 

SD – standard deviation 

X̅ - mean  

Where, α = 5%, β= 20%         

The required sample size considering the dropout rate is calculated as 

40, i.e. 20-20 in each group. 

The sample size was calculated by using open EPI calculator version 7. 

 

METHOD OF SELECTION OF STUDY: 

Inclusion criteria: 

Diagnosed with cerebro-vascular accident (6 months onwards after 

first onset).  

Both male and female. 

Ability to walk for 10 meters without assistance.  

Clinically diagnosed post stroke patients graded with Brunnstrom’s 

recovery stage 4 of lower extremity.  
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Exclusion Criteria: 

Repeated onset of stroke.  

Patient having vestibular disorders. 

Any other neurological condition. 

Cognitively impaired patients.  (Mini Mental State Examination score 

≤24). 

Cardiovascular conditions e.g recent myocardial infarction etc. 

Patients with fracture or trauma of lower extremity. 

Uncorrected vision and auditory impairments. 

 

Operational definition: 

Chronic Stroke:  

Stroke is classically characterized as a neurological deficit attributed 

to an acute focal injury of the central nervous system (CNS) by a 

vascular cause, including cerebral infarction, intracerebral 

hemorrhage (ICH), and subarachnoid hemorrhage (SAH), and is a 

major cause of disability and death worldwide(1).  

Chronic stroke is defined as 6 months and onwards after the onset of 

stroke.  

Spatiotemporal parameters(23): 

Cadence(23): The number of steps taken by person per unit time. 

Step length(23): Linear distance between two successive points of 

contact of opposite extremity. 

Stride length(23): A linear distance between two successive events 

that are accomplished by same lower extremity. 

Gait cycle: Gait cycle is defined as a movement of one foot strike to 

the successive foot strike of the same lower extremity. It consists of 

stance phase and swing phase. 

Angular parameters of swing phase(23):  

Acceleration: acceleration begins once the toe leaves the ground and 
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continues until mid swing. It consists of, hip flexion, knee flexion and 

ankle plantarflexion. 

Mid swing: mid swing occurs approximately when the extremity 

passes directly beneath the body. It consists of hip flexion, knee 

flexion and dorsiflexion. 

Deceleration:  deceleration occurs after midswing when the limb is 

decelerating in preparation of heel strike. It consist of hip flexion, 

knee extension and ankle dorsiflexion.  

 

Variables: 

Independent variable:  

Gait training program with additional load on non affected lower 

extremity. 

Gait training program without additional load on non affected lower 

extremity. 

Dependent variables:  

Gait parameters :  

Spatiotemporal variables  

Angular parameters of affected lower extremity in swing phase. 

Methods of measurements: 

To assess spatiotemporal parameters:  

For assessing spatiotemporal parameters, foot print method using 

paint will be done. A cardboard sheet will be placed on the floor. The 

patient will be instructed to immerse both the foot in ink. Then they 

will be asked to walk on cardboard sheet with their normal speed. 

Then stride length and step length of both lower extremities will be 

measured from the imprints on the sheet. Cadence will be calculated 

at the time of walking on the sheet. The sheets will be stored for 

records and backup. 

To assess angular parameters of affected lower extremity in swing 
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phase: 

The patient will be made to walk on ground. Video will be recorded 

for gait analysis. Angular parameters during swing phase will be 

assessed using Kinovea software version 0.8.15 (24). 

Three points (markers) will be selected in order to measure the 

relative angle of the hip, knee and ankle for any instance.  

The markers will be placed over ; 

Anterior superior iliac spine,  

Posterior superior iliac spine,  

Lateral aspect of mid thigh level (10 cm above knee joint line),  

Lateral knee joint line, 

Lateral aspect of mid calf level (5 cm above knee joint line), 

Lateral malleolus,  

First metatarsals head.  

The main marker under consideration will be on the hip, knee and 

ankle. The other two markers include the two markers adjacent these 

joints. From these 3 points (markers), the relative angles of hip, knee 

and ankle will be determined during walking.   

The data will be stored according to subject and trials. Three trials will 

be given to the patient and best of three will be taken for further 

analysis.  

Study instruments or data collection tools:  

Weight cuff       

Step stool 

Cones                  

Supported chair                     

Kinovea software      

Ink   

Cardboard sheet 

Measuring tape 

Pen  

Record sheet 

Method of data collection: 
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The study will be performed on chronic stroke patients aged 45-74 

years. Permission from the institutional head and ethics committee 

will be taken. Intervention will be explained. Written consents from 

the participants will be taken. Subjects fulfilling the inclusion criteria 

will be included. Demographic Data will be obtained. Pretest gait 

parameters will be noted. Participants will be encouraged to perform 

exercise for 6 weeks. Post intervention gait parameters will be noted. 

Data will be collected and analyzed.  

Data Management and Analysis:  

The data will be collected and entered in the excel sheet. Backup will 

be maintained. 

Patients’ confidentiality will be maintained.  

Mean, standard deviation and percentage will be calculated. 

For analyzing the data within the group (pre and post) paired t test or 

Wilcoxon signed rank test whichever is applicable will be done. 

For analyzing the data between the groups (post) unpaired t test or 

Manwhitteny U test whichever is applicable will be done.  

 p ≤ 0.05 will be considered statistically significant. 

GENERAL PROCEDURE:  

Permission from the head of the institution will be taken. 

Permission from board of research and Ethics clearance will be taken. 

Interventional protocol will be explained. Written consent from the 

participants would be obtained. 

Subjects fulfilling criteria would be included. 

Demographic data will be obtained. 

Pre intervention value of gait parameters will be assessed. 

Participants will be encouraged to perform the gait training program 

for 6 weeks.  

Post intervention gait parameters will be re assessed. 

Data will be collected and analyzed.  

RANDOMIZED CONTROLLED TRIAL:  
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All 40 subjects will be randomly assigned into experimental and 

control groups using a random, predetermined computer generated 

software list, Random allocation software version 1.0. Randomization 

will be according blocked randomization method. The patients will 

not know about the group allocation procedure. 

INTERVENTION: 

Participants fulfilling the inclusion and exclusion criteria will be 

selected from physiotherapy OPD of tertiary care hospital. The 

subjects will be divided into control group and experimental group 

using Block randomization method. 

A pre intervention assessment of gait parameters will be done. For 

calculating angular parameters in swing phase, a video will be taken 

and analyzed in Kinovea software. For calculating the spatiotemporal 

parameters, foot print method will be used.  

The intervention will be given for 30 minutes a day 3 times a week for 

6 weeks. 

Conventional Protocol:  

Conventional protocol for both the group will be same except for the 

gait training protocol. 

It will include following programs: 

Institutional physiotherapy protocol consisted of stretching and 

strengthening exercises of lower limbs (10 minutes), trunk stability 

exercises (10 minutes), standing balance training (15 minutes) and 

functional re- education (10 minutes). 

 

EXPERIMENTAL GROUP: 

A weight cuff of approximately 5% of body weight(17) will be tied 

over ankle joint of non affected lower extremity and the patient  will 

be asked to perform following exercises as a part of gait training(25): 

Walking forward and backward:  

Patient will be asked to stand on a predefined spot. 

Then he will be asked to step in place by doing diagonal weight shifts 

forward and backward with affected lower limb followed by 
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unaffected lower limb. 

Side-stepping and cross-stepping :  

Patient will be asked to stand on a predefined spot. 

Side-stepping –  

The patient will be asked to abduct the affected limb and place it on 

predefined spot. 

Then same procedure will be followed by the non affected limb.  

Cross stepping –  

The patient will be asked to side-step affected limb and then cross 

the unaffected limb up and over the affected limb.  

Then the reverse pattern will be followed with side stepping of 

unaffected limb. 

Step up:  

Patient will be asked to stand on a predefined spot. 

The patient will do a step up by shifting weight laterally on the 

affected limb and will place the unaffected limb on the stepper.  

Then a reverse pattern will be followed.  

The difficulty level will be increased with increasing the height of the 

step. 

 

Stair climbing:  

First the patient will be asked to place his unaffected limb on step by 

laterally shifting his weight on affected limb. Then the affected limb 

will be placed on the step.  

First the patient will be asked to climb one step at a time which will 

progress to alternate stepping with unaffected and affected limb.   

Verbal cuing and manual assistance will be provided whenever 

needed. Rest intervals will be given whenever is necessary.  
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Same protocol will be given for 30 minutes a day, 3 times a week for 6 

weeks(17). 

A post intervention assessment of the spatiotemporal and angular 

parameters of affected extremity during swing phase of gait cycle will 

be taken after completion of 6 weeks.  

Control group: 

The patient will be asked to perform same exercises which will be 

given to experimental group as a part of gait training without applying 

additional weight on ankle joint of unaffected lower extremity. 

RESULTS:  

Results will be discussed in final copy of dissertation. 
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Date: 

Serial no: 
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Age: 
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Address: 
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Height:         meter2. 

Weight:         Kg 

Mobile number: 

Occupation: 

Group A/B: 

Duration of onset: 

Medical history 

Brunstromm’s recovery score: 

Mini mental score examination: 

Outcome Measure Pre-intervention  

(Day 1) 

Baseline Score 

Post-intervent

ion 

(6th week ) 

joint Phase Angles Angles 

Hip Acceleration   

Mid swing   

Deceleration   

knee Acceleration   

Mid swing   

Deceleration   

ankle Acceleration   

Mid swing   

Deceleration   

 

Outcome 

Measure 

Pre-intervention  

(Day 1) 

Baseline Score 

Post-intervention 

(6th week ) 

Spatiotemporal Score        Score 



 

C:\Users\convert\AppData\Local\Temp\1\task-772245241\0f58f26f1d7934781a29b89fc2a06081.doc [Page : 23] 
   

parameters 

Step length   

Stride length   

Cadence   

 

Informed Consent form 

1. Project title: Effect of additional weight on non affected lower 

extremity versus without additional weight on non affected lower 

extremity on gait parameters after 6 weeks gait training program in 

chronic stroke patients aged 45-75years using Kinovea software: A 

randomized controlled trial. 

2. Introduction 

You have been invited to participate in this research study. Exercise 

will be given in the form of gait training, which is a part of standard 

exercise training. It is important for you to read the study description, 

understand the nature of study and involved risk of participation. 

Give your consent for participation in this clinical study only after 

understanding the nature, course of study & your right as a 

participant. 

 

3. Purpose of the study 

Gait impairments are one of the most common impairments in 

chronic stroke patients. These impairments make day to day life 

activities difficult.  The objective of this study is to find the 

effectiveness of additional weight on non affected lower extremity 

versus without additional weight on non affected lower extremity on 

gait parameters after 6 weeks gait training program in chronic stroke 

patients aged 45-75years using Kinovea software. 

 

4. Expected duration of study and the number of subjects: 

 

Duration of the study will be of 18 months. Subjects will be 

participating for 6 weeks. There will be approximately 40 subjects. 
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5. Study procedure to be followed: 

If you show willingness to participate in this study, you will undergo a 

brief physical examination. 

1. Basic demographic data like age, gender of participant will 

be asked. 

2. Height and weight will be measured using the standard 

procedures.  

3. Gait parameters will be assessed using Kinovea software. 

4. Baseline scores will be recorded prior to the treatment. 

5. Participants will be given gait training program for 30 

minutes, 3 times a week for   6 weeks. 

6. Risk and discomfort:  

This study is relatively safe.  

For study related injury medical care will be provided by the 

investigator. 

 

7. Possible benefits of the study: 

 

There will be improvement in gait parameters after the study. 

 

8. What happens when the research trial stops? 

 

You will be given information about the changes in gait parameters 

scores and any benefits you have achieved by participating in this 

study. 

 

9. Compensation for the participation: 

 

Participation in the study will be at no cost to you. No compensation 

will be provided for your participation. 

 

10. Treatment and the compensation for study related injury: 
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Participant will be provided medical care at the study place for any 

physical injury or illness that occurs as a direct result of participation 

in this study. This medical care will be of no cost. Participant will not 

give up any legal rights by signing this form. 

 

11. Right to withdraw from study: 

 

Participation in this study is entirely voluntary. You may choose not to 

take part or may leave the study at any time. 

 

12. Confidentiality: 

 

All the study records will be kept confidential at all time. Your identity 

will not be revealed except as required by law. The result of study 

may be published for scientific reasons. The identity of the participant 

will not be revealed in this publication 

 

13. Thank you for taking the time to read (or have read to you) the 

information about this study. Before you sign this document, you 

should ask questions about anything you do not understand. The 

study staff will answer all your questions before, during and after the 

study. If you have any questions about this study or how it is being 

run or possible research related injury you can contact your study 

doctor. 

 

Consent: 

1. I have read or have had read to me the 

information given in   the informed 

consent document for this study entitled 

“Effect of additional weight on non 

affected lower extremity versus without 

additional weight on non affected lower 

extremity on gait parameters after 6 

weeks gait training program in chronic 
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stroke patients aged 45-75years using 

Kinovea software: A randomized 

controlled trial. 

2. I have received an explanation of the 

nature, purpose, duration and risks of the 

trial, and what I will be expected to do. 

My questions have been answered 

satisfactorily.  

3. I understand that my participation in 

the trial is voluntary and that I may 

refuse to participate and may withdraw 

from my trial at any given time, without 

penalty or loss of benefits to which I am 

otherwise entitled.  

4. I further understand that any information 

that becomes available during the course of 

the study that may affect my willingness to 

take part will be informed to me. 

5. Institutional Ethics Committee 

authorities may wish to examine 

my medical records to verify the 

information collected. By signing 

this document, I give permission 

to review of my records.  

6. I understand that my identity will 

not be revealed in any reports or 

publications,  

7. I agree to take part in the above study.  

 

   
Name of the 
research 
Participant 

Signature/thumb 
impression of the 
research participant Date 
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सहमति पत्र 

योजना का शीर्षक 

“गैर प्रभावित पैर पर अवतररक्त भार विनाम गैर प्रभावित पैर पर विना 

अवतररक्त भार का गेट पैरामीटर्स पर ६ र्प्ताह के गेट प्रविक्षण के प्रभाि 

४५-७५ आयु िगस के क्रोवनक स्ट्र ोक रोवगयोों में कीनोविआ र्ॉफ्टिेयर का 

प्रयोग करकर : एक यादृच्छिक वनयोंवित पररक्षण”    

प्राक्कथन  

आपको इर् िोध अध्ययन में भाग लेने के वलए आमोंवित वकया गया 

है।व्यायाम चलने के पद्धवत के प्रविक्षण के रूप में विया जायेगा, जो मानक 

व्यायाम प्रविक्षण का एक वहस्सा है। आपके वलए अध्ययन वििरण पढ़ना, 

अध्ययन की प्रकृवत को र्मझना और र्हभावगता का जोच्छिम िावमल करना 

महत्वपूणस है। केिल एक प्रवतभागी के रूप में प्रकृवत, अध्ययन के पाठ्यक्रम 

और आपके अवधकार को र्मझने के िाि इर् नैिावनक अध्ययन में भाग लेने 

के वलए अपनी र्हमवत िें। 

अभ्यास का उदे्दश्य :  

गैट िुिसलताएों  क्रोवनक स्ट्र ोक के रोवगयोों में र्िरे् आम िुिसलताओों में रे् एक 

हैं। ये िुिसलताएँ विन-प्रवतविन की जीिन गवतविवधयोों को कविन िना िेती हैं। 

इर् अध्ययन का उदे्दश्य गैर प्रभावित पैर पर अवतररक्त भार विनाम गैर 

प्रभावित पैर पर विना अवतररक्त भार का गेट पैरामीटर्स पर ६ र्प्ताह के गेट 

प्रविक्षण के प्रभाि ४५-७५ आयु िगस के  क्रोवनक स्ट्र ोक रोवगयोों में कीनोविआ 

र्ॉफ्टिेयर का  प्रयोग करकर प्रभाि िोजना है। 

अभ्यास हेिु अपेतिि अवति एवं सहभातिओतंक संख्या  

अध्ययन की अिवध 18 महीने की होगी। 6 र्प्ताह तक प्रवतभागी भाग लें गे। 

लगभग 40 प्रवतभागी होोंगे।  

अभ्यास की कायषप्रणाली तनम्नानुसार होिी 

यवि आप इर् अध्ययन में भाग लेने की इिा वििाते हैं, तो आप एक र्ोंवक्षप्त 

िारीररक परीक्षा रे् गुजरें गे। 

1. मूल जनर्ाोंच्छिकीय डेटा जैरे् उम्र, प्रवतभागी का वलों ग पूछा जाएगा। 

2. ऊों चाई और िजन मानक प्रवक्रयाओों का उपयोग करके मापा जाएगा। 

3. वकनोविया र्ॉफ्टिेयर का उपयोग करके गैट मापिोंडोों का मूल याोंकन वकया 

जाएगा। 

4. उपचार रे् पहले िेर्लाइन स्कोर िजस वकया जाएगा। 

5. प्रवतभावगयोों को 6 र्प्ताह के वलए र्प्ताह में 3 िार 30 वमनट के वलए गैट 

प्रविक्षण कायसक्रम विया जाएगा। 

6.जोखिम एवं िकलीफ  

यह अध्ययन अपेक्षाकृत रु्रवक्षत है। 

अध्ययन रे् र्ोंिोंवधत चोट के वलए वचवकत्सा िेिभालकतास द्वारा प्रिान की 

जाएगी। 
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अभ्यास के अपेतिि लाभ  

इर् कायसक्रम के िाि गैट मापिोंडोों में रु्धार होगा। 

7.अनुसन्धान समाप्त होने पर क्या होिा  

आपको गैट पैरामीटर में ििलाि के िारे में और इर् विषय में िावक होने िाली 

लाभ इनकी जानकारी आपको िी जाएगी । 

8.सहभािका मेहनिाना 

इर् अभ्यार् में र्हभागी होने के वलए न  आपको कुछ व्यय करना है ना ही 

आपको कोई मेहनताना विया जायेगा  । 

9.अभ्यास के दौरान लिने वाली चोट का उपचार एवं  उसका मुआवजा  

अभ्यार् के स्थान पर अभ्यार् के िौरान अगर वकर्ी प्रकार की िरीरीक चोट 

लगती है तो आपको िैद्यकीय रे्िा िी जाएगी । आपको उर्के वलए कुछ िचस 

नही ों करना पड़ेगा। इर् प्रपि पर हस्ताक्षर करने पर आपको वकर्ी िैधावनक 

अवधकार पर आके्षप नै आएगा । 

10.अभ्यास में सहभातििा से तनकलनेका अतिकार  

इर् अभ्यार् में र्हभाग पूणसतः सै्विा पर है । आप इर्में भाग लेने रे् मना कर 

र्कते है या अभ्यार् को कभी भी छोड़ र्कते है । 

11.िोपनीयिा  

इर् अभ्यार् रे् र्म्बोंवधत र्भी िस्तिेज / प्रपि हमेिा गोपनीय रिे जायेंगे। 

आपकी पहचान िैधवनक कारणोोंके अलािा उजागर नै की जाएगी। इर् 

अभ्यार् के पररणाम िैद्यावनक ियान के प्रर्ार क वलए प्रकावित वकये जायेंगे 

परनु्त इर्में आपकी पहचान जारी नही ों की जाएगी । 

13.इर् अभ्यार् रे् र्म्बोंवधत आिश्यक रू्चनाओोंको पढ़ने या वकर्ी के द्वारा 

र्मझाए जाने हेतु आपने जो अपना कीमती र्मय विया, उर्के वलए हम 

आपके आभारी है ।इर् र्हमवत पि को भरने रे् पूिस आप िे र्भी प्रश्न हमरे् 

पूछ र्कते है वजने्ह आप र्मझ न पाए हो । र्ोंिोधन र्वमवत की र्िस्य 

अभ्यार्पूिस अभ्यार् क िौरान और अभ्यार् के र्माच्छप्त के पश्चात भी आपके 

र्िालोोंका उत्तर तत्परता रे् िेंगे। 

अगर अभ्यार् के र्म्बन्ध में आपको कोई िोंका हो की ये कैरे् वकया जा रहा है 

या वकर् प्रकार की चोट लगने की र्म्भािना है तो आप र्ोंिोधक वचवकत्सक रे् 

र्ोंपकस  करे । 

सहमति पत्र   

1. “गैर प्रभावित पैर पर अवतररक्त भार विनाम गैर प्रभावित पैर पर विना 
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अवतररक्त भार का गेट पैरामीटर्स पर ६ र्प्ताह के गेट प्रविक्षण के 

प्रभाि४५-७५ आयु िगस के  क्रोवनक स्ट्र ोक रोवगयोों में कीनोविआ र्ॉफ्टिेयर 

का  प्रयोग करकर : एक यादृच्छिक वनयोंवित पररक्षण”    
 

2.मुझे इर् विषय के िारेमे पूणस जानकारी, जैरे् अभ्यार् का विषय, उर्का 

उदे्दश्य ,कालािवध अभ्यार् के िौरान आने िाली जोच्छिम तथा अभ्यार् के 

िौरान मेरे द्वारा अपेवक्षत र्हयोग की जानकारी िे िी गयी है। मुझे मेरे र्रे 

प्रश्नोोंके उत्तर वमल गए है। 

3.इर् अभ्यार् में मैं अपनी इिा रे् र्च्छिवलत हो रहा/रही हु। मैं इर् िात रे् 

अिगत हु की मेरी इिानुर्ार मैं इर् अभ्यार् में र्हयोग िेने के वलए कभी भी 

मना कर र्कता/र्कती हु ।इर्के वलए मुझे कोई जुरमाना या कोई नुकर्ान 

नही ों भरना पड़ेगा । 

 

 

 

 

 

 

 

 

 

 

                      सम्मिी पत्र 

1.संशोिन प्रक्लपाचे शीर्षक: “वकनोच्छिया र्ॉफ्टिेर िापरून ४५-७५ 

िषासच्या क्रोवनक स्ट्र ोक रुग्ाोंमधे्य नॉन एफे्फक्टड पायािर अवतररक्त भार 

िापरून आवण नॉन एफे्फक्टड पायािर अवतररक्त भार न िापरता ६ 

आििड्यनचे चालण्याच्या पद्धतीचे प्रविक्षण: एक यादृच्छिक वनयोंवित चाचणी” 
           

2. प्रस्तावना: या र्ोंिोधन अभ्यार्ामधे्य भाग घेण्यार्ािी तुम्हाला आमोंवित 

करण्यात आले आहे. व्यायाम प्रविक्षण चालविण्याच्या रूपात विले जाईल, जे 

प्रमावणत व्यायामाच्या प्रविक्षणाचा एक भाग आहे. अभ्यार्ाचे िणसन िाचणे, 

अभ्यार्ाचे स्वरूप र्मजून घेणे आवण त्यात र्हभागी होण्याचे जोिीम हे 

आपल यार्ािी महत्वाचे आहे.  प्रकृवत, अभ्यार्ाचा अभ्यार्क्रम आवण एक 

र्हभागी म्हणून तुमचा हक्क र्मजल यानोंतर  या च्छिवनकल अभ्यार्ात 

र्हभागार्ािी आपली र्ोंमती द्या. 

   

र्ोंिोधक अभ्यार्क 

का नाम 

र्ोंिोधक अभ्यार्क की र्ही 
और अोंगूिा 

      

तारीि 
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3. अभ्यासाचे उखिष्ट: क्रोवनक स्ट्र ोक च्या रुग्ाोंमधे्य चालण्याच्या पद्धतीची 

र्मस्या जास्त प्रमाणात आढळून येते  

 

4. अभयसासाठी अपेतिि कालाविी व सहभािी व्यक्ीचंी/ मुलांची 

संख्या: 

अभ्यार्ाचा कालािधी 18 मवहन्ाोंचा अरे्ल. र्हभागी 6 आििड्याोंर्ािी 

र्हभागी होणार आहेत. तेथे अोंिाजे 40 र्हभागी होतील. 

5. अभ्यासाची कायषपििी िालील प्रमाणे: 

1.िैयच्छक्तक मावहती जरे् िय आवण वलों ग याोंची मावहती द्यािी लागेल. 

2.मानि प्रवक्रयेद्वारे आपले िजन आवण उोंची मोजली जाईल. 

3. वकनोच्छिआ र्ॉफ्टिेअर िापरून गेट पॅरामीटर्स चे मूल याोंकन केले जाईल. 

5. प्रविक्षणाच्या आधी आधाररेिा प्राप्ताोंक नमूि केले जातील. 

6. प्रविक्षणाचा कालािधी 30 वमनटे अरे्ल.   प्रविक्षण आििड्यातून ३ 

वििर् िेण्यात येईल. एकूण प्रविक्षण 6 आििड्याोंर्ािी राहील. 

6. जोिीम आतण त्रास  

हा अभ्यार् तुलनेने रु्रवक्षत आहे. 

अभ्यार्ािी र्ोंिोंवधत िुिापतीर्ािी िैद्यकीय रे्िा तपार्नीर् िेतील. 

7.अभ्यास/अध्ययनाचे अपेतिि लाभ  

चाचणीनोंतर गेट पॅरामीटर्समधे्य रु्धारणा होईल.  

1. संशोिन समाप्त झाल्यार काय होईल? 

तुमच्या र्ोंतुलन प्राप्ताोंकन  झालेले पररितसन आवण झालेले इतर लाभ 

याोंर्ोंिोंधी मावहती आपणार् िेण्यात येईल. 

9.सहभािासाठी मानिन  

या अभ्यार्ात र्हभागी होण्यार्ािी आपल याला कुिलाही िचस करािा 

लागणार नाही तरे्च आपल याला कुिलेही मानधन विले जाणार नाही. 

10.अभ्यासाचा दरम्यान झालेल्या दुिापिीने उपचार आतण नुकसान 

भरपाई. 

र्ोंर्ाधन प्रकल पाोंतगसत करण्यात येणाऱ्या या अभ्यार्ाचे िेळी आपल याला 

िुिापत झाल यार् आिश्यक ते िैद्यकीय उपचार केले जातील. त्यार्ािी 

आपणार् कुिलाही िचस करािा लागणार नाही. 

या प्रपिािर स्वाक्षरी केल याने आपल या कुिल याही कायिेिीर अवधकाराोंिर 

िाधा येणार नाही. 
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11. अभ्यासाि सहभािी न होण्याचा तवचार 

या अभ्यार्ात आपला र्हभाग पूणसपणे ऐच्छिक आहे. आपण यात र्हभागी 

होण्यार् नकार िेऊ िकता. वकों िा अभ्यार् मधेच र्ोडून जाऊ िकता. 

12.िोपनीयिा  

या अभ्यार्ार्ोंिोंधी र्िस िस्तऐिज नेहमी गुप्त िेिण्यात येतील. कुिल याही 

कायिेिीर आपली ओळि जाहीर केली जाणार नाही. या अभ्यार्ाचे वनष्कषस 

िैज्ञावनक ज्ञानाच्या प्रर्ारार्ािी प्रकवित केले जातील परों तु त्यार्ािी आपली 

ओळि जाहीर केली जाणार नाही.  

13.या अभ्यार्ार्ोंिोंधी आिश्यक रू्चना िाचणे अथिा कोणाकडून र्मजून 

घेणे यार्ािी आपण  आपला अमूल य िेळ विलात त्यार्ािी मी 

आपला/आपली आभारी आहे. हे र्हमती पाि भरण्यापूिी आपल याला न 

र्मजलेले र्ोंिोंवधत प्रपिात कुिलेही प्रश्न आपण मला विचारू िकता. 

र्ोंिोधन र्वमतीचे र्िस्य अभ्यार्ापुिी,अभ्यार्ािरम्यान वकों िा अभयर्ाच्या 

र्माप्तीनोंतर आपल या प्रश्नाोंची उत्तरे तत्परतेने िेतील. हा अभ्यार् कर्ा केला 

जाईल अथिा या िरम्यान काही िुिापत होईल का अिा प्रकारचा मनात 

उद्भिणाऱ्या िोंकाोंचे वनरर्न आपण र्ोंिोधक वचवकत्सकािी र्ोंपकस  र्ाधून 

करून घेऊ िकता, 

 

सम्मिी पत्र  

“वकनोच्छिया र्ॉफ्टिेर िापरून ४५-७५ िषासच्या क्रोवनक स्ट्र ोक रुग्ाोंमधे्य नॉन 

एफे्फक्टड पायािर अवतररक्त भार िापरून आवण नॉन एफे्फक्टड पायािर 

अवतररक्त भार न िापरता ६ आििड्यनचे चालण्याच्या पद्धतीचे प्रविक्षण: एक 

यादृच्छिक वनयोंवित चाचणी” 
 

2.मला या विषयािद्दल र्विस्तर मावहती, जरे् अभ्यार्ाचा विषय, त्याचा उदे्धि, 

कालािधी, अभ्यार्ािरम्यान येणाऱ्या जोिीम तरे्च माझाकडून अर्लेल या 

अपेक्षा यािद्दल र्ोंपूणस मावहती वमळाली आहे. माझ्या िोंकाोंनारु्द्धा 

र्माधानकारक उत्तरे वमळाली आहेत  

3. या अभ्यार्ात माझा र्हभाग माझ्या इचछेनुर्ार आहे. तरे्च मला पावहजे 

तेिा र्हभाग घेण्यार् नकार िेऊ िकतो/ िकते. या िद्दल मला कुिलाही 

िोंड वकों िा नुकर्ान होणार नाही, हे मला मावहती आहे. 

4.अभ्यार्ािरम्यान काही निीन मावहती उपलब्ध झाल यार्, माझ्या र्हमती 

र्ािी अर्लेल या अटी ोंिर त्याचा पररणाम होणार नाही, हे मला मावहती आहे. 
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5.िैद्यकीय नैवतक र्वमतीचे र्भार्ि माझे तपार्णी िरम्यानचे अहिाल 

केिाही तपारू् िकतात. या अहिालािर र्ही करून त्याोंना ते तपार्ण्याची मी 

परिानगी िेतो/िेते. 

6.माझी ओळि या विषयार्ोंिोंधीच्या कोणत्याही अहिालात वकना 

प्रकािनामधे्य जाहीर केली जाणार नाही हे मला मावहती आहे  

7.या अभ्यार्ात र्हभागी होण्यार् माझी मान्ता आहे 
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INTRODUCTION 

Stroke or cardiovascular accident is the sudden loss of neurological function caused by an 

interruption of the blood flow to the brain. Depending upon the specific vascular territory or 

the site of the lesion a variety of the focal impairments can be possible which are alteration in 

the level of the consciousness, sensory, motor, cognitive, and perceptual and language 

impairments.
1 

 

Stroke may either be ischemic or hemorrhagic leading to disturbance of the cerebral blood 

circulation1, 2. Ischemic stroke is the most common type, affecting about 80% of individual 

with stroke, and results when clot blocks or impairs blood flow, depriving the brain of 

essential oxygen and nutrients. Hemorrhagic stroke occurs when blood vessels rupture, 

causing leakage of blood in or around the brain2. 

 

Worldwide stroke is the second leading cause of disabilities and deaths.3
 
According to a 

systemic review in 2017 on incidence and prevalence of stroke in India, there is crude 

prevalence of stroke ranged from 44.29 to 559/100,000 persons in different parts of the 

country during the past decade; out of which a cumulative incidence of stroke ranged from 

105 to 152/100,000 persons per year.
4 

 

The aspects of disability due to stroke vary depending on the degree and area of the damage5. 

The main deficit caused by stroke are motor impairment such as decrease in muscular 

strength, limited joint range of motion, slowing of the rate at which power is generated, 

abnormal muscle tone, decreased motor skills and altered cognition. 5-12 
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All these impairments lead to reduction in physical function like decrease in walking speed 

and walking ability, loss of balance which ultimately increases the risk of fall.5 To prevent 

the risk of fall due to altered balance confidence patient is more prone for the reduced 

mobility.13, Walking difficulties have a major impact on stroke survivors, limiting their ability 

to independently perform daily activities thus producing negative impact on their quality of 

life. 14-18 

 

Various studies have shown that post stroke prevalence of balance impairement ranges from 

16.7% to 83% 19-21. For all the functional activities balance is very important and it depends 

on integrity of the central nervous system. 22 

 

Balance mainly depends on three sensory systems: Somatosensory, visual and vestibular.23-25 

Integration of information from above systems helps in maintaining adequate balance.22,26  

The somatosensory system, primarily proprioception, provides a reference for the body’s 

position in relation to the supporting surface. Visual input provides a reference for upright 

vertical and it is essential in predicting forthcoming threats to balance from the environment. 

The vestibular system provides a reference for head position and movement of the head in 

relation to gravity. 27 

 

Moreover in stroke patients there is a lack of central integration of somatosensory, visual, and 

vestibular sensory inputs leading to balance disorder.9, 23, 28 

 

Most patients with stroke have reduced stability and increase in postural perturbation while 

standing as compared to normal person.12,20,29-32 Also it has been proved that there is an 
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altered weight distribution pattern33, therefore less weight is taken on the affected side lower 

limb as compared to normal side.34-38 

 

After stroke the ability to control balance in the sitting and standing positions is a 

fundamental skill of motor behavior that makes everyday activities to be easier.
39, 40 

Therefore, for stroke patients an important focus of rehabilitation should be the development 

of interventions to promote balance and functional movement.
5
  

 

Balance is defined as, the ability to maintain the body in equilibrium or to control the body’s 

position in space for stability and orientation.
41 

 

 Static balance: The ability to maintain stability and orientation with the center of 

mass (COM) over the base of support (BOS) with body at rest.41 

 

 Dynamic balance: The ability to maintain stability and orientation with the COM 

over BOS while parts of the body are in motion.41 

 

Various studies have employed different exercise intervention like strength training42, Tai chi 

based stroke rehabilitation program43, virtual training44, Ai chi45, etc. which all helps in 

improving the balance of stroke patients, thus reducing risks of fall. Also a previous study 

used wobble board training with and without visual feedback as an unstable surface to 

improve balance.35 
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Eddy Anderson, the founder coined the phrase ‘Rebound therapy’ in 1969 to describe use of 

trampoline in providing therapeutic exercise and recreation for people with wide range of 

special needs.
 46,47 

 

Trampoline is a type of unstable surface and also considered as safe and useful equipment, it 

provides a feeling of weightlessness and induce rhythmic movements.
48 

An unstable surface 

increases the external swing which encourages postural orientation by modifying the sensory 

system and the motor system. Also it helps to assist the postural strategy of self postural 

control. Balance exercises on an unstable surface sensitize the muscle spindle through gamma 

motor neurons, which leads to improvement in motor output by increasing the stability of 

joints.49 

 

Many studies proposed that trampoline is a balance training device that requires strong 

integration of the neuromuscular system.
5
 It is frequently used in clinical setups because of its 

affordability, easy to transport, easy utility, and simplicity of set up.
5, 50 

 

The trampoline is a rehabilitation method that can stimulate deep proprioception as 

participants are continuously forced to respond to a constant change of gravity.
5, 47

 

Mini-trampoline exercises include multi-component approach which improve many physical 

factors such as strength, body stability, muscle coordinative responses, joint movement 

amplitudes and spatial integration.
39

    

 

Studies have been done to find the effectiveness of trampoline in improving balance, 
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proprioception, and quality of life and range of motion along with conventional balance 

training exercises in elderly48 as well as in Parkinson’s patients.51 

 

So the current study focuses on effectiveness of balance training on trampoline as compared 

to stable surface on Berg Balance score in subacute and chronic stroke patients. 

 

 

  

 

 

 

 

 

 

 

  



11 
 

NEED OF THE STUDY 

It is well proven that, after stroke there is decrease in muscular strength, balance impairment, 

altered tone, loss of proprioception, restricted joint range of motion due to   spasticity.
5 

Recently, trampoline parks have become increasingly popular as a recreational activity for 

children and adults.
40

 Also trampoline is more like a fun than therapy and patients do not 

realize how hard they are working and much more can be done with less efforts.
48 

 

High intensity exercises such as hopping, jumping are usually conducted on trampoline. 

Studies done by Joohee.H et al (2015) and Claudia M. et al (2013), on 40 -60 years old stroke 

patients and 18 – 80 years old stroke patients respectively showed improvement in balance, 

gait and activities of daily living with the use of trampoline training. Both these studies had 

balance exercises on trampoline with hopping and jumping in their intervention protocol. 5,39 

But the study of Kiyokazu.A (2017) et al observed negative effects such as increase in knee 

joint stress during landing, increase leg stiffness leading to bony injuries due to repeated 

jumping and hopping in healthy female aged 20–30 years.52 

Even it would be difficult for stroke patients to perform such activities of high intensity like 

hopping and jumping as they have low physical abilities.5 The elderly population may also 

find such exercises difficult to perform. 

So this study will be focused on modified trampoline training which will exclude high 

intensity activities like hopping and jumping in exercise protocol to see the effect on balance 

in 45-75 years stroke patients with medium risks of fall using Berg Balance Scale. 
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RESEARCH QUESTION: 

Is there any significant effect of modified trampoline training exercises on Berg Balance 

Score in 45-75 years sub-acute and chronic stroke patients as compared to stable surface 

exercises? 
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HYPOTHESIS 

Null Hypothesis:  

There is no significant difference in the effect of modified trampoline training exercises 

versus stable surface exercises on Berg Balance Score in 45-75 years sub-acute and chronic 

stroke patients. 

 

Alternate Hypothesis:  

There is significant difference in the effect of modified trampoline training exercises versus 

stable surface exercises on Berg Balance Score in 45-75 years sub-acute and chronic stroke 

patients. 
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OBJECTIVE: 

To study the effectiveness of 6 weeks modified trampoline training exercises versus stable 

surface exercises on berg balance score in 45-75 years sub-acute and chronic stroke patients 

with medium fall risk using Berg Balance Scale. 
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Review of Literature: 

1. Ai Choo Lee et.al. (2020) conducted a study on Dynamic Balance with trampoline 

training among Amateur Wushu Athletes. The study included 12 athletes age ranging 

from 20 to 25 years old in which N=6 were assigned to experimental group 

(trampoline training) and N=6 were assigned for control group. The experimental 

group received 12 sessions sport specific trampoline training intervention for 4 weeks 

while the control group received only normal training. The dynamic balance was 

measured using the Y Balance Test before and after the intervention for both groups. 

The study concluded that 12 sessions of Sports Specific trampoline Training 

Intervention is effective in improving dynamic balance significantly for amateur 

Wushu athletes.53 

 

2. Mr. D Muthuraj (2019) did a comparative study on the effectiveness of trunk 

stabilization exercises on stable and unstable surfaces on balance and gait for 6 week 

in subacute stroke patients. According to the study there was significant improvement 

in balance and gait in patients treated with trunk stabilization exercises on unstable 

surface than stable surface exercises.54 

 

 

3. Pooya Daneshvar et.al. (2019) did the study on comparison of rebound based 

exercise program and weight supported exercises on Range of Motion, 

proprioception and quality of life for 8 week in patients with Parkinson’s disease. 

According to the study both interventions are equally effective and it is 

recommended that the benefits of these exercises to be used in physical rehabilitation 

programs.51 
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4. Morteza Sadeghi et.al. (2019) did the study titled effects of rebound therapy 

exercise on static stability of patients with spinal cord injury for 12 week. They 

concluded that rebound therapy could reinforce the static stability of individuals with 

SCI during motionless standing. It also suggests that rebound exercise is a useful 

sports rehabilitation method for patients with SCI and other wheelchair bound 

individuals.55 

 

5. Ashleigh M. Germain et.al. (2019) did a study on effects of adaptive bungee 

trampolining for children with cerebral palsy. This was a single case study with four 

children aged 6 to 11 years. Outcome measures included muscle strength, balance, 

functional muscle strength, functional mobility measure using the Canadian 

Occupational Performance measure. They observed that adaptive bungee trampoline 

training improved muscle strength, balance, and functional mobility in children with 

cerebral palsy and also increase in sitting and supported standing time in children 

who were unable to walk. 56 

 

 

6. Ying Hwa K et.al. (2019) conducted a study on trampoline Versus Resistance 

training in young adults to see effects on knee muscles strength and balance. In this 

study 26 participants were randomized into trampoline (TT) and resistance training 

(RT) groups for 6 weeks. TT group performed basic trampoline exercises while the 

RT group performed resistance training targeting lower extremities muscles. The 

study found that trampoline training is equally effective as resistance training for 

improving knee muscles strength and dynamic balance in young men and women.57 
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7. Pui Wah Kong et.al. (2018) conducted a study on effects of 6-week trampoline 

training on dynamic balance performance in healthy young males and females, 26 

participants were randomly divided into two groups, n=13 were given trampoline 

training and another group n=13 were given classical resistance training for 6 weeks 

and dynamic balance was assessed using Y balance test. They observed both 

trampoline training and classical resistance training equally effective in improving 

dynamic balance performance in young, healthy individuals.58 

 

8. Xu W et.al. (2018) did a study on effect of mini trampoline physical activity on 

executive functions in preschool children for 10 weeks. They observed that a 10 

week of trampoline physical activity intervention appears to be an effective in 

improving preschool children’s physical activity but it was not effective in improving 

executive functions of preschool children’s.59 

 

 

9. Zohreh A et.al. (2018) did a study on the effect of training on stable and unstable 

surfaces on Static Balance in healthy elderly. In this study 75 elderly women aged 

60-80 years were divided into 4 different exercise groups and one control group and 

performed a selected exercise program for 8 weeks, 3 sessions per week that lasted 

for 1 hour and 30 min. The three experimental groups performed exercises on 

unstable surfaces; one on a 6-cm foam mat, the second on a 9-cm foam mat, and the 

third group on sand while fourth experimental group performed the exercises on a 

stable surface (ground) and the control group received no intervention. Biodex 

balance system was used to record static balance, and functional balance using Berg 

Balance Scale. The study shows significant improvement in BBS and anteroposterior, 
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mediolateral, and total balance score in exercise groups on sand and foam as 

compared to stable surface due to the involvement of proprioceptive system on 

unstable surfaces.60 

 

10. Sureshkumar Kamalakannan et.al. (2017) did a study on Incidence & prevalence 

of stroke in India. They conducted a systematic review of epidemiologic studies on 

stroke conducted in India to know the magnitude of stroke. Participants from all 

population-based, cross-sectional studies and cohort studies from any age group in 

India which reported the stroke incidence rate or cumulative stroke incidence and/or 

the prevalence of stroke were included. Also Electronic databases (Ovid, PubMed, 

Medline, Embase and IndMED) were searched and studies published during 1960 to 

2015 were included and a total of 3079 independent titles were identified for 

screening out of which 10 population-based cross-sectional studies were considered 

eligible for inclusion and result showed  that the cumulative incidence of stroke 

ranged from 105 to 152/100,000 persons per year, and the crude prevalence of stroke 

ranged from 44.29 to 559/100,000 persons in different parts of the country during the 

past decade and found to be higher than those of high-income countries and 

concluded that  a paucity of good-quality epidemiological studies on stroke in India 

emphasizes the need for a coordinated effort at both the State and national level to 

study the burden of stroke in India. 4 

 

11. Kiyokazu. A et.al. (2017) did a study on whether trampoline or hard surface jumping 

influence lower extremity alignment in age group 20-21 healthy females and found 

that repeated trampoline jumping had a negative effect such as increase in knee joint 

stress during landing as compared to repeated jumping on ground.52 
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12. Sang Hun J et.al. (2016) conducted a study on impact of sensory integration training 

on balance among stroke patients by examining the Muscle activity and limits of 

stability(LOS),28 subjects were randomly allocated by the computer program to one 

of two groups: control(CON) group (n=15), sensory integration  training (SIT) group 

(n=13).The control group received 30 minute general balance training , while the SIT 

group received 30-minute sensory integration training along with institutional 

protocol for both groups. Both groups received intervention for five days a week for 

a total of four weeks. They observed that sensory integration training can improve 

balance ability of stroke patients by increasing muscle activity of stance limb muscles 

such as Gluteus medius and trunk extensor such as Erector spinae along with 

enhancement of the limit of stability.61 

 

 

13. Gaurav A et.al. (2016) conducted a study to evaluate and compare the effectiveness 

of Sensorimotor Integration with that of Conventional Training for improving 

Balance and Gait in stroke hemiparesis patients. The study includes 30 subjects with 

stroke hemiparesis from Mahatma Gandhi Hospital and Medical College (Jaipur) and 

was randomly divided into two groups, the control group and the experimental group. 

The control group was treated with conventional training and experimental group 

with sensorimotor integration for 4 weeks which consisted of 1 hour session thrice a 

week. The study shows that a somatosensory integration training program can 

improve balance ability in patients with stroke and these improvements persist for 

several days.22 
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14. Joohee H et.al. (2015) conducted a study on balance, gait, and falls efficacy in stroke 

patients, 24 patients were randomly divided into two groups, one group (n=12) was 

given only conventional physical therapy and another group was given conventional 

physical therapy with trampoline training for 6 weeks, balance was measured using 

Berg balance scale and timed up and go test, gait using dynamic gait index, falls 

efficacy using falls efficacy scale. They observed modified trampoline training 

significantly effective in improving balance, dynamic gait and falls efficacy of stroke 

patients compared to control group. 5 

 

 

15. Paraskevi Giagazoglou et.al. (2015) did a study titled trampoline training promote 

motor coordination and balance performance in children with developmental 

coordination disorder for 12 weeks. They observed balance training with the use of 

attractive equipment such as trampoline significantly effective intervention in 

improving functional outcomes and recommended it as an alternative mode of 

physical activity. 62 

 

16. Susan B. O’Sullivan et.al. (2014) in her “Text of Physical Rehabilitation”, edition 6 

thstated that Stroke is the sudden loss of neurological function caused by an 

interruption of the blood flow to the brain. Berg Balance Scale is an objective 

measure of static and dynamic balance abilities, its scoring criteria using a five point 

ordinal scale with score ranging from 0 to 4 where 4 indicates patient performs 

independently and 0 indicates unable to perform. A maximum score of 56 points is 

possible and score of 45 or below are associated with high risk of recurrent falls with 

significant increase below a score of 40. 1, 41 



21 
 

 

 

17. Claudia Miklitsch et.al. (2013) did the study on effects of a predefined mini 

trampoline training programme on balance, mobility and activities of daily living 

after stroke for 3 weeks. They observed that predefined mini trampoline training 

programme resulted in significantly increased postural control in stroke patients 

compared to balance training in a group and also showed improvement in mobility 

and activities of daily living which were not statistically significant.39 

 

18. Paraskevi G et.al. (2013) conducted a study on effects of a trampoline exercise 

intervention on motor performance and balance ability of children with intellectual 

disabilities,18 healthy school aged children with moderate ID were divided into two 

groups, control group(n=9) followed regular school schedule and experimental group  

(n=9) was given 12 weeks trampoline training  intervention program, balance was 

assessed by electronic pressure platform and motor performance from euro fit test 

battery of physical fitness. They observed trampoline intervention as an effective 

intervention for improving functional outcomes and recommended it as an alternative 

mode of physical activity programming for improving balance and motor 

performance.63 

 

 

19. Oya Erkut Atilgan (2013) did a study on effect of trampoline training on jump, leg 

strength, static and dynamic balance of boys. The study included 28 old boys age 9 to 

10 year in which N=15 were assigned to trampoline training group and N=13 were 

assigned for control group for 12 week. The study concluded that 12 week trampoline 
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training increased bipedal static balance, dynamic balance and vertical jump 

parameters however it had no effect on unipedal static balance and leg strength 

parameters in boys.64 

20. Fernando Amancio Aragao et.al. (2011) did a study on mini trampoline exercise 

related to mechanisms of dynamic stability improves the ability to regain balance in 

elderly for 14 week. They observed that mini trampoline training intervention 

increased the ability of old adults to recover balance during forward falls and state 

increased ability was associated to a higher rate of hip moment generation after the 

perturbations.48 

 

21. Ji Yeun L et.al. (2011) did a study on the effects of exercising on unstable surfaces 

on Balance ability of stroke patients. The study includes 30 stroke patients (16 males 

and 14 females) and were divided into two groups, a stable surface exercise (SSE) 

group (n=15) and an unstable surface exercise (USE) group (n=15).The balance 

ability of patients was measured using the Berg Balance scale and six different 

balance exercise were performed by both the groups. The SSE group exercised on 

solid surfaces in the physical therapy room and the USE group exercised on a 

“balance pad” for six times a week for six weeks with each exercise session for 40 

minutes. The study concluded that balancing exercises on the unstable surface was 

more effective than on the stable surface at improving the balance of stroke 

patients.49 

 

22. Gonzalo M et.al. (2010) did a study on the trampoline aftereffect: the motor and 

sensory modulations associated with jumping on an elastic surface. In this fourteen 

subjects were included and examination of motor and perceptual effects of repeated 
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jumps over two different surfaces, stiff and elastic is done by measuring maximal 

counter-movement vertical jump (CMJ). The study found that after repeated jumps 

on an elastic surface there is significant increase in leg stiffness, decrease in jump 

height, abnormal sensation and increase in perceptual misestimation. These changes 

were not observed after repeated jumps on a rigid surface.65 

 
 

23. Sarah F. Tyson et.al. (2007) did a study on the Relationship between Balance, 

Disability, and Recovery after Stroke. This study includes 102 patients out of which 

75 completed follow-up assessment at 3 months. The Brunel Balance Assessment 

(BBA) was assessed during admission and compared to the Barthel Index and 

Rivermead Mobility Index at 3 months. They concluded that Balance disability was 

the strongest predictor of function (in terms of activities of daily living and mobility 

disability) and recovery after balance. 66 

 

24. Dawson J. K et.al. (2007) conducted a study on effect of six weeks of Dura Disc and 

Mini-Trampoline balance training on postural sway in athletes with functional ankle 

instability. The study include twenty subjects and were randomly allocated into 

control group, a dura disc training (DT) group and a mini-trampoline (MT) group for 

6 weeks of balance training. Postural sway was measured by subjects performing a 

single limb stance on a force plate. The results of the study conclude that mini-

trampoline is equally effective as the dura disc for improving balance after ankle 

instability.50 
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25. K. Berg et.al. (1995) conducted a study titled the balance scale: reliability 

assessment with elderly residents and patients with an acute stroke and demonstrated 

the berg balance scale to be highly reliable scale to measure balance in elderly. 41 
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METHODOLOGY 

 Study Design: Randomized controlled trial. 

 Study Setting: Physiotherapy OPD of tertiary care hospital. 

 Study Population: Sub-acute and Chronic hemiplegic stroke patients of age 45-75 

years. 

 Study Duration: 18 months. 

 Sampling technique: Convenient sampling. 

 Sample size estimation: Sample size was determine considering the study of 

Mr.D.Muthuraj  (2019) named, a comparative study on the effectiveness of trunk 

stabilization exercises on stable and unstable surfaces on balance and gait among sub- 

acute stroke patients 2 

              The mean and standard deviation value in Group 1 was 7.1±1.22 and for Group B  

              was11.87±1.8 

              The formula used: 

                                           n = 4 (Zα + Zβ) 2 SD2 \ (X̅
1
 - X̅

2
)2 

              Where, α =5% 

                            β =20% 

                            Zα- standard normal variant at α level. 

                            zβ -standard normal variant at β level. 

                             X̅1– mean for experimental group. 

                              X̅2  – mean for control group. 

                             The required sample size was calculated as 20-20 in each group, total 40. 
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                           The sample size was calculated by using open EPI calculator version 7. 

In the current study, the calculated sample size was 40.  After the approval from university 

data collection was started. After the onset of Covid-19 pandemic, lockdown was issued by 

government during first and second wave of pandemic. Because of lockdown the desired 

sample size could not be collected. After the near normal situation sample collection was 

again started. As the protocol of the study was 6 week long, due to shortage of time, only 22 

samples were included in the current study. 
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METHOD OF SELECTION OF SUBJECT: 

 

 INCLUSION CRITERIA: 

1. Diagnosed with cerebrovascular accident. 

 

2. Both men and women. 

 

3. Sub-acute and Chronic patients. 

 

4. Clinically diagnosed post stroke patients graded with Brunnstrom’s recovery stage 4 

of lower extremity. 

 

5. Patients with medium risk of falls (score = 21 to 40) using Berg Balance Scale. 

 

6. Ability to walk 10 meter with or without assistive device. 

 

 EXCLUSION CRITERIA: 

    

1. Repeated onset of stroke. 

 

2. An MMSE score of ≤ 24. 

 

3. Neurological conditions other than stroke. 
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4. Peripheral vascular disorders. 

 

5. Cardiovascular disorders i.e. acute MI. 

 

6. Patients with fracture or trauma of upper and lower extremity.  

 

 Subject withdrawal criteria: 

1. Discontinuity in the treatment due personal reasons. 

2. Any further complications 

Operational Definition: 

1. Stroke : It is sudden loss of neurological functions caused by an interruption of the 

blood flow to the brain.
1
 

In the current study, sub-acute stroke patients are considered as 3 to 6 months from 

the duration of stroke onset and chronic stroke patients as 6 months & more than six 

months from duration of stroke onset.
1 

 

2. Balance: Ability to maintain the body in equilibrium or to control the body’s position 

in space for stability and orientation.
5
 

 

3. Berg balance scale:  Berg balance scale is an objective measure of static and dynamic 

balance abilities.
5
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4. Trampoline- In current study it is Tailormade balance equipment used as an unstable 

surface available in our institute. 

 VARIABLES  

1. Independent variables:  

a. Modified trampoline training. 

b. Stable surface exercises. 

2.  Dependent Variables: Berg Balance Scale (BBS). 

 

Outcome measures: 

Berg Balance Scale (BBS) 41–  

It is developed by Berg and co-workers with an objective to measure static and dynamic 

balance abilities. This scale consists of 14 functional tasks commonly performed in day-to-

day life. Tasks  ranges  from sitting  or  standing  unsupported,  to  movement  transitions  

which  involves;  sit-to- stand and vice versa; variations in standing position. The scoring 

system involves scores from 0-4 which indicates that, 4- person performs independently and 

meets time and distance criteria, whereas, 0- unable to perform. The maximum score of the 

scale is 56.  

Interpretation: 

41-56= low fall risk 

21-40= medium fall risk 

0-20= high fall risk 
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Berg Balance scale              
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Data collection tools: 

 

1. Step Stool 

                                  

         Figure: 5.1 

2.Chair without armrest and with armrest 

               

                                    Figure: 5.2 

 

 

 

 

  3. Proforma (Annexure 1)                                            
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           Figure: 5.3   

4.   Pen 

                      

           Figure: 5.4 

5. Chalks   

 

             Figure 5.5 

 

6. Stop Watch                                              
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             Figure 5.6 

7. Trampoline 

                 

                Figure 5.7 
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Methodology of interventions: 

Permission from the head of the institution was taken. Permission from the ethics committee 

and Board of Research was taken. Participants in the age group of 45-75 years were assessed 

and pre intervention Berg Balance score was noted. Written consents from the participants 

were taken. Subjects fulfilling the inclusion criteria were included according to block 

randomization method. Participants of both the groups were matched with duration of stroke 

onset. Both groups received conventional Physiotherapy along with that - 

  Group A received balance exercises on trampoline. 

  Group B received balance exercises on stable surface. 

Demographic Data was obtained. Intervention was explained. Participants were encouraged 

to perform exercise for 6 weeks. Post intervention Berg Balance Scale score was noted. Data 

was collected and analysed.  

Block Randomization technique: Participants were randomly divided in both groups using 

Block Randomization Technique.  
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DATA MANAGEMENT AND ANALYSIS  

The data collected was entered in the excel sheet. Participant’s identity and information was 

kept confidential. Backup of the data was maintained and was utilized for further analysis. 

The analysis was done using EPI info version7 software. The mean and standard deviation 

and percentage was calculated. P≤0.05 was considered statistically significant.  

For within group (pre and post) paired t-test or Wilcoxin signed Rank test was used. 

 For between the group (pre and post) Mannwhitney U test was used.  
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GENERAL PROCEDURE                                                                                                                                                            

GENERAL PROCEDURE                   

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Permission from the head of the institution and approval from the ethics committee and 

Board of Research was taken. 

 

Subacute and Chronic Stroke patients between 45-75 years were approached. 

 

Subjects were enrolled based on inclusion and exclusion criteria. 

 

The subjects with medium fall risk using Berg Balance score were selected. 

 

An informed and written consent were taken from the willing subjects. 

 

The entire procedure was explained to them. 

 

All subjects were assessed using Berg Balance Scale (BBS) and baseline scores were recorded. 

 

Subjects were divided into 2 groups according to Block Randomization method. 

 

One group was given modified trampoline training and the other group was given stable 
surface exercises 3 days per week for 6 weeks.  
 

Balance of all the subjects was assessed using BBS after 6 weeks of exercise programs.   

 

The Berg balance scale scores were noted before and after exercise programs and was 
compared and analyzed statistically. 
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Randomized controlled trial 

                                          Assessed for eligibility  

                                                                                                                

 

                                                                                                                             

 

   

 

 

 

 

 

       

                            

                                         

          

                      

  

Exclude according to 

the criteria 

Randomized (n=22) 

Baseline data measure (zero weeks) 

Allocation 

Group B - Exercises on Stable 

surface 

                   n= (11) 

Received allocated intervention 

 

Group A - Exercises on 

Trampoline     

               n = (11)           

Received allocated intervention 

  

Follow up 

Follow up 

Follow up 

Data measure (after 6 weeks) 

Analysis 

Analysed (End of 6 

weeks) 

 

 Analysed (End of 6 

weeks) 
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INTERVENTION:  

 Participants fulfilling the inclusion and exclusion criteria were selected. They were 

selected from Physiotherapy OPD of tertiary care hospital. The selected subjects were 

divided into two groups that is GROUP A (Modified Trampoline training) and 

GROUP B (Stable surface Exercise) according to Block randomization method. Each 

group has 11 participants.  

 These exercises were performed thrice a week for 6 weeks (30 minutes per session). 

 Pre intervention berg balance score was recorded in all participants. 

 Both the groups  received the same conventional protocol that is: 

1. Strength training – using elastic bands or tubes, free weights 

2. Stretching  

3. Trunk control training and 

4. Gait training- forward walking, backward walking, sideways walking, stair climbing, 

tandem walking, obstacle walking, cross stepping, side stepping, step up, stair 

climbing. 

 Along with that 

Group A received Modified Trampoline training exercises.  

Group B received the Balance exercises on Stable surface. 

Both groups received the same type of exercise on trampoline and stable surface. 
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Common Balance protocol for both the group41: 

A. In standing –  

 Standing in a normal comfortable posture             

 Feet together (narrow base of support) 

 One foot directly in front of the other i.e.(tandem position)     

 Standing on one foot 

 Eyes open (EO) to eyes closed (EC)- In normal comfortable posture 

 Standing in tandem position: EO to EC 

 Multi directional reach outs. 

 

B. Weight shifts-  

 To front, back, right and left in place 

 To front, back, right and left in place with feet in walking stance 

 To front, back ,right and left with feet together  

 

C. Spot Marching 

D. Squatting  

E. Perturbations :  

 Anterior- Posterior 

 Medial- lateral 

F. Abduction and adduction of lower limb 

G. Performing a task – using object such as Ball 

 The exercises were carried out according to patient’s capabilities from simple to 

complex. 
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 Frequency of exercise: The exercises were given for 30 minutes, thrice a week for 6 

weeks. 10 repetitions of each exercise.  

 Rest period was allowed as per patient’s need. 

 Patient was allowed to take support with unaffected hand whenever required. 

GROUP A (Modified Trampoline Training) -The participants in this group performed Balance 

exercise on trampoline.  

The following exercises are: 

A. In standing- 

1.   Standing in a normal comfortable posture 

    

 

 

 

 

 

            

 2. Feet together-narrow base of support 
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3a. Tandem position (Right foot infront of  left foot) 

                     

 

 

 

 

 

 

3b.Tandem position (left foot infront of right foot) 
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      4. Progression of exercise 1, 2 and 3 from eyes open to eyes close. 

      5. Standing on affected foot 

                    

 

 

 

 

      

  

       6. Multi directional Reach outs- 
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B. Weight shifts-  

           1. In comfortable standing position- 

                                          

  a)Anteriorly         b)Towards affected side      c)posteriorly       

d)Towards unaffected side   
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2. Progression of weight shifts with feet together. 

              3. Progression of weight shifts with feet in walking stance. 

 

C.Spot Marching 

                                             

 

D. Squatting  
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E. Perturbations 

                                 

               a) Posteriorly              b) Anteriorly         c) from lateral side       d) from middle side 

 

F. Abduction and adduction of lower limb 

                                                       

 

 

 

 

G.  Performing a task – using object such as Ball or cones 
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GROUP B (Stable Surface Exercises) -The participants in this group performed Balance 

exercise on Ground.  

A. In standing- 

        1.   Standing in a normal comfortable posture 

            

 

 

 

 

2. Feet together-narrow Base of Support 
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3a. Tandem position (left foot infront of right foot) 

             

3b.Tandem position (Right foot infront of left foot) 
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      4. Progression of exercise 1, 2 and 3 from eyes open to eyes closed. 

     5. Standing on affected foot 

          

 

 

 

 

 

       6. Multi directional Reach outs- 

                                 

      B. Weight shifts-  
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           1. In comfortable standing position 

       

  a)Anteriorly                                    b)posteriorly                              c)Towards affected side    

 

 

 

                      d) Towards unaffected side                

             2 .Progression of weight shifts with feet together 

            3. Progression of weight shifts with feet in walking stance.  
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          C. Spot Marching 

 

                                    

  D. Squatting  

                 

E.  Perturbations 
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               a) Anteriorly                                                              b) Posteriorly                                                                        

 

 

 

 

                   c) from middle side                            d) from lateral side                                                                                                                                                                                                                            

F. Abduction and adduction of lower limb 
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G.Performing a task – using object such as Ball or Cones 

 

  



53 
 

Results: 

Statistical software EPI info version 7 was used for data analysis. 

Test used for statistical analysis was:  

 Paired T-test and Unpaired T-test. 

 P≤0.05 is considered to be statistically significant.  

This study included 22 participants between the age group of 45-75 years fulfilling the 

eligibility criteria with an objective to study the Effect of Modified Trampoline Exercises 

versus Stable surface exercises on balance using Berg Balance Scale.  

Following are the results of this study: 

 Table 1, Graph 1 shows In Group A (MTT) mean age of samples was 61.36 ± 8.663 

whereas in Group B (SST) mean age was 60.73± 8.475 

 Table 2, Graph 2 shows, 11 participants were allocated in Group A (MMT), where 5 

were Females (45.5%) and 6 were males (54.5%). 11 participants were in Group B 

(SST) of which 4 were females (36.4%) and 7 were males (63.6%). 

 Table 3, Graph 3 shows significant difference in the Berg Balance Score post 

intervention in the Modified trampoline training exercise group  where P value is 

<0.01 

 Table 4 and Graph 4 shows significant difference in the Berg Balance Score post 

intervention in the Stable surface Exercise Group post where P value is <0.01. 

 Table 5 and Graph 5 shows that there is significant difference in Berg Balance Score 

between the group pre and post intervention of Modified Trampoline training exercise 

as well as Stable surface exercise. Where P value pre intervention 0.007 and post 

intervention is  P<0.001 
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 Table 6, Graph 6 shows greater mean difference in the Modified Trampoline exercise 

group (12.18±1.16) as compared to the Stable exercise group (4.45±1.03). Therefore, 

the results shows that Modified Trampoline training Exercise is more effective than 

Stable surface exercise where P value is <0.001. 
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DISCUSSION: 

A Randomized controlled trial was carried out to study the effectiveness of modified 

trampoline training exercises versus stable surface exercises for 6 weeks on Balance in 

Subacute and Chronic Stroke patients (age 45-75 years) using Berg Balance Scale as outcome 

measure. 

Many studies show that balance impairment is a main risk factor for fall and fear of falling in 

stroke patients.5 Prevalence of balance impairments post-stroke ranges from 18.7% to as high 

as 83%.19,20,21  This may lead to fall-related injuries, further increasing the rate of mortality 

among stroke survivors and low quality of life. Therefore, early management of balance 

dysfunction in patients with stroke plays a key role in fall prevention. 

Berg Balance Score of 40 or lower is associated with a fall risk of nearly 100%.67 As the 

patients falling under the high fall risk criteria (0-20) have available mobility although they 

are wheelchair bound.68,69 Therefore Medium Fall risk on Berg Balance Scale (21-40) was 

considered as the inclusion criteria. 

In the present study, the propelled sample size was 40. After the approval from the university 

the sample collection was started. But due to Covid-19 pandemic and lockdown issued by the 

government it was difficult to complete all sample size as no permission was granted from 

other private hospitals. Thus, the samples collected were 22. 

Primary Outcome measure used was Berg Balance Scale as it is a gold standard with good 

inter-rater:  .98 and intra-rater: .99 reliability and good internal validity.70 This scale helps in 

segregating the stroke patients with low fall risk (41-56), Medium fall Risk (21-40), High fall 

Risk (0-20).68 

In the present study 22 participants were selected on the basis of selection criteria by using 

Block Randomization method. 11 participants were allocated in both the groups. The 
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participants of Group A performed Modified trampoline training exercises and in Group B 

performed balance training on Stable surface. 

In group A out of 11 participants 5 were Females (45.5%) and 6 were Males (54.5%) and in 

group B out of 11 participants 4 were female (36.4%) and 7 were male (63.6%). 

The Berg Balance Score was calculated before the intervention as well as after the 

intervention of 6 weeks treatment protocol. 

At the end of 6 weeks of intervention statistical analysis shows significant improvement in 

the Berg Balance Score in both the groups (Table3-Group A, P <0.01; Table4-Group B, P 

<0.01). 

When the post intervention values of Berg Balance Score was compared, Group A showed 

highly significant improvement as compared to Group B (Table5, P<0.01). 

In the present study both the treatment protocol found effective to improve Berg Balance 

score at the end of 6 weeks intervention but the modified trampoline training exercise found 

more effective as compared to stable surface exercises (Table6, P<0.01). 

Training on an unstable surface generates more external sway than a stable surface which 

provides repeated sensory feedback and the continuous challenge to overcome postural sway. 

35This might be the reason for improving more postural control ability in group A as 

compared to group B. 

 

The result of current study is supporting the studies done by Claudia M et al (2013), Joohee H 

et al (2015), where trampoline training programme was used to improve the balance in stroke 

patients. In both this studies hopping and jumping like high intensity activities were included 

in exercise protocol whereas in the current study these activities were avoided as few studies 
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shows negative effect of repeated jumping on trampoline like increase in knee joint stress and 

leg stiffness. Greater leg stiffness seems to be associated with bony injuries. 5, 39 

 

Hamed et al. suggested that exercising on unstable surfaces increases ankle strength and 

improves sensory information due to sudden perturbations 71 as well as it requires an 

increased lower leg muscle activity and proprioception during standing to a much greater 

extent as compared to the rigid floor.72 

 

The mechanism in improving balance by trampoline training is because the subjects are 

continuously forced to respond to the constantly changing of gravity which induce deep 

proprioception and provide sudden alteration in joint which stimulate reflex joint 

stabilization. 

To maintain an upright position on unstable surfaces the central nervous system must 

continually integrate and reweight information from vestibular, visual and proprioceptive 

systems for eliciting coordinated muscular responses.  Trampoline continuously provide 

destabilization forces and as the difficulty of exercise  is increased, the patient is challenged 

to stabilize each parts of the body while keeping the center of mass over the base of support 

and respond accordingly to the demand of different tasks. 72 

 

Overall adapting to the unstable trampoline surface, there is constant alternations in the 

complex sensory motor stimulation, vestibular system facilitation, and influence in 

kinesthetic awareness and increase in motor coordination performance leading to the 

improvement in static and dynamic balance. 55Unstable surface training develops afferent 

efficiency to reduce injury risk and improve the performance. Such training may help to 
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develop proper agonist-antagonist co-contraction for the joint stability and improve rate of 

force generation.49 

Due to the repeated sensory feedback and the continuous experience to postural sway more 

improvement is seen in trampoline group as compared to stable group on balance. Overall the 

present study showed both modified trampoline training and stable surface exercise effective 

in improving Balance but Modified trampoline training was noticed more effective as 

compared to the stable surface exercise.  

Thus, there is significant effect of 6 week modified trampoline training exercises versus 

stable surface exercises on Berg Balance Score in Subacute and Chronic stroke patients aged 

45-75 years. 
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SRTENGTH 

The strength of this study is: 

1. Trampoline used in current study is easily available in clinical settings for treatment 

of balance in stroke patients. 

2. Outcome measure used in current study is Berg balance scale which is a goal standard 

for assessment of balance, readily available and cost effective. 
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WEAKNESS:- 

Age and gender wise equal distribution of patients were not done i.e. male and female was 

not equally distributed. 
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LIMITATIONS:  

1. Unable to complete the total sample size due to the covid-19 pandemic. 

2. lack of blinding 
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CONCLUSION: 

A Randomized controlled trial was carried out on 22 individuals between the age group of 

45-75 years to study the effect of Modified Trampoline Training versus Stable Surface 

Exercises on balance using Berg Balance scale. 

 Results of this study showed that there was significant difference in the balance score using 

the Modified Trampoline Training as well as Stable Surface Exercises. However, considering 

the mean differences of both the groups the results of Modified Trampoline Training was 

statistically more significant than the Stable Surface Exercises. 

Hence, there is significant difference in the effect of Modified Trampoline Training versus 

Stable Surface Exercises on balance in 45-75 years sub-acute and chronic stroke patients with 

medium fall risk using Berg balance scale.    

 

 

 

 

 

 

 

 

 

  



63 
 

RECOMMANDATIONS 

From the results of the current study it is implemented that trampoline exercise protocol is 

proved beneficial in improving the balance in sub-acute and chronic stroke survivors and it is 

further recommended that trampoline effect on balance should be carried out in different 

neurological condition and different geographic area. 
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CLINICAL IMPLICATION: 

Treatment on unstable surface like trampoline is very joyful for patients and they do not 

realize how hard they are working and more improvement is seen with less efforts. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



65 
 

SUMMARY:  

A Randomized controlled Trial was carried out to study the Effects of 6 weeks Modified 

Trampoline exercise versus Stable Surface Exercise on Balance using Berg Balance Scale.  

22 participants filling the inclusion criteria and having Medium Fall risk criteria (21-40) on 

Berg Balance Scale score were selected. The 22 participants were then divided into 2 groups 

having 11 participants in each group according to Block Randomization Technique. Group A 

which included modified trampoline exercises had 6 males and 5 Females whereas Group B 

which included the stable surface Exercises programme had 4 females and 7 males. Data was 

analyzed using Paired T test for within the group and Unpaired T test for between the group 

to find out effect and significance was seen.  

Mean of Group A (Modified Trampoline Training Exercise) Pre BBS score was 38.09 ± 

1.973 and Mean of Group A post BBS score is 2.296. Whereas mean score of Group B 

(Stable Surface Exercise) Pre BBS score is 35.45 ± 2.115 and Mean score of Group B post 

BBS score is 43.36 ± 2.292. Results of the study demonstrated that there was an effective 

improvement on balance using the Modified Trampoline Training Exercises as well as Stable 

Surface Exercises. The Mean Difference in Group A (Modified trampoline training Exercise) 

is 8.26 ± 2.37 and the Mean Difference in Group B (Stable surface Exercise) is 12.06 ± 2.12.  

Considering the Mean Differences, higher Mean difference was seen in the Modified 

trampoline training Exercise group as compared to the Stable surface exercise group stating 

that Modified trampoline training exercise was more effective in improving balance as  

compared to Stable surface exercise in sub-acute and chronic stroke patients of age group 45-

75 years. Thus, there is significant difference in the effect of Modified trampoline training 

exercises versus Stable surface exercises on balance in 45-75 years sub-acute and chronic 

stroke patients with medium fall risk using Berg balance scale. Tables and Graphs  
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Table1: Age wise distribution of participants in Group A and Group B in years: 

 

 

 

 

 

 

Interpretation:  Group A (n=11) and Group B (n=11). In Group A (MMT) mean age of 

samples was 61.36±8.663 whereas in group B age of samples was 60.73±8.369.  

Graph 1: Graphical presentation of mean and Standard Deviation of age (years) in Group A 

and Group B:                                     

                                     

Table 2: Gender wise distribution of participants in Group A and Group B: 
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Gender * Group Crosstabulation 

 Group Total 

Group A Group B 

Gender 

Female 

Count 5 4 9 

% within 

Group 
45.5% 36.4% 40.9% 

Male 

Count 6 7 13 

% within 

Group 
54.5% 63.6% 59.1% 

Total 

Count 11 11 22 

% within 

Group 
100.0% 100.0% 100.0% 

 

Interpretation-Out of 22 participants, 11 participants were in Group A of which 5 were 

female (45.5%) and 6 were male (54.5%) and 11 participants were in Group B of which 4 

were female (36.4%) and 7 were male (63.6%). 
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Graph 2: Gender wise distribution of participants in Group A and Group B: 

                

 

Table 3: Mean and SD values of Berg Balance Score for Modified trampoline training 

(Group A ) pre and post intervention: 

  

Mean 

 

Std. Deviation 

 

T value 

 

P value 

Group A 

Pre 38.09 1.973 

-44.21 <0.01 
Post 50.55 2.296 

 

Interpretation- 

At the end of 6-weeks there was significant increase in Berg Balance Score post-intervention 

of Group A with (P<0.01). 
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Graph 3:  Mean and SD values of Berg Balance Score for Modified trampoline training 

exercise (Group A ) pre and post intervention: 

               

 

Table 4: Mean and SD values of Berg Balance Score for Stable surface exercise (Group B) 

Pre and post intervention: 

 

 

 

 

 

Interpretation: At the end of 6-weeks there was significant increase in Berg Balance Score 

post-intervention of Group B with (P<0.01).  
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Graph 4:  Mean and SD values of Berg Balance score for Stable surface exercise (Group B) 

pre and post intervention: 

                 

 

Table 5:  Mean and SD values of Berg Balance score between Group A and Group B pre and 

post intervention: 

    Group N Mean Std. Deviation T value P value 

Pre-value 
  Group A 11 38.09 1.973 

3.023 0.007 
  Group B 11 35.45 2.115 

Post- value 
  Group A 11 50.55 2.296 

7.34 <0.001 
  Group B 11 43.36 2.292 

 

Interpretation-Group A shows significant improvement in Berg Balance score as compared 

to Group B at end of 6- weeks  intervention  (P<0.001) 
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Graph 5(a): Mean values of Berg Balance score between Group A and Group B pre-

intervention

 

Graph 5(b): Mean value of Berg Balance score between Group A and Group B post-

intervention     

            

 

38.09
35.45

0

5

10

15

20

25

30

35

40

Group A Group B

M
e

an
 B

e
rg

 B
al

an
ce

 S
co

re

Modified trampoline group versus Stable group 
Pre-intervention

50.55

43.36

0

10

20

30

40

50

60

Group A Group B

M
ea

n
 B

er
g 

B
al

an
ce

 S
co

re

Modified trampoline group versus Stable group
Post-intervention



72 
 

Table 6: Mean difference and mean difference SD values of Berg Balance Scale score of 

Group A versus Group B post intervention. 

 

 Pre BBS 

mean 

Pre 

BBS 

SD 

Post 

BBS 

mean 

Post 

BBS 

 SD  

Mean 

Difference 

Mean 

difference 

SD 

T value P value 

Modified 

Trampoline 

training exercise 

38.09 1.972 50.27 2.28 12.18 1.16  

 

3.012 

   

 

<0.001 

Stable Surface 

exercise 

37.63 1.747 42.09 1.578 4.45 1.03 

                                                                      (P=0.0001) 

 

Interpretation- At the end of 6 week Modified trampoline training (Group A) shows greater 

mean difference of   Berg Balance score as compared to Stable surface( Group B) where, 

P<0.001. 
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Graph 6: Mean difference and SD of Berg Balance score for Modified trampoline training 

versus Stable surface group post intervention: 
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ANNEXURES: 

Annexure 1 (PROFORMA): 

                                                                                                               DATE:   

Name:   

Age:  

Gender:  

Address: 

Medical history: 

Mobile number:   

Duration of onset: 

Brunstrom’s grading score: 

Mini Mental Scale Examination score: 

 

  

Parameters  BBS score pre 

intervention  

BBS score post 

intervention 

Balance exercise program on 

trampoline 

  

Balance exercise program on 

stable surface 
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Annexure 2(a) 

Participant information sheet: 

Purpose:  

To ensure that written consent will be obtained from participant. 

Scope: 

This study includes stroke subjects both males and females and are voluntarily willing to 

participate in this study. 

Responsibilities: 

The researcher will obtain written informed consent from all the participants who are 

voluntarily willing to participate in the study. 

Procedure: 

1. The researcher will select participant among stroke subjects. 

2. The intervention protocol will be explained to answer the queries of the participants. 

3. If the participant decides to participate then consent form should be filled by 

participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then 

they entitled to do so before giving the consent. 

General information to participants: 

1. Name : 

             Age: 
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             Gender: 

             Date: 

2. You would be required to fill the proforma and the purpose of the research is to study : 

“Effect of 6 weeks modified trampoline training exercises versus stable surface 

exercises on Berg Balance Score in Subacute and Chronic Stroke patients aged 

45-75 years : A Randomized Controlled Trial”. 

3. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filing proforma till the completion of the test. 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems. 

5. You will not be given any reimbursement and compensation. 

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent. 

8. The data obtained from this study would be confidentially protected and maintained 

and if the photograph is used then your identity would not be revealed. 

9. All the risk of various test procedures required for the study will be explained to you 

and accordingly the consent will be taken. 

10. If you feel exhausted or unable to complete the test please kindly let us know so that 

the necessary steps can be initiated. 

 

11. Name of the researcher: 

           Phone number: 

           Address: 
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12. Name of the guide: 

           Phone number: 

           Address: 

13. Name of the institute: 
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Annexure 2(b):  

प्रतिभागी सूचना पत्र: 

उद्देश्य: 

यह सुतनश्चचि करने के लिए कक प्रतिभागी से लिखिि सहमति प्राप्ि की जाएगी। 

स्कोप: 

इस अध्ययन में पुरुषों और महहिाओं दोनों के स्ट्रोक प्रतिभागी शालमि हैं और स्ट्वेच्छा से इस 

अध्ययन में भाग िेने के लिए िैयार हैं। 

दाययत्व: 

शोधकिाा उन सभी प्रतिभागगयों से लिखिि सूगचि सहमति प्राप्ि करेगा जो अध्ययन में स्ट्वेच्छा से 

भाग िेने वािे हैं। 

प्रक्रिया: 

1. शोधकिाा स्ट्रोक ववषयों के बीच प्रतिभागी का चयन करेगा I 

2. प्रतिभागगयों के प्रचनों का उत्तर देने के लिए हस्ट्िके्षप प्रोटोकॉि को समझाया जाएगा। 

3. यहद प्रतिभागी ने भाग िेने का तनर्ाय लिया है िो प्रतिभागी द्वारा सहमति फॉमा भरा जाना 

चाहहए। 

4. प्रतिभागी की सहमति के बाद अध्ययन प्रकिया शुरू होगी। 

5. ववस्ट्ििृ गचककत्सा और ककसी भी अन्य शारीररक समस्ट्या का इतिहास प्रतिभागी से प्राप्ि 

ककया जाएगा िाकक समावेशन और बहहष्करर् मानदंडों को सत्यावपि ककया जा सके। 

6. यहद वें प्रतिभागी इस जानकारी पर अपने पररवार के सदस्ट्यों के साथ चचाा करना चाहिे हैं 

िो वे सहमति देने से पहिे ऐसा करने के हकदार हैं। 
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प्रतिभागगयों को सामान्य जानकारी: 

1. नाम: 

      उम्र: 

      लिगं: 

      हदनांक: 

2. आपको प्रोफामाा भरने की आवचयकिा होगी और शोध का उद्देचय अध्ययन करना है: “४५- 

७५ वषा की आयु के सबस्ट्यूट और िोतनक स्ट्रोक रोगगयों में बगा बैिेंस स्ट्कोर पर ६ सप्िाह 

के संशोगधि रम्पोलिन प्रलशक्षर् अभ्यास बनाम श्स्ट्थर सिह अभ्यास का प्रभाव: एक 

यादृश्च्छक तनयंत्रत्रि परीक्षर्। 

3. यहद आप स्ट्वेच्छा से अध्ययन में भाग िेने के इच्छुक हैं िो आपसे अपेक्षा की जािी है कक 

आप परीक्षर् पूरा होने िक प्रोफामाा दाखिि करने के क्षर् से ही हमारे साथ नामांकन करें। 

4. यहद आप इस अवगध के दौरान असहज हैं, िो कृपया हमें बिाएं िाकक हम आपकी मदद कर 

सकें  और आपकी समस्ट्याओं को दरू कर सकें । 

5. आपको कोई प्रतिपूतिा और मुआवजा नहीं हदया जाएगा। 

6. यहद ककसी भी क्षर् आप इस शोध अध्ययन से हटना चाहिे हैं िो आप ऐसा करने के लिए 

स्ट्विंत्र हैं और हमारी ओर से कोई बाधा नहीं होगी। 

7. सहमति पत्र प्राप्ि करने से पहिे अध्ययन के जोखिम, असुववधा, फायदे और नुकसान का 

वववरर् आपको समझाया जाएगा। 

8. इस अध्ययन से प्राप्ि आंकडों को गोपनीय रूप से संरक्षक्षि और बनाए रिा जाएगा और यहद 

िस्ट्वीर का उपयोग ककया जािा है िो आपकी पहचान उजागर नहीं की जाएगी। 
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9. अध्ययन के लिए आवचयक ववलभन्न परीक्षर् प्रकियाओं के सभी जोखिमों को आपको 

समझाया जाएगा और िदनुसार सहमति िी जाएगी। 

10. यहद आप थकावट महसूस करिे हैं या परीक्षर् पूरा करने में असमथा हैं िो कृपया हमें बिाएं 

िाकक आवचयक कदम उठाए जा सकें । 

11. शोधकिाा का नाम: 

       फोन नंबर: 

       पिा: 

12. गाइड का नाम: 

       फोन नंबर: 

       पिा: 

13. संस्ट्थान का नाम: 
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Annexure 2 (c):  

सहभागी वतृ्तपत्र: 

उद्देशः 

सहभागीकडून िेिी संमिी घेििी जाईि. 

व्याप्ती: 

या अभ्यासामध्ये स्ट्रोक ववषयािीि पुरुष आखर् श्स्ट्त्रया दोघांचा समावेश आहे आखर् या अभ्यासामध्ये 

भाग घेण्यासाठी स्ट्वेच्छेने इच्छुक आहेि. 

उत्तरदाययत्व: 

अभ्यासामध्ये स्ट्वेच्छेने सहभागी होण्यास इच्छुक असिेल्या सवा सहभागींकडून संशोधकांना िेिी 

माहहिी हदिी जाईि. 

प्रक्रिया: 

1. संशोधक स्ट्रोक ववषयांमधीि सहभागीची तनवड करेि. 

2. सहभागींच्या प्रचनांची उत्तरे देण्यासाठी हस्ट्िके्षप प्रोटोकॉि स्ट्पष्ट केिा जाईि. 

3. जर सहभागीने भाग घेण्याचा तनर्ाय घेििा असेि िर सहभागीने संमिी फॉमा भरिा पाहहजे. 

4. सहभागीच्या संमिीनंिर अभ्यासाची प्रकिया सुरू होईि. 

5. समाववष्ट आखर् वगळण्याच्या तनकषांची पडिाळर्ी करण्यासाठी सहभागीकडून इिर कोर्त्याही 

शारीररक समस्ट्येचा िपशीिवार वैद्यकीय आखर् इतिहास प्राप्ि केिा जाईि. 

6. जर सहभागींना त्यांच्या कुटंुबािीि सदस्ट्यांसह या माहहिीवर चचाा करायची असेि िर संमिी 

देण्यापूवी िे िसे करण्यास पात्र आहेि. 

सहभागींना सामान्य माहहिीीः 
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1. नाव: 

   वय: 

   लिगं: 

   िारीि: 

2. आपल्यािा प्रोफामाा भरण्याची आवचयकिा आहे आखर् संशोधनाचा हेिू हा अभ्यास कररे् आहे: 

“४५- ७५ वषे वयोगटािीि सबक्यूट आखर् िॉतनक स्ट्रोक रूगर्ामंधीि बगा बॅिेन्स स्ट्कोअरवर 

श्स्ट्थर पषृ्ठभागाच्या व्यायामा ववरूद्ध ६ आठवडयांच्या सुधाररि रॅम्पोलिन प्रलशक्षर् व्यायामाचा 

प्रभावीः एक यादृश्च्छक तनयंत्रत्रि चाचर्ी”. 

3. आपर् स्ट्वेच्छेने अभ्यासामध्ये भाग घेऊ इश्च्छि असल्यास, आपर् परीके्षची पूिािा होईपयिं 

प्रोफामाा दािि करण्याच्या क्षर्ापासून आमच्यासह आमच्याकडे नोंदर्ी कररे् अपेक्षक्षि आहे. 

4. या कािावधीि आपर् अस्ट्वस्ट्थ असल्यास, कृपया आम्हािा कळवा जेरे्करून आम्ही आपल्यािा 

मदि करू आखर् आपल्या अडचर्ी दरू करू. 

5.  िुम्हािा कोर्िीही भरपाई आखर् नुकसानभरपाई हदिी जार्ार नाही. 

6. कोर्त्याही क्षर्ी आपर् या संशोधन अभ्यासापासून दरू जाण्याची इच्छा असल्यास आपर् असे 

करण्यास मोकळे आहाि आखर् आमच्या बाजूने कोर्िाही अडथळा येर्ार नाही. 

7. संमिी फॉमा प्राप्ि करण्यापूवी जोिीम, असुववधा, फायदे आखर् अभ्यासाचे िोटे यांचे िपशीि 

आपल्यािा समजावून सांगगििे जािीि. 

8. या अभ्यासामधून प्राप्ि केिेिा डेटा गुप्िपरे् जिन केिा जाईि आखर् त्याची देिभाि केिी 

जाईि आखर् छायागचते्र वापरल्यास आपिी ओळि उघड केिी जार्ार नाही. 

9. अभ्यासासाठी आवचयक असिेल्या ववववध चाचर्ी प्रकियेचे सवा जोिीम आपल्यािा स्ट्पष्ट केिे 

जािीि आखर् त्यानुसार संमिी घेििी जाईि. 
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10. आपर् थकल्यासारिे ककंवा कसोटी पूर्ा करण्याि अक्षम झाल्यास कृपया आम्हािा कळवा 

जेरे्करुन आवचयक िी पाविे उचििा येिीि. 

11. संशोधकाचे नाव: 

    फोन नंबर: 

    पत्ता: 

12. मागादशाक नाव: 

    फोन नंबर: 

    पत्ता: 

13. संस्ट्थेचे नाव: 
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Annexure 3 (a):  

Letter of consent: 

 

 

I ____________________________________________ voluntarily consent as a participant 

for the dissertation: “Effect of 6 weeks modified trampoline training exercises versus 

stable surface exercises on Berg Balance Score in Subacute and Chronic Stroke patients 

aged 45-75 years : A Randomized Controlled Trial.” conducted by _________. 

I have been informed regarding the purpose of the study and duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedure 

regarding to the study. I reserve my right to withdraw from study at any instant of study 

period. 

The researcher has assured me about this.  

  Signature of the participants /                                                                                                            

Thumb impression of participants     
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Annexure 3 (b): 

 

संमती पत्र: 

प्रबंध प्रबंधासाठी मी सहभागी _____________________ स्ट्वेच्छेने:“४५- ७५ वषे वयोगटािीि 

सबक्यूट आखर् िॉतनक स्ट्रोक रूगर्ांमधीि बगा बॅिेन्स स्ट्कोअरवर श्स्ट्थर पषृ्ठभागाच्या व्यायामा 

ववरूद्ध ६ आठवडयांच्या सुधाररि रॅम्पोलिन प्रलशक्षर् व्यायामाचा प्रभावीः एक यादृश्च्छक तनयंत्रत्रि 

चाचर्ी" 

अभ्यासाचा उद्देश आखर् कामाचा कािावधी याववषयी मिा माहहिी देण्याि आिी आहे. 

अभ्यासासंदभााि आवचयक प्रकिया करण्याची आखर् ववववध चाचर्ी प्रकिया पार पाडण्यास मिा हरकि 

नाही. अभ्यासाच्या काही काळाि मी अभ्यासािून माघार घेण्याचा माझा हक्क रािून ठेविो. 

संशोधकाने मिा याबद्दि आचवासन हदिे आहे 

                                                                                                    

                                    सहभागींची स्ट्वाक्षरी / सहभागींची अंगठा 

 

                                                                                            

 

 

 

  



96 
 

Annexure 3 (c): 

 

सहमति - पत्र: 

मैं ____________________________________________________ स्वैच्छिक रूप से शोध 

प्रबंध के लिए एक प्रतिभागी के रूप में सहमति देिा ह ं: "45-75 वर्ष आयु वगष के सबस्य ट और 

क्रॉतिक स्रोक के रोगगयों में बगष बैिेंस स्कोर पर 6 सप्िाह संशोगधि रम्पोलिि प्रलशक्षण अभ्यास 

बिाम च्स्िर सिह अभ्यास का प्रभाव: एक यादृच्छिक तियंत्रिि परीक्षण।" द्वारा आयोच्िि 

_________। 

 

मुझे अध्ययन के उद्देचय और काया की अवगध के बारे में सूगचि ककया गया है। मुझे आवचयक 

प्रकिया शुरू करने और अध्ययन के संबंध में ववलभन्न परीक्षर् प्रकिया से गुजरने में कोई आपवत्त नहीं 

है। मैं अध्ययन के ककसी भी समय अध्ययन से हटने का अपना अगधकार सुरक्षक्षि रििा हंू। 

शोधकिाा ने मुझे इसके बारे में आचवासन हदया है 

 

                                                      प्रतिभागगयों के हस्ट्िाक्षर / 

                                                   प्रतिभागगयों का अंगूठे का तनशान 
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ANNEXURE 4 (a) - LETTER OF PERMISSION  

 

 

To,   

The Head of Institute,  

__________________  

___________________  

Subject: Permission to carry out research work.   

Respected Sir/Madam,   

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in Sub-acute and Chronic  

Stroke patients.  

      My research topic is “Effect of 6 weeks Modified Trampoline Training Exercises 

Versus Stable Surface Exercises on Berg Balance Score in Sub-acute and Chronic 

Stroke Patients aged 45-75 years: A Randomized controlled trial.” 

 

 

 

                                                                 Head of Institute 
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PERMISSION LETTER (b)   

To,   

The Chairman,   

Ethical Committee.   

______________  

______________  

Subject: Permission to carry out research work.   

Respected sir/madam  

  I, Mr/Miss_____________ student of Master of Physiotherapy, would request you to 

grant me permission to carry out my research work.   My research topic is, “Effect of 6 

weeks Modified Trampoline Training Exercises Versus Stable Surface Exercises on Berg 

Balance Score in Subacute and Chronic Stroke Patients aged 45-75 years: A 

Randomized controlled trial.” 

I promise that the ethics as well as participants care shall be duly complied.   

 I kindly request you to do the needful in this regard.   

Yours sincerely,   

Research student   

Date:                                                                                                       

Place: 
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PERMISSION LETTER (c)   

 

To, 

The Head of Physiotherapy rehabilitation centre, 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr / Miss________ Student of master of physiotherapy, would request you to grant me 

permission to carry out my research work in your esteemed work place. My research topic is 

“Effect of 6 weeks Modified Trampoline Training Exercises Versus Stable Surface 

Exercises on Berg Balance Score in Subacute and Chronic Stroke Patients aged 45-75 

years: A Randomized controlled trial.” 

For this purpose, I have to take participants from your rehabilitation that are aged between 45 

to 75 years and have history of stroke for further procedure. I kindly request you to do the 

needful in this regard. Thanking you in anticipation. 

 

Yours sincerely, 

Research student 

Date: 

Place 
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Annexure 5 

Berg Balance Scale    

Participant’s Name: __________________________  

Date: _________________   

1. SITTING TO STANDING 

 INSTRUCTIONS: Please stand up. Try not to use your hands for support.   

( ) 4 able to stand without using hands and stabilize independently   

( ) 3 able to stand independently using hands   

( ) 2 able to stand using hands after several tries  

( ) 1 needs minimal aid to stand or to stabilize   

( ) 0 needs moderate or maximal assist to stand   

 

2. STANDING UNSUPPORTED 

 INSTRUCTIONS: Please stand for two minutes without holding.   

( ) 4 able to stand safely 2 minutes  

( ) 3 able to stand 2 minutes with supervision   

( ) 2 able to stand 30 seconds unsupported  

( ) 1 needs several tries to stand unsupported 30 seconds  

( ) 0 unable to stand 30 seconds without support.  
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3. SITTING WITH BACK UNSUPPORTED BUT FEET SUPPORTED ON FLOOR 

OR ON A STOOL 

INSTRUCTIONS: Please sit with arms folded for 2 minutes.  

( ) 4 able to sit safely and securely 2 minutes   

( ) 3 able to sit 2 minutes under supervision   

( ) 2 able to sit 30 seconds   

( ) 1 able to sit 10 seconds   

( ) 0 unable to sit without support 10 seconds   

 

4. STANDING TO SITTING 

 INSTRUCTIONS: Please sit down.   

( ) 4 sits safely with minimal use of hands   

( ) 3 controls descent by using hands   

( ) 2 uses back of legs against chair to control descent   

( ) 1 sits independently but has uncontrolled descent   

( ) 0 needs assistance to sit   

 

5. TRANSFERS  
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INSTRUCTIONS: Arrange chairs(s) for a pivot transfer. Ask subject to transfer one way 

toward a seat with armrests and one way toward a seat without armrests. You may use two 

chairs (one with and one without armrests) or a bed and a chair.   

( ) 4 able to transfer safely with minor use of hands   

( ) 3 able to transfer safely definite need of hands   

( ) 2 able to transfer with verbal cueing and/or supervision   

( ) 1 needs one person to assist   

( ) 0 needs two people to assist or supervise to be safe.  

 

6. STANDING UNSUPPORTED WITH EYES CLOSED  

INSTRUCTIONS: Please close your eyes and stand still for 10 seconds.   

( ) 4 able to stand 10 seconds safely   

( ) 3 able to stand 10 seconds with supervision   

( ) 2 able to stand 3 seconds  

( ) 1 unable to keep eyes closed 3 seconds but stays steady   

( ) 0 needs help to keep from falling   

 

7. STANDING UNSUPPORTED WITH FEET TOGETHER  

INSTRUCTIONS: Place your feet together and stand without holding.   

( ) 4 able to place feet together independently and stand 1 minute safely   
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( ) 3 able to place feet together independently and stand for 1 minute with supervision   

( ) 2 able to place feet together independently but unable to hold for 30 seconds   

( ) 1 needs help to attain position but able to stand 15 seconds with feet together  

( ) 0 needs help to attain position and unable to hold for 15 seconds.  

 

 

 

7. REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING  

INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far 

as you can. (Examiner places a ruler at end of fingertips when arm is at 90 degrees. Fingers 

should not touch the ruler while reaching forward. The recorded measure is the distance 

forward that the finger reaches while the subject is in the most forward lean position. When 

possible, ask subject to use both arms when reaching to avoid rotation of the trunk.  

( ) 4 can reach forward confidently 25-30 cm (10 inches)   

( ) 3 can reach forward 12 cm safely (5 inches)   

( ) 2 can reach forward 5 cm safely (2 inches)   

( ) 1 reaches forward but needs supervision   

( ) 0 loses balance while trying/requires external support  

  

8. PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION 

 INSTRUCTIONS: Pick up the shoe/slipper which is placed in front of your feet.   
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( ) 4 able to pick up slipper safely and easily   

( ) 3 able to pick up slipper but needs supervision   

( ) 2 unable to pick up but reaches 2-5cm (1-2 inches) from slipper and keeps balance 

independently   

( ) 1 unable to pick up and needs supervision while trying   

( ) 0 unable to try/needs assist to keep from losing balance or falling 

   

10. TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS WHILE 

STANDING INSTRUCTIONS: Turn to look directly behind you over toward left shoulder. 

Repeat to the right. Examiner may pick an object to look at directly behind the subject to 

encourage a better twist turn.   

( ) 4 looks behind from both sides and weight shifts well   

( ) 3 looks behind one side only other side shows less weight shift   

( ) 2 turn sideways only but maintain balance   

( ) 1 needs supervision when turning   

( ) 0 needs assist to keep from losing balance or falling   

 

11. TURN 360 DEGREES  

INSTRUCTIONS: Turn completely around in a full circle. Pause. Then turn a full circle in 

the other direction.   

( ) 4 able to turn 360 degrees safely in 4 seconds or less   
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( ) 3 able to turn 360 degrees safely one side only in 4 seconds or less   

( ) 2 able to turn 360 degrees safely but slowly   

( ) 1 needs close supervision or verbal cueing   

( ) 0 needs assistance while turning   

 

12. PLACING ALTERNATE FOOT ON STEP OR STOOL WHILE STANDING 

UNSUPPORTED INSTRUCTIONS: Place each foot alternately on the step/stool. Continue 

until each foot has touched the step/stool four times.  

( ) 4 able to stand independently and safely and complete 8 steps in 20 seconds   

( ) 3 able to stand independently and complete 8 steps in >20 seconds   

( ) 2 able to complete 4 steps without aid with supervision   

( ) 1 able to complete >2 steps needs minimal assist   

( ) 0 needs assistance to keep from falling/unable to try.  

 

13. STANDING UNSUPPORTED ONE FOOT IN FRONT 

INSTRUCTIONS: (DEMONSTRATE TO SUBJECT) Place one foot directly in front of the 

other. If you feel that you cannot place your foot directly in front, try to step far enough ahead 

that the heel of your forward foot is ahead of the toes of the other foot. (To score 3 points, the 

length of the step should exceed the length of the other foot and the width of the stance 

should approximate the subject's normal stride width)   

( ) 4 able to place foot tandem independently and hold 30 seconds   
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( ) 3 able to place foot ahead of other independently and hold 30 seconds   

( ) 2 able to take small step independently and hold 30 seconds   

( ) 1 needs help to step but can hold 15 seconds   

( ) 0 loses balance while stepping or standing   

 

14. STANDING ON ONE LEG 

 INSTRUCTIONS: Stand on one leg for as long as you can without holding.   

( ) 4 able to lift leg independently and hold >10 seconds   

( ) 3 able to lift leg independently and hold 5-10 seconds   

( ) 2 able to lift leg independently and hold = or >2 seconds   

( ) 1 tries to lift leg unable to hold 3 seconds but remains standing independently   

( ) 0 unable to try or needs assist to prevent fall   

TOTAL SCORE (Maximum = 56): _______            
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Timeline / Gantt chart 

sr.no  components  
2019 
Nov 

2019 
Dec 

2020 
Jan  

2020 
Feb 

2020 
march  

2020 
April-
June 

2020 
Jul-
Sept 

2020 
Oct-
Dec 

2021 
Jan-
mar 

2021 
April-
Jun 

2021 
July- 
Sept 

1 Allotment of guide                       

2 Selection of topic                       

3 
Formulation of research 
question                       

4 
formulation of aim and 
objectives                       

5 hypothesis, null hypothesis                       

6 Research protocol                       

7 Research designing                       

8 Review of literature                       

9 methodology formulation                       

10 study designing                       

11 study setting                       

12 sample size estimation                       

13 
selection of study 
instruments                       

14 method of data collection                        

15 
data management and 
analysis procedure                       

16 IEC and BORS clearance                       

17 compilation of synopsis                       

18 uploading of synopsis                       

19 data collection                       

20 
data presentation and 
analysis                       

21 
writing of discussion and 
conclusion                       

22 Compilation of dissertation 
           

23 
submission of thesis to 
MUHS                       
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Master chart: 

Trampoline Training (GROUP A) 

SERIAL 

.NO 

AGE GENDER PRE BERG BALNCE 

SCALE 

SCORE 

POST BERG BALNCE  

SCALE SCORE 

 

 

1 55 M 40 52 

2 61 M 37 50 

3 64 F 40 51 

4 58 M 34 45 

5 71 F 36 49 

6 68 F 38 49 

7 52 M 40 54 

8 74 F 39 50 

9 70 M 38 50 

10 48 F 37 51 

11 54 M 40 52 
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Stable Surface  (GROUP B) 

SERIAL 

.NO 

AGE GENDER PRE BERG BALNCE 

SCALE 

SCORE 

POST BERG BALNCE 

SCALE SCORE 

1 53 F 37 44 

2 47 M 36 40 

3 69 M 40 44 

4 73 F 37 41 

5 51 F 40 43 

6 67 M 38 42 

7 70 M 39 43 

8 59 M 37 42 

9 63 F 34 39 

10 60 M 38 42 

11 56 M 38 43 
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Template to prepare TITLE & SYNOPSIS 

Sr. 
No. Item Guidelines 

01) Title :-  Effect of 6 weeks modified trampoline training exercises versus 

stable surface exercises on Berg Balance Score in Subacute and 

Chronic Stroke patients aged 45-75 years: A Randomized Controlled 

Trial. 

 

02) Introduction :- Stroke or cardiovascular accident is the sudden loss of neurological 
function caused by an interruption of the blood flow to the brain. 
Depending upon the specific vascular territory or the site of the lesion 
a variety of the focal impairments can be possible which are 
alteration in the level of the consciousness, sensory, motor, cognitive, 

perceptual and language impairments.
1
 

Worldwide stroke is the second leading cause of disabilities and 

deaths.
2 

 
According to a systemic review in 2017 on incidence and prevalence 
of stroke in India, there is crude prevalence of stroke ranged from 
44.29 to 559/100,000 persons in different parts of the country during 
the past decade; out of which a cumulative incidence of stroke ranged 

from 105 to 152/100,000 persons per year.
3
 

 
The aspects of disability due to stroke vary depending on the degree 
and area of the damage. In stroke various problems such as a 
decrease in muscular strength , muscle weakness, slowing of the rate 
at which power is generated,  and a limited joint range of motion 
are seen. These problems may leads to decrease in walking speed 
and walking ability, balance impairment, altered balance confidence, 
and reduced mobility due to risk of fall. 

Balance is defined as, the ability to maintain the body in equilibrium 
or to control the body’s position in space for stability and orientation 
4
 

After stroke the ability to control balance in the sitting and standing 
positions is a fundamental skill of motor behaviour that makes 

everyday activities to be easier
5,6

 

 
 Therefore, for stroke patients an important focus of rehabilitation is 
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the development of interventions to promote balance and functional 

movement
7,8

  
 
Trampoline is a type of unstable surface and also considered as safe 
and useful equipment, it provide a feeling of weightlessness and 

induce rhythmic movements.
18

 
 
The phrase ‘Rebound therapy’ was coined by the founder Eddy 
Anderson in 1969 to describe use of trampolines in providing 
therapeutic exercise and recreation for people with wide range of 

special needs
9,10

 
 
Many studies proposed that trampoline is a balance training device 

that requires strong integration of the neuromuscular system.
11

 It is 
frequently used in clinical setups because of its affordability, easy to 

transport, can be used easily, and simplicity of set up.
11,12

 
 

The trampoline is a rehabilitation method that can stimulate deep 
proprioception as participants are continuously forced to respond to a 

constant change of gravity.
11,13

 
  

Mini-trampoline exercises includes multi-component approach which 
improves  many physical factors such as strength, body stability, 
muscle coordinative responses, joint movement amplitudes and 

spatial integration.
5
     

  

Study done by Fernando A et al showed improvement in the ability of 

elderly patients to recover their balance in preventing forward falls.
14

  

 
Several studies have used trampoline training and it found to be 

effective in various kind of patients .
5,13,16

 
 
In the study of Warorom K et al (2016), diabetic peripheral 
neuropathy patients showed improvement in foot mobility, planter 
pressure and sensation, and reduced risk of foot ulceration using 

mini-trampoline exercise .
17

 
 
It was also found effective in spinal cord injury

  
and cerebral palsy

 
 

patients in improving static stability, strength, balance and functional 

mobility.
18,19 

 



 [Page : 3] 
   

However, there is limited evidence on effect of modified trampoline 
training in stroke patients.  
 
Rationale of the study: 
It is well proven that, after stroke there is decrease in muscular 
strength, balance impairment, altered tone, loss of proprioception, 

restricted joint range of motion due to spasticity.
11 

Recently, trampoline parks have become increasingly popular as a 

recreational  activity for children and adults.
6
 Also trampoline is 

more like a fun than therapy and patients do not realize how hard 

they are working and much more can be done with less efforts.
18

 

High intensity exercises such as hopping, jumping are usually 
conducted on trampoline. 

Studies done by Joohee H. et al (2015)and Claudia M. et al (2017), on 
40 -60 years old stroke patients and 18 – 80 years old stroke patients 
respectively showed improvement in balance, gait and activities of 
daily living with the use of trampoline training. Both these studies 
had balance exercises on trampoline with hopping and jumping in 
their intervention protocol. 5,7 

But the study of Kiyokazu.A (2017) et al observed negative effects 
such as increase in knee joint stress during landing, increase leg 
stiffness leading to bony injuries due to repeated jumping and 
hopping in healthy female aged 20 – 30 years.20 

Even it would be difficult for stroke patients to perform such 
activities of high intensity like hopping and jumping as they have low 
physical abilities.11 The elderly population may also find such 
exercises difficult to perform. 

So this study will focus on modified trampoline training which will 
exclude hopping and jumping activities in exercise protocol to see the 
effect on balance in 45-75 years stroke patients with medium risks of 
fall using Berg Balance Scale. 

 

3.1) Primary Research 
Question :- 

Is there any significant effect of modified trampoline training 
exercises on berg balance score in 45-75 years sub-acute and chronic 
stroke patients as compared to stable surface exercises? 
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3.2) Secondary Research 
Question 1 :- 

(if any) 

Not applicable in the current study.  

 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not applicable in the current study.  

 

4.1) Primary 
Hypothesis :- 

Null Hypothesis:  

There is no significant difference in the effect of modified trampoline 
training exercises versus stable surface exercises on berg balance 
score in 45-75 years sub-acute and chronic stroke patients. 
 

Alternate Hypothesis:  
There is significant difference in the effect of modified trampoline 
training exercises versus stable surface exercises on berg balance 
score in 45-75 years sub-acute and chronic stroke patients. 
 

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not applicable in the current study.  

 

4.3) Other Hypothesis 
2 :- 

(if any) 

Not applicable in the current study.  

 

05) Review of 
Literature :- 

1. Mr D Muthuraj in 2019 did a comparative study on the 
effectiveness of trunk stabilization exercises on stable and 
unstable surfaces on balance and gait for 6 week in sub acute 
stroke patients. According to the study there was significant 
improvement in balance and gait in patients treated with 
trunk stabilization exercises on unstable surface than stable 
surface exercises. 

2. Pooya Daneshvar et al in 2019 did the study on comparison of 
rebound based exercise program and weight supported 
exercises on Range of Motion, proprioception and quality of 
life for 8 week in patients with Parkinson’s Disease. According 
to the study both interventions are equally effective , and it is 
recommended that the benefits of these exercises to be used 
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in physical rehabilitation programs. 

3. Morteza Sadeghi et al in 2019 did the study titled effects of 
rebound therapy   exercise on static stability of patients with 
spinal cord injury for 12 week. They concluded that rebound 
therapy could reinforce the static stability of individuals with 
SCI during motionless standing. It also suggests that rebound 
exercise is a useful sports rehabilitation method for patients 
with SCI and other wheelchair bound individuals. 

4. Ashleigh M. Germain et al 2019 did a study on effects of 
adaptive bungee trampolining for children with cerebral palsy. 
This was a single case study with four children aged 6 to 11 
years. Outcome measures included muscle strength, balance, 
functional muscle strength ,functional mobility measure using 
the Canadian Occupational Performance measure. The study 
concluded that adaptive bungee trampoline training can 
improve strength, balance, and functional mobility in children 
with cerebral palsy . 

5. Xu Wen et al 2018 did a study on effect of mini trampoline 
physical activity on executive functions in preschool children 
for 10 weeks. The study suggests that a 10 week of trampoline 
physical activity intervention appears to be an effective 
physical activity tool in improving preschool children’s physical 
activity, but concluded that this type of physical activity 
modality may not be sufficient to prompt the improvement of 
executive functions. 

6. Mayuri R. Shah (2018) conducted a study on effect of rebound 
exercises in overweight individuals on BMI , Waist-Hip Ratio 
and lung functions,64 participants were divided into two 
groups, one group were given only diet protocol while other 
group were given diet protocol along with rebound exercise 
for 4 weeks. They concluded that both interventions were 
equally effective in reducing weight in overweight adolescent 
population in terms of BMI, waist circumference and 
improving lung functions in terms of FEV1 and FVC. 

7. Sanika B et.al (2018) conducted a study on effect of high 
intensity interval training with use of trampoline in individuals 
with stress, 30 subjects (18-25years) were given trampoline 
training for four weeks. Heart rate,blood pressure and 
perceived stress were assessed. They concluded that 
trampoline training reduced perceived stress scale score and 
heart rate, blood pressure of the individuals with stress. 
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8. Pui Wah Kong et.al (2018) conducted a study on effects of 
6-week trampoline training on dynamic balance performance 
in healthy young males and females , 26 participants were 
randomly divided into two groups, n=13 were given 
trampoline training and another group n=13 were given 
classical resistance training for 6 weeks ,dynamic balance was 
assessed using Y balance test.They concluded that both 
trampoline training and classical resistance training are 
equally effective in improving dynamic balance performance 
in young ,healthy individuals. 

9. Kiyokazu. A. et al 2017 did a study on trampoline or hard 
surface jumping influence lower extremity alignment in age 
group 20-21 healthy females and found that repeated 
trampoline jumping could have a negative effect of increasing 
knee joint stress during landing as compared to repeated 
jumping on ground. 

10. Wararom Kanchanasamut et.al in 2016 did a study to examine 
the effects of an eight week mini-trampoline exercise on 
improving foot mobility, plantar pressure and sensation of 
diabetic neuropathic feet. Twenty one people with diabetic 
peripheral neuropathy were divided into two groups. One 
group were given foot care education program along with 
eight week home exercise program using mini-trampoline and 
another group were given only foot care education. The study 
concluded that mini-trampoline exercise may be used as an 
adjunct to other intervention to reduce risk of foot ulceration. 

11. Joohee H et.al,(2015) conducted a study on balance, gait, and 
falls efficacy in stroke patients , 24 patients were randomly 
divided into two groups, one group(n=12) was given only 
conventional physical therapy and another group was given 
conventional physical therapy + trampoline training for 6 
weeks, balance was measured using Berg balance scale and 
timed up and go test ,gait using dynamic gait index ,falls 
efficacy using falls efficacy scale. They concluded that 
modified trampoline training resulted in significantly improved 
balance, dynamic gait and falls efficacy of stroke patients 
compared to control group.  

12. Paraskevi Giagazoglou et al in 2015 did a study titled 
trampoline training promote motor coordination and balance 
performance in children with developmental coordination 
disorder for 12 weeks . The study concluded that balance 
training with the use of attractive equipment such as 
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trampoline can be an effective intervention for improving 
functional outcomes and can be recommended as an 
alternative mode of physical activity.  

13. Claudia Miklitsch et al 2013 did the study on effects of a 
predefined mini trampoline training programme on balance, 
mobility and activities of daily living after stroke for 3 weeks . 
The study concluded that predefined mini trampoline training 
programme resulted in significantly increased postural control 
in stroke patients compared to balance training in a group and 
also showed improvement in mobility and activities of daily 
living which were not statistically significant. 

14. Paraskevi G et.al (2013) conducted a study on effects of a 
trampoline exercise intervention on motor performance and 
balance ability of children with intellectual disabilities,18 
healthy school aged children with moderate ID were divided 
into two groups ,control group(n=9) followed regular school 
schedule and experimental group (n=9) was given 12 weeks 
trampoline training  intervention program ,balance was 
assessed by electronic pressure platform and motor 
performance from eurofit test battery of physical fitness. They 
concluded that trampoline intervention resulted in significant 
improvement of participants performance in all motor and 
balance tests. 

15. Fernando Amancio Aragao et al 2011 did a study on mini 
trampoline exercise related to mechanisms of dynamic 
stability improves the ability to regain balance in elderly for 14 
week. The study concluded that mini trampoline training 
intervention increased elderly abilities to recover balance 
during forward falls and improvement was attributed to 
higher rate of hip moment generation. 

16. Oya Erkut Atilgan did a study on effect of trampoline training 
on jump, leg strength, static and dynamic balance of boys. The 
study included 28 old boys age 9 to 10 year in which N=15 
were assigned to trampoline training group and N=13 were 
assigned for control group for 12 week. The study concluded 
that 12 week trampoline training increased bipedal static 
balance –dynamic balance and vertical jump parameters 
however it had no effect on unipedal static balance and leg 
strength parameters in boys. 

17. Fusun Sahin ,et.al ,(2008),studied reliability and validity of 
Turkish version Berg balance scale and concluded that, it is 
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reliable and valid and can be used in balance assessment of 
Turkish older adults. 

 
 
 

6.1) Primary 
Objectives :-  

To study the effectiveness of 6 weeks modified trampoline training 
exercises versus stable surface exercises on berg balance score in 
45-75 years sub-acute and chronic stroke patients with medium fall 
risk using berg balance scale. 
 

 

6.2) Other Objectives 1:- 

(if any)  

Not applicable in the current study.  

 

6.3) Other Objectives 2:- 

(if any) 

Not applicable in the current study.  

 

07) Methodology :-  

1. Study Design: Randomized controlled trial. 

2. Study Setting: Physiotherapy OPD of tertiary care hospital. 

3. Study Population: subacute and chronic hemiplegic stroke 

patients of age 45-75 years. 

4. Duration of study: 18 months. 

Sample size estimation: Sample size is determined considering the 

study of Mr.D.Muthuraj.
1 

The mean expected value is 7.1 with SD = 1.22 and 11.87 with SD = 
1.8 
 
The formula used: 

               n = 4 (Zα + Zβ)2 SD2 \ (X�
1
 - X�

2
)2 

Where,  α =5% 

        β =20% 
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Zα- standard normal variant at α level. 

 

Z 
β –

standard normal variant at β level. 

 

X�
1
 – mean for experimental group. 

 

X�
2 

– mean for control group. 

 

The required sample size was calculated as 20-20 in each group, total 
40. 

 

The sample size was calculated by using open EPI calculator version 7. 

 

5. Sampling technique: Convenient sampling. 
6. Methods of Selection of Subjects: 

INCLUSION CRITERIA: 

• Diagnosed with cerebrovascular accident. 

• Both men and women. 

• Sub-acute and chronic patients. 

• Clinically diagnosed post stroke patients graded with 
Brunnstrom’s recovery stage 4 of lower extremity. 

• Patients with medium risk of falls (score = 21 to 40) 

• Ability to walk 10 meter with or without assistive device. 

 

 

EXCLUSION CRITERIA: 

    
• Repeated onset of stroke. 

• An MMSE score of  24. 

• Neurological conditions other than stroke. 

• Peripheral vascular disorders. 

• Cardiovascular disorders i.e acute MI 

• Patients with fracture or trauma of upper and lower extremity.  
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Withdrawal criteria: 

     1. Discontinuity in the treatment due personal reasons. 

     2. Any further complications 

 

     7.  Operational Definition: 

Stroke : It is sudden loss of neurological functions caused by an   

interruption of the blood flow to the brain.
1
 

 
In the current study, sub-acute stroke patients are considered as 3 to 6 
months from the duration of stroke onset and chronic stroke patients as 

6 months & more than six months from duration of stroke onset.
1 

 

 
Balance: Ability to maintain the body in equilibrium or to control the 

body’s position in space for stability and orientation.
4 

 

 
Berg balance scale:  Berg balance scale is an objective measure of 

static and dynamic balance abilities.
4
  

 
 
Trampoline- In current study it is a Tailormade balance equipment 
used as an unstable surface available in our institute.

 

 

8. VARIABLES  

Independent variables: Modified trampoline training 

                   Stable surface exercises 

 

   Dependent Variables: Berg Balance Scale (BBS) 

 

9. Methods of measurements 

Berg balance scale- 

It is developed by Berg and Coworkers as an objective measure of 

static and dynamic balance. It consists of 14 functional tasks 

commonly performed in daily living. These tasks includes sitting or 

standing unsupported, movement transitions (involving sit-to-stand, 

stand-to-sit), variations in standing positions (Eyes Open, Eyes Close). 
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The scoring of the functions is graded on 0-4 scale; where 0 score 

indicates unable to perform and score 4 indicates subjects performs 

independently. The maximum score of the scale is 56.                 

  

Interpretation : 

• 41-56: low fall risk 

• 21-40: medium fall risk 

• 0-20 : high fall risk 
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Berg Balance Scale: 

Sr 
No. 

Item Description Score 
0-4 

Seconds 
Optional 

1. Sitting to standing   

2. Standing to sitting    

3. Transfers   

4. Standing unsupported   

5. Sitting unsupported   

6. Standing with eyes 
closed 

  

7. Standing with feet 
together 

  

8. Standing with one foot 
in front 

  

9. Standing on one foot   

10. Turning 360 degrees   

11. Turning to look behind   

12. Retrieving object from 
floor 

  

13. Placing alternate foot 
on floor 

  

14. Reaching forward with 
outstretched arm 

  

 

Outcome Measure Pre-intervention  

(Day 1) 

Baseline Score 

Post-intervention 

(6th week ) 

 Balance score Balance score 

Berg Balance Scale   
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10. Study instruments 

• Outcome measure: Berg balance scale (BBS) 

• Stepper 

• Pen  

• Patient record sheet  

• Stopwatch  

• Chair with arm rest 

• Chair without arm rest 

 

Berg Balance scale              

 

 

 

Stepper 
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 Chair without arm rest 

               

 

Chair with arm rest 

 

  

  Record Sheet 
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      Pen 

                                                                                          

                                                     

                                                                   

     Stop Watch                                              

 
 

 

    Trampoline 
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12.Method of data collection- 

Permission from the head of the institution will be taken. Permission 

from the ethics committee and Board of Research will be taken. 

Subjects will be enrolled based on the inclusion criteria. An informed 

and written consent will be taken from the willing subjects. Pre 

intervention berg balance score will be recorded in all participants. All 

participants will be equally divided in two groups i.e. group A and 

group B. Participants of both the groups will be matched with 

duration of stroke onset. Both groups will receive conventional 

Physiotherapy along with that  

  Group A will receive balance exercises on trampoline. 

  Group B will receive balance exercises on stable surface. 

Post intervention berg balance score will be recorded. The collected 

data will be analysed statistically. 

 
 
 

13. Data management and analysis 

The data collected will be entered in the excel sheet, the backup of 
the data will be maintained.  

In any way, the participant’s identity and information will be kept 
confidential. The Mean Standard deviation and percent will be 
calculated. 

P≤0.05 will be considered statistically significant. 

Within the group for pre and post comparison, paired t test or 
Wilcoxon sign rank test whichever applicable will be used. 

For between the group (pre and post) unpaired t test or 
Mannwhitney U test will be used. 

The sample size was calculated by using EPI info version 7.The data 
will be utilized for further analysis. 
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RANDOMIZED CONTROLLED TRIAL 

All 40 subjects will be randomly assigned into experimental and 

control groups using a random, predetermined computer generated 

software list, 

Randomization will be according blocked randomization method. The 

patients will not know about the group allocation procedure. 

      

               

                    

                               First data gathering  

                  (zero weeks)       Randomized(n=40) 
                      
 

   Block Randomization          Block Randomization   

                                    

  Trampoline group (n=20)         Stable group (n=20) 

          

     Second Data gathering (six weeks after baseline)       

                                   

     Follow-up                  Follow-up 

                  Discontinued                  

                  

                 Lost to follow up 

        

        Analyzed                 Analyzed                  

                                                                            

                  

 

 

Assessed for eligibility 

Screened 
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GENERAL PROCEDURE 

Permission from the head of the institution and approval from the 

ethics committee and Board of Research will be taken. 

Subacute and Chronic Stroke patients between 45-75 years will be 

approached. 

Subjects will be enrolled based on inclusion criteria. 

Patients with medium fall risk Berg Balance score will be selected. 

A informed and written consent will be taken from the willing 

subjects. 

The entire procedure will be explained to them. 

All subjects will be assessed using Berg Balance Scale (BBS) and 

baseline scores will be recorded. 

Subjects will be given Balance training for 30 minutes per session, 3 

days per week for 6 weeks. 

Balance of all the subjects will be assessed using BBS after 6 weeks of 

training. 

The BBS scores will be noted before and after training and will be 

compared and analyzed statistically. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 [Page : 19] 
   

Intervention 

Two groups will be formed, Group A (Trampoline) and Group B (Stable 
surface). The sample size (n=40) will be divided into 20 and 20 
subjects in Group A and Group B respectively; on the basis of block 
randomisation  
 
Pre intervention berg balance score will be recorded in all 
participants. 

 
Both the groups will receive the same conventional protocol that is : 

 Strength training – elastic bands or tubes, free weights 

 Stretching  

 Trunk control training and 

 Gait training- forward walking, backward walking, sideways walking, 

            stair climbing,tendem walking,obstacle walking,  

            cross stepping,side stepping,step up,stair climbing. 

 
Along with that 

Group A will receive modified trampoline training exercises. 

Group B will receive the balance exercises on stable surface. 

 

Both groups will receive the same type of exercise on stable surface 
and on trampoline 

 
Common balance protocol for both the group: 

1. In standing –  

standing in a normal comfortable posture             
               feet together (narrow base of support) 
               one foot directly in front of the other i.e. 
                          (tandem position)     
               standing on one foot 
               eyes open (EO) to eyes closed (EC) 
               standing in tandem position: EO to EC 
               multi directional reach outs 
 

2. Weight shifts-  

to front, back, right and left in place 
               to front, back, right and left in place with feet  
               in walking stance 
               to front , back ,right and left with feet together  
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3. Spot Marching 

4. Squatting  

5. Pertubations : Anterior- Posterior 

                             medial- lateral 
6. Abduction and adduction of lower limb 

7. Performing a task – using object such as ball 

 
 
The exercises will be carried out according to patient’s capabilities from 
simple to complex. 
 
Frequency of exercise: the exercise will be given for 30 minutes, thrice 
a week for 6 weeks. 
 
Rest period will be allowed as per patient’s need. 
 
Patient will be allowed to take support with unaffected hand 
whenever required. 
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9) Timeline/Gantt 
Chart :- 

  
SR.NO  Month  

1 Allocation of Guide November2019 

2 Topic Finalization for the 
synopsis 
 

December 2019 

3 Formulation of Research 
Question 

December 2019 

4 Formulation of objectives December 2019 

5 
 

Hypothesis Formulation January 2020 

6 Protocol of Research January 2020 

7 Institutional, Ethics and 
BORS Clearance obtained 

February 2020 

8 Submission to the 
University 

March 2020 

9 Data Collection  

10 Data Presentation and 
Analysis 

March 2021 

11 Writing Discussion and 
Conclusion 

April 2021 

12 Submission of thesis to 
MUHS 

May 2021 
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Gantt chart 

for synopsis             

Sr 

no Component 2019 2019 2019 2020 2020 2020 

    Oct Nov Dec Jan Feb March 

1 

Selection of 

topic             

2 

formulation 

of research 

question     
 

      

3 

formulation 

of aim and 

objectives             

4 

hypothesis 

and null 

hypothesis             

5 

research 

protocol             

6 

ethical 

clearance             

7 

research 

designing             

8 

Review of 

literature             

9 

Methodology 

formulation             

10 

study 

designing             

11 study setting             

12 

sample size 

estimation             

13 

selection of 

study tools             
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and 

instruments 

14 

Method of 

data 

collection             

15 

management 

and data 

analysis             

16 

statistical 

tests             

17 

compilation 

of synopsis             

18 

uploading of 

synopsis             
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10) Annexures :- Annexure I – Proforma  

Annexure II(a) – Informed Consent (English,Hindi,Marathi) 

Annexure II(b) – Patient Information sheet(English,Hindi,Marathi) 

Annexure II(c) – Permission letter (A,B,C) 

Annexure III- Time line/Gantt Chart 
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Annexure I – Proforma  
 

     Date: 

 

     Serial no: 

 

     Name: 

 

     Age: 

 

     Gender: 

 

     Weight (in kilograms): 

 

     Height (in meters): 

 

     Mobile number: 

 

      Occupation: 

 

      Group A/B: 

 

     Duration of onset : 

 

     Medical history: 

 

     Brunstromm grading score: 
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     Address: 

 

     Mini Mental Scale Examination score: 

 

Parameters  BBS score pre intervention  BBS score post intervention 

Balance exercise program 

on trampoline 

  

Balance exercise program 

on stable surface 
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Annexure II (a):  

Letter of consent: 

 

 

I ____________________________________________ voluntarily consent as a participant 

for the dissertation: “Effect of 6 weeks modified trampoline training exercises versus 

stable surface exercises on Berg Balance Score in Subacute and Chronic Stroke patients 

aged 45-75 years : A Randomized Controlled Trial.” conducted by _________. 

I have been informed regarding the purpose of the study and duration of work. I have no 

objection to undertake the required procedure and to undergo various testing procedure 

regarding to the study. I reserve my right to withdraw from study at any instant of study 

period. 

The researcher has assured me about this.  

  Signature of the participants /                                                                                                            

Thumb impression of participants     
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Annexure II (a): 

 

समंती पत्र: 

प्रबंध प्रबंधासाठ� मी सहभागी _____________________ स्वेच्छेने:“४५- ७५ वष� वयोगटातील सबक्यूट 

आ�ण क्रॉ�नक स्ट्रोक रूग्णांमधील बगर् बॅलेन्स स्कोअरवर िस्थर पषृ्ठभागाच्या व्यायामा �वरूद्ध ६ 

आठवड्यांच्या सुधा�रत टॅ्रम्पो�लन प्र�श�ण व्यायामाचा प्रभावः एक यादृिच्छक �नयं�त्रत चाचणी" 

अभ्यासाचा उद्देश आ�ण कामाचा कालावधी या�वषयी मला मा�हती देण्यात आल� आहे. अभ्यासासंदभार्त 

आवश्यक प्र�क्रया करण्याची आ�ण �व�वध चाचणी प्र�क्रया पार पाडण्यास मला हरकत नाह�. अभ्यासाच्या 

काह� काळात मी अभ्यासातून माघार घेण्याचा माझा हक्क राखून ठेवतो. 

संशोधकाने मला याबद्दल आश्वासन �दले आहे 

                                                                    

                                                                    सह

भागींची स्वा�र� / सहभागींची अंगठा 
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Annexure II (a): 

 

सहम�त - पत्र: 

म� ____________________________________________________ स्वैिच्छक रूप से शोध 

प्रबंध के �लए एक प्र�तभागी के रूप म� सहम�त देता हंू: "45-75 वषर् आयु वगर् के सबस्यूट और क्रॉ�नक 

स्ट्रोक के रो�गय� म� बगर् बैल�स स्कोर पर 6 सप्ताह संशो�धत ट्रम्पो�लन प्र�श�ण अभ्यास बनाम िस्थर 

सतह अभ्यास का प्रभाव: एक यादृिच्छक �नयं�त्रत पर��ण।" द्वारा आयोिजत _________। 

 

मुझ ेअध्ययन के उद्देश्य और कायर् क� अव�ध के बारे म� सू�चत �कया गया है। मुझ ेआवश्यक प्र�क्रया 

शरुू करने और अध्ययन के संबंध म� �व�भन्न पर��ण प्र�क्रया से गुजरने म� कोई आप�� नह� ंहै। म� अध्ययन 

के �कसी भी समय अध्ययन से हटने का अपना अ�धकार सुर��त रखता हंू। 

शोधकतार् ने मुझ ेइसके बारे म� आश्वासन �दया है 

 

                                                      प्र�तभा�गय� के हस्ता�र / 

                                                   प्र�तभा�गय� का अंगूठे का �नशान 
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AnnexureII (b) 

Participant information sheet: 

Purpose:  

To ensure that written consent will be obtained from participant. 

Scope: 

This study includes stroke subjects both males and females and are voluntarily willing to 

participate in this study. 

Responsibilities: 

The researcher will obtain written informed consent from all the participants who are 

voluntarily willing to participate in the study. 

Procedure: 

1. The researcher will select participant among stroke subjects. 

2. The intervention protocol will be explained to answer the queries of the participants. 

3. If the participant decides to participate then consent form should be filled by 

participant. 

4. Study procedure will begin after the participant’s consent. 

5. Detailed medical and any other physical problem history will be obtained from the 

participant so as to verify the inclusion and exclusion criteria. 

6. If the participant wants to discuss this information with their family members then 

they entitled to do so before giving the consent. 

General information to participants: 

1. Name : 

             Age: 
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             Gender: 

             Date: 

2. You would be required to fill the proforma and the purpose of the research is to study : 

“Effect of 6 weeks modified trampoline training exercises versus stable surface 

exercises on Berg Balance Score in Subacute and Chronic Stroke patients aged 

45-75 years : A Randomized Controlled Trial”. 

3. If you are willing to voluntarily participate in the study then you are expected to enrol 

with us right from the moment of filing proforma till the completion of the test. 

4. If you are uncomfortable during this period then kindly let us know so that we can help 

you and overcome your problems. 

5. You will not be given any reimbursement and compensation. 

6. If at any moment you want to discontinue from this research study then you are free to 

do so and there would not be any hindrance from our side. 

7. The details of the risk, discomfort, advantages and disadvantages of the study will be 

explained to you before obtaining the letter of consent. 

8. The data obtained from this study would be confidentially protected and maintained 

and if the photograph is used then your identity would not be revealed. 

9. All the risk of various test procedures required for the study will be explained to you 

and accordingly the consent will be taken. 

10. If you feel exhausted or unable to complete the test please kindly let us know so that 

the necessary steps can be initiated. 

 

11. Name of the researcher: 

           Phone number: 

           Address: 

12. Name of the guide: 

           Phone number: 
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           Address: 

13. Name of the institute: 
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Annexure II (b):  

प्र�तभागी सूचना पत्र: 

उद्देश्य: 

यह सु�निश्चत करने के �लए �क प्र�तभागी से �ल�खत सहम�त प्राप्त क� जाएगी। 

स्कोप: 

इस अध्ययन म� पुरुष� और म�हलाओं दोन� के स्ट्रोक प्र�तभागी शा�मल ह� और स्वेच्छा से इस अध्ययन 

म� भाग लेने के �लए तैयार ह�। 

दा�यत्व: 

शोधकतार् उन सभी प्र�तभा�गय� से �ल�खत सू�चत सहम�त प्राप्त करेगा जो अध्ययन म� स्वेच्छा से भाग 

लेने वाले ह�। 

प्र�क्रया: 

1. शोधकतार् स्ट्रोक �वषय� के बीच प्र�तभागी का चयन करेगा I 

2. प्र�तभा�गय� के प्रश्न� का उ�र देने के �लए हस्त�ेप प्रोटोकॉल को समझाया जाएगा। 

3. य�द प्र�तभागी ने भाग लेने का �नणर्य �लया है तो प्र�तभागी द्वारा सहम�त फॉमर् भरा जाना चा�हए। 

4. प्र�तभागी क� सहम�त के बाद अध्ययन प्र�क्रया शुरू होगी। 

5. �वस्ततृ �च�कत्सा और �कसी भी अन्य शार��रक समस्या का इ�तहास प्र�तभागी से प्राप्त �कया 

जाएगा ता�क समावेशन और ब�हष्करण मानदंड� को सत्या�पत �कया जा सके। 

6. य�द व� प्र�तभागी इस जानकार� पर अपने प�रवार के सदस्य� के साथ चचार् करना चाहत ेह� तो 

व ेसहम�त देने से पहले ऐसा करने के हकदार ह�। 

प्र�तभा�गय� को सामान्य जानकार�: 

1. नाम: 
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      उम्र: 

      �लगं: 

      �दनांक: 

2. आपको प्रोफामार् भरने क� आवश्यकता होगी और शोध का उद्देश्य अध्ययन करना है: “४५- ७५ 

वषर् क� आय ुके सबस्यूट और क्रो�नक स्ट्रोक रो�गय� म� बगर् बैल�स स्कोर पर ६ सप्ताह के संशो�धत 

ट्रम्पो�लन प्र�श�ण अभ्यास बनाम िस्थर सतह अभ्यास का प्रभाव: एक यादृिच्छक �नयं�त्रत पर��ण। 

3. य�द आप स्वेच्छा से अध्ययन म� भाग लेने के इच्छुक ह� तो आपसे अपे�ा क� जाती है �क आप 

पर��ण पूरा होने तक प्रोफामार् दा�खल करने के �ण से ह� हमारे साथ नामांकन कर�। 

4. य�द आप इस अव�ध के दौरान असहज ह�, तो कृपया हम� बताएं ता�क हम आपक� मदद कर सक�  

और आपक� समस्याओं को दरू कर सक� । 

5. आपको कोई प्र�तपू�त र् और मुआवजा नह� ं�दया जाएगा। 

6. य�द �कसी भी �ण आप इस शोध अध्ययन से हटना चाहत ेह� तो आप ऐसा करने के �लए स्वतंत्र 

ह� और हमार� ओर से कोई बाधा नह� ंहोगी। 

7. सहम�त पत्र प्राप्त करने से पहले अध्ययन के जो�खम, असु�वधा, फायदे और नुकसान का �ववरण 

आपको समझाया जाएगा। 

8. इस अध्ययन से प्राप्त आंकड़� को गोपनीय रूप से संर��त और बनाए रखा जाएगा और य�द तस्वीर 

का उपयोग �कया जाता है तो आपक� पहचान उजागर नह� ंक� जाएगी। 

9. अध्ययन के �लए आवश्यक �व�भन्न पर��ण प्र�क्रयाओं के सभी जो�खम� को आपको समझाया 

जाएगा और तदनुसार सहम�त ल� जाएगी। 

10. य�द आप थकावट महसूस करते ह� या पर��ण पूरा करने म� असमथर् ह� तो कृपया हम� बताएं ता�क 

आवश्यक कदम उठाए जा सक� । 

11. शोधकतार् का नाम: 
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       फ़ोन नंबर: 

       पता: 

12. गाइड का नाम: 

       फ़ोन नंबर: 

       पता: 

13. संस्थान का नाम: 
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Annexure II (b):  

सहभागी व�ृपत्र: 

उद्देशः 

सहभागीकडून लेखी संमती घेतल� जाईल. 

व्याप्ती: 

या अभ्यासामध्ये स्ट्रोक �वषयातील पुरुष आ�ण िस्त्रया दोघांचा समावेश आहे आ�ण या अभ्यासामध्ये भाग 

घेण्यासाठ� स्वेच्छेने इच्छुक आहेत. 

उ�रदा�यत्व: 

अभ्यासामध्ये स्वेच्छेने सहभागी होण्यास इच्छुक असलेल्या सवर् सहभागींकडून संशोधकांना लेखी मा�हती 

�दल� जाईल. 

प्र�क्रया: 

1. संशोधक स्ट्रोक �वषयांमधील सहभागीची �नवड करेल. 

2. सहभागींच्या प्रश्नांची उ�रे देण्यासाठ� हस्त�ेप प्रोटोकॉल स्पष्ट केला जाईल. 

3. जर सहभागीने भाग घेण्याचा �नणर्य घेतला असेल तर सहभागीने संमती फॉमर् भरला पा�हजे. 

4. सहभागीच्या संमतीनंतर अभ्यासाची प्र�क्रया सुरू होईल. 

5. समा�वष्ट आ�ण वगळण्याच्या �नकषांची पडताळणी करण्यासाठ� सहभागीकडून इतर कोणत्याह� 

शार��रक समस्येचा तपशीलवार वैद्यक�य आ�ण इ�तहास प्राप्त केला जाईल. 

6. जर सहभागींना त्यांच्या कुटंुबातील सदस्यांसह या मा�हतीवर चचार् करायची असेल तर संमती देण्यापूव� 

ते तसे करण्यास पात्र आहेत. 

सहभागींना सामान्य मा�हतीः 

1. नाव: 



 [Page : 39] 
   

   वय: 

   �लगं: 

   तार�ख: 

2. आपल्याला प्रोफामार् भरण्याची आवश्यकता आहे आ�ण संशोधनाचा हेतू हा अभ्यास करणे आहे: “४५- 

७५ वष� वयोगटातील सबक्यूट आ�ण क्रॉ�नक स्ट्रोक रूग्णांमधील बगर् बॅलेन्स स्कोअरवर िस्थर 

पषृ्ठभागाच्या व्यायामा �वरूद्ध ६ आठवड्यांच्या सुधा�रत टॅ्रम्पो�लन प्र�श�ण व्यायामाचा प्रभावः एक 

यादृिच्छक �नयं�त्रत चाचणी”. 

3. आपण स्वेच्छेने अभ्यासामध्ये भाग घेऊ इिच्छत असल्यास, आपण पर��ेची पूतर्ता होईपय�त प्रोफामार् 

दाखल करण्याच्या �णापासून आमच्यासह आमच्याकड ेन�दणी करणे अपे��त आहे. 

4. या कालावधीत आपण अस्वस्थ असल्यास, कृपया आम्हाला कळवा जेणेकरून आम्ह� आपल्याला मदत 

करू आ�ण आपल्या अडचणी दरू करू. 

5.  तुम्हाला कोणतीह� भरपाई आ�ण नुकसानभरपाई �दल� जाणार नाह�. 

6. कोणत्याह� �णी आपण या संशोधन अभ्यासापासून दरू जाण्याची इच्छा असल्यास आपण असे करण्यास 

मोकळे आहात आ�ण आमच्या बाजूने कोणताह� अडथळा येणार नाह�. 

7. संमती फॉमर् प्राप्त करण्यापूव� जोखीम, असु�वधा, फायदे आ�ण अभ्यासाचे तोटे यांचे तपशील आपल्याला 

समजावून सां�गतले जातील. 

8. या अभ्यासामधून प्राप्त केलेला डटेा गुप्तपणे जतन केला जाईल आ�ण त्याची देखभाल केल� जाईल 

आ�ण छाया�चत्र ेवापरल्यास आपल� ओळख उघड केल� जाणार नाह�. 

9. अभ्यासासाठ� आवश्यक असलेल्या �व�वध चाचणी प्र�क्रयेच ेसवर् जोखीम आपल्याला स्पष्ट केले जातील 

आ�ण त्यानुसार संमती घेतल� जाईल. 

10. आपण थकल्यासारखे �कंवा कसोट� पूणर् करण्यात अ�म झाल्यास कृपया आम्हाला कळवा जेणेकरुन 

आवश्यक ती पावले उचलता येतील. 

11. संशोधकाचे नाव: 
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    फोन नंबर: 

    प�ा: 

12. मागर्दशर्क नाव: 

    फोन नंबर: 

    प�ा: 

13. संस्थेचे नाव: 
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ANNEXURE II (c) - LETTER OF PERMISSION A 

 

To,   

The Head of Institute,  

__________________  

___________________  

Subject: Permission to carry out research work.   

Respected Sir/Madam,   

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request 

you to grant me permission to carry out my research work in OPD of tertiary care hospital.  

      My research topic is “Effect of 6 weeks Modified Trampoline Training Exercises 

Versus Stable Surface Exercises on Berg Balance Score in Subacute and Chronic Stroke 

Patients aged 45-75 years: A Randomized controlled trial.” 

 

 

 

                                                   Head of Institute 
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ANNEXURE II (c)  

PERMISSION LETTER (B)   

To,   

The Chairman,   

Ethical Committee.   

______________  

______________  

Subject: Permission to carry out research work.   

Respected sir/madam  

  I, Mr/Miss_____________ student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work.   My research topic is, “Effect of 6 weeks 

Modified Trampoline Training Exercises Versus Stable Surface Exercises on Berg 

Balance Score in Subacute and Chronic Stroke Patients aged 45-75 years: A Randomized 

controlled trial.” 

I promise that the ethics as well as participants care shall be duly complied.   

 I kindly request you to do the needful in this regard.   

Yours sincerely,   

Research student   

Date:                                                                                                       

Place: 
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ANNEXURE II (c)  

PERMISSION LETTER (C)   

 

To, 

The Head of Physiotherapy rehabilitation centre, 

___________________________ 

__________________________ 

Subject: Permission to carry out Physiotherapy research work 

Respected Sir/Madam, 

      I, Mr / Miss________ Student of master of physiotherapy, would request you to grant 

me permission to carry out my research work in your esteemed work place. My research topic 

is “Effect of 6 weeks Modified Trampoline Training Exercises Versus Stable Surface 

Exercises on Berg Balance Score in Subacute and Chronic Stroke Patients aged 45-75 

years: A Randomized controlled trial.” 

For this purpose, I have to take participants from your rehabilitation that are aged between 45 

to 75 years and have history of stroke for further procedure. I kindly request you to do the 

needful in this regard. Thanking you in anticipation. 

 

Yours sincerely, 

Research student 

Date: 

Place: 
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ANNEXURE III- Time line/ Gantt Chart 

SR.NO         MONTHS 

1 Allocation of Guide October 2019 

2 Topic finalization for the 

synopsis 

November 2019 

3 Formulation of Research 

question 

December 2019 

4 Formulation of 

objectives 

December 2019 

5 Hypothesis formulation January 2020 

6 Protocol of Research 

 

January 2020 

7 Institutional, Ethics and 

BORS clearance obtained 

February 2020 

8 Submission to the 

University 

March 2020 

9 Data Collection April 2020 to March 2021 

10 Data Presentation and 

Analysis 

March 2021 

11 Writing Discussion and 

Conclusion 

April 2021 

12 Submission of thesis to 

MUHS 

May 2021 
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Gantt chart for dissertation- 
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20 
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Statistical 
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Compilation 
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Uploading of 
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21 
Results and 
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25 References                             
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Compilation 
of 
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Uploading of 
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Introduction:- 

          The reaction is the ability to respond to a stimulus, and reaction time is the time taken between 

the application of the stimulus and the response. Reaction time is one of the oldest diagnostic 

tools, which is in use since the nineteenth century 1. Reaction time tests are known for simple 

and cognitive tests in both, healthy individuals and patients2 . 

            Reaction time is the time interval between the application of the stimulus and the appearance 

of a rapid voluntary response by the person. It has three phases:- 1- the sensory neural code 

latency traversing both in central and peripheral pathways. 2- Both cognitive and perceptive 

processing. 3- The motor signal will traverse to both peripheral and central neural structures 

and eventually the latency in the end effectors activation such as muscle activation3. 

Video games parlors were introduced in the 1970s and 80s. Eventually, video games became a 

favorite pass time for adolescents and adults. The popularity of these games has already spread 

among children. This was possible by online computer games, gaming consoles, and gaming 

apps, which have brought action-packed entertainment even at home. With the availability of 

an online gaming environment, video game players have begun to compete over the internet 

and the social aspects of such gaming got enhanced. Virtual reality gaming has taken this 

experience to an entirely different level. In many countries, the exposure of gaming media in 

the last 9-16 years, ranges from 98% - 100% 4. The average media consumption by the children 

of this age group is >4 hours/day. Excessive usage of the internet is linked with attention deficit 

hyperactivity disorder(ADHD)5. 

The studies done in Germany and Romania have indicated that prolonged exposure to computer 

games has a negative influence on sleep, learning, and memory leading to many psychiatric 

symptoms especially emotional and behavioral symptoms somatic complaints, and family 

interaction problem5. In another study conducted in China, correlating cognitive skills with 

neurological and psychiatric behavior, children exhibited more impulsivity and various 
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psychiatric disorders including anxiety, depression, and poor interpersonal relations6. Amongst 

school-going children, instead of developing a scholastic domain the staggering magnitude of 

their affiliation with the online gaming world is detrimentally influencing the behavioral 

patterns within and outside the close-knit circle of their routine driving them towards 

narcissism and negative-handling of growing adolescence 7,8. A study conducted on Spanish 

school children reported that chronic exposure to video games gives rise to distress in social 

life, occupational activities, and school performances9. 

Although much research has been done on negative aspects of video games on behavior. Many 

studies examined the cognitive augmentation that video game players exhibit. Playing action 

video games can change fundamental properties of the visual system, such as the spatial 

resolution of visual processing throughout the view. Visuospatial experience and the prolonged 

engagement in a demanding visual task obtained through playing action video games improve 

several visual and cognitive processes10. 

Action games not only widen the range of cognitive abilities, including attention, memory, and 

executive control skills but also significantly improve eye-hand motor coordination. There may 

be an enhancement in attentional skills in video game players and such avid players of these 

fast-paced video games demonstrate better target detection capabilities when given attention-

demanding tasks. A significant reduction in reaction times has also been reported 11. 

In computer games, success is related to attention and concentration. Mainly, in action games, 

it is an expected fact that the visual perception of the players should be advanced and their 

reaction times should be short. However, the actions of these players were limited to the use of 

a mouse, keyboard, and joystick12.  

Sports like table tennis, badminton, tennis, and basketball have been classified as reaction sport, 

for example, table tennis specifically deals with the incredible speed of the ball and the short 

distance between opponents allows a very minimal amount of time to react and execute shots. 
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The relatively shorter space between two athletes in table tennis needs a respectively shorter 

reaction time. These sports won’t only make children active but also improve alertness and 

concentration. The athlete has to perceive the ball within a small space, in various rotations, 

aiming at different points on the table at various speeds, and perform the correct action to send 

the ball to the opponent’s side to force him to fail 13. 

Badminton involves the majority of muscle groups in the body, while energy is acquired from 

both aerobic and anaerobic processes. Regular badminton training enhances physical fitness, 

especially, movement coordination, speed, strength. Badminton also requires a persistent 

analysis of continuous change14.  

Even in the game of basketball, a player has to give a proper quick response during the game, 

they have to throw the ball in the proper direction, this involves decision-making during the 

game, on the speed of cognitive processes15. Sports activity betters health and physical 

development by augmenting muscle strength and coordination, alertness, sensory development, 

speed, and stamina. So the player exhibits a faster reaction time14. Similar studies have been 

seen in various other sports like basketball and table tennis players where the player exhibits a 

fasters reaction time than the normal population16. 

Researchers examining reaction time and its significance in sport indicate that it may be 

improved, although to a limited degree. Reaction time works on the individual properties of 

the nervous and muscle systems. Research shows that more experienced athletes react faster 

than their less advanced counterparts17. 

According to a study by Senay Koparan et .al on comparison between reaction time of computer 

game players and tennis players, it was concluded that the reaction time of players and athletes 

were almost similar 18. This study was mainly done in adults with experienced players whereas, 

the current study is concentrating on school-going kids. Because the human brain shows 

structural and functional changes in childhood, beyond the pre-determined programmed cell 
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growth, children’s brain circuits underlying behavioral and cognitive functions are also 

modified by their environment and daily activities19.  

Reaction time is an indicator of the neural maturity of children’s information processing 

systems. Confounding factors in development are ability and capacity, where children may be 

able to remember, or reason, but are incapacitant to process the information bulk. Furthermore, 

there are social repercussions in ignoring the speed factor20.  

Slow and delayed reactions from infants and children often try the patience of parents and 

teachers alike and can be interpreted as non-compliance already before the child gets the chance 

to respond20. Slow reaction times can occur due to a wide variety of diseases, disorders, and 

acquired brain conditions that affect white matter conduction, gray matter neurotransmission, 

and the efficiency of cognitive neural networks. In measuring the efficiency of cognitive 

function, reaction time has often been used as a behavioral correlate. These systems mature in 

childhood, such that reaction times shorten and become less variable as part of typical 

development21. 

In the past year, after the declaration by WHO about COVID-19 as a global pandemic on March 

11, 2020, all over the world kindergartens, schools, sports clubs, gyms, and other leisure 

institutions relevant to children’s and adolescents’ were not operating and were told to shut 

down. The government imposed social distancing measures where the gathering of more than 

four people in the same place at the same time was disallowed. This resulted in a complete 

shutdown of organized Physical activity in the context of sports.  

Some researchers have shown that the COVID-19 pandemic reinforces the pandemic of 

physical inactivity and sedentariness due to missing physical activity opportunities and 

physical distancing22. It has been argued COVID-19 school closures will lead to increased rates 

of obesity in children in part because schools provide opportunities and facilities for physical 

activity through physical education,  children typically engage in lower levels of physical 
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activity and more sedentary time on weekend days as compared to school days23. 

 In this study, determine reaction time among video game players and athletic children in 9-12 

years: an analytical cross-sectional study. 
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RATIONALE OF THE STUDY 

The reaction is the ability to respond to a stimulus, and reaction time is the time taken 

between the application of the stimulus and the response1. 

The reaction time among school children that are in the age group of 9-12 years also known 

as mid-childhood, where they make a move towards adulthood demonstrates a major 

shifting in their cognitive abilities24. In this age group, there are significant changes in the 

acquisition of fundamental motor skills and nervous system maturation. The development 

of motor competence during infancy and childhood is influenced by the individual child's 

growth and morphological, physiological, and neuromuscular characteristics. Reaction 

time can be assessed in young children to evaluate developmental changes and individual 

differences in sustained attention and organization of behavior. Moreover, reaction time 

tasks asses several brain functions such as different attention processes, interhemispheric 

transfer, age-related changes in cognition, cognitive flexibility, and motor and cognitive 

processing speed. Simple reaction time measures correlate significantly with the measures 

of general intelligence and are considered elementary measures of cognition25. 

Slow reaction times can occur due to a wide variety of diseases, disorders, and acquired 

brain conditions that affect white matter conduction, gray matter neurotransmission, and 

the efficiency of cognitive neural networks21. 

In measuring the efficiency of cognitive function, reaction time has often been used as a 

behavioral correlate. These systems mature in childhood, such that reaction times shorten 

and become less variable as a part of typical development21. 

It has been already proven that there is a positive correlation between improved reaction 

time and video game players in 9-12 years of age10. 

In another study, it's proven that there is a positive correlation between reaction time and 
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athletic kids between the same age group26. 

However, there are very limited studies to our knowledge that have evaluated comparisons 

between these two studies. 

 Therefore this study was an attempt to compare reaction time between athletes and video 

game players. So, that the activity which shows better effects can be inculcated in 

improving reaction time in kids with impaired /slow reaction time.  
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Primary Research Question:- 

Is there any significant difference between the reaction time among video game players and 

athletic children in 9-12 years? 
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Primary Hypothesis:- 

Null hypothesis 

There is no statistically significant difference between reaction time in video game players and 

athletes of age 9-12 years. 

Alternate hypothesis 

There is a statistically significant difference between reaction time in video game players and 

athletes of age 9-12 years. 
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Review of Literature:- 

[1]. Changes in physical activity and inactive behavior beginning from before throughout 

the covid 19 pandemic lockdown. This study was done by S Stockwell et.al in March 

2020, several countries prohibited inconsequential outdoor activities during COVID-

19, commonly called ‘lockdowns. These lockdowns gravely impact associated levels 

of physical activity and sedentary lifestyles. Given the numerous health outcomes 

associated with physical activity and sedentary behavior, this review aimed to 

summarize literature that investigated differences in physical activity and sedentary 

behavior before vs during the COVID-19 lockdown. 27 

[2]. Cenab Turkeri et.al (2019) did a study on the comparison of balance, reaction time, 

attention, and BMI values in individual and team sports at physical education and sports 

university, Adana, Turkey. In this study, they aimed to investigate static and dynamic 

balance, reaction time, attention, and BMI values at the athletes being in the individual 

and team sport. 78 individual athletes differentially performing karate, judo, 

gymnastics, table tennis, and wrestling as well as 58 team athletes from handball, 

basketball, volleyball, and football were considered in the assessment. They have found 

as age increased, the static and dynamic balance increased, but training time increased 

solely the dynamic balance increased. In addition to this, when taking into account the 

static and dynamic balance, it has been observed that the individual athletes were better 

than the team athletes but the reaction time was contrary, i.e., team athletes were better 

than the individual ones28. 

[3]. The study was done by H.P Torner et. al(2019) in comparative analysis of the 

processing speed between video game players and non-video game players during this 

study the speed is an important cognitive skill in our everyday life, as such, it has been 
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extensively studied. The unpredictability of whether the processing speed is often 

created to run uphill with appropriate training-within one individual, across a range of 

tasks, and without compromising accuracy- stays put even today. This study was done 

to evaluate the processing speed of video game players and compare it to non-video 

game players to see if there are any significant differences between these two groups. 

To this end, a questionnaire on gaming habits and sociodemographic data, and two tests 

that evaluate the processing speed have advocated a sample of 50 university students 

from various degrees. The scores were then compared and, taking into account the 

possible errors, results showed that video game players have a faster reaction than non-

video game players and that neither of the groups made more mistakes than the other29. 

[4]. A study titled Could computer game players react as quickly as table tennis athletes and 

perform the right action? By Senay Koparan Sahin and Engin Sagdilek (2018). In 

this study 10 medical school children that play computer games 10 hours per week and 

9 table tennis players trained for 10 hours per week. Reaction time against auditory and 

visual stimuli was recorded for each participant. The study concluded that the mean 

reaction time was 196.8ms for athletes and 196 ms for video game players. It was 

concluded that the similar scores and reaction time by players and athletes 18. 

[5]. Pedro Angel Latorre-Roman et. al(2018) in this article reaction time of pre-school 

children were seen using the ruler drop test: a cross-sectional study examined age and 

gender differences of reaction time of Spanish school children on the ruler drop test and 

presents norm-referenced value. In this study, 3,741 children’s participated in which 

1,845 girls and 1,896 boys were there from 51 different schools. Both right and left-

hand data were recorded. The whole group showed better performance at the ruler drop 

test with increased age 25. 
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[6]. Reaction time in sitting and standing postures among typical young adults, this study 

was done by M.N Anitha and Vijay Raj V Samuel in 2018 at the department of 

musculoskeletal and sports physiotherapy, JSS College Mysore. In this study, 65 young 

students were included from college in Mysore. The participant's dominant hand was 

used in assessing reaction time in sitting and standing postures. The study concluded 

that reaction time is comparatively reduced in standing than in sitting30. 

[7]. A cross-sectional study was done on motor cognitive processing to estimate speed 

among primary school children by deriving a prediction formula conducted by Vencita 

Priyanka Aranha et.al(2017) at the department of pediatric and musculoskeletal 

physiotherapy, Maharishi Markandeshwar Institute of physiotherapy, Patiala, Punjab, 

India.  In which, 204 children age 6-12 years have participated. Motor cognitive 

processing speed was estimated by ruler drop test and mean motor cognitive processing 

speed of the entire sample was taken out, prediction formula through ruler drop test was 

estimated 31.  

 

[8]. The study by Ventica Priyanka Aranha et.al (2017) Catches the Moving Ruler and 

Estimate Reaction Time in Children ages 9-13. In this study children, 9-13 years 

children were taken and reaction times were assessed using a ruler drop test. In this 

study, the ruler drop method was found to have moderate to a good amount of validity 

among children32. 

[9]. Paramita Bhattachariyya et.al [2017] conducted an observational study in 

Pondicherry on Exposure to video games shortens simple visual time: An observational 

study in Indian school children. 38 healthy children who were frequently exposed to 

gaming media for a minimum of 7-9 hours per week with children who do not play 

video games but are into physical activity, of age group 9-12 years were included. It got 
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concluded that video game players have better performance in tasks involving hand-

eye coordination and quick reflexes5. 

[10]. The study by Kateřina Bucsuházy et.al, (2017) at Institute of Forensic 

Engineering, Brno University of Technology, Czech Republic, and 10th International 

Scientific Conference Transbaltica. Transportation Science and Technology. A Case 

Study was done on the reaction time of children according to age. In this study,  150 

participants were taken and examined that there is a considerable difference in reaction 

time of children aged 3-18 years when compared it to 20-30 years were taken and also 

that children do not only show longer reaction time but also a greater margin of reaction 

time must be used in accident analysis which correlates that children concentration isn’t 

nearly as good for adults. Choice reaction time has been analyzed and three sets of 

measurements have been realized Obtained results have been statistically analyzed 

using analysis of variance (ANOVA). There is a substantial difference in RT and also 

that children do not only show longer reaction time but also a greater margin of reaction 

time must be used in accident analysis which correlates that children concentration is 

not as good as for adults33. 

[11]. Erdal Zorbaa et.al (2017) had done a study in the Examination of reaction time 

and balance relationship between 9-13 years old children. At Gazi University, Faculty 

of physical education and sports sciences, Turkey. This study aims to seek out the link 

between reaction time and balance in children 9-13 years of age a total of 120 students 

were taken. Auditory and visual reaction time was measured by Newest 1000 reaction 

timer and Flamingo Balance Test was used to test the static balance pf players, and it 

concluded that there is no relationship between the balance and age variable34. 

[12]. Shoot at First Sight! First Person Shooter Players Display Reduced RT and 

Compromised Inhibitory Control in Comparison as compared to different other video 
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game players this study was done by Jory Deleuze et.al (2017) this study has shown 

that regular video games use possibly improve cognitive and social skills. Indifference, 

other studies have documented the negative outcomes of excessive gaming on health 

and socio-professional domains. Both the outcomes that is positive and negative of 

video game use were linked to their basic characteristics that are features that make the 

game appealing for all gamers to keep playing regularly. This study confirmed whether 

active video gamers from main genres differed in a laboratory task that measured 

inhibitory control. Eighty-one gamers performed the Hybrid-Stop Task, assessing 

restraint (go/no-go trials) and cancellation (stop-signal trials) processes of a prepotent 

response. The findings of this pilot study may need clear implications for video gaming 

research by supporting the critical importance of distinctive between game genres when 

considering their specific potential benefits and detrimental effects 35. 

[13]. In a study by C.SHAWN GREEN et.al [2016] in Action video game training 

and its effect on perception and attention control. Video games were originally a part of 

entertainment but there has been the possibility that video games affect the human brain 

and human behavior. There exist growing analysis that points out the positive effect of 

the video game as well. The one particular is the action video games which shows a 

positive result, the action video game players have emphasized the positive effect of 

playing video games in perceptual and attention skills36. 

[14]. In a study conducted by V.P. Aranhaa et.al at  S. S Institute of Physiotherapy 

and Rehabilitation, Maharishi Markandeshwar University, Mullana 133207, Haryana, 

India Department of Graduate Studies, School of Physical and Occupational Therapy 2 

July 2016. Ruler drop method was used to assess RT in school-going South Asian 

children: A cross-sectional. This study aimed to estimate the normal range for RT by 

using the ruler drop method for school-going South Asian children between 6 and 12 
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years of age. This is a cross-sectional study that was used to evaluate the reaction time 

for 204 children. Normal values of each age group were obtained. The results showed 

a decrease in the reaction time values with age, and a significant change occurring 

between six and eight years of age37. 

 

[15]. The study in Comparison of Reaction and Movement Times of Women Athletes 

and Nonathletes by LOIS YOUNGEN (2015) at Michigan state university. In this 

study on an electronic apparatus scores for RT and movement time, as measured, of 47 

female athletes were compared with similar scores of 75 female nonathletes. 

Additionally, the athletes were studied by grouping them by sport specialties-tennis 

players, fencers, swimmers, and hockey players. It was concluded that female athletes 

are significantly faster than women nonathletes within the speed of movement and 

reaction. The athletes like tennis players, swimmers, fencers, and field hockey players 

differ significantly within the speed of movement, but they do not differ in RT. In 

addition, a statistically significant relationship was found between reaction and 

movement time38. 

[16]. The study by James T Eckner et.al (2015) on the effect of acute exercise on 

clinically measured reaction time in collegiate athletes. The aim of the study was 

therefore to determine the effect of exercise on reaction time. A gender-balanced group 

of students was assigned to an exercise and a control group. A total of 42 students were 

taken. The exercise group completed a graded four-stage exercise protocol on a 

stationary bicycle, whereas the control group was tested at an identical period without 

exercising. Mean RT was calculated for the 8 trails as the fall time of a vertically 

suspended rigid shaft after its release by the examiner before being caught by the athlete 

reaction time was measured at baseline and after reach of the four stages. After the rest, 
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the study concluded that reaction time measured during a sideline concussion 

assessment does not need to be adjusted to account for the acute effects of exercise39. 

[17]. JAMES T ECKNER et.al Department of physical medicine and rehabilitation 

neuro sports, 2015 did a study on Reliability and criterion validation of a novel clinical 

test of simple and complex reaction time in athletes. The purpose of the study was to 

determine the reliability and criterion validity of a novel clinical test of simple and 

complex sports athletes. The task was modified from well know ruler drop test of 

reaction time in 46 healthy sports athletes. The novel reaction time has moderate to 

good reliability and validity for clinical use40. 

[18]. Sushil Dubey et.al at the Department of physiology, government medical 

college, Nanded, Maharashtra 2015 did a study on simple visual RT in badminton 

players: A comparative study. The study compared the visual reaction times of 

badminton players with those of age-matched controls.  They estimated the visual 

reaction times of 50 male badminton players of the 18–22 years age group who were 

practicing badminton for 2–3 hours per day for a minimum of 2 years. Comparing the 

visual reaction with 50 age-matched healthy male students. The visual reaction time of 

dominant as well as the non-dominant limb of badminton players was significantly less 

than that of the control group who were not practicing any sports activity. It was 

concluded that playing badminton is beneficial for improving eye-hand reaction time14. 

[19]. Vencita Aranha et.al did a pilot study in 2014 on Estimating reaction time in 

children with a typical development at 6-12 years of age. To establish the test-retest 

reliability and validity of the ruler drop test in the children 6-12 years ago. The children 

aged between 6-12 years with typical development with optimum health were included 

in the study. The child sitting with the dominant forearm resting on a flat horizontal 

table surface and then the ruler drop test was performed, with their open hand at the 
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edge of the surface. The examiner suspended the ruler vertically such that the other end 

of the ruler will be aligned with the top of the child’s open hand. When the ruler is 

released, the child was asked to catch it as quickly as possible. This distance was 

converted to reaction time in milliseconds (ms) RT = sqrt (2d/g) Data analysis: 

Intraclass correlation coefficient (ICC) and Spearman correlation for validity. Results 

are ICC2,1=0.81 which shows good intra-rater reliability and Good to moderate validity 

(ρ = 0.54) this study concluded that Reaction time by the Ruler drop method shows 

good reliability and validity among the children with typical development 41. 

[20]. Moraru Cristina et.al (2014) conducted a study on Aspects regarding the level 

of coordination abilities in both athletes and non-athletes. The study was done at the 

University of Iasi, Romania. 34 children of age group 11-14 years participated. The test 

used was ruler drop test, 505 agility test, and stork test.  A significant difference was 

detected between groups for agility, reaction time, and coordination, and no significant 

differences for both balance tests. In the case of athletes, the level of coordination 

abilities was significantly higher in the three tests. The study concluded that co-

ordination abilities are higher in athletes as compared to non-athletes42. 

 

[21]. The study by ZIEMOWIT BAŃKOSZ et.al at University School of Physical 

Education, Wroclaw, Poland 2013; Assessment of simple reaction time in badminton 

players. In this study, the aim was to determine the simple reaction time in male and 

female badminton players and controls. They have taken 4 groups in which 16 

badminton players and 32 non-badminton and the measurement of reaction time were 

conducted using MRK-80 reaction meter. This study concluded that the reaction time 

of badminton players is shorter than the of non-badminton players17. 
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[22]. The study by Ajay M Gavkare et.al in 2013 on Auditory Reaction Time, Visual 

Reaction Time, and Whole Body Reaction Time in Athletes. In this study reaction time 

was taken in athletes and control group of age 18-25 years with 50 in each group and 

reaction time was observed and it was concluded that due to improved concentration 

and alertness, better muscular coordination, improved performance in the speed and 

accuracy task in athletes there is shorter reaction time. Reaction time in specific 

movements improves as a result of extensive practice for those concerned with 

movements in athletic events. Hence, reaction time improving training sessions have to 

be held for athletes to develop fine motor skills43. 

[23]. This study was conducted by Mahesh K. Bhabhor et.al in 2013. At 

Department of Physiology, M.P. Shah Medical College, Jamnagar (Gujarat) and 

Department of 2Physiology, AIIMS, Rishikesh. A comparative study was done for 

visual reaction time in table tennis players and healthy controls. . The visual reaction 

time is required to respond to visual stimuli. This study was conducted to see the same 

in 209 subjects with age groups 14 to 40 yr. of age between table tennis players and 

normal Visual reaction time was measured using the direct RT computerized software 

in both the groups. Simple visual reaction time was measured. And the result concluded 

that reaction time and has better concentration and alertness compared to normal16. 

 

[24]. The study was done by Volkan Torun et.al (2012) at physical education and 

sports college Adana, Turkey. To investigate the effects of basic fencing and velocity 

training on reaction time in the 9- 12-year-old beginners of fencing. A total of 45 

beginners who applied to the Mersin Büyüksehir Municipality Fencing Sports Club 

(MBMFSC) volunteered to participate. They were randomly divided into three groups; 

Basic Fencing Group (BFG); Velocity Group (VG); and Control Group (CG). Each 
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group consisted of 15 children. The reaction time of the upper extremity in all groups 

was also recorded with the apparatus of upper extremity reaction time measurement. 

Basic fencing training program and velocity training program contribute to 

improvements to the reaction time in the 9-12-year-old beginners of fencing 44. 

[25]. In 2012 a study by Dr. Ghuntla TP et.al, on Comparative Visual Reaction 

Time in Basketball Players and Healthy Controls. Response to different stimuli as 

visual or auditory stimuli reaction is voluntary, this research study was conducted to 

measure visual reaction time in 100 subjects, 50 basketball players, and 50 healthy 

controls. The visual RT was measured by the RT instrument in healthy controls and 

basketball players. Choice reaction time and simple reaction time and were measured. 

During the reaction time testing, visual stimuli were given three times and minimum 

reaction time was taken as the final reaction time for that sensory modality of that 

subject. The study shows that basketball players show a faster reaction time than 

healthy controls15.  

[26]. A study at the department of brain and cognitive sciences and center for visual 

science, Rochester. By M.W.G DYE et.al (2009) in the development of attention skills 

in players who play the action video game. The participants from 7-22 years of age 

were taken and the action video game playing group was compared to the control. The 

plastic changes resulting from playing video games were administered in 

ANT(Attention Neural network) these provide how well attention is allocated to targets 

as the functioning of alerting and orienting cues and to what extend the participants are 

able out to filter the influence of task-irrelevant information flanking targets. The study 

concludes that the action video game players of all ages have improved attention skills 

that allow them to make faster responses and have better attention skills and faster 

responses to stimuli12. 
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[27]. YUKAKO IIDA et.al(2010), did a study on developmental changes in 

cognitive reaction time of children ages 6-12 years at the future institute for sports 

sciences, Waseda University, Tokyo, Japan. In this study a visual Go/No go paradigm 

and subtraction methods, detailed developmental changes in the cognitive reaction 

times of 153 healthy children aged 6–12 years were examined. Three conditions were 

studied: even rate reaction (50% Go), simple reaction, and high rate reaction (80% Go). 

The withdrawal of simple reaction time from even rate reaction time was considered to 

reflect discrimination time, while the subtraction of simple reaction time from high rate 

reaction time was considered to reflect the time required for inhibition. We found that 

simple reaction time, even rate reaction time, and high rate reaction time all deteriorated 

significantly with months of age. Furthermore, the times for both discrimination and 

inhibition also showed significant declines, which could be considered developmental 

changes in neural mechanisms involved in discrimination and inhibition processes. The 

time for inhibition showed a weaker correlation, which could indicate that the degree 

of developmental change is larger for the discriminative processes than for the 

inhibitory processes required for our task in the age range studied19. 

[28]. SEDI AKARSY et.al (2009) Athletes have faster eye-hand visual reaction time 

and higher scores on visuospatial intelligence than those who are not athletes. In this 

study, two groups were taken of age between 15-19 years of 157 athletes and 126 non-

athletes, and reaction time was observed using ANOVA software. And this study 

concluded that lower eye-hand visual reaction time is observed in athletes and higher 

visuospatial intelligence compared to non-athletes. 26 
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[29]. Kathleen M. Thomas et.al (2001) in this article serial reaction time learning in 

preschool and school-age children were predicted. In 4-10year old children, visuomotor 

sequence learning was assessed using a serial reaction time. This article provided 

preliminary data regarding developmental changes in sequential learning and 

development with the use of implicit and explicit knowledge. Age-related changes 

emerged primarily rather than implicit knowledge45. 

[30]. In 1996 Beentjes JW et.al. Children’s use of different media: for how long and 

why?. Children and their changing media environment: A European comparative study. 

Mahwah, in this literature the author had enlightened about Devices using virtual reality 

have taken the gaming experience to an entirely different level. Video game players 

(VGPs) have even begun to compete over the internet with the availability of online 

gaming and the social aspect of such gaming has also got enhanced. In industrialized 

countries, the incidence of exposure to these gaming media, among children aged 9 to 

16 years, ranges from 98% to 100%. 4 
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Primary Objectives:- 

• To study reaction time in video game players 9-12 years of age using ruler drop test. 

• To study reaction time in athletes 9-12 years of age using ruler drop test. 

• To compare reaction time in video game players and athletes in 9-12 years of age using 

ruler drop test. 
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Material and Method 

• Type of study: An analytical cross-sectional study. 

• Study setting: Schools in the nearby area. 

• Study population: School children of age 9-12 years. 

• Duration of study:18 months. 

• Sampling technique: Convenient sampling. 

• SAMPLE SIZE: Study by Vencita Priyanka Aranha et.al (2017)  MOTOR COGNITIVE 

PROCESSING SPEED ESTIMATION AMONG THE PRIMARY 

SCHOOLCHILDREN BY DERIVING PREDICTION FORMULA: A CROSS-

SECTIONAL STUDY31. 

• By keeping alpha =5% and beta=20% the sampling size is calculated by formula 

N=
4𝑆𝐷2

𝐿2
. 

 

• The required sample size is 112, after rounding off there will be 120 which will be 

further divided into 60 in the video game playing group and 60 in the athletic group. 
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CRITERIA: 

INCLUSION CRITERIA 

-Age group 9-12 years of age. 

-Both genders will be included in the study. 

-Who played computer games for a minimum of 7-9 hours per week. 

-Who are into sports activity for more than 1 year. 

 

 

 

EXCLUSION CRITERIA 

-With a history of visual or auditory impairment, epilepsy, ADHD, mental retardation, or any 

other psychiatric and neurological disorder. 

-With history suggestive of eye, ear, and throat infection at the time of the study. 

-With any recent injury to limbs.  

-With major systemic illness. 

-Athletic children who play video games. 

-Video game players who are in any sports activity. 
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OPERATIONAL DEFINITIONS 

 

1. ATHLETE- An athlete is a person who competes in one or more sports that involve 

physical strength, speed, and endurance. 

 

2. VIDEO GAME PLAYER -The players who spend playing video games for at least 7-

9 hours per week. 

 

3. REACTION TIME-Reaction time is the time between the application of the stimulus 

and the response1. 
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VARIABLES 

• Independent variable – Age, BMI. 

• Dependent variable- Reaction time. 
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METHOD OF MEASUREMENT 

RULER DROP TEST-The position of the child in sitting position on a chair with a backrest 

and flat armrest, with the open hand at the edge of the surface. The stainless steel ruler is 

suspended vertically by the examiner, such as at 0 cm the ruler is aligned between the webspace 

(the space between thumb and index finger) of the child’s hand. Then the child is asked to catch 

the ruler once it is released from the examiner’s hand, the procedure is repeated 3 times and 

then the mean is taken, and the reaction time is calculated with the help of formula T=
√2𝑑

𝑔
  𝑚𝑠. 

T=Reaction time 

D=distance covered 

G= gravitational constant 
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DATA COLLECTION TOOLS 

• Chair with backrest and armrest. 

• Ruler of 30 cm. 

• Pen. 

• Record sheet. 

• Inkpad. 

 

RECORD SHEET 

Sr.no Name Age/gender Trial 1 (ms) Trial 2 (ms) Trial3 

(ms) 
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          Ruler                                                                              Pen       

 

                                                                            

Chair                                                                                     Inkpad 
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Method of data collection: 

 In the current study, the subjects were first demonstrated the ruler drop test. The subjects 

were asked to press the thumb and the index finger on the ink pad so that the marking on 

the ruler will be clear and then we're asked to do it for 3 trials. The practice trials were 

performed before the actual trials and these trial data were excluded from the analysis. All 

the subjects were found motivated throughout the task through curiosity and 

competitiveness created among peers in the completion of the task. 
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Procedure 

 

    

Dipping finger in th inkpad. 

 

 

       

The starting position of the hand. 
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The starting position of the ruler drop test 

 

 

        

 Catching the ruler. 
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FLOW CHART 

 

                                                                   

 

 

 

 

122 subjects participanted aged between 9-12 years, both genders, 

fulfilling inclusion criteria were selected. 

Permission from the head of institution, BORS and ethics committee was 

obtained. 

122 school going childrens were screened. 

Procedure of the study was explained and written consent of parents was 
taken. 

Participant’s ruler drop test was done for the assessment of 
reaction time. 

Then reaction time of the subjects was obtained. 

Data obtained and analyzed statistically. 
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Data management and Analysis: 

 

• Collected data were entered in MS EXCEL WORKSHEET, coded, and analyzed using 

software STATA version 10.1,2011 . 

• All the information of the participants was kept confidential and in any way, it won’t 

be disclosed. Data was utilized for further analysis. 

• Mean, standard deviation, and percentages were calculated. 

• An unpaired t-test was used to know the significance between the variables. 

• p≤0.05 was considered statistically significant. 
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RESULT: 

 120 school-going children aged between 9-12 years fulfilling the inclusion & exclusion criteria 

were included in the study. All participants performed Ruler Drop Test and the mean reaction 

time was calculated using the mean distance of ruler dropping, by using the formula T=
√2𝑑

𝑔
  𝑚𝑠 

for both the groups. 

Following are the observations of the study: 

• The mean BMI of the Athletic group is 18.66±1.21kg/m2. (Table 3) 

• The mean BMI of the Video game playing group is 23.25±2.306kg/m2.  (Table 3) 

• The mean ruler drop distance of the athletic group was 18.92±2.055cm, whereas the 

mean ruler drop distance of the video game playing group is 23.89±2.782 cm. ( Table 

4, Graph 3) 

• The mean reaction time of video game players of age 9-12 years is 220.38±13.366ms. 

(Table 5, Graph 4) 

• The mean reaction time of athletic children age 9-12 years is 196.21±10.852ms.(Table 

5, Graph 4). 

• Thus, athletic children have less reaction time when compared to video game players 

which are statistically significant.(p<0.01) 
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DISCUSSION 

The preliminary aim of this study was to compare the reaction time among video game 

players and athletic children in 9-12 years: an analytical cross-sectional study. In the present 

study, the reaction time was assessed using the ruler drop test. 

After getting approval from the university, data collection was started. A total of 122 

subjects participated in the study. 

The present study was undertaken to compare reaction time among video game players and 

athletic children in the age group of  9-12 years. This age group is also known as mid-

childhood, where they make a move towards adulthood which demonstrates a major 

shifting in their cognitive abilities24. Also, there are significant changes in the acquisition 

of motor skills and nervous system maturation. 25 

 The reaction is the ability to respond to a stimulus, and reaction time is the time taken 

between the application of the stimulus and the response1. 

Usually, Reaction time is assessed using computer-based specialized software as a part of 

a standard neuropsychology assessment test.46. But this software needs specialized training 

to use and which are also not cost-effective. Whereas the reaction time can also be assessed 

with a ruler drop test. 32,40  

Advantages of using ruler drop test are the relatively short duration, low instrument 

requirements, no training required, and can be performed in the comfortable environment 

of the subject in both in and outpatient settings25. 

The ruler drop test has good inter-rater reliability and validity 40,47. 

James T Eckner et. al(2015) did a study on reliability and criterion validity of a novel 

clinical test of simple and complex reaction time in athletes. In their study ruler drop test 

drop was used to assess the reaction time of the 46 athletes of age 8-30 years. And in 

conclusion, the test-retest reliabilities of simple and complex reaction time were found to 
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be acceptable for clinical use40. 

 The study was done by Ventica Aranha and Asir john Samuel in the Indian population 

regarding the Reaction Time (RT) in children age 6-12 years by the Ruler Drop Method 

(RDM). The study was done to establish the test-retest reliability of the Ruler Drop Method 

(RDM) in children with typical development. The children aged between 6-12 years with 

typical development with optimum health were included in the study. The ruler drop 

method (RDM) was performed. Data was collected and analyzed. The ruler drop method 

showed good reliability and validity among the children with typical development. The 

ruler drop test has good interrater reliability (0.81) and a moderate to a good degree of 

validity (0.59)41 

According to a  study by Newton and Galileo, the size, shape, and material of the ruler will 

not affect or alter the result of the ruler drop test while calculating reaction time48,49. 

Reaction time is an indicator of the neural maturity of children’s information processing 

systems. A study on the importance of reaction times by Christiane Lange-Kuttner found 

that reaction times are still rarely reported in developmental psychology. Furthermore, there 

are social implications in ignoring the speed factor. Slow and delayed reactions play a major 

role in the life of infants and children. Slow reaction time is often interpreted as non-

compliance by parents and teachers which may hamper their psychological health. 20 

A cross-sectional study was done by V.P Aranha et.al (2016) on 6-12 years of age to find 

out the reaction time in south Asian school-going children. In their study, 204 children of 

the 6-12 age group were assessed and a ruler drop test was done. The normal reaction time 

is 214.2ms -248.8ms in healthy children in this age group 37. 

The present study is an attempt to compare the reaction time in video game players and 

athletic children of 9-12 years. These two groups show a better reaction time as compared 

to the healthy control. Less reaction time taken by subjects to respond to the ruler drop test 
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shows better reaction time. The mean ruler drop distance of the athletic group was 

18.9±2.055 cm, whereas the mean ruler drop distance of the video game playing group is 

23.89±2.782 cm. The mean reaction time of video game players was 220.38±13.3668 ms 

whereas the mean reaction time of the athletic group was 196.2±10.852 ms.  

In the present study, there was a significant difference in the mean trial of reaction time 

through ruler drop test, of the athletic group when compared with the video game 

player.(p=<0.01) The mean reaction time of the athletic group is less as compared to the 

video game playing group with a statistically significant difference. (p=<0.01). 

According to Paramita Bhattachariyya et. al(2017), a study done on exposure to video 

games shortens simple visual reaction time in Indian school children of the age group 9-12 

years. In this study, the reaction time was found to be better in children who played video 

games regularly as compared to the non-video game playing group5. This is in accordance 

with the findings of the current study5.  

A study was done by M.W.G Dye et. al(2009) to find the development of attention skills in 

action video game players. In this study 7-22 years, old subjects were taken. There were 

two groups; the video playing group and the non-video game playing group, which were 

assessed separately. Results concluded that the video game playing group have faster 

reaction time, enhanced attention skills as compared to the nonvideo game playing group12 . 

On the other hand, some studies show that reaction time is better in the athletic population. 

A study was done by Mahesh k Bhabhor et. al(2013) to compare the reaction time in the 

table tennis players who played 4 hours per week and the healthy control group which was 

not involved in any sports. In their study, the reaction was faster for the athletic group when 

compared to the non-athletic group 16. 

A similar study was done by Sushil  P Dube et.al (2015) to compare the reaction time in the 

badminton players who played 2-3 hours a day for 2 years and the healthy non-athletic 



Page | 43  
 

group. The results showed that the reaction time of badminton players was better as 

compared to the healthy non-athletic group.14. 

Also, a study was done by Dr. Ghuntla TP et.al (2012) on the basketball players and healthy 

control to compare the reaction time. Even their study showed similar results to the above 

study that the basketball player show better reaction time than the non-athletic group15. 

These studies are supportive of the findings in the current study, which showed the reaction 

time in the video game playing group and the athletic group was better than the healthy 

control group. 

     As knowing the importance of reaction time in the development phase of children, this study 

was done on 120 school-going children of age 9-12 in which there were 45 (36.9%)females 

and 77(63.1%) males who matched in the age group.  

     Although video games have shown a positive correlation between reaction time and other 

brain functions, it is important to note that obsessive gaming can have seriously detrimental 

effects on your physical, mental, and social health50. 

In the present study, the mean distance of the ruler drop test of the athletic group is less as 

compared to the video game playing group. This less mean distance shows a shorter 

reaction time.   

Shorter reaction time in athletes may result from better muscular coordination, improved 

concentration, and alertness to the external environment14. Subjects who are involved in 

physical activity have higher rates of cerebral blood flow. This increased amount of blood 

flow results in improvement of motor cognitive functioning (reaction time) due to increased 

supply of necessary nutrients such as oxygen and glucose15. 

Also in athletes, as a result of reaction time training and cognitive exercises, the brain forms 

new neural pathways makes relevant connections stronger and irrelevant connections 
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weaker. This effect, also known as neural plasticity, is an essential part of thinking, learning 

new skills, and memory50. 

Neuroplasticity can also be divided into two main types; structural neuroplasticity, which 

refers to the strength of connections between neurons (nerve cells) or synapses (junctions 

between two nerve cells), and functional neuroplasticity, which describes permanent 

changes in synapses due to learning and development50.  

     As a part of consistent training and cognitive exercises, the neurons in the brain become 

more wired together. This means that these neurons can relay information faster and more 

efficiently. However, this isn’t the only physiological change that happens on a cellular 

level. The myelin sheath that covers and insulates a nerve cell’s axon (thread-like part of a 

nerve cell that sends messages to other nerve cells) also becomes thicker, speeding up neural 

signals50.  

Reaction time training is considered safe and effective for young athletes. It can also be 

included in a training program in various ways; brain exercises, physical exercises, or even 

video games. Combining physical tasks with mentally challenging exercises can also break 

up some of the monotony of regular training. This also makes reaction time training a great 

addition to physical education classes50. 

 

This shows that the reaction time of the athletic population was better than the video game 

playing group. 
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Conclusion : 

A cross-sectional study was carried out in 120 subjects to assess reaction time, in video game 

players and athletic children of age 9-12 years using ruler drop test. 

The mean ruler drop distance of the athletic group was 18.92±2.055cm, whereas the mean ruler 

drop distance of the video game playing group is 23.89±2.782 cm.  

The mean reaction time of video game players of age 9-12 years is 220.38±13.366ms. 

The mean reaction time of athletic children age 9-12 years is 196.21±10.852ms. 

The reaction was better in the athletic population than the video game playing group. (p<0.01)  
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Limitations: 

The specific sports or specific video game was not taken into consideration. 

The specific age-wise reaction time was not taken into account. 

A limited range of age is studied. 

Gender-wise correlation not obtained. 
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Strength 

The assessment tool that is the ruler drop test is easy to use, it is cost-effective 

It is a reproducible test. 

No special training  is required. 

The relatively short duration, low instrument requirements, and can be performed in the 

comfortable environment of the subject in both in and outpatient settings. 
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Weakness: 

The assessment tool that is ruler drop is not a gold standard test. 

Inevitable human error in recording the distance traveled by the ruler. 
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Clinical implication: 

Students should be encouraged to participate in sports activities.  

Reaction time training is considered safe and effective for young athletes. It can also be 

included in a training program in various ways such as brain exercises, physical exercises, 

or even video games. 

 Combining physical tasks with mentally challenging exercises can also break up some of 

the monotony of regular training. This also makes reaction time training a great addition to 

physical education classes.  
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Recommendations: 

The study can be extended to other age groups. 

The multicentric study can be undertaken to observe sport-specific reaction time. 

The muscle and nerve parameters such as muscle strength, pinch grip, and nerve conduction 

velocity may add more specificity to the study. 
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Summary 

 

A cross-sectional study was carried out to compare the reaction time in athletic children and 

video game players in the age group 9-12 years. Subjects fulfilling the inclusion and exclusion 

criteria were enrolled in the study. 122 subjects participated in which reaction time was 

assessed using the ruler drop test. Data were analyzed, unpaired t-test was used to compare the 

significant difference between the reaction time of video game players and athletic children. 

The mean distance on the ruler while performing the ruler drop test for athletic children is 

18.9±2.055 cm and the video game player is 23.89±2.782 cm. The mean reaction time of 

video game players is 220.38±13.3668 ms and for athletic children is 196.2±10.852 ms. The 

result of the study demonstrated that there is a significant difference in the reaction time of the 

athletic children and the video game players. The result of the study concluded that the 

reaction time of athletic children is better than that of video game players. 
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TABLES AND GRAPHS 

Table 1 Distribution of sample population according to age in years 

Age  Athletic children Video game players Total 

  Male  Female Male  Female Male  Female 

9-10 11 6 11 6 22 12 

>=10-11 4 6 13 4 17 10 

>=11-12 23 12 15 11 38 23 

 

Graph 1 Distribution of sample population according to age in years for Athletic children 

 

 

• In the athletic children, age 9-10 years there are 17 subjects out of which 11 are males 

and 6 are females. In 10-11 years, there are 10 subjects in which 4 are males and 6 are 

females and in 11-12 years there is a total of 35 subjects in which  23 are males and 12 

are females. 

• In video game players, age group 9-10 there are 17 subjects in which 11 males and 6 

females, in 10-11 there are a total of 17 subjects out of which 13 males and 4 females 

and in the age group 11-12 there are 26 subjects out of which 15 are males and 11 

females 
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Table 2 Distribution of sample population according to gender 

Sex  Athletic children Video game players Total  

Male  38(61.3%) 39(65%) 77(63.1%) 

Female  24(38.7%) 21(35%) 45(36.9%) 

Total  62(100%) 60(100%) 122(100%) 

 

Graph 2  Distribution of sample population according to gender 

 

 

• In the current study, there were in all 120 subjects out of which 45 females that is 36.9% 

females. Within the group, there are 38.7% females from the athletic group and 35% 

females from the video game playing group that is 24 females from the athletic group 

and 21 females from the video game playing group.  

• There is a total of 77 males that is 63.1% of males. Within the group, there were 61.3% 

males from the athletic group and 65% males from the video game playing group that 

is 38 males in the athletic group and 39 males in the video game playing group. 
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Table 3 Distribution of sample population according to BMI 

 

Group  Athletic children  Video game players 

Mean height(cm) 141.71±6.839 142.42±7.181 

Mean weight (cm) 37.61±4.596 47.15±5.495 

Mean BMI(Kg/m2) 18.66±1.210 23.25±2.306 

 

 

 

• The mean BMI of the Athletic group is 18.66±1.21kg/m2. 

• The mean BMI of the Video game playing group is 23.25±2.306kg/m2. 

• The mean height of the athletic children is 141.71±6.839cm. 

• The mean height of the video game players is 142.42±7.181cm. 

• The mean weight of the athletic children is 37.61±4.596kg. 

• The mean weight of the video game player is 47.15±5.495kg. 
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Table 4: Mean distance (cm) in the Ruler drop test 

 Mean Ruler Drop distance±SD(cm) T value P value 

Athletic group 18.92±2.055  

-11.24 

 

<0.01 Video game 

playing group 

23.89±2.782 

(The above table shows the mean distance in cm when the ruler is caught by the subject) 

 

Graph 3 Mean distance(cm)  in the Ruler drop test  

 

(The above graph shows the mean distance in cm when the ruler is caught by the subject) 

 

• The mean distance in the ruler drop test of the athletic group was 18.92±2.055cm, 

whereas the mean distance in the ruler drop test of the video game playing group is 

23.89±2.782 cm. 

• According, to this graph there is a significant difference as the p <0.05 (p=<0.01). 

• The mean ruler drop distance of the athletic group is less as compared to the video game 

playing group. 
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Table 5: Reaction Time (ms) 

 

 Mean Reaction Time±SD(ms) T value P value 

Athletic group 196±10.852  

-10.98 

 

<0.01 Video game 

playing group 

220.38±13.368 

( The above table shows mean reaction time which is calculated using T=
√𝟐𝒅

𝒈
  𝒎𝒔) 

 

Graph 4: Mean Reaction Time(ms) 

 

 

( The above graph shows mean reaction time which is calculated using T=
√𝟐𝒅

𝒈
  𝒎𝒔) 

 

• The mean reaction time of video game players of age 9-12 years is 220.38±13.368ms. 

• The mean reaction time of athletic children age 9-12 years is 196±10.852ms.  

• There is a significant difference as the p <0.05 (p=<0.01). 
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Annexures:- 

Annexure I – Proforma  

Date: 

Serial no: 

Name: 

Age: 

Gender: 

Address: 

Height:         meter2. 

Weight:         Kg 

Mobile number: 
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Annexure II(a):Informed Consent form 

 

1. Project title: Reaction time among video game players and athletic children in 9-12 

years:An Analytical cross-sectional study. 

  

2. Introduction 

Your ward has been invited to participate in this research study. The ruler drop test will be taken 

of participants. It is important for you to read the study description, understand the nature of 

the study and involved risk of participation. Give the consent for your ward for participation in 

this clinical study only after understanding the nature, course of study & your right as a 

participant. 

 

3. Purpose of the study 

The reaction of the participants will be calculated. In this study, the ruler drop test will be taken 

to measure the reaction time. And this study will be an attempt to compare reaction time 

between athletes and video game players. 

 

 

4. Expected duration of the study and the number of subjects: 

 

The duration of the study will be of eighteen months. Subjects will be participating for 1 time 

study. There will be approximately 120 subjects. 

 

5. Study procedure to be followed: 

 



Page | 63  
 

If you show a willingness to participate your ward in this study, your ward will undergo a brief 

physical examination. 

1. Basic demographic data like the age, gender of the participant will be asked. 

2. Height and weight will be measured using the standard procedures.  

3. Participants will be divided into the group accordingly. 

4. Ruler drop test will be taken. 

6. Risk and discomfort: This study is relatively safe and there is no risk. 

 

For study-related injury medical care will be provided by the co-investigator. 

 

7. Possible benefits of the study: 

 

There may or may not be the direct benefits of this study. 

 

8. What happens when the research trial stops? 

 

You will be given information about the changes and benefits your ward has achieved by 

participating in this study. 

 

9. Compensation for the participation 

Participation in the study will be at no cost to you and your ward. No compensation will be 

provided for your participation. 

 

 

10. Right to withdraw from the study: 
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Participation in this study is entirely voluntary. You may choose not to take part or may leave 

the study at any time. 

 

11. Confidentiality: 

 

All the study records will be kept confidential at all times. You and your ward's identity will 

not be revealed except as required by law. The result of the study may be published for scientific 

reasons. The identity of the participant will not be revealed in this publication 

 

12. Thank you for taking the time to read (or have read to you) the information about this study. 

Before you sign this document, you should ask questions about anything you do not understand. 

The study staff will answer all your questions before, during, and after the study. If you have 

any questions about this study or how it is being run or possible research-related injury you can 

contact your study doctor. 

Consent: 

 

1. I have read or have had read to me the information given in the 

informed consent document for this study entitled “Reaction Time 

Among Video game players And Athletic Children in 9-12 years: An 

Analytical cross-sectional study.”. 

2. I have received an explanation of the nature, purpose, duration, 

and risks of the trial, and what I will be expected to do. My 

questions have been answered satisfactorily.  

3. Institutional Ethics Committee authorities may wish to 
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examine my medical records to verify the information 

collected. By signing this document, I permit to review 

my records.  

4. I understand that my and my wards identity will not be 

revealed in any reports or publications,  

5. I agree that my ward will take part in the above study.  

 

Name of the research Signature/thumb impression of Date 

Participant the research participant  

   

 

Name of the 

 

 Parent/Guardian 

Signature/thumb impression of 

 

 

Date 

 

the impartial witness  

   

Name of the person Signature/thumb impression of Date 

administering consent the person administering consent  
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Annexure III (b) 

सूचित संमती फॉमम 

1. प्रकल्पािे शीर्मकः 9-12 वर्ामतील व्हिचिओ गेम पे्लअर आचि .थलेटिक 

 मुलांमधील प्रचतचिया वेळः एक चवशे्लर्िात्मक िॉस चवभागीय अभ्यास. 

2. पररिय 

या संशोधन अभ्यासामधे्य भाग घेण्यासाठी आपल्या प्रभागास आमंचित केले गेले आहे. शासक िर ॉप 

िाििी सहभागीिंी घेतली जाईल. अभ्यासािे विमन वाििे, अभ्यासािे स्वरूप समजून घेिे आचि त्यात 

सहभागी होण्यािे जोखीम हे आपल्यासाठी महत्वािे आहे. या व्हिचनकल अभ्यासात सहभागासाठी 

आपल्या प्रभागांना संमती द्या केवळ त्या नंतर 

3.अभ्यासािा उदे्दश 

सहभागीचं्या प्रचतचियेिी गिना केली जाईल .या अभ्यासानुसार प्रचतचिया वेळ मोजण्यासाठी शासक िर ॉप 

टेस्ट घेतली जाईल. आचि हा अभ्यास athथलीट्स आचि व्हिचिओ गेम पे्लयसम दरम्यान प्रचतचिया वेळेिी 

तुलना करण्यािा प्रयत्न असेल. 

4.अभ्यासािा अपेचित कालावधी व चवर्यांिी संख्या: 

अभ्यासािा कालावधी अठरा मचहने असेल. चवर्य 1 वेळ अभ्यासासाठी भाग घेतील. सुमारे 120 चवर्य 

असतील. 

5. अभ्यास प्रचिया 

आपि या अभ्यासामधे्य आपला प्रभागात भाग घेण्यािी तयारी दशमचवल्यास आपल्या प्रभागिी थोिक्यात 

शारीररक तपासिी केली जाईल. 

1. मूलभूत लोकसंख्याशास्त्रीय िेटा जसे की वय, सहभागीिें चलंग चविारले जाईल. 

२. प्रमािन पद्धती वापरुन उंिी व वजन मोजले जाईल. 

3. त्यानुसार गटात चवभागले जाईल. 
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4. फुटपाटी िर ॉप टेस्ट घेतली जाईल. 

6. जोखीम आचि अस्वस्थता: हा अभ्यास तुलनेने सुरचित आहे आचि कोिताही धोका नाही. 

7.अभ्यासाशी संबंचधत दुखापतीसाठी वैद्यकीय सहाय्य सहाय्यक अने्वर्कांद्वारे प्रदान केले जाईल 

 अभ्यासािे संभाव्य फायदेः 

या अभ्यासािे थेट फायदे चकंवा नसू शकतात. 

8. जेिा संशोधन िाििी थांबेल तेिा काय होते? 

या अभ्यासामधे्य भाग घेऊन आपल्या प्रभागात काय बदल आचि त्यािे फायदे आहेत याबद्दल आपल्याला 

माचहती चदली जाईल. 

9. सहभागासाठी भरपाई: 

अभ्यासात भाग घेण्यािी कोितीही सी नाही 

१०. अभ्यासातून माघार घेण्यािा अचधकारः 

या अभ्यासािा सहभाग पूिमपिे ऐव्हिक आहे. आपि भाग न घेण्यािी चनवि करू शकता चकंवा 

कोित्याही वेळी अभ्यास सोिू शकता. 

११. गोपनीयता: 

सवम अभ्यासाच्या नोदंी कधीही गोपनीय ठेवल्या जातील. कायद्याने आवश्यकतेचशवाय आपली आचि 

आपली प्रभाग ओळख उघि केली जािार नाही. अभ्यासािा चनकाल वैज्ञाचनक कारिांमुळे प्रकाचशत 

केला जाऊ शकतो. या प्रकाशनात सहभागीिी ओळख उघि केली जािार नाही 

१२. या अभ्यासािी माचहती वािण्यासाठी (चकंवा तुम्हाला वािून) वेळ चदल्याबद्दल धन्यवाद. आपि या 

दस्तऐवजावर स्वािरी करण्यापूवी, आपिास काही समजत नाही त्याबद्दल प्रश्न चविारावेत. अभ्यास 

कममिारी अभ्यासापूवी, दरम्यान आचि नंतर आपल्या सवम प्रश्नांिी उत्तरे देतील. आपल्याला या 

अभ्यासाबद्दल चकंवा ते कसे िालवले जात आहे चकंवा संशोधनाशी संबंचधत संभाव्य इजा याबद्दल काही 

प्रश्न असल्यास आपि आपल्या अभ्यास िॉक्टरांशी संपकम  साधू शकता. 
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संमती: 

१. "game -१२ वर्ामतील व्हिचिओ गेम पे्लयर आचि aletथलेचटक मुलांमधील ररएक्शन टाइम: 

ticalनाचलचटकल िॉस सेक्शनल स्टिी" या चवर्यावरील माचहतीच्या संमती दस्तऐवजात चदलेली माचहती 

मी वािली आहे चकंवा वािली आहे. 

२. मला खटल्यािे स्वरूप, हेतू, कालावधी आचि जोखीम यांिे स्पष्टीकरि प्राप्त झाले आहे आचि मी काय 

करावे अशी अपेिा आहे. माझ्या प्रश्नांिी उत्तरे समाधानकारक आहेत 

3.संस्थात्मक आिारसंचहता सचमतीिे अचधकारी गोळा केलेली माचहती सत्याचपत करण्यासाठी माझ्या 

वैद्यकीय नोदंी तपासू शकतात. या दस्तऐवजावर सही करून, मी माझ्या नोदंीिें पुनरावलोकन करण्यािी 

परवानगी देतो. 

4.मला समजले आहे की माझी आचि माझी प्रभागांिी ओळख कोित्याही अहवालात चकंवा प्रकाशनात 

प्रकट होिार नाही, 

5.मी सहमत आहे की माझा प्रभाग वरील अभ्यासात भाग घेईल. 

 

सहभागीिे नाव सहभागीिी स्वािरी / अंगठा ठसा तारीख 

  
 

   

 

पालक / पालकांिे नाव 

 

चनःपि सािीदारािी सही / अंगुठा तारीख 

 

 
 

   

 
 

तारीख 
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संमती देिार्या व्यक्तीिे नाव 

 
संमती देिार्या व्यक्तीिी सही / अंगुठा  
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Annexure II (c) 

सूचित सहमचत प्रपि 

 

1. पररयोजना का शीर्मक: 9-12 वर्ीय वीचियो गेम पे्लयर और एथलेचटक बच्ो ंके बीि प्रचतचिया का 

समय: एक चवशे्लर्िात्मक िॉस-अनुभागीय अध्ययन। 

 

     2. पररिय 

इस शोध अध्ययन में भाग लेने के चलए आपके वािम को आमंचित चकया गया है। शासक को िर ॉप टेस्ट 

प्रचतभाचगयो ंमें से चलया जाएगा। आपके चलए अध्ययन चववरि पढ़ना, अध्ययन की प्रकृचत और शाचमल 

जोव्हखमो ंको समझना महत्वपूिम है। अपने वािम को उसके बाद ही इस नैदाचनक अध्ययन में भाग लेने की 

अनुमचत दें  

3. अभ्यास का उदे्दश्य 

प्रचतभाचगयो ंकी प्रचतचिया की गिना की जाएगी। यह अध्ययन प्रचतचिया समय की गिना करने के चलए 

एक शासक िर ॉप परीिा लेगा। और यह अध्ययन एथलीट और वीचियो गेम व्हखलाच़ियो ंके बीि प्रचतचिया 

समय की तुलना करने का प्रयास होगा। 

4. अभ्यास की अपेचित अवचध और चवर्यो ंकी संख्या: 

अध्ययन की अवचध अठारह महीने होगी। चवर्य 1 अध्ययन समय के चलए भाग लेंगे। इसमें लगभग 120 

चवर्य होगें। 

5. अभ्यास प्रचिया 

यचद आप इस अध्ययन में अपने वािम की तैयारी करते हैं, तो आपके वािम की संचिप्त जांि की जाएगी। 

1. मूल जनसांव्हख्यकीय िेटा जैसे चक उम्र, प्रचतभाचगयो ंका चलंग पूछा जाएगा। 
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2। प्रमािीकरि पद्धचत का उपयोग करके ऊंिाई और वजन की गिना की जाएगी। 

3. इसे तदनुसार समूहो ंमें चवभाचजत चकया जाएगा। 

4. फुटपाथ िर ॉप टेस्ट चलया जाएगा। 

6. जोव्हखम और बेिैनी: यह अध्ययन अपेिाकृत सुरचित है और कोई जोव्हखम नही ंहै। 

7. ददमनाक िोट के चलए चिचकत्सा सहायता सहायक अने्वर्क द्वारा प्रदान की जाएगी 

 अध्ययन के संभाचवत लाभ: 

इस अध्ययन के प्रत्यि लाभ हो सकते हैं या नही ंभी। 

8. जब एक शोध परीिि रुक जाता है तो क्या होता है? 

इस अध्ययन में भाग लेने से आपको अपने वािम के पररवतमनो ंऔर लाभो ंके बारे में बताया जाएगा। 

9. भागीदारी के चलए मुआवजा: 

अध्ययन में भाग लेने के चलए कोई सी नही ंहै 

10। अध्ययन से पीछे हटने का अचधकार: 

इस अध्ययन में भागीदारी पूरी तरह से सै्वव्हिक है। आप चकसी भी समय अध्ययन में भाग लेने या छो़िने 

का चवकल्प नही ंिुन सकते हैं। 

11। गोपनीयता: 

सभी अध्ययन ररकॉिम को चकसी भी समय गोपनीय रखा जाएगा। आपके और आपके वािम की पहिान 

का खुलासा तब तक नही ंचकया जाएगा जब तक चक कानून द्वारा आवश्यक न हो। अध्ययन के पररिामो ं

को वैज्ञाचनक कारिो ंसे प्रकाचशत चकया जा सकता है। इस प्रकाशन में प्रचतभागी की पहिान का खुलासा 

नही ंचकया जाएगा 

12। इस अध्ययन के चववरि को पढ़ने (या पढ़ने) के चलए समय चनकालने के चलए धन्यवाद। इस दस्तावेज़ 

पर हस्तािर करने से पहले, ऐसे प्रश्न पूछें  जो आपको समझ में नही ंआते हैं। अध्ययन से पहले, अध्ययन 

के दौरान और बाद में अध्ययन कममिारी आपके सभी सवालो ंका जवाब दें गे। यचद आपके पास इस 
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अध्ययन के बारे में कोई सवाल है या यह कैसे आयोचजत चकया जा रहा है या अनुसंधान के चलए संभाचवत 

िोट है, तो आप अपने अध्ययन चिचकत्सक से संपकम  कर सकते हैं। 

सहमचत देते हैं: 

1। मैंने "ररएक्शन टाइम: गेम -1 वर्म के वीचियो गेम व्हखलाच़ियो ंऔर एपलेट चवर्यगत बच्ो ंके बीि एक 

टेव्हस्टकल नॉचटकल िॉस-सेक्शनल अध्ययन" पर जानकारी पर सहमचत दस्तावेज में प्रदान की गई 

जानकारी को पढ़ा या पढ़ा है। 

2। मुझे मुकदमे की प्रकृचत, मकसद, अवचध और जोव्हखम का स्पष्टीकरि प्राप्त हुआ है और मैं जो करने 

की उम्मीद करता हं। मेरे सवालो ंके जवाब संतोर्जनक हैं 

3. संगठनात्मक आिार सचमचत के अचधकारी एकचित जानकारी को सत्याचपत करने के चलए मेरे मेचिकल 

ररकॉिम की जांि कर सकते हैं। इस दस्तावेज़ पर हस्तािर करके, मैं अपने ररकॉिम की समीिा करने के 

चलए सहमत हं। 

4. मैं समझता हं चक मेरे और मेरे वािम की पहिान चकसी ररपोटम या प्रकाशन में नही ंचदखाई देगी, 

5. मैं सहमत हूँ चक मेरा चवभाग उपरोक्त अध्ययन में भाग लेगा 

   

प्रचतभागी का नाम प्रचतभागी के हस्तािर / अंगूठे का चनशान चदनांक 

  
 

   

 

माता-चपता / अचभभावक का 

नाम 

 

सांकेचतक / सािी का थंबनेल 

चदनांक 
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सहमचत देने वाले व्यव्हक्त का 

नाम 

 

चदनांक 

 
सहमचत देने वाले व्यव्हक्त का हस्तािर / 
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Annexure III (a) 

PERMISSION LETTER 

 

To,  

The Head of Institute, 

__________________ 

___________________ 

Subject: Permission to carry out research work.  

Respected Sir/Madam,  

      I, Mr/Miss___________________, student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work in geriatric home.  

      My research topic is “REACTION TIME AMONG VIDEO GAME PLAYERS AND 

ATHLETIC CHILDREN IN 9-12 YEARS: AN ANALYTICAL CROSS-SECTIONAL 

STUDY” 

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student: 

Date:  

Place: 

 

  



Page | 75  
 

Annexure III (b) 

PERMISSION LETTER 

To,  

The Chairman,  

Ethics Committee.  

______________ 

______________ 

Subject: Permission to carry out research work.  

Respected sir/madam 

  I, Mr/Miss_____________, student of Master of Physiotherapy, would request you to grant 

me permission to carry out my research work.  

 My research topic is, “REACTION TIME AMONG VIDEO GAME PLAYERS AND 

ATHLETIC CHILDREN IN 9-12 YEARS: AN ANALYTICAL CROSS-SECTIONAL 

STUDY” 

I promise that the ethics, as well as participant's care, shall be duly complied.  

I kindly request you to do the needful in this regard.  

Yours sincerely,  

Research student  

Date:  

Place: 
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Master Chart 

 
 
 
 
  
 
 
 
 

Name Age Sex Height(cm) Weight(kg) BMI(kg/m2) Athletic group trail1(cm) Trail2(cm) Trail 3(cm) Average(cm) Reaction time(ms)

A1 12.2 female 152 40 17.31301939 cricket 26 21 16 21 207.01

A2 12 male 145 39 18.54934602 cricket 17 13 22 17.33333333 187.89

A3 12.1 female 153 46 19.65056175 cricket 30 19 12 20.33333333 203.69

A4 11.9 male 149 44 19.81892708 cricket 27 12 16 18.33333333 193.41

A5 9.9 female 144 35 16.87885802 cricket 11 25 6 14 169.03

A6 11.2 male 152 37 16.01454294 cricket 18 21 25 21.33333333 208.63

A7 11.6 male 135 33 18.10699588 cricket 10 25 15 16.66666667 184.63

A8 10.4 male 142 36 17.85360048 cricket 23 26 10 19.66666667 200.3

A9 10 female 149 39 17.56677627 cricket 23 18 10 17 186.26

A10 11.3 female 152 40 17.31301939 cricket 20 21 19 20 202.03

A11 9.7 male 143 38 18.58281579 cricket 23 16 18 19 196.91

A12 9.4 male 133 38 21.48227712 cricket 30 15 20 21.66666667 210.24

A13 11.9 male 150 39 17.33333333 cricket 19 17 16 17.33333333 188.06

A14 12 male 142 36 17.85360048 cricket 15 22 19 18.66666667 195.14

A15 11.7 male 148 45 20.54419284 cricket 11 22 7 13.33333333 164.93

A16 11.2 male 141 41 20.6227051 cricket 20 15 17 17.33333333 188.06

A17 11.9 male 145 40 19.02497027 cricket 26 15 22 21 207.01

A18 9 male 133 30 16.95969246 cricket 18 15 22 18.33333333 193.41

A19 11.8 male 139 38 19.66771906 cricket 13 23 11 15.66666667 178.77

A20 12 male 136 36 19.46366782 cricket 17 7 28 17.33333333 188.06

A21 12 male 139 35 18.1150044 cricket 32 12 16 20 202.03

A22 12 male 140 37 18.87755102 cricket 25 16 17 19.33333333 198.61

A23 11.6 female 145 42 19.97621879 badminton 22 11 30 21 207.01

A24 12 female 135 33 18.10699588 badmiton 30 24 14 22.66666667 215.04

A25 10.8 female 126 27 17.00680272 badminton 14 17 26 19 196.91

A26 11.8 male 128 32 19.53125 badminton 22 7 18 15.66666667 178.77

A27 11.2 male 144 41 19.77237654 badminton 23 19 12 18 191.66

A28 11.9 male 146 40 18.76524676 table tennis 26 21 16 21 207.01

A29 10.3 female 135 32 17.55829904 table tennis 16 20 11 15.66666667 178.77

A30 9.8 male 133 29 16.39436938 table tennis 19 35 9 21 207.01

A31 9.4 male 125 27 17.28 table tennis 13 26 19 19.33333333 198.61

A32 11.7 male 134 31 17.26442415 table tennis 25 18 21 21.33333333 208.63

A33 11.5 female 136 36 19.46366782 table tennis 21 25 7 17.66666667 189.84

A34 11.6 male 149 42 18.91806675 table tennis 19 12 27 19.33333333 198.61

A35 11.5 female 135 35 19.20438957 basketball 14 13 30 19 196.91

A36 11.9 male 142 39 19.34140052 basketball 22 19 16 19 196.91

A37 10.5 male 140 36 18.36734694 basketball 16 21 24 20.33333333 203.69

A38 11.1 female 145 40 19.02497027 basketball 12 19 22 17.66666667 189.84

A39 9.1 male 136 35 18.92301038 basketball 21 14 19 18 191.66

A40 11.5 male 138 40 21.00399076 basketball 17 9 23 16.33333333 182.55

A41 11.8 female 146 40 18.76524676 basketball 12 22 18 17.33333333 188.06

A42 9.7 female 135 32 17.55829904 long tennis 14 21 28 21 207.01

A43 10.6 female 142 39 19.34140052 long tennis 28 10 21 19.66666667 200.3

A44 11.9 female 145 42 19.97621879 long tennis 12 24 29 21.66666667 210.24

A45 12 male 149 39 17.56677627 long tennis 18 13 22 17.66666667 189.84

A46 12 male 150 45 20 long tennis 21 13 13 15.66666667 178.77

A47 9.5 male 139 36 18.63257595 long tennis 15 19 22 18.66666667 195.14

A48 10.8 male 144 42 20.25462963 long tennis 23 12 17 17.33333333 188.06

A49 10 female 142 36 17.85360048 volley ball 28 21 13 20.66666667 205.33

A50 11 female 146 41 19.23437793 volley ball 14 26 20 20 202.03

A51 9.7 male 137 35 18.64777026 volley ball 25 15 23 21 207.01

A52 12 male 151 46 20.17455375 volley ball 16 21 28 21.66666667 210.24

A53 9 male 138 35 18.37849191 volley ball 22 13 19 18 191.66

A54 10.8 female 144 39 18.80787037 volley ball 26 17 18 20.33333333 203.69

A55 11 male 150 44 19.55555556 kho kho 29 21 15 21.66666667 210.24

A56 11.7 female 153 42 17.94181725 kho kho 11 26 17 18 191.66

A57 9 male 140 36 18.36734694 kho kho 31 12 22 21.66666667 210.24

A58 9 male 132 29 16.64370983 kho kho 24 10 18 17.33333333 188.06

A59 11 female 144 41 19.77237654 kho kho 16 14 27 19 196.91

A60 11.9 female 149 44 19.81892708 kho kho 23 9 29 20.33333333 203.69

A61 9 female 135 31 17.00960219 kho kho 19 24 20 21 207.01

A62 10 female 141 39 19.61671948 kho kho 22 16 13 17 186.26
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Name Age Sex Height(m) Weight(kg) BMI(kg/m
2
) Video game Trail1(cm) Trail2(cm) Trail3(cm) Average(cm) Reaction time(ms)

B1 11.6 male 153 55 22.9 among us 18 20 28 22 211.89

B2 10.9 male 142 44 21.8210672 among us 29 13 34 25.33333333 227.36

B3 12.5 male 155 60 24.9739854 Call of duty 22 25 26 24.33333333 222.82

B4 10.3 male 137 45 23.9757046 FAU-G 18 20 28 22 211.89

B5 11.9 male 140 44 22.4489796 GTA 5 23 17 28 22.66666667 215.04

B6 9.6 male 138 55 28.8804873 among us 12 16 24 17.33333333 188.06

B7 12.7 female 156 55 22.600263 Call of duty 24 13 9 15.33333333 176.87

B8 11.8 female 155 50 20.8116545 subway surfers 23 32 14 23 216.65

B9 9.9 male 130 40 23.6686391 among us 25 19 21 21.66666667 210.24

B10 11.7 female 137 40 21.3117374 minecraft 26 17 16 19.66666667 200.3

B11 10.7 female 135 39 21.399177 FAU-G 25 28 26 26.33333333 231.8

B12 11.6 female 142 41 20.3332672 Rblox 26 22 21 23 216.65

B13 9 female 139 43 22.2555768 minecraft 28 25 23 25.33333333 227.36

B14 11.9 female 152 54 23.3725762 subway surfers 30 12 15 19 196.91

B15 11.1 male 139 45 23.2907199 Call of duty 25 21 30 25.33333333 227.36

B16 10.8 male 155 52 21.6441207 GTA 5 28 25 16 23 216.65

B17 11.8 female 138 45 23.6294896 among us 25 22 21 22.66666667 215.04

B18 9.2 female 146 44 20.6417714 Rblox 19 22 27 22.66666667 215.04

B19 11 female 152 50 21.6412742 minecraft 22 15 25 20.66666667 205.33

B20 11.9 female 155 53 22.0603538 GTA 5 26 22 25 24.33333333 222.82

B21 10.7 male 133 45 25.4395387 among us 21 21 26 22.66666667 215.04

B22 11.9 female 149 60 27.0258096 Rblox 28 28 24 26.66666667 233.25

B23 9.9 male 136 42 22.7076125 subway surfers 21 25 22 22.66666667 215.04

B24 10.7 male 134 46 25.6181778 plant vs zombie 22 22 28 24 221.31

B25 11.8 male 141 45 22.6346763 FAU-G 11 25 32 22.66666667 215.04

B26 9.1 female 140 44 22.4489796 mini malaysia 23 26 27 25.33333333 227.36

B27 9.8 female 135 42 23.0452675 Rblox 26 25 23 24.66666667 224.33

B28 11.6 female 145 47 22.3543401 among us 31 26 25 27.33333333 236.16

B29 10.9 female 147 56 25.915128 mini malaysia 29 25 23 25.66666667 228.83

B30 11 male 150 56 24.8888889 Call of duty 20 26 22 22.66666667 215.04

B31 9.9 male 141 38 19.1137267 subway surfers 25 30 29 28 239.04

B32 12 male 135 42 23.0452675 minecraft 20 29 11 20 202.03

B33 10.3 male 142 44 21.8210672 free fire 10 35 32 25.66666667 228.83

B34 11.9 male 139 54 27.9488639 among us 25 29 26 26.66666667 233.25

B35 9.4 male 148 42 19.17458 plant vs zombie 22 30 25 25.66666667 228.83

B36 11.1 male 150 46 20.4444444 GTA 5 21 28 19 22.66666667 215.04

B37 10.8 male 151 50 21.9288628 mini malaysia 30 25 22 25.66666667 228.83

B38 11.9 male 135 46 25.2400549 Call of duty 28 25 21 24.66666667 224.33

B39 11.1 male 136 42 22.7076125 subway surfers 29 20 24 24.33333333 222.82

B40 9.8 female 141 47 23.6406619 subway surfers 22 28 25 25 225.87

B41 11.2 male 151 55 24.121749 FAU-G 22 28 25 25 225.87

B42 10.9 female 139 41 21.2204337 among us 29 19 22 23.33333333 218.2

B43 11.8 male 141 48 24.1436547 Rblox 29 25 26 26.66666667 233.25

B44 9.6 male 132 39 22.3829201 GTA 5 33 25 20 26 230.35

B45 11.5 male 144 51 24.5949074 dream league 22 25 29 25.33333333 227.36

B46 10.3 male 131 48 27.970398 minecraft 21 22 7 16.66666667 184.39

B47 11 male 152 53 22.9397507 plant vs zombie 25 29 26 26.66666667 233.25

B48 9 male 149 47 21.1702176 fortnite 22 26 28 25.33333333 227.36

B49 9.7 female 132 52 29.8438935 fortnite 10 32 12 18 191.66

B50 11.1 female 150 49 21.7777778 among us 22 29 29 26.66666667 233.25

B51 11.9 female 144 42 20.2546296 PS 5 25 22 28 25 225.87

B52 10.4 male 139 42 21.7380053 subway surfers 29 31 20 26.66666667 233.25

B53 9.3 male 143 53 25.9181378 mini malaysia 22 22 22 22 211.89

B54 10.5 male 140 45 22.9591837 minecraft 29 21 27 25.66666667 227.36

B55 11.4 male 133 48 27.1355079 GTA 5 28 29 28 28.33333333 240.45

B56 9.3 male 136 43 23.2482699 plant vs zombie 22 25 27 24.66666667 224.33

B57 12 male 147 49 22.675737 among us 31 25 22 26 230.35

B58 11 male 141 40 20.1197123 fortnite 28 15 32 25 225.87

B59 9 male 135 46 25.2400549 subway surfers 29 22 29 26.66666667 233.25

B60 10 male 142 50 24.7966673 free fire 25 25 27 25.66666667 228.83
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01) Title :-  REACTION TIME AMONG VIDEO GAME PLAYERS AND ATHLETIC 
CHILDREN IN 9-12 YEARS: AN ANALYTICAL CROSS-SECTIONAL STUDY 

 

02) Introduction :-          Reaction is defined as the ability to respond to a stimulus, 
and reaction time is the time between the application of the stimulus 
and the response1. Reaction time is one of the oldest diagnostic tools 
and its first examination dates back then in nineteenth century2. 
Reaction time tests are known for simple and cognitive test in both 
healthy individuals and patients3 

It is time interval between applying a stimulus and the appearance of 
quick voluntary response by an individual. It has three phases 1- the 
sensory neural code latency traversing both in central and peripheral 
pathways. 2- Both cognitive and perceptive processing. 3- A motor 
signal traversing to both peripheral and central neural structures and 
eventually the latency in the end effectors activation such as muscle 
activation4. 
 

We were introduced in 1970s and 80s to video game parlous and they 
became a favorite pass time for adolescents and adults. Eventually 
over the period of time popularity of these games has spread among 
the children also. That became possible after the arrival of video 
games, gaming console and gaming apps on tablet and mobile phone.  
Virtual reality gaming has taken this experience into an entirely 
different level. In developing countries, the exposure of gaming media 
in 9-16 years, ranges from 98% - 100%5. The average media 
consumption by the children of this age group is >4 hours/day6. In a 
study correlating cognitive skills with neurological and psychiatric 
behavior, Chinese children exhibited more impulsivity and various 
psychiatric disorder including anxiety, depression and poor 
interpersonal relations7. In school children, online gaming addiction 
has shown positive correlation with aggressiveness and narcissistic 
personality traits which may predispose to hostile behavior, frequent 
arguments with teachers and poor school performance8,9 

Although many studies have been done on negative aspects of video 
games on behavior, research has been done on examining the 
cognitive augmentation that video game player exhibit. It has also 
been found that prolonged engagement in a demanding visual task 
obtained through playing action video games improves several visual 
and cognitive processes10 

In the recent times, children are more interested in video games, 
watching movies, exploring internet, sports like table tennis, 
badminton, basketball, etc. are preferred with modernization. These 
sports won’t only make children active, but also improve alertness 
and concentration11. Reaction time was found to be significantly 
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better in athletic population compared to the non-athletic 
population12.Sports like badminton enhances physical fitness, speed, 
strength and stamina. It also requires constant analysis of 
continuously changing situations on the court forcing the player to 
react quickly and precisely13.So the player exhibit faster reaction time. 
The similar studies have been seen in various other sports like 
basketball and table tennis players where the player exhibits fasters 
reaction time then the normal population14,15. 
In this study, we set to determine reaction time among videogame 
players and athletic children in 9-12 years: an analytical cross 
sectional study. 
 
RATIONALE OF THE STUDY 
 

• It has been already proven that there is a positive correlation 
between improved reaction time and video game players in 
9-12 years of age10  

• In another study its proven that there is positive correlation 
between reaction time and athletic kids between same age 
group.12 

• However there are very limited studies to our knowledge that 
have evaluated comparison between these two studies. 

• Therefore this study will be an attempt to compare reaction 
time between athletes and video game players. 

 
 
 

 

3.1) Primary Research 
Question :- 

What is the difference between the reaction time among video game 
player and athletic children in 9-12 years ? 

 

3.2) Secondary Research 
Question 1 :- 

(if any) 

Not Applicable 

3.3) Secondary Research 
Question 2 :- 

(if any) 

Not Applicable 

4.1) Primary 
Hypothesis :- 

Null hypothesis 

There is no statistically significant association between reaction time 
in video game players and athletes of age 9-12 years. 
Alternate hypothesis 
There is a statistically significant association between reaction time in 
video game players and athletes of age 9-12 years 



G:\SMRITI TEMPLATEEEe.doc [Page : 3] 
   

 

4.2) Other Hypothesis 
1:- 

(if any) 

Not Applicable 

4.3) Other Hypothesis 
2 :- 

(if any) 

 Not Applicable 

05) Review of 
Literature :- 

[1]. A cross sectional study on motor cognitive processing to 
estimate speed among the primary school children by deriving 
prediction formula conducted by Vencita Priyanka Aranha, 
monika moitra et.al(2017) at department of paediatric and 
musculoskeletal physiotherapy, Maharishi Markandeshwar 
institute of physiotherapy ,Patiala ,Punjab, India.  In Which, 
204 children age 6-12 years were participated. Motor 
cognitive processing speed was estimated my ruler drop test. 
And mean motor cognitive processing speed of the entire 
sample was taken out, prediction formula through ruler drop 
test was estimated.16  
 

[2]. Moraru cristina et.al (2014) conducted study on Aspects 
regarding the level of coordination abilities in both athletes 
and non-athletes. The study was done in university of Iasi, 
Romania. 34 children of age group 11-14 year were 
participated. The test used was ruler drop test, 505 agility test 
and stork test. The study concluded that co-ordination abilities 
are higher in athletes as compared to non-athletes17. 
 

[3]. Paramita bhattachariyya, Ashwin R et.al [2017] conducted an 
observational study in Pondicherry on Exposure to video 
games shortens simple visual time: A observational study in 
Indian school children. 38 healthy children of age group 9-12 
years were participated. It got concluded that video game 
players have better performance in tasks involving hand eye 
coordination and quick reflexes18 
 

[4]. Erdal zorbaa et.al (2017) had done a study in Examination of 
reaction time and balance relationship between 9-13 years old 
children. At Gazi University, faculty of physical education and 
sports sciences, Turkey. This study aims to find out the 
relationship between reaction time and balance in children 
9-13 years of age a total 120 students were taken and it 
concluded that there is no relationship between the balance 
and age variable19. 
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[5]. The study by Kateřina Bucsuházy et.al, at Institute of Forensic 

Engineering, Brno University of Technology, Czech Republic, 
and 10th International Scientific Conference Transbaltica 
2017: Transportation Science and Technology. The Case Study 
were done in Reaction Time of Children According to Age. In 
this study 150 participants were taken and examined that 
there is a considerable difference in reaction time of children 
aged 3-18 years when compared it to 20-30 years were taken 
and also that children do not only show longer reaction time 
but also a greater margin of reaction time must be used in 
accident analysis which correlates that children concentration 
is not as good as for adults. Choice reaction time has been 
analyzed and three sets of measurement have been realized. 
In the first set, psychical children’s reaction time has been 
measured. Second experiment has contained the 
measurement of reaction time psychical with visual reaction 
time. All three components have been examined in the last 
experiment in sum. Obtained results have been statistically 
analyzed using analysis of variance (ANOVA). There is a 
considerable difference in reaction time   and also that 
children do not only show longer reaction time but also a 
greater margin of reaction time must be used in accident 
analysis which correlates that children concentration is not as 
good as for adults20. 

[6]. A study by C. SHAWN GREEN et.al [2016]in Action video game 
training and its effect on perception and attention control, the 
action video game players were emphasized on the positive 
effect of playing video games in perceptual and attention 
skills21. 
 

[7]. The study by V.P. Aranhaa et.al at  S. S Institute of 
Physiotherapy and Rehabilitation, Maharishi Markandeshwar 
University, Mullana 133207,Haryana, India Department of 
Graduate studies, School of Physical and Occupational 
Therapy 2 July 2016.Reaction time norms as measured by 
ruler drop method in school-going South Asian children: A 
cross-sectional. This study aimed to estimate normal   range 
for reaction time by using ruler drop method for school-going 
South Asian children between 6 and 12 years of age. This is a 
cross-sectional study which was used to evaluate the reaction 
time for 204 children. Normal values of each age group were 
obtained. The results showed a decrease in the reaction time 
values with age, and a significant change occurring between 
six and eight years of age22. 
 

[8]. JAMES T ECKNER et.al Department of physical medicine and 
rehabilitation neuro sports, 2015 Reliability and criterion 
validation of a novel clinical test of simple and complex 
reaction time in athletes. The purpose of the study was to 
determine reliability and criterion validity of a novel clinical 
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test of simple and complex in sport athlete. The task was 
adapted from well know ruler drop test of reaction time in 46 
healthy sports athletes. The novel reaction time has 
acceptable reliability and validity for clinical use23. 
 

[9]. The study by Sushil Dubey et.al Department of physiology, 
government medical college, Nanded, Maharashtra 2015 

  Simple visual reaction time in badminton players: A      
comparative study. In this study we aim to find and compare the 
visual reaction time of badminton players, with 50 participants 
taken of age 18-22 years of age. And this study came to a 
conclusion that playing badminton is beneficial for improving eye 
hand reaction time24. 

 
[10]. The study by ZIEMOWIT BAŃKOSZ,et.al at University School 

of Physical Education, Wrocław, Poland 2013; 
Assessment of simple reaction time in badminton players. 
In this study aim was to determine the simple reaction time in 
male and female badminton players and controls. They have 
taken 4 groups in which 16 badminton player and 32 non 
badminton and the measurement of reaction time were 
conducted using MRK-80 reaction meter. This study 
concluded that reaction time of badminton players is shorter 
than the non-badminton players13. 
 

[11]. The study by Mahesh K. Bhabhor et.al Department of 
Physiology, M.P. Shah Medical College, Jamnagar (Gujarat) and 
Department of 2Physiology, AIIMS, Rishikesh (UK) (2013)-A 
comparative study of visual reaction time in table tennis 
players and healthy controls. The visual reaction time is 
required to response visual stimulus. This study was 
conducted to see the same in 209 subjects with age groups 14 
to 40 yr. of age between table tennis players and normal. And 
the result concluded that reaction time and has better 
concentration and alertness compare to normal15. 
 

[12]. A study at department of brain and cognitive sciences and 
center for visual science, Rochester. By M.W.G DYE et.al (2009) 
in the development of attention skills in action video game 
player. The participants from 7-22 years of age were taken and 
the action video game playing group was compared to the 
control and it got concluded that the action video game 
players have a better attention skill and faster response to 
stimuli29. 
 

[13]. The study by Dr. Ghuntla TP et.al, A Comparative Study of 
Visual Reaction Time in Basketball Players and Healthy 
Controls Reaction is voluntary response to different stimuli as 
visual or auditory stimuli, the present study was conducted to 
measure visual reaction time in 100 subjects, 50 basketball 
players and 50 healthy controls. The visual reaction time was 
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measured by the reaction time instrument in healthy controls 
and basketball players. Simple reaction time and choice 
reaction time measured. During the reaction time testing, 
visual stimuli were given for three times and minimum 
reaction time was taken as the final reaction time for that 
sensory modality of that subject. The study shows that the 
basketball players show faster reaction time than healthy 
controls14.  

 
[14]. The study by Ventica, Priyanka Aranha et.al (2017) Catch the 

Moving Ruler and Estimate Reaction Time in Children ages 
9-13. In this study of 12 to 16 year of children were taken and 
reaction time were assessed using ruler drop test. In this study 
ruler drop method   were found to have moderate to good 
amount of validity among children25. 
 

[15]. The study by Ajay M Gavkare et.al on Auditory Reaction 
Time, Visual Reaction Time and Whole Body Reaction Time in 
Athletes. In this study reaction time was taken in athletes and 
control group of age 18-25 years with 50 in each group and 
reaction time was observed and it concluded  in athletes 
Shorter reaction time could be due to improved concentration 
and alertness, better muscular coordination, improved 
performance in the speed and accuracy task. Reaction time in 
specific movements improves as a result of extensive practice 
for those concerned movements in athletic events. Hence, 
reaction time improving training sessions have to be held for 
athletes to develop fine motor skills26. 
 

[16]. SEDI AKARSY et.al (2009) Athletes have faster eye hand visual 
reaction time and higher score on visuospatial intelligence 
than no athletes. In this study two groups were taken of age 
between 15-19 years of 157 athletes and 126 non-athletes, 
and reaction time was observed using ANOVA software. And 
this study concluded that lower eye hand visual reaction time 
is observed in athletes and higher visuospatial intelligence 
compared to non-athletes.12 

[17]. Beentjes JW, Koolstra CM, Marseille N, Voort TH. Children’s 
use of different media: for how long and why? In: Livingstone 
S, Bovill M, editors. Children and their changing media 
environment: A European comparative study. Mahwah, in this 
literature the author had enlightened about Devices using 
virtual reality have taken the gaming experience into an 
entirely different level. With the availability of online gaming 
environments video game players (VGPs) have even begun to 
compete over the internet and the social aspect of such 
gaming has also got enhanced. In the industrialized countries, 
the incidence of exposure to these gaming media, among 
children aged 9 to 16 years, ranges from 98% to 100%.5 
 

[18]. Kathleen M. Thomas, Charles A. Nelson et.al (2001) in this 
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article serial reaction time learning in preschool and school 
age children were predicted. Visuomotor sequence learning 
was assessed in 4-10year old children using a serial reaction 
time. This article provided preliminary data regarding 
developmental changes in sequential learning and 
development with use of implicit and explicit knowledge. Age 
related changes emerged primarily rather than implicit 
knowledge27. 
 

[19]. A study titled Could computer game players react as quickly 
as table tennis athletes and perform the right action? By 
Senay koparan sahin, engin sagdilek et.al (2018). In this study 
10 medical school children that play computer games 10 
hours per week and 9 table tennis players who trained for 10 
hours per week. In both the groups reaction time was tested 
and it concluded that the similar scores and reaction time by 
players and athletes could be interpreted28. 

 

 

6.1) Primary 
Objectives :-  

• To study reaction time in video game players in 9-12 years of 
age using ruler drop test. 

• To study reaction time in athletes in 9-12 years of age using 
ruler drop test. 

• To compare reaction time in video game players and athletes 
in 9-12 years of age using ruler drop test. 
 

 

 

6.2) Other Objectives 1:- 

(if any)  

Not Applicable 

6.3) Other Objectives 2:- 

(if any) 

Not Applicable 

07) Methodology :- • Type of study: An analytical cross-sectional study 
• Study setting: Schools in nearby area 
• Study population: School children of age 9-12 years 
• Duration of study:18 months 
• Sampling technique: Convenient sampling 
• SAMPLE SIZE: According to Vencita priyanka Aranha et.al 

(2017)16 mean reaction time in school going children is 
230.01ms with standard deviation 26.5ms  

• By keeping alpha =5% and beta=20% the sampling size is 
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calculated by formula N=  

 

• The required sample size is 112, after rounding off there will 
be 120 which will be further divided into 60 in video game 
playing group and 60 in athletic group. 
 

CRITERIA: 
INCLUSSION CRITERIA 
-Children in age group 9-12 years of age. 
-Children of both genders will be included in the study. 
-Children who played computer games for not less than 7-9 hours per 
week. 
-Children in sports activity for more than 1 year. 
-Gender matched participants will be taken 
 
EXCLUSION CRITERIA 

-Children with history of visual or auditory impairment, epilepsy, 
ADHD, mental retardation or any other psychiatric and neurological 

Disorder. 

-Children with history suggestive of eye, ear and throat infection at 
the time of study. 

-Children with any recent injury to limbs.  

-Children with major systemic illness 

-Athletic children who do not play video games. 

-video game players who are not in any sports activity. 

OPERATIONAL DEFINITIONS 

 
1. ATHLETE- An athlete is a person who competes in one or more 

sports that involve physical strength, speed and endurance. 
 

2. VIDEO GAME PLAYER -The players who spend playing video 
games for at least 7-9 hours per week. 

 

3. REACTION TIME-Reaction time is the time between the 

application of the stimulus and the response
1

. 
 

 
VARIABLES 

• Independent variable – Age, BMI. 
• Dependent variable- Reaction time. 

 
 



G:\SMRITI TEMPLATEEEe.doc [Page : 9] 
   

 
 
METHOD OF MEASUREMENT 
RULER DROP TEST-The position of the child will in a sitting position on 
a chair with back rest and a flat arm rest, with the open hand at the 
edge of the surface. The stainless steel ruler will be suspended 
vertically by the examiner, such as at 0 cm the ruler will be aligned 
between the web space (the space between thumb and index finger) 
of the child’s hand. Then the child will be asked to catch the ruler 
once it is released from the examiner’s hand, the procedure will be 
repeated 3 times and the mean will be taken and the reaction time 

will be calculated with the help of formula T=  

T=Reaction time 
D=distance covered 
G= gravitational constant 
 
 
 
DATA COLLECTION TOOLS 

• Chair with back rest and arm rest 

• Ruler of 30 cm. 

• Pen 

• Record sheet 

 
 
 
RECORD SHEET 

Sr.no Name Age/gender Trial 1 (ms) Trial 2 (ms) 
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GENERAL PROCEDURE 
 
Permission will be taken from the Head of Institution, ethics 
committee clearance and BORS approval. Permission will be taken 
from the school authority. Written consent will be taken from 
parents. Anthropometric measure will be collected. The participants 
will be asked to perform the ruler drop test. The ruler drop test will 
be repeated three times and the mean will be taken. The data will be 
recorded and collected in excel sheet. Results will be analyzed 
 
DATA MANAGEMENT AND ANALYSIS 
 

• Data will be collected and entered in MS EXCEL WORKSHEET, 
coded and analyzed using software STATA version 10.1,2011  

• All the information of the participants will be kept confidential 
and, in any way, it won’t be disclosed. Data will be utilized for 
further analysis. 

• Mean, standard deviation and percentages will be calculated 
• Data analysis will be done be using Epi software version 7. 
• Chi-square test and Fisher exact test which ever will be 

applicable will be utilized to know the significance between 
the variables. 

• p≤0.05 will be considered statistically. 
 
RESULTS 

• Results will be discussed in the final copy of dissertation. 
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9) Timeline/Gantt 
Chart :- 

TIMELINE CHART:                                      

 
NOVEMBER 2019 

 
ALLOCATION OF THE GUIDE 

 
DECEMBER 2019 

TOPIC FINALISATION FOR THE SYNOPSIS 

JANUARY 2020 STARTED WORKING FOR THE SYNOPSIS 

FEBRUARY 2020 INSTITUTIONAL ETHICAL CLEARANCE OBTAINED 

MARCH 2020 MUHS SUBMISSION 

MARCH 2020 TO 

FEBRUARY 2021 

 

DATA COLLECTION 

March 2021 DATA PRESENTATION AND ANALYSIS 

April 2021 WRITING DISCUSSION AND CONCLUSION 

MAY 2021 SUBMISSION OF THESIS TO MUHS 
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2 Topic 
finalization 
for the 
synopsis 

         

3 Formulation 
of research 
question 

         

4 Formulation 
of aim and 
objectives 

         

5 Hypothesis 
and null 
hypothesis 

         

6 Protocol of 
research 

         

7 Institutional 
ethical 
clearance 
obtained 

         

8 MUHS 
submission 

         

9 Data 
collection 

         

10 Data 
presentation 
and analysis 

         

11 Writing 
discussion 
and 
conclusion 

         

12 Submission of 
thesis to 
MUHS 

         

 
 
 

 

10) Annexures: - 
Annexure I – Proforma  

Date: 
Serial no: 

Name: 

Age: 

Gender: 

Address: 
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Height: _______ m 

Weight: ______ Kg 
 
Mobile number: 
 
 
 

Trial 1 (ms) Trial 2 (ms) Trial3 
(ms) 
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Informed Consent form 

 

1. Project title: Reaction time among video game players 

and athletic children in 9-12 years: An Analytical 

cross-sectional study. 

  

2. Introduction 

Your ward has been invited to participate in this research study. 

The ruler drop test will be taken of participants. It is important 

for you to read the study description, understand the nature of 

study and involved risk of participation. Give the consent for 

your ward for participation in this clinical study only after 

understanding the nature, course of study & your right as a 

participant. 

 

3. Purpose of the study 

The reaction of the participants will be calculated. In this study 

the ruler drop test will be taken to measure the reaction time. 

And this study will be an attempt to compare reaction time 

between athletes and video game players. 

 

 

4. Expected duration of study and the number of subjects: 

 

Duration of the study will be of eighteen months. Subjects will 

be participating for 1 time study. There will be approximately 

120 subjects. 

 

5. Study procedure to be followed: 

 

If you show willingness to participate your ward in this study, 
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your ward will undergo a brief physical examination. 

1. Basic demographic data like age, gender of participant 

will be asked. 

2. Height and weight will be measured using the standard 

procedures.  

3. Participants will be divided into the group accordingly. 

4. Ruler drop test will be taken. 

6. Risk and discomfort: This study is relatively safe and there is 

no risk. 

 

For study related injury medical care will be provided by the co- 

investigator. 

 

7. Possible benefits of the study: 

 

There may or may not be the direct benefits of this study. 

 

8. What happens when the research trial stops? 

 

You will be given information about the changes and benefits 

your ward have achieved by participating in this study. 

 

9. Compensation for the participation: 

 

Participation in the study will be at no cost to you and your ward. 

No compensation will be provided for your participation. 

 

 

10. Right to withdraw from study: 

 

Participation in this study is entirely voluntary. You may choose 
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not to take part or may leave the study at any time. 

 

11. Confidentiality: 

 

All the study records will be kept confidential at all time. You and 

your ward’s identity will not be revealed except as required by 

law. The result of study may be published for scientific reasons. 

The identity of the participant will not be revealed in this 

publication 

 

12. Thank you for taking the time to read (or have read to you) 

the information about this study. Before you sign this document, 

you should ask questions about anything you do not 

understand. The study staff will answer all your questions before, 

during and after the study. If you have any questions about this 

study or how it is being run or possible research related injury 

you can contact your study doctor. 

 

Consent: 

 

1. I have read or have had read to me the 

information given in   the informed 

consent document for this study entitled 

“Reaction Time Among Video game 

players And Athletic Children in 9-12 

years: An Analytical cross-sectional 

study.”. 

2. I have received an explanation of the 

nature, purpose, duration and risks of 

the trial, and what I will be expected to 

do. My questions have been answered 
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satisfactorily.  

3. Institutional Ethics Committee 

authorities may wish to 

examine my medical records to 

verify the information collected. 

By signing this document, I give 

permission to review of my 

records.  

4. I understand that my and my 

ward’s identity will not be 

revealed in any reports or 

publications,  

5. I agree that my ward will take part in the above study.  

 

 

 

 

 

 

 

 

   

Name of the research Signature/thumb impression of Date 

Participant the research participant  

   

 
Name of the 

 
 Parent/Guardian 

Signature/thumb impression of 
  Date 

 the impartial witness  
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Name of the person Signature/thumb impression of Date 

administering consent the person administering consent  
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सूचित संमती फॉमम 

1. प्रकल्पािे शीर्मकः  9-12 वर्ामतील व्हिचिओ गेम पे्लअर आचि . थलेटिक 

 मुलांमधील प्रचतचिया वेळः  एक चवशे्लर्िात्मक िॉस चवभागीय अभ्यास. 

2. पररिय 

या संशोधन अभ्यासामधे्य भाग घेण्यासाठी आपल्या प्रभागास आमंचित केले 

गेले आहे. शासक िर ॉप िाििी सहभागीिंी घेतली जाईल. अभ्यासािे विमन 

वाििे, अभ्यासािे स्वरूप समजून घेिे आचि त्यात सहभागी होण्यािे जोखीम 

हे आपल्यासाठी महत्वािे आहे. या व्हिचनकल अभ्यासात सहभागासाठी 

आपल्या प्रभागांना संमती द्या केवळ त्या नंतर 

3.अभ्यासािा उदे्दश 

सहभागीचं्या प्रचतचियेिी गिना केली जाईल. या अभ्यासानुसार प्रचतचिया वेळ 

मोजण्यासाठी शासक िर ॉप टेस्ट घेतली जाईल. आचि हा अभ्यास athथलीट्स 

आचि व्हिचिओ गेम पे्लयसम दरम्यान प्रचतचिया वेळेिी तुलना करण्यािा प्रयत्न 

असेल. 

4.अभ्यासािा अपेचित कालावधी व चवर्यांिी संख्या: 

अभ्यासािा कालावधी अठरा मचहने असेल. चवर्य 1 वेळ अभ्यासासाठी भाग 

घेतील. सुमारे 120 चवर्य असतील. 

5. अभ्यास प्रचिया 

आपि या अभ्यासामधे्य आपला प्रभागात भाग घेण्यािी तयारी दशमचवल्यास 

आपल्या प्रभागिी थोिक्यात शारीररक तपासिी केली जाईल. 

1. मूलभूत लोकसंख्याशास्त्रीय िेटा जसे की वय, सहभागीिें चलंग चविारले 

जाईल. 

२. प्रमािन पद्धती वापरुन उंिी व वजन मोजले जाईल. 

3. त्यानुसार गटात चवभागले जाईल. 

4. फुटपाटी िर ॉप टेस्ट घेतली जाईल. 

6. जोखीम आचि अस्वस्थता: हा अभ्यास तुलनेने सुरचित आहे आचि 

कोिताही धोका नाही. 

7.अभ्यासाशी संबंचधत दुखापतीसाठी वैद्यकीय सहाय्य सहाय्यक अने्वर्कांद्वारे 

प्रदान केले जाईल 
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 अभ्यासािे संभाव्य फायदेः  

या अभ्यासािे थेट फायदे चकंवा नसू शकतात. 

8. जेिा संशोधन िाििी थांबेल तेिा काय होते? 

या अभ्यासामधे्य भाग घेऊन आपल्या प्रभागात काय बदल आचि त्यािे फायदे 

आहेत याबद्दल आपल्याला माचहती चदली जाईल. 

9. सहभागासाठी भरपाई: 

अभ्यासात भाग घेण्यािी कोितीही सी नाही 

१०. अभ्यासातून माघार घेण्यािा अचधकारः  

या अभ्यासािा सहभाग पूिमपिे ऐव्हिक आहे. आपि भाग न घेण्यािी चनवि 

करू शकता चकंवा कोित्याही वेळी अभ्यास सोिू शकता. 

११. गोपनीयता: 

सवम अभ्यासाच्या नोदंी कधीही गोपनीय ठेवल्या जातील. कायद्याने 

आवश्यकतेचशवाय आपली आचि आपली प्रभाग ओळख उघि केली जािार 

नाही. अभ्यासािा चनकाल वैज्ञाचनक कारिांमुळे प्रकाचशत केला जाऊ शकतो. 

या प्रकाशनात सहभागीिी ओळख उघि केली जािार नाही 

१२. या अभ्यासािी माचहती वािण्यासाठी (चकंवा तुम्हाला वािून) वेळ 

चदल्याबद्दल धन्यवाद. आपि या दस्तऐवजावर स्वािरी करण्यापूवी, आपिास 

काही समजत नाही त्याबद्दल प्रश्न चविारावेत. अभ्यास कममिारी अभ्यासापूवी, 

दरम्यान आचि नंतर आपल्या सवम प्रश्नांिी उत्तरे देतील. आपल्याला या 

अभ्यासाबद्दल चकंवा ते कसे िालवले जात आहे चकंवा संशोधनाशी संबंचधत 

संभाव्य इजा याबद्दल काही प्रश्न असल्यास आपि आपल्या अभ्यास िॉक्टरांशी 

संपकम  साधू शकता. 

संमती: 

१. "game -१२ वर्ामतील व्हिचिओ गेम पे्लयर आचि aletथलेचटक मुलांमधील 

ररएक्शन टाइम: ticalनाचलचटकल िॉस सेक्शनल स्टिी" या चवर्यावरील 

माचहतीच्या संमती दस्तऐवजात चदलेली माचहती मी वािली आहे चकंवा वािली 

आहे. 

२. मला खटल्यािे स्वरूप, हेतू, कालावधी आचि जोखीम यांिे स्पष्टीकरि 

प्राप्त झाले आहे आचि मी काय करावे अशी अपेिा आहे. माझ्या प्रश्नांिी उत्तरे 

समाधानकारक आहेत 

3.संस्थात्मक आिारसंचहता सचमतीिे अचधकारी गोळा केलेली माचहती 
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सत्याचपत करण्यासाठी माझ्या वैद्यकीय नोदंी तपासू शकतात. या 

दस्तऐवजावर सही करून, मी माझ्या नोदंीिें पुनरावलोकन करण्यािी 

परवानगी देतो. 

4.मला समजले आहे की माझी आचि माझी प्रभागांिी ओळख कोित्याही 

अहवालात चकंवा प्रकाशनात प्रकट होिार नाही, 

5.मी सहमत आहे की माझा प्रभाग वरील अभ्यासात भाग घेईल. 

 

 

 

 

 

 

   

सहभागीिे नाव सहभागीिी स्वािरी / अंगठा ठसा तारीख   
 

   

 
पालक / पालकांिे नाव 

 

चनः पि सािीदारािी सही / अंगुठा तारीख 

 

 
 

   

 

संमती देिार् या व्यक्तीिे नाव 

 

तारीख  
संमती देिार् या व्यक्तीिी सही / अंगुठा  
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सूचित सहमचत प्रपि 

 

1. पररयोजना का शीर्मक: 9-12 वर्ीय वीचियो गेम पे्लयर और एथलेचटक 

बच्ो ंके बीि प्रचतचिया का समय: एक चवशे्लर्िात्मक िॉस-अनुभागीय 

अध्ययन। 

 

     2. पररिय 

इस शोध अध्ययन में भाग लेने के चलए आपके वािम को आमंचित चकया गया 

है। शासक को िर ॉप टेस्ट प्रचतभाचगयो ं में से चलया जाएगा। आपके चलए 

अध्ययन चववरि पढ़ना, अध्ययन की प्रकृचत और शाचमल जोव्हखमो ं को 

समझना महत्वपूिम है। अपने वािम को उसके बाद ही इस नैदाचनक अध्ययन में 

भाग लेने की अनुमचत दें  

3. अभ्यास का उदे्दश्य 

प्रचतभाचगयो ं की प्रचतचिया की गिना की जाएगी। यह अध्ययन प्रचतचिया 

समय की गिना करने के चलए एक शासक िर ॉप परीिा लेगा। और यह 

अध्ययन एथलीट और वीचियो गेम व्हखलाच़ियो ंके बीि प्रचतचिया समय की 

तुलना करने का प्रयास होगा। 

4. अभ्यास की अपेचित अवचध और चवर्यो ंकी संख्या: 

अध्ययन की अवचध अठारह महीने होगी। चवर्य 1 अध्ययन समय के चलए भाग 

लेंगे। इसमें लगभग 120 चवर्य होगें। 

5. अभ्यास प्रचिया 

यचद आप इस अध्ययन में अपने वािम की तैयारी करते हैं, तो आपके वािम की 

संचिप्त जांि की जाएगी। 

1. मूल जनसांव्हख्यकीय िेटा जैसे चक उम्र, प्रचतभाचगयो ंका चलंग पूछा जाएगा। 

2। प्रमािीकरि पद्धचत का उपयोग करके ऊंिाई और वजन की गिना की 

जाएगी। 

3. इसे तदनुसार समूहो ंमें चवभाचजत चकया जाएगा। 

4. फुटपाथ िर ॉप टेस्ट चलया जाएगा। 

6. जोव्हखम और बेिैनी: यह अध्ययन अपेिाकृत सुरचित है और कोई जोव्हखम 

नही ंहै। 

7. ददमनाक िोट के चलए चिचकत्सा सहायता सहायक अने्वर्क द्वारा प्रदान की 
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जाएगी 

 अध्ययन के संभाचवत लाभ: 

इस अध्ययन के प्रत्यि लाभ हो सकते हैं या नही ंभी। 

8. जब एक शोध परीिि रुक जाता है तो क्या होता है? 

इस अध्ययन में भाग लेने से आपको अपने वािम के पररवतमनो ंऔर लाभो ंके 

बारे में बताया जाएगा। 

9. भागीदारी के चलए मुआवजा: 

अध्ययन में भाग लेने के चलए कोई सी नही ंहै 

10। अध्ययन से पीछे हटने का अचधकार: 

इस अध्ययन में भागीदारी पूरी तरह से सै्वव्हिक है। आप चकसी भी समय 

अध्ययन में भाग लेने या छो़िने का चवकल्प नही ंिुन सकते हैं। 

11। गोपनीयता: 

सभी अध्ययन ररकॉिम को चकसी भी समय गोपनीय रखा जाएगा। आपके और 

आपके वािम की पहिान का खुलासा तब तक नही ंचकया जाएगा जब तक चक 

कानून द्वारा आवश्यक न हो। अध्ययन के पररिामो ंको वैज्ञाचनक कारिो ंसे 

प्रकाचशत चकया जा सकता है। इस प्रकाशन में प्रचतभागी की पहिान का 

खुलासा नही ंचकया जाएगा 

12। इस अध्ययन के चववरि को पढ़ने (या पढ़ने) के चलए समय चनकालने के 

चलए धन्यवाद। इस दस्तावेज़ पर हस्तािर करने से पहले, ऐसे प्रश्न पूछें  जो 

आपको समझ में नही ंआते हैं। अध्ययन से पहले, अध्ययन के दौरान और बाद 

में अध्ययन कममिारी आपके सभी सवालो ंका जवाब देंगे। यचद आपके पास 

इस अध्ययन के बारे में कोई सवाल है या यह कैसे आयोचजत चकया जा रहा है 

या अनुसंधान के चलए संभाचवत िोट है, तो आप अपने अध्ययन चिचकत्सक से 

संपकम  कर सकते हैं। 

सहमचत देते हैं: 

1। मैंने "ररएक्शन टाइम: गेम -1 वर्म के वीचियो गेम व्हखलाच़ियो ंऔर एपलेट 

चवर्यगत बच्ो ंके बीि एक टेव्हस्टकल नॉचटकल िॉस-सेक्शनल अध्ययन" पर 

जानकारी पर सहमचत दस्तावेज में प्रदान की गई जानकारी को पढ़ा या पढ़ा 

है। 

2। मुझे मुकदमे की प्रकृचत, मकसद, अवचध और जोव्हखम का स्पष्टीकरि प्राप्त 

हुआ है और मैं जो करने की उम्मीद करता हं। मेरे सवालो ं के जवाब 
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संतोर्जनक हैं 

3. संगठनात्मक आिार सचमचत के अचधकारी एकचित जानकारी को सत्याचपत 

करने के चलए मेरे मेचिकल ररकॉिम की जांि कर सकते हैं। इस दस्तावेज़ पर 

हस्तािर करके, मैं अपने ररकॉिम की समीिा करने के चलए सहमत हं। 

4. मैं समझता हं चक मेरे और मेरे वािम की पहिान चकसी ररपोटम या प्रकाशन में 

नही ंचदखाई देगी, 

5. मैं सहमत हूँ चक मेरा चवभाग उपरोक्त अध्ययन में भाग लेगा 

   

प्रचतभागी का नाम प्रचतभागी के हस्तािर / अंगूठे का चनशान चदनांक   
 

   

 
माता-चपता / अचभभावक का 

नाम 

 

सांकेचतक / सािी का थंबनेल 
चदनांक 

 

 
 

   

 

सहमचत देने वाले व्यव्हक्त का 

नाम 

 

चदनांक  
सहमचत देने वाले व्यव्हक्त का हस्तािर / 

अंगूठा  
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