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ABBREVATIONS 
 

BP – Blood pressure 

 
 

SBP – Systolic Blood Pressure 

 
 

DBP – Diastolic Blood Pressure 

 
 

PEFR – Peak expiratory flow rate 

 
 

IEC – Institutional Ethical Committee 

 
 

ICMR – Indian Council of Medical Research 

 
 

%- Percentage 

 
 

L/min- liters per minute 

 
 

mm of Hg- millimeter of mercury 

 
 

b/min- Beats per minute 

 
 

BMI- Body mass index 

SD- Standard deviation 
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Introduction:- 
 

Persons aged greater than 60 years represent the growing segment of 

population.1 The global population aged 60 years and above were numbered 962 

million in 2017 .The number of older persons is expected to double again by 

2050,when it is projected to reach nearly 2.1 billion.2
 

Current data in South East Asia shows that the population over the age of 65 

is expected to reach 26.6 per cent in 2035.3 

Asians aged between 65 to74 represents one third of total population of 

Asia and is subjected to increase substantially from 15% in 2000 to 17% in 2025 and 

then up to 27% in 2050.4 

Studies have shown that the older population of the developing regions is 

growing much faster than in the developed regions.2,5 Hence, India is also facing the 

challenge of demographic change in which the elderly make an increasing share of 

population with about 8% over 60 years of age in 2014 and the number is expected 

to reach 20% in 2050.6 

By the end of the century, the elderly will constitute nearly 34% of 

the total population in the country7 Annual growth rate of the elderly will be over 3% 

till middle of this century indicating pace of growth than other age categories .7
 

Some studies have classified elderly adults between the ages of 

65 and 75 years as youngest old, those between 75 and 84 years as middle old and 

those aged over 85 years as oldest old.8,9
 

Among elderly population, most of the population is aged between 60 to 

70 years, thus preventing disability and increasing their life expectancy and 

improving their quality of life should be an important public health goal.1
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People born between late 60s and early 70s constitute the young old 

group. They have great life expectancy, but could be less metabolically fit. The 

metabolic risk factor particularly for cardiovascular conditions in recently born 

individuals is higher.10
 

The middle old are born between 1940s and 1960s. Studies have 

shown that, this aged group population have slow metabolism, impaired vision 

leading to digestive problems and other issues.10
 

The oldest old are people aged 80 years or older. With 

advancing age, older people suffer more from various conditions which could hinder 

participation, cognitive impairment, visual and hearing impairments, low education 

level frailty due to disease.10
 

In the current the focus is on individuals aged 60-70 years 

which is referred to as young old, as this group if exercised in the right manner, the 

process of ageing can be delayed to certain extent. 

Population ageing is an inevitable and irreversible demographic reality 

that is associated with welcome improvements in health and medical care.7 The 

major problems which oldest people face are lack of economic provisions, poor 

health conditions, lack of emotional support and illness in post-retirement period.9 

Poor health conditions in old age is attributed to aging effects and 

involves all the systems such as cardiac, vascular, skin , gastrointestinal, cognition, 

and neurological disorders, normal ageing is characterised by a decrease in bone 

and muscle mass and an increase in adiposity.11,12and respiratory system is also not 

spared . 
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Ageing is also associated with reduction in chest wall compliance and 

increased air trapping. Respiratory muscle strength decreases with age and is much 

more seen in men than in women.13
 

Older persons have an increased risk of developing respiratory 

impairment because ageing lung is likely to have experienced frequent and 

cumulative exposures to environmental toxins as well as reduction in physiological 

capacity of respiratory system14 There is increase in the stiffness of chest wall and 

decrease in the elastic recoil of the lung.1,14
 

Older persons have high rates of environmental exposures. 14The most 

frequent risk factors that can lead to respiratory impairment are environmental 

exposures, including tobacco smoke, respiratory infections, air pollution and 

occupational dust. 14In vulnerable individuals, these environmental exposures induce 

lung inflammation and, in turn reductions in pulmonary function that may be 

subsequently associated with adverse outcomes.14
 

Most elder persons experience dyspnoea when hurrying on the level or 

walking up a slight hill. 10% of elders experience more severe dyspnoea such as 

stop for breath when walking at your own pace on the level.1,15 The adverse 

outcomes related to dyspnoea include a decreased exercise capacity and an 

increased risk of physical disability.1,16,17,18
 

Similarly, chest wall mobility is closely related to respiratory functions.19Reduced 

chest wall mobility at the axillary level and respiratory functions decreases with age 

in community- dwelling elders aged 65 years or more.20
 

In addition to dyspnoea and chest wall mobility, it is to note that peak expiratory 

flow rate is also a measure of pulmonary function. Low peak expiratory flow rate can 
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cause chronic respiratory symptoms (cough, wheeze, shortness of breath, exertional 

dyspnoea, orthopnoea and PND) 21,22
 

Peak flow rate is most commonly reduced in the setting of airflow limitation. 
 

Reduced Peak flow rate in elderly is due to extra thoracic airway obstruction, 

respiratory muscle weakness and disorders that limit the expansion of chest wall.14,23
 

Several large studies have shown that advancing age is independently 

associated with a reduction in both the maximal inspiratory pressure, a measure of 

inspiratory muscle strength, and maximal expiratory pressure, a measure of 

expiratory muscle strength.14,24,25 The age-related reductions in maximal inspiratory 

pressure and maximal expiratory pressure are likely a consequence of impaired 

respiratory mechanics.14
 

Along with respiratory impairments, elderly patients are also prone to develop 

cardiovascular risks. The increase in blood pressure with age is mostly associated 

with structural changes in arteries and especially with large artery stiffness.26
 

Arterial stiffening, reflects gradual fragmentation and loss of elastin fibres 

and accumulation of stiffer collagen fibres in the media of large arteries, and occurs 

independently of atherosclerosis. The arterial compliance is determined by the ratio 

of elastin and collagen.27
 

Ageing is also associated with a decreased ratio of elastin and collagen.27 

Arterial stiffening is an independent predictor of cardiovascular outcomes such as 

MI, Stroke and kidney diseases.28,29
 

Arterial stiffness predicts an increase in SBP and incident 

hypertension 27,30. Hypertension is often associated with other cardiovascular risk 

factors. 
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In older individuals, high SBP and high pulse pressure have been shown to be 

more powerful independent predictors of risk.15There is increased pulse pressure in 

older individuals due to decreased DBP and elevated SBP.15,30 Hence, Pulse 

Pressure is also the scope of the study. 

The muscles of respiration are those muscles that contribute to inhalation 

and exhalation, by aiding in the expansion and contraction of the thoracic activity. 

The Diaphragm and, to lesser extent, the intercostal muscles drive respiration during 

quiet breathing. The diaphragm is the major muscle responsible for breathing. 

All respiratory muscles mainly, diaphragm are morphologically and 

functionally a skeletal muscle, thereby diaphragm could respond to training in a way 

other locomotor muscles are being trained by applying loads.31,32,33
 

Respiratory muscle strength enhances the lung capacity and it further 

manages the demand of increased respiratory load.31,34 Respiratory muscle strength 

maintains gaseous exchange and pulmonary functions and it also plays a major role 

in maintaining bronchial hygiene which is most important to minimise the risk of 

respiratory infections.35
 

In a society where ageing is becoming a longer process due to increased 

average life expectancy, research on interventions to improve respiratory functions, 

in the elderly should be actively conducted.36
 

Therefore in this study respiratory muscle training among elderly 

population using sand bag and Incentive spirometry is carried out as it is affordable, 

easy to handle and community assistive method of training the respiratory muscles. 

This technique can also be easily used by patients themselves that helps in reducing 

cost transportation and hospitalization burden.31
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Respiratory exercises in any form have been found to impact the 

cardiac parameters to some extent;37 hence the study will also take account of the 

cardiac parameters such as SBP, DBP, and heart rate to find the change in them 

after advising respiratory muscle exercise. 

Thus, the aim of this study is to determine the effects of respiratory muscle 

exercises on peak expiratory flow rate, chest expansion, dyspnea and indirectly on 

cardiac parameters in geriatric population. 



10  

RATIONAL OF THE STUDY 

 
Prevalence shows growing population of geriatrics in the recent years, thus 

preventing disability and increasing their life expectancy should be the goal of the 

physiotherapist.1 

Older persons are at greater risk of developing respiratory impairment and this 

can restrict their activities of daily living as they get breathless leading to physical 

disability.14
 

Numerous studies are available on geriatric population in relation to effects of 

ageing on cardiorespiratory. Research has been also done on respiratory muscle 

exercises and its effects on cardiorespiratory system. 

But very minimal studies have been done on effects of respiratory muscle 

exercises in elderly population. Hence, the current study is carried out. 
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Primary Research Question :- Are respiratory muscle exercises helpful in 

improving the cardio-respiratory parameters in geriatric population in terms of blood 

pressure, pulse rate, PEFR, chest expansion and dyspnea post intervention as 

compared to pre intervention after four weeks of intervention? 

Primary Hypothesis :- 

 

NULL HYPOTHESIS: 

 

“There is no significant effects in cardiorespiratory parameters after four weeks of 

respiratory muscle exercise training in geriatric population.” 

ALTERNATE HYPOTHESIS: 
 

“There is significant effects in cardiorespiratory parameters after four weeks of 

respiratory muscle exercise training in geriatric population.” 
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Review of Literature: 
 

Shilpa amarya .et.al (2018) conducted the study, Ageing process and physiologic 

changes. The study concluded that in developing countries elderly face various 

problems and a multi-sector approach is required from various disciplines of health, 

psychology, nutrition, sociology and social sciences.11
 

 

Sharma G, Goodwin.et.al (2006) conducted the study, Effect of ageing on respiratory 

system physiology and immunology. The study concluded that there is marked effect 

of ageing on lung function.13
 

 

Huijen B,van der Horst F,van Amelsvoort L, conducted the study Dyspnea in elderly 

family practice patients ,Occurrence ,severity, quality of life and mortality over an 8 

year period. The study concluded that dyspnea occurs frequently in the elderly, is 

associated with poor health, and interfers with daily functioning.18
 

 
 

 
Daiki Adachi.et.al (2015) conducted the study, Age-related decline in chest wall 

mobility: A cross-sectional study among community dwelling elderly women. The 

study concluded that chest wall mobility at the axillary level and respiratory function 

decreased with age in community dwelling women aged 65 years or older.19
 

 

Fernanda de cordoba.et.al (2013) conducted the study, Chest wall mobility is related 

to respiratory muscle strength and lung volumes in healthy subjects. The study 

concluded that the higher the axillary cirtometry and thoracic critometry value, 
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K.Rekha.et.al(2016) conducted the study, Effects of respiratory muscle training 

among elderly individuals. The study concluded that respiratory muscle training with 

greater the maximum inspiratory pressure, maximum expiratory pressure and lung 

volumes.20
 

 

Carlos A.Vaz Fragoso, MD, Evelyne A.et.al(2007) conducted the study, Reporting 

peak expiratory flow in older persons. The study concluded that, peak flow variance 

is attributable to other factors beyond gender, height, and age.22
 

 
 
 
 

 
Pinto E. (2007) conducted the study, Blood pressure and ageing. The study 

concluded that The increase in blood pressure with age is mostly associated with 

structural changes in arteries and especially with large artery stiffness.26
 

 

Zhongjie Sun (2015) conducted the study, Aging Stiffness and Hypertension. The 

study concluded that Arterial stiffening, reflects gradual fragmentation and loss of 

elastin fibres and accumulation of stiffer collagen fibres in the media of large arteries, 

and occurs independently of atherosclerosis.27
 

 

Franklin SS conducted the study, Ageing and hypertension: the assessment of blood 

pressure indices in predicting CHD. The study concluded that there is increased 

pulse pressure in older individuals due to decreased DBP and elevated SBP.30
 

 
 
 
 
 

 



14 

 

patient in daily activities and reduced dyspnoea.31
 

Dajah S Al, Muthusamy H. et.al(2015) conducted the study, Effects of back and 

respiratory muscle exercises on posture and respiratory functions in elderly patients 

 

 

 
 

 

Wagner Oliveria, Batista.et.al(2016) conducted the study, Physical activity and 

respiratory muscle strength in elderly. The study concluded that the physical activity 

program offered by the selected studies led the physically active elderly to have 

respiratory muscle strength statistically higher than the sedentary.35
 

 

Chang-Beom Kim (2015) conducted the study, The effects of chest expansion 

resistance exercise on chest expansion and maximal respiratory pressure in elderly 

with inspiratory muscle weakness. The study concluded that chest expansion 

resistance exercise by a therapist is recommended if the environment and conditions 

are appropriate for enhancement of chest expansion capacity and respiratory 

function in elderly people.36
 

 
 

 
Qing Wu, Lin Lu.et.al (2020) conducted the study, Effects of voluntary breathing 

exercises on stable coronary artery disease in heart rate variability and rate pressure 

product: a study protocol for a single-blind, prospective, randomized controlled trial. 

The study concluded that voluntary breathing exercises is one of the frequently used 

alternative strategies for rehabilitation exercises in patients with cardiovascular 

diseases.37
 

 
 
 

 

sand bag created resistive pattern of breathing and improved functional status of the 
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this study produced a significant improvement in the posture and respiratory 

functions of elderly with osteoporosis.39
 

Shehab M. Abd El Kader (2012) conducted the study, Aerobic exercise training and 

incentive spirometer can control age related pulmonary changes in elderly subjects. 

The study concluded that application of breathing exercises with incentive spirometer 

in addition to walking exercises can control age related respiratory muscle functional 

changes in elderly.40
 

Biplab Nandi, Sucheta Mishra.et.al (2015) conducted the study, Effectiveness of 

incentive spirometry in improving peak expiratory flow rate in post abdominal 

surgery. The study concluded that there is significant difference in the PEFR values 

and incentive spirometry shows better results and improving PEFR.44
 

Dr. Ganesh BR, Yashvi Gada. et.al (2018) conducted the study, Effect of sandbag 

breathing exercise on respiratory parameters and lumbar stability in asymptomatic 

individuals-an experimental study. The study concluded that sandbag breathing 

 

 

 

 
 
 
 
 
 

 

 

 

 

 
 
 
 

 

 

 

 
 

 

Yvonne van Mourik (2014) conducted the study, Prevalence and underlying causes 

of dyspnoea in older people: a systematic review. The study concluded that the 

prevalence rates of dyspnoea in those aged > 65 years , increased by age, women 

more reported dyspnoea than men, although this was statistically significant for MRC 

> 346 

 
 
 
 

 

 

with osteoporosis. The study concluded that strengthening exercises programme in 



 

effective which can be performed on daily basis at home.49
 

Shaw, I; Shaw B.S. (2015) conducted the study, The effect of breathing and aerobic 

training on manual volitional training on manual volitional respiratory muscle strength 

and function in moderate, persistent asthmatics. The study concluded that 

diaphragmatic breathing improve a variety of factors including respiratory muscle 

strength.51
 

Eman M Othman, Shaimaa A Abaas.et.al (2010) conducted the study, Resisted 

breathing exercise versus incentive spirometer training on vital capacity in 

postoperative radical cystectomy cases: a pilot randomised controlled trial. The study 

concluded that both are considered as a gold therapeutic tool in the management of 

pulmonary complication after radical cystectomy.57
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Melissa H. Roberts and Douglas W. Mapel (2012) conducted the study Limited lung 

function: Impact of reduced peak expiratory flow on health status, health-care 

utilization, and expected survival in older adults. The study concluded that peak flow 

meter is a useful measure of physical functioning and health status in older adults 

and that it can be an independent predictor of increased health-care utilization.59
 

 

P.Pirompol, T Thanarojwanich.et.al (2015) conducted the study, Acute term effects 

in lowering blood pressure after diaphragmatic breathing and slow breathing in 

treated hypertensive patient .The study concluded that both breathing exercise could 

 
 

exercise is effective in improving respiratory parameters, is safe, simple and cost 
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C Lunardi.et.al(2014) conducted the study Effect of volume oriented vs flow oriented 

incentive spirometry on chest wall volumes, inspiratory muscle activity and 

thoracoabdominal synchrony in the elderly. The study concluded that Incentive 

spirometry performance is influenced by age, and the differences between elderly 

and healthy adults response should be considered in clinical practice.62
 

Gregory Recychler.et.al(2016) conducted the study, Randomized Controlled Trial of 

the Effect of Inspiratory Muscle Training and Incentive Spirometry on Respiratory 

Muscle Strength, Chest wall expansion and lung functions in Elderly Adults. The 

study concluded that Inspiratory muscle training and IS helping improve chest 

mobility and could be introduced in daily practice.63
 

Mojtaba Amini.et.al (2019) conducted the study, effect of diaphragmatic respiratory 

training on some pulmonary indexes with chronic obstructive pulmonary disease. 

reduce blood pressure and diaphragmatic breathing alone could lower both systolic 

and diastolic blood pressures.60
 

 

Ber Huijnen (2006) conducted the study, Dyspnoea in elderly family practice 

patients. Occurrence, severity, QOL, and mortality over an 8 year period. The study 

concluded that dyspnea is a common complaint with marked negative influence on 

daily functioning and QOL and is an important contributor to mortality.61
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rehabilitation to reduce symptoms and prevent worsening.64
 

 
 

 
 

 

Senthil P, PG Mahesh Kumar.et.al(2019) conducted the study, Efficacy of self - 

designed positive expiratory pressure devices on lung function in geriatric 

population. The study concluded that resistance breathing have statistically shown to 

improve lung function in geriatric population.65
 

 
 
 
 

 
Wastford M L.et.al (2007) conducted the study, Effects of ageing on respiratory 

muscle function and performance in older adults. The study concluded that 

respiratory muscle strength is an important physiological variable to maintain in older 

population, as it may be related to functional ability.66
 

 

Carlos A vaz Fragoso.et.al (2011) conducted the study, Respiratory impairment and 

mortality in older persons. The study concluded that airflow limitation and restrictive 

pattern were significantly associated with mortality and respiratory symptoms.67
 

 

In all [11, 13, 18, 19, 20, 22, 26, 27, 30, 31, 35, 36, 37, 39, 40, 44, 46, 49, 51, 57, 59, 
 

60, 61, 62, 63, 64, 65, 66, 67] references have been utilized for literature review. 

The study concluded that this type of training can be used for pulmonary 
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Primary Objectives:- 
 

“To study the effects of respiratory muscle exercises on cardio-respiratory 

parameters in terms of SBP,DBP, Pulse rate, PEFR, Chest expansion and dyspnea 

by comparing pre and post parameters in geriatric population at the end of four 

weeks of exercise intervention.” 
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Methodology:- 

 

Study design: Experimental pre- test post- test study. 

 
It is an experimental study as intervention was given for four weeks. It is a pre 

 
-test post -test study as measurements are taken both before exercise 

intervention and after exercise intervention of four weeks. Changes was 

observed after giving exercise program by comparing pre and post 

parameters.38
 

Study setting: Geriatric home and physiotherapy OPD 
 

Duration of study: 12 months 
 

Study population: The population included geriatric population aged between 60 

to 70 years 

SAMPLE SIZE 

 

REQUIRED SAMPLE SIZE: 55: Therefore 55 geriatric population was 

included in the study based on the inclusion criteria. 

SAMPLE SIZE ESTIMATION: 

 

Sample size was determined considering PEFR as a main outcome measure 

by the study of Hariraj Muthusamy.et. al 39 with the following assumption: 

 

1. Mean PEFR post-test in experimental group=339.75 
 

2. Mean SD post-test in experimental group =37.25 
 

3. Power of the study=80% 
 

4. Alpha error=5% 
 

5. Beta error=20% 
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SAMPLE SIZE FORMULA: n=4SD2\L2 ,where SD is standard deviation of PEFR 

post-test which is 37.25 L is allowable error which is considered as ± 10 

SAMPLING TECHNIQUE: CONVENINET SAMPLING 

 

Sampling frame comprised of all geriatric population living in the geriatric home 

and geriatric coming to physiotherapy OPD. Of these a purposive sample of 1 

geriatric home was selected considering convenience and feasibility. Geriatric 

population aged between 60 to 70 years were selected based on the inclusion 

criteria for the purpose of the study. 

METHOD OF SELECTION OF STUDY SUBJECTS (ELIGIBILITY CRITERIA): 

 

The eligibility of the participants for the study was based on criteria mentioned 

below: 

INCLUSION CRITERIA: 

 

1. Geriatric population aged 60 to 70 year. 

 

2. Geriatric population who is non- smoker throughout his life 

 

3.  Geriatric population with controlled diabetics and 

Hypertensive population. 
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EXCLUSION CRITERIA: 

1. Geriatric population with pulmonary or cardiovascular 

dysfunctions. 

2. Geriatric population with neurological disorders. 
 

3. Geriatric population with cognitive impairment. 
 

4. Geriatric population with visual or hearing loss. 
 

5. Geriatric population with upper or lower respiratory 

tract infections. 

6. Geriatric population who have undergone recent 

surgeries (CABG, hernia, laparotomy) 

7. Geriatric population with severe musculoskeletal disorders. 

 
 

WITHDRAWAL CRITERIA: 
 

Participants were withdrawn from the study if any of the following components 

happens: 

1. Develop pyrexia 

 

2. Develop Hyperglycaemia or hypoglycaemia 

 

3. Develop sudden cardiovascular attack 

 

4. Not willing to continue further 

 

METHOD OF SELECTION OF PARTICIPANTS: 

 

Selection of participant was at selected geriatric home and physiotherapy OPD 

provided they were fulfilling the inclusion criteria. Convenient sampling was adapted 

for selection of participants till the desire sample size was achieved. 
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MAT CHING CRITERIA: 

 

None, as this study is a pre- test post- test design and the same participants were 

studied before and after exercise intervention. 

VARIABLES: 

 

INDEPENDENT VARIABLES: 

 

1. Respiratory muscle exercises 
 

2. Age 
 

3. Weight 
 

4. Height 
 

5. Gender 
 

DEPENDENT VARIABLES: 
 

1. Blood pressure (SBP, DBP) 
 

2. Heart rate 
 

3. PEFR 
 

4. Chest expansion 
 

5. Dyspnea 
 

OUTCOME MEASURES: 

 

Change in cardiorespiratory parameters in terms of blood pressure, pulse rate, 

PEFR, chest expansion and dyspnea after respiratory muscle exercises. 
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OPERATIONAL DEFINATIONS: 

 

Geriatric population: In this study it refers to population aged between 60 to 70 

years. 

Respiratory muscle exercise: In this study it refers to resisted diaphragmatic 

exercises and incentive spirometry.39,40
 

Cardiopulmonary function: In this study it refers to cardiac parameters which 

include blood pressure, pulse rate and pulmonary parameters which include PEFR, 

chest expansion and dyspnea. 
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PHOTOGHRAPHS 
 

1. Measuring tape to measure Height 
 
 
 
 
 
 
 

 
 
 

 
2. Weighing machine to weigh weight 
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3. Measuring pulse rate with pulse oximeter and blood pressure with dial 

sphygmomanometer 

 

 

 
 
 

4. Measuring PEFR with peak flow meter 
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6. Measuring chest expansion(68)
 

 
a. At apical 

 

 
 

b. At Nipple 
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c. At Xiphesternum 
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Exercise intervention: 
 

6. Diagrammatic breathing 
 

 
 

7. INCENTIVE SPIROMETERY 
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METHODS OF MEASUREMENTS: 

 
 

 
1. Blood pressure 

 
Parameter: SBP in mm Hg and DBP in mm Hg 

 
 

Instrument: Dial BP apparatus [Annexure I (d)] 

 
 
 
 

 
2. Pulse rate 

 
Parameter: Pulse rate in beats per minute 

Instrument: Pulse oximeter (fingertip) [Annexure I (e)] 

 
 

3. Peak expiratory flow rate 

Parameter: PEFR in L/min 

Instrument: Peak flow meter [Annexure I (f)] 

 
 

4. Chest expansion 

Parameter: Centimetres 
 

Instrument: Measuring tape [Annexure I (h)] 
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5. Dyspnea 

 
Parameter: Modified research council dyspnea scale. [Annexure I (i)] 

 
 
 
 
 

 
6. Weight 

 
Parameter: Weight in Kg 

 
Instrument: Electronic weighing machine [Annexure I (j)] 

 
 

 
7. Height 

 
Parameter: Height in cm 

 

Instrument: Measuring tape (inch/cm scale) [Annexure I (h)] 
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STUDY INSTRUMENTS/ DATA COLLECTION TOOLS: 

 

1. Dial sphygmomanometer for calibrating the SBP & DBP in mm Hg. [Annexure 

I (d)] 

2. Pulse oximeter for measurement of pulse rate in beats/min. [Annexure I (e)] 

 

3. Peak flow calculator for calculating predicted value of PEFR in L/min. 

[Annexure I(g)] 

4. Peak flow meter for peak expiratory flow rate in L/min.[Annexure I (f)] 

 

5. Measuring tape for measuring chest expansion in centimetres.[Annexure I (h)] 

 

6. mMRC scale for measuring dyspnea.[Annexure I (i)] 

 

7. Electronic weighing machine for measuring weight in Kg. [Annexure I (l)] 

 

8. Measuring tape for measuring height in centimetres [Annexure I (i)] 
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SPECIFICATION OF INSTRUMENTS: 
 

1) Exercise program (This includes diagrammatic breathing and Incentive 
 

spirometry) 
 

• Diaphragmatic breathing: The participants were asked to lie flat and 

sand bag will be placed on the abdomen and participants were asked 

to take a normal breath in and exhale normally. [Annexure I (b)] 

• Incentive spirometer: Participants were instructed to hold the 

spirometer in an upright position, exhale normally, and then place the 

lips tightly around the mouthpiece. The next step is a slow inhalation to 

raise the ball (flow-oriented) in the chamber to set target. At maximum 

inhalation, followed by 5 sec of breath hold and normal 

exhalation.[Annexure I(c)] 

2) Dial Sphygmomanometer: Dial sphygmomanometer was utilized for 

measurement of blood pressure the details of instrument has been 

Mentioned in Annexure I (d) 

 
 

3) Pulse oximeter: Pulse oximeter was utilized for the measurement of pulse 

rate and a detail of instrument are mentioned in Annexure I (e) 

 
 
 

4) Peak flow meter: Peak flow meter was utilized for the measurement of peak 

expiratory flow rate and the detail of instrument has been mentioned in 

Annexure I (f) 
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5) Calculator for measuring predicted PEFR (Peak Flow Calculator: This was 

utilized for predicting the PEFR of participants. Details are mentioned in 

Annexure I (g) 

 
 
 

6) Measuring tape: This was utilized to measure chest expansion at three 

levels and for measuring height. Details are mentioned in Annexure I (h) 

 
 

7) mMRC Dyspnea scale: This was utilized to measure grades of dyspnea. 
 

Details are mentioned in Annexure I (i)(j)(k) 

 
 
 
 

8) Incentive Spirometer: This was be utilized as an exercise program. Details 

are mentioned in Annexure I (m) 

 
 

9) Sand bag: This was utilized as an exercise program. Details are mentioned 

in Annexure l (n) 

 
 
 

10) Electronic Weighing Machine: Weighing machine would be utilized for 

measuring weight in Kg. Details are mentioned in Annexure I(l) 
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PILOT STUDY: 

 
 

 
A pilot study was conducted to understand the problem which could be 

interfering with the studies. 

The following problems were encountered: 

 
 

1. The participants faced difficulty in performing Incentive spirometer 

exercises. 

To overcome, the above difficulty the patients were explained the use of 

Incentive Spirometer, so as to create learning effect instead of training 

effect. 

 
 

 
METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE: 

 

The quantitative data for the study was blood pressure (SBP&DBP) which 

was measured by dial type of sphygmomanometer in mm Hg, Pulse rate was 

measured by pulse oximeter in beats/min, PEFR was measured by peak flow meter 

in L/min and measuring tape was used to measure chest expansion in centimetres, 

and dyspnea scale to measure dyspnea. The data was collected before and after 

exercise intervention as per the protocol. 

The data was collected before and after the exercise intervention as per the protocol. 
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DATA MANAGEMENT AND ANALYSIS PROCEDURE: 

 

The obtained data was processed into Microsoft excel spread sheet. In anyway, 

the patient identity and information was not disclosed. The changes in pre and post 

exercise intervention in both the group were seen and the hypothesis was tested. 

Before undertaking the testing the raw data was cleaned by Epi info software 

and final analysis was done. 

Final analysis of cleaned up data was undertaken by STATA version 10.1 year 

2011 computer application and was utilized for this process. 

 
 

 
DATA ANALYSIS PLAN AND METHODS: 

 

The data was collected from geriatric population before and after exercise 

intervention. Data obtained was entered in Microsoft excel sheet (2007) and was 

analysed for changes in pre and post exercise intervention. 

Descriptive statistics like mean and standard deviation was calculated to 

summarize quantitative variables (BP; Pulse rate; PEFR; Age; Dyspnea; Chest 

expansion; Height; Weight) 

Frequency and percentage was calculated to summarize categorical 

variables (Gender) 
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Inferential statistical procedure was used to test significance of pre-test 

post -test changes in cardiopulmonary parameters. 

 
 

 
Data comparison was as follows: 

 

1. Cardiac parameters comparison: 
 

a. Pre- test SBP versus post- test SBP 
 

b. Pre-test DBP versus post- test DBP 
 

c. Pre -test Pulse rate versus post -test Pulse rate 

 
 
 
 

2. Pulmonary parameters comparison: 
 

a. Pre- test predicted PEFR versus pre -test observed PEFR 

 

b. Post- test predicted PEFR versus post- test observed PEFR 
 

c. Pre- test predicted PEFR versus post- test predicted PEFR 
 

d. Pre- test observed PEFR versus post- test observed PEFR 
 

e. Pre- test dyspnea grade versus post -test dyspnea grade. 
 

f. Pre -test Chest expansion at three levels versus post- test chest expansion at 

three levels. 
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STATISTICAL TESTS: 
 

For quantitative data: Paired t test was used to compare pre and post 

parameters. 

 
 

P value≤0.05 was considered statistically significant. 

 
 

 
ADDITIONAL POINTS FOR INTERVENTION: 

 

The intervention group was divided into three phases: 
 

Warm up 

Exercise phase 

Cool down phase 

1. The study consisted of 5 minutes of warm up followed by 20 minutes of 

exercise program. 

2. Rest was given between exercises followed by 5 minutes of cool down. 
 

3. The whole training session last for approx. 30 minutes. 
 

4. Participants were asked to adhere to the exercise program three times 

per week for 4 weeks. 

5. Participants will be supervised through the exercise program. 
 

Warm up phase: 

 

1. The warm up phase will be performed for 5 minutes of exercise. It will include 

general conditioning exercises.(39)
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2. Participants will be asked to perform spot marching for 2 minutes which will 

mainly target hips and thigh muscles. Participants were asked to stand 

straight with elbows bent at a 90 degree angle and feet hip width apart. They 

will be asked to bring their right elbow forward at the same time as they bring 

their left knee up same will be repeated on opposite side. 

3. Next the participants were asked to perform chest stretches which includes 

chest stretches. 

4.  Chest stretches was asked to perform as chest and shoulder muscles often 

feel tight and they are frequently rounded forward. 

5. Participants were in seating or standing position. Stretches will include hand 

behind the back, above the head chest stretch and bent arm wall stretch. 

6. The stretch will be performed 3 minutes and each stretch will be asked to hold 

for 5 sec. 

EXERCISE PHASE: 

 

1. The exercise phase consisted of 20 minutes. Participants were 

allowed to rest in between if they become breathless or 

uncomfortable. 

2. The exercise phase consisted of 2 different exercises which mainly 

focused on respiratory muscles. 

3. The exercises were of resisted type as it will resist the muscles of 

inspiration and thus helped in strengthening. 

4. Participants were supervised throughout the exercise phase. 

 
 

 
• Diaphragmatic breathing: For this type of exercise, participants 

were asked to lie in supine position. Sand bag weight was 
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placed on participant’s abdomen, which offers resistance to 

diaphragmatic movement and serves as a stimulus for training. 

Participants were instructed as follows: 

Lie on back with a thin cushion supporting the head and neck. Feel the 

breath flowing out and in, over and over again, soften the abdomen and 

feel it rise as you inhale and fall as you exhale, let the breath flow without 

pause between the breaths. Once the flow of the breath is well 

established, place a sandbag on abdomen and begin a period of weight 

training. Breathe out and in, raising the weight as you inhale and lowering 

the weight as you exhale. Sandbag breathing not only strengths the 

diaphragm, it tones the muscles of the abdomen as well. 

The exercise comprised three set of contraction with 10 repetitions for three 

times a week for 4 weeks with rest interval every 5 min.(39) starting with 0.5 kg 

weight. 

The participants were instructed to train how to breathe deeply while trying 

to keep the upper chest quiet. Gradually, weight was increased every 

week when the participants could sustain previous weight for the given set 

of repetitions.(57)
 

• Incentive Spirometer: Incentive spirometer is widely used 

clinically as an adjunct to chest physiotherapy that provides the 

patient with visual feedback of the volume of inspired air during 

a deep breath. It provides low level resistive training while 

minimizing the potential of fatigue to the diaphragm. It has been 
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used to enhance lung expansion and inspiratory muscle 

strength.(40)(41)
 

Participants were instructed to hold the spirometer in an 

upright position, exhale normally, and then place the lips tightly around the 

mouthpiece. The next step is a slow inhalation to raise the ball (flow-oriented) in the 

chamber to set target. At maximum inhalation, followed by 5 sec of breath hold and 

normal exhalation.(42)
 

Participants will be asked to take 10 breaths in one session with 2 to 3 sec of 

rest in between. One session of incentive spirometer was performed. It was 

performed for 3 times a week for 4 weeks along with resisted diagrammatic 

breathing. As most of the studies of incentive spirometer are done post -surgery, 

effects on normal elderly persons remain unclear so, this study tried to explain the 

efficacy of using spirometer exercises in elderly. 
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GENERAL PROCEDURE: 

 

Before the commencement of study, permission from the 

head of the institution was taken, ethical clearance was taken from the ethical 

committee. Participants were screened according to inclusion criteria and consent 

letter was taken from them. Intervention protocol was explained to the participants. 

Demographic data were obtained. 

PRE-TEST MEASUREMENTS: After taking consent letter from the participants, pre- 

test measurements were performed which included cardiac parameters that is SBP, 

DBP, Pulse rate and respiratory parameters that is PEFR, Chest expansion and 

dyspnea grading by using mMRC Scale. 

TEST PROTOCOL: On day one, the evaluation day pre-test measurements of 

participants were taken and intervention were explained and performed in the form of 

resisted diagrammatic breathing along with incentive spirometer and these exercises 

were performed for a period of 3 times a week for 4 weeks. 

POST-TEST MEASUREMENTS: At the end of 4 weeks, post-test measurements 

were taken which included cardiac parameters that are SBP, DBP, Pulse rate and 

respiratory parameters that is PEFR, Chest expansion and dyspnea grading by using 

mMRC Scale. This was followed by compilation of raw data in Microsoft excel 2007 

for further analysis, to obtain the results. 
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Flow chart of general procedure: 

 

Permission from the head of institution was taken 

 
↓ 

 
Ethical clearance was taken 

 
↓ 

 
Intervention protocol was explained 

 
↓ 

 
Written consent from the participants were obtained 

 
↓ 

 
Subjects fulfilling criteria were included 

 
↓ 

 
Demographic data were obtained 

 
↓ 

 
Pre -test respiratory and cardiac measures were taken 

 
↓ 

 
Participants were encouraged to perform the exercise program for 4 weeks 

 
↓ 

 
Post –intervention respiratory and cardiac measures were taken 

 
↓ 

 
Data was collected and analysed 

 
↓ 

 
Results were obtained 
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RESULT: 

 

Sixty five participants from geriatric home and OPD were screened, among them 55 

patients were included in the study, as they were fulfilling the inclusion criteria. Out of 

55, data of 29 patients were studied for a period of 4 weeks and the rest of the 

sample could not be studied due to novel corona virus pandemic. Out of 29, 5 

participants were unable to complete the post-test examination. In all 24 participant’s 

data was analysed statistically for obtaining the final results of this study. 

1. The mean age of participants was 64.25 with standard deviation ±3.365 (Refer 

table no.1 and graph no.1) 

2. Out of 24, 13 were females and 11 were males. (Refer table no.2 and graph no.2) 
 

3. The mean heights of the participants were 163.58 with SD ±7.234679. 

 

4. Mean weight was 67.95 with SD ±7.526643 

 

5. Mean BMI was 25.46 with SD 3.099763 (Refer table no. 3) 

 

6. The cardiac parameters that are systolic, diastolic and pulse rate are described 

under cardiac parameters as follow: 

CARDIAC PARAMETERS: 

 

Blood Pressure: There was a reduction in the mean systolic BP post- test and the 

value reduced from 122.04 mmHg to 120.21 mmHg (Refer table no.4 and graph 

no.3,4) Mean Diastolic BP also reduced from 79.83 mmHg to 75.83 mmHg. But, both 

the values were not statistically significant. 

Pulse Rate: There was reduction in Mean Pulse rate from 79.46 bpm to 75.79 bpm 

and was statistically significant with p value 0.014 analysed with paired t test (Refer 

table no 5 and graph no 5) 
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7. The Respiratory parameters that are PEFR, Dyspnea, and Chest expansion are 

described under respiratory parameters as follows: 

RESPIRATORY PARAMETERS: 

 

PEFR: 

 

a) Pre-test Predicted PEFR values were compared to pre- test observed PEFR, it 

was found to be statistically significant with p value0.000001 analysed with paired t 

test. 

b) Post-test predicted PEFR values were compared to post-test observed PEFR, it 

was found to be statistically significant with p value 0.000001 analysed with paired t 

test. 

c) There was no change in pre-test predicted PEFR as compared to post-test 

predicted PEFR.(Refer graph no.6) 

d) There was increase in mean PEFR post-test and the value increased from 259.17 

to 314.17 and was statistically significant with p value<0.01(Refer table no 6 and 

graph no. 7) 

e) Dyspnea Grading: There was decrease in mean dyspnea grading post-test from 
 

0.71 to 0.29 and was statistically significant with p value<0.01(Refer table no 7 and 

graph no 8) 

f) Chest expansion: There was decrease in mean chest expansion at all the three 

levels and was found to be statistically significant. At level A, mean chest expansion 

increased from 1.27 cm to 1.58 cm. At level B, mean chest expansion increased 
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from 2.63 cm to 3.021 cm. At level C, mean chest expansion increased from 0.737 to 

1.042.(Refer table no 8 and graph no. 9, 10 ,11) 
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DISCCUSSION: 

 

The study on “Effects of respiratory muscle exercises on cardio- 

respiratory parameters in geriatric population aged 60 to 70 years: An experimental 

pre -test post -test study was in a position to study the effects of respiratory muscle 

exercises on cardio-respiratory parameters in terms of SBP,DBP, Pulse rate, PEFR, 

Chest expansion and dyspnea by comparing pre and post- test parameters in 

geriatric population at the end of 4 weeks of exercise intervention, therefore the 

primary objectives of the study has been met with. 

The study also has proved that respiratory muscle exercises are 

helpful in improving the cardio-respiratory parameters in geriatric population in terms 

of blood pressure, pulse rate, PEFR, chest expansion and dyspnea post intervention 

as compared to pre intervention after 4 weeks of intervention, but statistical 

significance of blood pressure could not be obtained. 

Pulse rate have been seen to reduce post-test. Ideally in healthy 

individuals the pulse rate and heart rate coincide 43 Earlier studies on utilization of 

respiratory exercises in CHD have found reduction post-test. 37
 

Similarly, PEFR was seen to increase post-test in the participants 

after 4 weeks of exercise training. This findings was in line with previous study on 

geriatric population which used sand bag diaphragmatic breathing exercises.39 

Moreover, use of incentive spirometer in post abdominal surgery patients for 5 days 

showed improvement in peak expiratory flow rate.44 Same was also found in this 

study where the participants were elderly aged 60 to 70 years. 

Chest expansion at all three levels were seen to increase post 

intervention of 4 weeks, it is attributed to the contracted muscles of the anterior 
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thorax to lengthen and aids mobility of the ribs, leading to an increase in chest 

expansion, which positively affects inspiration.39
 

Previous study on COPD patients have also concluded that use 

of incentive spirometer is useful in improving lung expansion and imposing less 

breathing work in patients, 45 in turn increasing chest expansion and decreasing 

dyspnea grading. The finding of this study which was carried on COPD patients was 

in line with this study on geriatric population. 

mMRC dyspnea scale to measure the prevalence of dyspnea 

in the general older population because this scale has been extensively validated, 

incorporates the limitations patients experience with dyspnea and its simple to use.46 

Hence, this study also used mMRC scale to measure dyspnea. After 4 weeks of 

intervention, dyspnea was found to decrease because of higher participation of the 

diaphragm and a lower activity of chest wall muscles while breathing.47
 

Yet another study proved that incentive spirometer was helpful 

in reducing dyspnea after 4 weeks of intervention which could be due to 

improvement in ventilator muscle strength and hence decreasing the exertional 

dyspnea.48 These findings were in line with the study on geriatric population. 

It is also to note from the results that there are significant effects 

on parameters of respiratory muscles in the form of diagrammatic muscle exercises 

and Incentive spirometer in geriatric population for 4 weeks. Therefore, 4 weeks is 

sufficient enough to bring about physiological changes thereby, accepting the 

alternate hypothesis. 

The diagrammatic breathing exercises program used in this study with 

utilization of sand bag which have offered resistance thereby bringing resistance to 
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diaphragm in turn strengthening the diaphragm. The diaphragmatic strengthening 

program with the use of sand bags and is in line of earlier studies. 

Earlier studies on geriatric population with use of sand bag for 

diaphragm strengthening have shown that respiratory muscle training with sand bag 

created resistive pattern of breathing and improved functional status of the patient in 

daily activities, and reduced dyspnea. 

Moreover another study on effect of breathing exercise on 

respiratory parameter and lumbar stability in asymptomatic individuals also found 

that sand bag is effective in improving respiratory functions, although there 

parameters consisted of forced expiratory volume(FEV1), forced vital capacity(FVC) 

and the ratio(FEV1/FVC). Hence, sandbag breathing exercise is safe, simple, and 

cost effective which can be performed on daily basis at home.49 hence, geriatric 

population can also be benefited from the same study. 

Diaphragmatic breathing is a breathing done by contracting 

the diaphragm a muscle located horizontally between the thoracic cavity and 

abdominal cavity. Diaphragmatic breathing helps in improving variety of factors such 

as pulmonary function 49, cardiorespiratory fitness and respiratory muscle strength 50. 

The physiological effects of diaphragmatic breathing exercise have been shown to 

slow rate of breathing, lower heart rate, improves respiratory capacity and helps 

lower blood pressure. Studies on asthmatic patients have shown that Diaphragmatic 

breathing can strengthen the abdominal muscles 50,52, improve chest expansion. 

These improvements can then decrease the work of breathing and dyspnea.50,54. 

Another study on asthmatics patient has shown that the diaphragm respiratory 

exercises play a vital role to the peak expiratory flow. In addition, diaphragmatic 

breathing exercises are not only maximizing inhalation of air during inspiration with 
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the use of diaphragm muscles and abdominal muscles so that ventilation process 

runs optimally 55,56. Our study is in line with this study, and have also shown 

improvement in geriatric population in term of PEFR when pre-test and post-test 

values were compared. Use of sand bag, which causes resistance to diaphragm 

muscle, has also shown to increase PEFR, decrease dyspnea grading along with 

increasing chest expansion in a study on geriatric population with osteoporosis 39. 

The findings of the study were also in line with this study. 

So based on this findings, it is observed that even 

geriatric population are benefited from respiratory muscle exercises especially 

resisted diaphragmatic breathing exercises which have been utilised in this study. A 

study have shown that the improvement can be due to the use of sand bag on the 

diaphragm, which restores voluntary control of the respiratory musculature to 

facilitate better breathing along with increasing chest expansion. 

Thus, this exercise can be advised to geriatric population 

as it is not only easy to perform but also cost effective and can be performed even at 

geriatric homes at their own convenience. 

Along with resisted diagrammatic muscle exercises, 

incentive spirometry was also given to the patients. Earlier studies showed that there 

was improvement in Vital capacity after 6 weeks of incentive spirometry training in 

post-operative radical cystectomy cases, the study showed that incentive spirometry 

provides visual stimulation to patients of the inspired volume during an active 

inspiration, thus improving respiratory capacity. Moreover, it could increase the 

production of surfactant, which causes decreased work of breathing and the increase 

in the respiratory muscle efficiency to generate more power and to inspire more 

deeply.56,57,58 
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Another study also used incentive spirometry in 

elderly from age group 65 to 72 years; the study showed that incentive spirometry 

can control age related respiratory muscles function changes in elderly. 40
 

Thus, in this study combination of diagrammatic breathing 

along with incentive spirometry has been proven beneficial in geriatric population 

aged 60 to 70 years of age after 4 weeks of intervention as it has shown 

improvement in pulse rate, PEFR, dyspnea grading and chest expansion. 

STRENGTHS: 
 

The strengths of this study are: 

 

1. It was possible to detect the changes in cardio-respiratory parameters after 4 

weeks of intervention. Therefore, 4 weeks is sufficient to bring change in 

geriatric population with this type of change. 

2. The exercise that is resisted diagrammatic exercises combined with incentive 

spirometry for a period of 4 weeks in geriatrics aged 60 to 70 years have 

helped in improving PEFR, reducing the level of dyspnea and increase chest 

expansion along with reduction in pulse rate. 

3. The exercise can be easily performed in geriatric home. 
 

4. This type of exercise program can be utilized as one of the strategies in 

geriatric population for improving cardio-respiratory parameters. 

Weakness: 

 

The weakness of the study is: 
 

The readings of each day for all 4 weeks duration were not considered. 

The weakness was overcome to certain extent as follows: 



52 
 

The study was a pre-test post-test study, therefore readings was taken after 4 

weeks of exercise protocol and taking the parameters everyday was not in the 

preview of the protocol. 
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CONCLUSION: 

 
It was concluded from the findings of this study, that 4 weeks of intervention in terms 

of resisted diagrammatic breathing and incentive spirometry is helpful in improving 

pulse rate, PEFR, dyspnea and chest expansion in geriatric population aged 60 to 70 

years. 

Diagrammatic breathing along with incentive spirometry is a 

good combination exercises which can be implemented in geriatric population, as 

they are easy to learn and perform and cost-effective and can easily be undertaken. 

Therefore, it is both efficient and cost effective. 

These exercises are simple to follow but care has to be 

taken for proper positioning before implementation of exercises in order to have 

desired effect. Hence, a combination of diagrammatic breathing exercises and 

incentive spirometry in geriatric population is helpful in improving cardio-respiratory 

parameters especially in terms of pulse rate, PEFR, dyspnea and chest expansion. 
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LIMITATIONS: 
 

1. Weather same trend continue in subsequent 4 weeks. 
 

2. Sample size was not completed as the group was vulnerable that is geriatrics 

above 60 due to novel corona virus pandemic. 

 
 

 
CLINICAL IMPLICATIONS: 

 
This type of exercise can be implemented in geriatrics aged 

60 to 70 years who desire to improve their cardio-respiratory parameters which gets 

affected due to ageing. 

 
 

SUGGESTION: 
 

It is suggested that 4 weeks of exercises intervention even in 

geriatrics in the form of diaphragmatic exercise and incentive spirometery is helpful 

in improving cardio-respiratory parameters in term of pulse rate, PEFR, dyspnea and 

chest expansion. 

Further studies on geriatric population belonging to different cities 

across different states can be studied for generalizing the importance of combined 

effect of diagrammatic exercises and incentive spirometry for improving cardio- 

respiratory parameters more precisely. 
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SUMMARY: 
 

BACKGROUND: 
 

Persons aged greater than 60 years represent the growing segment of population.1 

The global population aged 60 years and above were numbered 962 million in 2017 

.The number of older persons is expected to double again by 2050,when it is 

projected to reach nearly 2.1 billion.2 

Among elderly population, most of the population is aged between 60 to 70 

years, thus preventing disability and increasing their life expectancy and improving 

their quality of life should be an important public health goal.1 

It is to note that exercises may help in reducing the impairments and 

improve functioning. So same cannot be ruled out for respiratory muscle exercises in 

form of diagrammatic breathing and incentive spirometry. 

Respiratory muscle strength enhances the lung capacity and it further 

manages the demand of increased respiratory load.31,34 Respiratory muscle 

strength maintains gaseous exchange and pulmonary functions and it also plays a 

major role in maintaining bronchial hygiene which is most important to minimise the 

risk of respiratory infections.35
 

In a society where ageing is becoming a longer process due to increased 

average life expectancy, research on interventions to improve respiratory functions, 

in the elderly should be actively conducted.36
 

Respiratory exercises in any form have been found to impact the 

cardiac parameters to some extent;37 hence the study will also take account of the 

cardiac parameters such as SBP, DBP, and heart rate to find the change in them 

after advising respiratory muscle exercise. 
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AIMS AND OBJECTIVES: 
 

AIM: The aim of this study is to determine the effects of respiratory muscle exercises 

on peak expiratory flow rate, chest expansion, and dyspnea and indirectly on cardiac 

parameters in geriatric population. 

 
 

OBJECTIVE: “To study the effects of respiratory muscle exercises on cardio- 

respiratory parameters in terms of SBP,DBP, Pulse rate, PEFR, Chest expansion 

and dyspnea by comparing pre and post parameters in geriatric population at the 

end of four weeks of exercise intervention.” 

 
 

MATERIALS AND METHOD: 
 

Research design: Pre-Test Post-Test study. 
 

Study Setting: Geriatric home and physiotherapy OPD with convenient sampling for 

selection of participants with mean age of participants was 64.25 with standard 

deviation ±3.365 with a sample size 55, calculated and obtained from mean PEFR 

of previously published study by Hariraj Muthuswamy.et.al 45
 

The participants were subjected to pre-test post-test measurement of blood 

pressure, pulse rate, PEFR, dyspnea and chest expansion for understanding the 

effects of respiratory muscle exercises with cardio-respiratory parameters. 
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RESULT: 
 

The statistical analysis of only 24 geriatrics was achieved. 
 

The results indicate that there was significant improvement in pulse rate (p value- 

0.014), PEFR (p value-0.000006), dyspnea grading (p value-0.0000006) and chest 

expansion at all three levels. (0.00006) when pre- test to post-test values were 

compared and were statistically analysed with paired t test. 

 
 

CONCLUSION: 
 

Respiratory muscle exercises in the form resisted diagrammatic and Incentive 

spirometery is effective when administered for 4 weeks in geriatric population as it 

has help in improving cardio-respiratory parameters. 
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TABLES AND GRAPHS 
 
 

 

TABLES: 

 

Table no.1: 

 

AGE DISTRIBUTATION WITH MEAN AND STANDARD DEVIATION 
 
 
 
 

 
SR.NO AGE FREQUENCY PERCENTAGE 

1 60-65 16 66.7 

2 66-70 8 33.3 

Mean 64.25   

±SD ±3.365   
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Table no.2 

 

SEX DISTRIBUTATION 
 
 

Sr.no SEX PERCENTAGE 

1 FEMALE 54.2 

2 MALE 45.8 

 
 

 

Table no. 3 

 

MEANS OF HEIGHT, WEIGHT, AND BMI 

ALONG WITH STANDARAD DEVIATION 

 

Sr.no Parameters Mean ±SD 

1 Height(in 
 
cm) 

163.58 ±7.234679 

2 Weight(in 
 
kg) 

67.95 ±7.526643 

3 BMI(in 
 
kg/m2) 

25.46 ±3.099763 
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TABLE NO.4 

 

PRE TEST AND POST TEST VALUE OF 

SBP AND DBP 
 
 
 
 

 

 n Mean Std. 
 

Deviation 

Std. 

Error 

Mean 

 
 

t value 

P value 

 
Systolic BP 

Pre 24 122.04 ±11.36 2.321 1.147 0.155 

Post 24 120.21 ±7.72 1.578  

 
Diastolic BP 

Pre 24 76.83 ±7.67 1.567 0.920 0.367 

Post 24 75.83 ±6.53 1.335  

Calculated with paired t test. 

 
 
 
 

Table no.5 
 

PRE TEST AND POST TEST VALUE OF PULSE RATE 
 
 
 
 

   
n 

 
Mean 

Std.Deviatio 
 

n 

Std.erro 
 

r mean 

t value P 
 

value 

Pulse rate in 
 
BPM 

Pre 24 79.46 ±10.80 2.205 2.672 *0.014 

Post 24 75.79 ±7.87 1.607 

*- statistically significant,Calculated with paired t test. 
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Table no. 6 
 

PRE -TEST OBSERVED PEFR VS POST - TESTOBSERVED PEFR 
 
 
 
 

 N Mean Std. Deviation Std. Error Mean t value P value 

 
 

PREDICTED 

PEFR 

 
Pre 

 
24 

426.0 
 

8a 

 
60.245 

 
12.297 

 1 

 
Post 

 
24 

426.0 
 

8a 

 
60.245 

 
12.297 

 
 
 

OBSERVED 

PEFR 

 
Pre 

 
24 

259.1 
 

7 

 
92.403 

 
18.862 

-10.09  
 

*0.00000 
 

06  
Post 

 
24 

314.1 
 

7 

 
79.778 

 
16.285 

 

*- statistically significant, calculated with paired t test. 
 

Predicted PEFR pre and post was calculated with Wilcoxon signed rank test. 

 
 

Table no.7 
 

PRE-TEST DYSPNEA GRADING VS POST TEST DYSPNEA GRADING 
 
 
 
 

   
n 

 
Mean 

Std.deviatio 
 

n 

Std.error 
 

mean 

t value P value 

DYSPNEA 
 
GRADING 

Pre 24 0.71 ±0.690 0.141 4.053 *0.00000 
 

06 Post 24 0.29 ±0.464 0.095 
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*- statistically significant, calculated with paired t test. 
 

Table no. 8 

 
 

PRE TEST AND POST TEST VALUE OF CHEST EXPANSION AT THREE LEVELS 

DENOTES AS A, B AND C. 

 

 
 N Mea 

 
n 

Std. 
 

Deviation 

Std. Error 
 

Mean 

t value P value 

CHEST Pre 24 1.27 .691 .141 -6.191 *0.0001 

EXPANSION (in Po  1.58     

  24  .7020 .1433   

cm)(A) st  3     

CHEST Pre 24 2.63 .811 .166 -4.163 *0.00001 

EXPANSION (in Po  3.02     

  24  .9146 .1867   

cm)(B) st  1     

CHEST Pre 24 .737 .3118 .0636 -6.106 *0.00001 

EXPANSION (in Po  1.04     

  24  .3269 .0667   

cm) (C) st  2     

*- statistically significant, calculated with paired t test. 
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Graph no 3 

 
 

MEAN PRE TEST AND POST TEST VALUE OF SYSTOLIC BP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Graph no. 4 
 

MEAN PRE TEST AND POST TEST VALUE OF DIASTOLIC BP 

14
0 

12
0 

10
0 

 

 

 

 

122.0
4 

120.2
1 

Pre
 Pos

t 

 

 

 

 

 

 

76.8
3 

75.8
3 

Pre
 Pos

t 

M
e
a
n

 D
ia

s
to

li
c
 

B
P

 
M

e
a
n

 S
y
s
to

li
c
 

B
P

 



65 
 

Graph no. 5 
 

MEAN PRE TEST AND POST TEST VALUE OF PULSE RATE 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
P value: *0.014, calculated with paired t test. 

 
Graph no. 6 

 
MEAN PRE TEST AND POST TEST VALUE OF PREDICTED PEFR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test used: Wilcoxon signed rank test 
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Graph no. 7 
 

MEAN PRE TEST AND POST TEST VALUE OF OBSERVED PEFR 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
P value: *0.0000006, calculated with paired t test 

 
Graph no. 8 

 
MEAN PRE TEST AND POST TEST VALUE OF DYSPNEA GRADING 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P value: *0.0000006, calculated with paired t test. 
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Graph no. 9 
 

MEAN PRE TEST AND POST TEST VALUE OF CHEST EXPANSION AT LEVEL A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
P value: *0.0001, calculated with paired t test 

 
Graph no. 10 

 
MEAN PRE TEST AND POST TEST VALUE OF CHEST EXPANSION AT LEVEL B 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P value: *0.00001, calculated with paired t test. 
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Graph no. 11 
 

MEAN PRE TEST AND POST TEST VALUE OF CHEST EXPANSION AT LEVEL C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
P value: *0.00001, calculated with paired t test. 

 
 
 
 

The above results indicate that there is a significant effect in cardiorespiratory 

parameters after 4 weeks of exercise training especially in terms of pulse rate, 

PEFR, dyspnea and chest expansion at all three levels, and thereby expecting 

alternate hypothesis. 
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ANNEXURES 
 

ANNEXURE I 
 
 

 

PROFORMA 
 

UID (Unique Identity Number) 

 

1. Name: 

 

2. Age: 

 

3. Sex: 

 

4. Height in cm: 

 

5. Weight in kg: 

 

6. BMI in kg/m2: 
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PARAMETERS BEFORE INTERVENTION AFTER INTERVENTION 

Systolic BP in 
 
mm Hg 

  

Diastolic BP in 
 
mm Hg 

  

Pulse rate in 
 
b/min 

  

PEFR 

Predicted in 

L/min 

  

PEFR 

Observed in 

L/min 

  

Dyspnea 
 
grades 

  

Chest 
 
expansion 

  

At axillary Inhale Exhale Change Inhale Exhale Change 

At nipple       

At 
 
Xiphisternum 
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Annexure I (b) 
 
 
 

 

Diaphragmatic breathing 
 
 

 

Participant- Geriatric population aged 60 to 70 years 

Position of participant- Supine lying 

Position of therapist- On the side of participant 

 

Procedure of performing diaphragmatic breathing is as follows: 

 

1. Lie on back with a thin cushion supporting the head and neck. 

 

2. Feel the breath flowing out and in, over and over again, soften the abdomen and 

feel it rise as you inhale and fall as you exhale, let the breath flow without pause 

between the breaths. 

3. Once the flow of the breath is well established, place a sandbag on abdomen and 

begin a period of weight training. Breath out and in , raising the weight as you inhale 

and lowering the weight as you exhale. 

Repetition 

 

The exercise will comprise three set of contraction with 10 repetitions for three times 

a week for 4 weeks. 

One minute of rest will be given between sets to reduce muscular fatigue. 

Precaution: Stop the training whenever the participant felt dizziness. 
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Instructor- Therapist would keep instructing the participants for correct way of 

performing the technique. 

 
 

 
Adapted from Salameh Al Dajah, Hariraj Muthusamy Effects of back and respiratory 

muscle exercises on posture and respiratory function in elderly patients with 

osteoporosis. 
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Annexure I (c) 
 

 

INCENTIVE SPIROMETRY 
 
 
 
 
 

Participant- Geriatric population aged 60 to 70 years 

Position of the participant- Sitting,comfortably in a chair. 

Position of the therapist- On the side of participant. 

 
 

Procedure of performance: 

 

1. Participants will be instructed to hold the spirometer in an upright position, exhale 

normally , and then place the lips tightly around the mouthpiece. 

2. The next step is a slow inhalation to raise the ball ( flow-oriented) in the chamber 

to set target . At maximum inhalation , followed by 5 sec of breath hold and normal 

exhalation.{24}
 

Repitation : Participants will be asked to take 10 breaths in one session with rest 2 

to 3 sec of rest in between. It will be performed for 3 times a week for 4 weeks. 

Instructor- Therapist would keep instructing the participants for correct way of 

performing the technique. 

Adapted from Shehab Mahmoud.Abd El-Kader. Aerobic exercise training and 

incentive spirometry can control age related pulmonary changes in elderly patients. 
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Annexure I (d) 
 

Dial BP APPRATUS 
 

Product manufacturer: Diamond 
 

Product name: Deluxe Diamond for measuring BP 

Model name: Dial deluxe (FCP): BPDL 250 

Measurement range: 20 mmHg to 300 mmHg 

Exhaust Valve : Press type to release the balance pressure in the cuff 

Deflation Valve : Provides constant pressure drop while measuring B.P 
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Annexure I (e) 
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Annexure I (f) 
 

 

Manufacturer : Cipla 
 

Product Name   :   Breathe-o-meter 

Product Dimensions  :  10 x 8 x 8 cm ; 132 g 

Measurement Range :  60-800 L/min (EU scale) 

Features and Details  : 

1. A Peak flow meter is a portable handheld calibrated instrument device. 
 

It is used to measure lung capacity in monitoring breathing disorders such as 

asthma. 

2. It has been calibrated using the EU scale, in accordance with the internationally 

accepted European Union standards. 
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HOW TO USE PEAK FLOW METER 
 

1. Insert a mouthpiece into the meter. Ensure the pointer is set at zero. 
 

2. Hold the peak flow meter so that your fingers are clear of the scale. Do not 

obstruct the holes at the end of the Peak flow meter. 

3. Stand up if possible. Take a deep breathe, place the Peak flow meter in the mouth 

and hold horizontally, closing the lips around the mouthpiece, then blow as hard and 

fast as you can. 

4. Note the number on the scale indicated by the pointer. 
 

5. Return the pointer to zero and repeat the procedure twice more to obtained three 

readings. Mark the highest of the three. 

CLEANING YOUR PEAK FLOW METER 
 

Immerse Peak Flow Meter in warm (but not hot) mild detergent solution for 2-3 

minutes (maximum 5 minutes). Agitate the meter to ensure thorough cleaning. Rinse 

in clean warm water and shake gently to remove any excess water. Allow to dry 

thoroughly before using again. 

 
 

CARE AND USE OF PEAK FLOW METER: 
 

It is important to keep your Peak Flow Meter clean when in use. It should be cleaned 

at least once every six months and thoroughly if it has not been used for some time, 

fungal growths may otherwise occur. The Mouthpiece is detachable and should be 

disinfected before each use using a proprietary disinfectant solution such as Dettol. 

Store in a clean dry place. 

IMPORTANT INFORMATION FOR HEALTHCARE PROFFESSIONALS 
 

For multi-patient use 
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1. When the Peak flow meter is used repeatedly as a screening device, patients 

should be instructed to inhale before placing the meter in their mouth. Always use 

disposable mouthpieces for this application. 

2. Frequent washing of the Peak flow would be required. 
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Annexure I (g) 
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Annexure I (h) 
 
 

 

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 (i) 
 
 

 

mMRC Dyspnea rating Scale 
 

Mmrc Dyspnea scales quantifies disability attributable to breathlessness(68)
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ग्रेड 1 

Annexure I (j) 
 

mMRC दि स  दि य   
र   द ि   ग स्क   ल 

 
 
 

 
थो डो सो  उो चो वतो न  क ो  व  तव्रो ेनो ेहो त न  श्वो स लहो न 

ग्रेड 2 श्वो स  मो पणो  सत्र वर सह ो रो् ो ो पोेक्षो  पोेक्षो  हळो   च लतो ेक ो  व  

स्वत: चय्ो पोेक्षो   पो शो वर च लत न  ब्र द थ  बकवण ेआवश्य आहे 

ग्रेड 3 100 म टर च लणो ेनो तर क ो  व  स्तर वर  ो हो  कमकनटो ेनो तर श्वो स 

थो ो बोेल 

ग्रेड 4  पडो े ो ढत न  क ो  व   पडोे घ लतो न  घर स डणो ेक ो  व  शव्ो स स डणोे 

खो पच श्वो सो च्छ्व स आहे 
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Annexure I (k) 

mMRC दि स  दि य    

र   द ि   ग स्क   ल 

 
 
 
 

ग्रेड 0 स  स ो  त लीफ से परे श न नही  कसव र ्
 

 ठो र व्यो रो्ो म  ोे 

ग्रेड 1 स  स लेन ेमें त लीफ थ ड  पह ड चलते 

समर ्रो्  जल्दी चलत ेसमर ्

ग्रेड 2 सो ो स लोेनो े ो  गकत  ो े ो रण 

स्तर पर 

सम ो लीनों ो  तुलन  में ध म  गकत 

स ेचलत  हो  रो्  अपनो  गकत सोे 

चलनो ेपर सो ो स  ो ेकलए   रु न  

पडत  ह  

ग्रेड 3 100 म टर चलनोे  ो ेबो द रो्  

स्तर पर  ो ुछ कमनटो ो   ोे बो द 

सो ो स रु  ज तो  ह  

ग्रेड 4 घर से कन लने, पड ेपहनन  रो्  पड े

उत रने पर स  स फ  लन  
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Annexure I (l) 
 

ELECTRONIC WEIGHING MACHINE 
 

1. Product name: Easycare 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.  
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Annexure I (m) 
 

INCENTIVE SPIROMETRY 
 

Product name: Respirometer 

Model number: SH-6082 

Capacity: 1200 

Volume indicator: Present 

Tube and mouthpiece : Present 

 

 
 
 
 

HOW TO USE INCENTIVE SPIROMETRY: 
 

1. Participants will be asked to sit upright in a chair or in bed 
 

2. Hold the unit in upright position. 
 

3. Put the mouthpiece in his\her mouth and close lips tightly aroungd it. 
 

4. Breathe in (inhale) slowly through the mouth as deeply as he/she can 
 

5. Try to get the ball as high as he/she can 
 

6. Low flow rate-Inhale at a rate to raise only the ball in the first chamber 
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ANNEXURE I (n) 
 

SANDBAG 
 

This will be utilized for diaphragmatic exercises which will give resistance to the 

breathing e resistance to the breathing exercises. 

The weight of sand bag will increase from 0.5 kg to 2 kg in each week as per 

participant’s tolerance. 
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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 geriatric population both male and 

female and 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 geriatric population. 

 
 

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. 
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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 Performa and the purpose of the research is to 

study “Effects of respiratory muscle exercises on cardiorespiratory parameters in 

geriatric population aged 60 to 70 years: An Experimental Pre Test – Post Test 

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. 
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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 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: 
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13. Name of Guide: 

Phone number: 

Address: 

14. Name of Institution: 
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उद्दोे
शः 

Annexure II (b) 
 

रुगो् ो च  
म कहत  पत्र  

 

आसीएमआरचय्ो  कनरो् म  आवशो्र ्त  आकण आर्ईस नोे म न्यतो  कदलोे लो् रो्  

म कहत नोुस र कलखखत म कहत  कदली आहे. 

व्य प्त : 
 

रो्  म न ऑपरे शनल पद्धत त जरररो् कटट पॉपुलशन अजड ६० ट  ७० इसईस पुरुष आकण 

मकहल  च  सम वेश आहे आकण ह्य  अभ्य स त सहभ ग  ह ण्य स स्वेच्छछे ने इच्छछु असत त. 

जब बद री: 
 

स श ध रो्  अभ्य स च  भ गह ण्य स ठी स्वर् सेव  रण रो् स सवस 

सहभ गो च 
 

 रत ल. 

 

 ो सईपद्धत : 

ोे लोे खो  ज्ञ त सहमत पर्ो प्त 

 

1. सो श ध   रो्ोेथोे जरररो् कटिो   पॉपोुलशन अजड ६० टो  ७० इरस्स  कनवडोेल 

 

2.तपो सन स आक्षोेप दो  र  रण्य स ठी आकण सहभ गो चय्ो  सवस प्रशन्ो ो चो  उत्तरोे  

दोेण्य स ठो  प्र रो् कग प्र टो  ोॉलचोे स्पष्टी रण  रो ेल. 

3. सहभ गो नोे सहभ गो  हो ण्य चो  कनणसर ्घोेतल  तर तोे म न  सो चो लन 

प्रकिोरन्ोुस र सो मतो  दोेर्ल. 

 

4. जर सहभ गो नोे रूचो  व्यक्त  ोे लो  परो  तोु त्यो त  ो ही शो  ो  असत ल तर तोे 

स डवत ल. 

 

5.सहभ ग  जर स्पष्टी रण स रो् स्कर असत ल तर त ेम न स च लन प्रककरो्ेनुस र स कचत 
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स मत  भरत ल. 

 
 
 

6. सहभ गो चय्ो  कचो तोेच्छय  नो तर अभ्य स प्रकिोरो्  सोुरू ह र्ल. 
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7.सम कवष्ट आकण बकहष्क र कन ष सत्य कपत रण्य स ठी म्हण न तपश लव र व द्य ो र ्आकण 

इतर 

 

 ो णत्यो ही श रीरर  समस्य  इकतहो स प्र पत्  ोे लोे  ज र्ल. 

 

8.जर सहभ ग्यो नोे आपलो् रो्   ोु टोुो बो रो् ो नो  रो्  म कहत वर चचो स  र चईो  

असोेल तर तय्ो ो नो  सो मतो  दोेण्य पो व  असे रण्य चे अकध ो र आहेत. 

सहभ ग
ो न 

 

1. न व: 

ो  स श धन रण्य स ठी स म न्य म कहत : 

 

वर:् 
 

कलो  ग: 

 

त रीख: 

 

2.आपलो् रो् लो  परफोॉम ्ईो स भरणोे आवशो्र ् आहोे आकण सो श धनो चो  होेतो ” 

इफोे क्टो्स ऑफ रोे खस्परोे टरी मुस ले एक्सरस र्सेस ऑन ो ड ओरे खस्परे टरी पॅर म टसस 

इन जरररो् कटट पॉपुलशन अजड ६० ट  ७० इरस्स : अन एक्सकपररमोेो टल पो वस टोेस्ट प सट् 

टोेस्ट सट्डो ” हो  अभ्य स रणोे आवशो्र ् आहोे. 

3.जर आपण स्वेच्छछे ने अभ्य स त सहभ ग  ह ऊ इखच्छछत अस ल तर च चण प णस ह र्परो् ो त आपण 
 

 ो सईप्रदशसन भरण्य प स नच आपल ्रो्  ड  न न दण     रणे अपकक्षते आह.ोे 
 

4.रो्   ो ळ त तोुमह्ो  अस्वसो्थ आह त तर मग  ो  परो्  आमह्ो ल   ळो  द्यो  जोेणोे  

रून आम्हो  आलो् रो् स मदत  रो  आकण आपलो् रो्  समसय्ोेवर  ो णत्यो ही 

अरो् गय् प्रभ वो कशव र ्म त  रो  श ो  . 
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5. आपल ्रो् ल  ो णतेही परत व  आकण नु स न भरप र् कदली ज ण र न ही. 
 

6. ो णत्य ही क्षण  जर आपणरो्  स श धन अभ्य स त न थ  ब  इखच्छछत अस लतर आपण तसे 

रण्य स मुक्त आह त आकण आपल ्रो् ब ज ने ो णत ही अडथळ नसत . 

7. स मत  पत्र प्र प्त रण्य प व  अभ्य स च  ज ख म,अस्वस्थत , फ दे आकण त टे रो् ो च  तपश ल 

आपलो् रो् लो  स्पष्ट ोे लो  ज र्ल. 
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8.रो्  अभ्य स तो न प्र पत् झो लोे लो  डोेट  गोुपत्पणोे सो रकक्षत आकण दोेखरोे ख ोे लो  

ज र्ल आकण जर छ रो्ो कचतर्व परलोे  असोेल तर आपलो  ओळख प्रगट ह ण र नो हो . 

छ रो्ो कचत्र प्र ो कशत झो लो् रो् स परव नग  प्र प्त ह र्ल. 

9.रो्  अभ्य स स ठी आवश्र ्असले ल ्रो्  कवकवध च चण  प्रककरो्ेचे सवस ज ड  न 

आपल ्रो् ल  स्पष्ट  ोे लोे  ज र्ल आकण त्यो नोुस र सो मतो  कदलो  ज र्ल. 

10.आपण थ लो् रो् स रखोे क ो  व  आपण पो णस  ो ळज  घोेण्य स असमथस व टत असलो् 
रो् स आपलो् रो् ल  

 

 ो ळज   रण्य चो  गरज नो ही आकण आवशर् ्त  प वलोे  उचलत  रो्ेत ल रो् च  

आम्हो ल  म कहत द्यो . 11.आपण    ो णत्य ही क्षण  सम ध न  नसल ्रो् स आपण    

ो णत्य ही पररण म   कशव र ्   ध ही    ो ढ  श त . 

12. स श ध ो चे न व: 

फ नन बर: 

पत्त : 
 

13.  म गसदशस   

ो ो चे न व: फ न 

न बर: 

पत्त : 
 

14. स स्थेचे न व: 
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Annexure II (c) 
 

रोगीस  च  पत्र : 
 

उद्दोेश्य: 

आर्स एमआर  ो  कनरो् म  आवश्य तो   ोे अनोुस रसोुकनककत रनोे ोे कलएक  

कलखखत सो कचत सहमकत पुरुष और मकहल  कवषरो् ो  स ेप्र प्त ो  गर् ह  और आर्र्स  

द्व र  अनुम कदत क रो्  गरो्  ह । 

 
 

स्क प: 

इसम न पररच लनप्रककरो् मेंसभ मरीज़श कमलहैंज स्वेच्छछ सेअस्पत लसेभ गलेरहेहैं। 
 
 

कजम्मेद री: 
श ध तो सइसअध्यनई ोे भ ग ोे रूपमोेो स्वरो्ो सोेव  
रनोेव लोेसभ पोुरुषऔरमकहलो सोेकलखखतसो कचतसहमकतप्र  प्त रे ग । 

 

प्रककरो् : 

1. अन्वेष जरररो् कटट पॉपुलशन अजड ६० ट  ७० इसईस ो  चनई रे ग । 

2.  अनव्ोेष  आशो  ो  दो  र  रनोे और प्रकतभ ग   ोे सभो  प्रशो्ो ो   ो  

उत्तर दोेनोे  ोे कलए प्ररो् गो त्म प्र टो  ोॉल  ो  व्यो ख्य   रोे गो  

3.  कई द मरीज अध्यरन् मोेो  भ ग लोेनोे  ोे कलए सहमत हो ो  तो  उनह्ोेो  

म न  पररचो लन प्रकिोरो्   ोे अनुस र सहमकत दी ज एग । 

4.  कई द मरीज रुकच व्यक्त  रत  हो  लोेक न उस म मलोे मोेो   ोु छ सो दोेह हो  

तो  उनह्ोेो  हल क रो्  ज एग । 

5.  कई द मरीजो  कववरण  ोे स थ सहज ह तोे हो ो  तो  वो ेम न  पररचो लन 

प्रकिोरो्   ोे अनोुस र सो कचत सहमकत भरें गे। 
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6.  र कगरो्ो ो   ो  सहमकत  ोे बो द अध्यरन् प्रकिोरो्  शोुरू ह गो । 

7. कवस्त त कचक त्स  और क स  भ  अन्य श रीरर समस्य  ो  इकतह स र कगरो् ो  से 

प्र प्त क रो्  ज एगो  त क  श कमल क ए ज नोे और बकहषक्रण म नदो ड  ो  

सतय्ो कपत क रो्  ज  स ोे 

8. अनुस ध न कवषर ्ो  स म न्य ज न ो री: 
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1 न म 

2. उम्र 

3. कल ग 

4. कदन    

9.  कई द आप इस अवकध  ोे दो र न असोुकवध जन  हो ो  तो   ो  परो्  हमोेो  रह् 

बत एो   क  हम आप ो  मदद  र स तोे हो ो  और आप ो  समस्य   ो  क 

सो  भ  अरो् गय् प्रभ व  ोे कबनो  प र  र स तोे हैं। 

10. आप ो  ो र् प्रकतप कतस और क्षकतप कतस नही  दी ज एग । 

11. कई द क सो  भ  समर ्आप इस श ध अध्यरन् सोे बो द  रनो  चो हतोे हो ो  तो  

आप ऐसो   रनोे  ोे कलए स्वत त्र हैं और हम रे पक्ष से ो र् ब ध  नही  ह ग । 

12. सहमकत  ोे पतर् प्रो प्त  रनोे सोे पहलोे परीक्षण, ज खखम, असोुकवधो , फो रद्ोे 

और नोु स न  ो  कववरण आप ो  समझ रो्  ज एग । 

13. इस अध्यरन् सोे प्र पत् आो  डोे गो पन र ्रूप सोे सो रकक्षत और बनो ए रखोे 

ज एो  गोे और अगर तस्व र ो  इस्तेम ल क रो्  ज ए त  आप ो  पहच न प्र ट 

नही  ो  ज एग  और कई द तस्व र प्र ो कशत ो  गर् त  अनुमकत प्र प्त ो  

ज एग । 

14. परीक्षण प्रककरो्  ो  सभ  ज खखम आप ो  समझ रो्  ज एग  और तदनुस र सहमकत 

ली ज एग  

15. कई द आप क सो  भ  समर ्सो तोुष्ट नहो ो  हो ो  तो  आप क सो  भ  समर ्क सो  

भ  पररणो म  ोे कबनो  व पस ले स त ेहैं 

 
 

श ध त स ो  न म: 

 
फ नन बर: 

पत : ग इड ो न म: 
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Annexure II (d) 

LETTER OF CONSENT 
 
 

 

I am willing to participate voluntarily as a participant for the dissertation: EFFECTS 

OF RESPIRATORY MUSCLE EXERCISES ON CARDIORESPIRATORY 

PARAMETERS IN GERATRIC POPULATION AGED 60 TO 70 YEARS : AN 

EXPERIMENTAL PRE TEST – POST TEST 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 
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Annexure II (e) 
 

स मत – पत्र 

 
 
 

60 त े70 वषे वरो् गट त ल जेरररो् कटट     जनतेमध्ये    ो कडसरो् कप्रस्पेटरी म पद ड वर 

श्वसन च्छय  स्न रो् ो च्छय  व्य रो् म  च  प्रभ व: सम प्त प वस - प वस च चण  प स्ट च चण  अभ्य स 

 
 

• उपिोम चोे स्वरूप, ो रण,  ो ल वधो  त्यो चोे पोुढील पररण म आकण 

उपिोम चोे धो  ोे  तसोेच रो्  अभ्य स त ल म झ  भ कम ो  मल  समज वली 

गेली आहे .म झे सगळे प्रश्न 

सम ध न ो र ररत्य  स डवले गेले आहे . 

 

• म झ  रो्  उपपम त ल सहभ ग प णसपणे ऐखच्छछ आहे आकण म  ो णत्य ही वेळ , ो णतेही 
 

 ो रण न दोे तो ,  ोु ठलो ही दो  ड न भरत   आकण मलो  कमळण्य चो  अपोेकक्षत 
फो रद्ो  रो् ो मधय्ोे 

 

 ोु ठलो ही बदल न ह तो  मो  रो्  अभ्य स तो न  ो ुठलो् रो् हो  क्षणो  म घो र घोेऊ 

श तोे /श त  . 
 

• उपपम दरम ्ईो न उपलब्ध ह ण ऱ्रो्  ो णत्य ही म कहत मुळे म झ्य  उपपम त ल भ ग 

घेण्य वर पररण म ह ऊ श त  हे मल  स  कगतले ज र्ल . 

• कवद्य लरो् न स कमत म कहत  ग ळ  रण्य स ठी म झ  आध च  व द्य ो र ्पत्र प ह  श 

त त .रो्  पतर् ो वर सहो   ोे लो् रो् वर मो  त्यो ो नो  तशो  अनोुमतो  दोेतोे 

/दोेतो . 
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• मो  होे ज णतोे/ज णत  क  म झो  ओळख  ोु ठलो् रो् हो  तसोेच  

ो णत्यो ही म कहत त/प्र ो शन त प्रदकशसत  ोे लो  ज ण र नो ही . 

• म  ह्य  उपपम त सहभ ग  ह ण्य स ठी स मत  देत आहे 

 
 

 

सहभ ग  सदस्य चे न व स्व क्षरी /अ गठ्य च  ठस  कदन    
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Annexure II (f) 
 

सहमकत – पत्र 

 
60 से 70 वषस ो  आरोु् में जर रोु् ो  जनस ख्य  में ो कडसरो् रे सकपरे टरी म पद डों पर 

श्वसन म  सपेकशरो्  
 

 ो ेव्यो रो् म  ोे प्रभ व: ए  समरप्ो वस प्रसव पो वस परीक्षण प सट् परीक्षण अध्यनई 
 
• इस अभ्य स ो  स्वरुप, अव ो श, इससे जुडे स भ व्य खतरे , स भ कवत प्रभ व और मुझे ज  
 

 रनो  हो  उस  ोे बो रोे  मोेो  स्पष्ट ज न ो री कमली हो । 
 

• इस अभ्य स मोेो  सहभ गो  ह नो े ो  मोेर  खोुद  ो  कनणसर ्हो .मो ो  क 

सो  समर ्अभ्य स  ो  छ ड र ज  स तो /स त हो । इस ोे  कलए मो ो   ो र् 

भ  म नदो ड रो्  भरप र्  रनोे  ोे कलए बो धो /बो धो  नही ह ो ो । 

• अभ्य स  ोे दो र न उपलबध् अनय् ज न ो री कजस सोे अभ्य ससम मोेो  भ ग 

लोे नोे पर असर पडोेगो  वह मुझे बत रो्  ज रो्ेग । 

• मोेरी जो ो च  ो  ज  मो लो् रो् ो  न हुआ हो , उसोे सो सो्थो   ोे 

समो ल च  मो डल  ोे अकध ो री परख स तोे हो ।इस पतर् पर हसत्ो क्षर  

र  ोे मो ो  रह् अनोुमकत दोेत  हो ो ो  रो्  दोेत  हो ो ो  । 

• मेरी पहच न क स भ  व त  त रो्  प्र ो शन में प्र ो कशत नही  ह ग । 
 

• मो ो  अभ्य ससम  ोे कलए सहमत हो ो ो । 
 

सहभ ग   ो  न म हस्त क्षर रो्  अ ग ठे  ो  कनश न कदन    
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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 “Effects of respiratory muscle exercises on cardiorespiratory 

parameters in geriatric population aged 60 to 70 years: 
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Annexure III (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, “Effects of respiratory muscle exercises on 

cardiorespiratory parameters in geriatric population aged 60 to 70 years: An 

Experimental 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 (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 “Effects of respiratory muscle exercises on cardiorespiratory 

parameters in geriatric population aged 60 to 70 years: An Experimental Pre Test – 

Post Test Study” 

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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MASTER CHART 

 
 DEMOGRAPHAIC DATA   

SR. NO AGE GENDE
R 

Ht.(in 
cm) 

Wt.(in 
kg) 

BMI(kg/m 2) 

1 65 1 160 69 27  

2 61 2 177 76 24.3  

3 66 1 160 71 27.7  

4 62 1 157 64 26  

5 63 1 162 74 28.2  

6 70 2 175 74 24.2  

7 70 2 165 70 25.7  

8 62 1 160 70 27.3  

9 61 1 157 59 23.9  

10 62 2 162 60 22.9  

11 62 2 167 63 22.6  

12 64 1 160 56 21.9  

13 65 2 167 62 22.2  

14 66 1 152 74 32  

15 70 2 157 79 32  

16 66 2 165 66 24.2  

17 70 1 160 77 30.1  

18 60 1 160 62 24.2  

19 64 2 175 80 26.1  

20 63 1 162 69 26.3  

21 60 1 162 60 22.9  

22 60 2 182 70 21.1  

23 68 2 165 74 27.2  

24 62 1 157 52 21.1  

25 66 1 160 65 25.4  

26 63 1 156 58 23.8  

27 60 2 164 69 25.7  

28 69 1 160 60 23.4  

29 70 2 175 78 25.5  

30 66 2 170 76 26.3  

 
GENDER- 1= FEMALE 

 
2= MALE 
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GENDER-1=FEMALE 

 
2=MALE 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

INTERVENTIONAL DATA

SR.NO AGE GENDER PREDICTED PEFR OBSERVED PEFR PREDICTED PEFR OBSERVED PEFR DYSPNEA GRADING CHEST EXPANSION

Pre Post Pre Post Pre Post Pre Post Pre(a) Pre(b)

1 65 1 125 120 70 80 67 72 374 200 374 250 0 0 1 3

2 61 2 130 130 70 70 82 70 491 300 491 390 1 0 2 4

3 66 1 125 120 80 80 88 90 372 300 372 350 1 1 0.5 1.5

4 62 1 110 110 70 70 82 88 373 220 373 300 0 0 2 3.5

6 63 1 125 130 80 90 72 77 382 300 382 350 0 0 3 5

6 70 2 125 120 80 70 75 70 498 400 498 420 2 1 0.5 2

7 70 2 110 120 70 70 67 60 465 200 465 300 1 1 1 2

8 62 1 135 120 90 80 69 68 379 150 379 230 0 0 1.5 2.5

9 61 1 122 125 69 70 56 60 375 290 375 320 0 0 0.5 2

10 62 2 130 120 70 70 72 70 474 300 474 380 1 0 1 3

11 62 2 120 115 70 70 82 72 494 370 494 420 1 0 2 3.5

12 64 1 130 125 90 85 89 80 376 250 376 310 1 1 0.5 2.5

13 65 2 130 125 85 80 97 89 494 380 494 400 1 0 2 3

14 66 1 110 110 70 70 96 78 354 250 354 330 1 0 1.5 2.5

15 70 2 125 120 80 85 70 74 438 200 438 250 1 1 0.5 2

16 66 2 110 115 70 75 77 74 474 370 474 370 0 0 1 2.5

17 70 1 135 130 85 80 85 82 365 100 365 200 0 0 1.5 3

18 60 1 120 120 80 70 87 77 379 220 379 290 1 0 1.5 2.5

19 64 2 132 130 80 80 96 84 512 430 512 460 2 1 2 3

20 63 1 110 115 70 70 88 80 382 260 382 300 0 0 2 2.5

21 60 1 110 110 70 70 67 70 387 160 387 210 0 0 1 2

22 60 2 135 130 90 85 72 76 545 260 545 280 1 0 0.5 1.5

23 68 2 90 100 70 70 87 78 470 250 470 310 2 1 0.5 2

24 62 1 135 125 85 80 84 80 373 60 373 120 0 0 1 2

Post

PULSE(IN  BPM)

Pre Pre

SYSTOLIC BP DIASTOLIC BP

Post
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With respect to the queries pointed after the evaluation. The explanation has been 

presented point wise. 

 

Point 1: 

         Resisted Diaphragmatic Breathing is used frequently for training the diaphragm 

and in the introduction part it has been explained that respiratory muscle strength 

enhances the lung capacity and it further manages the demand of increased respiratory 

load.1 The diaphragm being one of the main muscles for respiration, therefore this has 

been utilized in the current study.                                                  

             Moreover, the study by Happiness A Aweto et.al (2017) A comparative study of 

the effects of incentive spirometry and diaphragmatic resistance training on selected 

cardiopulmonary parameters in patients with asthma. The study suggested that the use 

of incentive spirometry and diaphragmatic resistance training have beneficial effects in 

improving pulmonary parameters.2                                

                       In the current study  the same has been utilized in the geriatrics to 

identify its beneficial effects on cardio pulmonary system and after the completion of the 

current study it was found to be effective.  

                 Further- more the study by Kaur Jaspreet, Malik Manoj (2013) ,titled  

Inspiratory muscle performance following diaphragmatic resistance training in healthy 

adults  concluded that diaphragmatic resistance training improves vital capacity and 

inspiratory capacity.3 

                                  The studies on reliability of resisted diaphragmatic 

breathing exercises are not found to the best of the available knowledge 

and literary search undertaken by the researcher. The reason for this is 

respiratory status and physical examination requires real time observation 

and does not require any special instrument for measurements.4 But still 



121 
 

then, resisted diagrammatic breathing exercises are often employed for 

breathing. 

                               More over the Diaphragmatic breathing was used as an 

intervention for knowing effectiveness of intervention rather than testing 

the reliability of resisted diagrammatic breathing which is beyond the 

scope of the current study. 

                                 But studies are available on resisted Diaphragmatic 

breathing on improving the functional status of the breathing. Therefore, 

the study is conducted. 
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Point 2: 

The additional literatures for resisted diaphragmatic breathing are as follows: 

REVIEW OF LITERATURE:  

Happiness A Aweto et.al (2017) conducted the study, A comparative study of the effects of 

incentive spirometry and diaphragmatic resistance training on selected cardiopulmonary 

parameters in patients with asthma. The study suggested that the use of incentive 

spirometry and diaphragmatic resistance training have beneficial effects in improving 

pulmonary parameters.2 

 

Kaur Jaspreet, Malik Manoj (2013) conducted the study, Inspiratory muscle performance 

following diaphragmatic resistance training in healthy adults. The study concluded that 

diaphragmatic resistance training improves vital capacity and inspiratory capacity.3 

 

Sathish Gopaladhas et. al (2014) conducted the study, Effectiveness of resisted abdominal 

exercises versus resisted diaphragmatic breathing exercise on cardiovascular endurance 

in sports men. The study concluded that the improvement in cardiovascular endurance 

measured using resisted diaphragmatic breathing is higher than that of resisted abdominal 

exercises.5 

 

John Merrick, MA, Kenneth Axen et.al (1981) conducted the study, Inspiratory Muscle 

Function following Abdominal Weight Exercises in Healthy Subjects. The study concluded 

that most subjects increased the maximal weight they found tolerable, performed the 

exercise more rapidly, and reported that their initial discomfort either waned or disappeared 

by the end of the program.6 

 

Stanley John Winser et.al (2009) conducted the study, A comparison study of two 
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breathing exercise techniques in tetraplegia. The study concluded that abdominal weights 

can be used as an effective adjunct to pulmonary rehabilitation in improving the strength of 

diaphragm, thereby reducing the risks associated with pulmonary complications.7 

 

Hidetaka Hamasaki (2020) conducted the study Effects of diaphragmatic breathing on 

health: A narrative review. The study concluded that diagrammatic breathing could be 

feasible and practical technique for various types of patients with COPD, eating disorders 

chronic functional constipation, hypertension, migraine, and anxiety as well as QoL of 

patients with cancer and GERD and the cardiorespiratory fitness of patients with heart 

failure, Diaphragmatic breathing may also be beneficial for reducing both physiological and 

psychological stress and could improve the respiratory function and respiratory muscle 

strength.8 

 

Hae-Yong Lee et.al (2017) conducted the study Effect of diaphragm breathing exercise 

applied on the basis of overload principle. The study concluded that the self-diaphragmatic 

respiration applied on the basis of overload principle may be used as an effective 

respiratory exercise as a part of home respiratory program.9 

 

Mr.E.Jayakanthan, Mr.C.Sathishkumar (2018) conducted the study Effectiveness of 

resisted diaphragmatic breathing exercise on cardiovascular endurance among overweight 

adults. The study concluded that resisted diaphragmatic breathing exercise had registered 

significant improvement in cardiovascular endurance among  

overweight adults.10   

All the above literatures have proven the effectiveness of resisted diagrammatic exercises 

on different populations. Therefore, the current study was undertaken to understand the 

effectiveness of resisted diagrammatic exercises in geriatrics.  
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INTRODUCTION: 

 

              Diabetes, correctly termed as diabetes mellitus is fast emerging as a global 

epidemic of this century which has increased in incidence by 50% over past 10 

years.1Diabetes is undoubtedly one of the largest health emergencies of the twenty-first 

century with a worldwide prevalence of 451 million (adults age 18-99 years) and 72.9 

million people with diabetes in India as estimated by International Diabetes Federation 

2017 report.2According to the global report of World Health Organization of 2016 annual 

prevalence of diabetes estimated to be 7.8% in India and 8.5% worldwide.3 

             Diabetes mellitus is a chronic condition that occurs when there are raised levels 

of glucose in the blood because the body cannot produce any or enough of the 

hormone insulin or use insulin effectively. 2,3Endoplasmic reticulum is the main organ of 

body which controls cellular homeostasis but due to some environmental factors; its 

function is depressed and causes pancreatic B cell destruction in Type 1 diabetes 

mellitus and pancreatic B cell failure in Type 2 diabetes mellitus.4Type 2 diabetes 

mellitus (T2DM)  previously referred to as adult-onset diabetes or non-insulin-dependent 

diabetes is a term used for individuals who have insulin resistance and usually have 

relative insulin deficiency.4 

             People with diabetes have an increased risk of developing a number of serious 

life-threatening health problems characterized by metabolic abnormalities and chronic 

complications involving kidneys, eyes, blood vessels, nerves and muscles resulting in 

higher medical care costs, reduced quality of life and increased mortality.5 
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            In addition to micro and macroangiopathic complications, diabetes is also 

associated with wide variety of musculoskeletal complications  involving bones, joints 

and periarticular structure and commonest ones include adhesive capsulitis, limited joint 

mobility, dupuytren’s contracture, carpal tunnel syndrome, flexor tenosynovitis, 

DISH(diffuse idiopathic skeletal hyperostosis), charcot’s joints, osteomyelitis ,reflex 

sympathetic dystrophy and diabetic amyotrophy with the prevalence of shoulder joint 

involvement 50% among patients with type 2 Diabetes mellitus in India.6,7 

              Study done by Mayssoun K et al. (2020) on Type 2 diabetic patients showed 

increased prevalence of musculoskeletal complications in the age group of 46 to 56 

years.8They have also added that these musculoskeletal diseases are one of the most 

common complications in patients with diabetes but receives relatively little attention. 

The severity and risks of musculoskeletal complications might not be well recognized as 

cardiovascular complications; however, the associated ailments certainly include both 

physical and psychological harm on people with diabetes. 8 

                Among the various musculoskeletal diseases shoulder pain is one of the most 

common complaint as found by Asian association for the study of diabetes.9Moreover 

previous studies have also shown that there is a higher prevalence rate (27.5%) of 

shoulder disorders in patients with diabetes as compared with the rate of 5.0% found in 

general medical patients. 10Shoulder disorders such as frozen shoulder and rotator cuff 

disease are commonly seen in patients with diabetes which are likely to cause major 

limitations in activities of daily living causing negative influence on health related quality 

of life.9,10 
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                A study done by W Ben Kibler et al in 2013 explaining kinematic patterns in 

normal and degenerative shoulders concluded that shoulder pathologies are 

biomechanically associated with altered scapular motion or position such as increase or 

decrease scapular protraction and scapular elevation.11Such alteration causes decrease 

in linear measures of the subacromial space, increase impingement symptoms, 

decrease rotator cuff strength, increase strain on the glenohumeral ligaments and 

increase risk of internal impingement.12The altered position of scapula is described as 

“scapular dyskinesis” which can be defined as any “abnormality of the scapular posture 

or movement” whatever it’s etiology.11,12 

                   In the review of literature done by Darren Hickey et al, concluded that 

asymptomatic athletes with scapular dyskinesis have higher risk (43%) of developing 

future shoulder pain than those without scapular dyskinesis.13 A study conducted by 

Takayuki Kawasaki et al, in 2012 concluded that scapular dyskinesis was associated 

with both subjective and objective symptoms of the affected shoulder and was proved to 

be an alarming sign for shoulder problems.14 

                   The traditional approach to understanding the mechanisms of shoulder pain 

has involved specific anatomical diagnostic labels.15The validity of using specific 

anatomical diagnostic labels has been challenged extensively particularly regarding 

non-acute shoulder pain. 15Lag which is indicative of frozen shoulder and rotator cuff 

tear respectively are inconsistent predictors of outcome.15,16Specific anatomical 

diagnostic labels provide limited clinical guidance in patient management or estimating 

prognosis.16Literatures have reviewed that there is need to shift away from these labels 

and encourage indentifying modifiable risk factors associated with onset of shoulder 
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pain or that influence prognosis such as abnormal movement patterns or movement 

impairments.One of such risk factor is alteration in scapular position. 14,16 

                  The scapula is anatomically and biomechanically involved with shoulder 

function as its control and positioning allows for optimal positioning of the humerus in 

relation to the glenoid transferring power from the core to the distal upper extremity.17 

The efficiency of the upper limb kinematic chain is based on the coordinated and 

combined movements of the different joints of shoulder complex.17Combined mechanics 

of articular joints and the surrounding soft tissue structure(muscles,capsules,ligaments) 

interact to provide mobility and stability of the shoulder complex.18  

               In normally functioning shoulder complex both static and dynamic stabilizers 

results in a broad range of joint movements and provide adequate 

stability.19,18Therefore, any alteration in the position of one element of shoulder complex 

will affect the global function of kinematic chain which causes requirement of 

development of appropriate methods of investigating the shoulder joint complex. 19 

                 An increased prevalence of musculoskeletal problems affecting hand and 

shoulder is notable in Type 2 diabetes mellitus which may cause major limitations in 

activities of daily living causing negative influence on health related quality of life.20,8,9 

Despite of higher prevalence of musculoskeletal disorders among Type 2 diabetics, 

limited information is available on associated musculoskeletal complications and risk 

factors contributing to these complications in Indian population. 

               Higher prevalence of shoulder dysfunction in diabetics and occurance of future 

shoulder dysfunction in healthy individuals with scapular dyskinesis is an alarming sign 
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for clinical practitioners for early detection of risk factors in patients with Type 2 diabetes 

mellitus and plan management accordingly to achieve better shoulder function and 

enhance quality of life.21,22 
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RATIONALE OF THE STUDY: 

 

               Normal scapulohumeral rhythm that is the coordinated movement of the 

scapula and humerus to achieve shoulder motion is the key to efficient shoulder 

function. Scapular position and scapular motion are closely integrated with arm motion 

to accomplish most shoulder functions. 18, 19 

               From the review of available literature it is in common finding that alteration in 

scapular position is associated with shoulder related pathologies including but not 

limited to impingement, rotator cuff tears, labral pathology, acromioclavicular 

separations, and multidirectional instabilities of the glenohumeral joint.12Prior studies 

have shown that altered scapular movements to be detrimental to shoulder function.11, 

12,23 

             However with less data available it remains unclear whether scapular 

dyskinesis is the cause or the result of shoulder pathologies, exacerbate shoulder 

symptoms or adversely affect treatment or outcomes.  Due to high prevalence (50%) of 

shoulder dysfunction in diabetic patients10 and considering alterations in scapular 

position as a risk factor for shoulder dysfunction it becomes important to screen the 

diabetic patients for scapular dyskinesis early to prevent future shoulder problems. 
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Currently there is no literature available explaining the prevalence of altered position of 

scapula in type 2 diabetic population before the occurance any shoulder dysfunction. 

                   In order to provide comprehensive rehabilitation for these patients clinician 

must be able to reliably and accurately measure factors related to shoulder dysfunction 

such as resting scapular position, which is considered as an important factor in the 

assessment. 17, 18  In such scenario this study will help to find the measured alteration in 

static scapular position in diabetic patients as compared to the non diabetic individuals. 

              Thus the present study aims to assess and compare static scapular position 

between type 2 diabetic and age-sex-matched non diabetic population. 

 

 

 

 

 

 

 

 

 

 



12 
 

RESEARCH QUESTION: 

Is there any difference in static scapular elevation and abduction assessed using T8 

method and scapular abduction ratio in population with and without type 2 diabetes 

mellitus aged 40-60 years?  
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NULL HYPOTHESIS: 

There is no significant difference in static scapular elevation and abduction in population 

with and without type-2 diabetes mellitus. 

ALTERNATE HYPOTHESIS: 

There is a significant difference in static scapular elevation and abduction in population 

with and without type-2 diabetes mellitus.  
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REVIEW OF LITERATURE: 

 

LITERATURE REVIEW ON PREVALENCE OF TYPE 2 DIABETES MELLITUS 

                 Shankar A, Shankar A, Shankar A (2019) conducted a study titled, 

“Diabetes Mellitus management, needs reconsideration” which was done to 

ascertain the incidence of diabetes mellitus among hard workers and 

pathophysiology of increased tolerance to high blood sugar level. For this 

purpose, 20,000 population of 20 Dalit hamlets and 10 villages with age > 35 

years were interrogated thoroughly, examined clinically, screened for blood sugar 

urine sugar and other bio parameters. They stated that globally the prevalence of 

diabetes mellitus is increasing progressively and quadrupled in past three 

decades; affecting presently 1 in 11 adult; world-wide establishing diabetes as 

7th major cause of death. Also, Asia is a major area of the rapidly emerging Type 

2 diabetes mellitus global epidemic, with India at the top. The latest estimate 

shows a global prevalence of 382 million people with diabetes in 2013, expected 

to rise to 592 million by 2035.24 

                 

              According to International Diabetic Federation Atlas 8th Edition 2017,            

global prevalence of diabetes estimated in 2017 were 451 million   (age 18-99 

years) people worldwide and 72.9 million people with diabetes in India.   

Approximately 1 in every 11 adults has type 2 diabetes globally and about 75 
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World Health Organization % of patients with diabetes mellitus live in developing 

countries. 2 

           

             The global report conducted on diabetes by in 2016 estimated the 

annual prevalence of diabetes to be 7.8% in India and 8.5% worldwide. This 

amounts to an estimated 60 million people with diabetes out of a population of 

over 1.3 billion. They also compared the prevalence of diabetes in India with the 

study available by Indian Council of Medical Research- Diabetes (ICMR) which 

showed prevalence ranging from 4.3% in Bihar to 13.6% in Chandigarh.3 

            

                According to Davidson’s, Principles and practice of Medicine, 

Diabetes mellitus is a clinical syndrome characterized by an increase in plasma 

blood glucose. It has also stated that it usually affects people with age more than 

40 years and obese individuals. Furthermore, it says that genetic predisposition 

plays an important role in Diabetes mellitus. They have also discussed that it is 

estimated 366 million people had diabetes in 2011 (approximately 8.3% of the 

world population or 3 new cases every 10 seconds) and this figure is expected to 

reach 552 million by 2030 globally.4 

 

LITERATURE REVIEW ON DIABETES MELLITUS AND IT’S EFFECT ON 

MUSCULOSKELETAL SYSTEM: 
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                     A literature review, “The diabetic shoulder” done by Sana’a A. 

Alsubheen, Joy C. MacDermid,et al., in 2019 have elaborated on possible 

pathophysiology that predisposes the diabetic patient to shoulder related 

complications. Discussions in this study revealed prevalence of diabetes, its 

effect on the musculoskeletal system, the influence of diabetes on mortality and 

functional limitations as a consequence of diabetes. One of the possible reason 

for the effect could be that  hyperglycemia can cause a non-enzymatic covalent 

bonding of sugar molecules to the collagen fibers in diabetic tissue. Over time, 

the glycating sugar reacts further leading to the formation of advanced glycation 

end-products (AGEs). These AGEs increase crosslinking in the collagen fibers of 

shoulder capsule and change the mechanical properties of tissue by making 

these structures stiffer and weaker. Study also reported that AGEs interact with 

the receptors on the surface of tenocytes and fibroblasts leading to chronic 

inflammatory changes in the joint synovium which contribute to capsular fibrosis 

of the shoulder joint. They also added that impaired microcirculation (diabetic 

microangiopathy) is another pathological process that may contribute to 

complications like tensinopathies.20 

 

              Wani et al., in 2019 studied, “Surface electromygraphic activity of 

shoulder muscles among people with type 2 diabetes- A case control study.” The 

study was conducted over 2 years from 2015 to 2017 with the aimed to evaluate 

surface electromyographic activity of shoulder muscles among people with 

diabetes with and without shoulder dysfunction. They have recorded 
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electromyography in 45 patients with diabetes and shoulder dysfunction and 45 

patients with diabetes and without shoulder dysfunction within age group of 40-

60 years and 45 healthy aged matched controls. Muscle activity of pectoralis 

major, supraspinatus, infraspinatus, upper trapezius, biceps and middle deltoid 

during maximal voluntary isometric contraction (MVIC) were recorded. Shoulder 

pain and disability index (SPADI) was used to assess shoulder function and 

compared among groups using post-hoc test. They observed significant linear 

decline in muscle activity of pectoralis major, supraspinatus, infraspinatus, upper 

trapezius , biceps and deltoid from healthy people to patients with diabetes 

without shoulder dysfunction to people with shoulder dysfunction with higher 

SPADI score suggesting moderate disability. They recommended 

commencement of appropriate prophylactic shoulder muscle strengthening 

exercise program from the onset of diabetes to maximize shoulder function 

among people with diabetes.25 

                

                A prospective study titled, "Accessory features of Frozen Shoulder" 

conducted by JF de Beer in 2018 on 110 controls diagnosed with other shoulder 

problems. Pain was assessed using Visual Analogue Scale, Active-Passive 

Glenohumeral Movements were recorded and evaluation for the presence of 

accessory features of frozen shoulder was done.  In the stepwise logistic 

regression analysis they found third highest correlation for apparent winging of 

scapula. They also found that patients were having less than 6 months duration 

of symptoms was significantly have more these features. They also postulated 
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that pain arising from capsular inflammation sends Inhibitory impulses to 

periarticular and axioscapsular muscles like trapezius, serratus anterior, 

rhomboids & levator scapulae. They also added that the restriction in 

glenohumeral motion is compensated by increase in scapulothoracic motion 

provided by the periscapular muscles which have to work in excess and 

eventually fatigue causing dysfunction of axioscapular muscles resulting in lost 

scapular stabilizing function called as scapular dyskinesia in which there is 

alteration in the resting position of scapula.26 

 

           R Daya, Z Bayat and F J Raal in 2016 conducted a cross sectional study,          

“Effects of diabetes mellitus on health-related quality of life at a tertiary hospital in 

South Africa”. Total 200 patients visiting to diabetic clinic were screened. Health 

related quality of life (HRQOL) assessment was made using Diabetes 39 (D39) 

questionnaire. The results show that sexual function, anxiety, worry and diabetes 

control are the main factors that influence HRQOL. They also mentioned that the 

duration of diabetes mellitus has been reported to be associated with decreased 

HRQOL. Decline in HRQOL was observed with increase duration of diabetes.27 

 

           Ashish J. Mathew, Jayakumar B. NAIR and Saran S. PILJAI in 2011 

conducted a study,"Rheumatic Musculoskeletal Manifestations in Type 2 

Diabetes Mellitus patients in South India", on diagnosed patients of Type 2 

Diabetes Mellitus compared with Age-Sex matched. The Non-Diabetic individuals 

were interviewed and rheumatic musculoskeletal disorders (RMSD) related pain 
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sites on a mannequin and intensity of pain on Visual Analogue Scale (VAS) was 

marked followed by complete RMS examination. By using Chi-Square Test and 

Multiple Logistic Regression models it was found that prevalence of RMSD was 

more in diabetic than non-Diabetic individuals. They also mentioned that 

prevalence of common RMSD was highest for osteoarthritis knee followed by 

frozen shoulder; diffuse idiopathic skeletal hyperostosis and limited joint mobility. 

They also found in Logistic Regression Analysis that duration and severity of T2 

DM as the risk factors. 7 

 

             A multicentre longitudinal cohort study, “Insulin sensitizers may attenuate 

lean mass loss in older men with diabetes” was conducted by Lee CG et al., in 

2011. They included 3,752 ambulatory men aged more than 65 years amongst 

them 1853 individuals were normoglycemic, 1403 had impaired fasting glucose, 

234 were untreated individuals with diabetes, 151 were diabetics treated with 

insulin sensitizers and 111 were diabetics treated without insulin sensitizers. The 

change in total lean and appendicular lean mass was derived from dual X ray 

absorptiometry scans taken at baseline and 3.5 years later and revealed that 

there was a greater loss in lean mass in older men with diabetics compared with 

normoglycemic men. They concluded that these findings suggested that insulin 

sensitizers may attenuate muscle loss.28 

 

                SW Park et al., in 2007 have studied, “Accelerated Loss of Skeletal 

Muscle Strength in Older Adults With Type 2 Diabetes.” They examined leg and 



20 
 

arm muscle mass and strength at baseline and 3 years later in 1,840 older adults 

aged 70-79 years. Regional muscle mass was measured by dual energy 

absorptiometry and muscle strength was measured by isokinetic and isometric 

dynamometer. Results of the study showed that older adults with Type 2 

diabetes showed greater decline in leg muscle mass and strength compared to 

older adults without diabetes. They have added that cause of accelerated loss of 

muscle strength and mass is unknown in diabetics but neuropathic processes 

involving motor neurons may have affected muscle strength.29 

 

LITERATURE REVIEW ON EEFECT OF SCAPULAR DYSKINESIS ON 

SHOULDER 

 

            A cross sectional study titled, “Scapular dyskinesis in young 

asymptomatic elite swimmers” done by Jacopo et al., in 2018 included total 661 

asymptomatic swimmers in which 344 were male and 317 were female. Scapular 

dyskinesis was assessed using dynamic method. They have found that scapular 

dyskinesis is present in asymptomatic condition in young elite swimmers of which 

type 1 scapular dyskinesis found to be more prevalent. They have also 

mentioned that male participants were two times as likely to have scapular 

dyskinesis as female participants. They concluded that early diagnosis may be 

useful for asymptomatic athletes with scapular dyskinesis and to avoid its 

possible evolution to a symptomatic condition.30  
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               Marie-Martine Lefevre-Colau et al in 2018 published a study under 

title, “Recent advances in kinematics of the shoulder complex in healthy people.” 

They described the kinematic patterns of normal shoulder complex by using 3D 

kinematic analysis techniques explaining that global elevation range of motion 

(RoM) of arm was mainly the result of a co-ordinated motion between 

glenohumeral (GH) and scapulothoracic (ST) movements. They also concluded 

that, major mobility of the shoulder complex is allowed by a low congruity 

between GH joint surfaces and also associated movement in rotation or sliding of 

the scapula on thorax. They also mentioned that, the efficiency of the shoulder 

kinematics is based on the coordinated and combined movements of GH and ST 

“functional” joint including sternoclavicular and acromioclavicular joints.19 

 

              A non-systematic search titled, “Kinematic patterns in normal and 

degenerative shoulders. Part II: Review of 3-D scapular kinematic patterns in 

patients with shoulder pain and clinical implications”, done by Marie-Martine 

Lefevre-Colau was published in 2017. In which they found that in the absence of 

trauma or systematic pathologies, dynamic scapular position changes like 

increased scapular lateral rotation or decrease scapular internal rotation could 

favor the rotator-cuff tendon injury, adhesive capsulitis, shoulder impingement 

syndromes and multidirectional glenohumeral instability. They also concluded 

that in degenerative shoulder pathologies clinical examination of the scapula as 

well as glenohumeral joint could help in the development and use of more 
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targeted treatments as differences in shoulder girdle kinematics exist between 

symptomatic and asymptomatic individuals.12 

 

                  Darren Hickey, Veronica Solvig et al., in 2017 carried a systematic 

review and meta-analysis titled, “Scapular dyskinesis increases the risk of future 

shoulder pain by 43% in asymptomatic athletes”. They included five prospective 

studies with a total of 419 athletes assessing for scapular dyskinesis and 

recorded incidents of shoulder pain. Of the athletes with scapular dyskinesis, 

35% were found to be experiencing shoulder pain during the follow-up, whereas 

25% of athletes without scapular dyskinesis experienced symptoms. They 

concluded that presence of scapular dyskinesis at baseline indicated a 43% 

increased risk of a shoulder pain.13 

 

              A cross-sectional study titled, “Strength profiles in healthy individuals 

with and without scapular dyskinesis” was conducted by Daniel C. Hannah et 

al., in 2017. 40 healthy participants were included in study. Presence of scapular 

dyskinesis was done by observation and scapular dyskinesis test. Strength of 

rotator cuff and scapular muscles were assessed by hand held dynamometer. 

The results of study concluded that there was no significant difference observed 

between strength of the shoulder muscles between healthy subjects with and 

without scapular dyskinesis. They have also suggested that scapular dyskinesis 

in healthy individuals is no more than a normal variation of scapular motion and 

gross strength is not likely to be a contributing factor to the development of 
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scapular dyskinesis, whereas other muscle performance factors, such as 

neuromuscular control may have role.23 

 

                      Tsun-Shun Huang et al., in 2016 conducted a cross sectional study 

titled “Scapular Dyskinesis: Patterns, Functional Disability and Associated 

Factors in People with Shoulder Disorders” which included 51 participants with 

unilateral shoulder pain which were classified as having a single dyskinesis 

pattern (inferior angle prominence, pattern I; medial border prominence, pattern 

II) or a mixed dyskinesis pattern (patterns I+II). Clinical measurements with the 

Flexilevel Scale of Shoulder Function (FLEX-SF), shoulder range of motion, 

pectoralis minor index were recorded. These clinical measurements, 3-D 

scapular kinematics (electromagnetic-based motion analysis), and associated 

muscular activation (electromyography on the upper/middle/lower trapezius and 

serratus anterior muscles) during arm elevation were analyzed for associations 

with functional disability. They found that in inferior angle prominence increased 

shoulder function was associated with decreased upper trapezius activity and in 

medial border prominence, increased shoulder function was associated with 

increased lower trapezius activity. They concluded that upper and lower 

trapezius activities are important to consider in the evaluation of patients with 

pattern I and II, respectively.31 

 

                  A systematic review on the “Prevalence of scapular dyskinesis in 

overhead and nonoverhead athletes” was done by Matthew B. Burn et al., in 
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2016. They analyzed total twelve studies including 1401 athletes (1257 overhead 

and 144 nonoverhead) . Review was performed using PRISMA guidelines 

through the PubMed database looking for studies published before October 2014 

with evidence level 2 (33%) or level 3 (67%). They reported significantly higher 

prevalence of scapular dyskinesis in overhead athletes (61%) compared with 

nonoverhead athletes (33%).They have also suggested that prevalence of 

scapular dyskinesis in non overhead asymptomatic athletes is more than 

expected and also there is paucity of literatures on level 1 evidence of scapular 

dyskinesis.32 

 

                        W Ben Kibler et al., in 2013 published an article titled, “Clinical 

implications of scapular dyskinesis in shoulder injury: the 2013 consensus 

statement from the scapular summit” in which they concluded that the scapular 

dyskinesis is present in a high percentage of most shoulder injuries and the exact 

role of the dyskinesis in creating or exacerbating shoulder dysfunction is not 

clearly defined. They also mentioned that scapular dyskinesis is a potential 

impairment to shoulder dysfunction and treatment strategies for shoulder injury 

can be more effectively implemented by evaluation of dyskinesis. 11 

 

             A study titled “Does scapular dyskinesis affect top rugby players during a 

game season?” done by Kawa Saki T, Yamakawa J, et al. in 2012 on 120 top 

rugby football players in Japan were evaluated by means of questionnaires, 

physical examinations and video analysis with the aim to assess the relationship 
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between scapular dyskinesis and other preseason variables and influence of 

scapular dyskinesis on shoulder discomfort during their regular season. They 

found that scapular dyskinesis was significantly associated with shoulder 

discomfort while asymptomatic scapular dyskinesis at the preseason have higher 

incidence of shoulder discomfort.14 

 

                  Paula M. Ludewig and Jonathan F. Reynolds had done clinical 

commentry in 2009 on, “The association of scapular kinematics and 

glenohumeral joint pathologies.”In which they theorized effects of scapular 

kinematic alterations such as increases elevation may couple with increased 

anterior tilt of scapula thus compromising the available subacromial space. They 

have also mentioned that significant reductions in subacromial space were 

identified in protracted position. They also added that various studies have 

mentioned that significant increase in scapular upward rotation on the affected 

side of subjects with adhesive capsulitis as compared to their non affected side. 

Also normalized scapular upward rotation after physical therapy intervention was 

seen which supports the premise that the increased scapular upward rotation 

was compensatory to maximize overall range of motion overhead in presence of 

reduced mobility at glenohumeral joint. But they have also given discern on if 

alterations found in scapular kinematics are compensatory or contributory to 

shoulder disorders.34 
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                  A prospective cohort study  titled, "Alterations in Scapular Kinematics 

in subjects with Idiopathic Loss of Shoulder Range of Motion" done by PETER J. 

RUNDQUIST in 2007 on 7 unilaterally impaired and 17 non-impaired subjects 

evaluated using  3-dimensional motion of the humerus, scapula and trunk by 

electromagnetic motion tracking system. Repeated ANOVA measures were 

applied. They found no significant difference in anterior tipping, internal rotation 

or upward rotation between impaired subjects, non-involved scapula and non-

impaired subjects, but were significantly different than their involved scapulae. 

They also found that the involved side scapulae were more upwardly rotated at 

peak humerus to trunk scapular plane elevation.35 

 

LITERATURE REVIEW ON EEFECT OF GENDER, AGE AND BMI ON 

SCAPULA 

 

              C. Schwartz, J.L. Croisier et al in 2016 conducted a study titled 

“Gender effect on the scapular 3D posture and kinematic in healthy subjects”, on 

11 men and 11 women to study static position of scapula and its kinematics 

between male and female. They found no significant differences for the scapular 

position at rest between male and female. They also found that the scapula at 

rest had globally limited upward rotation,scapula was internally rotated and had 

small anterior tilt. 36 
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             A study titled, “ Scapula Kinematics Differ by Body Mass Index” 

conducted by Miti Gupta, Amitabh Dashottar and John D. Borstad in 2013 on 

41 subjects to examine scapular biomechanics in higher(BMI>27) and lower 

BMI(<23). Three dimensional scapular kinematics during arm elevation were 

measured. They found that higher BMI group had significantly greater scapular 

upward rotation than lower BMI group at 120 degree. They also concluded that 

individuals with higher BMI had altered scapulothoracic movement, which may be 

a strategy to managed increased arm mass.37 

 

                A study done by Nuno Valente Morais and Augusto Gil Pascoal in 

the year 2013 titled, “Scapular positioning assessment: Is side-to-side 

comparison clinically acceptable?” on 14 young adults to assess 3-dimensional 

scapular positioning of the dominant and non dominant shoulders showed that at 

rest and throughout shoulder abduction, scapular positioning differs between 

dominant and non-dominant arms. They also found that the dominant shoulder 

showed more retracted and upward rotated positioning of scapula at all levels of 

shoulder abduction.38 

 

LITERATURE REVIEW ON OUTCOME MEASURES: 

 

           A study titled, “Reliability and validity of the measurement of scapular 

position using the protractor method” done by Aidan O’ Shea, Rory Kelly, Sian 

Williams, Leanda Mckenna in 2015 on 32 participants with current shoulder 
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pain over 18 years of age and having body mass index <30 kg/m2. In this study 

they measured vertical distances between the spinous process of seventh 

cervical vertebra and the superior margin of the medial aspect of the spine of 

scapula(C7 method) and spinous process of eighth thoracic vertebra and inferior 

angle of scapula (T8 method). They concluded that both protractor methods have 

good reliability (ICC=0.78) and acceptable validity (p<0.001), while the T8 

method demonstrated superior clinical utility.39 

 

                         Mark H Gibson, Gerald V Goebel, Terry M Jordan, Sam Kegerries, 

Teddy W Worrell conducted “ A reliability study of measurement techniques to 

determine static scapular position” in 1995 on 32 healthy subjects with age 22 to 

34 years.Subjects back was exposed properly for visualization and palpation of 

scapula and vertebrae. Subjects stood in a relaxed standing position and 

examiner measure the distance from inferior angle of acromion to spinous 

process of T3 vertebrae ( Total scapular distance) and distance from inferior 

angle of acromian to medial border along the spine(length of scapula) and then 

divided this distance in order to obtain normalized scapular abduction ratio.They 

have found high intratester (ICC=0.92-0.95) and intratester (ICC=0.91-0.92) 

reliability for the scapular abduction ratio.40 
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OBJECTIVES: 

• To assess static scapular elevation in population with and without type-2 

diabetes mellitus using T8 method. 

• To assess static scapular abduction in population with and without type-2 

diabetes mellitus using scapular abduction ratio. 

• To compare static scapular elevation in population with and without type-2 

diabetes mellitus using T8 method. 

• To compare static scapular abduction in population with and without type-2 

diabetes mellitus using scapular abduction ratio. 
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MATERIAL AND METHODS: 

 

1) Type of study design: Cross-sectional study. 

2) Study Setting: Tertiary care hospital. 

3) Duration: 12 months 

4) Study population: Type 2 Diabetes mellitus patients and non-diabetic 

participants of the age group  40-60 years 

5) Sample size: Sample size was determined considering scapular abduction ratio 

as the main outcome measure. Following assumptions were made on the basis 

of pilot study conducted in study setting on 16 participants. 

Mean (±standard deviation) scapular abduction ratio in diabetics = 1.47±0.1 

Mean (±standard deviation) scapular abduction ratio in non-diabetics = 1.42±0.1 

Minimum significant difference (effect size) = 0.05 

Confidence Interval = 95% (α-error = 5%) 

Power = 90% (β-error = 10%) 

The formula used for estimation of sample size was: 

n = 2[(Zα + Zβ) σ]2 / 

           (µ1 - µ2)2 

 

Where Zα and Zβ are standard normal values for specified α and β levels. 

µ1 and µ2 are means into two groups. 

σ was pooled standard deviation of two groups. 

Required sample size n = 85 per group 
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Therefore total 85 Type 2 diabetic participants and 85 non-diabetic participants 

were included in a study. 

Sample size was calculated using statistical software STATA. Version 10.1, 

2011. 

6) Sampling Technique: Convenience sampling was done to recruit the 

participants who were confirmed diagnosed cases of Type 2 Diabetes Mellitus in 

which consecutive sample of participants fulfilling the inclusion criteria attending 

to the study hospital for treatment and care were included. While age-sex-BMI 

matched non-diabetic participants, relatives or attendee of the same age group 

from hospital campus were included by simple random sampling. 

7) Outcome measures: 

-Scapular elevation using right angled protractor 

-Scapular abduction ratio using measuring tape 

 

8) Method of selection of study participants : 

 INCLUSION CRITERIA:  

 Individuals willing to participate. 

 Patients with type 2 diabetes mellitus for more than 3 years 

(Known cases after glucose challenge test.) 28 

 Both genders. 

 Age: 40 to 60 years.2 

  Full active range of motion of shoulder complex. 
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 Age-sex-BMI matched non diabetic individuals compared to 

diabetic individuals. 

 

 

 

 EXCLUSION CRITERIA : 

 

 Type 1 diabetes mellitus 

 History of any recent injury/ surgery/ inflammatory condition in 

dominant upper extremity. 

 History of any vascular or neurological problem. 

 Polyneuropathy patients. 

 Diagnosed cases of degenerative diseases, mechanical neck 

pain, thoracic outlet syndrome, functional scoliosis. 

 Any congenital abnormalities. 

 Individuals involved in recreational and competitive sports. 

 Visible scapular winging. 

9) Operational Definitions: 

a) Type 2 Diabetes Mellitus:  Diabetes mellitus type 2, previously referred as non-

insulin-dependent diabetes, or adult-onset diabetes, is a long-term metabolic 

disorder that is characterized by high blood sugar, insulin resistance, and relative 

lack of insulin. It usually affects people with age more than 40 years and obese. 4 
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b) Static scapular position: In this study, it is the resting position of the scapula in 

terms of scapular elevation and abduction on thorax in relax arm position. 

c) Scapular dyskinesis: In this study, scapular dyskinesis is defined as any 

“abnormality of the scapular posture or movement” whatever it’s etiology. 11 

d) Scapular abduction ratio: In this study, it is the ratio of total scapular distance 

divided by total scapular length. 39 

e) Scapular distance: In this study, it is the linear distance in centimeters from third 

thoracic vertebra to inferior angle of acromion.39 

f) Scapular length: In this study, it is the distance in centimeters from root of 

scapular spine to inferior angle of acromion.39 

g) Scapular elevation: In this study, it is the vertical distance from the bottom of 

protractor to T8 spinous process in millimeter.40 

 

Variables:  

Independent Variables: 

-Gender 

-Age 

-Sex 

Dependent Variables: 

Scapular elevation 

Scapular abduction ratio  
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MATERIALS: 

- Right angled protractor for scapular elevation 

- Measuring tape for height 

- Pen. 

- Paper. 

- Electronic weighing machine. 

- Stool. 
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PROCEDURE:  

Permission from the head of institution and approval from the ethical committee 

was obtained. Pre-diagnosed patients with Type 2 Diabetes mellitus were 

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. Demographic data was documented. Study was explained to them in 

detail.Around 100 participants were assessed for the study, from which 43 

participants who met the inclusion criteria of diabetes since or longer than 3 

years and 43 age sex body mass index matched non- diabetics were included in 

study. Demographic data was documented. 

 

Outcome measures: 

Scapular elevation using Right angled protractor. 

Scapular abduction using measuring tape. 

Weight using electronic weighing machine. 

Height using measuring tape. 
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Scapular elevation: 

• Right angled protractor was used to assess scapular elevation by T8 method.T8 

method is a method in which metal right-angle protractor is used to measure 

static scapular elevation in relation to eighth thoracic spinous process. This 

method has good intertester reliability and high intratester reliability with 

significant validity.(24) A metal right-angle protractor with 150*300 millimeter side 

length a carpenter tool of HISTAN INCORPORATION was used. It is a valid and 

reliable tool for measurement of scapular elevation.40 

• Participants position: Participant was seated on a stool in a normal relaxed 

sitting position with their arms by their side while looking forward at a mark on the 

wall fixed at eye level. 

• Therapist position: Sitting and Facing towards back of the participant. 

• Testing procedure: For the palpation of eighth thoracic (T8) spinous process 

first the spinous process of seventh cervical (C7) vertebra was indentified as the 

most caudal cervical spinous process that did not disappear on cervical 

extension and counting down the vertebra to identify the most inferior aspect of 

T8 spinous process was done. Then inferior angle of the scapula was identified.  

Landmarks waspalpated and soft tissue was released and horizontal line with a 

black pen was placed. Next vertical line was drawn through the most central 

point of the landmark creating crosshatch. Intersection of these two lines was 

used as a single point for measurement. The protractor was placed horizontally, 

aligning between the inferior angle of scapula and eighth thoracic spinous 
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process. The vertical distance was read from the bottom of protractor to T8 

spinous process in millimeter and documented. 

 

Scapular abduction using measuring tape: 

 A tape measure or measuring tape is a flexible ruler and is used to 

measure distance. It is a common measuring tool. Its design allows for a 

measurement of great length; to be easily carried in pocket or toolkit and 

permits one to measure around curves or corners. A fiberglass type of 

measuring tape was used.  This method of measurement for scapular 

measurements has been used in many studies previously.39 

 Normalized scapular abduction ratio is the ratio of total scapular distance 

to total scapular length. It has excellent intrarater and interrater reliability.39 

 Participants position: Participants were instructed to be in a relaxed 

sitting position with both the hands by side of the body.  

 Therapist Position: Standing and facing towards back of the participant.  

 Testing Procedure: Inferior angle of acromion and root of spine of 

scapula was palpated. For the palpation of third thoracic spinous process 

(T3) first the spinous process of seventh cervical vertebra (C7) was 

indentified as the most caudal cervical spinous process that did not 

disappear on cervical extension and then therapist counted down the 

vertebra to identify the most inferior aspect of T3 spinous process. 

Landmark was marked with a black pen. Total scapular distance was 

measured as the distance from third thoracic vertebrae to inferior angle of 
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acromion. Length of the scapula was measured as the distance from 

inferior angle of acromion to root of scapula. Both the measures were 

recorded in centimeters and ratio of total scapular distance and length of 

scapula was calculated. 
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Flowchart: 

Permission from the head of institution and approval from institutional ethical committee 

was obtained. 

↓ 

200 individuals were screened. 

↓ 

85 participants with Type-2 diabetes mellitus and 85 age,sex and BMI matched non-

diabetic participants aged between 40-60 years, both genders, fulfilling inclusion criteria 

were selected. 

↓ 

Procedure of the study was explained and written consent wastaken. 

↓ 

Static scapular elevation was measured using right angled protractor in millimeters 

↓  

Scapular abduction was measured using measuring tape in centimeters 

↓ 

Data obatined and analyzed statistically 
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MATERIALS: 

 

 

 

 

 

 

 

 

 

                      Photo 1: Right angled protractor 

 

 

               

                            Photo 2: Measuring tape 
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PHOTO 3: MARKER PEN 

 

 

 

                                             PHOTO 4: STOOL 

 



42 
 

 

PHOTO 5: MEASURMENT OF STATIC SCAPULAR ELVATION 

 

   PHOTO 6: MEASURMENT OF LENGTH OF SCAPULA 

 

     PHOTO 7: TOTAL SCAPULAR DISTANCE 
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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 mean static scapular elevation in population with and without type-2 

diabetes mellitus using T8 method. 

-To compare mean static scapular abduction in population with and without type-2 

diabetes mellitus using scapular abduction ratio. 

Level of significance: 

p-value<0.05 was considered to be statistically significant. 

 

VARIABLES: 

Independent Variables: 

 Gender. 

 Age. 

 Body mass index. 

 

Dependent Variables: 
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 Scapular elevation.  

 Scapular abduction. 
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RESULTS: 

Total number of participants included in the study were 170 with (85) prediagnosed 

Type 2 Diabetes mellitus and (85 ) age, sex, BMI matched non diabetics both aged 

between 40-60 years. Participants who met the inclusion criteria and had diabetes for 

more than 3 years were included in the study. 

Measuring tape was used to assess scapular length and scapular distance by which 

scapular abduction ratio was calculated. Scapular elevation was measured using right 

angled protractor by T8 method. 

Following were observations of the study: 

Age: 

-Total 170 participants with and without type 2 diabetes mellitus were included in study 

with mean age 52.68 ± 5.30 years in both groups. Number of participants in the age 

group of 40-45 were 11(12.94%), in age group of 46-50 were 22 (25.88%), in age group 

of 51-55 were 22 (25.88%), in age group of 56-60 were 30 (35.29%) in both groups. 

(Table 1, Graph 1) 

Gender: 

Total 114 males and 56 females participated in the study. Gender wise distribution of 

participants showed 57 (67.06%) male and 28 (32.94%) female were with Type 2 

diabetes mellitus. 57 (67.06%) male and 28 (32.94%) female were asymtomatics.  

(Table 2, Graph 2) 
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Body mass index: 

The mean body mass index was 24.04±2.87 in Type 2 diabetics whereas 24.06±2.90 in 

non diabetics. Statistically no significant difference of body mass index was found 

between Type 2 diabetes mellitus individuals and non diabetics.(p value = 0.9576) 

(Table 3, Graph 3) 

Following were results of this study: 

Scapular length: 

-Mean scapular length was 14.88 cm with SD of ± 1.07 cm in participants with Type 2 

diabetes mellitus. 14.91 cm was mean scapular length with SD of ± 0.88 in participants 

without diabetes. Mean scapular length was found almost similar in participants with 

and without diabetes. 

(Table 4, Graph 4) 

Scapular distance: 

Mean scapular distance measured from third thoracic vertebra to inferior angle of 

acromion was 21.88 ± 1.74 cm in Type 2 diabetes mellitus individuals and 20.52 ± 1.74 

cm in non diabetics. Mean scapular distance was found significantly higher in 

participants with Type 2 diabetes mellitus than non diabetics. (p=0.0001) 

(Table 5, Graph 5) 

Scapular abduction ratio: 
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-Mean Scapular abduction ratio (the ratio of total scapular distance divided by total 

scapular length) was 1.48 ±0.10 in Type 2 diabetes mellitus individuals and 1.37 ±0.10 

in non diabetics. Mean scapular abduction ratio was found significantly higher in Type 2 

diabetes mellitus individuals than non diabetics. (p value < 0.0001). 

(Table 6, Graph 6) 

Scapular elevation: 

Mean Scapular elevation was measured as vertical distance from the bottom of right 

angled protractor to T8 spinous process. Mean scapular elevation of 2.21 ±1.22 mm 

and 1.32 ±1.34 mm was seen in Type 2 diabetes mellitus individuals and non diabetics 

respectively. In type 2 diabetes mellitus individuals highly significant increased mean 

scapular elevation was found than non diabetics (p value < 0.0001). 

(Table 7, Graph 7) 

 

 

 

 

 

 

 



48 
 

TABLES AND GRAPHS: (OBSERVATIONS) 

Table 1. Age wise distribution of participants in years. 

Age-group 

(years) 

Diabetic (%)     Non-

diabetic(%) 

40- 45 11 (12.94) 11 (12.94) 

46- 50 22 (25.88) 22 (25.88) 

51- 55 22 (25.88) 22 (25.88) 

56-60 30 (35.29) 30 (35.29) 

Total 85 (100.0) 85 (100.0) 

Summary 

statistics for  

Age 

 

Mean= 

52.68yr 

SD = 

5.30yr 

 

Mean= 52.68yr 

SD = 5.30yr 

 

Graph 1. Age wise distribution of participants in years. 
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 Total 170 participants with and without type 2 diabetes mellitus were included in study 

with mean age 52.68 ± 5.30 years in both groups. Number of participants in the age 

group of 40-45 were 11(12.94%), in age group of 46-50 were 22 (25.88%), in age group 

of 51-55 were 22 (25.88%), in age group of 56-60 were 30 (35.29%) in both groups. 

 

Table 2. Gender wise Distribution of participants  

Sex With Diabetes 

Number                     % 

Without Diabetes 

Number                        % 

Male 57 67.06 57 67.06 

Female 28 32.94 28 32.94 

Total 85 100,0 85 100,0 

 

Pearson chi2(1) =  0.0000,   P = 1.000 

 

 



50 
 

Graph 2. Gender wise Distribution of participants 

 

 Total 114 males and 56 females participated in the study. Gender wise distribution of 

participants showed 57 (67.06%) male and 28 (32.94%) female were with Type 2 

diabetes mellitus. 57 (67.06%) male and 28 (32.94%) female were asymtomatics.  

 

 

Table 3: Distribution of participants according to body mass index 

BMI  

(kg/m2) 

Type 2 Diabetics 

  (n=85)                  

Non-diabetics 

     (n=85)              

Mean 24.04 24.06 

SD  2.87 2.90 

 

 t= 0.05, df= 168, P= 0.9576 
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Graph 3: Distribution of participants according to body mass index 

 

The mean body mass index was 24.04±2.87 in Type 2 diabetics whereas 24.06±2.90 in 

non diabetics. Statistically no significant difference of body mass index was found 

between Type 2 diabetes mellitus individuals and non diabetics.(p value = 0.9576) 
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Table4. Mean and standard deviation values of scapular length (cm) in Type 2 

diabetics and non diabetics 

Scapular length 

(cm) 

With Diabetes 

  (n=85)                  

Without Diabetes 

     (n=85)              

Mean 14.88 14.91 

SD  1.07 0.88 

 

 t= 0.24, df= 168, P= 0.8139 

 

Graph4. Mean and standard deviation values of scapular length (cm) in Type 2 

diabetics and non diabetics 

 

Mean scapular length measured from root of scapular spine to inferior angle of 

acromion was 14.88 ± 1.07 cm in Type 2 diabetes mellitus individuals and 14.91 ± 0.88 

14.88
14.91

14.4

14.5

14.6

14.7

14.8

14.9

15

With Diabetes Without Diabetes

Scapular length
(cm)



53 
 

cm in non diabetics. Mean scapular length was found almost similar in participants with 

and without type 2 diabetes mellitus. (p value = 0.8139) 

 

Table5. Mean and standard deviation values of scapular distance (cm) in Type 2 

diabetics and non diabetics  

Scapular distance  

(cm) 

With Diabetes 

  (n=85)                  

Without Diabetes 

     (n=85)              

Mean 21.88 20.52 

SD  1.74 1.74 

 

 t= 5.09, df= 168, P= 0.0001 

Graph5. Mean and standard deviation values of scapular distance (cm) in Type 

diabetics and non diabetics 
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Mean scapular distance measured from third thoracic vertebra to inferior angle of 

acromion was 21.88 ± 1.74 cm in Type 2 diabetes mellitus individuals and 20.52 ± 1.74 

cm in non diabetics. Mean scapular distance was found significantly higher in 

participants with Type 2 diabetes mellitus than non diabetics. (p=0.0001) 
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Table6. Mean scores of scapular abduction ratio in Type 2 diabetics and non 

diabetics 

Scapular abduction 

ratio 

With Diabetes 

  (n=85)                  

Without Diabetes 

     (n=85)              

Mean 1.48 1.37 

SD  0.10 0.10 

 

 t= 6.56, df= 168, P= 0.0001 

 

Graph6. Mean scores of scapular abduction ratio in Type 2 diabetics and non 

diabetics 

 

-Mean Scapular abduction ratio (the ratio of total scapular distance divided by total 

scapular length) was 1.48 ±0.10 in Type 2 diabetes mellitus individuals and 1.37 ±0.10 

in non diabetics. Mean scapular abduction ratio was found significantly higher in Type 2 

diabetes mellitus individuals than non diabetics. (p value < 0.0001). 
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Table7.  Mean scores of scapular elevation (mm) in Type 2 diabetics and Non 

diabetics 

Scapular elevation 

(mm) 

With Diabetes 

  (n=85)                  

Without Diabetes 

     (n=85)              

Mean 2.21 1.32 

SD  1.22 1.34 

 

 t= 4.56, df= 168, P= 0.0001 

 

Graph7. Mean scores scapular elevation (mm) in Type 2 diabetics and Non 

diabetics 

 

Mean Scapular elevation was measured as vertical distance from the bottom of right 

angled protractor to T8 spinous process. Mean scapular elevation of 2.21 ±1.22 mm 

and 1.32 ±1.34 mm was seen in Type 2 diabetes mellitus individuals and non diabetics 
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respectively. In type 2 diabetes mellitus individuals highly significant increased mean 

scapular elevation was found than non diabetics (p value < 0.0001). 
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DISCUSSION: 

                        A cross-sectional study was carried out to assess static scapular 

elevation and scapular abduction in patients with Type 2 Diabetes Mellitus and 

age,sex,BMI matched non- diabetic individuals between age group of 40-60 years. In 

present study, static scapular elevation was measured by T8 method using Right angled 

protractor and scapular abduction using measuring tape. 

                 In current study, Type 2 Diabetes mellitus patients were compared with 

age,sex and BMI matched non-diabetic individuals in age the group of 40-60 years to 

assess static position of scapula by T8 method and scapular abduction ratio. Mohan V 

et al.(2016)41 in Indian Council of Medical Research 10th paper stated that while type 1 

diabetes and other types account for 5% to 10% of all cases of diabetes; type 2 

diabetes remains by far the most common form of diabetes. They have also mentioned 

that the take-off point in prevalence of type 2 diabetes was at 25–34 years with a 

decline after age 65.41 Supporting this, Tripathy J et al. (2017)42 reported that the 

prevalence of diabetes mellitus was found to be significantly higher among those aged 

45–69 years (18.0%). Thus, the type and age selection in present study were well 

supported. 

                 In present study total 170 individuals were assessed out of which 85 were 

type 2 diabetic and 85 were non-diabetic. In both groups percentage of males and 

females were 67.06% and 32.94% respectively. While looking at international rates of 

type 2 diabetes data from population suggest a slightly higher prevalence of Type 2 

diabetes among men than women.43 Globally based upon IDF ( 2018) atlas, an 
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estimated 221 million men and 204 million women were estimated to have Type 2 

diabetes in (2017).2Above studies supports gender distribution of population included in 

present study. 

                   In current study static scapular position was assessed by T8 method and 

scapular abduction ratio in type 2 diabetics and non-diabetics. When matched pair 

analysis was done between groups, results were statistically significant (p value) 

suggesting increased scapular elevation (2.21) and scapular abduction (1.48) in 

asymptomatic type 2 diabetics. Mtthew B. et al., in (2016) conducted a study in which 

they found greater reported prevalence of scapular dyskinesis(61%) in asymptomatic 

overhead athletes compared with non overhead athletes (33%).32 There are many other 

previous studies which shows the prevalence of scapular dyskinesis in asymptomatic 

individuals like young elite swimmers (Jacopo et al.,2018)30, rugby players (Takayuki et 

al., 2012)33,rock climbers (Aimee R. et al.,2007)44 . Marie et al. in (2017)have also 

stated that scapular dyskinesis is prevalent condition which is commonly associated 

with numerous pathologies of the shoulder and is believed to be a risk factor for further 

injury in athletes.12Above studies supports to current findings that scapular dyskinesis 

occurs in asymptomatic population also. 

                 In present study increased static abducted position of scapula was observed 

in type 2 diabetics (1.48) than non-diabetics (1.37). Darren et al in (2019)observed 

similar findings of more lateral static scapular position of dominant side in asymptomatic 

swimmers.13 It has been suggested that possible contributor to altered scapular position 

is dysfunction of muscles supporting shoulder complex.45,46,47 Mitchell in (2000) 

investigated the effect of repetitive fatiguing exercise on the scapular stabilizers in the 
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proprioceptive neuromuscular facilitation (PNF) D2 pattern.48 Their results suggested 

that a fatigue-induced strength deficit of the shoulder musculature can have an adverse 

effect on scapular positioning by allowing the scapula to glide more laterally.48Muscle 

fatigability when studied in type 2 diabetic individuals by G. Orlando in (2017), they 

found that type 2 diabetes mellitus independent of its complications increases muscle 

fatigability in both lower and upper body muscles.49 

           Kibler have also suggested that altered scapular positioning is frequently result of 

weakness or dysfunction of scapular musculature.50 SK Wani and R. Mullerpatan in 

(2019) have revealed a linear decline in electromyographic muscle activity of pectoralis 

major, supraspinatus, biceps and middle deltoid during Maximal voluntary isometric 

contraction(MVIC) in type 2 diabetics.25 They have also added that the reason for 

decline in activity of muscles in asymptomatic normal functioning shoulder is probably 

because of onset of pathophysiological changes and abnormal skeletal muscle capillary 

recruitment due to micro-vascular complications in shoulder muscles of diagnosed type 

2 diabetics. 25This may be the possible reasons for such findings in present study. 

           Results of present study have also shown significantly higher difference in 

elevated static scapular position of type 2 diabetics (2.21) and non diabetics (1.32). 

Apurv P.S. in (2015) conducted a study on asymptomatic racquet players have also 

found increased scapular elevation and lateral rotation on dominant side. 51Similar study 

conducted by Aimee R.et al. in (2007) to observed differences in static scapular position 

between rock climbers and non-rock climbers in which they found increased scapular 

elevation position in asymptomatic rock climbers.44 They have also added that the basic 
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etiology for altered scapular position in rock climbers may be rotator cuff dysfunction 

and tightness of soft tissues around shoulder complex.44 

                       Sonographic evaluation of shoulder in asymptomatic elderly subjects with 

type 2 diabetes was done by Michele Abate in (2010) in which they found early 

degenerative age related rotator cuff tendon changes.52 They also added that increased 

thickness of supraspinatus and biceps tendon due to abnormal storage of collagen 

layers in tissue surrounding shoulder complex is  more evident in asymptomatic diabetic 

patients.52 Moreover, it is also well known that diabetes is a strong risk factor for rotator 

cuff pathologies, as shown by studies performed in symptomatic subjects. 53,54Rotator 

cuff muscle functions through synergistic co‐contraction to anchor the scapula55. Rotator 

cuff arthropathy promotes increased action from rotator cuff muscles and upper 

trapezius. 55As rotator cuff dysfunction and scapular dyskinesis are interrelated, 

changes in rotator cuff can also contribute to the scapular dyskinesis. 55 This fact is 

supported by the finding of scapular dyskinesis in as many as 68% of patients with 

rotator cuff abnormalities. 56 Supporting these Arjen K., in (2016) have also found that in 

shoulder diseases such as rotator cuff related pathologies, an increased scapular lateral 

position is common scapular dyskinesis sign.57  

                           Study done by kibler in (2003) on scapular dyskinesis and its relation 

to shoulder pain represented a causative factor of scapular dyskinesis.17 In which they 

have suggested that muscle inhibition or weakness is quite common in shoulder 

pathology. 17,58,59 Of all the muscles supporting shoulder complex, serratus anterior and 

lower trapezius muscles are most susceptible to the effect of inhibition and they are 

more frequently involved in early phases of shoulder pathology like rotator cuff 



62 
 

dysfunctions.60.61 Inhibition is seen as a decreased ability of muscles to exert torque and 

stabilize scapula as well as disorganization of the normal muscle firing patterns of 

muscles around shoulder.61,62 They have  also added that imbalance in muscular forces 

of serratus anterior and lower trapezius could result in altered scapular position of 

elevation. 63Provided most of the diabetic individuals in present study were in the age 

group of 56-60 years this can be one of the reason for such findings of altered scapular 

positions in present study. 

                    According to D.Hickey-(2017) presence of scapular dyskinesis increases 

chances of having future shoulder pain.13 Considering prevalence of shoulder 

dysfunction in type 2 diabetics future research could be carried out to know whether 

scapular dyskinesis leads to shoulder dysfunction or not in type 2 diabetics. 

                According to this study static scapular position differs in type 2 diabetes 

mellitus individuals and age sex BMI matched non diabetics aged 40-60 years. 
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CONCLUSION: 

            A cross-sectional study was carried out in total 170 individuals of which 85 were 

having type 2 Diabetes mellitus for more than 3 years and 85 were age, sex BMI 

matched non-diabetic individuals aged between 40-60 years to assess and compare 

static scapular position of abduction and elevation. Results of this study demonstrated 

significantly higher scapular abduction ratio and increased scapular elevation in type 2 

diabetics than non diabetics. 

            Thus, the study concludes that static scapular position changes in the formof 

increased scapular elevation and abduction in type 2 diabetics compared to non 

diabetics can be the alarming sign for future shoulder dysfunction in diabetics. 
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STRENGTH: 

Strengths of this study are: 

- Right angled protractor used in the study for measurement of static scapular 

elevation 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:  

- Only patients with Type 2 Diabetes mellitus were included in the study.  

- Only dominant side was studied. 
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CLINICAL IMPLICATIONS: 

                      Musculoskeletal disorders in type 2 diabetes mellitus have been known 

and studied well of which shoulder disorders were found to be more prevalent. High 

percentage of shoulder injuries presented with scapular dyskinesis.                 

             Current study has focused on the presence of alterations in static scapular 

position in the form of abduction and elevation before occurrence of any shoulder 

dysfunctions in asymptomatic type 2 diabetic individuals. Findings showing increased 

scapular elevation and abduction in type 2 diabetics compared to non diabetics can be 

the alarming sign for future shoulder dysfunction in diabetics. 

          Identifying early scapular dyskinesis allows for early therapeutic intervention. 

Simple clinical methods like T8 method and scapular abduction ratio could be useful for 

measuring static scapular position of elevation and abduction respectively in potential 

population such as type 2 diabetes mellitus. While prescribing any exercise programme 

for reasonable fitness in type 2 diabetic mellitus population it is important to advice 

simple scapular stabilization exercises in this population. Also scapular stabilization 

exercises should be included in complete rehabilitation protocol as it is evident from this 

study that alterations in static scapular position are very common among type 2 

diabetics although all were asymptomatic. 
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SUMMARY: 

A cross-sectional study was carried out to assess static scapular elevation and 

abduction in patients with Type 2 Diabetes Mellitus aged40 to 60 years and age,sex, 

BMI matched non diabetic individuals. Around 180 participants were assessed for the 

study, from which 170 participants (114 males and 56 females) who met the inclusion 

criteria of having diabetes since or longer than 3 years were included in the study. 

Participants were assessed for scapular elevation using Right angled protractor. 

Measuring tape was used to scapular abduction. Data was analysed using Independent 

sample‘t’ test to find the comparison and significance was seen. Mean score for 

scapular elevation (in millimeter) was 2.21±1.22 in diabetic and 1.32±1.34 in non-

diabetics. Mean score for scapular abduction ratio was 1.48±0.10 in diabetics and 

1.37±1.34 in non diabetics. Results of this study demonstrated significantly higher mean 

scapula abduction ratio and scapular elevation in type 2 diabetic participants than non 

diabetics. The study concludes that static scapular positions differ in type 2 diabetic 

patients and without diabetes participants. 
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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, “ASSESSMENT OF STATIC 

SCAPULAR ELEVATION AND ABDUCTION USING T8 METHOD AND SCAPULAR 

ABDUCTION RATIO IN POPULATION WITH AND WITHOUT TYPE 2 DIABETES 

MELLITUS AGED 40-60 YEARS: AN ANALYTICAL CROSS-SECTIONAL STUDY.” 

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:  
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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, “ASSESSMENT OF STATIC SCAPULAR ELEVATION AND 

ABDUCTION USING T8 METHOD AND SCAPULAR ABDUCTION RATIO IN 

POPULATION WITH AND WITHOUT TYPE 2 DIABETES MELLITUS AGED 40-60 

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 I (C) 

 

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:  

These standard procedures include type 2 diabetic and non-diabetic 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 among type 2 diabetic and non-diabetic 

population. 
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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.  

 

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:  
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    Date: 

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

“Assessment of static scapular elevation and abduction using T8 method and scapular 

abduction ratio in population with and without type 2 diabetes mellitus aged 40-60 

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.  
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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  

आयसीएमआरच्यणहियणमकआवश्यकतणआहिआयईसीिेमणन्यतणहिलेल्यणमणहितीिुसणरहलखितमणहितीहिली

आिे. 

व्यणप्ती: 

यणमणिकपद्धतीत40-60 वर्षप्रकणर 2 मधुमेिरुग्आहिहशवणयप्रकणर 2s 

मधुमेिलोकसांख्यणह्यणपुरुर्आहिमहिलणांचणसमणवेशआिेआहिह्यणअभ्यणसणतसिभणगीिोण्यणससे्वचे्छिेइचु्छकअ

सतणत. 

जबणबिणरी: 

सांशोधकयणअभ्यणसणचणभणगिोण्यणसणठीस्वयांसेवणकरिणयणषसवषसिभणगी ांचेलेिीज्ञणतसिमतीप्रणप्तकरतील. 

कणयषपद्धती: 

1. सांशोधकयेथे40-60 वर्षप्रकणर 2 मधुमेिरुग्आहिहशवणयप्रकणर 2s मधुमेिलोकसांख्यणहिवडेल. 

2.तपणसिीसआके्षपिूरकरण्यणसणठीआहिसिभणगी ांच्यणसवषप्रश्िणांचीउत्तरेिेण्यणसणठीप्रणयोहगकप्रोटोकॉलचेस्प

ष्टीकरिकरेल. 

3. सिभणगीिेसिभणगीिोण्यणचणहििषयघेतलणतरतेमणिकसांचणलिप्रहियिुसणरसांमतीिेईल. 

4. जरसिभणगीिेरूचीव्यक्तकेलीपरां तुत्यणतकणिीशांकणअसतीलतरतेसोडवतील. 

5.सिभणगीजरस्पष्टीकरिसोयीस्करअसतीलतरतेमणिकसांचणलिप्रहियेिुसणरसूहचतसांमतीभरतील. 
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6. सिभणगी ांच्यणहचांतेच्यणिांतरअभ्यणसप्रहियणसुरूिोईल. 

7.समणहवष्टआहिबहिष्कणरहिकर्सत्यणहपतकरण्यणसणठीम्हिूितपशीलवणरवैद्यकीयआहिइतरकोित्यणिीशणरी

ररकसमस्यणइहतिणसप्रणप्तकेलेजणईल. 

8.जरसिभणग्यणिेआपल्यणकुटुांबीयणांिणयणमणहितीवरचचणषकरणयचीअसेलतरत्यणांिणसांमतीिेण्यणपूवीअसेकरण्यण

चेअहधकणरआिेत. 

सिभणगी ांिणसांशोधिकरण्यणसणठीसणमणन्यमणहिती: 

1. िणव: 

   वय: 

   हलां ग: 

   तणरीि: 

2.आपल्यणलणप्रोफणमणषभरिेआवश्यकआिेआहिसांशोधिणचणिेतू “टी8पद्धतआहिs 

सॅ्कबुलरअपिरिगुिोत्तरवणपरुि 40-60 वर्षप्रकणर 2 मधुमेिरुग्णांमधे्यआहिहशवणयप्रकणर 2s 

मधुमेिलोकसांख्यणमधे्यसॅ्कबुलरएहलवे्हशिआहिअपिरिखथथरखथथतीचेमूल्णांकि - 

एकिॉसहवभणगीयअभ्यणस” िणअभ्यणसकरिेआवश्यकआिे. 

3.जरआपिसे्वचे्छिेअभ्यणसणतसिभणगीिोऊइखच्छतअसणलतरचणचिीपूिषिोईपयंतआपिकणयषप्रिशषिभरण्यण

पणसूिचआपल्यणकडूििोांििीकरिेअपेहक्षतआिे. 

4.यणकणळणततुम्हीअस्वथथआिणततरमगकृपयणआम्हणलणकळूद्यणजेिेकरूिआम्हीआल्यणसमितकरूआहि

आपल्यणसमसे्यवरकोित्यणिीअयोग्यप्रभणवणहशवणयमणतकरूशकू. 

5. आपल्यणलणकोितेिीपरतणवणआहििुकसणिभरपणईहिलीजणिणरिणिी. 
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6.कोित्यणिीक्षिीजरआपियणसांशोधिअभ्यणसणतूिथणांबूइखच्छतअसणलतरआपितसेकरण्यणसमुक्तआिणतआ

हिआपल्यणबणजूिेकोितीिीअडथळणिसतण. 

7. 

सांमतीपत्रप्रणप्तकरण्यणपूवीअभ्यणसणचीजोिीम,अस्वथथतण,फणयिेआहितोटेयणांचणतपशीलआपल्यणलणस्पष्टके

लणजणईल. 

8.यणअभ्यणसणतूिप्रणप्तझणलेलणडेटणगुप्तपिेसांरहक्षतआहििेिरेिकेलणजणईलआहिजरछणयणहचत्रवणपरलेअसेल

तरआपलीओळिप्रगटिोिणरिणिी. छणयणहचत्रप्रकणहशतझणल्यणसपरवणिगीप्रणप्तिोईल. 

9.यणअभ्यणसणसणठीआवश्यकअसलेल्यणहवहवधचणचिीप्रहियेचेसवषजोडूिआपल्यणलण 

स्पष्टकेलेजणईलआहित्यणिुसणरसांमतीहिलीजणईल. 

10.आपिथकल्यणसणरिेहकां वणआपिपूिषकणळजीघेण्यणसअसमथषवणटतअसल्यणसआपल्यणलणकणळजीकर

ण्यणचीगरजिणिीयणचीआम्हणलणमणहितीद्यणआवश्यकतीपणवलेउचलतणयेतील. 

11.आपिकोित्यणिीक्षिीसमणधणिीिसल्यणसआपिकोित्यणिीपररिणमणांहशवणयभणगकधीिीकणढूशकतण. 

12. सांशोधकणचेिणव: 

    फोििांबर: 

    पत्तण: 

13. मणगषिशषकणांचेिणव: 

      फोििांबर: 

      पत्तण: 

14. सांथथेचेिणव: 
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Annexure I (E) 

रोगीसूचनापत्र : 

 

उदे्दश्य: 

आईसीएमआरकीहियणमकआवश्यकतणकेअिुसणरसुहिहितकरिेकेहलएहकहलखितसूहचतसिमहतपुरुर्औरम

हिलणसेप्रणप्तकीगईिैऔरआईईसीद्वणरणअिुमोहितहकयणगयणिै। 

 

 

स्कोप: 

इसमणिकपररचणलिप्रहियणमें40 सेs 60 वर्ोंआयुकेप्रकणर 2 मधुमेिसणथकेरोहगऔरहबिणप्रकणर 2 

मधुमेिसणथकेजिसांख्यणशणहमलिैंजोसे्वच्छणसेअस्पतणलसेभणगलेरिेिैं। 

 

हजमे्मिणरी: 

शोधकतणषइसअध्ययिमेंभणगकरिेवणलेसभीपुरुर्औरमहिलणसेहलखितसूहचतसिमहतप्रणप्तकरेगण। 

 

प्रहियण: 

1. अने्वर्ककण40 सेs 60 वर्ोंआयुकेप्रकणर 2 मधुमेिसणथकेरोहगऔरहबिणप्रकणर 2 

मधुमेिसणथकेजिसांख्यणकणचयिकरेगण। 

2. अने्वर्कआशांकणिूरकरिेऔरप्रहतभणगीकेसभीप्रश्ोांकणउत्तरिेिेकेहलएप्रयोगणत्मकप्रोटोकॉलकीव्यण

ख्यणकरेगण। 
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3. यहिमरीजअध्ययिमेंभणगलेिेकेहलएसिमतिैंतोउन्हेंमणिकपररचणलिप्रहियणकेअिुसणरसिमहतिीजण

एगी। 

4. यहिमरीजरुहचव्यक्तकरतणिैलेहकिउसमणमलेमेंकुछसांिेििैतोउन्हेंिलहकयणजणएगण। 

5. यहिमरीज़हववरिकेसणथसिजिोतेिैंतोवेमणिकपररचणलिप्रहियणकेअिुसणरसूहचतसिमहतभरें गे। 

6. रोहगयोांकीसिमहतकेबणिअध्ययिप्रहियणशुरूिोगी। 

7. हवसृ्ततहचहकत्सणऔरहकसीभीअन्यशणरीररकसमस्यणकणइहतिणसरोहगयोांसेप्रणप्तहकयणजणएगणतणहकशणहम

लहकएजणिेऔरबहिष्करिमणििांडकोसत्यणहपतहकयणजणसके। 

8. अिुसांधणिहवर्यकीसणमणन्यजणिकणरी: 

1 िणम 

2. उम्र 

3. हलांग 

4. हििणांक 

 

9. यहिआपइसअवहधकेिौरणिअसुहवधणजिकिैंतोकृपयणिमेंयिबतणएां तणहकिमआपकीमििकरसकतेिैं

औरआपकीसमस्यणकोहकसीभीअयोग्यप्रभणवकेहबिणपणरकरसकतेिैं। 

10. आपकोकोईप्रहतपूहतषऔरक्षहतपूहतषििी ांिीजणएगी। 

11. यहिहकसीभीसमयआपइसशोधअध्ययिकोबांिकरिणचणितेिैंतोआपऐसणकरिेकेहलएस्वतांत्रिैंऔरिमण

रेपक्षसेकोईबणधणििी ांिोगी। 

12. सिमहतकेपत्रप्रणप्तकरिेसेपिलेपरीक्षि, जोखिम, असुहवधण, 

फणयिेऔरिुकसणिकणहववरिआपकोसमझणयणजणएगण। 
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13. इसअध्ययिसेप्रणप्तआांकडेगोपिीयरूपसेसांरहक्षतऔरबिणएरिेजणएां गेऔरअगरतस्वीरकणइसे्तमणल

हकयणजणएतोआपकीपिचणिप्रकटििी ांकीजणएगीऔरयहितस्वीरप्रकणहशतकीगईतोअिुमहतप्रणप्तकी

जणएगी। 

14. परीक्षिप्रहियणकणसभीजोखिमआपकोसमझणयणजणएगणऔरतििुसणरसिमहतलीजणएगी 

15. यहिआपहकसीभीसमयसांतुष्टििी ांिैंतोआपहकसीभीसमयहकसीभीपररिणमकेहबिणवणपसलेसकतेिैं 

 

 

शोधकतणषकणिणम: 

 

फोििांबर: 

पतण: 

गणइडकणिणम: 

फोििांबर: 

पतण: 

सांथथणकणिणम: 
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Annexure II (A) 

                                                    LETTER OF CONSENT 

“ASSESSMENT OF STATIC SCAPULAR ELEVATION AND ABDUCTION USING T8 

METHOD AND SCAPULAR ABDUCTION RATIO IN POPULATION WITH AND 

WITHOUT TYPE 2 DIABETES MELLITUS AGED 40-60 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. 

1. 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. 

2. 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. 

3. 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. 

4. I understand that my identity will not be revealed in any report or publication. 

5. I agree to take part in the above study. 

 _____________________                   __________                              

Name of research participant                  Signature/Thumb                                                               
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  Date: 
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ANNEXURE II (B) 

सांमती 

टी8 पद्धतआहिs सॅ्कबुलरअपिरिगुिोत्तरवणपरुि 40-60 वर्षप्रकणर 2 

मधुमेिरुग्णांमधे्यआहिहशवणयप्रकणर 2s 

मधुमेिलोकसांख्यणमधे्यसॅ्कबुलरएहलवे्हशिआहिअपिरिखथथरखथथतीचेमूल्णांकि - 

एकिॉसहवभणगीयअभ्यणस 

 उपिमणचेस्वरूप,कणरि, 

कणलणवधीत्यणचेपुढीलपररिणमआहिउपिमणचेधोकेतसेचयणअभ्यणसणतीलमणझीभूहमकणमलणसमजणव

लीगेलीआिे .मणझेसगळेप्रश्समणधणिकणरकररत्यणसोडवलेगेलेआिे . 

 मणझणयणउपिमणतीलसिभणगपूिषपिेऐखच्छकआिेआहिमी कोित्यणिीवेळी, कोितेिीकणरिििेतण, 

कुठलणिीिांडिभरतणआहिमलणहमळण्यणचणअपेहक्षतफणयिणयणांमधे्यकुठलणिीबिलििोतणमीयणअभ्यण

सणतूिकुठल्णिीक्षिीमणघणरघेऊशकते /शकतो . 

 उपिमणिरम्यणिउपलब्धिोिणऱ्यणकोित्यणिीमणहितीमुळेमणझ्यणउपिमणतीलभणगघेण्यणवरपररिणमिो

ऊशकतोिेमलणसणांहगतलेजणईल . 

 हवद्यणलयीिसांहमतीमणहितीगोळणकरण्यणसणठीमणझीआधीचीवैद्यकीयपत्रकपणहूशकतणत 

.यणपत्रकणवरसिीकेल्णवरमीत्यणांिणतशीअिुमतीिेते /िेतो. 

 मीिेजणिते/जणितोहकमणझीओळिकुठल्णिीतसेचकोित्यणिीमणहितीत/प्रकणशिणतप्रिहशषतकेलीजण

िणरिणिी .    



92 
 

 मीह्यणउपिमणतसिभणगीिोण्यणसणठीसांमतीिेतआिे 

सिभणगीसिस्यणचेिणव          स्वणक्षरी /अांगठ्यणचणठसण           हििणांक : 
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ANNEXURE II(C) 

सिमहत - पत्र 

40 से60 वर्ोंआयुकेप्रकणर 2 मधुमेिकेसणथरोहगयोांऔरहबिणप्रकणर 2 

मधुमेिकेसणथकेजिसांख्यणमेंसै्कपुलरउन्नयिऔरअपिरिकणमूल्णांकिटी 8 

पद्धहतऔरसै्कपुलरअपिरिअिुपणतकणउपयोगकर -एकिॉसअिुभणगीयअध्ययि 

 इसअभ्यणसकणस्वरुप, अवकणश, इससेजुडेसांभणव्यितरे, 

सांभणहवतप्रभणवऔरमुझेजोकरिणिैउसकेबणरेमेंस्पष्टजणिकणरीहमलीिै।  

 इसअभ्यणसमेंसिभणगीिोिेकणमेरणिुिकणहििषयिै.मैंहकसीसमयअभ्यणसकोछोडकरजणसकती/सकतण

हू।इसकेहलएमैंकोईभीमणििांडयणभरपणईकरिेकेहलएबांधी/बांधणििी ांहूूँ।   

 अभ्यणसकेिौरणिउपलब्धअन्यजणिकणरीहजससेअभ्यणसिममेंभणगलेिेपरअसरपडेगणविमुझेबतणयणजण

येगण।  

 मेरीजणांचकणजोमूल्णांकिहुआिै, 

उसेसांथथणकेसमणलोचकमांडलकेअहधकणरीपरिसकतेिै।इसपत्रपरिस्तणक्षरकरकेमैंयिअिुमहतिेतण

हूूँयणिेतीहूूँ। 

 मेरीपिचणिहकसीभीवृतणांतयणप्रकणशिमेंप्रकणहशतििी ांिोगी। 

 मैंअभ्यणसिमकेहलएसिमतहूूँ। 

____________         _________________             _______                  

सिभणगीकणिणमिस्तणक्षरयणअांगूठेकणहिशणिहििणांक 
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 ANNEXURE III (A) 

PARAMETERS FOR ASSESSMENT OF OUTCOME MEASURES 

1) Scapular elevation 

• Procedure: Participants height in centimeter with a measuring tape and weight in 

kilogram on weighing machine will be taken. Participants back will be completely 

exposed. 

a. T8 method to assess scapular elevation: It is a method in which metal 

right-angle protractor will be used to measure static scapular elevation in 

relation to eighth thoracic spinous process. The data will be measured in 

millimeter. 

• Participants position: Participants will be seated on a stool in a normal relaxed 

sitting position with their arms by their side and thumbs facing forward while 

looking forward at a mark on the wall fixed at eye level. 

• Therapist position: Sitting and Facing towards back of the participant. 

• Testing procedure: For the palpation of eighth thoracic (T8) spinous process 

first the spinous process of seventh cervical (C7) vertebra will be indentified as 

the most caudal cervical spinous process that did not disappear on cervical 

extension and then therapist will count down the vertebra to identify the most 

inferior aspect of T8 spinous process. Then inferior angle of the scapula will be 

identified.  Landmarks will be palpated and soft tissue will be released and 

horizontal line with a black pen will be placed. Next vertical line will be drawn 

through the most central point of the landmark creating crosshatch. Intersection 

of these two lines will be used as a single point for measurement. The protractor 
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will be placed horizontally, aligning between the inferior angle of scapula and 

eighth thoracic spinous process. The vertical distance will be read from the 

bottom of protractor to T8 spinous process in millimeter and documented. 

• Reliability and validity: This method has good intertester reliability = 0.82 and 

high intratester reliability = 0.99 with significant validity (p-value=<0.001).(24) 

2) Normalized scapular abduction ratio: It is the ratio of total scapular distance to 

total scapular length. Measurements will be taken using measuring tape in 

centimeters. 

 

 Participants position: Participants will be in a relaxed standing position with 

both the hands by side of the body.  

 Therapist Position: Standing and facing towards back of the participant.  

 Testing Procedure: Therapist will palpate inferior angle of acromion and root of 

spine of scapula. For the palpation of third thoracic spinous process (T3) first the 

spinous process of seventh cervical vertebra (C7) will be indentified as the most 

caudal cervical spinous process that did not disappear on cervical extension and 

then therapist will count down the vertebra to identify the most inferior aspect of 

T3 spinous process. Landmark will be mark with a black pen. 

 

I. To measure total scapular distance therapist will measure the distance from third 

thoracic vertebrae to inferior angle of acromion. 

II. To measure length of the scapula therapist will measure the distance from 

inferior angle of acromion to root of scapula. Both the measures will be recorded 
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in centimeters and ratio of total scapular distance and length of scapula will be 

calculated. 

 

 Reliability and validity:  Greenfield and colleagues reported excellent intrarater 

and interrater reliability of the normalized scapular abduction measurement (ICCs 

of 0.97 and 0.96, respectively). (15) 
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                                                     ANNEXURE III (B) 

CASE RECORD FORM 

DATE:  

NAME:  

AGE: 

GENDER: 

ADDRESS: 

OCCUPATION: 

DOMINANCE: 

WEIGHT (kilogram): 

HEIGHT (centimeter): 

BMI: 

DURATION OF DIABETES (years): 

SCAPULAR LENGTH (centimeters): 

SCAPULAR DISTANCE (centimeters): 

SCAPULAR ABDUCTION RATIO: 

SCAPULAR ELEVATION (centimeter): 
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TIMELINE / GANTT CHART 

1) September - October  

2018 

Selection of Topic 

2) October -  November  

2018 

Formulation of research question 

3) November – 

December 2018 

Formulation of aims and objectives 

4) December 2018- 

January 2019 

Hypothesis and null hypothesis 

5) December 2018- 

January 2019 

Research Protocol 

6) December 2018- 

January 2019 

Research Designing 

7) September 2018- 

January 2019 

Review of Literature 

8) November 2018- 

January 2019 

Methodology formulation 

9) November 2018- 

January 2019 

Study designing 

10) November 2018- 

January 2019 

Study setting 
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11) November 2018- 

January 2019 

Sample size estimation 

12) November 2018- 

January 2019 

Selection of study tools and 

instruments 

13) December 2018- 

January 2019 

Method of data collection 

14) December 2018- 

January 2019 

Data management and analysis 

15) December 2018- 

January 2019 

Statistical tests 

16) January 2019 Compilation of Synopsis 

17) January 2019 Ethical clearance 

18) January 2019- 

February 2019 

Incorporation of suggestions by IEC 

19) February 2019 BORS approval 

20) March 2019 Submission of synopsis  

21) 31st May 2019 Received approval from university  

22) June 2019-July 2020 -Collection of data 

-Preparation of excel sheet 

-Screening of data 

-Encryption of data 

-Search for more literature 
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23) August 2020 -Analysis and Management of data 

-Obtaining the final result 

-Preparing the manuscript for 

completion of dissertation 

24) September 2020 Submission of dissertation to MUHS 
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MASTERCHART: 

A-Type 2 diabetes mellitus patients 

           B-Non-diabetic individuals 
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Sr 

no Age Gender 

Weight 

(kg) 

Height 

(cm) BMI 

Diabetic 

(yes/No) 

Duration 

of  

diabetes 

Scapular 

length 

cm 

scapular 

distance 

cm 

Scapular 

abduction 

ratio 

Scapular 

elevation 

mm 

1 60 M 60 177 20 Yes 4 16 24 1.5 4 

2 60 M 65 177 21 yes 10 13 19 1.46 3 

3 40 M 54 162 21 yes 4 14 18 1.28 0 

4 55 F 50 152 22 yes 4 13 21 1.61 4 

5 60 M 55 165 20 yes 15 13 22 1.69 4 

6 59 M 84 168 30 yes 15 17 23 1.35 1 

7 56 M 60 177 19 yes 8 16 23 1.43 3 

8 60 M 55 152 24 yes 15 14 22 1.57 4 

9 55 M 65 173 22 yes 20 16 23 1.43 2 

10 51 M 68 168 24 yes 5 17 24 1.41 2 

11 60 M 63 158 25 yes 10 15 22 1.46 2 

12 54 M 66 162 25 yes 8 15 23 1.53 3 

13 52 M 79 158 32 yes 7 14 22 1.57 4 

14 60 M 55 168 20 yes 20 15 21 1.4 3 

15 48 M 56 152 24 yes 5 15 22 1.46 4 

16 45 M 78 168 28 yes 5 14 18 1.28 0 

17 56 F 62 152 27 yes 10 13 22 1.69 4 

18 59 F 60 162 23 yes 7 15 20 1.33 1 

19 52 M 90 171 31 yes 4 16 25 1.56 3 

20 59 F 52 155 23 yes 5 16 22 1.37 1 
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21 46 F 60 161 23 yes 5 16 22 1.37 1 

22 53 F 65 150 29 yes 10 16 24 1.56 3 

23 59 F 54 150 24 yes 9 15 24 1.6 4 

24 50 F 60 158 27 yes 10 16 24 1.5 3 

25 55 M 78 176 25 yes 7 18 25 1.39 2 

26 60 M 79 168 28 yes 12 14 23 1.64 4 

27 51 M 63 161 24 yes 5 14.5 21.5 1.48 2 

28 55 F 80 165 29 yes 7 15 22 1.46 2 

29 59 M 85 170 29 yes 10 16 24 1.56 2 

30 45 F 72 155 30 yes 5 14 22 1.57 3 

31 45 F 49 156 20 yes 4 15 21 1.4 2 

32 55 M 70 165 26 yes 7 16 24 1.56 2 

33 56 M 75 180 23 yes 10 16 24 1.56 2 

34 49 M 61 158 24 yes 10 15 20 1.33 0 

35 50 M 70 174 23 yes 8 16 24 1.56 3 

36 46 F 58 162 22 yes 7 15 23 1.53 2 

37 49 F 50 155 21 yes 5 15 20 1.33 1 

38 59 F 60 162 23 yes 15 14 22 1.57 3 

39 58 M 80 171 27 yes 20 16 23 1.43 2 

40 50 F 55 168 19 yes 6 15 22 1.46 2 

41 48 M 75 177 24 yes 5 14 21 1.5 3 

42 45 M 68 174 23 yes 4 15 24 1.6 3 

43 43 M 65 171 22 yes 4 14 22 1.57 4 



105 
 

44 58 F 48 152 21 yes 10 13.5 21 1.55 3 

45 50 M 65 162 25 yes 8 14 22 1.57 3 

46 55 F 70 158 28 yes 15 15 24 1.6 4 

47 52 M 80 177 25 yes 5 16 24 1.56 3 

48 50 M 65 174 21 yes 6 14.5 22.5 1.55 2 

49 49 M 75 171 26 yes 4 15 23 1.53 3 

50 45 F 60 158 24 yes 5 13 20 1.53 3 

51 58 M 85 177 27 yes 12 14 20 1.42 1 

52 54 F 55 155 23 yes 8 13 20 1.53 3 

53 56 F 60 161 23 yes 6 14 22.5 1.6 4 

54 57 M 85 174 28 yes 10 16 24 1.56 3 

55 46 M 75 169 26 yes 5 15 20 1.33 0 

56 50 M 85 186 25 yes 6 14 19.5 1.39 1 

57 52 F 60 155 25 yes 8 16 24 1.56 2 

58 45 M 78 182 23 yes 5 13 18 1.38 0 

59 57 M 79 172 27 yes 10 15 21 1.4 3 

60 60 M 60 157 24 yes 15 14 22 1.57 3 

61 55 M 80 179 25 yes 10 15 21 1.4 2 

62 50 F 60 157 24 yes 5 14 22 1.57 3 

63 51 F 62 157 25 yes 6 15 20 1.33 0 

64 48 F 57 167 20 yes 5 14 20 1.42 1 

65 49 M 72 180 22 yes 7 15 22 1.46 1 

66 52 M 65 170 22 yes 8 16 22 1.37 1 
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67 57 M 72 175 23 yes 10 15 23 1.53 3 

68 52 F 55 160 22 yes 6 14 20 1.42 1 

69 47 M 70 180 22 yes 5 16 24 1.5 3 

70 58 M 62 180 19 yes 10 15 24 1.6 3 

71 59 M 85 177 27 yes 12 16 24 1.5 3 

72 60 M 70 167 25 yes 15 14 22 1.57 3 

73 50 M 69 168 24 yes 7 16 22 1.37 1 

74 45 F 89 180 27 yes 5 14 20.5 1.46 1 

75 52 F 60 155 25 yes 7 13 20 1.53 2 

76 56 M 76 177 24 yes 9 15 22 1.46 2 

77 53 M 80 181 24 yes 5 16 23.5 1.46 2 

78 59 M 56 160 22 yes 10 15 21 1.4 2 

79 48 M 60 165 22 yes 5 14 19 1.35 0 

80 45 F 55 159 22 yes 5 15 19 1.26 0 

81 46 M 63 170 22 yes 5 16 21 1.31 0 

82 57 M 65 182 20 yes 11 16 24 1.5 3 

83 43 M 72 179 22 yes 5 14 20 1.42 1 

84 49 M 82 189 23 yes 9 14 19 1.35 1 

85 55 M 60 162 23 yes 12 15 20 1.33 1 

86 60 M 60 172 20 No - 16 24 1.5 3 

87 60 M 70 184 21 No - 15 20 1.33 1 

88 40 M 68 179 21 No - 15 19 1.26 0 

89 55 F 55 159 22 No - 16 21 1.31 2 
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90 60 M 58 170 20 No - 14 23 1.64 4 

91 60 M 83 167 30 No - 16 24 1.54 5 

92 56 M 55 167 19 No - 16 24 1.5 3 

93 60 M 63 161 24 No - 16 25 1.56 5 

94 55 M 58 162 22 No - 15 21 1.4 2 

95 51 M 70 171 24 No - 16 22 1.37 1 

96 60 M 65 162 25 No - 15 23 1.53 3 

97 54 M 70 166 25 No - 15 20 1.33 1 

98 52 M 90 169 32 No - 14 20 1.42 3 

99 60 M 58 170 20 No - 16 22 1.37 3 

100 48 M 65 165 24 No - 14 20 1.42 0 

101 45 M 82 172 28 No - 14 18 1.28 0 

102 56 F 65 155 27 No - 12.5 21 1.65 3 

103 59 F 60 161 23 No - 14 21 1.5 3 

104 52 M 66 173 31 No - 16 22 1.37 1 

105 59 F 55 155 23 No - 15 20 1.33 2 

106 46 F 66 173 23 No - 16 22 1.37 0 

107 53 F 65 150 29 No - 14 21 1.5 1 

108 59 F 55 155 24 No - 15 20 1.33 2 

109 50 F 70 160 27 No - 16 23 1.43 0 

110 55 M 55 78 25 No - 15 23 1.52 1 

111 60 M 72 160 28 No - 14 22 1.57 5 

112 51 M 54 150 24 No - 15 23 1.53 1 
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113 55 F 70 155 29 No - 15 21.5 1.43 1 

114 59 M 75 160 29 No - 16 24 1.56 3 

115 45 F 59 140 30 No - 13 20 1.53 2 

116 45 F 48 155 20 No - 15 19 1.26 0 

117 55 M 75 170 26 No - 16 22 1.37 1 

118 56 M 60 161 23 No - 16 22 1.37 1 

119 49 M 75 175 24 No - 15 20 1.33 0 

120 50 M 60 163 23 No - 16 22 1.37 1 

121 46 F 55 158 22 No - 15 22 1.46 2 

122 49 F 60 170 21 No - 15 19 1.26 0 

123 59 F 70 175 23 No - 14 20 1.42 2 

124 58 M 82 175 27 No - 16 22 1.37 2 

125 50 F 65 182 19 No - 15 20 1.33 1 

126 48 M 70 169 24 No - 14 19 1.35 1 

127 45 M 72 179 23 No - 15 20 1.33 1 

128 43 M 75 182 22 No - 15 20 1.33 0 

129 58 F 60 170 21 No - 14 19 1.35 2 

130 50 M 84 182 25 No - 15 19 1.26 0 

131 55 F 80 169 28 No - 15 20.5 1.36 2 

132 52 M 85 184 25 No - 16 22 1.37 1 

133 50 M 72 183 21 No - 15 20 1.33 0 

134 49 M 72 166 26 No - 15 20.5 1.36 2 

135 45 F 55 150 24 No - 13 16 1.23 0 



109 
 

136 58 M 79 170 27 No - 14 19 1.35 2 

137 54 F 60 162 23 No - 16 19 1.18 0 

138 56 F 70 174 23 No - 14 19.5 1.39 2 

139 57 M 80 170 28 No - 16 22 1.37 1 

140 46 M 72 166 26 No - 15 20 1.33 0 

141 50 M 80 179 25 No - 14 19 1.35 0 

142 52 F 65 160 25 No - 15 21 1.4 2 

143 45 M 75 180 23 No - 13 17.5 1.34 0 

144 57 M 85 177 27 No - 15 20 1.33 1 

145 60 M 77 179 24 No - 14 21 1.5 3 

146 55 M 65 160 25 No - 15 19 1.26 0 

147 50 F 69 170 24 No - 14 19 1.35 0 

148 51 F 57 152 25 No - 15 20 1.33 0 

149 48 F 60 172 20 No - 14 18.5 1.32 0 

150 49 M 79 188 22 No - 15 20 1.33 1 

151 52 M 67 174 22 No - 16 20 1.25 0 

152 57 M 79 184 23 No - 15 21 1.4 2 

153 52 F 56 160 22 No - 14 18.5 1.32 1 

154 47 M 65 170 22 No - 16 20 1.25 0 

155 58 M 69 189 19 No - 15 20 1.33 1 

156 59 M 82 175 27 No - 16 23 1.43 3 

157 60 M 90 189 25 No - 14 21 1.5 4 

158 50 M 65 166 24 No - 14 18 1.28 0 
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159 45 F 80 166 29 No - 14 19 1.35 0 

160 52 F 60 156 25 No - 15 20 1.33 1 

161 56 M 70 170 24 No - 15 20 1.33 1 

162 53 M 72 172 24 No - 16 20 1.25 0 

163 59 M 77 185 22 No - 15 23 1.53 3 

164 48 M 56 160 22 No - 14 18 1.28 0 

165 45 F 60 165 22 No - 15 19 1.26 0 

166 46 M 66 172 22 No - 16 18 1.12 0 

167 57 M 56 166 20 No - 16 22 1.37 3 

168 43 M 69 176 22 No - 14 19 1.35 1 

169 49 M 74 180 23 No - 14 18 1.28 0 

170 55 M 75 180 23 No - 15 19 1.26 0 
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INTRODUCTION 

High blood pressure is ranked as the third most important risk factor for the burden of 

disease in South Asia. (1)High blood pressure or hypertension is also known as high or 

raised blood pressure in the blood vessels.(2) The American Heart Association has 

defined Stage 1 hypertension as systolic blood pressure equal to or above 130 mm Hg 

and/or diastolic blood pressure equal to or above 80 mm Hg. (3)  Stage 2 hypertension is 

defined as systolic blood pressure equal to or more than 140mm hg and/or diastolic blood 

pressure of more than or equal to 90mm hg. (3)  

Approximately 77.9 million American adults and approximately 970 million people 

worldwide have high BP.(2) In India the prevalence of hypertension was 29.8%. a 

significant difference in hypertension prevalence was seen between the rural and urban 

populations. (1) 

The overall hypertension prevalence in Maharashtra is 25% and a large amount of 

variation is found across the districts. Dhule, Gadchiroli,  Mumbai and Satara are the 

districts with the higher (above 30%) prevalence of high blood pressure.(4) 

 

CLASSIFICATION OF HYPERTENSION:  

Classification Systolic blood 

pressure 

 Diastolic blood 

pressure 

Normal  <120 AND <80 

Prehypertension 120-129 OR <80 

Stage 1 130-139 OR 80-89 
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Stage 2 ≥140 OR ≥90 

 

 

 

 

Hypertension is caused by increased cardiac output and/or increased peripheral 

resistance. 

 Cardiac Output: The factors responsible for increase in cardiac output are: Increased 

circulating fluid volume: Excess sodium intake can cause hypertension by increasing fluid 

volume and preload, thus, increasing cardiac output, as well as by its effects on vascular 

reactivity and contractility. Many studies have verified the ability of dietary salt to elevate 

blood pressure in some populations (salt-sensitive), but not in all individuals. Sodium 

sensitivity of some individuals may play a pivotal role. Some investigators have also 

identified a sodium pump inhibitor as being responsible for volume expansion in 

hypertension.(5) 

Renal sodium retention: Excessive sodium retention by the kidney has also been 

proposed as an important factor. One reason for this could be decreased filtration surface 

area (FSA) due to decreased nephron number or FSA per glomerulus.(5) 

Renin-angiotensin system: The renin-angiotensin system (RAS) plays an important role 

in salt and water homeostasis and BP control. Inappropriate release of renin culminating 

in the formation of angiotensin II (which causes vasoconstriction) is also a possible 

mechanism for hypertension.(5) 
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Sympathetic nervous over-activity: The sympathetic nervous system (SNS) directly or 

indirectly dictates the state of cardiac output and systemic vascular resistance. Thus, 

excessive activity of sympathetic nervous system may increase the blood pressure. 

Sympathetic over-activity may also augment renin release.(5) 

 Increased peripheral resistance: 

The final common feature of established hypertension is a raised peripheral resistance, 

that can be associated with both functional constriction and structural vascular remodeling 

and hypertrophy. Direct mediation and interaction of numerous factors such as increased 

intracellular calcium, growth factors such as angiotensin II and insulin like growth factor, 

endothelium-derived relaxing factor (EDRF), prostaglandins and endothelin may also be 

involved.(5) 

 

IMPORTANCE OF EXERCISE 

Exercise plays a very important role in control of blood pressure. Regular exercise 

practice such as brisk walking, cycling or jogging for 30 minutes of moderate intensity 

per day has been reported to be effective for blood pressure control. (6)Many studies 

revealed that moderate physical activity leads to improvement in exercise capacity and 

thus significantly improves hemodynamics and cardiac performance. (7) Aerobic exercise 

reduces blood pressure in both hypertensives and normotensive persons. An increase 

in aerobic physical activity should be considered an important component of lifestyle 

modification for prevention and treatment of high blood pressure.(8)  

One of a previous study stated that exercise is capable of lowering heart rate and 

systolic blood pressure in a single treatment. This phenomenon was described as post 
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exercise hypotension and many explanations have been proposed as the mechanisms 

behind blood pressure reduction in a single exercise treatment including vascular 

responsiveness, neuro-humoral and structural adaptations. (9)(10) 

 

ALTERED EXERCISE RESPONSE IN HYPERTENSIVE PATIENTS. 

 An important measure of cardiorespiratory fitness is functional capacity. (11)Functional 

capacity is assessed using the six minute walk test in hypertensive patients.(12) The six 

minute walk test is applied due to its simplicity and easy use. (13) The tolerance to self-

limited exercise is assessed using the six minute walk test.(13) Hypertension leads to poor 

functional capacity and impairs endothelial function, thus it has been reported that regular 

exercise participation improves aerobic performance and exercise tolerance. (14)  

The mechanism of reduced functional capacity in hypertensive patients is as follows: 

Systemic circulation and exercise in arterial hypertension:  

The response of systemic circulation to exercise in increased cardiac and stroke volume 

index and decreased systemic vascular resistance. The reasons for the increase could 

be endothelial dysfunction, increased circulating levels of catecholamines, angiotensin 2, 

myocardial hypertrophy or increased diastolic filling pressure. 

Increase in sodium gradient across the sarcolemma could also increase peripheral 

vascular resistance by causing vasoconstriction and significantly increasing blood 

pressure during exercise. 

Remodeling of hypertrophic small arteries and arterioles increases resistance and mean 

blood pressure. Arterial stiffness and pulse pressure are thus increased, which induces 

greater elevation of blood pressure during exercise.(7) 
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Impact of left ventricle on exercise capacity in arterial hypertension: 

The cornerstone of the relationship between left ventricle and functional capacity is 

myocardial perfusion reserve, which is significantly reduced in arterial hypertension. 

Increased peripheral resistance is the second reason that could impair functional capacity 

in patients with arterial hypertension. The reason being that it prolongs myocardial 

relaxation, increases SBP, increases left ventricular stiffness and filling pressure, causes 

left ventricular hypertrophy, induces left ventricular diastolic dysfunction and finally 

decreases cardiac output. 

The biohumural systems such as catecholamines, renin-angiotensin-aldosterone system, 

and brain natriuretic peptide, are also responsible for impaired functional capacity in 

arterial hypertensive patients.  

Many studies revealed that arterial hypertensive patients with left ventricular diastolic 

dysfunction had significantly increased sympathetic activity. 

Recent studies showed that myocardial fibrosis could also be the result of insufficient 

collagen degradation by interstitial collagenase, especially metalloproteinase 1, whose 

activity is downregulated by angiotensin 2, aldosterone and catecholamines. 

The brain natriuretic peptide could be one of the homeostatic regulators of exercise 

capacity in arterial hypertensive patients.(7) 
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Impact of left atrium on exercise capacity in arterial hypertensive patients:  

Arterial hypertensive patients usually present with increased left ventricular filling 

pressure which contributes to left atrial dysfunction and dilation which further decreases 

cardiac output and deteriorates left ventricular diastolic filling during exercise.(7) 

Pulmonary circulation and exercise in arterial hypertension:  

Pulmonary circulation is characterized by low pressure and high flow. Considering the 

fact that cardiac output during exercise is six times greater than that in resting conditions, 

and that oxygen uptake is up to 20 times beyond resting values, it is clear why pulmonary 

circulation is under significant stress while trying to maintain the normal function of the 

right ventricle and trying to avoid pulmonary edema.(7) 

 

Impact of right ventricle on exercise capacity on arterial hypertension.: 

Patients with arterial hypertension had increased right sided pressures and markedly 

decreased right ventricular ejection fraction in comparisons with the controls, whereas left 

ventricular function and cardiac index were similar between the observed groups. (7) 

Psychosocial factors:  

The psychosocial factors are based on the Social Cognitive Theory by Albert Bandura. 

The Social Cognitive Theory by Albert Bandura explains and provides a framework that 

addresses self-efficacy, social support, perceived exercise barriers, outcome 

expectancies and self-regulatory behaviors simultaneously. In addition, it also explains 
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that self-efficacy, perceived exercise barrier and social support are central to behavior 

change. (15) 

Self-efficacy: Self efficacy is a central component of the Social Cognitive theory and also 

a strong predictor of physical activity. Self-efficacy is the belief in one’s ability to organize 

and execute the actions required to produce the desired outcomes. (15) Exercise self-

efficacy can also be defined as participants’ confidence in their ability to exercise 

regularly. 

Social support: According to Barnes and Duck, social support refers to “Everyday 

behaviors that, whether directly or indirectly, communicate to an individual that she or he 

is valued and cared for by others.” Also, social support is a daily interactional or 

communicative process. Social support is postulated to serve as a protective factor that 

facilitates coping and competence, thus modulating the deleterious effects of social and 

environment stressors.(16) 
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Rationale of the study:  

Physiotherapists are involved in the functional rehabilitation of patients. Before 

prescribing exercise training the functional status of the hypertensive subjects is taken 

into consideration. However, initiation and maintenance of exercise program is needed to 

get a good rehabilitation. Studies indicate that psychosocial factors contribute in exercise 

maintenance and rehabilitation. However, there is no evidence suggesting that before 

designing exercise for hypertensive subjects, the psychosocial factors are considered. 

There is limited information on the relationship between functional capacity and 

psychosocial factors in hypertensive subjects. Hence, this study investigated the 

relationship between functional capacity and psychosocial factors among hypertensive 

patients.(11) 
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AIM:  

To study the correlation between Functional Capacity and Psychosocial factors in 

hypertensive subjects.  

 

 

 

OBJECTIVE: 

• To find correlation between 6-minute walk test distance and Exercise Self Efficacy 

scale. 

• To find correlation between 6 minute walk test distance and Multidimensional scale 

of Perceived social support.  
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RESEARCH QUESTION: 

Is there any association between functional capacity and the psychosocial factors 

among hypertensives subjects?  

 

HYPOTHESIS: 

Alternate hypothesis:  

There is a significant association between functional capacity and the psychosocial 

factors among hypertensives subjects. 

Null hypothesis: 

There is no significant association between functional capacity and the psychosocial 

factors among hypertensives subjects. 
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Literature Review:  

1. WHO published a booklet named a global brief in hypertension in the year 2013 which 

stated the definition of hypertension as high or raised blood pressure in the blood vessels. 

2. The American college of Cardiology foundation and the American heart association in 

their journal published the clinical practice guidelines named Guideline for the Prevention, 

Detection, Evaluation, and Management of High Blood Pressure in Adults in which an 

updated version of the classification of blood pressure was given. In the guidelines blood 

pressure was classified as normal, prehypertension, stage 1 and stage 2 hypertension. 

3. Raghupathy Anchala et al published a review Hypertension in India: a systemic review 

and meta-analysis of prevalence, awareness and control of hypertension. The review 

stated that the prevalence of hypertension in India from the year 1950 to 2013 was 

estimated to be 29.8% 

 
4. Yogesh K Chawla in the API Textbook of Medicine (9th edition) stated the various 

factors responsible for the elevated blood pressure. The factors staed were increased in 

cardiac output, increased peripheral resistance.  

 

5. ACSM’s Guidelines for Exercise Testing and Prescription (7th edition) by Lippincott 

Williams and Wilkins stated that regular exercise practice such as brisk walking, cycling 

or jogging of moderate intensity and 30 minutes per day has been effective for blood 

pressure control. 
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6. The study conducted by Linda S. Pescatello named exercise intensity alters post 

exercise hypotension stated that lower intensity dynamic exercise such as walking, 

contributes to BP control in men with 

hypertension. In this study they examined the effect of light (LITE) and moderate (MOD) 

exercise intensity on post exercise hypotension. 

 

7. Seamus P. et al published conducted a meta-analysis on the effect of aerobic exercise 

on blood pressure.  They came to a conclusion that aerobic exercise reduces blood 

pressure in both normotensive and hypertensive persons. An increase in aerobic physical 

activity should be considered an important component of lifestyle modification for 

prevention and treatment of high blood pressure. 

 

8.. Rodrigo de Assis Ramos et all conducted a systemic review on Functional capacity in 

adults with hypertension as assessed by the six- minute walk distance test. In this study 

they concluded that the functional capacity may be decreased in more severe stages of 

hypertension and/or in the presence of comorbidities. The two major limitations were 

small sample size and specific phenotypes such as same sex, same hypertensive stage 

and narrow age group. 

 

9. Marijana Tadic et conducted a study named Why is functional capacity decreased in 

hypertensive patients. The purpose of this study was to summarize the knowledge about 

the mechanisms of decreased exercise capacity in hypertensive patients. The concluded 

that the effect of functional capacity on arterial hypertension has not been examined 
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sufficiently. They also concluded that continuous exercise causes significant 

improvement of large and small vessel remodeling which decreases blood pressure in 

arterial hypertensive patients. 

10.  Albert Bandura in his book Self Efficacy- The exercise of control explained The Social 

Cognitive Theory. In this theory he explained the various psychosocial factors and their 

effect on indulgence in physical activities. 

11. A systemic review was conducted by Yendelela Cuffee et al on Psychosocial Risk 

Factors for Hypertension. In this review there were six categories of psychosocial 

stressors: occupational stress, personality, mental health, housing instability, social 

support/isolation and sleep quality. After the review of evidence, it was clear that 

psychosocial factors play a significant and meaningful role in development of 

hypertension. 

12.  Taofeek O. Awotidebe published a study in the year 2016 named Functional Capacity 

and Psychosocial Correlates of Exercise in Nigerian Patients with Hypertension. In this 

study psychosocial correlates of exercise including exercise self-efficacy (ESE), social 

support (SoS), perceived exercise barrier (PEB) and socio-economic status (SES) were 

assessed and correlated with the functional capacity of the subjects. They concluded that 

the psychosocial factors including self-efficacy and social support were significantly 

associated with functional capacity among Nigerian patients with mild to moderate 

hypertension. 

 

13. Susmita Mandal and Subhas Chandra conducted a study named Physical Activity 

and Physical Activity Self-Efficacy of Adolescent Students, they performed this study on 
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adolescents. This study investigated the extent of physical activity among the adolescent 

students and its influence on their physical activity self-efficacy (PSE) in two different 

developing societies that is India and Fiji. After the study they concluded that the physical 

activity level and its self-efficacy of female adolescent students were substantially lower 

than those of boys. It also suggested that Physical Activity definitely improves Physical 

Activity Self Efficacy but at a decreasing rate. 

14. Neena S. Sawant, Kamal S. Jethwani published a study named understanding family 

functioning and social support in unremitting Schizophrenia in India and the aim of the 

study was to clarify the difference in the perception of family functioning and social support 

by schizophrenic patients and their principal caretakers, and whether the social support 

is related to healthy family functioning. Family functioning was assessed by the family 

assessment device (FAD) and the social support was assessed by the multidimensional 

scale of perceived social support (MSPSS). 

 

15. Adeniyi AF conducted a study named comparative influence of self-efficacy, social 

support and perceived barriers on low physical activity development in patients with type 

2 diabetes, hypertension or stroke. In this study physical activity level, self-efficacy, social 

support and perceived barriers of the participants were assessed using the International 

Physical Activity Questionnaire, Exercise Self-Efficacy Scale, Medical Outcomes Social 

Support Scale and Exercise Benefits and Barrier Scale, respectively. They concluded that 

low social support had the maximum influence on low physical activity in patients with 

Type 2 Diabetes, stroke.   
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16. Paul D. Loprinzi et al conducted a study named effects of antihypertensive 

medications on physical function. In this study they concluded that use of antihypertensive 

medication particularly ACE inhibitors, is associated with various measures of reduced 

physical function. Physical function-related parameters included objectively-measured 

lower extremity isokinetic knee extensor strength (IKES), objectively-measured grip 

strength, laboratory-assessed walking performance (8 and 20 ft walk tests) and self-

reported physical activity engagement. 

17. A study was conducted by Bronwyn Everett et al to assess the psychometric 

properties of Bandura’ s exercise self efficacy (ESE) scale in  Australian  cardiac 

rehabilitation(CR)  setting.  The participants filled the ESE scale and completed the six 

minute walk test at enrolment and at the end of the 6 week CR program. From this study 

they concluded that ESE scale was a good measure of exercise self efficacy in patients 

attending a cardiac rehabilitation program. Thus the exercise self efficacy scale used in 

this study is a reliable abd valid measure for use in CR setting.  

 

18. Michelle Y. Martin et al did a study, Relationship of health behavior theories with self 

efficacy among insufficiently active hypertensive African American women. In this study 

they identified the various theoretical correlates of self efficacy i.e.  overcoming barriers 

to physical activity, making time for activity, sticking with physical activity. They concluded 

that self efficacy is behavior specific and consistent with Social Cognitive Theory. 

19. Self efficacy is associated with walking ability in persons with diabetes mellitus and 

peripheral arterial disease (PAD) was a study done by Tracie C Collins et al. the objective 
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of the study was to determine the association between self efficacy and walking ability in 

persons with diabetes mellitus and peripheral arterial disease. The participants were 

asked to complete the six-minute walk test and a treadmill walking test, along with 

baseline assessment questionnaires regarding self efficacy and co-existing illness. They 

concluded that self efficacy was significantly associated with walking ability and was a 

psychosocial mediator for behvaior change in individuals with diabetes mellitus and PAD. 

20. Mohammad Ali Morowatisharifabad et conducted a study in 2019 on Social Support 

for Exercise and its Impact on Physical Activity of patients with Type 2 Diabetes. The aim 

of the study was to determine the level of physical activity and its determinants. The 

International Physical Activity Questionnaire and Social Support Questionnaire was 

administered to the participants. From this study they concluded that social support is a 

predictor of physical activity and as the social support score increases the odds of having 

minimal physical activity increases. It also showed that patients with diabetes have a low 

social support and low physical activity. 

21. HH Hu et all conducted a study in the year 2015 titled The Association of family social 

support, depression, anxiety and self efficacy with specific hypertension self care 

behaviors in Chinese local community. The aim of the study was to determine the role of 

family social support, depression, anxiety and self efficacy on self care behaviors.  

22. A study named mediating role of self efficacy in the relationship between family social 

support and hypertension self care behaviours: A cross sectional study of Saudi men with 

hypertension was conducted in the year 2019. The study indicated positive relationships 

between family social support, self efficacy, and hypertension self care behaviors in Saudi 

Arabia. It was the first study that demonstrated the mediating role of self efficacy in the 
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relationship between family social support and hypertension self care behaviors in Saudi 

Arabia. 

23. Nastaran Mansouriyeh et al conducted a study in 2017, self efficacy as a mediator in 

the relationship between Social Support and Self care in patients with heart failure. This 

descriptive and correlational study was conducted on heart failure patients. The 

demographic data was taken, self care behavior scale, general self efficacy and social 

support scale was used. They concluded that self efficacy as a mediator helps explain 

the relationship between social support and self care.  

24. Anna M. Colangelo et all did a study on the role of social support, self efficacy and 

motivation in the exercise behavior of women in the year 2019. The purpose of this study 

was to explore factors related to exercise behavior like physical social support, general 

social support, exercise social support  and intrinsic, extrinsic motivation. And how these 

factors vary in relation to women’s exercise behavior. The findings from the study suggest 

that there are a number of factors that could encourage the initiation and maintenance of 

exercise behavior.    

25. Social cognitive determinants of physical activity: The influence of social support, self 

efficacy, outcome expectations, and self regulation among participants in a church based 

health promotion study. Of the various social cognitive models, self regulation exerted the 

strongest effect on physical activity. Independent of self regulation, self efficacy had little 

effect. Social support influenced physical activity as a direct precursor to self efficacy and 

self regulation.  
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26. Mi Hwa Won et al conducted a study named, perceived social support and physical 

activity among patients with coronary artery disease in the year 2016. This cross sectional 

study aimed to identify the relationship between perceived social support from health care 

providers and physical activity among patients with stable coronary artery disease. 

Hierarchial linear regression found that perceived social support explained 12% of 

variance in physical activity. Self efficacy partially mediated the relationships between 

perceived social support and physical activity. Support from health care providers play a 

key role in promoting physical activity among patients with stable coronary artery disease.     

27.  The Association of Self-Efficacy and Parent Social Support on Physical Activity in 

Male and Female Adolescents was a study done by Michelle S. Peterson et al in the year 

2013 the current study was done to explore the direct and indirect relationship between 

parental social support and adolescent physical activity (PA). Measures for emotional 

social support, instrumental social support, and adolescent self-efficacy (SE) were 

assessed and PA was assessed via accelerometry. The results of the study showed that 

Parent instrumental social support was directly related to girls’ PA and parent emotional 

social support was inversely related to girls’ PA. Parent instrumental social support was 

indirectly related to boys’ PA through boys’ SE. The covaried association of SE with PA 

was significant for boys and marginal for girls. 

 

28. Synergistic effect of social support and self-efficacy on physical exercise in older 

adults was a study done by  Lisa M Warner  et al in the year 2019. The purpose of the 

study was to examine whether the effects of social support on physical exercise in older 

adults depend on individual perceptions of self-efficacy. From this study they thus 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Peterson%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22888813
https://pubmed.ncbi.nlm.nih.gov/?term=Warner+LM&cauthor_id=21727305
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concluded that people with low self-efficacy were less likely to be active in spite of having 

social support. People with low support were less likely to be active even if they were high 

in self-efficacy.  

29.  Kyra Hamilton et al conducted a study named The Role of Self-Efficacy and Friend 

Support on Adolescent Vigorous Physical Activity in the year 2017.The aim of this study 

was to test social cognitive theory's notion that self-efficacy relates to intention that 

translates into behavior and to investigate whether friend support and self-efficacy 

synergize, interfere, or compensate for one another to predict vigorous physical activity 

in adolescents-a population at risk of rapid decreases in physical activity. The Results of 

the study showed that self-efficacy emerged as the dominant predictor of intention, 

followed by friend support, and an interaction between support and self-efficacy. In 

adolescents with high self-efficacy, intention was independent of support. In those with 

low self-efficacy, receiving friend support partly compensated for lack of self-efficacy. The 

effect of self-efficacy on vigorous physical activity was mediated by intention. 

 

30. The association between social support and physical activity in older adults: a 

systematic review was a study done by Gabrielle Lindsay Smith et al in the year 2017. 

This review had three aims: 1) Systematically review and summarise studies examining 

the association between Social Suport, or loneliness, and Physical Activity in older adults; 

2) clarify if specific types of SS are positively associated with PA; and 3) investigate 

whether the association between SS and PA differs between PA domains. This review 

included 27 papers, of which 22 were cross sectional studies, three were 

prospective/longitudinal and two were intervention studies. Overall, the study quality was 

https://pubmed.ncbi.nlm.nih.gov/?term=Hamilton+K&cauthor_id=27226431
javascript:;
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moderate. Four articles examined the relation of PA with general SS, 17 with SS specific 

to PA (SSPA), and six with loneliness. The results suggest that there is a positive 

association between SSPA and PA levels in older adults, especially when it comes from 

family members. No clear associations were identified between general SS, SSPA from 

friends, or loneliness and PA levels. When measured separately, leisure time PA (LTPA) 

was associated with SS in a greater percentage of studies than when a number of PA 

domains were measured together. 
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Methodology 

• Study design: Analytical Cross-sectional study. 

• Study setting: Tertiary care hospital 

• Study population: Stage-1 hypertensive subjects. 

                               Stage-2 hypertensives subjects. 

• Type of sampling: Convenient sampling. 

• Sample size estimation: Correlation coefficient (r) in hypertensive patients = 0.184 

(Source: Relationship between functional capacity and psychosocial factors in 

patients with hypertension). Taofeek O. Awotidebe et 2016) 

• Power = 80%  

• Alpha error = 5%  

• Sample size n = 128 therefore total 128 subjects (hypertensive patients) will be 

included in the study.  

• Duration of study: 1 year 
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Outcome measures: 

• Six minute walk test distance 

• Exercise self efficacy scale: 

• Multidimensional scale of Perceived social support: 

 

Inclusion Criteria: 

• Stage 1 hypertensive (130-159mm hg of systolic blood pressure and 80-89mm hg 

of diastolic blood pressure) 

• Stage 2 hypertensives (systolic blood pressure more than or equal to 140mm hg 

and diastolic blood pressure of more than or equal to 90mm hg) 

•  Subjects on anti-hypertensive medications.  

• Controlled hypertensives 

• Age group 40-60 

• Ambulatory patients. 

Exclusion Criteria:  

• Unstable angina during the previous month  

• Myocardial infarction during the previous month.  

• Resting heart rate of more than 120 

• A systolic blood pressure of more than 180 mm Hg, and a diastolic blood 

pressure of more than 100 mm Hg. 

 

 



28 
 

Materials used (study instruments/data collection tools): 

• Exercise self-efficacy scale: this scale is use to assess the participants’ confidence 

in their ability to exercise regularly. 

• Multidimensional scale of Perceived Social support: It is a 12-items scale, and 

divides perceived social support from family members, friends, and from significant 

others. Norms for the general population have been published with higher scores 

indicating more social support. The lowest score being 12 and highest score being 

84. 

• Six-minute walk test: 6 min walk test will be carried out according to ATS 

guidelines. The 6-min walk test (6MWT) is a test of relatively low complexity that 

measures the distance that a patient can quickly walk in a 30-m (100-foot) hallway 

in a period of 6 min, referred to as the 6-min walk distance (6MWD). 

 

• Digital Sphygmomanometer 

                     (PHOTO 1)            
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• Measuring tape 
 

                           

                                             (PHOTO 2) 

 

 

 

• Stethoscope. 
 

                        

                                               (PHOTO 3) 
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• Cones. 

 

           (PHOTO 4) 

 

 

•   Stopwatch 

 

                 (PHOTO 5) 
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• Pulse oximeter 

 

 

          (PHOTO 6) 

 

• Pen 

• Paper 
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Operational definitions 
 
Hypertension: as a systolic blood pressure equal to or above 140 mm Hg and/or 

diastolic blood pressure equal to or above 90 mm Hg 

 

Six-minute walk test: The six-minute walk test (6MWT) measures the distance an 

individual is able to walk over a total of six minutes on a hard, flat surface.  

 

Exercise Self-Efficacy: Exercise self-efficacy can also be defined as participants’ 

confidence in their ability to exercise regularly. 

 

Social Support: Everyday behaviors that, whether directly or indirectly, communicate to 

an individual that she or he is valued and cared for by others. 
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Method of data collection: 

The permission from head of institution and institutional ethical committee was obtained. 

Subjects were screened as per the inclusion and exclusion criteria. The informed written 

consent was taken from the subjects. 

 The entire procedure was explained to the subjects. The Exercise Self Efficacy (ESE) 

scale and the Multidimensional Scale of Perceived Social Support (MDSPSS) was 

administered to the subjects. The ESE scale assess the subject’s confidence in their 

ability to exercise regularly. It consists of 18 items; the participants were asked to rate 

how certain they were to perform their exercise routine. On a scale of 0 to 10 where a 

score of 0 indicated I cannot do this activity to 10 which indicated I am certain that I can 

do this activity.  

The Multidimensional Scale of Perceived Social Support assess the level of social support 

the participants perceive.: It is a 12-items scale, and divides perceived social support from 

family members, friends, and from significant others. Participants with higher scores 

indicating more social support. The lowest score being 12 and highest score being 84.  
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                                                    (PHOTO 7) 

6 min walk test were carried out according to ATS guidelines. The 6-min walk test (6MWT) 

is a test of relatively low complexity that measures the distance that a patient can quickly 

walk in a 30-m (100-foot) hallway in a period of 6 min, referred to as the 6-min walk 

distance (6MWD). It has emerged as-the most commonly used test for the objective 

assessment of functional exercise capacity. Two cones were kept at the both the ends of 

30-meter hallway. The turnaround points were marked with a cone (such as an orange 

traffic cone). A starting line, which marks the beginning and end of each 30m lap. 
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                                                     (PHOTO 8) 
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PATIENT PREPARATION: 

Comfortable clothing was worn. 

Appropriate shoes for walking was worn. 

A light meal was acceptable before early morning or early afternoon tests. 

Participants was not exercised vigorously within 2 hours of beginning the test 

The participant was made to sit at rest in a chair, located near the starting position, for at 

least 10 minutes before the test starts. During this time, contraindications, pulse and blood 

pressure, was checked. 

Participants were asked to walk at their own normal pace along a perimeter of 30 m. They 

were asked to cover as much ground as possible while maintaining a steady pace without 

running during the allotted time. Encouragement was given and they were informed each 

minute of the time remaining. The participants were allowed to stop, but they can start 

again, if possible, within the allocated 6 min. They were advised to report to the therapist if 

any discomfort is felt during the test. 
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Permission from head of institute, ethical committee 
and medicine HOD was taken. 
 

Study was explained to the participant and informed 

written consent was taken 

Participants were evaluated as per case record form 
and anthropometric data was taken. 

 

6 min walk test was carried out according to ATS 
guidelines.  

Exercise Self Efficacy scale and Multidimensional scale 

of Perceived Social Support was administered.  

                            Score was calculated. 

                                             Data was analyzed. 
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DATA ANALYSIS: 
 

Statistical software STATA version 10.0 was used for data 

analysis. Tests used for statistical analysis are: 

• Pearson’s correlation (r value). 

 

Pearson’s correlation test: 

1. To correlate between 6-minute walk test distance and Exercise Self Efficacy 

scale scoring. 

2. To correlate between 6-minute walk test distance and Multidimensional Scale 

of Perceived Social Support scoring. 

 

 

 

 

 

 

 

 

 

 



39 
 

RESULTS 

The sample size of the study was 128 hypertensive subjects.  Due to the current Covid 

situation only 64 participants data could be collected for which 81 patients were screened. 

A group of 35 males (54%) and 29 female (45%) hypertensives, of the age 40-60 years 

participated in the study. The mean age of the population was 51.52 ± 5 years. The mean 

six-minute walk test distance (6 MWTD) of the participants was 567.98 ± 80.74m. The 

distance ranged from 350 m to 794m. The mean of the psychosocial factors that is 

Exercise Self Efficacy was 102.64± 43.36, the scale scoring varied from 19-179. The 

other psychosocial factor of social support was assessed using Multidimensional Scale 

of Perceived Social Support, the mean of this scale was 64.53 ± 14.34. The values of the 

scale ranged from 14-84.  There was significant correlation found between six-minute 

walk test distance and exercise self efficacy ESE (r=0.969 p=0.0001) and 

multidimensional scale of perceived social support MDSPSS (r= 0.208   p= 0.097). The 

correlation between ESE and 6MWTD was found to be a strong positive, significant 

correlation and the relation between MDSPSS and 6MWTD was a weak positive and non- 

significant correlation.  
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TABLE NO.1: Distribution of subjects by age 

Age group (years) Number % 

40- 44 6 9.38 

45- 49 15 23.44 

50- 54 21 32.81 

55- 60 22 34.38 

Total 64 100.0 

Mean ± SD 51.52 ± 5.15 years  

 

GRAPH NO. 1 

 

The above table and graph show the age wise distribution of subjects.  The mean age 

of the study population was 51.52 ± 5.15 years. There were 9.38% of subjects in the 

age group 40-44 years, 23.44% in the age group of 45-49 years, 32.81% in the age 

group of 50-54 years and 34.38% in the age group of 55-60 years. 
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TABLE NO.2: DISTRIBUTION OF SUBJECTS BY SEX 

Sex Number % 

Male 35 54.69 

Female 29 45.31 

Total 64 100.0 

  

GRAPH NO. 2 

 

 

The above table and graph show the distribution the gender wise distribution of 

subjects, 54.69% male and 45.31% female.  
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TABLE NO.3 

 

  

The above table shows the mean 6- minute walk test distance, ESE, MDSPSS, that is 

567.98 ± 80.74, 102.64 ± 43.36, 64.53 ± 14.34 respectively.  

 

 

 

 

 

 

 

 

 

 

 

Tests 
Scores 

Mean SD Range 

6-minute walk test distance (m) 567.98     80.74 350 - 794 

Exercise Self Efficacy scale 102.64     43.36 19 - 179 

Multidimensional scale of 
perceived social support 

64.53 
 

14.34 
 

14 -84 
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TABLE NO. 4 

Correlation between functional capacity (by 6-minute walk test distance) 
and psychosocial factors (by Exercise Self Efficacy scale)  

6-minute walk test distance (m) 

correlated with  r P value 

Exercise Self Efficacy scale  
0.9699 0.0001 

 

GRAPH NO. 4 

 

The above table and graph show the correlation between Functional Capacity (6-minute 

walk test) and Psychosocial Factors (Exercise Self Efficacy scale). A strong, positive 

and significant correlation was seen. (r=0.97, p <0.01)  
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TABLE NO. 5 

 

Correlation between functional capacity (by 6-minute walk test distance) and 

psychosocial factors (by Multidimensional scale of perceived social support 

scale)  

6-minute walk test distance (m) correlated 

with  r P value 

Multidimensional scale of perceived social 

support 0.2089 0.0976 

 

GRAPH NO. 5 

 

The above table and graph show the correlation between Functional Capacity (6-minute 

walk test) and Psychosocial Factors (Multidimensional Scale of Perceived Social 

Support). It showed a weak positive and non-significant correlation, where r=0.21, p >0.05 
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DISCUSSION: 

An analytical cross-sectional study was carried out on 64 hypertensive subjects. The 

Functional Capacity using 6 Minute Walk Test Distance (6MWTD) was correlated with the 

Psychosocial Factors using Exercise Self Efficacy Scale (ESE) and Multidimensional 

Scale of Perceived Social Support (MDSPSS).  

Results of our study showed that the 6 Minute Walk Test Distance was correlated to the 

Exercise Self Efficacy Scale with a strong positive correlation. Similarly, the correlation 

with Multidimensional Scale of Perceived Social Support, was weak positive.  

In our study the mean 6-minute walk test distance was 567.98 ± 80.74m. The mean of 

ESE and MDSPSS was 102.64± 43.36 and 64.53 ± 14.34 respectively. The correlation 

between ESE and 6MWTD was r=0.969 p=0.0001, and that between MDSPSS and 

6MWTD was r= 0.208   p= 0.097.  

Our results are in line with the study done by Taofeek O. Awotidebe et al. in the year 

2016.  He assessed Functional capacity using the Six-minute walk test and VO2 max was 

calculated using the formula. The psychosocial factors were assessed using the Exercise 

Self Efficacy scale, Exercise Benefits Barrier Scale, Socioeconomic Status scale and 

Medical Outcome Study Social Support Questionnaire and found that exercise self 

efficacy and social support were significantly associated with functional capacity but not 

with perceived exercise barrier and socioeconomic status. (11) 

A study was conducted by Young-Ho Kim on the application of transtheoretical model 

(TTM) to identify the psychological constructs influencing exercise behavior. The TTM 

constructs were statistically correlated among each TTM constructs. Most of the TTM 
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constructs were significantly correlated with the stages of exercise behavior for behavioral 

processes, for self efficacy, for cognitive processes, for pros, except for cons.  This study 

indicated that behavioral strategies are important in exercise adoption and maintenance 

and individuals with high self efficacy, have a high level of confidence to engage in 

physical activity. (17) 

 The findings of study done by Anna M. Colangelo et al.  “The Role of Social Support, Self 

Efficacy, and Motivation in the Exercise Behavior of women in the year 2019 suggested 

that there were a number of factors that could encourage the initiation and maintenance 

of exercise behavior, including social support, exercise self efficacy and intrinsic and 

extrinsic motivation. The findings of the study suggested that women with higher levels of 

intrinsic and extrinsic motivation, perceived social support, and exercise self efficacy for 

exercise are more likely to report exercise regularly. (18) 

In the year 2017, Tracie C Collins et al carried out a study titled “Self Efficacy is associated 

with walking ability in persons with diabetes mellitus and peripheral arterial disease”. The 

objective of this study was to determine the association of self efficacy with walking ability 

in individuals with diabetes and peripheral arterial disease. The participants completed 

questionnaires and performed the 6-minute walk test and treadmill walking test. From this 

study they concluded that self efficacy is a psychosocial mediator for behavior change 

and was positively and significantly correlated with waking ability. (19)  

Another factor studied in our study is Social Support using Multidimensional Scale of 

Perceived Social Support (MDSPSS). There was a positive correlation between social 

support and six-minute walk test distance which was in line with the study titled, 

“Functional Capacity and Psychosocial Correlates of Exercise in Nigerian Patients with 
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hypertension”. The suggested that social support was correlated with the functional 

capacity. Individuals with good social support had good functional capacity. There was 

significant correlation between functional capacity and social support. (11) 

A study was conducted by Mi Hwa Won et al in the year 2016, “Perceived Social Support 

and Physical Activity among patients with Coronary Artery Disease. In this study the aim 

was to identify the relationship between perceived social support from health care 

providers and physical activity among stable coronary artery disease. From this study 

they hence concluded, that self efficacy partially mediates the relationships between 

perceived social support and physical activity. Abundant support from health care 

providers plays a key role in promoting physical activity among patients with stable 

coronary artery diseases. (20) 

Further a study was conducted by Eileen S. Anderson, “Social Cognitive Determinants of 

Physical Activity: The Influence of Social Support, Self Efficacy, Outcome Expectations, 

and Self-Regulation among participants in a church- based health promotion study”. A 

social cognitive model of physical activity was tested using structured equation.  They 

found out that social support, self-efficacy and self-regulation contributed to the 

participants physical activity level. Social support influenced physical activity as a direct 

precursor to self efficacy and self-regulation. (21) 

 

According to biopsychosocial model, human health behaviors are regulated by the 

integration of three factors: biological (Age, health status), psychological (self efficacy, 

motivation) and social (social support, social norms, ethnicity). (20) 
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 Self Efficacy is a central component of Social Cognitive Theory (SCT) and strong 

determinant and mediating factor for high level of physical activity as well as a better 

predictor of exercise practice. (11,24) Furthering explaining that individuals with high 

exercise self efficacy have a high level of confidence to engage in physical activity despite 

the obstacles. (17)  It was also found that higher levels of intrinsic motivation were related 

to higher levels of self efficacy. (18) Thus, hypothesizing that having intrinsic reasons for 

exercise actually increases people’s confidence in their ability to perform the activity. (18)   

Self Efficacy levels are said to be related to adherence to an exercise program, such that 

higher levels of self efficacy are related to an increase in adherent behavior. (18,23) 

Perceived social support received from family, friends and others has been associated 

with physical activity. (21)  Social support influences physical activity through self efficacy, 

suggesting social support may not directly influence other SCT variables. (21)  SCT further 

posits that individual having lower stress levels, improved physical fitness, great sense of 

well-being will have a stronger belief in their ability to lead active life, which in turn will 

reap the benefits of being physically active. (21,22) It was also seen that individuals with 

higher perceived social support expressed greater energy, less pain, higher confidence, 

better health status and physical role limitations than patients with perceived lower levels 

of social support. (20,24)  
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STRENGTH: 

 The strength of this study is: 

In this study it was found that exercise self efficacy and social support play an important 

role in physical activity. And how these factors have an effect on the physical activity 

levels. Having a better exercise self efficacy and social support leads to a more physically 

active life.  
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LIMITATIONS 

• Uncontrolled hypertensives were not assessed.  
 

• Hypertensives with comorbidities was not assessed. 
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CONCLUSIONS: 

In conclusion, exercise self efficacy and social support had an association with 6-minute 

walk test distance in hypertensive subjects. For effective initiation and maintenance of 

exercise practice, psychosocial factors are turning out to be effective. Our study provides 

a relationship between several factors like social support, intrinsic motivation. Exercise 

self efficacy and exercise behavior. It suggests that’s these factors can be important for 

the stability of exercise behavior.  
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CLINICAL IMPLICATIONS: 

The study indicates that functional capacity is correlated to the psychosocial factors. 

Hence, the psychosocial factors should be regularly investigated and incorporated in the 

care of the patients with cardiovascular disease prior to and during rehabilitation program 

in order to improve exercise adherence and beneficial cardiovascular outcomes.  
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SUMMARY:  

An analytical cross-sectional study was carried out on 64 hypertensive subjects. The 

Functional Capacity using 6 Minute Walk Test Distance(6MWTD) was correlated with the 

Psychosocial Factors using Exercise Self Efficacy Scale (ESE) and Multidimensional 

Scale of Perceived Social Support (MDSPSS).  

Data was documented and analyzed using Pearson’s correlation and unpaired t- test. 

There was significant correlation found between six-minute walk test distance and 

exercise self efficacy ESE (r=0.969 p=0.0001) and multidimensional scale of perceived 

social support MDSPSS (r= 0.208   p= 0.097). The correlation between ESE and 6MWTD 

was found to be a strong positive, significant correlation and the relation between 

MDSPSS and 6MWTD was a weak positive and non- significant correlation. 

The study concludes that there is an association between Functional Capacity and the 

Psychosocial Factors.  
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                                                        Annexure 1 

Case record form:  

Name: - 

Age: - 

Gender: - 

Occupation: - 

Number of follow up: 

AHA Classification: 

Exercise self-efficacy: 

Multidimensional perceived social support scale: 

6 Minute walk test: - 

 Blood pressure Pulse rate Respiratory rate 

Pre-reading    

Post reading    

 

Distance walked: 
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                                                         ANNEXURE II (a) 
SELF-EFFICACY TO REGULATE EXERCISE 
A number of situations are described below that can make it hard to stick to an exercise 
routine. Please rate in each of the blanks in the column how certain you are that you 
can get yourself to perform your exercise 
routine regularly (three or more times a week). 
Rate your degree of confidence by recording a number from 0 to 100 using the 
scale given below: 
0             1       2        3        4          5             6        7        8        9        10  
Cannot                                    moderately can                                       highly   

do at all                                       do                                                         certainly  

                                                                                                                  can do 

                                                                                                                confidence 

                                                                                                                 (0-10) 

when I am feeling tired                                                                             ---------- 

when I am feeling under pressure from work                                           ---------- 

during bad weather                                                                                   ---------- 

after recovering from an injury that caused me to stop exercising           ---------- 

during or after experiencing personal problems                                       ---------- 

when I am feeling depressed                                                                   ---------- 

when I am feeling anxious                                                                       ---------- 

after recovering from an illness that caused me to stop exercising        ---------- 

when I feel physical discomfort when I exercise                                     ---------- 

after a vacation                                                                                       ---------- 

when I have too much work to do at home                                               ---------- 

when visitors are present                                                                        ---------- 

when there are other interesting things to do                                         ---------   

if I don’t reach my exercise goals                                                           --------- 

without support from my family and friends                                            --------- 

during a vacation                                                                                    --------- 

when I have other commitments                                                            --------- 

after experiencing family problems.                                                       ---------- 
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                                              ANNEXURE II (b) 

नीचे कई स्थितियों का वर्णन ककया गया है जो व्यायाम की दिनचयाण स ेचचपकना कदिन बना सकिे हैं। 

कृपया कॉलम में प्रत्येक रिक्ि थिान पि िेट किें कक आप ककिने तनस्चचि हैं कक आप अपना अभ्यास किन े

के ललए खुि को प्राप्ि कि सकिे हैं तनयलमि रूप से तनयलमि (सप्िाह में िीन या अचिक बाि) । नीचे दिए 

गए पैमाने का उपयोग किके 0 से 100 िक की संख्या िजण किके अपने आत्मववचवास की डिग्री को िेट 

किें: 

0      10      20       30       40        50       60       70       80        90      100 

बबल्कुल नह ं                             मध्यम रूप स ेकि सकिे हैं         तनस्चचि रूप स ेकि सकिे हैं 

कि सकिे 

                                                                           आत्मववचवास (0-100) 

1. जब मैं िका हुआ महसूस कि िहा हूूँ                                                 ------- 
2. जब मैं काम के िबाव में महसूस कि िहा हूूँ                                        ------- 
3. खिाब मौसम के िौिान                                      ------- 

4. एक चोट से उबिने के बाि स्जसस ेमुझे व्यायाम किना बंि किना पडा    ------- 

5. व्यस्क्िगि समथयाओं का सामना किने के िौिान या बाि में          ------- 

6. जब मैं उिास महसूस कि िहा हूूँ                               -------- 

7. जब मैं चचतंिि महसूस कि िहा हूूँ                               ------- 

8. एक बीमाि  से उबिने के बाि स्जसने मुझे व्यायाम किना बंि कि दिया   ------- 

9. जब मैं व्यायाम कििा हूूँ िो शाि रिक पिेशानी महसूस कििा हूूँ         ------- 

10. छुट्ट  के बाि                                                                                 ------- 

11. जब मुझे घि पि बहुि काम किना होिा है                        ------- 

12. जब अतिचि मौजूि हों                                                                     ------ 
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13. जब किने के ललए अन्य दिलचथप चीजें हैं                        ------ 
14. अगि मैं अपने व्यायाम लक्ष्यों िक नह ं पहुूँच पाऊंगा                             ------ 
15. मेिे परिवाि औि िोथिों के समिणन के बबना                                          ------ 
16. एक छुट्ट  के िौिान                                                                         ------ 

17. जब मेि  अन्य प्रतिबद्ििाएूँ हैं                                                           ------ 
18. पारिवारिक समथयाओं का सामना किने के बाि।                                  ------- 
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                                               ANNEXURE II (c) 

 

बयाणच परिस्थििी खाल  वर्णन केल्या आहेि ज्यामुळे व्यायामाच्या तनयमानुसाि दटकरे् किीर् होऊ शकिे. 
कृपया आपर् आपल्या व्यायामासािी थवि: ला कस ेप्राप्ि करू शकिा हे आपर् ककिी तनस्चचि आहाि या 
थिंभाि प्रत्येक रिक्ि थिानामध्ये िेट किा तनयलमिपर्े (आिवड्यािून िीन वळेा ककंवा जाथि वेळा). 
खाल  दिलेल्या थकेलचा वापि करुन 0 िे 100 वरून एक संख्या िेकॉिण करुन आपला आत्मववचवास िि िेट 

किा: 

 

0      10      20     30     40      50      60      70      80      90     100 

अस्जबाि करू                सािािर्पर्े करू शकिा        तनस्चचिपर्े करू शकिा 

शकि नाह  

                                                                         आत्मववचवास (0-100) 

 

1. जेव्हा मी िकलो असिो                                                              ------- 
2. जेव्हा मी कामाच्या िबावाखाल  असिो.                                        ------- 
3. खिाब हवामानाि                                                                      ------ 

4. मला िखुापि झाल्यानंिि मला व्यायाम िांबवायला लावला             ------- 
5. वैयस्क्िक समथया अनुभविाना ककंवा नंिि                                   ------- 

6. जेव्हा मी उिास असिो                                                              --------  
7. जेव्हा मला चचिंा वाटिे                                                             -------- 
8. आजािपर्ानंिि ज्यामुळे मी व्यायाम िांबववले                              ------- 

9. जेव्हा मी व्यायाम कििो िवे्हा मला शाि रिक अथवथििा वाटिे         ------ 
10. सुट्ट नंिि                                                                               ------- 

11.  जेव्हा घि  असिाना मला खूप काम किाव ेलागिे                           ------- 
12. जेव्हा पाहुरे् उपस्थिि असिाि                                        ----------- 
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13. जेव्हा इिि मनोिंजक गोष्ट  किायला असिाि                    ----------- 

14. जि मी माझ्या व्यायाम लक्ष्यापयिं पोचलो नाह                   ---------- 
15. माझ्या कुटंुबािील आणर् लमत्ांकिून समिणनालशवाय             --------- 

16. सुट्ट च्या ििम्यान                                                         ---------- 

17. जेव्हा मी इिि वचनबद्ििा कििो                                    ---------- 
18. कौटंुबबक समथया अनुभवल्यानंिि                                     -------- 
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                                               ANNEXURE III (a) 

 

MULTIDIMENSIONAL SCALE OF PERCEIVED SOCIAL SUPPORT. 

Instructions: We are interested in how you feel about the following statements. Read each 

statement carefully. Indicate how you feel about each statement. 

                           Circle the “1” if you Very Strongly Disagree  
                            Circle the “2” if you Strongly Disagree  
                            Circle the “3” if you Mildly Disagree  
                            Circle the “4” if you are Neutral  
                            Circle the “5” if you Mildly Agree  
                            Circle the “6” if you Strongly Agree  
                            Circle the “7” if you Very Strongly Agree 

1. There is a special person who is around when I      1 2 3 4 5 6 7 

    am in need. 
 

2. There is a special person with whom I can share   1 2 3 4 5 6 7 

   my joys and sorrows. 
 

3. My family really tries to help me out.                        1 2 3 4 5 6 7  

4. I get the emotional help and support I need from     1 2 3 4 5 6 7 

    my family. 
  

5. I have a special person who is a real source of        1 2 3 4 5 6 7 

     comfort to me. 
 

6. My friends really try to help me out.                          1 2 3 4 5 6 7 

 

7. I can count on my friends when things go wrong.     1 2 3 4 5 6 7 

 

8. I can talk about my problems with my family.            1 2 3 4 5 6 7 

 

9. I have friends with whom I can share my joys           1 2 3 4 5 6 7 

   And sorrows. 
 

10. There is a special person in my life who cares          1 2 3 4 5 6 7 

     About my feelings 
 

11. My family is willing to help me make decisions.        1 2 3 4 5 6 7 

 
12. I can talk about my problems with my friends.          1 2 3 4 5 6 7 
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                                                     ANNEXURE III (b) 

तनिेश: हम रुचच िखिे हैं कक आप तनम्नललणखि किनों के बािे में कैसा महसूस कििे हैं। प्रत्येक किन को 
ध्यान से पढें। इंचगि किें कक आप प्रत्येक किन के बािे में कैसा महसूस कििे हैं। 

सकण ल "1" यदि आप बहुि मजबूि असहमि हैं 
यदि आप दृढिा से असहमि हैं िो "2" को गोल किें 
यदि आप बबलकुल असहमि हैं, िो "3" को सककण ल किें 
यदि आप िटथि हैं, िो "4" को सकण ल किें 
सककण ल "5" यदि आप हल्के स ेसहमि हैं 
यदि आप दृढिा से सहमि हैं, िो "6" को सकण ल किें 
सककण ल "7" यदि आप बहुि मजबूि सहमि हैं 
 

• एक ववशेष व्यस्क्ि है जो जरूिि के समय 

 मेिे आस-पास होिा है।                                                              1 2 3 4 5 6 7 

• एक ववशेष व्यस्क्ि है स्जसके साि मैं अपने सुख औि िखु 

 साझा कि सकिा हंू।                                                                  1 2 3 4 5 6 7 

• मेिा परिवाि वाथिव में मेि  मिि 

 किने की कोलशश कििा है।                                                         1 2 3 4 5 6 7 

• मुझे अपन ेपरिवाि से जो भावनात्मक मिि औि समिणन चादहए, 

 वह मुझे लमल गया।                                                                   1 2 3 4 5 6 7 

• मेिे पास एक ववशेष व्यस्क्ि है जो मेिे ललए आिाम का 

 एक वाथिववक स्रोि है।                                                               1 2 3 4 5 6 7 
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• मेिे िोथि वाथिव में मेि  मिि किने  

की कोलशश कििे हैं।                                                                    1 2 3 4 5 6 7 

• मैं अपन ेिोथिों पि भिोसा कि सकिा हंू 

 जब चीजें गलि हो जािी हैं।                                                                1 2 3 4 5 6 7 

• मैं अपन ेपरिवाि के साि अपनी समथयाओं के 

 बािे में बाि कि सकिा हंू।                                                              1 2 3 4 5 6 7 

• मेिे ऐस ेलमत् हैं स्जनके साि मैं अपनी खुलशयाूँ औि िुुःख 

 साझा कि सकिा हूूँ।                                                                    1 2 3 4 5 6 7 

• मेिे जीवन में एक ववशेष व्यस्क्ि है जो मेि   

भावनाओं की पिवाह कििा है।                                                        1 2 3 4 5 6 7 

• मेिा परिवाि तनर्णय लेने में मेि   

मिि किने को िैयाि है।                                                               1 2 3 4 5 6 7 

• मैं अपन ेिोथिों के साि अपनी समथयाओं  

के बािे में बाि कि सकिा हंू।                                                          1 2 3 4 5 6 7 
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                          ANNEXURE III (c) 

 

तनिेश: खाल ल वविानाबद्िल आपल्याला कस ेवाटिे हे आम्हाला आवििे. काळजीपूवणक प्रत्येक 

वविान वाचा. प्रत्येक वविानाबद्िल आपल्याला कस ेवाटिे हे सूचचि किा. 

              जि आपर् खूपच असहमि आहाि िि "1" मंिळाला लावा 

            आपर् किोि असहमि असल्यास "2" मंिळाला हलवा 
            आपर् सौम्य असहमि असल्यास "3" मंिळाला हलवा 
            आपर् िटथि असल्यास "4" मिंळाला हलवा 
            आपर् सौम्यपर्े सहमि असल्यास "5" मंिळाला हलवा 
            आपर् किोिपर्े सहमि असल्यास "6" मंिळाला हलवा 
            जि आपर् खूप सहमि आहाि िि "7" मंिळाला लावा 
 

• एक खास व्यक्िी आहे जो माझ्या 
 गिजेच्या वेळी असिो.                                                       1 2 3 4 5 6 7 

• एक खास व्यक्िी आहे ज्याचं्यासह मी माझे आनंि आणर्  

िुुःख सामातयक करू शकिो.                                                1 2 3 4 5 6 7 

• माझे कुटंुब खिोखि माझी मिि किण्याचा  
प्रयत्न कििे.                                                                      1 2 3 4 5 6 7 

• मला माझ्या कुटंुबाकिून आवचयक भावतनक  

मिि आणर् समिणन लमळिे.                                                 1 2 3 4 5 6 7 

• माझ्याकिे एक खास व्यक्िी आहे जो मला 
 सांत्वनाचा एक खिा थत्ोि आहे.                                          1 2 3 4 5 6 7 

• माझे लमत् खिोखि मला मिि  

किण्याचा प्रयत्न कििाि.                                                  1 2 3 4 5 6 7 

• गोष्ट  चुकीच्या झाल्यास मी माझ्या 
 लमत्ांवि ववचवास िेवू शकिो.                                             1 2 3 4 5 6 7 

• मी माझ्या कुटंुबाबिोबि माझ्या 
 समथयांबद्िल बोलू शकिो.                                               1 2 3 4 5 6 7 

• माझे अस ेलमत् आहेि ज्याचं्यासह मी माझे आनंि आणर्  

िुुःख सामातयक करू शकिो.                                                1 2 3 4 5 6 7 
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• माझ्या आयुष्याि एक खास व्यक्िी आहे जी माझ्या  
भावनांबद्िल काळजी घेिो.                                                1 2 3 4 5 6 7 

• माझे कुटंुब तनर्णय घेण्यासािी माझी 
 मिि किण्यास ियाि आहेि.                                             1 2 3 4 5 6 7  

• मी माझ्या लमत्ांबिोबि माझ्या 
 समथयांबद्िल बोलू शकिो.                                                1 2 3 4 5 6 7 
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                                             ANNEXURE IV 

Specification of instrument: -  

 

DETAILS OF SPHYGMOMANOMETER 

 

Product Name &Description: Automatic Blood Pressure Monitor 

Model: HEM-7120 

Display: LCD Digital Display 

Measurement Range: Pressure: 0 to 299 mmHg 

     Pulse: 40 to 180 beats/min. 

Inflation: Fuzzy-logic controlled by electric pump 

Deflation: Automatic pressure release valve 

Memory: Last measurement 

Rating: DC6V   4W       

Accuracy: Pressure: ±3mmHg 

        Pulse: ±5% of display reading 

Measurement Method: Oscillometric method 

Power Source: 4 “AA” batteries 1.5V or AC adaptor 

Weight: Approx. 250g (without batteries) 

Dimensions: Approx. 103 (w) mm × 80 (h) mm × 129 (l) mm 
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DETAILS OF PULSE OXIMETER. 

                                                                  

Product Name & Description: Pulse Oximeter with Audio-Visual Alarm. 

Model: 

Display: Dual color OLED display 

Measurement Range:  Spo2 70%-99%  

Accuracy: ±2% (80%-99%) ±3% (70%-79%) Resolution 1% Low perfusion <0.4% 

Power supply: two 1.5V AAA batteries 

Dimension 58mm*35mm*30mm 
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                                                  ANNEXURE V 

                                          LETTER OF CONSENT 

Association Between Functional Capacity Using 6-Minute Walk Test Distance and 

Psychosocial Factors Using Multidimensional Scale of Perceived Social Support and 

Exercise Self Efficacy Scale - A 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   

              participant                        of research participant.                           



72 
 

                                           ANNEXURE V 

                           संमती  

6-लमतनटांच्या चालण्याच्या पि क्षेचा वापि करून कायणक्षम कायणक्षमिेच्या ििम्यान संघटना आणर् 

मल्ट डिलममेंटल थकेल ऑफ पेलसवेस्व्हि सोशल सपोटण आणर् व्यायाम थव-कायणक्षमिा थकेलचा वापि 

करून मनोवैज्ञातनक घटक - एक ववचलेषर्ात्मक क्रॉस-सेक्शनल थटिी. 

• .उपक्रमाचे स्वरूप,कारण, कालावधी त्याचे पुढील पररणाम आणण उपक्रमाचे धोके तसेच या 

अभ्यासातील माझी भूममका मला समजावली गेली आहे .माझे सगळे प्रश्न 

समाधानकारकररत्या सोडवले गेले आहे . 

• माझा या उपक्रमातील सहभाग पूणणपणे ऐच्छिक आहे आणण मी  कोणत्याही वेळी, कोणतेही 

कारण न देता, कुठलाही दंड न भरता  आणण मला ममळण्याचा अपेक्षित फायदा यांमध्ये 

कुठलाही बदल न होता मी या अभ्यासातून कुठल्याही िणी माघार घेऊ शकते /शकतो . 

• उपक्रमा दरम्यान उपलब्ध होणाऱ्या कोणत्याही माहहतीमुळे माझ्या उपक्रमातील भाग घेण्यावर 

पररणाम होऊ शकतो हे मला सांगगतले जाईल . 

• ववद्यालयीन संममती माहहती गोळा करण्यासाठी माझी आधीची वैद्यकीय पत्रक पाहू शकतात 

.या पत्रकावर सही केल्यावर मी त्यांना तशी अनुमती देते /देतो. 

• मी हे जाणते/जाणतो कक माझी ओळख कुठल्याही तसेच कोणत्याही माहहतीत/प्रकाशनात 
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प्रदमशणत केली जाणार नाही .    

• मी ह्या उपक्रमात सहभागी होण्यासाठी संमती देत आहे . 

 

 

________________         _______________          ________ 

सहभागी सदस्याचे नाव        स्वािरी /अंगठ्याचा ठसा           हदनांक  
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                                                     ANNEXURE V 

सहमतत – पत्र   

फंक्शनल कैपेलसट  के बीच एसोलसएशन 6-लमनट की वॉक टेथट ििू  औि मनोसामास्जक कािकों का उपयोग 

किके बहुआयामी थकेल ऑफ पलसणथि सोशल सपोटण एंि एक्सिसाइज सेल्फ इकफसेसी थकेल- एन एनाललदटकल 

क्रॉस-सेक्शनल थटिी। 

• इस अभ्यास का स्वरुप, अवकाश, इससे जुड़े संभाव्य खतरे, संभाववत प्रभाव और मुझे जो 

करना है उस के बारे में स्पष्ट जानकारी ममली है।  

• इस अभ्यास में सहभागी होने का मेरा खुद का तनणणय है. मैं ककसी समय अभ्यास को 

िोड़कर जा सकती/सकता हू। इसके मलए मैं कोई भी मानदंड या भरपाई करने के मलए 

बंधी/बंधा नहीं हूूँ।   

• अभ्यास के दौरान उपलब्ध अन्य जानकारी च्जस 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 अगधकारी परख 

सकते है।इस पत्र पर हस्तािर कर के मैं यह अनमुतत देता हूूँ या देती हूूँ । 

• मेरी पहचान ककसीभी वतृांत या प्रकाशन में प्रकामशत नहीं होगी। 
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• मैं अभ्यासक्रम के मलए सहमत हूूँ। 

   

 

____________         _________________               _______                  

सहभागी का नाम          हस्तािर या अंगूठे का तनशान         हदनांक 
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                                                 Annexure VI 

SUBJECT INFORMATION SHEET 

PURPOSE: 

To ensure that written informed consent is obtained hypertensive subjects according to 

the regulatory requirement of ICMR and approved by IEC. 

SCOPE: 

This standard operational procedure includes hypertensive subjects who are voluntarily 

participating from the medicine department.  

RESPONSIBILITIES: 

The researcher will obtain written informed consent from hypertensive subjects who are 

volunteering to be the part of this study. 

PROCEDURE: 

1. The investigator will select the hypertensive subjects from the 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: 
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2. Age: 

3. Gender: 

4. Date: 

5. Height: 

6. Weight: 

7. You would be required to undergo 6-minute walk test and Exercise self-efficacy scale 

and Multidimensional scale of perceived social support scale. 

 8. 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. 

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

10. 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. 

11. The details of the risk, discomfort, advantages and disadvantages of the test will be 

explained to you before obtaining the letter of consent. 

12. 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. 

13. All the risk of test procedure will be explained to you and accordingly the consent will 

be taken. 

14. If you are not satisfied at any movement 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 VI 

रोगी सूचना पत्र : 

उदे्दश्य: 

आईसीएमआर की नियामक आवश्यकता के अिुसार सुनिनित करिे के निए नक निखित सूनित 

सहमनत पुरुष और मनहिा नवषयोों से प्राप्त की गई है और आईईसी द्वारा अिुमोनित नकया गया है। 

 

स्कोप: 

इस मािक पररिािि प्रनिया में सभी मरीज़ शानमि हैं जो से्वच्छा से अस्पताि से भाग िे रहे हैं। 

नजमे्मिारी: 

शोधकताा इस अध्ययि के भाग के रूप में स्वयोंसेवा करिे वािे सभी पुरुष और मनहिा से 
निखित सूनित सहमनत प्राप्त करेगा। 

प्रनिया: 

1. अने्वषक फुफु्फसीय ओपीडी से पुरािी प्रनतरोधी फुफु्फसीय रोग के रोनगयोों का ियि करेगा। 

2. अने्वषक आशोंका िूर करिे और प्रनतभागी के सभी प्रश्ोों का उत्तर िेिे के निए प्रयोगात्मक 

प्रोटोकॉि की व्याख्या करेगा 

3. यनि मरीज अध्ययि में भाग िेिे के निए सहमत हैं तो उन्हें मािक पररिािि प्रनिया के अिुसार 

सहमनत िी जाएगी। 

4. यनि मरीज रुनि व्यक्त करता है िेनकि उस मामिे में कुछ सोंिेह है तो उन्हें हि नकया जाएगा। 

5. यनि मरीज़ नववरण के साथ सहज होते हैं तो वे मािक पररिािि प्रनिया के अिुसार सूनित 

सहमनत भरें गे। 

6. रोनगयोों की सहमनत के बाि अध्ययि प्रनिया शुरू होगी। 

7. नवसृ्तत निनकत्सा और नकसी भी अन्य शारीररक समस्या का इनतहास रोनगयोों से प्राप्त नकया जाएगा 

तानक शानमि नकए जािे और बनहष्करण माििोंड को सत्यानपत नकया जा सके 

8. अिुसोंधाि नवषय की सामान्य जािकारी: 

1 िाम 

2. उम्र 
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3. निोंग 

4. नििाोंक 

9. आपको व्यायाम की क्षमता के निए 6 नमिट की पैिि यात्रा  टेस्ट  से गुजरिा होगा। 

10. यनि आप इस अवनध के िौराि असुनवधाजिक हैं तो कृपया हमें यह बताएों  नक हम आपकी मिि 

कर सकते हैं और आपकी समस्या को नकसी भी अयोग्य प्रभाव के नबिा पार कर सकते हैं। 

11. आपको कोई प्रनतपूनता और क्षनतपूनता िही ों िी जाएगी। 

12. यनि नकसी भी समय आप इस शोध अध्ययि से बोंि करिा िाहते हैं तो आप ऐसा करिे के निए 

स्वतोंत्र हैं और हमारे पक्ष से कोई बाधा िही ों होगी। 

13. सहमनत के पत्र प्राप्त करिे से पहिे परीक्षण, जोखिम, असुनवधा, फायिे और िुकसाि का नववरण 

आपको समझाया जाएगा। 

14. इस अध्ययि से प्राप्त आोंकडे गोपिीय रूप से सोंरनक्षत और बिाए रिे जाएों गे और अगर तस्वीर 

का इसे्तमाि नकया जाए तो आपकी पहिाि प्रकट िही ों की जाएगी और यनि तस्वीर प्रकानशत की 

गई तो अिुमनत प्राप्त की जाएगी। 

15. परीक्षण प्रनिया का सभी जोखिम आपको समझाया जाएगा और तििुसार सहमनत िी जाएगी 

16. यनि आप नकसी भी समय सोंतुष्ट िही ों हैं तो आप नकसी भी समय नकसी भी पररणाम के नबिा वापस 

िे सकते हैं 

 

 

शोधकताा का िाम: 

 

फोि िोंबर: 

पता: 

गाइड का िाम: 

फोि िोंबर: 

पता: 

सोंस्था का िाम: 
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                             ANNEXURE VI 

रुग्ण माहहती पत्रक : 

हेतू: 

आईसीएमआरच्या नियामक गरजाोंिुसार आनण आयईसीिे मोंजूर केिेल्या मानहतीिुसार िेिी सूनित 
सोंमती पुरुष आनण मनहिाोंच्या नवषयाोंकडूि प्राप्त केिी आहे. 

 

 

स्कोप: 

या मािक ऑपरेशिि पद्धतीमधे्य सवा रोगी नवषय समानवष्ट आहेत जे से्वचे्छिे हॉखस्पटिमधे्य 
सहभागी आहेत. 

 

 

जबाबिायाा: 

सोंशोधक या अभ्यासािा भाग होण्यासाठी स्वयोंसेवी असिेल्या सवा िर व मािी याोंच्याकडूि िेिी 
ज्ञात सहमती प्राप्त करेि. 

 

प्रनिया: 

1. अने्वषक फुफु्फसे ओपीडी पासूिच्या पुरोगामी अवरोधी फुफु्फसाोंच्या रोगाच्या रुग्ाोंिी निवड 
करेि. 

2. तपासिीस आके्षप िूर करण्यासाठी आनण रुग्च्या सवा प्रश्ाोंिी उत्तरे िेण्यासाठी प्रायोनगक 
प्रोटोकॉििे स्पष्टीकरण करेि. 

3. रुग् अभ्यासात सहभागी होण्यास सहमती िेत असेि तर त्या मािक सोंिािि प्रनियेिुसार त्यास 
सोंमती नििी जाईि. 

4. जर रुग्ािा स्वारस्य व्यक्त करते परों तु त्या बाबतीत काही शोंका असेि तर ते सोडवतीि. 
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5. रुग्ािा जर स्पष्टीकरण सोयीस्कर असतीि तर ते मािक सोंिािि प्रनियेिुसार सूनित सोंमती 
भरतीि. 

6. रुग्ािी सोंमती निल्यािोंतर अभ्यास प्रनिया सुरु होईि. 

7. वैद्यकीय कोणत्याही वैद्यकीय समसे्यिा इनतहास रुग्ाोंकडूि प्राप्त केिा जाईि ज्यायोगे 
समावेशि आनण बनहष्कार मापिोंड सत्यानपत करणे आवश्यक आहे. 

8. सोंशोधि नवषयाच्या सामान्य मानहती: 

1. िाव: 

  2. वय: 

  3. निोंग: 

  4. तारीि:  

9. व्यायाम करणे आनण जीविािी गुणवत्ता स्थानपत करण्यासाठी आपल्याला 6 नमनिट िालणे िािणी 

आवश्यकता आहे. 

10. आपण या काळात अस्वस्थ असल्यास आपण आम्हाला कळू द्या जेणेकरूि आपल्याला कोणत्याही 

समस्या ि पडता आपल्या समसे्यवर मात करण्यास मित होईल. 

11. आपल्याला कोणतेही परतावा आनण िुकसाि भरपाई निली जाणार िाही. 

12. जर तुम्ही या सोंशोधिाच्या अभ्यासापासूि थाोंबवू इखच्छत असाल तर तुम्ही तसे करण्यास मुक्त असाल 

आनण आमच्याकडूि 

 कोणतीही अडथळा िसत. 

13. सोंमती पत्र प्राप्त करण्यापूवी परीके्षिी जोिीम, अस्वस्थता, फायिे आनण तोटे याोंिा तपशील 

आपल्याला स्पष्ट केला जाईल. 

14. या अभ्यासातूि प्राप्त झालेला डेटा गुप्तपणे सोंरनक्षत आनण सोंरनक्षत केला जाईल आनण जर छायानित्र 

वापरले असेल तर आपली ओळि उघड केली जाणार िाही आनण जर छायानित्र प्रकानशत केले तर 

परवािगी नमळेल. 

15. िािणी प्रनियेिा सवा जोिीम तुम्हाला समजावूि िेण्यात येईल आनण त्यािुसार सोंमती घेतले जाईल. 
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16. आपण कोणत्याही क्षणी समाधािी िसल्यास आपण कोणत्याही पररणामाोंनशवाय कधीही काढू शकता. 

 

सोंशोधकािे िाव: 

 

फोि िोंबर: 

 

पत्ता: 

 

 

मागािशाकािे िाव: 

 

फोि िोंबर: 

 

पत्ता: 

 

सोंस्थेिे िाव: 
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                                                      Annexure VII 

                                                  Timeline / Gantt chart 

 

Sr. 

No 

MONTHS  

1. NOVEMBER 2018 ALLOCATION OF THE GUIDE 

2. DECEMBER 2018 TOPIC FINALISATION FOR THE SYNOPSIS 

3. DECEMBER 2018 FORMULATION OF RESEARCH QUESTION 

4. DECEMBER 2018 FORMULATION OF AIM AND OBJECTIVES 

5. JANUARY 2019 HYPOTHESIS AND NULL HYPOTHESIS 

6. JANUARY 2019 TO 

FEBRUARY 2019 

PROTOCOL OF RESEARCH 

7. FEBRUARY 2019 INSTITUTIONAL ETHICAL CLEARANCE 

OBTAINED 

8. MARCH 2019 MUHS SUBMISSION 

9. APRIL 2019 TO FEBRUARY 

2020 

DATA COLLECTION 

10. JULY 2020 DATA PRESENTATION AND ANALYSIS 

11.  AUGUST 2020 TO 

SEPTEMBER 2020 

WRITING DISCUSSION AND CONCLUSION 

12. SEPTEMBER 2020 SUBMISSION OF THESIS TO MUHS 
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                                             PERMISSION LETTER A 

 

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, Association between functional capacity using 6-minute walk test 

distance and Psychosocial factors using Multidimensional scale of Perceived Social 

Support and Exercise Self Efficacy scale - A 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,  

The Head of Medicine department, 

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 in your estimated institute.  

        My research topic, Association between functional capacity using 6-minute walk test 

distance and Psychosocial factors using Multidimensional scale of Perceived Social 

Support and Exercise Self Efficacy scale - A Analytical cross-sectional study. 

       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, 
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MASTER CHART 

 

AGE SEX EXERCISE SELF EFFICACY SCALE MULTIDIMENSIONAL SCALE OF PERCEIVED SOCIAL SUPPORT 6 Minute Walk Test Distance

48 F 115 73 620

50 M 97 56 530

57 M 132 79 677

60 F 179 84 720

53 F 109 67 579

50 M 57 58 405

50 F 86 64 485

56 M 90 58 490

52 M 33 74 377

45 F 25 67 360

54 F 22 78 355

56 F 19 72 350

55 M 95 83 510

52 F 96 78 515

56 M 63 80 436

51 F 101 75 549

56 F 161 78 794

47 F 114 60 590

50 M 38 43 385

42 M 168 61 705

40 F 126 62 674

52 F 81 50 481

46 M 113 61 588

52 F 69 58 460

52 M 117 70 644

53 M 164 78 705

53 F 45 14 392

55 M 140 72 710

52 M 96 58 515

59 M 108 67 570

54 M 103 71 560

56 M 66 69 449

57 M 132 73 682

51 F 61 64 430

60 M 153 57 777

60 M 146 72 748

56 M 93 54 500

55 F 162 62 700

53 M 72 75 464

43 M 61 84 425

47 F 58 84 415

55 F 115 62 635

51 M 31 54 365

46 F 158 84 780

48 F 50 70 400

48 M 33 62 380

57 M 149 66 756

48 F 65 68 440

60 F 77 72 478

45 F 121 68 660

60 M 151 71 760

48 M 103 22 556                             

58 M 138 47 707

46 M 171 77 715

49 F 90 42 495

50 F 107 51 560

55 F 144 65 730

41 M 160 72 787

45 M 120 55 653

43 M 133 48 696

49 M 99 40 545

56 F 67 35 455

43 F 152 76 765

50 M 169 80 712
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INTRODUCTION 

 

Aging is the accumulation of diverse damaging changes in the cells 

and tissues which increase the risk of disease and death.1 These 

changes are neither linear nor uniform and differs from person to 

person.2 The pace of population ageing around the world is increasing 

dramatically.2 

According to WHO, between 2015 and 2050, the proportion of the 

world's population over 60 years will nearly double from 12% to 22%.2 

By 2050, the world’s population aged 60 years and older is expected to 

total 2 billion, up from 900 million in 2015.2 

According to Population Census 2011 of India, there are nearly 104 

million elderly persons in India where,53 million are females and 51 

million are males.3 Falls are a leading cause of unintentional injury and 

premature death worldwide.4 With age, various physical and mental 

changes lead to increase in the risk of fall-related injury.4  

Physiological changes related to ageing include cognitive impairment, 

reductions in muscle strength, proprioception, joint range of motion, 

reaction time, and changes in sensory systems.5  
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These factors negatively affect balance control and impact on the 

functional ability and activities of daily living of the older person.5  

Every year one-third of community-dwelling older adults fall. About 10–

15 % subsequently endure an injury.4 

Physical Activity is an important marker of health and quality of life in 

older adults. Higher levels of Physical Activity are associated with 

healthy ageing. For older adults, balance and resistance training 

programs are an effective way to maintain mobility and independence.6  

Balance is an integral component of daily (functional) activities. 

However, balance control is complex and multifactorial.5  

Good balance and mobility are important to the successful 

performance of most activities of daily living as well as various of 

recreational activities.5 

Balance is defined as the ability to maintain the projection of the body’s 

center of mass (COM) within manageable limits of the base of support, 

as in standing or sitting, or in transit to a new base of support, as in 

walking. 5  

Balance has been classified into 2 types  

  1.Static balance 
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  2.Dynamic balance.7  

Static balance is defined as the ability to maintain stability and 

orientation with the center of mass (COM) over the base of support 

(BOS)with body at rest or no motion.7  

Dynamic balance is defined as the ability to maintain stability and 

orientation with center of mass (COM) over the base of support 

(BOS)while the part of the body is in motion.7  

There are various components that influence on the balance 

control ability which includes 

1.Visual system 

2.Somatosensory system, and 

3.Vestibular system.8  

These systems interact to maintain space cognitive function. The 

interaction between visual and vestibular systems affect the balance 

ability while cooperating with each other, depending on a variety of 

relationships of head and the surrounding objects.8  

Visual system serves as an important source of information for 

the ability to perceive movements and detect the relative orientation of 

body segment and orientation of body in space.7 

There are two separate functions of visual activity which includes  
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1.Focal vision 

2.Ambient vision. 7  

Focal vision plays important role in localizing features in the 

environment and in our conscious reaction to visual events. 

The Ambient vision utilizes the entire visual fields to provide 

information on localizing features about the environment and to guide 

movement using nonconscious awareness.7 

The somatosensory inputs include cutaneous and pressure 

sensation from the body segment in contact with the supported surface 

and muscle and joint proprioception throughout the body.7 

The vestibular system is one another important source of 

information for postural control and balance. The semicircular canal 

can detect angular acceleration of force acting on the head whereas 

the otolith organ can detect linear acceleration and orientation of head 

with reference to gravity.7 

As the age advances, there is decline in the visual, somatosensory and 

vestibular factors which affect the mobility and functional ability of 

elders and increases the chances of fall.9  

Healthy elderly individuals are found to have significant 

impairment in static and dynamic balance as compared to the healthy 
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young adults. Thus, the risk of fall increases beyond the age of 60 

years.10 

According to some studies, in older population there is a decline in 

vestibular ocular reflex (VOR) which makes the elders more vulnerable 

to lose balance while walking in community or even during stance 

phase or when there is a sudden distraction causing increased postural 

sway with higher risk of fall.9 

Age-related decrease in the somesthetic sensitivity particularly 

by a progressive structural modification and a lower discharge 

frequency of muscle spindles reduces both proprioception and plantar 

cutaneous exteroception. 11  

Degenerative changes are seen in Meissner's corpuscles result in 

decreased sensitivity of the skin. This decreases the touch acuity and 

affects the ability of older individuals to localize stimuli.12 

Ageing also leads to a change in vestibular nuclei and cerebellum 

operation, producing a change of muscular activation sequences and 

an increased reaction time.11  

There is also a reduction in muscular mass, decrease in the number of 

motor units and an increase in their innervation ratio which leads to a 

decrease in muscular strength and power. 11  
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Static and Dynamic balance abilities can be measured by Berg 

Balance Scale (BBS) which was developed by Berg et al.7  

It is gold standard with good inter-rater: .98 and intra-rater: .99 

reliability and good internal validity.13  

  The scale comprises of 14 simple tasks commonly performed in 

everyday life. The items range from sitting or standing unsupported, to 

movement transitions (sit-to-stand, stand-to-sit), variations in standing 

position, feet together, forward reach, retrieving an object from the 

floor, turning, standing on one foot, to placing the foot on a stool. 

Scoring uses a five-point ordinal scale, with scores ranging from 0 to 

4.7  

Descriptive criteria are provided for scoring each level: a score of 4 is 

used to indicate that the patient performs the task independently and 

meets time and distance criteria, and a score of 0 is used for unable to 

perform the given task. A maximum score of 56 points is possible.7  

There are few balance exercises for elderly which can be done 

routinely. 

 Sit-to-stand – The person is asked to sit on a chair that is not too 

low, lean forward on his knees and stand up slowly by pushing off 

with both his hands using the armrest.14 



7 
 

 Sideways walking- The person is asked to stand tall and place his 

hands on the hips take a side step to the right with his right leg, 

then close with left leg so that he is standing with his feet shoulder-

width apart.14 

Heel-toe (tandem) standing – The person is asked to stand tall and 

place his one foot directly in front of the other to form a straight line 

and center his weight between your two feet.14  

Tai chi- It is a Chinese martial art and exercise system, which has 

lately been recognized as an effective intervention for fall risk 

prevention among older people.15  

The practice of Tai Chi is thought to increase awareness of body 

alignment  during movement by focusing on the placement of the 

feet, upright position of the head and trunk, and the intentional, 

attentive body movement in the direction of the specific Tai Chi 

postures.15  

      It, consists of a series of self-initiated slow but continuous 

rhythmical movements which helps in improving balance in older 

people.16  

     Eyeball Exercises also known as Gaze stability exercises are the 

exercises which are based on the ability of the vestibular system to 

modify the amount of the Vestibulo-ocular reflex (VOR) in response to 

a head movement.10  
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The aim of Eyeball exercises is to improve the vestibule-visual 

interaction during cephalic movement and to increase static and 

dynamic postural stability in conditions that produce conflicting sensory 

information.9  

It also improves, balance and confidence to carry out the activities of 

daily life in a healthy elderly population. 17  

It stimulates and modifies the magnitude of vestibulo-occular reflex 

which is a necessary component to work upon as its degeneration is 

the main consequence of natural aging process. 10  

Vestibulo-ocular reflex (VOR) produce eye movements in the direction 

opposite to that of head rotation to stabilize the image in the retina, 

avoid retinal slip and maintain visual acuity.18  

Eyeball exercise increases balance stability by making sure that the 

image of an object can be projected to the best portion of the retina 

through visual control. 8  

These exercises require an individual to perform rapid, active head 

rotations while watching a visual target, with the given condition that 

the target remains in focus during the head movements. 10  

The target can be stationary and the head can be asked to move in 

horizontal and in vertical direction then the exercises are referred to as 

X1 viewing exercises.10 
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The other form of exercise includes the target moving in the opposite 

direction of the head movement, then these exercises are referred to 

as X2 viewing exercises. 10  

These exercises are easy to learn thus, after supervised training, they 

can be performed at home by oneself or with minimal supervision.17  

Frenkel’s Exercise was developed by H.S Frenkel where he made a 

special study of Tabes Dorsalis and devised a method of treating 

ataxia. 19  

He aimed at establishing voluntary control of movement by use of any 

part of the sensory mechanism which remained intact, notably sight, 

sound and touch, to compensate for loss of kinesthetic sensation. 19  

Some previous studies have shown that, Frenkel exercises on the 

coordination and balance of the elderly men were examined and the 

results have shown that Frenkel exercise program was effective in 

improving the coordination and balance of the elderly men.20 

Thus, it was concluded that Frenkel exercises appeared to be a useful 

exercise technique to improve coordination , balance , reduce the risk 

of falls and the cost of associated treatment by helping the Central 

Nervous System to compensate the loss of kinesthetic sense of the 

body. 20,21  

It includes a series of slow, repetitious motions that are performed in 

different positions when lying down, sitting, and standing.  These 
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programs target the cerebellum as the main center for controlling 

balance, and finally leads to an improvement in balance.21 

It has therefore been proved that aging leads to reduction of balance 

ability, weakness of lower extremity muscles, failing of eyesight, and 

decrease of walking ability. These changes lead to the weakening of 

the activities and functions of living tissues, leading to increased risk of 

fall.8  
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 NEED FOR THE STUDY 

The Life span of the adults are increasing due to good medical 

treatment facilities in the country. The increasing age of the elderly is 

leading to various balance issues leading to morbidities and altered 

quality of life. 

1 % and 5% of falls result in fractures, most commonly of the hip. 

There is loss of self- efficacy associated with falling. It can typically 

cause an elder to self-limit activities, initiating a downward spiral of 

physical activity and physical abilities.12  

Thus, there is a necessity to find a program which can be carried out 

without much of a supervision or can be carried out as a homebased 

exercise with less time, space, manpower, and infrastructure which will 

help in improving balance and thereby, preventing the complications of 

fall.  

Studies have shown Eyeball exercises to be effective in reducing fall 

risk in individuals with symptoms of dizziness, by improving their 

postural stability and visual acuity during head movements but so far 

there is a scarcity of articles showing the effect of Eyeball  exercises on 

balance in vestibular asymptomatic (without the complaints of 

dizziness) elderly. 
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Therefore, this study has been attempted to assess the effectiveness 

of eyeball exercises versus Frenkel’s exercises to improve balance in 

60-70 years old adults. 
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RESEARCH QUESTION 

 

Is there any effect of 5 weeks training of Eyeball exercises versus 

Frenkel’s exercises on balance in 60-70 years old adults with medium 

fall risk using Berg balance scale? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



14 
 

HYPOTHESIS 

 

 

 NULL HYPOTHESIS 

There is no significant difference in the effect of Eyeball exercises 

versus Frenkel’s exercises on balance in 60-70 years old adults with 

medium fall risk using Berg balance scale.  

  

 ALTERNATE HYPOTHESIS 

There is significant difference in the effect of Eyeball exercises versus 

Frenkel’s exercises on balance in 60-70 years old adults with medium 

fall risk using Berg balance scale. 
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OBJECTIVE 

 

To study the effectiveness of Eyeball Exercises Versus Frenkel’s 

Exercises on Balance in 60-70 years old adults with medium fall risk 

using Berg Balance Scale. 
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REVIEW OF LITERATURE: 

 

1. Mohd Shoeb et.al (2020) conducted a study on Effect of BAPS 

Board Versus Frenkel Exercise on Balance in Stroke Patient’s - 

A Pilot Study. A total of 10 subjects were recruited and divided 

into two groups, BAPS Board training was given to one group and 

Frenkel’s exercise was given to another group for seven 

consecutive days and its pre and post intervention effect were 

noted with the help of Berg Balance Scale and concluded that  

BAPS board and Frenkel’s exercises both can be used to treat 

the impaired balance in CVA patients.22 

2. Hooman Minoonejad et al. (2019) conducted a study on Effect 

of four weeks of ocular-motor exercises on dynamic visual acuity 

and stability limit of female basketball players. In this semi-

experimental study 30 club elite female basketball players aged 

between 18 and 24 years, with at least three years of specialized 

basketball experience, were randomly assigned to two 

intervention and control groups. Intervention group participated in 

the designed four-week program (six sessions per week) of the 

oculomotor exercises. The control group did just their own daily 

routine exercises. Limit of stability was measured by the Biodex 

balance system SD and dynamic visual acuity was measured by 
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the PowerPoint, which is for detecting dynamic visual acuity. The 

author concluded that oculomotor exercises can be used to 

enhance the limit of stability and dynamic visual acuity in 

basketball players and other dynamic sports.23 

3. Ayelet Dunsky (2019) conducted a study on The Effect of 

balance and coordination exercises on Quality of life in older 

adults: A Mini Review. 326 articles were reviewed out of which 25 

literatures were found relevant. Based on this literature it is 

suggested that older adults exposed to a program which includes 

a combination of exercises for 2-3 sessions each week for a 

period of 8 weeks to improve quality of life. Thus these exercises 

should be included and progressed gradually to reach higher level 

of challenges.24 

4. Grzegorz Ma ´nko et. Al. (2019), conducted a study on The 

Effect of Frankel’s Stabilization Exercises and Stabilometric 

Platform in the Balance in Elderly Patients: A Randomized 

Clinical Trial The study involved 40 elderly patients divided into 

two groups of 20 people. In experimental group 1 (C) Frankel’s 

stabilization exercises were used; in experimental group 2 (E) a 

Stabilometric platform was used. The risk of falls in the examined 

persons was assessed using the Tinetti scale. Exercises were 

performed every day for 15 min during a two-week long stay, 

which included 10 training sessions and concluded that both 
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Frankel’s exercises and training with the use of the Stabilometric 

platform were effective in a rehabilitation program aimed at 

reducing the risk of falls among the elderly.25 

5. Miyoung Roh et al. (2019) conducted a study on Effects of gaze 

stability exercises on cognitive function, dynamic postural ability, 

balance confidence, and subjective health status in old people 

with mild cognitive impairment. Old people with Mild Cognitive 

Impairment (n= 9) and healthy old people (n= 9) performed gaze 

stability exercises for 4 weeks. Pre and post Montreal Cognitive 

Assessment (MoCA) for cognitive function, Timed Up and Go test 

for dynamic postural ability, Activities-Specific Balance 

Confidence for balance confidence and subjective health status 

were measured in both groups and it was concluded that gaze 

stability exercises is beneficial to improve cognitive function as 

well as balance ability which affected on quality of life in old 

people with and without Mild Cognitive Impairment.26 

6.  Mohammed Reza Vafeenasab et.al. (2018) conducted a study 

on comparative study of balance exercises (Frenkel’s exercise) 

and Aerobic exercises (Walking) on improving balance in the 

elderly. 48 elderly men and women were randomly assigned to 

two groups, balance (Frenkel) exercises and aerobic exercises 

(walking). Three 10- to 15-min sessions a week for five weeks. 

Outcome measures used were Sharpened Romberg test to 
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measure static balance and the Get Up and Go test was used to 

measure dynamic balance before and after the exercise program. 

It was concluded that both Frenkel’s exercise and walking. 

Equally improve static and dynamic balance in elderly.20 

6.  Eun Jae Ko et.al. (2018) conducted a study on Frenkel’s exercise 

on lower limb sensation and balance in subacute ischemic stroke 

patients with impaired proprioception.14 patients suffering 

subacute ischemic stroke between 7 to 30 days of onset who 

showed reduced proprioception in the lower limbs were selected. 

They were divided into two groups: intervention group (performed 

Frenkel’s exercise, 15 minutes per day, 15 days over a period of 

3 weeks, n=7) and control group (received conventional physical 

therapy instead, n=7). Outcome measurements included are  the 

kinesthetic and light touch sensation subscales of the Nottingham 

Sensory Assessment (NSA) for the lower limb, the Korean version 

of the Berg balance scale (K-BBS), the Functional Ambulation 

Classification (FAC), the Motricity Index (MI), and the Korean 

version of the Modified Barthel Index (K-MBI) and concluded that 

Frenkel’s exercise improves sensory and balance recovery among 

subacute ischemic stroke patients with impaired proprioception 

and minimal lower limb motor weakness. 27 

7. Shilpa B. Gaikwad et al. (2018) conducted a study on Effect of 

Gaze Stability Exercises on Chronic Motion Sensitivity: A 



20 
 

Randomized Controlled Trial.  Forty-one participants of both 

genders ages 20 to 40 years with chronic motion sensitivity were 

randomly assigned to 2 group, Participants in the intervention 

group performed gaze stability exercises daily while those in the 

sham group performed saccadic eye movement exercises daily. 

Both groups performed their respective exercises for 6 weeks. 

Computerized Dynamic Posturography with Immersion Virtual 

Reality (CDP-IVR)—condition 1 (C1) and condition 2 (C2)—

Motion Sensitivity Quotient (MSQ), Motion Sickness Sensitivity 

Susceptibility Questionnaire Short Form (MSSQ-Short: MSA, 

MSB), and State-Trait Anxiety Inventory for Adults (STAI Form Y-

2) were the outcome measures used. It was concluded that 

progressive gaze stability exercises appear to have value for 

managing chronic motion sensitivity in healthy young adults.28 

8. Carla Pimenta et.al. (2017) conducted a study on the effects of 

oculomotor and gaze stability exercises on balance after stroke.  

84 participants were randomly allocated in two intervention 

groups. Three age groups will be considered: 60–69 years, 70–79 

years and ≥80 years. The experimental group received oculomotor 

and gaze stability exercises twice a day for three weeks. Primary 

outcome measures are the Motor Assessment Scale, Berg 

Balance Scale and Timed Up and Go Test. It was concluded that 

oculomotor and gaze stability exercises may be a promising 
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complement to conventional physiotherapy intervention after brain 

stroke improving the balance.17 

9. Siavash Rajabi et.al. (2017) conducted a study on comparison 

effects of eight weeks spark and Frenkel exercise on static and 

dynamic balance in the blinds. 30 blind people with no other 

disabilities aged between 15 and 49 years old were randomly 

assigned to three groups of control (n=10), Spark (n=10) and 

Frenkel (n=10). Spark Group received Spark program exercises 

and Frenkel group received Frenkel exercises for two months, with 

no intervention for the control group outcome measure used were 

Standing Stork Test with open and closed eyes to evaluate static 

balance and Star Excursion Balance Test (SEBT) was used to 

evaluate the dynamic balance. The author concluded that both 

Frenkel and spark training programs are useful and effective 

methods to enhance static and dynamic balance in blind people.29 

10. Yusuke ueta et.al. (2017), conducted a study on gaze 

stabilization exercises derive sensory reweighting of vestibular for 

postural control. Twenty-three healthy volunteers participated. In 

this study center of pressure of the total trajectory length was 

measured before (pre), immediately after (post), and 10 min after 

(post10) gaze stabilization exercise, in the static standing position, 

with the eyes open or closed, on the floor or on foam rubber and 

concluded that gaze stabilization exercises can improve the static 
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body balance in a condition that particularly require vestibular 

functioning.30 

11. Cheryl A. Der Ananian et.al. (2017) conducted a study on 

Efficacy of a student-led community based, multifactorial fall 

prevention program: Stay in Balance. Adults aged 60 and older (n 

= 69) who were at-risk of falling (fall history or 2+ fall risk factors) 

were recruited to participate. All participants initially received the 

12-week SIB program, and an additional 12 weeks home program. 

The outcome measures used were dynamic balance (8-Foot Up 

and Go), functional balance (Berg Balance Scale), and muscular 

strength (30 s chair stands and 30 s arm curls).It was concluded 

that the SIB program improved dynamic and functional balance 

and muscular strength in older adults at-risk for falling.31 

12. Roopa Harish Thakker et.al. (2017) conducted a study on 

effectiveness of Frenkel’s exercise on reaction time. Total 36 

geriatric individuals participated in the study. These participants 

were then given Frenkel’s exercises for 2weeks daily for 30 mins 

after which post readings were taken of simple and choice reaction 

time and concluded that Frenkel’s exercise is effective in 

improving simple reaction time and choice reaction time in geriatric 

population.32 

13. Kwon-Young Kang et.al. (2016) conducted a study on the effects 

of eye movement training on gait function in patients with stroke. 
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Fourteen patients with stroke were randomly assigned to either an 

experimental group or a control group. The experimental group 

underwent eye movement training while the control group 

underwent general gait training five times per week for six weeks. 

Patient walking speed, cadence, and step length were measured 

by ink-footprint and it was concluded that eye movement training 

should be considered as a part of a functional gait training program 

for patients with stroke.33 

14. Shefali Walia et.al. (2016) conducted a study on comparison of 

two balance training program on balance in community dwelling 

older adults. 70 elderly adults were randomly allocated into two 

groups: group 1 (n=35) received general balance and mobility 

exercise; group 2 (n=35) received specific balance strategy 

training. The intervention consisted of 5 sessions/week for 4 

weeks. The outcome measures used were Timed up and go test 

(TUGT) and Berg balance scale (BBS). It was concluded that the 

subjects who participated in the specific balance strategy training 

significantly improved their functional mobility compared to the 

general training group. 34 

15. Zahra Rojhani Shirazi et.al. (2016) conducted a study on 

comparison effects of two types of therapeutic Frenkel exercises 

versus swiss ball on the clinical balance measure in patients with 

type 2 Diabetic Neuropathy. 60 patients with diabetes categorized 
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randomly into three groups: an intervention group (N=20) that 

received ball training exercise, another intervention group (N=20) 

that received Frenkel exercise and a control group (N=20) that 

received no interventions. Exercise training session was 

performed for 3 weeks. The outcome measures used were single 

leg stance, star excursion test, and Berg balance scale test and it 

was concluded that to improve balance in Diabetic neuropathy, 

swiss ball exercises is preferred as compared to Frenkel training.35 

16. Jin Hyuck Park et.al. (2016) conducted a study on the effects of 

eyeball exercises on balance ability and falls efficacy of the elderly 

who have experienced a fall: A single blind randomized controlled 

trial. Subjects were randomly assigned to the eyeball exercise 

group (n = 30) or functional exercise group (n = 31). All subjects 

received 30 sessions for 10 weeks. Static and dynamic balance 

were measured using the center of pressure (CoP) measurement 

equipment and Timed Up and Go Test (TUGT) respectively. Fall 

efficacy was evaluated using the modified efficacy scale (MFES) 

and the author concluded that eyeball exercise is beneficial to 

improve the fall efficacy as well as balance of the elderly compared 

with functional exercise.8 

17. Tanu Khanna et.al. (2014) conducted a study on the effects of 

gaze stability exercises on balance in elderly. Thirty elderly 

volunteers were divided into 3 groups; Group A received Gaze 
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stability exercises with Balance Training, Group B received only 

Balance Training and Group C was control group for 6 weeks 

everyday. Outcome measures were Berg Balance Scale, Dynamic 

Gait Index and the Activities - Specific Balance Confidence Scale 

and concluded that gaze stability exercises in elderly with 

asymptomatic vestibular function did not show significant 

improvement on balance and fall risk when compared to those 

who received balance exercises only.9 

18. Vaishali Bharadwaj et.al. (2014) conducted a study on the 

effectiveness of gaze stability exercises on balance in healthy 

elderly population. 30 subjects without any definite balance 

disorder were selected. The experimental group (n=15) performed 

gaze stability exercises (GSE), and the control group (n=15) 

performed placebo eye movement 3 times daily over a 6-week 

period and concluded that vestibular specific gaze stability 

exercises lead to improvement on balance in healthy elderly 

population.10 

19. Sérgio Tosi Rodrigues et.al (2014) conducted a study on 

Saccadic and smooth pursuit eye movements attenuate postural 

sway similarly. Ten young adults (19.5 ± 1.9 years) participants 

were required to stand upright, barefoot for 70 s using a bipedal 

stance, with feet hip width apart, fixating or pursuing a target that 

was displayed on a monitor positioned 100 cm away from their 
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eyes. Each participant performed three trials using both types of 

eye movements, slow and fast saccades, and slow and fast 

smooth pursuit movements. Body sway was obtained using 

reflective markers attached to a participant’s head and trunk, 

which were recorded by two video cameras and it was concluded 

that, saccades and smooth pursuit eye movements influenced 

body sway similarly, reducing the sway magnitude when 

compared to a fixed gaze.36 

 

20. Kwang Jae Lee et.al. (2012) conducted a study on thirty nine 

elderly individuals having no specific disease to know the effects 

of eye movement training on static balance and fall efficacy in the 

elderly. 20 for the experimental group, and 19 for the control group 

were selected as subjects. The study was conducted for 6 weeks 

and it was concluded that eye training combined with diverse fall 

prevention program is effective in improving static balance in 

elderly.37 

21. Po-Yin Chen et.al. (2012) conducted a study on Interactive 

wiimote gaze stabilization exercise training system for patients 

with vestibular hypofunction. Three unilateral and one bilateral 

vestibular hypofunction patients were included in the study. The 

participants received 30 minutes of computer-aided vestibular 

rehabilitation training 2 days per week for 6 weeks and it was 
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concluded that Patients demonstrated a reduction in dizziness 

symptoms after 6 weeks of training with this short-term interactive 

game approach.18 

22. Vanessa Vieira Pereira et.al. (2012) conducted a study on 

whether the functional assessment Berg Balance Scale is better 

capable of estimating fall risk in the elderly than the posturographic 

Balance Stability System. Ninety-eight old people, with an average 

age of 80±4 years, were submitted to an assessment of balance 

and fall risk by means of the Berg Balance Scale (BBS) and the 

posturographic Balance Stability System (BSS) and concluded 

that BBS permitted verifying that the elderly with older age ranges 

have a tendency to present worse balance and demonstrated a 

greater capacity to identify falls suffered over the last year when 

compared with the BSS platform.38 

23. Hiroyuki Morimoto et.al. (2011), conducted a study on the effects 

of oculomotor and gaze stability exercises on postural stability and 

dynamic visual activity in healthy young adults. Forty-one healthy 

young adults were recruited for this study and randomly divided 

using a random number table into experimental (n = 28, ages 19.1 

± 0.6 years) and control groups (n = 13, mean age 19.4 ± 1.2 

years). The experimental group performed oculo-motor exercises 

and gaze stability exercise for three weeks and the control group 

did not. Pre and post postural stability during quiet standing, 
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standing with active head rotation, and Dynamic Visual acuity  

were measured on both groups and the author concluded that the 

study showed improvements in postural stability with active head 

rotation and dynamic visual activity after performing oculomotor 

exercises and gaze stability.39 

24. A. Clendaniel et. Al (2010) conducted a study on The Effects of 

Habituation and Gaze Stability Exercises in the Treatment of 

Unilateral Vestibular Hypofunction: A Preliminary Results. Seven 

participants were after randomly assigned to either habituation 

exercises or gaze stability (GS) adaptation exercises with 

unilateral vestibular hypofunction for a 6-week exercise 

intervention. The outcome measures used were Dizziness 

Handicap Inventory to measure the symptom impact, motion 

sensitivity quotient (MSQ) to assess sensitivity to head 

movements, and the dynamic visual acuity (DVA) test as a 

measure of Gaze Stability during head movements and It was 

concluded that, both exercise interventions lead to a reduction in 

the self-report measure of the impact of symptoms on the ability to 

function, a decrease in the sensitivity to movements, and an 

improvement in the ability to see clearly during head movements.40 

25. Courtney D. Hall et al. (2010) conducted a study on Efficacy of 

Gaze Stability Exercises in Older Adults with Dizziness. 

Participants were randomly assigned to the gaze stabilization (GS) 
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group (n = 20) or control (CON) group (n=19). Participants were 

evaluated at baseline and discharge on symptoms, balance 

confidence, visual acuity during head movement, balance, and 

gait measures and concluded that older adults with symptoms of 

dizziness and no documented vestibular deficits, the addition of 

vestibular-specific gaze stability exercises to standard balance 

rehabilitation results in greater reduction in fall risk.41 

26. Fusun Sahin et.al. (2008) conducted a study on reliability and 

validity of Turkish version of Berg Balance scale. The study 

samples were 60 volunteers over 65 years old and concluded that 

the Turkish version of BBS is reliable and valid scale to be used in 

balance assessment of Turkish older adults.42 

27. Means KM et.al (2005) conducted a study on Balance, Mobility, 

and Falls Among Community-Dwelling Elderly Persons. 

Participants were randomly distributed to an exercise group 

(n=122) and a control group (n=83). The exercise group received 

supervised stretching, balance, endurance, coordination, and 

strengthening exercises for 6 weeks. Data were recorded for time 

and quality performance on a functional obstacle course and for 

self-reported falls and injuries. The author concluded that 6 weeks 

of supervised stretching, balance, endurance, coordination, and 

strengthening exercises can improve functional performance and 

protect against falls and fall-related injuries.43 
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28. Gerome.C. Gauchard et.al. (2002) conducted a study on physical 

activity improves gaze and posture control in the elderly. Gaze 

control and posture stabilization were evaluated in 13 healthy 

aged women who regularly practiced physical activities and in 13 

healthy aged sedentary women of a similar age, by dynamic 

posturographic test with electromyography, as well as 

electronystagmography with caloric and rotational vestibular tests, 

ocular saccades, smooth pursuit and optokinetic tests. Physical 

activity group performed Yoga and soft gymnastics once a week 

in sessions of 90 min, jogging twice a week for 1 h at least per 

session, and swimming twice a week once or twice a week for 1 h 

at least per session. It was concluded that physical activity seems 

to be beneficial in elderly particularly by increasing postural control 

and restabilization and thus reducing falls.11 

29. Anne Shumway-Cook et al. (1997) conducted a study on 

Predicting the Probability for Falls in Community-Dwelling Older 

Adults. Forty-four community-dwelling adults (265 years of age) 

with and without a history of falls participated. The final model 

combined the score on the Berg Balance Scale with a self-

reported history of imbalance to predict fall risk and concluded that 

a simple predictive model based on two risk factors that can be 

used by physical therapists to quantify fall risk in community 

dwelling older adults.44 
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30. Berg et al. (1989) developed a multitask test to assess static and 

dynamic balance which included 14 balance tasks common in 

everyday living. In which 6 are static and 8 are dynamic balance 

tasks. It was concluded that this test is predictive of falls in elderly 

(hospital, long term care, community).7 
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MATERIAL AND METHOD 

 

• Study Design-Randomized controlled trial. 

• Study setting- Geriatric Home within the periphery of 20km from the 

Tertiary care hospital and Physiotherapy OPD. 

•  Study Population-Geriatric population falling in the age group 60-70 

years. 

• Study Duration- 12 months. 

• Sample size estimation- Sample size was determined by considering 

BBS as the main outcome measure by the study of Shefali Walia et al in 

2016. titled “Comparison of two balance training programs on balance in 

community dwelling older adults” with the following assumptions. 34 

Effect size of post BBS score=0.88 

SD post BBS=1 

Alpha Error=5% 

Beta Error = 20% 

Formula used for sample size determination, n=AB/(E/S)2 

Where, A=1/p1+1/p2 

B=(Z∝+Z𝜷)2 

E/S=Standardized Effect Size. 
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P1=Proportion of sample in group 1 

P2=proportion of sample in group 2 

The required Sample Size was calculated as 20-20 in each group. 

Therefore, total 40 elderly participants were included based on the 

inclusion criteria. 

The sample size was calculated by using EPI info version 7. 

After the approval from the university the sample collection was 

started. Till March 2020 the samples assessed and included in the 

study was 30. After the onset of Covid-19 pandemic and lockdown 

issued by the government further samples could not be collected as no 

permission was granted from the geriatric homes to collect samples. 

Thus, the sample collected was 30. 

• Sampling Technique: Convenient sampling technique 

• INCLUSION CRITERIA 

- Population falling in the age group of 60-70 years of both the 

genders.10 

- Subjects who can understand the instructions. 

- Independent in ambulation.8 

- Participants with medium risk of fall (21-40) using Berg Balance 

Scale.21 

- Individuals willing to participate. 
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• EXCLUSION CRITERIA 

- Any history of marked musculoskeletal trauma affecting standing 

and walking ability. 

- Presence of Neurological, Vascular or Neoplastic disorder.10 

- Participants with uncorrected visual and hearing impairment. 

 

• WITHDRAWAL CRITERIA 

   Participants unable to continue the exercise program. 

 

• OPERATIONAL DEFINITION 

1. BALANCE-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.7 

2. EYEBALL EXERCISE-The exercises which are based on the 

ability of the vestibular system to modify the amount of the 

Vestibulo-ocular reflex (VOR) in response to a head movement.10 

3. FRENKEL’S EXERCISE- Set of exercises that corrects motor 

defects in the cerebellum and improves the voluntary movement 

control, also helps the Central Nervous System (CNS) to 

compensate the loss of the kinesthetic sense of the body. 19 
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• VARIABLES 

Independent variable – Eyeball exercise and Frenkel’s exercise. 

Dependent variable - Berg balance scale. 

 

 

• METHOD OF MEASUREMENT: Berg Balance Scale. 

 

• STUDY INSTRUMENTS: 

1.Chair with armrest and without armrest. 

                    

 



36 
 

2. Stopwatch: 

 

 

 

 

 

 

3.Step Stool. 
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4.Inch tape: 

  

 

 

 

 

 

5.Colourful Chalks. 
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6. Cards.  

 

 

METHOD OF DATA COLLECTION: 

Permission from the institutional head and ethics committee was taken. 

Participants in the age group of 60-70 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. Demographic Data 

was obtained. Intervention was explained. Participants were 

encouraged to perform exercise for 5 weeks. Post intervention Berg 

Balance Scale score was noted. Data was collected and analysed.  

Block Randomization technique: In this method, participants were 

randomly distributed into both the groups that resulted in equal sample 

sizes. 10 Blocks were determined which were the multiple of 40. 4 

possible balanced combinations were assigned within each block. 
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DATA MANAGEMENT AND ANALYSIS 

The data collected is entered in the excel sheet. Backup of the data is 

maintained. In any way, the participants identity and information has 

not been disclosed. The data is utilized for further analysis. 

The Mean Standard deviation and percent was calculated. 

For within the group (pre and post) paired t test or Wilcoxin signed 

Rank test whichever applicable is used 

For between the group(post) unpaired t test or Mannwhitney U test 

whichever applicable is used. 

 P≤0.05 is considered statistically significant. 
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INTERVENTION: 

• Participants fulfilling the inclusion and exclusion criteria were 

selected. They were selected from Geriatric homes and 

physiotherapy OPD. The selected subjects were divided into two 

groups that is GROUP A (Eyeball Exercise) and GROUP B 

(Frenkel’s Exercise) according to Block randomization method. 

Each group has 15 participants. 

• These exercises were performed thrice a week for 5 weeks. 

GROUP A (Eyeball Exercise) -The participants in this group 

performed eyeball exercise. The subject was asked to sit to a chair with 

back supported with the target being held in the subject’s hand 

approximately thirty centimetres away from the eyes. A set of eight 

different eyeball exercises were taught and then the subjects were 

instructed to perform for 10 times in the beginning and then increased 

by 5 every week.39 

 The following exercises are: 17,39 



42 
 

 

 

 

 

 

EXERCISE 1: Moving the eyes 

horizontally between two stationary 

targets while keeping the head still- 

Saccadic Eye Movements 

 EXERCISE 2: Moving the eyes 

vertically between two stationary 

targets while keeping the head still- 

Saccadic Eye Movements.  

 

EXERCISE 3- Moving the 

target horizontally and tracking 

it with eyes while keeping the 

head still- Smooth Pursuit 

Exercise. 
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EXERCISE 4- Moving the target 

vertically and tracking it with eyes 

while keeping the head still- 

Smooth Pursuit Exercise.  

EXERCISE 5- Moving the head 

horizontally while keeping the 

look on the stationary target– 

Adaptation X1 Exercises. 
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EXERCISE 6 - Moving the 

head vertically while keeping 

the look on the stationary 

target – Adaptation X1 

Exercises. 

 

EXERCISE 7- Moving the head 

and targets in opposite direction 

horizontally while tracking the 

target with the eyes – Adaptation 

X2 Exercise. 
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• If the participants felt any kind of imbalance or dizziness 

sensation, during the exercises, they were asked to take a small 

pause and restart when possible.17 

 

GROUP B (Frenkel’s Exercise) - The participants performed Frenkel’s 

exercises in sitting as well as in standing.19 

The duration of each session was 10 minutes and then 

increased by 5 minutes per week so that the duration of the last 

session reaches 30 minutes.20 

The participants were permitted to take break for 5 minutes after 

every 10 minutes of exercise protocol. 20 

 

EXERCISE 8- Moving the 

head and targets in opposite 

direction vertically while 

tracking the target with the eyes 

– Adaptation X2 Exercise 
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1. IN SITTING: 

 

 

 

 

 

 

• One leg stretching to slide 

heel to a position indicated 

by a mark on the floor.19 

• Alternate Leg stretching 

and lifting to place heel or 

toes on a specified mark.19 

 

Stride Sitting: Change to 

stand and then sit down 

again.19  
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2. IN STANDING: 

 

                       

 

 

Walking placing feet on the 

marks.19 

 

 

Stride standing- Walking 

sideways by placing feet on 

the marks. 19 
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Axial turning:  The participant is asked to stand without moving 

the legs and then asked to turn to right and to left as far as 

possible so that the bottom of the foot should not pull off the 

ground. 20  

 

 

 

Turn around.19  
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Walking and changing 

directions to avoid obstacles 19  

 

Tandem walking 27  
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Maintenance of stance 

with feet together with 

eyes open and eyes 

closed.45  

 

Stepping in place.45  
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The participant is asked to put 

his/her feet on the designated 

places.25  
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GENERAL PROCEDURE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Permission from the head of the institution and 

approval from the ethics committee was taken. 

 

Adults between 60-70 years were approached 

Subjects were enrolled based on inclusion and 
exclusion criteria. 

 

The adults with medium fall risk using Berg 

Balance scale were selected. 

 

An informed and written consent were taken 

from the willing adults. 

 

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 eyeball exercises and the 

other group was given Frenkel’s exercises 3 

days per week for 5 weeks. 

 

Balance of all the subjects was assessed using BBS 

after 5 weeks of exercise programs.  

 

The Berg balance scale scores was noted before and after 

exercise programs and was compared and analysed statistically. 
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DATA ANALYSIS AND RESULT 

DATA ANALYSIS 

Statistical software EPI info version 7 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 of Eyeball Exercises versus 

Frenkel’s Exercises on balance using Berg Balance Scale in elderly 

individuals. 

P≤0.05 is considered to be statistically significant. 
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TABLES AND GRAPHS: 

 

Table 8.1 Distribution of sample population according to age in years: 

 

  

Age Group * Group Crosstabulation 

 Group Total 

Eyeball 

Exercise 

Frenkel’s 

Exercise 

Age Group 

60-65 

Count 3 6 9 

% within 

Group 
20.0% 40.0% 30.0% 

66-70 

Count 12 9 21 

    

% within 

Group 
80.0% 60.0% 70.0% 

Total 

Count 15 15 30 

% within 

Group 
100.0% 100.0% 100.0% 
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Graph 8.1: Distribution of sample population according to age in years: 
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Table 8.2 Distribution of sample population according to gender: 

 

 

Gender Group * Group Crosstabulation 

 Group Total 

Eyeball 

Exercise 

Frenkel’s  

Exercise 

Gender 

Male 

Count 8 5 13 

% within Group 53.3% 33.3% 43.3% 

Female 

Count 7 10 17 

% within Group 46.7% 66.7% 56.7% 

Total 

Count 15 15 30 

% within Group 100.0% 100.0% 100.0% 
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Graph 8.2: Distribution of sample population according to gender: 
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Table 8.3 Berg Balance Scale score of Eyeball Exercise group Pre and 

post intervention: 

 

 

(P<0.01) 

Graph 8.3: Berg Balance Scale score of Eyeball Exercise group Pre and 

post intervention: 

 

(P<0.01) 
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Paired sample statistics Eyeball Exercise 
 

 N Mean Std. 
Deviation 

Std. Error 
Mean 

T value P value 

Pre 
BBS 
 
 

15 38.73 1.907 0.492 - 13.84 <0.01 

Post 
BBS 
 
 

15 47.00 3.162 0.816 
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Table 8.4: Berg Balance Scale score of Frenkel’s Exercise group Pre 

and post intervention: 

 

Paired sample statistics Frenkel’s Exercise 
 

 N Mean Std. 
Deviation 

Std. 
Error 
Mean 

T value P value 

Pre BBS 
 
 

15 37.73 2.712 0.700 - 22.04 <0.01 

Post BBS 
 
 

15 49.80 3.783 0.977 

(P<0.01) 

 

 

Graph 8.4: Berg Balance Scale score of Frenkel’s Exercise group Pre 

and post intervention: 

 

(P<0.01) 
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Table 8.5: Berg Balance Scale Score between the group pre and post 

intervention. 

 

Pre BBS (P= 0.253)          Post BBS (P=0.036) 

 

Graph 8.5: Berg Balance Scale Score between the group pre 

intervention 

(P= 0.253) 

Group Statistics 

 
Group N Mean Std. 

Deviation 

Std. Error 

Mean 

T value P value 

Pre BBS 

Eyeball 

Exercise 
15 38.73 1.907 0.492 

1.168 0.253 

Frenkel’s 

Exercise 
15 37.73 2.712 0.700 

Post BBS 

Eyeball 

Exercise 
15 47.00 3.162 0.816 

-2.199 0.036 

Frenkel’s 

Exercise 
15 49.80 3.783 0.977 
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Graph 8.6: Berg Balance Scale Score between the group post 

intervention. 

 

(P=0.036) 

Table 8.6: Comparison of Berg Balance Scale score of Eyeball 

exercise versus Frenkle’s exercise post intervention. 

 

(P=0.0001) 
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SD 
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Graph 8.7: Comparison of Berg Balance Scale score of Eyeball 

exercise versus Frenkle’s exercise post intervention: 
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RESULTS 

This study included 30 participants between the age group of 60-70 

years fulfilling the eligibility criteria with an objective to know the Effect 

of Eyeball Exercises versus Frenkel’s exercises on balance using Berg 

Balance Scale. 

Following are the results of this study: 

1. There is a significant difference seen in the Berg Balance Scale 

Score in the Eyeball Exercise Group post intervention where P 

value is <0.01 (Table 8.3, Graph 8.3) 

2. There is a significant difference seen in the Berg Balance Scale 

Score in the Frenkel’s Exercise Group post intervention where the 

P value is < 0.01 (Table 8.4, Graph 8.4) 

3. There is a significant difference seen in the Berg Balance Scale 

Score between the group pre and post intervention of eyeball 

exercise as well as Frenkel’s Exercise, where P value pre 

intervention is 0.253 and P value post intervention is 0.036 (Table 

8.5, Graph 8.5 and 8.6) 

4. Greater Mean difference is seen in the Frenkel’s Exercise group 

as compared to the Eyeball Exercise group. Therefore, the results 

conclude that Frenkel’s Exercise is more effective than Eyeball 

Exercise where P value is 0.0001. (Table 8.6, Graph 8.7) 
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 DISCUSSION 

 

A Randomized controlled trial was carried out to study the 

effectiveness of eyeball exercises versus Frenkel exercises on balance 

in 60-70 years with Medium fall risk.  

As per the literature, about one third elderly individuals experience fall 

every year.4 The rate of fall and its complications increases 

dramatically with age.50 Therefore, early balance training will help the 

individuals in reducing the chances of fall in the future.  

Berg Balance Score of 40 or lower is associated with a fall risk of 

nearly 100%.44 As the patients falling under the high fall risk criteria (0-

20) have available mobility although they are wheelchair bound.46,51 

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. Till 

March 2020 the samples assessed and included in the study was 30. 

After the onset of Covid-19 pandemic and lockdown issued by the 

government further samples could not be collected as no permission 

was granted from the geriatric homes to collect samples. Thus, the 

sample collected was 30. 
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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.13  

This scale helps in segregating the elderly with low fall risk (41-56), 

Medium fall Risk (21-40), High fall Risk (0-20).46  

According to Shefali Walia et al. (2016) the elements of the test are 

supposedly representative of daily activities that require balance. They 

include simple mobility tasks (e.g., Transfers, standing unsupported, sit 

to stand) and more difficult task (e.g., Tandem standing, turning 360 

degrees, simple leg stance). 34  

A study conducted by Cheryl Hawk et al (2006) found that Berg Balance 

Scale appeared to be promising screening and assessment instruments 

on balance in community-dwelling older adults.47  

Another study conducted by Bernard Wolf et al (2001) used Berg 

Balance Scale as a main outcome measure to know the effect of a 

physical therapeutic intervention for balance problems in the elderly.48  

In the present study, Group A comprised of balance training using 

Eyeball exercises and Group B comprised of balance training using 

Frenkel’s Exercise. 

The Samples were divided randomly according to Block Randomization 

Technique. 

In this method, participants were randomly distributed into both the 

groups that resulted in equal sample sizes. 10 Blocks were determined 
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which were the multiple of 40. 4 possible balanced combinations were 

assigned within each block. 

Of 15 cases studied in Group A [Eyeball Exercise], 8 were male (53.3%) 

and 7 were female (46.7). Of 15 cases studies in Group B [Frenkel’s 

Exercise],10 were Females (66.7%) and 5 were Males (33.33%). The 

minimum and maximum age in Group A and Group B is 60-70 years 

respectively. 

Balance training are often used for balance disorders in old age as 

ageing leads to weakening of the activities and functions of living tissues, 

and as a result, induce a fall.8 Every year one-third of community-

dwelling older adults fall. About 10–15 % subsequently endure an injury.4   

Kyle C. Moylan et al. (2007) believed that the physiological changes due 

to aging is associated with weakening of lower limb muscles, decreased 

balance capacity and decreased visual acuity.49 

The change in mean score of group A (Eyeball Exercises) was from 

38.73 ± 1.907 to 47.00 ± 3.162 which showed that there was a significant 

improvement in the Berg Balance Scale Score post intervention. 

A study conducted by Jin-Hyuck Park (2016) stated that Balance training 

using eye ball exercises is effective in reducing fall risk in individuals with 

symptoms of dizziness, by improving their postural stability and visual 

acuity during head movements by making sure that the image of an 
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object can be projected to the best portion of the retina through visual 

control.8  

Several studies seen in the literature finding suggested the improvement 

of balance using the eyeball exercises in various conditions.  

Courtney D. Hall et al. (2010) concluded that, older adults with symptoms 

of dizziness and no documented vestibular deficits, the addition of 

vestibular-specific Eyeball exercises to standard balance rehabilitation 

results in greater reduction in fall risk.41  

The Eyeball exercise is effective to improve not only gaze stability during 

head movement in patients with vestibular hypofunction and in healthy 

young adults but also balance function in static and dynamic movements 

of healthy elderly people.30  

According to the study stated by Yusuke ueta et al. (2017) Eyeball 

exercises were performed on Twenty-three healthy volunteers and found 

that Eyeball exercise can improve the static body balance and can be a 

useful exercise that induces sensory reweighting of vestibular. 

Assuming the possible mechanism which involves increasing sensory 

contribution of the vestibular system for postural control by the Eyeball 

exercise, which may be useful to derive sensory reweighting of the 

vestibular system for rehabilitation.30 
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Kwang-Jae Lee et al. (2012) stated in his study that stimulating the visual 

system to see the object in front of the face continuously through eyeball 

exercise affects the postural control by activating the Vestibular Eye 

Reflection.37 

Similarly, Vaishali Bhardwaj et al. (2014) suggested that, that vestibular-

specific Eyeball exercises leads to improvement of balance and 

subjective confidence to carry out the activities of daily life due to 

adaptation of VOR reflex in age related vestibulo-ocular reflex 

degeneration (VOR) of healthy elderly population.10 

Miyoung Roh at al. (2019) studied the effects of eyeball exercises on 

dynamic postural ability and balance confidence and the results provided 

the evidence that Eyeball exercises are beneficial to balance ability 

which affected on quality of life in old people.26 

In 2015, Sérgio Tosi Rodrigues et al. studied about the Saccadic and 

smooth pursuit eye movements which help in diminishing postural sway 

where he found positive results stating that saccades and smooth pursuit 

eye movements influenced body sway similarly, reducing the sway 

magnitude.36 

Results of the present study is also supported by Morimoto et al. (2011) 

who studied the impact of eyeball exercise on the healthy adults about 

the stability of posture. As a result, the author reported that CoP sway 

surface was significantly reduced after eyeball exercise, and the balance 
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ability was improved. This shows that eyeball exercise had an influence 

on the stability of posture.39 

In support to our current study, Kwang-Jae Lee et al. (2012) studied the 

effects of eye movement training on static balance and fall efficacy in 

elderly and he found that, application of eye movement combined with 

diverse fall prevention programs is effective, when enhancing static 

balance performance power and improving fall efficacy.37 

 Tanu Khanna et. al (2014)  conducted a study protocol for 6 weeks, 

where the Eyeball exercise was given every day along with the balance 

exercises and it was found that there was significant improvement in the 

balance performance after six weeks of intervention as indicated by 

increased mean values of post Berg Balance Scale scores.9 

Jin-Hyuck Park further investigated that the addition of eyeball exercises 

training could be an adjunct to physical therapy intervention on balance 

and mobility.8 

Physical activities have been reported to show improvement in vestibular 

functions and a decrease in vestibular asymmetry. 11 

 The practice of physical activities can counteract the effects of ageing 

on vestibular afferent, particularly by increasing or maintaining the 

sensitivity.11 

Regular physical activity did develop or maintains the efficiency of the 

reflexes involved in postural control.11 
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According to the study performed by Ge´rome C. Gauchard at al. (2003) 

stated that Physical activity did improve gaze and posture control 

performance of the active group. The proprioceptive and vestibular 

sensitivities were higher, visual detection quality improved, and reaction 

time reduced. 11 

The change in mean score in group B (Frenkel’s Exercises) was from 

37.73 ± 2.712 to 49.80 ± 3.783. This change in mean score shows that 

there is an improvement in balance post intervention. 

Various studies have shown the effectiveness of Frenkel’s Exercise on 

balance and coordination in elderly. 

 According to Ardashir Afrasiabifar et al. (2017) these exercises target 

the cerebellum which is the main center for controlling balance, and 

finally leads to an improvement in balance. 21  

In the study performed by Roopa Harish Thakker et al. (2017) found that 

reaction time is increased as the age increases and worsen recognition 

of stimuli and claimed that Frenkel’s exercise is effective in improving 

Simple reaction time and Choice reaction time in geriatric population.32 

Confirmation of the beneficial effects of Frenkel’s exercises were also 

found in the study by Mohammad Reza Vafaeenasab et al. (2018) which 

suggested that, Frenkel’s Exercises did help in improving static and 

dynamic balance in elderly population thus supporting that, Participation 

in exercises has a great positive impact on improving balance.  
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It helps in improving the ability to work and thereby increasing or 

maintaining individual ability to sustain activities.20  

Taking into consideration the study performed by Grzegorz Ma ´nko et 

al. (2019) which suggested that training with Frenkel’s Exercise did give 

affirmative results which are effective in a rehabilitation program and 

aimed at reducing the risk of falls among the elderly.25 

Results of the present study showed that, both the groups have 

significant improvement in balance as the outcome measure that is the 

Berg Balance Scale (BBS) improved significantly in both the groups. 

However, the mean difference of Eyeball Exercises was 8.26 ± 2.37 and 

the mean difference of Frenkel’s exercise was 12.06 ± 2.12.  

There was a greater mean difference in the Frenkel’s Exercise group 

showing that Frenkel’s exercise is more effective in improving balance 

as compared to Eyeball Exercise with P =0.0001. 

Thus, there is significant difference in the effect of Eyeball exercises 

versus Frenkel’s exercises on balance in 60-70 years old adults with 

medium fall risk using Berg balance scale. 

 

 

 

 

 



72 
 

Limitations: 

- Unable to complete the total sample size due to the covid-19 

pandemic. 
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CONCLUSION: 

A Randomized controlled trial was carried out on 30 individuals between 

the age group of 60-70 years to study the effect of Eyeball Exercises 

versus Frenkel’s Exercises on balance using Berg Balance scale. 

Results of this study showed that there was significant difference seen 

in elderly individuals of age group 60-70 years in the balance score using 

the eyeball Exercises as well as Frenkel’s Exercises. However, 

considering the mean differences of both the groups the results of 

Frenkel’s Exercise was statistically more significant than the Eyeball 

Exercise 

Hence, there is significant difference in the effect of Eyeball exercises 

versus Frenkel’s exercises on balance in 60-70 years old adults with 

medium fall risk using Berg balance scale. 
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 CLINICAL IMPLICATIONS: 

 

- Elderly individuals should be encouraged to find time to 

participate in various balance exercises. 

- Considering the reduced performance ability of elderly 

individuals, exercises should be started from being simple to 

gradually progressing it.  
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SUMMARY: 

A Randomized controlled Trial was carried out to study the Effects of 5 

weeks Training of Eyeball exercise versus Frenkel’s Exercise on 

Balance using Berg Balance Scale. Around 70 elderly individuals were 

assessed for the study out of which 30 participants filling the inclusion 

criteria and having Medium Fall risk criteria (21-40) on Berg Balance 

Scale score were selected. The 30 participants were then divided into 2 

groups having 15 participants in each group according to Block 

Randomisation Technique. Group A which included eyeball exercises 

had 8 males and 7 Females Whereas Group B which included the 

Frenkel’s Exercises programme had 10 females and 5 males. Data 

was analysed 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 (Eyeball Exercise) Pre BBS score was 38.73 ± 1.907 

and Mean of Group A post BBS score is 47.0 ± 3.162. whereas mean 

score of Group B (Frenkel’s Exercise) Pre BBS score is 37.73 ± 2.712 

and Mean score of Group B post BBS score is 49.80 ± 3.783. Results 

of the study demonstrated that there was an effective difference seen 

on balance using the eyeball Exercises as well as Frenkel’s Exercises. 

The Mean Difference in Group A (Eyeball Exercise) is 8.26 ± 2.37 and 

the Mean Difference in Group B (Frenkel’s Exercise) is 12.06 ± 2.12. 
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Considering the Mean Differences, higher Mean difference was seen in 

the Frenkel’s Exercise group as compared to the Eyeball Exercise 

group stating that Frenkel’s Exercise was statistically more significant 

compared to Eyeball Exercise in elderly individuals of age group 60-70 

years. Thus, there is significant difference in the effect of Eyeball 

exercises versus Frenkel’s exercises on balance in 60-70 years old 

adults with medium fall risk using Berg balance scale. 
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ANNEXURE I (A, B, C,)- 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 “Effects of 5 weeks training of Eyeball 

Exercises Versus Frenkel’s Exercises on Balance In 60-70 years old 

Adults with medium fall risk using Berg Balance Scale: 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, “Effects of 5 weeks training of Eyeball Exercises 

Versus Frenkel’s Exercises on Balance In 60-70 years old Adults with 

medium fall risk 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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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 workplace. My research topic is “Effects of 5 weeks 

training of Eyeball Exercises Versus Frenkel’s Exercises on Balance In 

60-70 years old Adults with medium fall risk 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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                                          ANNEXURE I (D) 

SUBJECT INFORMATION SHEET 

                                                                                        

                                                                                                                              

DATE: 

 

1. Name:  

2. Age: 

3. Gender: 

4.Mobile number: 

 

Parameters Baseline BBS Score BBS Score after 5 weeks 

of intervention 

Eyeball Exercise   

Frenkel’s Exercise   
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ANNEXURE II (A,B,C) 

CONSENT FORM (A) 

 

1.Project title: Effect of 5 weeks training of Eyeball exercises 

versus Frenkel’s exercises on balance in 60-70 years old adults 

with medium fall risk using Berg Balance Scale: A Randomized 

Controlled Trial. 

 

2. Introduction: 

 

You have been invited to participate in this research study. The 

exercise will be given in the form of Eyeball exercise or Frenkel’s 

exercise which is a part of standard exercise program. 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 study only after understanding the 

nature, course of study & your right as a participant. 

 

       

3. Purpose of the study: 

 



92 
 

Prevalence of fall in geriatric population is increasing in India. 

Reduction of balance ability, weakness of lower extremity muscles, 

failing of eyesight, and decrease of walking ability are considered as 

risk factors for fall in elderly. The objective of this study is to find the 

effectiveness of Eyeball exercises versus Frenkel’s exercises on 

balance in 60-70 years old adults with medium fall risk using Berg 

balance scale. 

 

     4. Expected duration of study and the number of subjects: 

 

           Duration of the study will be one year. Subjects will be 

participating for 5 weeks. There will be 40 subjects. 

 

    

5. Study procedure to be followed: 

          If you show willingness to participate in this study, you will 

undergo a brief physical examination 

 

a) Basic demographic data like age and gender of participant will be 

asked  
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b) Balance will be assessed using Berg Balance Scale 

 

c) Baseline score will be recorded prior to the treatment. 

 

d) Participants will be given Eyeball exercises or Frenkel’s exercises 

for 3 days a week for 5 weeks. 

 

6. Risk and discomfort: This study is relatively safe and there is a risk 

of muscle spasm which one may have also during regular Physical 

Training. You may find discomfort in maintaining the exercise 

timetable. 

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 stud 
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8. What happens when the research trial stops? 

You will be given information about the changes in balance 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: 

 

You 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. You 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. 
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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 can 

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 5 weeks 

training of Eyeball exercises versus Frenkel’s exercises on balance in 
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60-70 years old adults with medium fall risk using Berg Balance Scale: 

A Randomized Controlled Trial.” 

2.  I have received an explanation of the nature, purpose, duration, 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 at 

the time 

 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.  
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   Participant 

Signature/thumb impression of 

the research participant Date 

  

 

Name of the impartial 

Witness 

Signature/thumb impression of 

the impartial witness 

   Date 

 

 

 

Name of the person 

administering consent. 

 Signature/thumb impression of 

the person administering consent                     

   Date 
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सूचित सहमतत (B) 

1.योजना का शीर्षक: “बर्ग बैलेंस स्केल का उपयोर् करके मध्यम गर्रावट के जोखिम 

वाले 60-70 साल के वयस्कों में नेत्र व्यायाम के बनाम, फ्रैं क्ल व्यायाम के 5-सप्ताह 

के प्रशिक्षण का प्रभाव: एक यादृच्छिक ननयंत्रत्रत परीक्षण।“ 

 

2. प्राक्कथन  

आप इस संिोधन अभ्यास में सहभार्ी होने के शलए आमंत्रत्रत है । व्यायाम नेत्र 

व्यायाम या फ्रैं क्ल व्ययम के रूप में दिया जाएर्ा जो मानक व्यायाम कायगक्रम का 

एक दहस्सा है। आपके शलए य ेआवश्यक है की आप इस अभ्यास की व्याख्या पढ़े, इस 

अभ्यास के स्वरुप को समझे और सहभगर् होने पर इसके जोखिमोंको जाने।इस 

अभ्यास में सहभार्ी होने से पूवग इसके स्वरुप, अभ्यास के पाठ्यक्रम एव ंअपने 

अगधकारोंके संबंद्ध में जानकारी लेकर ही अपनी सहमनत िे। 

3.अभ्यास का उद्देश्य  

भारत में जेररएदिक जनसंख्या में गर्रावट की व्यापकता बढ़ रही है। संतुलन क्षमता 

में कमी, मांसपेशियों की कमजोरी दृच्टट की ववफलता और चलने की क्षमता में कमी 
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को बुजुर्ों में गर्रावट का जोखिम कारक माना जाता है इस अध्ययन का उद्िेश्य बर्ग 

बैलेंस स्केल इस अध्ययन का उद्िेश्य बर्ग बलैेंस स्केल का उपयोर् करके मध्यम 

गर्रावट जोखिम वाले 60-70 वर्ग के वयस्कों में संतुलन पर फे्रनकेल अभ्यास बनाम 

फे्रनकेल के अभ्यास की प्रभाविीलता का पता लर्ाना है। 

 4.अभ्यास हेतु अपेक्षित अवचि एव ंसहभाचिओंकक सखं्या  

अभ्यास की अवगध एक वर्ग की होंर्ी । सहभागर्ओंको ५   हफ़्तों के शलए सहयोर् िेना 

होर्ा। कुल ४० लोर् िाशमल होंर् े

5.अभ्यास की कायषप्रणाली तनम्नानुसार होिी 

आप इस अभ्यास में सहभार्ी होने क शलए अपनी सहमनत िेते है तो आपको िोटासा 

िारीररक पररक्षण िेना होर्ा । 

1.वैयच्क्तक जानकाररयां जैसे आयु एवं शलरं् की जानकारी िेनी होर्ी  

2.मानक प्रक्रक्रयााओं द्वारा आपका कि एव ंवजन मापा जायेर्ा  

3. बर्ग बैलेंस स्कोर के  आधार से आपका संतुलन मापा जायेर्ा । 

4.प्रशिक्षण के पहले आधाररेिा प्राप्तांक्रकक नोंि की जाएर्ी। 
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5.सहभागर्ओंको दिए जाने वाले समग्र करक कौिलयोंके प्रशिक्षण हफ्तेके ३ दिन 

दिया जायेर्ा। प्रशिक्षण की कुल कालावगध ५ हफ्तोँक्रक रहेर्ी । 

 

6.जोखिम एव ंतकलीफ  

यह अभ्यास वैसे तो सुरक्षक्षत है, पर मांसपशेिओं में ऐठन अनेकी सम्भावना है । जैसे 

की सामन्यतः रोज़ के व्यायाम में अनत है।आपको अपना व्यायाम की समय सारणी 

को पालने में असुववधा  होर्ी। 

अभ्यास के िौरान होने वाली तकलीफ का ननराकरण सह अभ्यासक द्वारा क्रकया 

जायेर्ा । 

अभ्यास के अपेक्षक्षत लाभ  

आप पर इस अभ्यास की प्रत्यक्ष लाभ हो भी सकते है और नही ंभी । 
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7.अनुसन्िान समाप्त होने पर क्या होिा  

आपके संतुलन प्राप्ताऔमंें  आये र्ए पररवतगन और इस ववर्य में बाक्रक होने वाली 

लाभ इनकी जानकारी आपको िी जाएर्ी । 

8.सहभािका मेहनताना 

इस अभ्यास में सहभार्ी होने के शलए न आपको कुि व्यय करना है ना ही आपको 

कोई मेहनताना दिया जायेर्ा । 

9.अभ्यास के दौरान लिने वाली िोट का उपिार एवं उसका मुआवजा  

अभ्यास के स्थान पर अभ्यास के िौरान अर्र क्रकसी प्रकार की िरीरीक चोट लर्ती 

है तो आपको वैद्यकीय सेवा िी जाएर्ी । आपको उसके शलए कुि िचग नही ंकरना 

पड़ेर्ा। इस प्रपत्र पर हस्ताक्षर करने पर आपको क्रकसी वैधाननक अगधकार पर आक्षेप 

न ैआएर्ा । 

10.अभ्यास में सहभाचिता से तनकलनेका अचिकार  

इस अभ्यास में सहभार् पूणगतः स्वैछिा पर है । आप इसमें भार् लेने से मना कर 

सकते है या अभ्यास को कभी भी िोड़ सकते है । 
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11.िोपनीयता  

इस अभ्यास से सम्बगंधत सभी िस्तवेज / प्रपत्र हमेिा र्ोपनीय रिे जायेंर्े। आपकी 

पहचान वैधननक कारणोंके अलावा उजार्र नै की जाएर्ी। इस अभ्यास के पररणाम 

वैद्याननक ियान के प्रसार क शलए प्रकाशित क्रकये जायेंर्े परन्तु इसमें आपकी 

पहचान जारी नही ंकी जाएर्ी । 

 

12.इस अभ्यास से सम्बंगधत आवश्यक सूचनाओंको पढ़ने या क्रकसी के द्वारा 

समझाए जान ेहेतु आपने जो अपना कीमती समय दिया, उसके शलए हम आपके 

आभारी है ।इस सहमनत पत्र को भरने से पूवग आप व ेसभी प्रश्न हमसे पूि सकते है 

च्जन्हे आप समझ न पाए हो । संिोधन सशमनत की सिस्य अभ्यासपूवग अभ्यास क 

िौरान और अभ्यास के समाच्प्त के पश्चात भी आपके सवालोंका उत्तर तत्परता से 

िेंर्े। 

अर्र अभ्यास के सम्बन्ध में आपको कोई िंका हो की ये कैसे क्रकया जा रहा है या 

क्रकस प्रकार की चोट लर्ने की सम्भावना है तो आप सिंोधक गचक्रकत्सक से संपकग  

करे । 
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सहमतत  

    1. “बर्ग बैलेंस स्केल का उपयोर् करके मध्यम गर्रावट के जोखिम वाले 60-70 

साल के वयस्कों में नते्र व्यायाम के बनाम, फ्रैं क्ल व्यायाम के 5-सप्ताह के प्रशिक्षण 

का प्रभाव: एक यादृच्छिक ननयंत्रत्रत परीक्षण।“ इस ववर्य क अभ्यास में सहभार्ी 

होने सम्बंगधत आवश्यक जानकारी मैंने पढ़ी/ मझुे पढ़कर सुनाई र्यी है एव ंमें समझ 

र्या/र्यी हु । 

2. मुझे इस ववर्य के बारेमे पूणग जानकारी, जैसे अभ्यास का ववर्य, उसका उद्िेश्य 

,कालावगध अभ्यास के िौरान आने वाली जोखिम तथा अभ्यास के िौरान मेरे द्वारा 

अपेक्षक्षत सहयोर् की जानकारी िे िी र्यी है। मुझ ेमेरे सरे प्रश्नोंके उत्तर शमल र्ए है। 

3. इस अभ्यास में मैं अपनी इछिा से सच्म्मशलत हो रहा/रही हु। मैं इस बात से 

अवर्त हु की मेरी इछिानुसार मैं इस अभ्यास में सहयोर् िेने के शलए कभी भी मना 

कर सकता/सकती हु ।इसके शलए मझुे कोई जुरमाना या कोई नुकसान नही ंभरना 

पड़ेर्ा । 

4. अभ्यास क िौरान ऐसी कोई नयी जानकारी शमलती है च्जससे द्वारा इस अभ्यास 

में सहयोर् िेन ेका ननणगय प्रभाववत होता हो तो वह जानकारी मुझे िी जाएर्ी । 
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5. अभ्यास क कायग हेतु संकशलत मेरी वैद्यकीय ररपोटग/ जानकारी को जांचने की 

सहमनत ससं्थाननक नननत सशमनत क सिस्य को में िेता/िेती हु । 

6. मैं इस बात से पूणगतः अवर्त हु की इस ववर्य में सम्बंगधत क्रकसी भी ररपोटग या 

प्रकािन में मेरी व्यच्क्तर्त पहचान जारी नही ंकी जाएर्ी । 

7. इस अभ्यास में मैं अपनी मज़ी से िाशमल हो रहा/रही हु । 
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संिोधक अभ्यासक का नाम 

 

संिोधक अभ्यासक की सही और 

अंर्ूठा तारीि 

  
 

   

 

ननटपक्ष साक्षीिार का नाम 

 

ननटपक्ष साक्षीिार की सही और अंर्ूठा तारीि 

 

 
 

   

 

सहमनत िेने वाले व्यच्क्त का 

नाम 

 

सहमनत िेने वाले व्यच्क्त की सही और 

अंर्ूठा तारीि 
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माहहतीपूणष संमती 

सम्मती पत्र 

1.संशोिन प्रक्लपािे शीर्षक: " ५ आठवड्याछया डोळयांचे व्यायामाचा ववरुद्ध 

फॅ्रन्कल व्यायामाचा ६०-७० वर्ाांछया मध्यम र्डी बाि होणाऱ्या प्रौढांछया 

सन्तोलनावर बर्ग बॅलन्स स्केल वापरून प्रभाव:एक यादृच्छिक ननयंत्रत्रत 

चाचणी.” 

2. प्रस्तावना: आपण या संिोधनववर्यक अभ्यासात सहभार्ी होण्यासाठी 

आमंत्रत्रत आहेत. प्रमाखणत व्यायाम पद्धतीचा भार् असलेल्या डोळयांचे 

व्यायाम ववरुद्ध फॅ्रन्कल व्यायामाछया स्वरूपात तुम्हाला प्रशिक्षण दिले 

जाईल.आपण या अभ्यासाची मादहती, त्याचे स्वरूप  आखण त्यातील जोिीम 

नीट समजून घ्यावी.या वैद्यकीय स्वरूपाछया अभ्यासात सहभार्ी होण्यापूवी 

याचे स्वरूप, प्रकल्पासाठी ननयोच्जत अभ्यासक्रम आखण आपले अगधकार काय 

आहेत ते जाणून घेऊन या योजनेत / उपक्रमात सहभार्ी होण्यास सम्मती 

द्यावी. 
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3. अभ्यासािे उद्चिष्ट: सामान्यपणे भारतात वयोवदृ्ध व्यक्तींचे पाडण्याचे 

प्रमाण वाढललेे दिसले. संतुलन रािण्याचा क्षमतेतील क्षती पायातील 

स्यानयुंमध्ये अिक्तपणा दृच्टटक्षमतेतील आललेी क्षती चालण्याचा क्षमतेतील 

कमी हे ह्या वदृ्धयांछया पडण्याचा घटनां मधील धोक्याचे घटक आहे. बर्ग 

बॅलन्स मापणी वर पडण्याचा माध्यम स्तरीय धोका असलेल्या ६०-७० वर्े 

वयाछया प्रौढ वदृ्ध व्यक्तींछया डोळयाचे व्यायाम ववरुद्ध फे्रन्केल व्यायाम 

ह्यांची पररणाम कारकता अभ्यासणे हा ह्या अभ्यासाचे उिेटय आहे. 

4. अभयसासाठी अपेक्षित कालाविी व सहभािी व्यक्तीिंी संख्या: 

अभ्यासाचा कालावधी एक वर्ग राहील सहभार्ी व्यक्तींना ५ आठवड्यांसाठी 

सहकायग करावा लार्ेल एकूण ४० व्यक्तींचा सहभार् राहील. 

5. अभ्यासािी कायषपद्िती िालील प्रमाण:े 

a) 1.वैयच्क्तक मादहती जसे वय आखण शलरं् यांची मादहती द्यावी लार्ेल. 

b) 2.मानव प्रक्रक्रयेद्वारे आपले वजन आखण उंची मोजली जाईल. 

c) बर्ग बॅलन्स स्केल चा उपयोर् करून तुमचे संतुलन(बॅलन्स) मोजण्यात 

येईल. 
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d) प्रशिक्षणाछया आधी आधाररेिा प्राप्तांक नमूि केले जातील. 

e) 5. सहभार्ींना िेण्यात येणाऱ्या डोळयांचे व्यायाम ववरुद्ध फॅ्रन्कल 

व्यायामाचा प्रशिक्षण आठवड्यातून ३ दिवस िेण्यात येईल. एकूण 

प्रशिक्षण ५ आठवड्यांसाठी राहील. 

6. जोिीम आखण त्रास  

हा अभ्यास तसा सुरक्षक्षत आहे, पण स्नायूंमध्ये तणाव येण्याची िक्यता आहे. 

अिा प्रकारे स्नाय ूििुावले जाण ेसामान्य व्यायाम िरम्यान सुद्धा होऊ 

िकते. आपल्या व्यायामाचे ननयशमत वेळापत्र पाळण्यात आपल्याला अडचण 

येऊ िकते. संिोधन प्रकल्पांतर्गत व्यायाम करताना येणाऱ्या अडचणीचे 

ननवारण सह- अभ्यासकांद्वारे करण्यात येईल. 

7.अभ्यास/अध्ययनािे अपेक्षित लाभ  

या अभ्यासामुळे आपल्याला काही प्रत्यक्ष लाभ होतील क्रकंवा होणार नाहीत. 

8.संशोिन समाप्त झाल्यार काय होईल? 
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तुमछया संतुलन प्राप्तांकन झाललेे पररवतगन आखण झालेले इतर लाभ यासंंबंधी 

मादहती आपणास िेण्यात येईल. 

9.सहभािासाठी मानिन  

या अभ्यासात सहभार्ी होण्यासाठी आपल्याला कुठलाही िचग करावा लार्णार 

नाही तसेच आपल्याला कुठलेही मानधन दिले जाणार नाही. 

10.अभ्यासािा दरम्यान झालेल्या दिुापतीने उपिार आखण नुकसान भरपाई. 

संसाधन प्रकल्पांतर्गत करण्यात येणाऱ्या या अभ्यासाचे वेळी आपल्याला 

ििुापत झाल्यास आवश्यक ते वैद्यकीय उपचार केले जातील. त्यासाठी 

आपणास कुठलाही िचग करावा लार्णार नाही. 

या प्रपत्रावर स्वाक्षरी केल्याने आपल्या कुठल्याही कायिेिीर अगधकारांवर बाधा 

येणार नाही 
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11. अभ्यासात सहभािी न होण्यािा वविार 

या अभ्यासात आपला सहभार् पूणगपणे ऐच्छिक आहे. आपण यात सहभार्ी 

होण्यास नकार िेऊ िकता. क्रकंवा अभ्यास मधेच सोडून जाऊ िकता. 

12.िोपनीयता या अभ्यासासंबंधी सवग िस्तऐवज नहेमी र्ुप्त ठेवण्यात येतील. 

कुठल्याही पररस्तीथीत आपली ओळि जाहीर केली जाणार नाही. या 

अभ्यासाचे ननटकर्ग वैज्ञाननक ज्ञानाछया प्रसारासाठी प्रकशित केले जातील परंतु 

त्यासाठी आपली ओळि जाहीर केली जाणार नाही.  

13.या अभ्यासासंबंधी आवश्यक सूचना वाचण ेअथवा कोणाकडून समजून घेणे 

यासाठी आपण आपला अमूल्य वेळ दिलात त्यासाठी मी आपला/आपली 

आभारी आहे. हे सहमती पात्र भरण्यापूवी आपल्याला न समजलेले संबंगधत 

प्रपत्रात कुठलेही प्रश्न आपण मला ववचारू िकता. 

संिोधन सशमतीचे सिस्य अभ्यासापुवी,अभ्यासािरम्यान क्रकंवा अभयसाछया 

समाप्तीनंतर आपल्या प्रश्नांची उत्तरे तत्परतेने िेतील. हा अभ्यास कसा केला 

जाईल अथवा या िरम्यान काही ििुापत होईल का अिा प्रकारचा मनात 
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उद्भवणाऱ्या िंकांचे ननरसन आपण संिोधक गचक्रकत्सकािी संपकग  साधून 

करून घेऊ िकता. 

सम्मती पत्र  

1. "५ आठवड्याछया डोळयांचे व्यायामाचा ववरुद्ध फॅ्रन्कल व्यायामाचा ६०-७० 

वर्ाांछया मध्यम र्डी बाि होणाऱ्या प्रौढांछया सन्तोलनावर बर्ग बॅलन्स स्केल 

वापरून प्रभाव:एक यादृच्छिक ननयतं्रत्रत चाचणी.” या ववर्यावरील 

अभ्यासाकररता मान्यता िेण्यासाठी आवश्यक असेलेली मादहती मी वाचली 

आहे/ मला वाचून िािवली असून, ती मला समजली आहे. 

2.मला या ववर्याबद्िल सववस्तर मादहती, जसे अभ्यासाचा ववर्य, त्याचा 

उद्धेि, कालावधी, अभ्यासािरम्यान येणाऱ्या जोिीम तसेच माझाकडून 

असलेल्या अपके्षा याबद्िल संपूणग मादहती शमळाली आहे. माझ्या िंकांनासुद्धा 

समाधानकारक उत्तरे शमळाली आहेत  

3.या अभ्यासात माझा सहभार् माझ्या इचिेनुसार आहे. तसेच मला पादहजे 

तेव्हा सहभार् घेण्यास नकार िेऊ िकतो/ िकते. या बद्िल मला कुठलाही िंड 

क्रकंवा नुकसान होणार नाही, हे मला मादहती आहे. 
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4.अभ्यासािरम्यान काही नवीन मादहती उपलब्ध झाल्यास, माझ्या सहमती 

साठी असलेल्या अटींवर त्याचा पररणाम होणार नाही, हे मला मादहती आहे. 

5.वैद्यकीय नैनतक सशमतीचे सभासि माझे तपासणी िरम्यानचे अहवाल 

केव्हाही तपासू िकतात. या अहवालावर सही करून त्यांना ते तपासण्याची मी 

परवानर्ी िेतो/िेते. 

6.माझी ओळि या ववर्यासंबंधीछया कोणत्याही अहवालात क्रकंवा प्रकािनामध्ये 

जाहीर केली जाणार नाही हे मला मादहती आहे  

7.या अभ्यासात सहभार्ी होण्यास माझी मान्यता आहे 
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संिोधन अभ्यासाथीचे 

नाव 

 

संिोधन अभ्यासाथीची सही क्रकंवा 

अंर्ठा दिनांक 

  
 

   

 

ननटपक्ष साक्षीिारांचे नाव 

 

साक्षीिारांची सही क्रकंवा अंर्ठा दिनांक 

 

 
 

   

 

सहमती िेणाऱ्या व्यक्तीचे 

नाव  

 

व्यक्तीची सही क्रकंवा अंर्ठा  

दिनांक 
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Annexure III 

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 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  
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( ) 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  

( ) 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. 

8. REACHING FORWARD WITH OUTSTRETCHED ARM WHILE 

STANDING INSTRUCTIONS: Lift arm to 90 degrees. Stretch out 
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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  

9. PICK UP OBJECT FROM THE FLOOR FROM A STANDING 

POSITION INSTRUCTIONS: Pick up the shoe/slipper which is 

placed in front of your feet.  

( ) 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  
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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 turns sideways only but maintains 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  

( ) 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.  
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( ) 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  

( ) 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.  
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( ) 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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ANNEXURE IV 

 

TIMELINE/GANTT CHART 

 

Sr. No MONTHS  

 

1. 

 

OCTOBER 2018 

 

ALLOCATION OF THE GUIDE 

 

2. 

 

 

NOVEMBER 2018 

 

TOPIC FINALISATION FOR THE 

SYNOPSIS 

 

3. 

 

DECEMBER 2018 

 

FORMULATION OF RESEARCH 

QUESTION 

 

4. 

 

DECEMBER 2018 

 

FORMULATION OF AIM AND 

OBJECTIVES 

 

5. 

 

JANUARY 2019 

 

HYPOTHESIS AND NULL 

HYPOTHESIS 

 

6. 

 

JANUARY 2019 

 

PROTOCOL OF RESEARCH 
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7. 

 

FEBRUARY 2019 

 

INSTITUTIONAL ETHICAL 

CLEARANCE OBTAINED 

 

8. 

 

FEBRUARY 2019 

 

MUHS SUBMISSION 

 

9. 

 

JUN 2019 TO JULY2020 

 

DATA COLLECTION 

 

10. 

 

AUGUST-SEPTEMBER 

2020 

 

DATA PRESENTATION AND 

ANALYSIS 

 

11. 

  

  AUGUST-SEPTEMBER 

2020 

 

WRITING DISCUSSION AND 

CONCLUSION 

 

12. 

 

OCTOBER 2020 

 

SUBMISSION OF THESIS TO MUHS 
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      ANNEXURE V 

 MASTERSHEET 

EYEBALL EXERCISES 

(GROUP A) 

SR.NO GENDER AGE PRE  

BERG 

BALANCE  

SCALE 

SCORE 

POST  

BERG 

BALANCE  

SCALE 

SCORE 

1. M 70 40 52 

2 M 66 40 50 

3. M 70 40 48 

4 F 69 37 47 

5 M 66 40 50 

6 F 64 40       50 

7 M 70 40 44 

8 F 65 38 42 

9 F 70 40 45 

10 M 66 37 46 

11 F 68 34 42 

12 F 63 36 44 

13 F 70 40 50 

14 M 69 39 46 

15 M 67 40 49 
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FRENKEL’S EXERCISES 

(GROUP B) 

SR.NO GENDER AGE PRE  

BERG 

BALANCE  

SCALE 

SCORE 

POST  

BERG 

BALANCE  

SCALE 

SCORE 

1. F 64 40 49 

2 F 70 40 53 

3. F 60 34 47 

4 F 69 40 53 

5 F 65 40 54 

6 M 70 39       51 

7 M 70 40 50 

8 F 67 40 54 

9 F 70 40 53 

10 F 65 32 43 

11 F 68 38 50 

12 F 69 35 45 

13 M 63 37 54 

14 M 69 35 45 

15 M 63 36 46 
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INTRODUCTION 

 

Balance is the ability to maintain the body in the equilibrium or to 

control the body in position in space for stability or orientation.1 A body is 

said to be in static equilibrium when it is at rest. When it moves it has to be 

in dynamic equilibrium.2 Balancing is a process by which postural stability 

is maintained.3 A good balance is necessary for performance of daily 

activities independently.2 

There are two types’ of balance; static balance and dynamic 

balance. Static balance is defined as that balance in which the equilibrium 

is maintained for one position of the body. Dynamic balance is defined as 

the type of balance that is concerned in keeping one's equilibrium while in 

motion, or while changing from one balanced position to another.4 

Balance consists of static and dynamic balancing of destabilizing 

gravitational forces and inertia by stimulating proper muscle groups.10 

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 strength.5-9 As 

the human body is kept in balance by a complicated process which 

includes visual, vestibular, and proprioceptive information. Since the 



 

2 | P a g e  
 

balance systems require information from all three sensory systems in 

order to achieve or maintain optimal postural stability, the absence of 

information of one system may have an influence on body sway during 

static balance.11The absence of information from one sensory system may 

have an influence on spontaneous body sway during quiet stance12 

The visual system is one of the main sensory systems that enable 

the body to assess and process information about external factors, such 

as relative positions of body segments13, and to adjust posture according 

to need14-15. Vision is important for the development of postural reflexes13. 

Vision continuously provides information about location and the position of 

the body in space to the brain, and has an important role in the body’s 

stabilization16. 

Earlier studies have reported that vision plays a major role in 

balance and that postural sway increases in the absence of vision (Choy 

et al. 2003; Hsu et al. 2007).17 Absence of vision leads to deficiencies in 

balance due to inadequate interaction with the environment 18 and affects 

normal patterns of gait20,21 and posture19. In order to compensate for faulty 

gait, balance and postural abnormalities further develop20,23 creating a 

vicious cycle. Loss of vision affects the body mechanics through loss of 

sensory feedback, which results in imbalance and loss of protective 

reflexes35 
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Patients with visual dysfunction place a greater demand on 

somatosensory and vestibular information to maintain postural stability, 

establish and connect movement patterns and adjust to positions in space 

to compensate for low functioning visual systems 24-27. 

A blind child develops abnormal postural reflexes and faulty motor 

patterns, leading to incorrect distribution of muscular force throughout the 

body28 which precipitates postural and balance deficits29-30. For blind 

subjects, half of the normal sensory intake of the brain is lost31, disrupting 

the normal mechanism of neurological integration and disintegration, and 

preventing the formation of good postural habits.20, 32 There is no ‘hand to 

eye’ connection and dual tasks of perception as well as execution have to 

be performed by the hands33. Although the tactile and auditory senses are 

developed34, they are of less help in maintaining biomechanics.  

Studies comparing blind with individuals with vision in static and 

dynamic balance tasks confirmed that approximately 80% of an 

individual’s sensory perception is gathered by the visual system 27, which 

processes and integrates other sensory inputs to select a balancing 

strategy 36 

Visually impaired humans, especially those who have never 

received any visual stimulation, often exhibit poor static and dynamic 

balance 38-40 and display an increased risk of falling 41 In blind individuals 
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parts of the visual cortex are recruited by other sensory modalities to 

process sensory information in a cross-modal manner .42,43  The vestibular 

and somatosensory systems are functioning relatively the same both in 

blind and sighted with closed eyes individuals42, indicating that vision 

plays a dominant role in the coding and processing of other sensory 

information 43 

Muscle strength is essential for posture and stability 26,46. Muscle 

forces coupled with kinematic adjustments, especially around the knee 

and the ankle, are used to maintain stability and to prevent falls26,46. In 

fact, research has showed that the best balance score occurred in 

individuals with stronger knee and ankle muscles 47,48. Individuals with 

visual impairments have been described as consistently weaker than their 

sighted counterparts46,50. 

They have more difficulty to maintain stability as the tasks become 

more difficult. Additionally, as tasks difficulty increase, different strategies 

are required to control posture. It has been suggested that muscle 

weakness in blind individuals may be responsible for their diminished 

ability to quickly produce an adequate amount of force to compensate for 

movement variations or adjustments. Muscle weakness may force blind 

individuals to perform different compensatory strategies to avoid placing 

their body in unstable positions46. 
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Their motor performance depends solely on sensory inputs 

provided by the remaining nonvisual sense modalities, especially 

proprioceptive, vestibular, and auditory ones. In this sense, both muscular 

activity and movement coordination for balance could be developed in 

people with congenital total blindness through nonvisual motor learning 

from birth. They balance with the residual systems, consisting of the 

somatosensory and vestibular systems. The balance systems without 

visual feedback may be more unstable than those of the sighted persons. 

Both muscular activities and movement coordination are centrally 

preprogrammed and only triggered by the sensory inputs12,53.  

Individuals with congenital blindness exhibit structural changes of 

the cerebral cortex, neurons are reorganized due to crossmodal plasticity 

to compensate for blindness. However, this does not lead to better 

balance. There seems to be a gap in the integration of cerebral 

sensorimotor reorganization as well as cortical and sub-cortical pathways 

so that such pathways can allow functional cerebral reorganization in 

individuals with blindness to exert balance. Thus, task-dependent 

sensorimotor rehabilitation protocol that integrates proprioceptive and 

balance activities is needed to improve the quality of life of this 

population83. As Visual impairment is associated with a reduction in 

balance and is an important factor in falls and related injuries. Visually 
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impaired humans, especially those who have never received any visual 

stimulation, often exhibit poor static and dynamic balance. It has been 

suggested that in sighted individuals with closed eyes, stability is reduced 

during quiet stance and vision cannot be replaced by other sensory inputs. 

In the absence of vision, the vestibular and somatosensory systems are 

functioning relatively the same both in blind and sighted with closed eyes 

individuals, indicating that vision plays a dominant role in the coding and 

processing of other sensory information75.  

Strength, flexibility, balance and reaction time are considered the 

most readily modifiable risk factors for falls. Falls are common in people 

aged 65 years and older and are the leading cause of injury in this age 

group. 56 They can have serious consequences, including trauma, pain, 

impaired function, and loss of confidence in carrying out everyday 

activities, loss of independence and autonomy, and even death.55 

Muscle strength is essential for posture and stability. Muscle forces 

coupled with kinematic adjustments, especially around the knee and the 

ankle, are used to maintain stability and to prevent falls. In fact, research 

has showed that the best balance score occurred in individuals with 

stronger knee and ankle muscles. Furthermore, there is some evidence 

that reduced lower extremity strength is associated with poor balance and 

a greater risk for falls by some workers75. As they have more difficulty to 
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maintain stability as the tasks become more difficult. Additionally, as tasks 

difficulty increase, different strategies are required to control posture76. It 

has been suggested that muscle weakness in blind individuals may be 

responsible for their diminished ability to quickly produce an adequate 

amount of force to compensate for movement variations or adjustments77. 

It may be hypothesized that muscle weakness may force blind individuals 

to perform different compensatory strategies to avoid placing their body in 

unstable positions. Indeed, blind individuals tend to use a hip strategy for 

balance control rather than the preferred ankle strategy. A common 

explanation of the use of the hip rather than the ankle strategy, often seen 

in older individuals, is that a larger muscle group is used because the 

muscles at the ankle joint are weak78. 

Around one-third of generally healthy people aged 65 and older will 

have at least one fall each year, and a key concern is that the rate of falls 

and severity of the resulting complications increase dramatically with 

age12.The majority of falls occur because of multiple interacting factors, 

but leg muscle weakness and impaired balance contribute to most falls.  

The ageing process is characterized by a progressive decrease in 

muscle mass and strength that especially accelerates after the sixth 

decade of life. Strength loss may reach up to 1 to 3% per year, showing 

higher rates in the lower extremities even in healthy older adults. These 
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losses, combined with the reduction of physical activity, have been 

associated with a functional decline, an increase in fall risk, the loss of 

independence, institutionalization and, finally, an increase in mortality risk. 

Therefore, treating or reversing these disabling age-related consequences 

is of vital importance in the maintenance of health and life expectancy, and 

an essential public health goal for the 21st century79. As aging process 

results in significant decrease in muscle mass and strength, with that it 

leads to impaired balance. This leads to reduced walking speed and 

physical function, and subsequently to a loss of independence in transfers 

and walking80. 

Exercises are considered to be the main intervention method in 

improving balance, muscle strength and mobility. Multimodal exercise 

programs that include strengthening, balance and aerobic exercises 

represent the best strategy to improve physical function80. 

Recent exercise and physical activity guidelines for older adults 

stress the importance of using multi-modal exercise programmes, which 

should include strengthening and balance, and cardiovascular exercises. 

The Otago exercise programme (OEP) incorporates all these suggested 

aspects79. 

The OEP consists of progressive-resistance strength exercises, 

balance exercise related to everyday activities, and aerobic exercises 
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supplemented with walking periods. Its effectiveness has been 

demonstrated by improved muscle strength, functional balance and 

physical performance in older adults – two of the most readily modifiable 

risk factors for fall. It is developed, tested, and proven to be effective for 

preventing falls among adults 60 years of age and older in four 

randomized controlled trials in New Zealand. It is one of the few fall 

prevention programs that improves strength and balance and reduces falls 

and fall related injuries among older adults. Both leg muscle strength and 

balance must be maintained above the threshold level required to achieve 

stability. Lower extremity strengthening and balance retraining exercises 

designed specifically to prevent falls.56 

Otago exercise is helpful in walking, standing erect and control of 

the body when it moves in a small range of area, and regaining balance 

when moving unconsciously. The hip strategy is used when the body 

moves faster as the velocity increases along with the distance; Otago 

exercise helped walking posture with regard to movement correction and 

muscle activation pattern and the helped with balance control with regard 

to the base of support60. The program includes strength and balance 

exercises, with a progression by increasing ankle cuff weights and number 

of sets, in association with a walking plan81. 

In the ankle strategy, the body can move as a single entity about 
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the ankle when the foot muscle is activated on the ground. Otago exercise 

is helpful in walking, standing erect and control of the body when it moves 

in a small range of area, and regaining balance when moving 

unconsciously. The hip strategy is used when the body moves faster as 

the velocity increases along with the distance; Otago exercise helped 

walking posture with regard to movement correction and muscle activation 

pattern and the helped with balance control with regard to the base of 

support60. 

Studies demonstrated improvements in functional outcomes and a 

reduction in falls by 35% in high-risk older adults62. These results have 

been replicated in multiple studies in different settings over the past 20 

years82. Studies even showed that subsequently, as the participant’s 

perceptions improve, there was decrease in their fear of falling, and 

experienced an increase in their abilities to perform activities of daily 

living. Ultimately, these intervention processes and related functional 

performance improvements (actual and perceived) should ultimately 

translate into a lower risk of falling82.  
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NEED FOR STUDY 

Older adult falls are a growing public health problem 72. Falls can 

present numerous negative health outcomes for older adults, and further, 

has been identified as the third leading cause of unintentional injury 

deaths. Additional consequences of such falls may include serious 

hospitalization, decline in quality of life. Older adults experienced one to 

two falls during the two year period. 

Researchers investigation showed the cause of falling in older 

adults balance have a profound relation to fall risk. Therefore, improving 

such factors may reduce the frequency of falling and its costs. Daley et al. 

(2013) recommended improving balance as early as the age of 60 years98. 

Ferreira et al. (2012) concluded that exercise programs that include 

balance may prevent future falls in adults aged 60 years 99.  

Proprioception, the neural input from the mechanoreceptors distributed 

throughout the human body, deteriorates with aging as well and affects 

balance, thus increasing the risk of fall100.  

The Otago Exercise Program (OEP) is an exercise program 

designed to prevent falls among older adults. It is a exercise program that 

consists of a balance training exercises. 

In several studies effects of “Otago exercise program” (OEP) that 

incorporates balance exercises has been proven effective in older people 
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with visual impairment due to ageing. Despite the wealth of evidence in 

literature supporting the value of exercise in older people with visual 

impairment due to ageing, the role of exercise in the congenitally blind 

older people so far was rarely examined. Hence, this study is an attempt 

to assess the same. 
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RESEARCH QUESTION 

 

Is there any effect of 4 week of Otago exercise program on balance in 60-

70 year congenitally blind population with moderate fall risk by using Berg 

Balance scale? 
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HYPOTHESIS 

 

NULL HYPOTHESIS 

There is no significant difference in balance before and after Otago 

exercise program in 60-70 year old congenitally blind population with 

moderate risk of fall by using Berg Balance Scale. 

 

ALTERNATE HYPOTHESIS 

There is significant difference in balance before and after Otago exercise 

program in 60-70 year old congenitally blind population with moderate risk 

of fall by using Berg Balance Scale.
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OBJECTIVE  

 

PRIMARY OBJECTIVE  

To study the effectiveness of 4 weeks of Otago exercise program on 

balance in 60-70 year old congenitally blind population with moderate fall 

risk by using berg balance scale: a before and after study. 
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REVIEW OF LITERATURE 

• Rana Almarzou ki et al (2020) conducted a randomized controlled 

trial to examine dynamic balance changes (reach distance) in older 

adults using the Y Balance Test (YBT) following 8 weeks of home-

based exercise program adapted from the Otago Exercise Program 

(OEP). Results of the study showed significant improved balance in 

experimental group.100 

 

• Laura albornos Munoz et al (2018) conducted a study to see the 

efficacy of the otago exercise program to reduce fall in adults aged 

60-70 years old visiually impaired. This study included 364 subjects 

who took part in four individual or group session delivered by 

physical therapist over 5 week period. It has been shown that 

decrease falls can improve social activities and independence.96 

 

• Sumaiyah Mat et al (2018) et al conducted a study to see the 

effectiveness of Otago Exercises on Postural Balance, Fear of 

Falling, and Fall Risk in Older Fallers with Impaired Gait and 

Balance. They included 41 fallers who had a Berg Balance Scale 

score of over 30. Participants received intervention a home-based 

modified Otago Exercise Program (OEP) as part of a multifactorial 
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intervention, whereas control participants received general health 

advice and conventional treatment. Between-group analysis 

revealed significant improvements in the Modified Clinical Test of 

Sensory Interaction on balance. They concluded that Home-based 

balance and strength exercises benefited older fallers with OA and 

gait and balance disorders by improving postural control, with no 

observable trend in reduction of fall recurrence.95 

 

• Mirjana Kocic et al (2018) conducted a study to examine whether 

the 6-months group-based Otago exercise program is more 

effective than usual care on physical function and functional 

independence in nursing home residents older than 65 years. 

randomized controlled study included 77 independently walking, 

cognitively unimpaired residents. Physical function was assessed at 

baseline, after 1 month of the Otago exercise program by 

performance test Berg Balance Scale. They concluded that Otago 

exercise program was shown as effective in improving balance, 

functional mobility, lower limbs muscle strength and functional 

independence, indicating that it could help in slowing of disability 

progression.94 
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• According to Frontera’s book (2018), Rehabilitation medicine for 

elderly patients, physical activity is defined as any bodily 

movements resulting in energy expenditure and is an important 

determinant of functional capacity and health. This is particularly 

true in a growing segment of the population across the world, older 

men and women. Also, mentioned that pain associated with 

musculoskeletal disorders is frequently reported by older men and 

women and is associated with a reduction in their habitual level of 

physical activity. It stated that benefits of increasing physical activity 

outweigh the risks and will help us overcome the deleterious effects 

of a sedentary lifestyle, at any age. Furthermore, the level of 

leisure-time aerobic physical activity among individuals with chronic 

disease has been shown to be very low. It also emphasized that 

high levels of habitual physical activity are associated with a 

reduced risk of cognitive decline, balance disease in later life. 91 

 

• Randolph D. Easton et al (2018) conducted a study to assess 

auditory cues for orientation and balance in sighted and 

congenitally blind people. Results suggested that a deficit model of 

spatial hearing in blind people and are consistent with one version 

of a compensation model. Analysis of maximum cross correlations 
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between center of pressure and head sway, and associated time 

lags suggest that blind and sighted people may use different 

sensorimotor stratergies to achieve stability.87 

 

• Grzegorz Bednarczuk et al (2017) conducted a study to assess the 

levels of selected static balance indices in visually impaired goalball 

players. The goalball tournament of the 2012 London Paralympic 

Games were included in the study. They concluded that players 

participating in the final phase presented a higher level of statitc 

balance, but those with longer training experience lower than less 

experienced athletes. No significant differences were observed in 

the levels of the analysed variables between males and females 

and within starting classes.6 

 

• Abdullah Z. Alotaibi et al (2016) conductes a study the effect of 

absence of vision on posture, the possible biomechanics behind the 

resulting postural deficiencies, and stratergies to correct and 

prevent them. They concluded that Blind people exhibit consistent 

musculoskeletal deformities. Absence of vision leads to numerous 

abnormal sensory and motor interactions that often limit blind 

people in isolation. Rehabilitation of the blind is a multidisciplinary 
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task. Specialists from different fields need to diagnose and treat the 

deficiencies of the blind together as the team. Before restoring the 

normal mechanics of posture and gait, the missing component with 

external world should be re established.84 

• Tiffany E. Shubert et al (2016) conducted a study to see the 

effectiveness of Otago exercise program in the United States and 

actual physical performance improvements from participants. Data 

were collected on 210 older adults. 8 weeks of otago exercise was 

administered. Scores dramatically improved on self-report and 

physical performance tests: Timed Up-and-Go, 30-Second Chair 

Rise and Four-Stage Balance. They concluded that OEP as part of 

a plan of care can result in significant improvements in objective 

functional mobility, balance measures, and self reported ability. 72 

 

• S. Mat et al (2016) conducted a study to evaluate effectiveness of 

the otago exercises on postural balance and fear of falling among 

older fallers Participants randomized to the intervention arm 

received home-based, individualized Otago exercises, and the 

control received conventional treatment. : Results from 41 

participants (exercise ¼ 17; control ¼ 24) were included. The 

exercise group had better significantly better directional control 
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compared to control group. Concluded that strengthening exercise 

benefited older fallers with OA and gait and balance disorders in 

improving their directional control. It also helped in reducing fear of 

falling and improving postural balance.93 

 

• Rathish Manickam et al (2015) conducted a study on balance in 

geriatric population with and without visual impairment on 72 

subjects. In which 18 were female and 54 were male of different 

age groups ranging from 60- 83 years.  All these subjects were 

evaluated by using an evaluation tools, visual acuity and contrast 

sensitivity of each subject was tested for each eye .Then, all the 

subjects were divided into 9 groups based on the level of visual 

impairment, followed by which the balance was examined by Berg 

Balance Scale for all subjects. they concluded that there is an 

association between vision and balance in older adults and visually 

impaired subjects had less balance compared to visually normal 

adults.2 

 

• Akkradate Siriphorn et al (2015) conducted a study to see the effect 

of vision on sit-to-stand movement. The purpose of this study was 

to evaluate the effect of constrained vision on sit-to-stand 
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movement. 23 healthy subjects (11 males, 12 females) aged 18–23 

years with normal body mass indices were recruited for this study. 

Each participant was asked to stand as quickly as possible from a 

height-adjustable chair 3 times under 2 conditions: with eyes closed 

(EC) and eyes open (EO). The weight transfer time, rising index, 

and center of gravity sway velocity were measured using a 

NeuroCom Balance MasterThe results show there were significant 

differences between the Eyes Close and Eyes Open conditions in 

the weight transfer time and the centre of gravity sway velocity. 

These findings suggest that visual perception play a role in balance 

control while performing sit-to-stand movement. 18 

 

• Bilge Basakci Calik et al (2015) conducted a study to examine the 

effectiveness of static and dynamic balance training on balance in 

children with congenital blindness. The study included 18 

congenitally blind children, comprising 9 males and 9 females with 

a mean age of 10.94 ± 1.89 years. A significant improvement was 

determined in all the balance tests after the training program. : The 

results of this study demonstrated that balance-specific static and 

dynamic exercises contribute to improvements in the balance of 

children with congenital blindness. Therefore, balance exercises 
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should be to rehabilitation programs to improve the balance of 

children with congenital blindness. 88 

 

• A Famula et al (2013) conducted a study to evaluate the efficiency 

of body balance regulation in the elderly. Research was carried out 

on 62 persons aged between 65 and 96 years of age. 

Stabilographic examinations were performed during trials with open 

and closed eyes on a horizontally situated platform tilted forward 

and backward. The centre-of-pressure (COP) path length, sway 

range area and centre-of-pressure velocity (COP velocity) were 

assessed. It was found that body balance disorder affects with age 

visual balance control dominates the proprioceptive one. This 

means that physical activity directed towards, among other things, 

forming and improving the body balance regulation system is 

needed. 10 

 

• Monica S.V Tomomitsu et al (2013) conducted a study to evaluate 

the influence of reduced visual information on balance by 

comparing low vision and normal vision adults in static and dynamic 

conditions. 25 low vision subjects and 25 normal sighted adults 

were evaluated for static and dynamic balance using four protocols. 
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They concluded that visual feedback is crucial for determining 

balance, especially for dynamic tasks and on foam surfaces. Low 

vision individuals had worse postural stability than normal vision 

adults in terms of dynamic tests and balance on foam surface. 86 

 

• Paul Kowal et al. (2012) conducted a ‘Data resource profile: The 

World Health Organisation Study on global AGEing and adult 

health (SAGE)’. This study states that population ageing is rapidly 

becoming a global issue and will have a major impact on health 

policies and programmes. It aimed to address the gap in reliable 

data and scientific knowledge on ageing and health in lowand 

middle- income countries. In wave 0, across all countries there was 

a consistent decline in health across the age spectrum, with 

respondents of China in better health and respondents from India in 

worse health as compared to other countries. This study states that 

age is clearly the strongest predictor of decline in health status, with 

older adults having a much more significant decline in health over 

time than their younger counterparts. This was the first longitudinal 

study on health and ageing in multiple low- and middle-income 

countries.92 
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• Paraskevi giagazoglou et al (2009) conducted a study to examine 

isokinetic and isometric strength of the knee and ankle muscles and 

compare center of pressure (CoP) sway between blind and sighted 

women. 20 women volunteered to participate in this study. 10 

severe blind women and 10 women with normal vision. They 

concluded that the ability to control balance in both 

anterior/posterior and medio/lateral direction was inferior in blind 

than in sighted women. 75 

 

• Ken K.W. Cheung et al (2008) conducted a study to see the effects 

of a structured exercise programme on functional balance in 

visually impaired elderly living in a residential setting. Visually 

impaired subjects (people with no light perception or with visual 

acuity of 6/120 or worse on the better eye with corrective device), 

aged 65 years or older, from four care and attention homes, 

participate in the study. The results of this study suggest that a 

physiotherapist-designed strengthening and balance-training 

programme can improve the functional balance status of visually 

impaired elderly. 58 

• Takashi Nakamura et al (2007) conducted a study analysis of gait 

in visually impaired of 15 late blind, 15 congenitally blind and 15 
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sighted persons were included in the study. They concluded that 

the gait of visually impaired persons, through its active use of non- 

visual sensory input, represents an attempt to adapt to various 

environmental conditions in order to maintain a more stable posture 

and to effect safe walking. 23 

 

• Nancy Low Choy et al (2003) conducted a study to identify the 

relationship between vision and support surface across age 

decades. They measured postural stability in 453 women aged 20 

to 80 years using the Balance Master force-plate system while the 

women performed the modified Clinical Test for the Sensory 

Interaction and Balance (firm and foam surfaces, eyes open and 

closed) and the Single-Limb Stance Test (eyes open and closed). 

Result showed that Women in their 60s and 70s were more 

unstable than younger women in bilateral stance on a firm surface 

with the eyes closed. Concluded that Age, visual condition, and 

support surface were significant variables influencing postural 

stability in Women.17 

 

• Hideo Nakata et al (2001) conducted a study to examine the effects 

of the absence of vision from birth on automatic postural responses 
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to platform displacements during stance. Nine congenitally totally 

blind males aged 19-24 years and nine sighted males 19-24 years 

participated in this study. Results suggest that the ability to control 

postural balance during perturbations was affected by vision loss 

from birth.12 

 

• Akira Maeda et al (1998) conducted a study to evaluate the 

effectiveness of body support in compensating for decreased 

standing balance stability in elderly persons with visual impairment. 

Study included 44 visually impaired persons with a mean age of 69 

yrs and 39 people without visual impairment, mean age 66 yrs. 

Results shown that Both men and women in the visually impaired 

group swayed more than their sighted counterparts when standing 

without support, the only statistically significant difference between 

the two groups. For all subjects, the greatest degree of sway 

occurred when subjects stood unsupported, and the least sway 

occurred when subjects touched a wall for support. 90 
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METHODOLOGY 

 

Study Design: A Before and After study (experimental study).  

 

Study Setting: Home setting within the periphery of 20km from tertiary 

care hospital and Physiotherapy OPD. 

 

Study Population: Individuals of both genders within age 60-70 years 

congenitally blind population.  

 

Study Duration: 12months 

 

Sampling Technique: all consecutive participants those who fulfilled 

inclusion criteria. 

 

Sample Size:  

Sample size was determined by considering BBS as the main outcome 

measure by the study of Ken K. W. Cheung et al. titled effects of a 

structured exercise program on functional balance in visually impaired 

Elderly living in a residential setting58 
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The expected mean difference in Berg Balance Scale score (Pre/Post) 

was 5.26 

Mean Standard Deviation (SD) ± 2.67 

Power of the study is 80% 

So, required sample size = 26 

After approval of synopsis from university sample collection was started. 

Till March 2020 21 sample was assessed and included in the study. After 

the onset of pandemic due to the restriction in lock down further sample 

collection was not possible. 

 

Sampling Technique: all consecutive participants those who fulfilled 

inclusion criteria. 
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INCLUSION CRITERIA: 

• Participants age group 60- 70 years. 

• Both genders 

• Participant with vision loss certified by medical officer with visual 

acuity  

- Category 3 98 

o Better eye - 6/60 to 4/60 or Field of vision <10° 

o Worse eye Finger count 1 feet to No light perception 

- Category 4 98 

o Better eye- Finger count 1 feet to no light perception 

or Field of vision <10° 

o Worse eye - Finger count 1 feet to no light perception 

or Field of vision <10°  

• Participants with moderate fall risk according to Berg Balance Scale 

(21-40) 59. 

• Individuals willing to participate. 

EXCLUSION CRITERIA: 

• Neurological diseases affecting balance and gait. 

• Participant with fracture or trauma or lower extremity. 

• Uncorrected hearing impairment. 
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SUBJECT WITHDRAWAL CRITERIA 

Participants unable to continue the exercise program. 

 

 

VARIABLES: 

• Independent Variables 

o Gender 

o Age 

o Otago exercise program 

• Dependent Variables: 

o Berg Balance Scale 
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OPERATION DEFINITIONS:  

Congenitally blind geriatrics: According to the international classification 

of disease 11(2018). Congenitally blind population aged between 60-70 

years. 52 

Balance: Balance is the ability to maintain the body in equilibrium and 

ability to maintain equilibrium by positioning our center of gravity (COG) 

over our base of support (BOS). 1 

Otago Exercise Program: Otago exercise programme is a set of leg 

muscle strengthening and balance retraining exercises designed 

specifically to prevent falls in elderly. 56 
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MATERIAL: 

 

PHOTO 1. CHAIR WITH ARMREST 

 

 

PHOTO 2. CHAIR WITHOUT ARMREST 
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PHOTO 3. STOP WATCH 

 

 

 

PHOTO 4. INCH TAPE 
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PHOTO 5. STEPPER 
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PROCEDURE: 

Permission from the head of institution and approval from the ethical 

committee was obtained. Elderly population between the age group of 60-

70 years was selected. 

Participants who met the inclusion and exclusion criteria were briefed 

about the study in the language best understood by them 

(English/Marathi/Hindi) and an informed written consent was taken. 

Demographic data was documented. 

 29 participants were screened using the Berg Balance Scale and only 21 

participants those who scored 21-40 (moderate fall risk) were included in 

the study. 
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Permission from the head of institution 
and approval from the institutional 

ethical committee was obtained.

29 individuals were screened for 
balance by using Berg Balance scale.

21 participants aged between 60-70 
years congenitally blind, both genders, 

fulfilling inclusion criteria were selected. 

Procedure of the study was explanied 
and consent was taken.

Otago exercise  program was given to 
the participants for 4 weeks.

After 2 weeks balance was assessed by 
using Berg balance scale

Data obtained and analysed statistically.

FLOW CHART 
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INTERVENTION  

• Participants were assessed by using Berg Balance scale and those 

who fulfilled the inclusion and exclusion criteria was selected. 

• Exercise was performed for 2 weeks, 3 times per week.  

(Before the onset of the COVID-19 pandemic the participants were 

administered 2 weeks of Otago Exercise Program; due to the 

movement restriction in lock down further follow up was not 

completed.) 

• The exercise program started with 5 minutes of gentle warm-up 

with the five flexibility exercises followed by 30 minutes of exercise 

program. 

• The whole treatment session was for 35 minutes 

• Participants were supervised throughout the exercise program. 

• The warm up was performed for 5 minutes. 

o Head movements 

o Neck movements 

o Back extension 

o Trunk movements 

o Ankle movements 
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Otago Exercise Program 

ACTIVE EXERCISES 

Exercises progress from holding on to a stable structure to performing the 

exercise independently without support. 

 

Active exercises 

Knee Extensors 

Knee Flexors 

Hip abductors 

10 repetitions of each exercise were carried out 

 

Ankle Plantarflexors 

(calf raise) 

Level 1` 

10 repetitions with 

support 

Level 2 

10 repetitions without 

support 

Ankle dorsiflexors  

( toe raise) 

10 repetitions with 

support 

10 repetitions without 

support 
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PHOTO 6. KNEE EXTENSORS EXERCISE 

 

 

 

PHOTO 7. KNEE FLEXORS EXERCISE 
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PHOTO 8. HIP ABDUCTOR EXERCISE 

 

 

 

PHOTO 9. TOE STANDING 
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PHOTO 10. HEEL STANDING 
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BALANCE 

 

Balance exercises progress from holding on to a stable structure to 

performing the exercise independently without the support. 

 

Balance Retraining Exercise 

 Level 1 

 

Level 2 

Backward walking  10 steps, 4 times with 

support 

Sideways walking  10 steps, 4 times with 

support 

Tandem stance 

(heel to toe standing) 

10 seconds hold with 

support 

10 seconds hold 

without support 

One leg stand  10 seconds hold with 

support 

Heel walking  10 steps with support 

Toe walking  10 steps with support 
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PHOTO 11. HEEL TOE STANDING (TANDEM STANCE) 

 

 

 

PHOTO 12. HEEL TOE WALKING 
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PHOTO 13. HEEL WALKING 

 

 

 

PHOTO 14. TOE WALKING 
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DATA ANALYSIS: 

 

• Data obtained from this study was spread in Microsoft excel 2010 

and was coded and analyzed by STATA version 10.1 year 2011  

• Test used for statistical analysis: 

- paired t test 

• The test was used to compare first and second measurements of 

the Berg Balance Scale score. 

• The statistical significant value was set at p < 0.05 
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TABLES AND GRAPHS 

 

Table 1. Distribution of sample population according to age in years: 

Age in years Frequency Percentage 

60 - 65 16 76.2 

66 - 70 5 23.8 

Total  21 100 

 

Table 2. Distribution of sample population according to mean with standard deviation: 

Descriptive Statistics 

 N Mean Standard Deviation 

Age 21 63.62 2.991 

 

 

Graph 1. Distribution of sample population according to age in years: 

 

Total 21 participants were included with mean age 63.55 in years. (p < 0.05) 

76%

24%

Age Distribution
60-65

66-70
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Table 3. Distribution of sample population according to gender: 

Gender Frequency Percentage 

Male 13 61.9 

Female 8 38.1 

Total 21 100 

 

 

 

Graph 2. Distribution of sample population according to gender: 

 

 

13 males and 8 females participated in the study. (p < 0.05) 

 

 

 

 

 

38%

62%

Gender Distribution
Female

Male
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Table no. 4  Comparison at Pre BBS and Post Exercise Intervention BBS  

Paired Sample Statistics 

 N Mean Standard 

Deviation 

Standard 

Error Mean 

T value P value 

Pre BBS 21 35.62 2.941 0.642 -22.45 <0.001 

Post BBS 21 41.48 3.140 0.685 

 

 

 

Graph No. 3 Distribution of BBS score at Pre and Post Exercise Intervention. 

 

Berg Balance Scale before and after Otago exercise intervention score are statistically 

significant with T value = -22.45 (where p < 0.05)  
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RESULTS:  

The study included 21 participants aged between 60-70 years fulfilling the 

eligibility criteria with the aim to know the effect of Otago exercise program 

on balance in congenital blind population with moderate fall risk by using 

berg balance scale. 

All the participants completed 2 weeks of traning sessions. 

 

Following are the observations of the study: 

- Number of participants in the age group of 60-65 years was 16 and 

in the age group 65-70 years are 5. Therefore, total 21 participants 

were included in the study with mean age 63.62 ± 2.991 years.                                                                         

(Table 1, Table 2, Graph 1) 

- In this study, distribution of sample population showed 61.9% male 

and 38.1% female population. Number of males are 13 and females 

are 8. (Table 3, Graph2) 

 

Following are the results of this study: 

- Mean score of BBS before Otago exercise intervention was 35.62 ±  

2.941   

- Mean score of BBS post exercise intervention was 41.48 ±  3.140   

(Table 4, Graph 3) 
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- Comparison of before and after exercise intervention BBS score 

shows p value 0.001 respectively. From which it shows that 

statistically significant change were observed after exercise 

intervention. 

(Table 4, Graph 3) 

- When analysed using paired t test it reflected T value -22.45 which 

indicates the values is significant with p < 0.05.  

- This study showed that participants demonstrated a 10.46 % 

improvement in Berg Balance Scale score. (p < 0.001). 
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DISCUSSION 

An experimental study was carried out to study the effect of 4 

weeks of Otago Exercise Program on balance in 60-70 year old congenital 

blind population.  

Sample size was determined by considering BBS as the main 

outcome measure by the study of Ken K. W. Cheung et al.(2008) titled 

effects of a structured exercise program on functional balance in visually 

impaired Elderly living in a residential setting58. 

Estimated sample size was 26 and till the onset of COVID-19 

pandemic 21 subjects were assessed & included in the study. Baseline 

score of BBS were recorded with mean 35.62 ± 2.941. After assessment 

21 participants underwent Otago exercise program for 2 weeks. Due to 

imposed restriction in lockdown on movement further assessment was not 

completed.   

 Aim of the present study was to find the effect of Otago exercise 

program on balance in congenital blind population. Total 21 subjects 

fulfilling the inclusion criteria were selected (M = 13, F = 8) with moderate 

risk of fall (21-40) with a mean age 63.63 ± 2.991.  
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Role of Otago exercise program in congenital blind elderly 

population in the published literature is sparse. So an attempt is made to 

study the effect of Otago exercise program on balance in this population. 

 According to the study of Caroll TJ,S. Roth, Stones MJ (2009) the 

visual system is one of the key sensory systems that helps the body to 

analyze and process information on external factors, such as relative 

locations of body parts13, and to change posture to fit needs.14-15  

Choy et al. (2003); Hsu et al. (2007) have reported that vision plays 

a major role in balance and that postural sway increases in the absence of 

vision17. Siriphorn A. et al (2003), Vickers J. et al (2011) observed that 

absence of vision results in balance deficits due to poor contact with the 

environment18 and affects the normal patterns of gait and posture20-21. 

Jackson K. M. et al (2007) reported that to compensate for defective gait, 

balance and postural defects grow further producing a loop of vicious 

cycle23. 

According to the study of Barlow et al, Jeon BJ et al. 2007 a blind 

person develops abnormal postural reflexes and defective motor patterns, 

leading to incorrect distribution of muscle strength across the body28, 

precipitating deficits in posture and balance,30. 

Portfors Yeomans (2008), Schmid et al (2007), Sforza C et al(2010) 

reported that visually impaired people, particularly those who have never 
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received any visual stimulation, often have poor static and dynamic 

balance 38-40 and are more likely to fall. Individuals with visual 

impairments, especially those who are blind from birth, have never 

received any visual stimulation41.  

According to global data on visual impairment (2010), 82 percent of 

visually impaired population worldwide is older & are irreversibly blind.53 

20.5 percent of blind population in India is older than 50 years.53  

According to the study of Kim De Verdier et al. (2018) motor 

performance depends solely on sensory inputs provided by the remaining 

modalities of non-visual sense, especially proprioceptive, vestibular, and 

auditory modalities. In that sense, through non-visual motor learning from 

birth, both muscular activity and movement coordination for balance is 

established in people with congenital complete blindness. They balance 

with the remaining structures, consisting of somato sensory and vestibular 

systems51. 

 Rodolfo Borges Parreira (2017) reported that individuals with 

congenital blindness undergo structural changes in the cerebral cortex, 

and neurons are reorganized to compensate for blindness due to 

crossmodal plasticity. That doesn't contribute to better Balance. There 

seems to be a gap in the integration of reorganization of the cerebral 

sensorimotor pathways as well as cortical and subcortical pathways to 
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allow functional cerebral reorganization in individuals with blindness to 

exert balance. Thus, task-dependent sensorimotor rehabilitation protocol 

integrating proprioceptive and balancing tasks is required to improve this 

population's quality of life 54.  

According to Hamada Nakata (2009) despite of absence of vision 

from birth, they have acquired various movement activities and motor 

skills needed in everyday physical activities, such as orientation and 

mobility skills 12  

In the present study, balance was assessed using Berg Balance 

Scale. Participants with moderate (21-40) fall risk according to Berg 

balance scale were selected in the current study. Similarly, Catherine L. 

Lysack found that elderly people who scored below 41 on the BBS were 

2.7 times more likely to experience multiple falls when compared with 

those who scored 41 or above so the participants who scored below 40 on 

the BBS had moderate fall risk and BBS score above 41 has low fall risk59. 

The Berg Balance Scale (BBS) was developed by Berg et al. (1995) with 

an objective to measure static and dynamic balance abilities1, the scale 

comprises of 14 simple tasks. Descriptive criteria are provided for scoring 

each level: a score of 4 is used to indicate that the patient performs 

independently and a score of 0 is used when the person is unable to 

perform the task. A maximum score of 56 points is possible.1 Reliability 
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(Intra class correlation coefficient) of Berg Balance Scale Interrater = 0.98 

and Intrarater = 0.99 Individual items ranged from 0.71 to 0.99, Content 

validity of BBS is expert consensus (health professionals and geriatric 

patients). Concurrent validity is in correlation with Tinetti Balance Sub test 

= 0.911  

Hana Yoo et al. (2013) stated that self-efficacy is the self-belief or 

capability to create a plan and implement it. This efficacy also affects 

elderly, and decreases as people grow older, and it can be a hazardous 

factor for falls; in addition, fear, which is the most significant complication 

of falls, should be regarded as an important matter60.  

The results of the current study are showing a significant increase 

in the Berg balance scale score in the study population. The mean 

baseline BBS score before the exercise was found to be 35.62 ± 2.941 

and that of after the exercise intervention for 2 weeks was found to be 

41.48 ± 3.140. The mean change BBS score, before and after the exercise 

intervention was statistically significant (p < 0.05). 

Balance training in the intervention group required 1:1 therapist-to-

participant ratio for supervision. Although this may be manpower-

demanding, considering the improvement in balance of the elderly subject 

with ensured safety and the decreased risk of fall justifies it.  

Otago exercise intervention helped the subjects to better 
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understand the movements, postures and procedures by repeated 

performance and it was observed in the study population as improvement 

in performing the movements like walking on the heels, walking in a line, 

walking sideways, etc. during the Otago exercises; although statistical 

analysis of these individual movements was not done. The prescribed 

three session’s weekly dosage of exercise has enhanced participants’ 

balance. Toeman et al. (2004) in his study on blind elderly females have 

used the same exercise frequency.88  

Campbell et al., 2005 studied the effect of Otago Exercise Program 

on balance in older people with visual impairment due to ageing. It was 

shown that in the group receiving Otago Exercise Program improved 

balance compared to the group that did not performed these exercises62. 

Campbell et al. (1999) reported that a home-based Otago exercise 

program, performed three times a week for 2 months proved to be an 

extremely efficient for fall prevention method among visually impaired 

community-living elderly aged 60 years and over. The fall efficacy in the 

Otago exercise group showed a significant difference (p=0.019), from 

14.50 to 11.80. This showed that exercise program could reduce the risk 

of falls and improved balance among visually impaired elderly. Those who 

exercised at least three times a week compared with those who exercised 

less than once a week63.  
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Rachel Zhorne et al (2017) evaluated the application of Otago 

Exercise program in treating fall frequency and fall risk in a visually 

impaired elderly women living independently. This case study follows a 61 

year old visually impaired female living at home who underwent a course 

of outpatient physical therapy after a recent increase in fall frequency. A 

total of 15 visits resulted in BBS evaluation improvement by 14 points, with 

Otago exercise for balance retraining, respectively64.  

Lazowski et al. (1999) compared the effects of Otago Exercise 

Program including balance training to an exercise program including only 

flexibility exercises among visually impaired elderly. They observed 

statistically significant improvement in BBS score in group which included 

balance training of Otago Exercise program as compared to group which 

included flexibility exercises65.  

Skelton et al. (2005) evaluated the effects of an Otago exercise 

program in community-dwelling 28 visually impaired women aged 65 

years. They observed an increased balance according to BBS during the 

6-week trial period67. 

Catherine Sherrington et al (2014) conducted a study to examine 

the effect of Otago Exercise program in physical function of community 

dwelling older adults with visual impairments. There study included older 

adults of 60 years. Otago exercise program was administered individually, 



 

59 | P a g e  
 

in group and physical training classes. Balance was measured with 

performance tests like BBS.  Conclusion of the study was that the Otago 

Exercise Program was effective in preventing falls by improving balance in 

the community dwelling elderly 68.  

Some studies were also carried out in normal Elderly to evaluate 

the effect of Otago Exercise program. Eva Kova et al (2012) compared the 

effects of a 1-month Otago exercise program, which included balance 

training in addition to the standard osteoporosis exercises in older women. 

Results showed that participants performing osteoporosis exercise 

program in addition to Otago exercise program has improved significantly 

better in balance than those performing only osteoporosis exercise 

program. These results reported beneficial effects of Otago exercise 

program on balance measured by BBS60.  

Binder et al (2002) also reported significant difference in balance 

measured by BBS between Otago Exercise Program group receiving 

balance exercises and a group participating only in walking training. 

Exercises were performed 3 times a week for a month. Results showed 

the significant improvement in balance in Otago exercise program 

intervention group69.  

In a study by Rugelj (2010) it was reported that an Otago Exercise 

Program was administered for a period of 4 weeks, three times a week, 
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resulted in significant improvement in BBS compared to a non-exercised 

control group among older adults living in nursing homes70.  

Gillespie et al. (2009) showed that both group-based and home-

based Otago exercise program containing components of balance training 

could prevent falls. Both group-based and home based Otago exercise 

program increased the BBS scores71. 

Roshunda Drummond-Dye, J (2017) conducted a study to evaluate 

the effect of Otago exercise program on balance in 70 years frail older 

adults. They concluded that the Otago Exercise Program is most effective 

for frail older adults who demonstrated risk of falls based on BBS objective 

measures72.  

Lisa Dillon et al (2018) conducted a study to analyse Otago 

exercise based on fall prevention strategies in adults aged 60 years and 

above with visual impairment. They used Otago exercise programme 

delivered by a physiotherapist. Contradicting to the results of the current 

study, they found non-statistical significant trends towards higher rates of 

falls73. 

Englund et al. (2005) evaluated the effects of a Otago Exercise 

Program on balance measured by BBS. They administered Otago 

Exercise program twice a week for 2 months. They did not find significant 

difference between control group which had not performed any 
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exercises74. This result contradicted to the present study.  

The novelty of the current study is the indication that an Otago 

exercise can improve balance.  

The result of this studies present objective measurement 

demonstrates balance improvement. These findings may suggest that the 

short term application of Otago exercise program as part of a fall 

prevention intervention would reduce risk of fall by improving balance 

among a congenital blind elderly population. 

Therefore this study has provided the evidence that 2 weeks of 

otago exercise program is effective on balance in 60-70 year old 

congenital blind elderly with moderate fall risk (21-40).
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CONCLUSION 

 

This study was carried out in 21 participants aged between 60-70 years 

congenital blind with moderate fall risk according to Berg Balance Scale to 

examine the effectiveness of Otago Exercise Program on balance. Results 

of this study demonstrated the significant change in BBS after 2 weeks 

Otago exercise program intervention showing improved balance status of 

congenital blind elderly people.
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LIMITATIONS 

 

- Due to the onset of the COVID-19 pandemic the participants were 

administered only 2 weeks of Otago Exercise Program. For further 

studies the effect of 4 week of OEP can be carried out. 

- Limitations of this study include the fact that results demonstrate 

success of 21 participants. The results are not generalised to a 

larger population.
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CLINICAL IMPLICATIONS 

 

- Elderly should be encouraged to find time to participate in different 

types of physical activities in their leisure time. 

- Further multicentric studies on other categories of neurological 

conditions could further add in generalizing the importance of 

Otago Exercise Program’s utility to more accurately and precisely 

which could benefit the elderly population. 

- Further research is needed to determine if the intervention 

presented in this case study can be successfully applied to a more 

general population while yielding similar positive results. 

- Study replication would require a larger pool of highly variable 

subjects undergoing the presented intervention.  

- Additionally, a randomized sample with double blinded study 

parameters would help eliminate bias 
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SUMMARY 

An experimental study was carried out to study the effect of 4 weeks of 

Otago Exercise Program on balance in 60-70 year old congenital blind 

population with moderate fall risk by using Berg Balance scale. Around 21 

participants were assessed for the study, from which 13 were males and 8 

were females who met the inclusion criteria were selected in the study. 

Balance of participants were assessed according to Berg Balance Scale 

and baseline BBS was recorded. After assessment till the onset of 

COVID-19 pandemic 21 subjects were assessed & included in the study. 

These 21 participants underwent Otago Exercise program for 2 weeks. 

Due to imposed restriction in lockdown on movement further assessment 

was not completed. After intervention BBS score was recorded. Data was 

analysed using paired t test to compare the pre and post exercise 

intervention BBS score. The results of the study showed significant 

increase in the Berg balance scale score in congenital blind elderly.  The 

mean change in BBS before the exercise was found to be 35.62 ± 2.941 

and that of after the exercise intervention was found to be 41.48 ± 3.140. 

Therefore, the mean change in before and after the exercise intervention 

was found to be significant values with p < 0.05. Thus, the study 

concludes that Otago exercise program intervention improved the balance 

status of congenital blind elderly people in short period of 2 weeks.
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ANNEXURE I (A) 
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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 4 WEEK OF OTAGO EXERCISE PROGRAM ON 

BALANCE IN 60-70 YEAR OLD CONGENITALLY BLIND POPULATION 

WITH MODERATE FALL RISK BY USING BERG BALANCE SCALE: A 

BEFORE AND AFTER STUDY” 

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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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 4 WEEK OF OTAGO EXERCISE PROGRAM ON BALANCE IN 60-70 

YEAR OLD CONGENITALLY BLIND POPULATION WITH MODERATE 

FALL RISK BY USING BERG BALANCE SCALE: A BEFORE AND 

AFTER 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) 
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To, 

The Chairman 

Blind Relief Association, 

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 4 WEEK OF OTAGO EXERCISE 

PROGRAM ON BALANCE IN 60-70 YEAR OLD CONGENITALLY BLIND 

POPULATION WITH MODERATE FALL RISK BY USING BERG 

BALANCE SCALE: A BEFORE AND AFTER STUDY”.  

For this purpose, I have to take participants from your institute aged 

between 60-70 years 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 II (A) 

Informed Consent Form 

 

1. Project title:  

Effect of 4 week of Otago Exercise program on balance in 60-70 year old 

congenitally blind population with moderate fall risk by using Berg Balance 

Scale: A Before and After study 

 

2. Introductions  

You have been invited to participate in this research study. Exercises will 

be given Otago exercise program. It is standardized exercise program. 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:  

The present study’s objective is to evaluate the effect of 4 week of Otago 

exercise program on balance in 60-70 year old congenitally blind 

population with moderate risk of fall by using Berg Balance Scale.  
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4. Expected duration of study and the number of subjects: 

Duration of the study will be one year. Subjects will be participating for 4 

months. There will be 40 subjects. 

 

5. Studyprocedure to be followed: 

If you show willingness to participate in this study, you will undergo a brief 

physical examination 

a) Basic demographic data like age, gender of participant will be       

asked  

b) Height and weight will be measured using the standard procedures  

c)  Balance will be assessed using Berg Balance Scale  

d)  Baseline scores will be recorded prior to the treatment. 

e) Participants will be given Otago exercise program for 35 minutes, 3 

times a week for 4 week. 

 

6. Risk and discomfort:  

This study is relatively safe and there is a risk of muscle spasm which one 

may have also during regular Physical Training. For study related injury 

medical care will be provided by co- investigator. 

 

7. Possible benefits of the study: 
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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 in balance 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 injuryor 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: 
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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 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. 
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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 4 week of 

Otago Exercise program on balance in 60-70 year old congenitally blind 

population with moderate fall risk by using Berg Balance Scale: A Before 

and After 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. 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. 
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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.
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ANNEXURE II (B) 

सम्मती पत्र 

1. संशोधन प्रक्लपाचे शीर्षक: 

“बर्ग संतुलन मापणीच्या (बर्ग बॅलेंस स्केल) उपयोर्ाने मध्यम पडण्याची 

जोखीम असणायाग  ६०-७० वर्ग वयाच्या जन्मातः अंध वधृ््ांमध्ये ओटार्ो 

व्यायाम कायगक्रमाच्या ४ आठवडी प्रशिक्षणाचा होणारा पररणाम: पूवग तसचे 

पश्चात अध्ययन” 

 

2. प्रस्तावना:  

आपण या संिोधनववर्यक अभ्यासात सहभार्ी होण्यासाठी आमंत्रित 

आहेत. 

आपण या अभ्यासाची माहहती, त्याचे स्वरूप  आणण त्यातील जोखीम नीट 

समजून घ्यावी. 

या वैद्यकीय स्वरूपाच्या अभ्यासात सहभार्ी होण्यापूवी याचे स्वरूप, 

प्रकल्पासाठी ननयोजजत अभ्यासक्रम आणण आपले अधधकार काय आहेत ते 
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जाणून घेऊन या योजनेत / उपक्रमात सहभार्ी होण्यास सम्मती द्यावी. 

 

3. अभ्यासाचे उद्धधष्ट:  

वतगमान अध्ययन का उद््ेश्य बर्ग बैलेंस स्केल का उपयोर् करके धर्रावट 

के मध्यम जोणखम के साथ 60-70 वर्ग की जन्मजात नेिहीन आबा्ी में 

संतुलन पर ओटार्ो व्यायाम कायगक्रम के 4 सप्ताह के प्रभाव का 

मूल्यांकन करना है। 

 

4. अभयसासाठी अपेक्षित कालावधी व सहभागी व्यक्तींची/ मुलांची संख्या: 

अभ्यासाचा कालावधी एक वर्ग राहील. सहभार्ी व्यकतींना ४ आठवडयांसाठी 

सहकायग करावा लार्ेल.   एकूण २६ व्यकतींचा सहभार् राहील 

 

5. अभ्यासाची कायषपद्धती खालील प्रमाण:े 

i. वैयजकतक माहहती जस े वय आणण शलरं् यांची माहहती द्यावी 
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लार्ेल. 

ii. मानव प्रक्रक्रयेद्वारे आपले वजन आणण उंची मोजली जाईल. 

iii.  रकतसंबंधी उपलबध माहहती नों्वली जाईल. 

iv.  बर्ग बॅलेंस स्केल उपयोर् करून तुमचे संतुलन(बॅलन्स) मोजण्यात 

येईल. 

v. सहभार्ींना ्ेण्यात येणाऱ्या  समग्र कारक कौिल्याच्या  

प्रशिक्षणाचा कालावधी ३५ शमनटे असेल.   प्रशिक्षण आठवडयातून 

३ ह्वस ्ेण्यात येईल. एकूण प्रशिक्षण ४ आठवडयांसाठी राहील. 

 

6. जोखीम आणण त्रास  

हा अभ्यास तास सुरक्षक्षत आहे, पण स्नायूंमध्ये तणाव येण्याची िकयता 

आहे. अिा प्रकारे स्नाय ू्खुावले जाणे सामान्य व्यायाम ्रम्यान सुद्धा 

होऊ िकते. आपल्या व्यायामाचे ननयशमत वेळापि पाळण्यात आपल्याला 

अडचण येऊ िकते. संिोधन प्रकल्पांतर्गत व्यायाम करताना येणाऱ्या 
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अडचणीचे ननवारण सह- अभ्यासकांद्वारे करण्यात येईल. 

 

7. अभ्यास/अध्ययनाचे अपेक्षित लाभ  

या अभ्यासामुळे आपल्याला काही प्रत्यक्ष लाभ होतील क्रकंवा होणार नाहीत. 

 

8. संशोधन समाप्त झ्हाल्यावर काय होईल? 

तुमच्या संतुलन प्राप्ताकंन झालेले पररवतगन आणण झालेले इतर लाभ 

यांसंबंधी माहहती आपणास ्ेण्यात येईल. 

 

9. सहभागासाठी मानधन  

या अभ्यासाच्या सहभार्ी होण्यासाठी आपल्याला कुठलाही खचग करावा 

लार्णार नाही तसेच आपल्याला कुठलेही मानधन ह्ले जाणार नाही. 

 

10.  अभ्यासाचा दरम्यान झालेल्या  दखुापतीने उपचार आणण नुकसान भरपाई. 
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संसाधन प्रकल्पांतर्गत करण्यात येणाऱ्या या अभ्यासाचे वेळी आपल्याला 

्खुापत झाल्यास आवश्यक ते वैद्यकीय उपचार केले जातील. त्यासाठी 

आपणास कुठलाही खचग करावा लार्णार नाही. या प्रपिावर स्वाक्षरी 

केल्याने आपल्या कुठल्याही काय्ेिीर अधधकारांवर बाधा येणार नाही. 

 

11.  अभ्यासात सहभागी न होण्याचा ववचार 

या अभ्यासात आपला सहभार् पूणगपणे ऐजच्िक आहे. आपण यात सहभार्ी 

होण्यास नकार ्ेऊ िकता. क्रकंवा अभ्यास मधेच सोडून जाऊ िकता. 

या अभ्यासासंबंधी सवग ्स्तऐवज नेहमी र्ुप्त ठेवण्यात येतील. कुठल्याही 

काय्ेिीर आपली ओळख जाहीर केली जाणार नाही. या अभ्यासाचे 

ननष्कर्ग वैज्ञाननक ज्ञानाच्या प्रसारासाठी प्रकशित केले जातील परंत ु

त्यासाठी आपली ओळख जाहीर केली जाणार नाही. 

 

12.  गोपनीयता  
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या अभ्यासासंबंधी आवश्यक सूचना वाचणे अथवा कोणाकडून समजून घेणे 

यासाठी आपण आपला अमूल्य वेळ ह्लात त्यासाठी मी आपला/आपली 

आभारी आहे. हे सहमती पाि भरण्यापूवी आपल्याला न समजलेले संबंधधत 

प्रपिात कुठलेही प्रश्न आपण मला ववचारू िकता. 

संिोधन सशमतीचे स्स्य अभ्यासापुवी,अभ्यासा्रम्यान क्रकंवा अभयसाच्या 

समाप्तीनंतर आपल्या प्रश्नांची उत्तरे तत्परतेने ्ेतील. हा अभ्यास कसा 

केला जाईल अथवा या ्रम्यान काही ्खुापत होईल का अिा प्रकारचा 

मनात उद्भवणाऱ्या िंकांचे ननरसन आपण संिोधक धचक्रकत्सकािी संपकग  

साधून करून घेऊ िकता. 
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सम्मती पत्र 

1. “बर्ग संतुलन मापणीच्या (बर्ग बॅलेंस स्केल) उपयोर्ाने ६०-७० वर्ग वयाच्या 

जन्मातः अंध वधृ््ांमध्ये ओटार्ो व्यायाम कायगक्रमाच्या ४ आठवडी 

प्रशिक्षणाचा होणारा पररणाम: पूवग तसेच पश्चात अध्ययन” या ववर्यावरील 

अभ्यासाकररता मान्यता ्ेण्यासाठी आवश्यक असेलेली माहहती मी वाचली 

आहे/ मला वाचून ्ाखवली असून, ती मला समजली आहे. 

 

2. मला या ववर्याबद््ल सववस्तर माहहती, जस ेअभ्यासाचा ववर्य, त्याचा 

उद्धेि, कालावधी , अभ्यासा्रम्यान येणाऱ्या जोखीम तसेच माझाकडून 

असलेल्या अपेक्षा याबद््ल संपूणग माहहती शमळाली आहे. माझ्या 

िंकांनासुद्धा समाधानकारक उत्तरे शमळाली आहेत. 

 

3. या अभ्यासात माझा सहभार् माझ्या इचिेनुसार आहे. तसेच मला पाहहजे 

तेव्हा सहभार् घेण्यास नकार ्ेऊ िकतो/ िकते. या बद््ल मला कुठलाही 
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्ंड क्रकंवा नुकसान होणार नाही, हे मला माहहती आहे. 

 

4. अभ्यासा्रम्यान काही नवीन माहहती उपलब्ध झाल्यास, माझ्या सहमती 

साठी असलेल्या अटींवर त्याचा पररणाम होणार नाही, हे मला माहहती 

आहे. 

5. वैद्यकीय नैनतक सशमतीचे सभास् माझे तपासणी ्रम्यानचे अहवाल 

केव्हाही तपासू िकतात. या अहवालावर  सही करून त्यांना ते तपासण्याची 

मी परवानर्ी ्ेतो/्ेते. 

 

6. माझी ओळख या ववर्यासंबंधीच्या कोणत्याही अहवालात क्रकना 

प्रकािनामध्ये जाहीर केली जाणार नाही हे मला माहहती आहे  

 

7. या अभ्यासात सहभार्ी होण्यास माझी मान्यता आहे. 
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ANNEXURE II (C) 

सहमतत पत्र 

1. योजना का शीर्षक 

“बर्ग संतुलन मापनी (बरे्ग बैलेंस स्केल) का उपयोर् करके मध्यम धर्रावट 

के जोणखम वाले ६०-७० वर्ग के दृष्टी ववकलांर् बुजुर्गोंपर ओटार्ो व्यायाम 

कायगक्रम के ४ हफ़्तों के प्रशिक्षण का होनेवाला पररणाम: पूवग तथा पश्चात 

अध्ययन”. 

 

2. प्राक्कथन  

आप इस संिोधन अभ्यास में सहभार्ी होने हेतु आमंत्रित है . आपके शलए 

ये आवश्यक है की आप इस अभ्यास की व्याख्या पढ़े, इस अभ्यास के 

स्वरुप को समझ े और सहभधर् होन े पर इसके जोणिमोंको जाने।इस 

कलीननकल अभ्यास में सहभार्ी होने से पूवग इसके स्वरुप, अभ्यास के 

पाठ्यक्रम एवं अपने अधधकारोंके संबंद्ध में जानकारी लेकर ही अपनी 
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सहमनत ्े। 

3. अभ्यास का उद्देश्य  

बर्गग बॅलन्स स्केल वापरुन 60 ते 70 वर्ाांच्या संसर्गगजन्य दृष्टिने आंधळे 

लोकसंख्या कमी होण्याची शक्यता असलेल्या ओिार्गो व्यायामाच्या 

कायगक्रमाच्या 4 आठवड्याच्या पररणामाचे मूल्यांकन करणे हा सध्याचा 

अभ्यास आहे. 

 

4. अभ्यास हेतु अपेक्षित अवधध एव ंसहभाधगओंकक संख्या  

अभ्यास की अवधध एक वर्ग की होंर्ी । सहभाधर्ओंको ४ हफ़्तों के शलए 

सहयोर् ्ेना होर्ा। कुल २६ लोर् िाशमल होंर्े। 

 

5. अभ्यास की कायषप्रणाली तनम्नानुसार होगी 

आप इस अभ्यास में सहभार्ी होने क शलए अपनी सहमनत ्ेते है तो 

आपको िोटासा िारीररक पररक्षण ्ेना होर्ा । 
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i. वैयजकतक जानकाररयां जैस े आयु एव ं शलरं् की जानकारी ्ेनी 

होर्ी। 

ii. मानक प्रक्रक्रयााओं  द्वारा आपका क् एवं वजन मापा जायेर्ा । 

iii. उपलब्ध रकत सम्बन्धी जााँच को ररकॉडग क्रकया जायेर्ा । 

iv. बर्ग संतुलन मापनी (बेर्ग बैलेंस स्केल)  आधार से आपका संतुलन 

मापा जायेर्ा । 

v. प्रशिक्षण के पहले आधाररेखा प्राप्तांक्रकक नों् की जाएर्ी। 

vi. सहभाधर्ओंको ह्ए जाने वाले समग्र करक कौिलयोंके प्रशिक्षण का 

कालावधध ३५ शमनट होर्ा । 

vii. प्रशिक्षण हफ्तेके ३ ह्न ह्या जायेर्ा। प्रशिक्षण की कुल कालावधध 

४ हफ्तोँक्रक रहेर्ी । 

 

6. जोणखम एवं तकलीफ  

यह अभ्यास वैसे तो सुरक्षक्षत है, पर मांसपेशिओं में ऐठन अनेकी 
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सम्भावना है । जैस ेकी सामन्यतः रोज़ के व्यायाम में अनत है।आपको 

अपना व्यायाम की समय सारणी को पालने में असुववधा  हाँर्ीं  । 

अभ्यास के ्ौरान होने वाली तकलीफ का ननराकरण सह अभ्यासक द्वारा 

क्रकया जायेर्ा। 

अभ्यास के अपेक्षक्षत लाभ आप पर इस अभ्यास की प्रत्यक्ष लाभ हो भी 

सकते है और नही ंभी । 

 

7. अनुसन्धान समाप्त होने पर क्या होगा  

आपके संतुलन प्राप्ताऔमंें  आये र्ए पररवतगन और इस ववर्य में बाक्रक 

होने वाली लाभ  इनकी जानकारी आपको ्ी जाएर्ी । 

8. सहभागका मेहनताना 

इस अभ्यास में सहभार्ी होने के शलए न  आपको कुि व्यय करना है ना 

ही आपको कोई मेहनताना ह्या जायेर्ा  । 

 



 

104 | P a g e  
 

9. अभ्यास के दौरान लगने वाली चोट का उपचार एवं उसका मुआवजा  

अभ्यास के स्थान पर अभ्यास के ्ौरान अर्र क्रकसी प्रकार की िरीरीक 

चोट लर्ती है तो आपको वैद्यकीय सेवा ्ी जाएर्ी । आपको उसके शलए 

कुि खचग नहीं करना पड़ेर्ा। इस प्रपि पर हस्ताक्षर करने पर आपको 

क्रकसी वैधाननक अधधकार पर आक्षेप न ैआएर्ा। 

 

10.  अभ्यास में सहभाधगता स ेतनकलनेका अधधकार  

इस अभ्यास में सहभार् पूणगतः स्वैच्िा पर है । आप इसमें भार् लेने स े

मना कर सकते है या अभ्यास को कभी भी िोड़ सकते है। 

 

11.  गोपनीयता  

इस अभ्यास से सम्बंधधत सभी ्स्तवेज / प्रपि हमेिा र्ोपनीय रखे 

जायेंर्े। आपकी पहचान वैधननक कारणोंके अलावा उजार्र नै की जाएर्ी। 

इस अभ्यास के पररणाम वैद्याननक ्यान के प्रसार क शलए प्रकाशित 



 

105 | P a g e  
 

क्रकये जायेंर्े परन्तु इसमें आपकी पहचान जारी नहीं की जाएर्ी । 

 

12.  इस अभ्यास से सम्बंधधत आवश्यक सूचनाओंको पढ़ने या क्रकसी के द्वारा 

समझाए जाने हेतु आपन ेजो अपना कीमती समय ह्या, उसके शलए हम 

आपके आभारी है ।इस सहमनत पि को भरने से पूवग आप वे सभी प्रश्न 

हमसे पूि सकते है जजन्हे आप समझ न पाए हो । संिोधन सशमनत की 

स्स्य अभ्यासपूवग अभ्यास क ्ौरान और अभ्यास के समाजप्त के पश्चात 

भी आपके सवालोंका उत्तर तत्परता से े्ंर्।े अर्र अभ्यास के सम्बन्ध में 

आपको कोई िंका हो की ये कैसे क्रकया जा रहा है या क्रकस प्रकार की चोट 

लर्ने की सम्भावना है तो आप संिोधक धचक्रकत्सक से संपकग  करे । 
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सहमतत पत्र 

1. “बर्ग संतुलन मापनी (बेर्ग बैलेंस स्केल)  का उपयोर् करके मध्यम 

धर्रावट के जोणखम वाले ६०-७० वर्ग के दृष्टी ववकलांर् बुजुर्ोंपर ओटार्ो 

व्यायाम कायगक्रम के ४  हफ़्तों के प्रशिक्षण का होनेवाला पररणाम: पूवग 

तथा पश्चात अध्ययन” इस ववर्य क अभ्यास में सहभार्ी होने सम्बंधधत 

आवश्यक जानकारी मैंने पढ़ी/ मुझे पढ़कर सुनाई र्यी है एवं में समझ 

र्या/र्यी हु । 

2. मुझे इस ववर्य के बारेमे पूणग जानकारी, जैस ेअभ्यास का ववर्य, उसका 

उद््ेश्य ,कालावधध अभ्यास के ्ौरान आने वाली जोणखम तथा अभ्यास के 

्ौरान मेरे द्वारा अपेक्षक्षत सहयोर् की जानकारी ्े ्ी र्यी है। मुझे मेरे 

सरे प्रश्नोंके उत्तर शमल र्ए है। 

3. इस अभ्यास में मैं अपनी इच्िा से सजम्मशलत हो रहा/रही हु। मैं इस बात 

से अवर्त हु की मेरी इच्िानुसार मैं इस अभ्यास में सहयोर् ्ेने के शलए 

कभी भी मना कर सकता/सकती हु ।इसके शलए मुझे कोई जुरमाना या 
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कोई नुकसान नहीं भरना पड़ेर्ा । 

 

4. अभ्यास क ्ौरान ऐसी कोई नयी जानकारी शमलती है जजसस ेद्वारा इस 

अभ्यास में सहयोर् ्ेने का ननणगय प्रभाववत होता हो तो वह जानकारी 

मुझे ्ी जाएर्ी । 

 

5. अभ्यास क कायग हेतु संकशलत मेरी वैद्यकीय ररपोटग/ जानकारी को जांचने 

की सहमनत संस्थाननक नननत सशमनत क स्स्य को में ्ेता/्ेती हु । 

 

6. मैं इस बात से पूणगतः अवर्त हु की इस ववर्य में सम्बंधधत क्रकसी भी 

ररपोटग या प्रकािन में मेरी व्यजकतर्त  पहचान जारी नहीं की जाएर्ी । 

 

7. इस अभ्यास में मैं अपनी मज़ी से िाशमल हो रहा/रही हु । 
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ANNEXURE III (A) 

PARAMETERS FOR ASSESSMENT OF STUDY OUTCOME MEASURES 

BERG BALANCE SCALE 

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 30 seconds unsupported                                                                    

( ) 0 unable to stand 30 seconds unassisted  

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 
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( ) 1 able to sit 10 seconds 

( ) 0 unable to sit without support 10 seconds  

4. STANDING TO SIT  

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 0 

INSTRUCTIONS: Arrange chairs(s) for a pivot transfer. Ask subject to transfer one way toward a 

seat without armrests and one way towards seat with armrests. 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 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                                                                                                                       
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( ) 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 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 able to stand 15 seconds with feet together 

( ) 0 needs help to assume the position and unable to hold for 15 seconds  

8. REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING  

INSTRUCTIONS: Lift arm to 90°. Stretch out your fingers and reach forward as far as 

you can. (Clinician places a ruler at the tips of the 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 subject should use both hands when possible 

to avoid trunk rotation.  

 ( ) 4 can reach forward confidently 20-30cm (10 inches)                                                                      ( 

) 3 can reach forward safely 12 cm (5 inches) 

( ) 2 can reach forward safely 5 cm (2 inches) 

( ) 1 reaches forward but needs supervision                                                                                           

( ) 0 loses balance while trying, requires external support  

9. 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.           

 ( ) 4 looks behind from both sides and weight shifts well 

( ) 3 looks behind one side only other side shows less weight shift 

( ) 2 turns sideways only but maintains balance 

( ) 1 needs close supervision or cuing 

( ) 0 needs assistance while turning. 

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 

( ) 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 
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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 

( ) 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 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 >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  



 

113 | P a g e  
 

 

 

TOTAL SCORE (Maximum) = 56: _______  

Interpretation of Berg balance score: 

• 41-56=low fall risk 

• 21-40=Medium fall Risk 

• 0-20=High fall Risk.59 
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MASTERCHART 

 

Sr. no. Age Gender Pre BBS Post BBS 

1 66 M 33 40 

2 60 M 39 45 

3 65 F 34 39 

4 60 M 40 45 

5 63 M 37 43 

6 61 M 37 45 

7 62 M 35 42 

8 63 F 35 41 

9 64 M 39 44 

10 61 F 39 45 

11 70 F 30 34 

12 67 M 32 37 

13 60 F 39 46 

14 62 M 39 42 

15 68 M 34 39 

16 64 F 38 44 

17 69 M 33 39 

18 61 M 36 42 

19 63 M 33 41 

20 62 F 34 40 

21 65 F 32 38 
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INTRODUCTION                                                                                                                                                                                                        

           In 21st century, technology has emerged a lot and  attracted the consumers 

worldwide.1  World is rapidly changing due to the advancement in the domain of e-

technology.2 This charm of technology has persistently allowed them to spend much 

time on technology than any other activity.3,4 It is impossible to escape the presence of 

technology and one such example is the use of smartphone.5  

       Smartphone is a term for distinguishing basic mobile phones from phone with 

advanced features. The term of smart phone first appeared in1997.  Smartphone use 

has been widely spread all over the world in last few years.6,7 It plays very important role 

and has become a necessity for most of people as they mainly use smartphone for 

information, education, communication and entertainment purpose.8,9   

       A report published by International Data Corporation in 2013; Our Mobile Planet in 

2013 made a market survey revealing the fact that an average smartphone penetration 

rate is 44.6% in 47 countries and this number is expected to grow at a faster pace.  

While 530 million Smartphone users in India were reported in study done by IANS in 

2018 .1,10 

       Recent study shows that 79% of population between the age of 18-44 years have 

their cell phones with them almost all the time.11  It has been observed that smart phone 

user has developed a habit of checking their phone as the first thing they look at in the 

morning and the last thing they check before going to sleep.12 Research done by 

Oulasvirta in 2012 found that their respondent check their phones 34 times a day not 
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because they really need to check that many times but because it has simply become a 

addiction.13 

       According to WHO Expert committees -1964, Addiction is considered as 

dependence, continuous use of something for sake of relief, comfort or stimulation, 

which often causes cravings when it is absent. The two major categories of addiction 

involve either substance addiction or behaviour addiction. 14 As the popularity of 

Smartphone is growing overuse of Smartphone could be name as “Smartphone 

addiction”.15  

       Smart phone addiction is considered as technological addiction which can be 

defined as behavioural addiction involving human - machine interaction and non-

chemical in nature.14  This characterized by the presence of symptoms of tolerance, 

salience, mood changes, and dependence on smartphones.16 This addiction has been 

associated with depression, anxiety, accidents, poor sleep, poor academic 

performance, fatigue, and high stress. 17,18   

         Recent studies found that high prevalence of smartphone addiction in university 

students and not only urban but also in rural area students.19  Aljomaa et.al in 2016 

reported that 48% of undergraduate university students were addicted to smartphone .20 

Also the overall increased usage of smartphone in young age group in their everyday 

life has made smartphone addiction a significant social morbidity in society. 21 

Consequently, the “Smartphone Addiction Scale” was developed for its quantification.18 
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        While using Smartphone people usually flex their neck to stare at lowered object 

and maintain head in a forward position for long period. 22 Previous studies supported 

that prolonged and frequent use of Smartphone’s and repeated movement of the upper 

extremities in an awkward posture have been shown to be the main contributing factors 

to the incidence of musculoskeletal symptoms.23 ,24 

              Musculoskeletal symptoms such as discomfort and pain in Smartphone users 

not only occur in the neck , shoulders, elbows, arms, wrists, hands, thumbs and 

fingers.25  A study done on the prevalence of Smartphone use have reported that the 

distribution of the musculoskeletal symptoms or pain of any severity was most common 

in neck, followed by the upper back and then shoulder. 26 Berolo et. Al, in 2011 

suggested that frequent Smartphone use could lead to non-neutral neck posture or 

development of musculoskeletal disorders such as “upper crossed syndrome’’ and 

excessive strain in the muscles around the joints, causing chronic neck pain.27,28 

          A forward head posture may cause many harmful symptoms such as shoulder 

pain, neck pain and increased curvature of spine and scapular dyskinesis. 29 The altered 

position of scapula is described as “Scapular dyskinesis” which can be defined as any 

abnormality of the scapula posture or movement due any etiology.30 

           Park et al, reported that prolonged smartphone use induced fatigue in the 

cervical erector spinae and upper trapezius (UT) muscles. 31  Altered head and neck 

posture not only affect neck but also thoracic spine and shoulder complex leading to 

overall imbalance in musculoskeletal mechanics of upper quadrant.32    

        Previous studies have reported that smartphone users are more likely to complain 

of neck pain, muscle fatigue, and cervical range of motion than normal phone users. 
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29,30,33 ` However, few studies have directly evaluated the effects of effect of excessive 

smartphone use on pain, cervical angle. The combination of repetitive movements, 

prolonged used of Smartphone’s, poor posture can cause soft tissue injury and 

biomechanical changes in the neck, shoulder, wrist, arm elbow. 34,35,36 

       Thus, the present study correlate the Smartphone addiction scale score with upper 

trapezius   muscle length and static scapular elevation using T8 method in individuals 

aged 18-25 years 
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NEED FOR THE STUDY 

       Position of scapula is the key which contributes to normal and abnormal scapular 

motion and control.Normally resting position of scapula on the posterior thorax is 

approximately two inches from the midline between the second and seventh rib, 

internally rotated 10 to 20 degree from vertical. 37Scapular position on the thorax and 

control during motion is critical component of shoulder dysfunction. 38 Altered scapular 

position is defined as observable alteration in position and motion of scapularelative to 

thoracic cage. 39 

       Trapezius muscle is an important muscle for the function of shoulder complex, neck 

and thoracic spine. Upper trapezius muscleis primary stabilizer of scapula that regulate 

force to control scapularmotion for functional activities. 40 

 According to recent study, smartphone users are increasing day by day. Many studies 

have been done on smartphone addiction and their effect on head, neck posture and 

other musculoskeletal discomfort.,2,41,42However, there is no study available in which 

they have correlated smartphone addiction with upper trapezius muscle Length and 

static scapular position. Therefore, present study aims to Correlate smartphone 

addiction scale score with upper trapezius muscle length and scapular elevation using 

T8 method in individual aged 18-25years. 
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AIM 

 To determine the correlation of Smartphone addiction scale score with upper trapezius 

muscle length and static scapular elevation using t8 method in individuals aged 18-25 

years. 
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OBJECTIVES 

Primary objectives: 

 

 To study the correlation of Smartphone addiction scale score with upper 

trapezius muscle length in individual aged 18-25 years. 

 

  To study the correlation of smartphone addiction scale score with static scapular 

elevation using T8 method in individuals aged 18-25 years. 

 

Secondary objectives: 

 Not applicable 
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RESEARCH QUESTION 

Is there any correlation of smartphone addiction scale score with upper trapezius 

muscle length and static scapular elevation in individual aged 18-25 years? 

 

HYOTHESIS 

NULL HYPOTHESIS: 

There is no significant correlation of smartphone addiction scale score with upper 

trapezius muscle length and static scapular elevation in individual aged 18-25 years. 

 

ALTERNATE HYPOTHESIS: 

There is a significant correlation of smartphone addiction scale score with upper 

trapezius muscle length and static scapular elevation in individuals aged 18-25 years. 
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REVIEW OF LITERATURE 

LITERATURE REVIEW ON PREVALENCE OF SMARTPHONE USE AND ADDICTION 

       A Study titled “Study of smartphone addiction: prevalence, pattern of use, and 

personality dimensions among medical students from rural region of central India” done 

by preksha Jain(2018) A total 146 out of 150 medical students participated with mean 

age of the students was 18.50 ±0.80  years in this study .Data collection was done 

using  sociodemographic proforma, smartphone addiction scale, and dimensional 

personality inventory. They found that `prevalence of smartphone addiction 24.65% with 

high risk of addiction being 7.53% and 17.12% among males and females respectively 

and they suggested that  smartphone addiction was associated with smartphone use 

duration on a typical day, frequency of use, and most personally relevant smartphone 

function (p<0.05). The personality dimensions, such as assertive-submissive, 

depressive, non-depressive, and emotional instability-emotional stability also had 

significant association with Smartphone addiction (p<0.05); and these dimensions were 

also found to be predictors along with duration of use on multivariate analysis. They 

concluded that this study identified the association between Smartphone use pattern, 

personality dimensions, and smartphone addiction among medical undergraduates. It is 

advised further studies should be conducted to understand the different variables and 

appropriate measures should be taken to prevent harmful use and to create awareness 

among students. 20 

       Ajay Raj Sethruraman et.al,in the year 2018 conducted the survey on 

“Smartphone addiction among medical college students in Andaman and Nicobar 

Island”. 192 medical students included in their study. Self-administered smart phone 
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addiction scale was used to assess smartphone addiction participation were classified 

smart phone non-user, low Smartphone user group and Smartphone users and high 

Smartphone users. In their study, they found that 85.40% had high smartphone 

addiction and 14.60% had low Smartphone addiction out of total 192 students. And 

they concluded in their study that medical college students in adman and nicobar 

island are more vulnerable for smartphone addiction.22 

       A cross sectional study, “Evaluation of smartphone addiction and related factors 

among university students” was done by Sevil AkbulutZencirci et al. in May 

2018.They included 1492 students. Short version of smartphone addiction scale was 

used for evaluation of smartphone addiction. They concluded that social contact and 

applications with entertaining contents in smartphone enhances addiction.43 

       A Cross Sectional obersevational Study “Smartphone Addiction among Students of 

Medical University in South India.” done by Ramesh Ammat et al.(2017).328  students 

48.2% males and 51.8% females included in this study from yenepoya University 

campus with the mean age of was 21.1 ± 3 years. They reported 46% of students using 

smartphone 4-6 hours per day and 36.8 % of students were addicted to smartphone. 

Nearly half of the male students and a quarter of female students were addicted to 

smartphone. They concluded that problem of Smartphone usage/addiction has reached 

an alarming level. There is need to create awareness of the problem and plan effective 

intervention strategies.44 

       Study on “Prevalence of smart phone addiction, sleep quality and associated 

behaviour problems in adolescents.” By Ruchi Soni et,al. (2016)  The study sample 

consisted of 587 out of them 340 males and 247 females were included in the study 
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from  school. Students were assessed with a specially designed proforma and Smart 

phone addiction scale (SAS) which was self-administered by the students. Subjects 

were classified smartphone non-user group, a low smartphone user group and a high 

smartphone user group. Subsequently depression anxiety and stress sub scores 

(DASS-21) scale were administered to asses associated behaviour problems, 

investigate sleep quality Pittsburgh sleep quality inventory was administered (PSQI). 

they found that 12.9% (n=76) were not using smart phones (n=315) 53.62% were low 

users and (n=196) 33.3% were high users of Smart phone as estimated by Smart 

Phone addiction scale. Those who used smart phone excessively had high Global 

PSQI scores and DASS-21scores in terms of depression, anxiety and stress. They 

concluded that increasing popularity of smartphones youths spend significant time on 

smart phone thereby developing addiction. This study concludes that youths are not 

only addicted but are also developing significant sleep and behaviour problems owing 

to excessive smart phone usage.2 

       A systemic review and Meta-analysis approach, “Assessment of smart phone 

Addiction in Indian adolescents: A mixed method study” was done by Sanjeev Davey 

and Anuradhha Davey in 2014. From whole world total 45 articles were considered in 

systemic-review; later on 6 studies out of these 45  related to Smartphone addiction in 

India were extracted and considered to perform meta-analysis in which total 1304 

participants (range ;165-335) were enrolled India the Smartphone addiction ranging 

from 39% to 44% as per the fixed effect calculated (p< 0.0001). They concluded that 

smartphone addiction could damage interpersonal skills and have significant negative 

health risk and psychological effects on Indian adolescent.5 
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LITERATURE REVIEW ON SMARTPHON USE AND IT’S EFFECT ON 

MUSCULOSKELETAL SYSTEM: 

       Nanda Putra Wiguna et al, conducted study on The relationship between addiction 

and forward hed posture in junior High school students in north denpsar in 2019 .They 

included 56 samples scale questionnaire forward head posture was measured by 

measuring craniovertebral angle. Chi-square test was used for data analysis Based on 

the study they found that Smartphone addiction was related to forward head posture 

and 80.35 % (45) sample had Smartphone addiction and 51.78% (29) had forward head 

posture. They suggested that there was a relationship between Smartphone addiction 

and forward head posture on junior high school students in denpasar. They also 

advised Parents to set the right Smartphone usage for children as early as possible and 

provide education to minimize forward head posture to children who have been 

indicated with forward head posture by doing chin tuck exercise, and by educating 

about ergonomic positions when using a Smartphone. they concluded that smartphone 

overuse enlarge the median nerve, causes pain in the thumb ,and decrease pinch 

strength and hand function.45 

       A study titled, “The Effect of Posture and Duration of Smartphone Usage on Neck 

Flexion Angle” in 2019 study done by Sundus Alfaitouri and Ahamed Altaboli. In 

this study 20 young adults 19 to 30 years 10male and female were included.  Neck 

angle was measured using Photographic analysis procedure. Participants stood 

against a scale bored and used the same Smartphone for web browsing for 20 

minutes and photo were taken at zero, five, ten, fifteen and twenty minutes. Neck 

angle was measured at three postures standing, sitting without arm rest and sitting 
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arm rest on table. Result showed that statically significant effects of both posture and 

duration of usage as neck flexion angle increased significantly. They also found that a 

significant effect of gender that male displayed larger neck flexion angles than 

female.46 

       Jindal Gada and mugdhaoberoi in the year 2018 have conducted a study on 

“Impact of Smartphone addiction on cervical pain, cervical lordosis and pectoralis 

minor muscles in young adults” 60 young adults were included in the study of the age 

group of 19 to 35 years  (25 males 35female). They were divided into 3 groups 

according to Smartphone addiction score. (low n=20,medium n=20,high n=20) 

Smartphone addiction was measured using Smartphone addiction scale (SAS), 

Cervical lordosis angle was assessed using flexi curve, pectoralis minor muscle length 

was measured using a right angle protractor and pain was measured using Numerical 

Rating Scale. They concluded that there were significant differences in the cervical 

pain as the level of Smartphone addiction increased while there were no significant 

change in cervical lordosis angle and pectoralis minor muscle length as the level of 

Smartphone addiction increased.36 

Ashiyat K. Akodu had done a study on “Correlation amongSmartphone addiction, 

cranioveretebral angle, scapular dyskinesis,variables in physiotherapy undergraduates” 

in the year 2018. 77 undergraduate students were included in the study. Smartphone 

addiction was measured using smart phone addiction scale, Craniovertebral angle and 

scapular dyskinesis were assessed using photographic method. They concluded that 

high score of the Smartphone addiction reduces the Craniovertebral angle and 

increases scapular dyskinesis.47 
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       A study titled, “correlation of Smartphone use addiction with text neck syndrome 

and SMS thumb in physiotherapy students” was done by Priyal P. Shah and Megha 

Seth in the year 2018. They were randomly selected 100 healthy physiotherapy 

students of age group between 20-25 years in their study. Smartphone addiction scale 

(SAS), Neck Disability Index (NDI), and Cornell Hand Discomfort questionnaire 

(CHDQ) were used in the study.  Based on study result showed that degree of 

smartphone influence was significantly correlated with musculoskeletal discomfort in 

the participants and significant moderate positive correlation between both SAS and 

NDI(p<0.001) and between SAS and CHDQ (p<0.001). They concluded that 

musculoskeletal problems in neck and hand were prevalent in Smartphone addicted 

student which may be short term initially but later lead to a long term disability.35 

       Preeti Jeevan Dalawala, Satish K Pimpale conducted a study on, “Assessment 

of Craniovertebral Angle and Depression in Heavy Smartphone users” in the year 

2017. They included in the study 100 subjects with heavy Smartphone user of the age 

group of 16-25 years. The assessed for forward head posture and level of depression 

using craniovertebral angle through AutoCAD software and depression was assessed 

using beck depression inventory questionnaire result showed that  43% of them had 

severe forward head posture, 26%  had mild forward head posture whereas 30% of 

them have normal craniovertebral angle. The 74% of them have mild mood 

depression and 26% of them are normal with no mood disturbance. Results: Beck 

depression inventory score of these subjects were significantly positive for mild mood 

depression and there was significant difference in craniovertebral angle in heavy 
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Smartphone users. They concluded significant forward head posture and depression 

in heavy smartphone users in age of 16-25 years.48 

       A Systematic review was conducted by Aitthanatt Chachris Eitivipart et al (2017)  

on musculoskeletal disorder and pain associated with Smartphone use .They were 

reviewed the previous literature on topic effect of Smartphone use on musculoskeletal 

disorders and pain using electronic Database like  AMED, CINAHL, PubMed, 

ScienceDirect. Methodological quality was assessed by two independent reviewers 

using the modified Downs and Black checklist. They included 11 literatures that fulfill 

their objectives of study. The quality scores were rated as moderate. They found that 

increase in upper trapezius, erector spinae and neck extensors. They also find increase 

in head flexion angle, head tilt angle and forward head shifting during Smartphone uses. 

Also, Smartphone use in a sitting position seems to cause more shift in head–neck 

angle than in a standing position. On the basis of results they suggested that 

Smartphone overuse leads to musculo-skeletal disorder .27 

       A Systematic Review on Text Neck Syndrome in 2017 done by Sunil Neupane et 

al.A structured literature search was done using various electronic and print data bases. 

Source of data: PubMed, APTA, PeDRO, Science direct, Cinhal, Embase, Cochrane 

library, Scholar, Scopemed,  for Systematic review .Total 45 studies were shortlisted, 

from which 10 of them with proper methodology were reviewed and reported. They 

included both survey, cross sectional, cohort and few randomised control trials. Studies 

reported a considerable variation in the scales related to neck pain and disability and 

also a greater incidence.  According to The Wireless Association, texting statistics have 

increased astronomically. In June 2006 in the USA, there were 12.5 billion texts sent 
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monthly. By June 2011, that number grew to 196.9 billion. The most common condition 

that contributes to neck pain is forward head and shoulder posture. Forward head 

posture is when the neck slants forward placing the head in front of the shoulders. The 

most common condition that contributes to neck pain is forward head and shoulder 

posture. Forward head posture is when the neck slants forward placing the head in front 

of the shoulders. This head position leads to several problems. They concluded in the 

review smart phone induced neck pain and associated problems are of chronic 

progressive nature, timely interpretation and interventions along with good knowledge 

about postural correction will be the key entities to deal with Text Neck Syndrome.  A 

recent study shows that 79% of the population between the age 18-44 have their cell 

phones with them almost all the time, with only 2 hour of their walking day spend 

without their cell oh hand.11 

       In 2017 Sami S. AIAbdulwahab et, al. have done a study on, “smartphone use 

addiction cause neck disability”. In which they included 78 healthy students from King 

Saud University (39 female and39 males). Smartphone addiction score (SAS) were 

measured using Smartphone addiction scale and Neck disability were measured using 

Neck Disability Index. (NdI) The result showed that a significant correlation between 

SAS and NDI. (p<0.05) They concluded that Smartphone addiction causes various 

degree of neck problems among the participants.41 

       A study published in Journal of physical therapy Science in 2016. Study titled “ 

Influence of neck pain on cervical movement in the sagittal plane during smartphone 

use. Study done by Man-Sig Kim, total 27 young adults included in study (12 male and 

15 female) included in this study. Subjects were distributed  in 2 groups 13 subjects 
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were  included in control group and 14 subjects with 13 subjects were with Mild neck 

pain group who used Smartphone were recruited in the study to examined changes in 

the posture of young adults with and without mild neck pain (MNP). 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 result showed in the study during Smartphone use, the MNP group 

exhibited greater UC and LC flexion angles than the control group. They conclude that 

young adults with MNP are more careful and more frequently utilize a neutral neck 

posture than without MNP subjects when using a Smartphone while sitting for this 

study.49 

       Hae-Jung Lee( 2016) conducted a study on “Neck Pain and functioning in daily 

activities associated with smartphone usage.”. 78-university student volunteer 

between of the age of 28-30 years were included. They assessed head neck posture 

by measuring cranivovertebral angle, Neck range of motion by using cervical range of 

motion device and Deep flexors endurance measured by using stabilizer. Short form 

of McGill Pain Questionnaire, Neck Disability Index and World Health Organization 

Disability assessment schedule 2.0 were used in the study.  They found that 38 % 

subject experienced recurrent neck pain with or without upper limb pain. They also 

found that it has positive relationship with flexibility and postural deformity of subject 

while Smartphone usage time was negatively correlated with neck pain intensity and 

disability.50 

       A study done by Esra Erkol Đnal et,al. (2015) Titled ,”Effects of Smartphone 

Overuse on Hand Function, Pinch Strength, and the Median Nerve” They included One-
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hundred-two students were divided into 3 groups: Non-users, high and low smartphone-

users. Smartphone Addiction Scale (SAS) scores and grip and pinch strengths were 

recorded. Pain in thumb movement and rest and hand function were evaluated on a 

visual analog scale (VAS) and the Duruöz Hand Index (DHI) respectively. The cross 

sectional areas (CSA) of the median nerve and the FPL tendon were calculated 

bilaterally with ultrasonography. Result showed that There were significantly higher 

median nerve CSAs in the dominant hands of the high smartphone users than non-

dominant hands (P<0.001). The SAS scores correlated with the VAS pain for movement 

and rest, the DHI scores, and pinch strength (p<0.05).42 

       Ji In Lee and Ho Sueb S in the year 2014 conducted a study, “The Correlation 

Analysis between Hours of Smartphone Use and Neck Pain in the gachone University 

Students”.,  in which they have stated that there is global epidemic affecting millions of 

people of all ages using various computer devices and Smartphone. The main research 

instrument was an internet based survey which yielded 642 responses of which 62.3% 

users experienced pain in the neck or shoulder region when working on the computer 

and Smartphone.51 

        Abdullah M. Alsalamehi suggest in the study evaluating the relationship between 

Smartphone addiction /overuse and musculoskeletal pain among medical students at 

Qassim University in 2019. Smartphone addiction scale short version was used to 

measure the level Smartphone addiction and Nordic musculoskeletal questionnaire was 

used to evaluate the musculoskeletal pain Smartphone users. result found that 

prevalence of Smartphone medical addiction student was relatively high 60.3% and they 

found that most frequent pain related to Smartphone addiction was neck 60.8%, 
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followed by lower back 46.85% ,shoulder 40% they also reported that statistically 

significant relationship between level of Smartphone addiction and musculoskeletal 

pain.52 

LITERATURE REVIEW ON UPPER TRAPEZIUS MUSCLE 

        

       SangyongLee, Daehee Lee, Jungseo Park in the year 2017 conducted a study 

titled, “Effect of the cervical flexion angle during smartphone use on muscle fatigue of 

the cervical erector spine and upper trapezius .12 healthy adults were included in the 

study (5 male and 7 female) from Y at University in choongbuk subject sat on chair 

with back against the wall and held Smartphone with both hands Neck and shoulder 

muscles fatigue (Right and left upper trapezius, Right and left cervical erector spinae 

muscles) were measured by electromyography at different cervical flexion angles(0o, 

30o, 50o) by using cervical range of motion instrument. The result showed that there 

were highest muscle fatigue in right and left upper trapezius at a cervical flexion angle 

at 50oand lowest muscle fatigue at an angle of 30o and there was no significant 

difference in the muscle fatigue of right and left cervical erector spine at any of cervical 

angles. They also concluded that upper trapezius muscle fatigue depends on the 

cervical flexion angle when using a Smartphone.53 

       A cross- sectional study done by Sevgi Sevi yesilyaprak, titled “Influence of 

pectoralis Minor and Upper trapezius Length on observable scapular dykinesis” in 2016. 

Total 148 participants included in the study (58 female,90 male) Scapular Dyskinesis 

Test ( SDT) was used to identify scapular dyskinesis, pectoralis minor Index (PMI) and 

Upper trapezius muscle length testing was used to determine Upper trapezius muscle 
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length. Result showed that in their study scapular dyskinesis was identified in 29.4% 

(87/296) of the arm.  Positive SDT arm had shoter pectoralis minor resting length 

(p<0.001) compared those with negative SDT. 35.5% short upper trapezius and also 

resulted that upper trapezius shortness was seen more often in the arm with the 

scapular dyskinesis than in arms without scapular dyskinesis (p<0.05) with each 

decrease in PMI likelihood of having scapular dyskinesis increased 96%(p<0.001)  with 

arm short trapezius were 2.049 times more likely to exhibit scapular dyskinesis than 

those with normal length(p=0.042) they conclude that having shorting of pectoralis 

minor and upper trapezius muscle length substantially increased the visually observable 

scapular dyskinesis.54 

       A study  conducted on “The effect of smartphone use on upper extremity muscles 

activity and pain threshold” done by Minkyung Lee et.al, (2015)  They included 10 

Right handed asymptomatic female of age 20-22 years in the study. 

Electromyography was used to record the muscle activity of the upper trapezius(UT), 

extensor pollicis longus (EPL) and abductor pollicis(AP) during phone operation. They 

also measured pressure induced pain threshold in the upper trapezius by using 

dolorimeter. In the result showed that muscle activities of the UT, EPL and AP 

significantly higher during single-handed Smartphone use (p<0.05).They also resulted 

that Smartphone use increased muscle tenderness in UT, specially with single handed 

use. They concluded that Smartphone operation with one hand causes greater upper 

trapezius pain and induce increased upper extremity muscles activity.55 

         Junhyuk Park et.al conducted a study in the year 2015. “The effect of heavy 

smartphone use on the cervical angle, pain threshold of neck muscles and 



24 
 

depression.” 20 participants were included. Two groups were divided according to 

smartphone addiction processes score heavy smartphone use group (n-10) and 

control group (n-10). Pain pressure threshold of sternocleidomastoid and upper 

trapezius muscles were measured using electronic algometry. Craniovertebral angle 

and head position were measured by using anatomical marking. Depressions were 

measured using Back depression inventory scale. Comparison between two group 

were done and result showed that there were significant differences in the pain 

threshold, head position angle and depression (p<0.05) but not in Craniovertebral 

angle. They also stated that heavy smartphone use may produce considerable 

stresses on the cervical spine, thus changing the cervical curve and pain threshold of 

muscles around the neck and smartphone cause negative effects on human 

psychological status.23 

 

LITERATURE REVIEW ON OUTCOME MEASURES  

 

       A study done by Aidan o Shea,(2015 ) on “Reliability and validity of the 

measurement of scapular position using the protractor method”. 32 participants with 

current shoulder pain, over 18 years of the age and having body mass index <30 kg /m2 

were studied. Participants were attire that completely exposed the posterior thoracic 

region while covering front of torso. They sat on adjustable stool in normal relaxed 

sitting with their arm by their side and thumb facing forward while looking forward at 

marked on the wall fixed at eye levels then the vertical distance between spinous 

process of C7 and the superior margin of the medial aspect of the spine of scapula 
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(C7method) and spinous process of the T8 and inferior angle of scapula (T8 method) 

were palpated and measured using protractor method. Measurements were compared 

with 2-dimensionalcamera analysis. They concluded that protractor method have good 

reliability (ICC=0.78) and acceptable validity (p<0.001) whileT8 method demonstrating 

superior clinical agility.56 

       Study title “Development and Validation of a Smartphone Addiction Scale (SAS)” 

done by Min Kwon  (2013). In this study the reliability and validity of the smartphone 

addiction scale (SAS) was demonstrated. 197 participants were included 64 males and 

133 female this study aged between 18-53 years. Questionnaires were included  SAS, 

K-scale, modified Kimberly Young Internet addiction test (Y-scale), visual analogue 

scale (VAS), and substance dependence and abuse diagnosis of DSM-IV. Result fond 

that  Based on the factor analysis results, the subscale ‘‘disturbance of reality testing’’ 

was removed, and six factors were left. The internal consistency and concurrent validity 

of SAS were verified (Cronbach’s alpha = 0.967). SAS and its subscales were 

significantly correlated with K-scale and Y-scale. The VAS of each factor also showed a 

significant correlation with subscale  differen found between in the job(p<0.05), in the 

education (p<0.05) and self-reported smartphone addiction scores (p<0.001) in SAS. 

They concluded that smartphone addiction scale was reliable and valid tool. 17 

       Dale Edgar Gwendolen Jull, Sutton in the year 1994 had conducted a study on, 

“The relationship between upper trapezius muscle length and upper quadrant neural 

tissue extensibility.” Two groups of healthy male participants between the ages of 17 

and 25years were included in the study. One group with lesser and one group with 

greater upper quadrant neural extensibility were measured by limb tension test. Result 
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showed that those with decreased neural extensibility had significantly less Upper 

trapezius length measures.57 
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MATERIAL AND METHOD 

1) Research design: Cross-sectional study. 

2)  Setting: Tertiary care centre 

3) Study population: Smartphone users more than 6 months aged between (18-25 

years). 

4) Sample Size: Sample size calculation was based on the result of pilot study. 

considering correlation of Smartphone addiction score and upper trapezius 

muscle length as the main outcome measure.  

 Correlation co-efficient = 0.2956 

 Power of the study = 90% 

 Alpha error = 5% 

 Required sample size = 110 

The formula used for estimating sample size was: 

       N= [Z1-β + Z1-α/2]2 / (r2/1-r2) 

Where, r = correlation coefficient. 

 Z1-α∕2 = desired confidence level. 

 1-β= power of the study 

Therefore, total 110 participants were included in the study. 

 Sample size was calculated using statistical software STATA. Version 10.1,  2011. 
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5) Sampling Technique: A healthy individual under age group of 18-25 years from the 

institutional campus was included by convenience sampling.  

6) Duration of study: 12 months. 

7) Outcome measures: 

a. Smartphone addition score using Smartphone addition scale 

b.  Upper trapezius muscle length (mm) using measuring tape  

c. Scapular elevation(mm) using Right angled protractor 

8) Method of selection study subjects 

     a) INCLUSION CRITERIA 

 Individuals willing to participate. 

 Both genders. 

 Age: 18-25 years. 

 Smartphone users more than 6 months. 

 Dominance 

 Full active range of motion of shoulder complex 

 

    b) EXCLUSION CRITERIA 

 History of any pathology /pain /swelling in cervical spine, thoracic spine 

and upper extremity.      

 History of cervical radiculopathy  
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 History of any cervical spine and upper extremity surgeries. 

 Diagnosed case of spondylosis, PIVD, Thoracic outlet syndrome. 

 Any Congenial deformities. 

 Individuals involved in recreational and competitive sports. 

 

Variables: 

Independent Variables: 

 

 Age. 

 Gender 

 Dominance 

 

Dependent Variables: 

 

 Smartphone Addiction 

 Trapezius length.  

 Scapular elevation 
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9) Operational definitions 

1) Smartphone addiction: In this study, smart phone addiction is considered as 

overuse of Smartphone, which was evaluated using Smartphone addiction 

scale.15 

 

2) Upper trapezius muscle length:  In this study, it is the distance from mastoid 

process to acromion process. 57 

 

3) Scapular elevation: In this study, it is the distance from T8spinous process to 

inferior angle of scapula. 56 
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MATERIALS 

 Smartphone addiction scale questioner  

 Right angle protractor 

 Measuring tape 

 300 wedge 

 Examination table  

 stool 

 Marker Pen 

 pen 

 paper 
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PROCEDURE 

Permission from the head of institution and approval from the ethical committee was 

obtained. 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. Study was explained to them in detail. Participants 

were asked to fill the smart phone addiction scale questionnaire. Participant’s 

smartphone addiction score was calculated using smartphone addiction scale. Upper 

trapezius muscle length was taken using measuring tape. Static Scapular elevation was 

measured by T8 method using right-angled protractor. The data was documented and 

analysed. 
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OUTCOME MEASURES 

Smartphone addiction scale (SAS) 

   Smartphone addiction scale was used to evaluate the severity of smartphone usage.  

This scale consists of 33 items, with a six-point Likert scale ranging from 1 to 6.     

1: strongly disagree 

2: disagree 

3: weakly disagree 

4: weakly agree  

5: agree 

6: strongly agree 

Scores Ranges from 33 to 198. Participants with   score of 84 and above was 

considered as having high Smartphone addiction and with less than 84 was considered 

as having low Smartphone addiction.42, 

 

Reliability and Validity: This scale has high test and retest reliability (r=0.814) and 

validity (p<00.1). They concluded that it is reliable and valid tool. 17,58 
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Upper trapezius muscle length testing 

A tape measure or measuring tape is a flexible ruler and is used to measure distance. It 

is a common measuring tool. Its design allows for a measurement of great length; to be 

easily carried in pocket or toolkit and permits one to measure around curves or corners. 

A fibreglass type of measuring tape was used.   

Participant’s position: supine on plinth 

Therapist position: Standing on the same side of participant. 

Testing procedure: Participant’s head was supported on wedge at an angle of 300 for 

maintaining side flexion of cervical spine till a stretch pain is felt. Bony landmark of 

mastoid process and acromion process was marked with the help of marker pen. 

Distance between these two bony landmarks was measured in millimetre with the help 

of a measuring tape. 57,59 
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Scapular elevation 

Right-angled protractor was used to assess scapular elevation by T8 method. T8 

method is a method in which metal right-angle protractor is used to measure static 

scapular elevation in relation to eighth thoracic spinous process. This method has good 

inter-tester reliability and high intra-tester reliability with significant validity. A metal right-

angle protractor with 150*300-millimetre side length a carpenter tool of HISTAN 

INCORPORATION was used. It is a valid and reliable tool for measurement of scapular 

elevation. 

Participant’s position: Participants was seated on a stool in a normal relaxed sitting 

position with their arms by their side and thumbs facing forward while looking forward at 

a mark on the wall fixed at eye level. 

Therapist position: Sitting and Facing towards back of the participant. 

Testing procedure: For the palpation of eighth thoracic (T8) spinous process first the 

spinous process of seventh cervical (C7) vertebra was identified as the most caudal 

cervical spinous process that did not disappear on cervical extension and counting 

down the vertebra to identify the most inferior aspect of T8 spinous process was done. 

Then inferior angle of the scapula was identified.  Landmarks were palpated and soft 

tissue was released and horizontal line with a black pen was placed. Next vertical line 

was drawn through the most central point of the landmark creating crosshatch. 

Intersection of these two lines was used as a single point for measurement. The 

protractor was placed horizontally, aligning between the inferior angle of scapula and 

eighth thoracic spinous process. The vertical distance was read from the bottom of 

protractor to T8 spinous process in millimetre and documented. 56 
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Flow chart 

Permission from the head of institution and approval from institutional ethical committee 

was obtained. 

 

110 participants aged between 18-25 years, both genders fulfilling the inclusion criteria were 

included. 

 

Procedure of the study was explained. 

 

Written consent from the participants was obtained. 

 

Smartphone addiction scale was given and Smart phone addiction score was calculated. 

 

Upper trapezius muscle length was taken using measuring tape 

 

Static scapular elevation position was measured using right angle protractor. 

       

Data obtained and analysed statistically. 
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MATERIALS 

 

 

 

 

 

 

 

 

 

PHOTO 1.SMARTPHONE ADDICTION SCALE QUESTIONER 

 

 

 

 

 

 

 

 

 

 

PHOTO 2: RIGHT ANGLE PROTRACTOR 



38 
 

 

 

PHOTO 4: MEASURING TAPE 

 

 

 

PHOTO 5: 300 WEDGE 
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PHOTO 6: EXAMINATION TABLE 

 

 

                                            PHOTO 7: STOOL 
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PHOTO 8: MARKER PEN 

 

PHOTO 10: MEASUREMENT OF UPPER TRAPEZIUS MUSCLE LENTH
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PHOTO 11: MEASURMENT OF STATIC SCAPULAR ELVATION 
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DATA MANAGEMENT AND ANALYSIS PROCEDURE: 

Statistical software STATA version 14.0 was used for data analysis: 

To correlate Smartphone scale score addiction with upper trapezius muscle length and 

static scapular elevation using T8 method aged between 18-25 years individuals. 

Pearson’s correlation coefficient  

-To correlate Smartphone addiction scale score with upper trapezius muscle length  

-To correlate Smartphone addiction scale score with static scapular elevation. 

Chi squared test: 

 

To observed association between both genders in the study.  

- To explore distribution of age group from 18-25 years in the study.  

 

Variables: 

Independent Variables of the study: 

-Age. 

-Gender 

-Dominance 
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Dependent Variables of study: 

 

-Smartphone Addiction 

-Trapezius length.  

-Scapular elevation 

 

Level of significance: p<0.05 is considered as statistical significance in all variables. 
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RESULT 

Total number of participants included in the study was 110 of both genders aged 

between 18-25 years.  Smartphone users who used Smartphone for more than 6 month 

were included in the study. 

Smartphone addiction scale score was calculated by using Smartphone addiction scale. 

Upper trapezius muscle length was measured by using measuring tape in millimetre. 

Right-angled protractor was used to measure static scapular elevation in millimetre. 

Following are the observation of the study 

AGE 

Number of participants in the age group 18-25 years was 18 (3.16%), in age group of 19 

(10.91%), in age group of 20(9.09%), in age group of 21(14.55%) and in age group of 

22 (17.27%),in  the age group 23(11.82%),24(20%) and 25 (12.73%) therefore total 110 

Smartphone users included in the mean age 22.1 years and  SD ± 2.04 years (Table 1 

,Graph 1) 

Gender 

In this study, distribution of sample participants showed 36.36%(n=40) male a 

63.64%(n=70) female with Smartphone users.  (Table 2 and Graph 2) 

 

 Distribution of participants according to smartphone addiction level with low or 

high addiction participants. 
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 Study showed 10 % participants had low smart phone addiction(SPA score below  

84) and 90% participants had high Smartphone addiction (SPA score above 84) 

(Table 3 ,Graph 3) 

 

 Smartphone Addiction level by gender of participants. 

 

Non-significant chi square value suggests that gender does not associated with the 

addiction level. Pearson chi2(1) =   0.0000,   P = 1.000 NS (Table 4, Graph 4) 

 

Mean and standard deviation value of upper trapezius muscle length in millimetre 

by smartphone addiction level in participants. 

Mean upper trapezius muscle length measured from mastoid process to acromion 

process. Mean of upper trapezius muscle length 225.09 ± 8.81 mm was seen in low 

smartphone addiction individuals and 223.26 ± 9.88 was seen in high smartphone 

addiction individuals. Mean upper trapezius muscle length was found slightly 

decreased in high addiction individuals.(p value =0.5578) (Table 5,Graph 5) 

 

Mean and standard deviation value of static scapular elevation in millimetre by 

smartphone addiction level in participants. 
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Mean static scapular elevation was measured as vertical distance from bottom of 

right-angled protractor to T8 spinous process. Mean static scapular elevation of 1.64 

0.92 mm was seen in low smartphone addiction individuals and 1.95 ± 0.99 was 

seen in high addiction individuals respectively. Mean static scapular elevation was 

found slightly increased in high addiction individuals. (p value=0.3113)  

(Table 6, Graph 6) 

Following are the results of the study 

  

Correlation of Smartphone addiction score with upper trapezius muscle length 

 

When analysed using Pearson’s correlation coefficient, Smartphone addiction score and 

upper trapezius muscle length in] mm shows r value r = - 0.4636 which indicate 

significant fairly strong, Negative correlation with p value p< 0.001. which denotes 

inverse relationship between smartphone addiction scale and upper trapezius muscle 

length. (Table 7, Graph 7) 

 

 

Correlation of Smartphone addiction score with static scapular elevation using T8 

method 

 

Pearson’s correlation coefficient was used to analysed correlation of Smartphone 
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addiction score with  static scapular elevation using T8 method in mm shows r value r = 

0.64 with  p value  P < 0.01Which indicate significant, moderately strong, positive 

correlation. 

As Smartphone addiction score increases static scapular elevation using T8 method. 

(Table 8, Graph 8) 
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    Tables and Graphs 

Total number of participants included in the study was 110 of both genders aged 

between 18-25 years.  Smartphone users who used Smartphone for more than 6 

months were included in the study. 

Smartphone addiction scale score was calculated by using Smartphone addiction 

scale. Upper trapezius muscle length was measured by using measuring tape in 

millimetre. Right angled protractor was used to measure static scapular elevation in 

millimetre. 

Following are observation of the study 

    Table.1. Age wise distribution of  participants in years.  

Age in years 
 

Number of 
participants 

Percentage  

18 4 3.64 

19 12 10.91 

20 10 9.09 

21 16 14.55 

22 19 17.27 

23 13 11.82 

]24 22 20.00 

25 14 12.73 

Total 110 100.0 

Summary 
statistics for  

Age 

Mean= 22.1 yr 
 

Median = 22 
yr 

SD = 2.04 yr 
 

Range = 18.25 
yr 
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   Graph .1. Age wise distribution of participants in years.  

 

Graph 1. Total 110 Smartphone users were included in study with mean age 22.1± 

2.04 years. Total number of participants in the age group of 18-25 years age wise 

distribution of participants showed in  age group of 23 (20%) and in  age  group  of 

24years, 19 (17.27%) in the group of  22 years, 16 (14.55%) in age group 21years,  

14 (12.73%) in  age group of 25 years, 12 ((10.91%) in age group of 19 years, 10 

(9.09%)in the group of  20 years and 4(3.64%) in age group of 18 years 
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Table .2. Gender wise distribution of participants.  

 

Graph.2.Gender wise distribution of  participants. 

 

 

    Total  40 (36%) males  and 70 (64%) females Smartphone users participated in 

study. 

Male
36%

Female
64%

Gender  
Number of 

participants 

Percentage 

 

Male 40 36.36 

Female 70 63.64 

Total 110 100,0 
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Table.3. Distribution of participants according to smartphone addiction level 

with low or high addiction participants. 

 

 

 

 

 

   

Graph.3. Distribution of participants according to smartphone addiction level with 

low or high addiction participants. 

 

As per the smartphone addiction scale score , 90% individuals had high addiction 

(Smartphone addiction scale score more than 84) and 10%  individuals had low 

addiction (Smartphone addiction scale  score less than to 84)  in this study. 

10

90

Low

High

Addiction Number % 

Low 
(Smartphone 

addiction scale 
score less 

than84) 

11 10 

High 
(Smartphone 

addiction scale 
score more than 

84) 

99 
 

90 

Total 
 

110 100 
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Table.4. Smartphone Addiction level by gender of participants.  

Gender Low 

No. (%) 

High 

No. (%) 

Total 

(No. (%) 

Male 4 (36.36) 36 (36.36) 40 (36.36) 

Female 7 (63.64) 63 (63.64) 70 (63.64) 

Total 11 (100) 99 (100) 110 (100) 

 

           Graph .4.  Smartphone Addiction level by gender of participants.  

 

  

     In this study 99(100%) participants had high addiction out of which 63(63.64%) were 

male and 36(36.36%) were female. 11(100%) participants had low addiction out of 

which 3 (36.36%) were male and 7 (63.64%) were female.  Smartphone Addiction level 

was non significantly associated with gender.  (p = 1.00) 
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Table.5. Mean and standard deviation value of upper trapezius muscle length in 

millimetre by smartphone addiction level in participants.  

Upper trapezius muscle 

length in millimetre 

Low smartphone 

addiction level 

(n=11) 

 

High smartphone addiction level 

(n=99) 

 

Mean 225.09 223.26 

SD 8.81 9.88 

 

t= 0.59, df=108, P value =0.5578, NS 

Graph.5. Mean and standard deviation value of upper trapezius muscle length in 

millimetre by smartphone addiction level in participants.  

 

Mean upper trapezius muscle length measured from mastoid process to acromion 

process. Mean of upper trapezius muscle length 225.09 ± 8.81 mm was seen in low 

smartphone addiction individuals and 223.26 ± 9.88 was seen in high smartphone 

addiction individuals. Mean upper trapezius muscle length was found slightly decreased 

in high addiction individuals.(p value =0.5578) 
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Mean SSE
(mm)

Addiction level

Table.6. Mean and standard deviation value of static scapular elevation in 

millimetre by smartphone addiction level in participants.  

Static scapular 
elevation in 
millimetre 

 
Low smartphone 
addiction level 

(n=11) 
 
 

 
High smartphone 

addiction level 
(n=99) 

 

 
Mean 

 
1.64 

 
1.95 

 

SD 
 

0.92 0.99 

 

t= 1.02, df=108, P value =0.3113, NS 

Graph.6.Mean and standard deviation value of static scapular elevation in 

millimetre by smartphone addiction level in participants.  

 

 

 

 

 

Mean static scapular elevation was measured as vertical distance from bottom of right 

angled protractor to T8 spinous process. Mean static scapular elevation of 1.64 ± 0.92 

mm was seen in low smartphone addiction individuals and 1.95 ± 0.99 was seen in high 

addiction individuals respectively. Mean static scapular elevation was found slightly 

increased in high addiction individuals. (p value=0.3113)  
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Following are the results of the study 

Table.7. Correlation between smartphone addiction scale score and upper 

trapezius muscle   length in millimetre of  participants.  

Upper Trapezius 

Muscle length in 

millimetre  

r 

value 

P 

Value 

 

Summary 

 

 

- 0.4636 0.0001 

Significant, fairly 

strong, negative 

correlation 
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Graph .7. Correlation between smartphone addiction scale score and upper 

trapezius muscle   length millimetre of participants.  

 

                                     

        Fairly strong, negative correlation exit between Smartphone addiction score and 

upper trapezius muscle length in millimetre with correlation coefficient r value = - 0.4636 

and p value (p< 0.001) which denotes statically significant correlation. It indicates 

inverse relationship between smartphone addiction scale score between upper 

trapezius muscle length. 

 

0

50

100

150

200

250

300

0 50 100 150 200

UTML
(mm)

dominance
side

Smartphone addiction scale score



57 
 

 

 

    Table.8. Correlation between Smartphone addiction scale score and Static 

scapular elevation in millimetre of participants. 

Static scapular 

elevation in 

millimetre. 

r 

value 

P 

Value 

 

Summary 

 

 

0.6385 0.0001 

 

Significant, moderately 

strong, positive 

correlation 
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Graph.8. Correlation between Smartphone addiction scale score and Static 

scapular elevation (millimetre) in participants. 

 

 

  Moderately strong, positive correlation exit between Smartphone addiction score and 

static scapular elevation using T8 method in millimetre with correlation coefficient r 
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value = 0.64 and p value (p< 0.01) which denotes statically significant correlation. As 

Smartphone addiction score increases static scapular elevation.  

 

 

 DISCUSSION 

           A cross-sectional study in smartphone users aged between 18-25 years both 

genders was carried out to find correlation  of smartphone addiction scale score with 

upper trapezius length and static scapular elevation. In present study Smartphone, 

addiction scale score was calculated using Smartphone addiction scale. Trapezius 

muscle length was measured using measuring tape and static scapular elevation was 

measured using Right-angled protractor. 

          In current study smartphone users were selected in the age group of 18-25 years 

and 100% Smartphone addiction was found as a result of increased demand for 

smartphone use. Among which 90% individuals had high addiction and 10% had low 

addiction. Shishylaja , T Annapoorani ,M reported in their study in 2019 that 

prevalence of smartphone addiction was 81.5%  in aged between 17 to 20 years  which 

supports the findings of present study.60 

 

       Thus, various studies state that prevalence of smartphone addiction in young 

population or university students in urban as well as rural area.11,19. 

Abdullah M et al ( 2020) had conducted the study  and they found 60.3% high addiction 

in the participants aged between 19-32 years .52 A study by Sosyl in Turkey showed 
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that smartphone phone addiction was common in students around 20 years old.These 

support the inclusion of age group of 18-25 year individuals in the study.62 

 

        As observed from the results of present study, there was no significant difference 

found (p=1.000) in the smartphone addiction level of male and female in individuals 

aged 18-25 years. This implies that both gender use smartphone equally. This might be 

because exposure of both genders to the same academic environment. The result of 

this study is consistent with that of Fahad et al. (2016) in which they found that there is 

no significant difference between smartphone addiction among male and female in 

undergraduate students. 63 In contrast, Rajabai et al. (2017) found that female had 

more smartphone addiction than male their study. 64 

 Observation of present study found that mean upper trapezius muscle length(mm) was 

slightly decreased in high smartphone addiction individuals while compared with low 

addiction individuals but the mean difference was not statically significant. (p 

value=0.5578) Also the result of present observed that mean static scapular elevation 

(mm) slightly increased in high smartphone addition individuals as compared with those 

who had low addiction. (p value=0.3113) 

       Repeated motions in static posture can result in a variety of musculoskeletal 

problems such as muscle imbalance, poor posture, change in the kinematics of scapula 

and neck pain. Higher prevalence of neck pain was found in smartphone users 

(60.8%).52 Bader K AlZarea, Santosh R Patil in 2015  found cervical pain in 71.2% 

smartphone users.65 Widhiyanto A,et al.(2017) reported that 58.2% of adolescents 

experienced  neck pain while using smartphone.66  
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Nanda putra wigana, et al. in 2019 found that there was significant relationship 

between smartphone addiction and forward head posture (p<0.05). They also reported 

that 51.78% smartphone user had forward head posture.67 

         Lee,J,seok (2014) reported that the body position of smartphone  users were 

often in forward head posture as most smartphone tasks require users to stare sharply 

downwards or to hold their arms out in front of them to read the screen which makes the 

head move forward. They also reported that maintaining forward head posture causes 

an excessive anterior curve in the lower cervical vertebrae and an excessive posterior 

curve in the upper thoracic vertebrae to maintain balance and places stresses on the 

cervical spine and neck muscles. 27 

       In present study statistically significant negative strong correlation of smartphone 

addiction score with upper trapezius muscle length (mm) was found with r = - 0.46 and p 

value (p<0.01).  It indicates that as smartphone addiction score increases upper 

trapezius muscle length decreases (mm).  Pervious study reported that forward head 

posture for long period of time could cause musculoskeletal disorders such as upper 

crossed syndrome, trigger and shortening of muscles around atlantooccipital joint. 27,28 

Alghadir A,et al. in 2017 reported that  Changes in head and  neck posture causes 

insufficiency in neck musculature due to change in its length tension relationship.68  

Jung won kwon (2015) reported that, forward head inclination involves a combination 

of lower cervical flexion, upper cervical extension, and rounded shoulders, which reduce 

the average lengths of muscle fibers around the upper cervical joint.69 
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      Study done by Green B.N (2008) reported that muscle ,tendon and ligaments work 

harder to hold harder to hold up head which causes overload  the muscles and other  

soft tissues.68 The chronic overload and tightening of soft tissues may eventually result 

in decrease blood flow and oxygen to the soft tissue ultimately causing fatigue of 

muscle and neck pain. Also study reported that poor posture  (FHP) causes muscle 

imbalance in the form of shortening of the anterior shoulder muscles such as the 

pectoralis minor and major, serratus anterior, and upper trapezius and lengthening of 

the posterior shoulder muscles, middle and lower trapezius and rhomboids.70 

      According to Shin and zhu in 2011 fatigue and stress in neck and shoulder, occur 

more easily with use of touch screen such as smartphone.71 Park et al. ( 2013 )have 

found that participants who used smartphone for 20 minutes showed fatigue of both 

upper trapezius and cervical erector spinae muscle. They also reported that there was 

more load on right (dominant) neck and shoulder than left because right was more often 

used. This supports current findings on dominance side.72 

           Minkyung Lee et al. In 2015 reported that upper trapezius muscle activity was 

lowered in subjects using Smartphone with both hands (5.84%) of maximum voluntary 

isometric contraction MVIC) and higher in smartphone users with single dominant hand 

(11.1%MVIC). Lee S et al in 2015 also reported that upper trapezius muscle showed 

highest activity at 50 o of cervical flexion angle and lowered activity at 30 o cervical 

flexion angle while using smartphone. This means that when using a small screen there 

is increased muscle activity required to stabilize the neck in the more flexed position. 54 

Zhang et al. reported that upper trapezius and cervical erector spinae were majorly 

responsible for providing stability to neck and shoulder.73 
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        Jung si et al.  2016 FHP is one of the most common cervical abnormalities that 

predisposes individuals to pathological conditions, such as headache, neck pain, 

temporomandibular disorders, vertebral body disorders, alterations in the length and 

strength of soft tissue and scapula dyskinesia. Altered scapular position and kinematics 

had termed as a scapular dyskinesis. 74Previous study reported that most common 

contributing factor in sedentary lifestyle, which developed altered scapular position, 

motion were poor posture, soft tissue tightness and muscle imbalance of upper 

quadrant. 75Previous study reported that this muscle imbalance leads to alteration in the 

scapular and glenohumeral orientation, as well as kinematics.76 

               In present study significantly, moderate strong positive correlation of 

smartphone addiction score with static scapular elevation using T8 method r = 0.64 with 

p value (p < 0.01) which indicates as smartphone addiction increases static scapular 

elevation also increases. This might be simply a result of rate of Smartphone use by 

participants, which may likely predispose them to developing the abnormalities of 

scapular region. Antony NT et al. (2010) reported that upper trapezius muscle 

contributes to normal scapular motion by elevating  and rotating the scapula.77Previous 

study reported that soft tissue shortness is one of the potential contributing mechanisms 

to abnormal motion of scapula.54 Ludewig and Cook (2000) reported that greater upper 

short upper trapezius may increase elevation of the scapula through greater clavicular  

elevation.78 Neumann DA, noted that a forward head posture causes imbalance of 

shoulder muscle and scapular instability.79 
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Ashiyat k Akodu et al. (2018) had observed relationship between smartphone 

addiction level and scapular dyskinesis in young adults. In which they suggested that 

smartphone addiction can result in a decrease craniovertebral angle, which in turn lead 

to forward head posture that causes an increase scapular dykinesis in young adults.47     

 Hence, Upper trapezius muscle length and static scapular elevation in smartphone 

users were assessed. Thus, future research should be carried on large sample size and 

in different age groups. 
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CONCLUSION 

 

A Cross-sectional study was carried out in 110 individual who were smartphone users 

more than 6 months aged between 18-25 years to correlate the smartphone addiction 

scale score with upper trapezius muscle length and static scapular elevation using T8 

methods. Result of their study demonstrate that 90% individuals aged between 18-25 

years both genders had high smartphone addiction and 10 % individuals had low 

addiction and Significant, fairly strong, negative correlation was seen in smartphone 

addiction scale score with upper trapezius muscle length; whereas Significant, 

moderately strong, positive correlation was seen in smartphone addiction scale score 

with static scapular elevation using T8 method. Thus, the study concluded that 

increased smartphone addiction decreases upper trapezius muscle length and 

increases static scapular elevation in the study participants. 
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STRENGTH 

Strengths of the study are: 

- There is no evidence exploring smartphone addition and their impact on 

upper trapezius muscle length and static scapular elevation. 

- Right-angled protractor used in the study for measurement of static scapular 

elevation offers affordable and accurate measurements. 

-   Participants of this study were educated and cooperative. 

- This study was convenient to practice in available study setup. 

- Individuals participated did not experienced any type of discomfort. 

 

 

LIMITATION 

- Small smaple size  
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CLINICAL IMPLICATION 

As daily living smartphone, become necessity for young individuals, many studies 

reported high percentage of musculoskeletal discomfort and forward head posture in 

Smartphone users. There was no literature available on upper trapezius muscle length 

or tightness, which is the major contributing factor of neck pain in Smartphone users.  

    Thus, current study has focused on the upper trapezius muscle length, static scapular 

elevation and found significant correlation between smart phone addiction score with 

upper trapezius muscle length and scapular elevation. Decrease muscle length of upper 

trapezius and altered scapular elevation in young individuals with high score of 

smartphone addiction was seen. 

        Smartphone addiction level should be assessed in all patients with neck, shoulder 

and upper back pain. It could be also helpful in the differential diagnosis of causes neck 

pain and trapezities in clinical setting. As previous study has reported higher prevalence 

in neck pain in Smartphone users. Early Assessment of upper trapezius muscle length 

and scapular elevation in Smartphone users should be done to prevent chronic postural 

dysfunction and help in planning treatment. 

We need to create awareness among individuals regarding the various incorrect posture 

during the use of smartphones.  
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      The result of the study could be applied to ergonomic educational programme about 

the posture while using Smartphone. 

 

SUMMARY: 

A cross-sectional study was carried out to correlate Smartphone addiction scale score 

with upper trapezius muscle length and static scapular elevation in individuals aged 

between 18-25 years. Total 110 individuals were included (40 males and 70 females) 

who met the inclusion criteria more than 6 months. Smartphone addiction scale was 

used to calculate smartphone addiction score. Upper trapezius muscle length (in 

millimetre) was measured using measuring tape. Right-angled protractor was used to 

assess static scapular elevation using T8 method (in millimetre). Data was analysed 

using Pearson’s correlation coefficient test. As observed that 90%, high addiction and 

10% had low addiction in Smartphone user. Result found that statistically significant 

negative strong correlation of Smartphone addiction score with upper trapezius muscle 

length (mm) was found with r = - 0.46 and p value (p<0.01) and  significantly, moderate 

strong positive correlation of Smartphone addiction score with static scapular elevation 

using T8 method  r = 0.64 with p value  (P < 0.001) and the study concludes that 

increased Smartphone addiction  decreases upper trapezius  muscle length and  

increases static scapular elevation in the study participants . 

 

 



69 
 

 

  

 

 

REFERENCE  

1.Sunita Dwivedi, Shrirang Altekar, Nidhi Phutela.Think Before Getting Addicted to 

Smartphones. Indian Journal of Marketing.2019 July;49(7),19 

2. Ruchi Soni , Ritesh Upadhyay, Mahendra Jain. Prevalence of smart phone addiction, 

sleep quality and associated behavior problems in adolescents.  Int J Res Med Sci. 

2017 Feb.5(2):515-519   

3. Kim H. Exercise rehabilitation for smartphone addiction. J Exerc Rehabil. 2013;9:500-  

4.  Kuss DJ, Griffiths MD. Online social networking and addiction—a review of the 

psychological literature. Inter J Environ Res Pub Health. 2011;8(9):3528-52.  

5. Sanjeev Davey, Anuradha Davey Assessment of smartphone Addiction in Indian 

Adolescents: A Mixed Method Study by Systematic -review and Meta-Analysis 

Approach. Int JPrev Med2014; 5:1500-11. 

6. Haug S, Castro RP, Kwon M, et al. smartphone use and smartphone addiction 

among young people in Switzerland. J Behav Addict. 2015; 4:299-307. 

7. Mok JY, Choi SW, Kim DJ, Choi JS, Lee J, Ahn H, et al. Latent class analysis on 

internet and smartphone addiction in college students. Neuropsychiatr Dis Treat. 

2014;10:817-28 

https://www.researchgate.net/profile/Sunita_Dwivedi2
https://www.researchgate.net/scientific-contributions/2153805855-Shrirang-Altekar
https://www.researchgate.net/profile/Nidhi_Phutela
https://www.researchgate.net/journal/0973-8703_Indian_Journal_of_Marketing


70 
 

8.  P.Shah, M.seth Correlation of smartphone use addiction with text neck syndrome 

and SMS thumb in physiotherapy students. Int J community Md public health.2018 vol 5 

(6);2512-2516 

9 Lee H, Ahn H, Choi S, Choi W. The SAMS: Smartphone Addiction Management 

System and Verification. J Med Sys. 2014;38(1):1–10.  

10 . IANS, India to have 530mn smartphone users in 2018: Study. The Hindu. 2017. 

Available at: http://www.thehindu.com/todays-paper/tp-inschool/india-to-have-530mn-

smartphone-users-in2018study/article 19873846.ece. Accessed on 19 December 2017. 

11. Neupane S, Ali U, Mathew A. Text Neck Syndrome - Systematic Review. Imperial J 

Interdiscipl Res. 2017.3(7):141-8. 

12. Bianchi A,Phillips J. G. Psychological smartphone predictors of problem mobile 

phone use. CyberPsychology & Behavior 2015. 8(1), 39–51. 

13.Oulasvirta, A., Rattenbury, T., Ma, L., & Raita, E. Habits make smartphone use more 

pervasive. Personal and Ubiquitous Computing 2012. 16(1), 105–114. 

14. World Health Organization, “WHO Expert Committee on Drug Dependence. 

Sixteenth report. Geneva, 1969; (WHO Technical Report Series, No. 407), 1969.  

 

15.WHO. Management of substance abuse: Dependence Syndrome. Available from: 

http://www.who.int/ substance abuse/terminology/definition1/en/. [Last updated on 2014 

Mar 26; Last cited on 2014 Mar 26. 

 16.Griffiths M. Gambling on the internet: a brief note. J Gambl Stud. 1996;12:471–473. 



71 
 

17.Kwon M, Lee JY, Won WY, et al. Development and validation of a smartphone 

addiction scale (SAS). PLoS One. 2013;8:e56936. 

18.Noha Soliman Elsertya, Nesma Ahmed Helmyc, Khaled Mohmed Mounird 

Smartphone addiction and its relation to musculoskeletal pain in Egyptian physical 

therapy students. European Journal Of Physiotherapy 2018 31 Dec;2167-9169.  

19. Prekshaa Jain, Sachin Ratan Gedam, Pradeep S Patil. Study of smartphone 

addiction: prevalence, pattern of use, and personality dimensions among medical 

students from rural region of central India. OJPAS 2019; 10(2) 

20. Suliman S . Aljomaa et al. Smartphone addiction among university students in the 

light of some variables.Computers in Human Behavior  2016;61:155-164. 

21. Sethuraman AR et al. Smartphone addiction among medical college students in the 

Andaman and Nicobar Islands Int J Community Med Public Health. 2018 

Oct;5(10):4273-4277. 

22.G. P. Szeto, L. Straker and S. Raine, "A field comparison of neck and shoulder 

postures in symptomatic and asymptomatic office workers", Applied ergonomics,2002 ; 

33(1):75-84. 

 

23.Junhyuk park et, al. The effects of heavy smartphone use oncervical angle, pain 

threshold of neck muscles and depression.Advanced Science and Technology Letter 

2015; 91 :12-17. 



72 
 

24.Jonsson P, Johnson PW, Hagberg M, Forsman M. Thumb joint movement and 

muscular activity during mobile phone texting-a methodological study. J Electromyogr 

Kinesiol. 2011;21:363–70.  

25. Lee J, Seo K. The comparison of cervical repositioning errors according to 

smartphone addiction grades. J Phys Ther Sci. 2014;26:595–8.  

26. Choi YS. A study on the smartphone addiction and physicalpain in the university 

students. Biomed Res 2018;29:3162‑8. 

27.Aitthanatt Chachris Eitivipart1,2,*, Sirinya Viriyarojanakul, Lucy Redhead 

Musculoskeletal disorder and pain associated with smartphone use: A systematic 

review of biomechanical evidence.Hong Kong Phys J 2018;38(2):77-90. 

28.S. Berolo, R. P. Wells and B. C. Amick, "Musculoskeletal symptoms among mobile 

hand-held device users and their relationship to device use: A preliminary study in a 

Canadian university population", Applied Ergonomics 2011; 42( 2) :371-378. 

29. M. K. Moore. Upper crossed syndrome and its relationship to cervicogenic 

headache. Journal of manipulative and physiological therapeutics 2004 ;27( 6): 414-

420. 

30.Gupta VK, Arora S, Gupta M. Computer-related illnesses and Facebook syndrome: 

what are they and how do we tackle them.Med Update 2013; 23: 676-679. 

31.Gumina S, Carbone S, Postacchini F. Scapular dyskinesisand SICK scapula 

syndrome in patients with chronic typeIII acromioclavicular dislocation. 

Arthroscopy2009; 25(1):40-45. 

32.Park J et al.Comparison of Cervical Flexion, Pain, and Clinical Depression in 

Frequency of Smartphone Use.IJBSBT 2015;7(3):183-190.  



73 
 

33.KK Hansraj .Assessment of stresses in cervical spine caused by posture and 

position of the head.Surg Technol.Int 2014;25. 

34. Kim s and  Koo S. Effect of duration of smartphone use on muscle fatigue and pain 

caused by forward head posture in adults.J Phys Ther Sci. 2016 Jun; 28(6): 1669–1672. 

35.P.Shah, M seth. Correlation of smartphone use addiction with text neck syndrome 

and SMS thumb in physiotherapy students. Int J community Md public 

health.20185(6);2512-2516. 

36.Gada J, Oberoi M. Impact of Smartphone Addiction on Cervical Pain, Cervical 

Lordosis and Pectoralis Minor Muscle in Young Adults. International Journal of 

Research in Engineering, IT and Social Impact Factor: 6.452, February 2018;08 (2); 55-

58.    

37.Cynthia.C. Norkin and Pamela K. Levangie, Joint structure andfunction: A 

comprehensive analysis, fourth edition. 

38. Paula M .et al, Clinical commentary, Journal of orthopaedic and sports physical 

therapy.2009; 39(2). 

39Jyoti Dahiya, Savita Ravindra Effect of scapular position incomputer professionals 

with neck pain. IJSR 2013:4.43817 

40.Thigpen CA, Padua DA, Michener LA, et al. Head neck posture affect scapular 

mechanics and muscle activity in overhead task. JElectromyogr Kinesio PubMed,2010, 

20; 701-709. 

41.Sami S. AIAbduawahab. Smartphone use addiction can cause neck disability. 

Musculoskeletal Care 2017;1-3. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=27390391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koo%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=27390391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4932032/


74 
 

42. Era ErkolInal, MD et al, Effect of smartphone overuse on hand function, pinch 

strength, and the median nerve. Muscle and nerve  2015 ;52(2):183 

8. https://doi.org/10.1002/mus.24695 

43.. Zencirci SA et al. Evaluation of smartphone addiction and related factors among 

university students. Int J Res Med Sci. 2018 Jul;6(7):2210-2216. 

44.  Ammati R etal.  Smartphone Addiction among Students of Medical University in 

South India: A Cross-Sectional Study. Aimdr.2018; 4(2) :1-4. 

45. Nanda Putra Wiguna,et al. The Relationship Between Smartphone Addiction And 

Forward Head Posture In Junior High School Students In North Denpasar .JEKK 

2019;4(2):84-89.  

46.Sundus Alfaitouri, Ahamed Altaboli The Effect of Posture and Duration of 

Smartphone Usage on Neck Flexion Angle. Human Factors and Ergonomics Society 

2019 . https://doi.org/10.1177/1071181319631137 

47.Ashiyat K. Akodu, Sunday R. Akinbo Correlation among  smartphone addiction, 

craniovertebral angle, scapular dyskinesis, and selected anthropometric variable in 

physiotherapy undergraduates. Journal of Taibah University Medical Science 

2018;13(6):528- 

48.Dalawala. PJ,Pimple KS,Assessment of Craniovertebral Angle and Depression in 

Heavy Smartphone Users. Int J of Phys and Occup Ther 2017 December;11(4):88-92. 

49.Man-Sig Kim. Influence of neck pain on cervical movement in the sagittal plane 

during smartphone use 2015 ; 27 ( 1) : 15-17 

https://doi.org/10.1002/mus.24695
https://journals.sagepub.com/doi/abs/10.1177/1071181319631137
https://journals.sagepub.com/doi/abs/10.1177/1071181319631137
https://doi.org/10.1177%2F1071181319631137
https://www.jstage.jst.go.jp/search/global/_search/-char/en?item=8&word=Man-Sig+Kim


75 
 

50.Hae-jung Lee Neck Pain and Functioning in Daily Activities Associated with 

Smartphone Usage J Kor Phys Ther 2016;28(3):183-188 

51.Ji In Lee, Ho Sueb Song.The Correlation Analysis between Hours of Smartphone 

Use And Neck Pain in the Gachon University Students. The Acupuncture 2014; 31(2): 

99-109. https://doi.org/10.13045/acupunct.2014028x 

52.Abdullah M. Evaluating the relationship between smartphone addiction/overuse and 

musculoskeletal pain among medical students at Qassim University.J Family Med Prim 

Care.2019 Sep ;8(9): ): 2953–2959. 

53.Lee S, Lee D, Park J.Effect of the cervical flexion angle during smart phone use on 

muscle fatigue of the cervical erector spinae and upper trapezius.J Phys Ther Sci 

2015;27(6):1847-1849.  

54.Sevgi Sevi Y, Ertuğrul Y, ,Serpil K .Influence of pectoralis minor and upper trapezius 

lengths on observable scapular dyskinesis Phys Ther Sport. 2016 May;19:7-13. 

55.Lee M .The effects of smartphone use on upper extremity muscle activity and pain 

threshold. J Phys Ther Sci.2015;27(6):1847-1849. 

56. O’Shea A, Kelly R, Williams S, McKenna L. Reliability and validity of the 

measurement of scapular position using Proctor method. PhysTher.2016;96:502-5010. 

57. Edger D, Jull G, Sutton S. The relationship between upper trapezius muscle length 

and quadrant neural tissue extensibility.Australlian Physiotherapy;1994;40(2):99-103. 

58.KadirDemirci et al in 2014 conducted study a study titled “Validity and reliability of 

Turkish version of smartphone addiction scale in the younger 

population.2014;24(3):226-34. 

https://www.e-jar.org/articles/search_result.php?term=author&f_name=Ji%20In&l_name=Lee
https://www.e-jar.org/articles/search_result.php?term=author&f_name=Ho%20Sueb&l_name=Song
https://doi.org/10.13045/acupunct.2014028x
https://pubmed.ncbi.nlm.nih.gov/?term=Ye%C5%9Filyaprak+SS&cauthor_id=27134211
https://pubmed.ncbi.nlm.nih.gov/?term=Y%C3%BCksel+E&cauthor_id=27134211
https://pubmed.ncbi.nlm.nih.gov/?term=Kalkan+S&cauthor_id=27134211


76 
 

59.Vardanapu P,Naga Sravana SKJ ,Hussain A .Correlation between upper trapezius, 

levator scapulae and pectoralis minor muscle length in frozen shoulder – a cross-

sectional observational study.2020;7(2):93-98.  

60.Shylaja .J, Annapoorani. M. Smartphone Addiction Predictors And Subjective Health 

Problems Among Adolescent Boys In Technical College At Tirunelveli, South India. 

International journal of scientific & technology research.2019  November ;8(11):1314-

1317. 

61.Sosyal BD. Effects of Smartphone addiction level on social and educational life in 

health sciences students. Euras J Fam Med 2016; 5: 13-9. 

62.  Fahad D et al. Smartphone addiction among university students in Riyadh, Saudi 

Arabia. Saudi Med J 2016; 37(6): 675-683.  

63. Rajabi R et al . Comparison of craniovertebral angle of students based on gender 

and field of study differences. J Kerman Univ Med Sci 2017; 24(1): 93-102.  

64.Bader K AlZarea, Santosh R Pati, Mobile Phone Head and Neck Pain Syndrome: 

Proposal of a New Entity OHDM  2015 October ;  14 (5):313-317 

65.Widhiyanto A, Munawir A , Prayitno H.The Effect of Duration of Smartphone Usage 

on Neck Pain.. DIJR .2017 November;2(11):54 -61. 

66.Zafar H,Alghadir AH,Iqbal ZAEffect of different head-neck-jaw postures on 

cervicocephalic kinesthetic sense.Journal of Musculoskeletal & Neuronal Interactions,  

2017; 17(4):341-346 

67.Jung Won KWon, Sung Min Son, Na Kyung Lee. Changes in upper-extremity 

muscle activities due to head position in subjects with a forward head posture 

and rounded shoulder. Journal of physical therapy science. 2015 Feb; 27: 

https://europepmc.org/search?query=AUTH:%22H%20Zafar%22
https://europepmc.org/search?query=AUTH:%22H%20Zafar%22
https://europepmc.org/authors/0000-0002-0504-6863


77 
 

1739-1742. 

68.Green B.N, A literature review of neck pain associated with computer use:Public 

health implications, Journal of the Canadian chiropractic association.2008;52(3):161-

167,2008. 

69.Shin G, Zhu X.User discomfort, work posture and muscle activity while using a 

touchscreen in a desktop PC setting. Ergonomics 2011; 54: 733–744. 

70.Park, J., Kang, S. & Jeon, H. (2013). The effect of using smart-phones on neck and 

shoulder muscle activities and fatigue. The journal of Korean physical therapy, 20(3),19-

26. 

71. Zhang FR, He LH, Wu SS, et al.: Quantify work load and muscle functional 

activation patterns in neck-shoulder muscles of female sewing machine operators using 

surface electromyogram. Chin Med J (Engl)2011;124: 3731–3737. 

72. Jung S et al.The effect of smartphone usage time on posture and 

respiratory function. J Phys Ther Sci. 2016 Jan; 28(1): 186–189. 

73.Dahiya Jyoti, Ravindra Savita. Effect of Scapular Position in Computer Professionals 

with Neck pain.IJSR 2015 May;4(5):6-14. 

74.Janwantanakull Prawit et al. Prevalence of self reported musculoskeletal symptoms 

among office workers.occupational medicine 2008; 58(6):436-438. 

. 75.Antony NT,Keir PTJ.Effects of posture,movment and hand load on shoulder 

muscles activity.J Electromyogr Kinesiol2010;20(2):191-198.  

https://jlc.jst.go.jp/DN/JALC/70019789166?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/70019789166?type=list&lang=en&from=J-STAGE&dispptn=1
https://jlc.jst.go.jp/DN/JALC/70019789166?type=list&lang=en&from=J-STAGE&dispptn=1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20SI%5BAuthor%5D&cauthor=true&cauthor_uid=26957754
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4756000/


78 
 

76. Ludewig PM, Cook TM. Alterations in shoulder kinematics and associated muscle 

activity in people with symptoms of shoulder impingement. Physical therapy. 

2000;80(3):276–291.  

77.Neumann DA. Kinesiology of the musculoskeletal system:foundations for physical 

rehabilitation 2015 1st ed; 298-304. 

 

ANNEXURE I (A) 

PERMISSION LETTER (A) 

To,  

The Head of Institute,  

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 OF SMARTPHONE 

ADDICTION SCALE SCORE WITH UPPER TRAPEZIUS MUSCLE LENGTH AND 

STATIC SCAPULAR ELEVATION T8 METHOD IN INDIVIUALS AGED 18-25 YEARS.’’ 

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  
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Date:  

Place:  

 

Guide                                                 Head of institute 

 

ANNEXURE I (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, “CORRELATION OF SMARTPHONE ADDICTION SCALE 

SCORE WITH UPPER TRAPEZIUS MUSCLE LENGTH AND STATICS SCAPULAR 

ELEVATION IN INDIVIUALS AGED 18-25 YEARS.”  

I promise that the ethics as well as subject’s care shall be duly complied.  

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

Yours sincerely,  
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Research student   

Date:  

Place: 

 

 

ANNEXURE I (C) 

LETTER OF CONSENT 

CORRELATION OF SMARTPHONE ADDICTION SCALE SCORE WITH UPPER 

TRAPEZIUS MUSCLE LENGTH AND STATIC SCAPULAR ELEVATION USING T8 

METHOD INDIIUALS 18-25 YEARS. 

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. 
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________    _____________________             __________             

Name of                         Signature/ Thumb impression              Date 

research participant 

  

 

                                                         

   ANNEXURE I (D) 

संमतीपत्र 

स्मर्टफ़ोन एडिक्शन से्कल स्कोरचा सह संबध अप्पर र्र पेडियस मसल सोबत आडि सै्टडर्क स्कापुलर 

एडलवेशन १८-२५ वर्ट च्या वयोगर्ामधे  

1. मला डनसगाटचे, उदे्दशाचे, स्मर्टफ़ोन उपयोग कताट १८-२५ वर्ट च्या वयोगर्ामध कालावधी चे आडि पूवीचे 

पररिाम आडि चाचिीच्या िोखीम आडि मला कायकरण्याची अपेक्षा केली िाईल याचा स्पष्टीकरि प्राप्त 

झाला आहे. माझे प्रश्न समाधान कारकपिे उत्तर डिले गेले आहेत. 

2. मी समितो की र्र ायलमधे्य माझा सहभाग सै्वच्छिक आहे आडि मी कोित्याही वेळी िंि डकंवा नुकसान न 

घेता मी अन्यथा हकिार असल्या डशवाय कोित्याही वेळी चाचिी घेण्यास डकंवा र्र ायलमधून मागे घेऊ 

शकतो. 

3.मी पुढे समिून घेतो की अभ्यासाच्या िरम्यान उपलब्ध होिारी कोितीही माडहती िी माझ्या भाग घेण्याच्या 

इिेस प्रभाडवत करते ती मला सूडचत केली िाईल. 

4.गोळा केलेल्या माडहती ची पिताळिी करण्यासाठी संस्थात्मक आचार संडहता सडमती अडधकारी माझ्या 

वैद्यकीय नोिंी तपासू शकतात. या िस्तऐविा वर स्वाक्षरीकरुन, मी माझ्या नोिंीचं्या पुनराव लोकनासाठी 

परवानगी िेतो. 

5. मी समितो की माझी ओळख कोित्याही अहवालात डकंवा प्रकाशनामधे्य उघि होिार नाही 

6. मी वरील अभ्यासात भाग घेण्यास सहमत आहे. 
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____________________ ___________________ _________ 

सहभागी सिस्याचे नाव स्वाक्षरी /ठसा अंगठ्याचा   डिनांक 

ANNEXURE I (E) 

सहमतत – पत्र 

स्मर्टफ़ोन एडिक्शन से्कल स्कोर का सह संबध अप्पर र्र पेडियस मसल के साथ और सै्टडर्क 

स्कापुलर एडलवेशन १८-२५ वर्ट के उम्र के व्यच्छियो ंमें- अ क्रॉस-सेक्शनल स्टिी। 

1. मुझे परीक्षि की प्रकृडत, उदे्दश्य, स्मर्टफ़ोन उपयोगकताट १८-२५ वर्टके उम्र में, अवडध और िूरिडशटता 

प्रभाव और िोच्छखमो ंकास्पष्टीकरि प्राप्त हुआ है और मुझसे क्या करने की उम्मीि की िाएगी। मेरे सवालो ं

का संतोर्िनक िवाब डिया गया है। 

2.मैं समझती हं डक मुकिमे मैं मेरी भागीिारी सै्वच्छिक है और मैं डकसी भी समय परीक्षि से भाग लेने या 

वापस लेने से इनकार कर सकती हं, डबना डकसी िंियाला भके नुकसान के डिसके मैं अन्यथा हकिार हं।  

3. मैं आगे समझती हं डक अध्ययन के िौरान उपलब्ध होने वाली कोई भी िानकारी िो मेरे भाग लेने की 

इिा को प्रभाडवत कर सकती है, मुझे सूडचत डकया िाएगा। 

4. संस्थागत आचार सडमडत के अडधकारी एकडित िानकारी को सत्याडपत करने के डलए मेरे मेडिकल 

ररकॉिट  कीिांच करना चाहते हैं। इस िस्तावेज़ पर हस्ताक्षर करके, मैं अपने ररकॉिट  की इस समीक्षा की 

अनुमडत िेती हं। 

5. मैं समझती डक डकसी भी ररपोर्ट या प्रकाशन में मेरी पहचान उिागर नही ंकी िाएगी 

6. मैं उपरोि अध्ययन में भाग लेने के डलए सहमत हं। 

 

ANNEXURE II (A) - Participant information sheet 
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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 Smartphone users more than 6 months both male 

and female and 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 Smartphone users 

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.  



84 
 

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 study ‘’ correlation 

of Smartphone addiction scale score with upper trapezius muscle length and static 

scapular elevation using T8 method individuals aged 18-25 years -A 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.  
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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:  

 

 

 

 

 

 

ANNEXURE II (B) 
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Participant information sheet (In Marathi) 

उदे्दशः  

आय सी एम आरच्या डनयामक आवश्यकता आडि आय ई सी ने मान्यता डिलेल्या माडहती नुसार डलच्छखत 

माडहती डिली आहे. 

व्याप्ती: 

स्मर्टफ़ोन उपयोगकताट १८-२५ वर्टच्या वयोगर्ामध मानक पद्धतीत पुरुर् आडि मडहलांचा समावेश आहे 

आडि ह्या अभ्यासात सहभागी होण्यास से्विेने इिुक असतात. 

िबाबिारी: 

संशोधकया अभ्यासाचा भाग होण्यासाठी स्वयंसेवा करिायाट सवट सहभागीचें लेखीज्ञात सहमती प्राप्त 

करतील. 

कायटपद्धती: 

1. संशोधक स्मर्टफ़ोन उपयोगकताट १८-२५ वर्ट च्या वयोगर् 

2.तपासनीस आके्षप िूर करण्यासाठी आडि सहभागीचं्या सवट प्रश्नांची उत्तरे िेण्यासाठी प्रायोडगक प्रोर्ोकॉल 

चे स्पष्टीकरि करेल. 

3. सहभागी ने सहभागी होण्याचा डनिटय घेतला तर ते मानक संचालन प्रडक्रयनुसार संमती िेईल. 

4. िर सहभागीने रूची व्यि केली परंतु त्यात काही शंका असतील तर ते सोिवतील. 

5.सहभागी िर स्पष्टीकरि सोयीस्कर असतील तर ते मानक संचालन प्रडक्रयेनुसार सूडचत संमती भरतील. 

6. सहभागीचं्या डचंतेच्यानंतर अभ्यास प्रडक्रया सुरू होईल. 

7.समाडवष्ट आडि बडहष्कार डनकर्सत्या डपत करण्यासाठी म्हिून तपशीलवार वैद्यकीय आडि इतर कोित्या 

ही शारीररक समस्या इडतहासप्राप्त केले िाईल. 

8.िर सहभाग्याने आपल्या कुरंु्बीयांना या माडहती वर चचाट करायची असेल तर त्यांना संमती िेण्यापूवी 

असेकरण्याचे अडधकार आहेत. 

सहभागीनंा संशोधन करण्यासाठी सामान्य माडहती: 

1. नाव: 

   वय: 
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   डलंग: 

   तारीख: 

2.हा अभ्यास करिे आवश्यक आहे. 

6.कोित्याही क्षिी िर आपि या संशोधन अभ्यासातून थांबू इच्छित असाल तर आपि तसे करण्यास मुि 

आहात आडि आपल्या बािूने कोितीही अिथळा नसता. 

7.संमती पि प्राप्त करण्यापूवी अभ्यासाची िोखीम, अस्वस्थता ,फायिे आडि तोरे् यांचा तपशील 

आपल्याला स्पष्ट केला िाईल. 

8.या अभ्यासातून प्राप्त झालेला िेर्ा गुप्तपिे संरडक्षत आडि िेखरेख केला िाईल आडि िर छायाडचि 

वापरले असेल तर आपली ओळख प्रगर् होिार नाही. छायाडचि प्रकाडशत झाल्यास परवानगी प्राप्त होईल. 

9.या अभ्यासासाठी आवश्यक असलेल्या डवडवध चाचिी प्रडक्रयेचे सवट िोिून आपल्याला 

स्पष्ट केले िाईल आडि त्यानुसार संमती डिली िाईल. 

10.आपि थकल्यासारखे डकंवा आपि पूिट काळिी घेण्यास असमथट वार्त असल्यास आपल्याला 

काळिी करण्याची गरि नाही आडि आवश्यक ती पावले उचलता येतील याची आम्हाला माडहतीद्या. 

11.आपि कोित्याही क्षिी समाधानी नसल्यास आपि कोित्याही पररिामांडशवाय कधी ही काढू शकता. 

12. संशोधकाचेनाव: 

    फोननंबर: 

    पत्ता: 

13. मागटिशटकांचेनाव: 

      फोननंबर: 

      पत्ता: 

14. संस्थेचेनाव:  
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ANNEXURE II (C) 

 

Participant information sheet (In Hindi) 

 

उदे्दश्य: 

आईसीएमआर की डनयामक आवश्यकता के अनुसारसुडनडितकरनेकेडलएडक डलच्छखत सूडचत सहमडत पुरुर् 

और मडहला डवर्यो ंसे प्राप्त की गई है और आईईसी द्वारा अनुमोडित डकया गया है। 

 

स्कोप: 

इसमान पररचालन प्रडक्रया में सभी मरीज़ शाडमल हैं िो से्विा से अस्पताल से भाग ले रहे हैं। 

डिमे्मिारी: 

शोधकताट इस अध्ययन के भाग के रूप में स्वयंसेवा करने वाले सभी पुरुर्और मडहलासे डलच्छखत सूडचत 

सहमडत प्राप्त करेगा। 

प्रडक्रया: 

1. अने्वर्क १८-२५ आयु के स्मार्टफोन उपयोगकताट 

2. अने्वर्क आशंका िूर करने और प्रडतभागी के सभी प्रश्नो ंका उत्तर िेने के डलए प्रयोगात्मक प्रोर्ोकॉल 

की व्याख्या करेगा 
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3. यडि मरीि अध्ययन में भाग लेने के डलए सहमत हैं तो उन्हें मानक पररचालन प्रडक्रया के अनुसार 

सहमडत िी िाएगी। 

4. यडि मरीि रुडच व्यि करता है लेडकन उस मामले में कुछ संिेह है तो उन्हें हल डकया िाएगा। 

5. यडि मरीज़ डववरि के साथ सहि होते हैं तो वे मानक पररचालन प्रडक्रया के अनुसार सूडचत सहमडत 

भरें गे। 

6. रोडगयो ंकी सहमडत के बाि अध्ययन प्रडक्रया शुरू होगी। 

7. डवसृ्तत डचडकत्सा और डकसी भी अन्य शारीररक समस्या का इडतहास रोडगयो ंसे प्राप्त डकया िाएगा 

ताडक शाडमल डकए िाने और बडहष्करि मानिंि को सत्याडपत डकया िा सके 

8. अनुसंधान डवर्य की सामान्य िानकारी: 

1 नाम 

2. उम्र 

3. डलंग 

4. डिनांक 

9. यडि आप इस अवडध के िौरान असुडवधािनक हैं तो कृपया हमें यह बताएं डक हम आपकी मिि 

कर सकते हैं और आपकी समस्या को डकसी भी अयोग्य प्रभाव के डबना पार कर सकते हैं। 

10. आपको कोई प्रडतपूडतट और क्षडतपूडतट नही ंिी िाएगी। 

11. यडि डकसी भी समय आप इस शोध अध्ययन से बंि करना चाहते हैं तो आप ऐसा करने के डलए 

स्वतंि हैं और हमारे पक्ष से कोई बाधा नही ंहोगी। 

12. सहमडत के पि प्राप्त करने से पहले परीक्षि, िोच्छखम, असुडवधा, फायिे और नुकसान का डववरि 

आपको समझाया िाएगा। 

13. इस अध्ययन से प्राप्त आंकडे गोपनीय रूप से संरडक्षत और बनाए रखे िाएंगे और अगर तस्वीर का 

इसे्तमाल डकया िाए तो आपकी पहचान प्रकर् नही ंकी िाएगी और यडि तस्वीर प्रकाडशत की गई 

तो अनुमडत प्राप्त की िाएगी। 

14. परीक्षि प्रडक्रया का सभी िोच्छखम आपको समझाया िाएगा और तिनुसार सहमडत ली िाएगी 

15. यडि आप डकसी भी समय संतुष्ट नही ंहैं तो आप डकसी भी समय डकसी भी पररिाम के डबना वापस ले 

सकते हैं 

शोधकताट का नाम: 
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फ़ोननंबर: 

पता: 

गाइिकानाम: 

फ़ोननंबर: 

पता: 

संस्था का नाम: 

 

 

 

 

 

 

ANNEXURE III (A) 

 

CASE RECORD FORM 

 

NAME:  

AGE: 

GENDER: 
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ADDRESS: 

OCCUPATION: 

DOMINANCE: 

SMARTPHONE ADDICTION SCORE (in numerical): 

UPPER TAPEZIUS MUSCLE LENGTH (millimetre): 

SCAPULAR ELEVATION (millimetre): 

 

 

 

 

ANNEXURE III (B) 

 

       Methods of Measurements: 

a) Smartphone addiction scale (SAS)  

         Smartphone addiction scale will evaluate the severity of smartphone usage. 

This scale consists of 33 items, with a six-point Likert scale ranging from 1 to 6     

1: strongly disagree 

2: disagree 
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3: weakly disagree 

4: weakly agree  

5: agree 

6: strongly agree 

 Scores Ranges from 33 to 198. Participants with   score of 84 and above will be 

considered as having high smartphone addiction and with less than 84 will be 

considered as having low smartphone addiction. (18,19) 

 Reliability and Validity: This scale has high test and retest reliability (r=0.814) and 

validity (p<00.1). They concluded that it is reliable and valid tool. (20) 

 

 

 

ANNEXURE III (C) 

b) Upper trapezius muscle length testing 

 Participant’s position: supine on plinth. 

 Therapist position: Standing on the same side of participant. 

 Participant’s head will be supported on wedge at an angle of 300 for 

maintaining side flexion of cervical spine till a stretch pain is felt. Bony 

landmark of mastoid process and acromion process will be marked with 

the help of marker pen. 
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 Distance between these two bony landmarks will be measured in 

millimetre with the help of a measuring tape. (21) 

 

 

ANNEXURE III (D) 

c) Scapular elevation by T8 method 

It is a method in which metal right- angle protractor will be used to measure static 

scapular elevation in relation to T8 spinous process. The data will be measured in 

millimetre 

. 
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Participant’s position: Participant will be seated on a stool in relaxed sitting 

position with their arm by the side of body and thumb facing forward while looking 

forward at a mark on wall fixed at eye level.  

 Therapist position: sitting and facing towards back of the participants.           

Testing procedure:  Eighth thoracic (T8) spinous process, inferior angle of 

scapula will be palpated, and soft tissue will be released. A horizontal line with 

black pen will be placed. Next vertical line will be drawn through the most central 

point of the landmark crating crosshatch. Intersection of these two lines will be 

used as a single point for measurement. The protractor will be placed horizontally 

aligning between the inferior angle of scapula and eight thoracic spinous 

process. Vertical distance from the bottom of protractor to T8 spinous process in 

millimeter will be measured and documented. (22) 

Reliability and validity: Inter-tester reliability = 0.82 and Intra-tester 

reliability =0.99 validity (p<0.001) (22) 
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ANNEXURE III (E) 

 

Data collection tool 

 Smartphone addiction scale consists of 33 items, with a six point Likert scale 

ranging from 1 to 6     

 

Smartphone Addiction scale 

Items 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 Experiencing 

light headedness 

or blurred vision 

due to excessive 

smartphone use 

1 2 3 4 5 6 

4 Feeling pain in 

the wrists or at 

the back of the 

neck while using 

a smartphone 

1 2 3 4 5 6 
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5 Feeling tired and 

lacking adequate 

sleep due to 

excessive 

smartphone use 

1 2 3 4 5 6 

6 Feeling calm or 

cozy while using 

a smartphone 

1 2 3 4 5 6 

7 Feeling pleasant 

or excited while 

using a 

smartphone 

1 2 3 4 5 6 

8 Feeling confident 

while using a 

smartphone 

1 2 3 4 5 6 

9 Being able to get 

rid of stress with 

a smartphone 

1 2 3 4 5 6 

10 There is nothing 

more fun to do 

than using my 

smartphone. 

1 2 3 4 5 6 

11 My life would be 

empty without my 

smartphone. 

1 2 3 4 5 6 

12 Feeling most 

liberal while 

using a 

smartphone 

1 2 3 4 5 6 

13 Using a 

smartphone is 

the most fun 

thing to do. 

1 2 3 4 5 6 

14 Won’t be able to 1 2 3 4 5 6 
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stand not having 

a smartphone 

15 Feeling impatient 

and fretful when I 

am not holding 

my smartphone 

1 2 3 4 5 6 

16 Having my 

smartphone in 

my mind even 

when I am not 

using it 

1 2 3 4 5 6 

17 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 

18 Getting irritated 

when bothered 

while using my 

smartphone 

1 2 3 4 5 6 

19 Bringing my 

smartphone to 

the toilet even 

when I am in a 

hurry to get there 

1 2 3 4 5 6 

20 Feeling great 

meeting more 

people via 

smartphone use 

1 2 3 4 5 6 

21 Feeling that my 

relationships with 

my smartphone 

buddies are more 

intimate than my 

1 2 3 4 5 6 
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relationships with 

my real-life 

friends 

22 Not being able to 

use my 

smartphone 

would be as 

painful as losing 

a friend. 

1 2 3 4 5 6 

23 Feeling that my 

smartphone 

buddies 

understand me 

better than my 

real-life friends 

1 2 3 4 5 6 

24 Constantly 

checking my 

smartphone so 

as not to miss 

conversations 

between other 

people on Twitter 

or Facebook 

1 2 3 4 5 6 

25 Checking SNS 

(Social 

Networking 

Service) sites like 

Twitter or 

Facebook right 

after waking up 

1 2 3 4 5 6 

26 Preferring talking 

with my 

smartphone 

buddies to 

hanging out with 

my real-life 

friends or with 

1 2 3 4 5 6 
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the other 

members of my 

family 

27 Preferring 

searching from 

my smartphone 

to asking other 

people 

1 2 3 4 5 6 

28 My fully charged 

battery does not 

last for one whole 

day. 

1 2 3 4 5 6 

29 Using my 

smartphone 

longer than I had 

intended 

1 2 3 4 5 6 

30 Feeling the urge 

to use my 

smartphone 

again right after I 

stopped using it 

1 2 3 4 5 6 

31 Having tried time 

and again to 

shorten my 

smartphone use 

time, but failing 

all the time 

1 2 3 4 5 6 

32 Always thinking 

that I should 

shorten my 

smartphone use 

time 

1 2 3 4 5 6 

33 The people 

around me tell 

me that I use my 

smartphone too 

1 2 3 4 5 6 
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much. 
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ANNEXURE III (F) 

स्मार्टफोन व्यसन प्रमाण 

डववरि िोरिार 

असहमत 

 

असहमत 

 

कमिोर 

असहमत 

 

कमिोर 

सहमत 

 

सहमत 

 

िोरिार 

सहमत 

 

१ स्मार्टफोन वापर मुळे डनयोडित काम 

गहाळ  

१ २ ३ ४ ५ ६ 

२ असाइनमेंर् करताना डकंवा 

स्मार्टफोन वापरामुळे कायट करताना 

कडठि वेळेत वगट करिे 

१ २ ३ ४ ५ ६ 

३ अत्यडधक स्मार्टफोन वापरामुळे 

प्रकाश हलकीपिा डकंवा अस्पष्ट 

दृष्टी अनुभविे 

१ २ ३ ४ ५ ६ 

४ स्मार्टफोन वापरताना मनगर् डकंवा 

मनगर्ाच्या वेिनामधे्य वेिना 

िािवते 

१ २ ३ ४ ५ ६ 

५ िास्त स्मार्टफोन वापरामुळे 

थकल्यासारखे आडि पुरेसे झोप 

नसल्याचे वार्ते 

१ २ ३ ४ ५ ६ 

६ स्मार्टफोन वापरताना शांत डकंवा 

सोयीस्कर वार्िे 

१ २ ३ ४ ५ ६ 

७ स्मार्टफोन वापरताना आनंििायक 

डकंवा उत्साही वार्त आहे 

१ २ ३ ४ ५ ६ 

८ स्मार्टफोन वापरताना आत्मडवश्वास 

वार्त आहे 

१ २ ३ ४ ५ ६ 

९ स्मार्टफोनसह तिावमुि होण्यास 

सक्षम होिे 

१ २ ३ ४ ५ ६ 

१० माझ्या स्मार्टफोनचा वापर 

करण्यापेक्षा करण्यासारखे काहीच 

१ २ ३ ४ ५ ६ 
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मिा नाही. 

११ माझ्या स्मार्टफोनडशवाय माझे िीवन 

ररकामे होईल. 

१ २ ३ ४ ५ ६ 

१२ स्मार्टफोन वापरताना सवाटत उिार 

वार्िे 

१ २ ३ ४ ५ ६ 

१३ स्मार्टफोन वापरिे ही सवाटत मिेिार 

गोष्ट आहे. 

१ २ ३ ४ ५ ६ 

१४ स्मार्टफोन न उभे राहण्यास सक्षम 

होिार नाही 

१ २ ३ ४ ५ ६ 

१५ िेव्हा मी माझा स्मार्टफोन नसतो 

तेव्हा अधीर आडि भयानक वार्तो 

१ २ ३ ४ ५ ६ 

१६ मी ते वापरत नसतानाही माझ्या 

स्मार्टफोनला माझ्या मनात ठेवत 

आहे 

१ २ ३ ४ ५ ६ 

१७ मी माझ्या स्मार्टफोनचा वापर 

कधीही सोििार नाही तरीही माझ्या 

िैनंडिन िीवनामुळे त्यास मोठ्या 

प्रमािात प्रभाडवत झाले असेल. 

१ २ ३ ४ ५ ६ 

१८ माझ्या स्मार्टफोनचा वापर करताना 

िास होत असताना िास होतो 

१ २ ३ ४ ५ ६ 

१९ मी तेथे पोहोचण्याच्या उन्हाळ्यातही 

माझ्या स्मार्टफोनला शौचालयात 

आिा 

१ २ ३ ४ ५ ६ 

२० स्मार्टफोनच्या वापराद्वारे अडधक 

लोकांना चांगली बैठक वार्ते 

१ २ ३ ४ ५ ६ 

२१ माझ्या वास्तडवक-डमिांच्या 

डमिांबरोबर माझ्या नातेसंबंधांपेक्षा 

माझ्या स्मार्टफोन डमिांबरोबरचे 

माझे संबंध अडधक घडनष्ठ आहेत 

असे मला वार्ते 

१ २ ३ ४ ५ ६ 
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२२ माझा स्मार्टफोन वापरण्यात सक्षम 

नसल्याने डमि गमावण्यासारखे 

वेिनािायक असेल. 

१ २ ३ ४ ५ ६ 

२३ माझे स्मार्टफोन डमि मला माझ्या 

वास्तडवक-िीवनातील डमिांपेक्षा 

चांगले समितात असे वार्ते 

१ २ ३ ४ ५ ६ 

२४ डिर्र डकंवा फेसबुकवर इतर 

लोकांमधील संभार्ि 

चुकवल्याडशवाय माझा स्मार्टफोन 

सतत तपासत आहे 

१ २ ३ ४ ५ ६ 

२५ िागृत झाल्यानंतरच डिर्र डकंवा 

फेसबुकसारखे SMS (सोशल 

नेर्वडकिं ग सेवा) साइर् तपासिे 

१ २ ३ ४ ५ ६ 

२६ माझ्या वास्तडवक-डमिांच्या डमिांसह 

डकंवा माझ्या कुरंु्बाच्या इतर 

सिस्यांसह हँग आउर् करण्यासाठी 

माझ्या स्मार्टफोन डमिांबरोबर 

बोलिे पसंत करिे 

१ २ ३ ४ ५ ६ 

२७ इतर लोकांना डवचारण्यासाठी माझ्या 

स्मार्टफोनवरून शोध घेताना 

प्राधान्य 

१ २ ३ ४ ५ ६ 

२८ माझी संपूिट चािट केलेली बॅर्री एक 

संपूिट डिवस डर्कत नाही. 

१ २ ३ ४ ५ ६ 

२९ मी इच्छित होता पेक्षा लांब माझ्या 

स्मार्टफोन वापरिे 

१ २ ३ ४ ५ ६ 

३० मी ते वापरिे बंि केल्यानंतर पुन्हा 

माझा स्मार्टफोन पुन्हा वापरण्याची 

इिा वार्ली 

१ २ ३ ४ ५ ६ 

३१ माझा स्मार्टफोन वापर वेळ कमी 

करण्यासाठी वेळ आडि पुन्हा प्रयत्न 

केला, परंतु सवट वेळ अपयशी 

१ २ ३ ४ ५ ६ 
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३२ मी नेहमीच माझ्या स्मार्टफोनचा 

वापर वेळ कमी करावा असे मला 

वार्ते 

१ २ ३ ४ ५ ६ 

३३ माझ्या आिूबािूचे लोक मला 

सांगतात की मी माझा स्मार्टफोन 

खूप वापरतो. 

१ २ ३ ४ ५ ६ 
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ANNEXURE III (G) 

स्मार्टफोन लत का पयमाना  

 

डववरि 

पूररतरहा  

से 

असहमत 

 

असहमत कमिोर 

असहमत 

कमिोर 

सहमत 

सहमत पूररतरहा  

से सहमत 

 

१ स्मार्टफोन के उपयोग के कारि 

डनयोडित कायट में चूक 

१ २ ३ ४ ५ ६ 

२ असाइनमेंर् करते समय, या 

स्मार्टफोन के उपयोग के कारि 

काम करते समय कक्षा में ध्यान 

कें डित करने में कडठन समय 

होना 

१ २ ३ ४ ५ ६ 

३ स्मार्टफोन की अडधकता के 

कारि प्रकाश की चमक या 

धंुधली दृडष्ट का अनुभव 

१ २ ३ ४ ५ ६ 

४ स्मार्टफोन का उपयोग करते 

समय कलाई या गिटन के पीछे 

ििट  महसूस करना 

१ २ ३ ४ ५ ६ 

५ स्मार्टफोन के ज्यािा इसे्तमाल से 

थकान महसूस होना और 

पयाटप्त नीिं की कमी 

१ २ ३ ४ ५ ६ 

६ स्मार्टफोन का उपयोग करते 

समय शांत या आरामिायक 

महसूस करना 

१ २ ३ ४ ५ ६ 

७ स्मार्टफोन का उपयोग करते 

समय सुखि या उत्साडहत 

१ २ ३ ४ ५ ६ 
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महसूस करना 

८ स्मार्टफोन का उपयोग करते 

समय आत्मडवश्वास महसूस 

करना 

१ २ ३ ४ ५ ६ 

९ स्मार्टफोन के साथ तनाव से 

छुर्कारा पाने में सक्षम होना 

१ २ ३ ४ ५ ६ 

१० मेरे स्मार्टफोन का उपयोग करने 

से ज्यािा मिेिार कुछ नही ंहै। 

१ २ ३ ४ ५ ६ 

११ मेरा िीवन मेरे स्मार्टफोन के 

डबना खाली हो िाएगा। 

१ २ ३ ४ ५ ६ 

१२ स्मार्टफोन का उपयोग करते 

समय सबसे अडधक उिार 

महसूस करना 

१ २ ३ ४ ५ ६ 

१३ स्मार्टफोन का इसे्तमाल करना 

सबसे मिेिार काम है। 

१ २ ३ ४ ५ ६ 

१४ स्मार्टफोन नही ंहोने से खडे नही ं

हो पाएंगे 

१ २ ३ ४ ५ ६ 

१५ िब मैं अपना स्मार्टफोन नही ं

रख रहा होता हं तो मैं अधीर 

और झल्लाहर् महसूस करता हं 

१ २ ३ ४ ५ ६ 

१६ मेरे डिमाग में मेरा स्मार्टफोन 

होने के बाविूि भी मैं इसका 

इसे्तमाल नही ंकर रहा हं 

 

१ २ ३ ४ ५ ६ 

१७ मैं अपने स्मार्टफोन का उपयोग 

करना कभी नही ंछोडंूगा, िब 

मेरा िैडनक िीवन पहले से ही 

इससे प्रभाडवत है। 

१ २ ३ ४ ५ ६ 

१८ मेरे स्मार्टफोन का उपयोग करते 

समय परेशान होने पर डचढ़ 

१ २ ३ ४ ५ ६ 
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१९ अपने स्मार्टफोन को शौचालय 

में लाना तब भी िब मैं वहां 

पहंुचने की िल्दी में हं 

१ २ ३ ४ ५ ६ 

२० स्मार्टफोन उपयोग के माध्यम से 

अडधक लोगो ंसे महान बैठक 

महसूस करना 

१ २ ३ ४ ५ ६ 

२१ यह महसूस करते हुए डक मेरे 

स्मार्टफोन डमिो ंके साथ मेरे 

ररशे्त मेरे वास्तडवक िीवन के 

िोस्तो ंके साथ मेरे संबंधो ंकी 

तुलना में अडधक अंतरंग हैं 

१ २ ३ ४ ५ ६ 

२२ मेरे स्मार्टफ़ोन का उपयोग नही ं

करना डमि के रूप में खोने के 

रूप में ििटनाक होगा। 

१ २ ३ ४ ५ ६ 

२३ यह महसूस करते हुए डक मेरे 

स्मार्टफोन िोस्त मुझे मेरे 

वास्तडवक िीवन के िोस्तो ंसे 

बेहतर समझते हैं 

१ २ ३ ४ ५ ६ 

२४ लगातार अपने स्मार्टफ़ोन की 

िाँच कर रहे हैं ताडक डिर्र या 

फ़ेसबुक पर अन्य लोगो ंके बीच 

बातचीत न छूरे् 

१ २ ३ ४ ५ ६ 

२५ िागने के ठीक बाि डिर्र या 

फेसबुक िैसी एसएमएस 

(सोशल नेर्वडकिं ग सडवटस) 

साइर््स की िाँच करना 

१ २ ३ ४ ५ ६ 

२६ मेरे स्मार्टफोन डमिो ंके साथ 

अपने वास्तडवक िीवन के 

िोस्तो ंके साथ या मेरे पररवार के 

अन्य सिस्यो ंके साथ घूमने के 

डलए बात करना 

१ २ ३ ४ ५ ६ 

२७ अन्य लोगो ंसे पूछने के डलए मेरे १ २ ३ ४ ५ ६ 
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स्मार्टफ़ोन से खोि का डिक्र 

२८ मेरी पूरी तरह से चािट की गई 

बैर्री पूरे एक डिन तक नही ं

चलती है। 

१ २ ३ ४ ५ ६ 

२९ अपने स्मार्टफ़ोन का उपयोग 

करने के डलए डितना मैंने इरािा 

डकया था, उससे अडधक समय 

तक 

१ २ ३ ४ ५ ६ 

३० अपने स्मार्टफ़ोन का उपयोग 

करने के आग्रह के ठीक बाि 

डफर से महसूस करना बंि कर 

डिया 

१ २ ३ ४ ५ ६ 

३१ अपने स्मार्टफोन के उपयोग के 

समय को छोर्ा करने के डलए 

बार-बार कोडशश की, लेडकन 

हर समय असफल रहा 

१ २ ३ ४ ५ ६ 

३२ हमेशा यह सोचकर डक मुझे 

अपने स्मार्टफोन का उपयोग 

समय कम करना चाडहए 

१ २ ३ ४ ५ ६ 

३३ मेरे आसपास के लोग मुझे 

बताते हैं डक मैं अपने स्मार्टफोन 

का बहुत ज्यािा इसे्तमाल करता 

हं। 

१ २ ३ ४ ५ ६ 

 

 

 

ANNEXURE III (H) 

Product description: Flexible fibreglass measuring tape 
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Dimensions:  60 inches/ 150 cm long × 5 inches/ 12.7 mm wide 

Specifications: Metric measurements in 1 mm divisions 

 

 

 

 

 

 

 

 

 

 

 

 

 

ANNEXURE III (I) 
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Right angled protractor to assess scapular elevation: A metal right-angle Protractor with 

a 150-300mm side length of HISTAN INCOPRATION will be used to measure scapular 

elevation.  

 

 

 

 

 

 

 

 

TIMELINE / GANTT CHART 

TIMELINE / GANTT CHART 
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1) September - October 

2018 

Selection of Topic 

2) October - November  

2018 

Formulation of research question 

3) November – 

December 2018 

Formulation of aims and objectives 

4) December 2018- 

January 2019 

Hypothesis and null hypothesis 

5) December 2018- 

January 2019 

Research Protocol 

6) December 2018- 

January 2019 

Research Designing 

7) September 2018- 

January 2019 

Review of Literature 

8) November 2018- 

January 2019 

Methodology formulation 

9) November 2018- 

January 2019 

Study designing 

10) November 2018- 

January 2019 

Study setting 

11) November 2018- 

January 2019 

Sample size estimation 
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12) November 2018- 

January 2019 

Selection of study tools and 

instruments 

13) December 2018- 

January 2019 

Method of data collection 

14) December 2018- 

January 2019 

Data management and analysis 

15) December 2018- 

January 2019 

Statistical tests 

16) January 2019 Compilation of Synopsis 

17) January 2019 Ethical clearance 

18) January 2019- 

February 2019 

Incorporation of suggestions by IEC 

19) February 2019 BORS approval 

20) March 2019 Submission of synopsis  

21) 31st May 2019 Received approval from university  

22) June 2019-July 2020 -Collection of data 

-Preparation of excel sheet 

-Screening of data 

-Encryption of data 

-Search for more literature 

 

23) August 2020 -Analysis and Management of data 

-Obtaining the final result 
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MASTER CHART 

-Preparing the manuscript for 

completion of dissertation 

24) September 2020 Submission of dissertation to MUHS 
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Sr.No Age  Sex Dominance 
Smartphone 

Addiction 
Scale Score  

Upper Trapezius 
Muscle Length 

(Millimeter)      
Dominance side                      

Static Scapular 
elevation 

(Millimeter)                   
Dominance side   

1 19 F Right 98 202 
0 

2 25 F Right 59 236 
0 

3 24 M Right 101 198 
3 

4 23 F Right 103 197 
3 

5 22 F Right 96 224 
2 

6 22 F Right 99 234 
2 

7 25 F Right 105 208 
3 

8 24 F Right 95 215 
3 

9 22 M Right 102 212 
3.5 

10 22 F Right 97 225 
2 

11 21 M Right 102 219 
3 

12 24 M Right 96 212 
2 

13 24 M left 70 245 
1 

14 21 F Right 106 230 
3 

15 23 F Right 89 230 
2 

16 21 F Right 105 225 
1 

17 22 F Right 98 220 
2 

18 24 F Right 106 220 
3 

19 22 F Right 95 215 2 
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20 19 F Right 105 235 3 

21 20 F Right 100 220 2 

22 20 F Right 101 220 3 

23 21 F Right 105 220 3 

24 20 F Right 99 230 2 

25 22 M Right 88 220 1 

26 23 F Right 105 198 2 

27 24 F Right 82 220 1 

28 21 F Right 106 235 3 

29 24 M Right 95 230 2 

30 20 M Right 101 225 3 

31 23 M Right 105 230 2 

32 24 M Right 93 235 2 

33 23 F Right 102 220 2 

34 24 F Right 88 235 0 

35 25 F Right 100 230 2 

36 24 F Right 103 230 2 

37 25 M Right 95 235 3 

38 19 M Right 102 230 3 

39 21 M Right 98 220 1 

40 25 M Right 104 230 2 



117 
 

41 21 M Right 86 230 1 

42 24 F Right 103 220 2 

43 25 M Right 83 235 1 

44 24 F Right 115 198 3 

45 21 F Right 81 230 1 

46 24 M Right 102 230 1 

47 25 F Right 93 235 2 

48 23 M Right 102 210 3 

49 25 F Right 105 230 2 

50 24 F Right 90 225 3 

51 22 F Right 70 230 0 

52 25 M Right 83 230 1 

53 22 F Right 105 230 2 

54 19 M Right 100 225 3 

55 23 F Right 102 225 2 

56 24 F Right 92 220 2 

57 23 F Right 85 220 0 

58 22 F Right 100 210 2 

59 23 M Right 96 225 1 

60 22 F Right 87 230 0 

61 22 M Right 103 230 2 
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62 22 M Right 89 220 1 

63 22 F Right 100 220 1 

64 21 F Right 95 230 1 

65 24 M Right 102 220 2 

66 22 F Right 98 230 1 

67 18 M Right 105 220 3 

68 20 M Right 91 225 2 

69 22 M Right 96 225 1 

70 24 M Right 102 220 2 

71 25 M Right 105 225 1 

72 18 M Right 89 220 1 

73 18 M Right 101 225 2 

74 20 F Right 90 220 1 

75 19 M Right 105 230 3 

76 21 F Right 103 230 2 

77 25 M Right 99 220 0 

78 25 F Right 85 220 3 

79 22 F Right 110 227 2 

80 24 F Right 91 230 2 

81 21 F Right 102 225 3 

82 25 M Right 93 220 
2 
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83 19 M Right 97 230 
3 

84 20 M Right 89 220 
1 

85 21 F Right 101 232 
2 

86 20 M Right 102 235 
2 

21 19 F Right 92 232 
1 

88 21 F Right 88 225 
1 

89 22 M Right 97 226 
1 

90 23 F Right 103 225 
1 

91 24 F Right 86 229 
0 

92 19 F Right 94 225 
1 

93 19 M Right 104 213 
2 

94 20 F Right 87 222 
1 

95 22 F left 74 235 
2 

96 21 F Right 98 222 
2 

97 20 M Right 100 221 
2 

98 19 F Right 96 222 
3 

99 24 F Right 87 234 
2 

100 25 F Right 123 226 
3 

101 19 F Right 117 224 
4 

102 23 F left 76 235 
1 

103 21 F Right 154 198 
4 



120 
 

104 23 F Right 79 239 
1 

105 21 F Right 95 206 
3 

106 19 F Right 138 214 
4 

107 23 F Right 134 198 
4 

108 24 F Right 98 210 
3 

109 24 F Right 74 235 
1 

110 18 F Right 86 211 
2 
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BP – Blood pressure 
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Introduction :-  

           Hypertension, also known as high or raised blood pressure, is a condition  

in which the blood vessels have persistently raised pressure. Blood is carried  

from the heart to all parts of the body in the vessels. Each time the heart beats ,  

 it pumps blood into the vessels. Blood pressure is created by the force of blood  

pushing against the walls of blood vessels (arteries) as it is pumped by the 

 heart. The higher the pressure, the harder the heart has to pump.1 

           Hypertension classified into various categories according to ASH  

classification categories of BP in adults as follows.2    

  

BP Category           SBP                DBP 

Normal <120 mmHg <80 mmHg 

Elevated  120-129 mmHg <80 mmHg 

Hypertension   

Stage 1 130-139 mmHg 80-89 mmHg 

Stage 2 ≥140 mmHg ≥90 mmHg 

 

        

 

 According to JNC 7 new classification as follows:3 

 

BP Category           SBP                DBP 

Normal <120 mmHg <80 mmHg 

Prehypertensive 120-139 mmHg 80-90 mmHg 

Hypertension   

Stage 1 140-159 mmHg 90-99 mmHg 

Stage 2 ≥160 mmHg ≥100mmHg 

 

ASH classification of stage 1 hypertension is utilized in this study 
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            Stage 1 Hypertension is an elevated systolic blood pressure (SBP) 

130-139 mmHg and diastolic blood pressure (DBP) 80-89 mm Hg or  

both.2 Hypertension is the most common cause of cardiovascular 

disease. It is a major risk factor for development of coronary artery 

disease, cerebral vascular disease and congestive heart failure.4 

Hypertension is directly responsible for 57 percent of all stroke deaths and 24 

 percent of all coronary heart disease death in India.5 

                 An estimated 1.13 billion people worldwide have hypertension, most  

(two-thirds) living in low and middle income countries. In 2015,1 in 4 men  and 1 in  

5 women had hypertension.6 Worldwide raised blood pressure is estimated to 

 cause 7.5 million deaths, about 12.8% of the total all deaths.5 In 2015 WHO  

statistics shows that in India hypertension prevalence is 29.5% in men and 

24.8% in women.7  Overall Prevalence of hypertension and prehypertension in  

South Asia was found to be 27% and 29.6% respectively. Prevalence of  

hypertension in countries like in Bangladesh:17.9%, Bhutan: 23.9%, India: 31.4%,  

Maldives: 31.5%, Nepal: 33.8%,Pakisthan: 25% and Srilanka: 20.9%.8 

In India hypertension is attributable to 10.8% of all deaths in the year 

2018.9   Fourth National Family Health Survey evaluated hypertension in a large  

population based sample and reported hypertension in 13.8%men vs. 8.8%  

women (overall 11.3%) aged 15-49 and 15-54 respectively it reported hypertension 

 in 25.3% with greater prevalence in men than women. This translates into 207  

million persons with hypertension. Hypertension led to 1.63 million deaths in  

India.10The overall prevalence of hypertension is 25% in Maharashtra 

and a huge variation of hypertension is found across the districts of 

Maharashtra in the year 2013.The prevalence is higher among elderly population 
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 (40%), among males(28%), in the urban areas (27%), and the richest wealth  

quintile(28%) .11 

              High prevalence of hypertension was found among the middle age 

adults in various studies .Therefore there is a concern about 

hypertension in middle age group.12 

             Hypertension has been well documented as a major risk factor for 

cardiovascular mortality ,morbidity and lowering blood pressure with 

antihypertensive drugs which can reduce hypertension.4,13 

                Several studies have demonstrated that lifestyle modification played a  

major role in lowering blood pressure. Lifestyle restriction such as 

 salt restriction, weight reduction, relaxation and stress relieving  

techniques such as yoga, meditation, biofeedback and physical activities have  

also been shown capable of lowering bloodpressure.4,13,14,15 

               Patients with hypertension have lower health-related quality of life, the  

worse quality of life of individuals with hypertension  is more evident in patients  

under treatment, particularly when their blood pressure is controlled by  

drugs.16,17,18 Therefore YOGA and breathing exercise have also known to be  

beneficial  in improving the quality of life of patient suffering from 

 hypertension.19 

          There are various treatment existing currently in practice for reducing 

Hypertension. Asna(postures ) and pranayama (breathing exercises) in the form 

 of yoga may be beneficial in the rehabilitation of cardiovascular diseases.20 

Yoga is the combination of structured physical and breathing techniques and  

meditation that helps to stimulate a sense of well being. The relaxation breathing  

and meditation components may lead to decreased parasympathetic activity and  
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improved baroreflex sensitivity causing reduction in hypertension and impacts  

other cardiovascular diseases 19 23, but traditionally people use YOGA most  

particularly Alternate Nostril breathing exercise regularly.4Alternate nostril 

breathing affects brain hemisphere by alternately stimulating the 

right brain and than left brain.4 

                 Air flowing through the nostril that stimulates the contra lateral side 

of brain. It alters cardio-respiratory and autonomic parameters. Breathing   

alternatively through each nostril helps to restore autonomic nervous  system  

balance. Potential benefits of regular practice of ANB include modulation  

of sympathovagal balance,improved cardiac function, refined metabolism, stress  

relif.20 

          Therefore ,this breathing may be useful adjunct to medical therapy of 

hypertension.2 

            Physiotherapy also plays an important role in treatment of 

hypertension. Various strategies are available and one such strategy is 

deep breathing exercise.21 

                   Deep breathing increases blood and oxygen flow to the brain to 

function in its optimal state. Hence, practicing deep breathing 

exercise influences autonomic functions and has therapeutic benefit 

to hypertensive patients.21When  breathing is full and deep , the diaphragm  

moves through its entire range downward to massage liver, stomach , and other  

organs and tissues below it, and upward to massage to heart. 22 

                    Deep breathing has the physiological effect of relaxing the  

muscles surrounding the small blood vessels, which allows the blood to flow  

more easily. Alpha blockers block receptors in arteries and smooth muscles.  
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This action relaxes the blood vessels and leads to an increase in blood flow and a  

lower a pressure for the control of hypertension.22 

                   Therefore this study will be aimed to compare the effect of deep 

breathing and Alternate nostril breathing exercise and will see which 

among the two exercises are more effective in reducing stage 1 

hypertension. 
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RATIONAL OF THE STUDY 

Studies are available on Alternate nostril breathing and it’s effects on reducing  

hypertension.4,15,16Numerous studies are also available on Deep breathing exercises  

and it’s effects on reducing hypertension.10,11 

While no comparison had been studied between two different types of exercises and its  

effects on reducing hypertension. Hence, this study will be focused on to find out which  

among the two exercises are more significant in reducing hypertension among stage 1 

hypertensive patients. 
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 Primary Research Question :- 

Is deep breathing exercise more effective than alternate nostril breathing on cardio- 

respiratory parameters in terms of blood pressure, pulse rate, respiratory rate, PEFR  

among stage1 hypertensive patients? 

 

Secondary Research Question 1 :- 

Not applicable in current study 

 

Secondary Research Question 2 :- 

Not applicable in current study 
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Primary Hypothesis :- 

NULL HYOPTHESIS 

“There is no significant effect of deep breathing exercises and alternate nostril  

breathing on cardio-respiratory parameters among stage 1 hypertensive patients.’’ 

 

ALTERNATE HYPOTHESIS 

“There is significant effect of Deep breathing exercises and alternate nostril breathing  

on cardio-respiratory parameters among stage 1hypertensive patients.’’ 

 

Other Hypothesis 1:- 

Not applicable in current study 

 

 Other Hypothesis 2 :- 

Not applicable in current study 
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Review of Literature :- 

Dr.Vasuki G.et.al (2017) conducted the study, The study of usefulness of Deep  

breathing exercise on blood pressure in hypertensive patients (Non  

pharmacological adjunct). The study concluded that deep breathing exercise  

significantly reduce systolic and diastolic blood pressure.15 

 

K. Upadhayay Dhungel.et.al (2008) conducted the study, Effect of alternate nostril  

breathing exercise on cardiorespiratory functions.The study concluded that  

alternate nostril breathing can cause significant decrease in pulse rate,  

respiratory rate, SBP and DBP and increase in PEFR.24 

 

 

Chacko N. Joseph.et.al(2016) conducted the study, Slow breathing improves  

arterial baroreflex sensitivity and decreases blood pressure in essential  

hypertension. The study concluded that slow breathing actually reduces blood  

pressure in hypertension and improves baroreflex sensitivity.25 

 

 

Mourya M.et.al(2009) conducted the study ,Effect of slow and fast breathing  

exercises on autonomic function in patients with essential hypertension.The  

study concluded that both types of breathing exercises benefit patients with  

hypertension. However, improvement in both the sympathetic and  

parasympathetic reactivity may be the mechanism that is associated in those  

practicing the slow breathing exercise.26 
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SukhdevSingh.et.al(2011) concluded the study, Effect of six week Nadi-Shodhana  

pranayama training on cardiopulmonary parameters. The study concluded that  

this exercise had a significant effect on heart rate, vital capacity and blood  

pressure.27 

 

Dr.LabibaAbd El-Kader Mohamed (2013) conducted the study, Effect of slow  

breathing exercise on blood pressure and heart rate among newly diagnosed  

patients with essential hypertension. The study concluded that practicing slow  

deep breathing has significantly decreased the systolic and diastolic blood  

pressure as well as heart rate.28 

 

AnshumanNaik.et.al(2012) conducted the study, Effect of left nostril breathing in  

hypertensive. The study concluded that blood pressure and pulse rate can be  

decreased by performing left nostril breathing. Hence, this technique can be used  

as regular practice in hypertensive patients.29 

 

Shirley Telles.et.al(2017) conducted the study, Alternate nostril yoga breathing  

reduced blood pressure while increasing performance in a vigilance test. The  

study concluded that Alternate nostril yoga breathing appears to improve  

performance in the digit viagilance test, along with a reduction in systolic blood  

pressure.30 
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Elizabeth Tharian.et.al(2012)conducted the study, Influence of deep breathing 

 exercise on spontaneous respiratory rate and heart rate variability :A randomized  

controlled trial in healthy subjects .The study concluded that practicing deep  

breathing exercise improves heart rate variability.31 

 

Sivakumar G.et.al.(2011)conducted the study Acute effects of deep breathing for  

a short duration (2-10min)on pulmonary functions. The study concluded that  

deep breathing exercises even for a few minutes duration is beneficial for the  

lung functions.32 

 

 

N.K. Subbalkshmi.et.al(2005)conducted the study Immediate effect of Nadi- 

Shodhana Pranayama on some selected parameters of cardiovascular,  

pulmonary and higher functions of brain. The study concluded that there is  

significant effect of this pranayama rapidly alters cardiopulmonary responses  

and improves simple problem solving.33 

 

 

Shirley Telles.et.al.(2013)conducted the study Blood pressure and purdue  

pegboard scores in individuals with hypertension after alternate nostril breathing  

,breath awareness and no intervention. The study concluded that the practice of  

Alternate Nostril breathing reduced the systolic and diastolic blood pressure  

patients withhypertension.34 
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P.Raghuraj.et.al(2008)conducted the study Immediate effect of specific nostril  

manipulating yoga breathing practices on Autonomic and Respiratory  

Variables. The study concluded that SBP and DBP decreased after alternate  

nostril breathing exercise.35 

 

 

Kaurharneet.et.al.(2012)conducted the study Effect of slow breathing on blood  

pressure,heart rate and body weight in prehypertensive subjects of varying Body 

 Mass Index.The study concluded that slow breathing may play a significant role  

in reducing the blood pressure and the heart rate.36 

 

 

Ritu Adhana.et.al.(2016)conducted the study Effect of slow breathing training on  

heart rate spontaneous respiratory rate and pattern of breathing. The study  

concluded that practice of slow breathing technique reduces spontaneous  

respiratory rate,heart rate, and also regularize the pattern of breathing.37 

 

 

 

Berney M.et.al.(2018) conducted the study effects of slow deep breathing on short  

term changes in blood pressure, heart rate and o2 saturation. The study 

concluded that slow breathing tends to improve BP and O2 saturation.38 
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S Kalaivani.et.al.(2019) conducted the study effect of alternate nostril breathing  

exercise on blood pressure, heart rate, and rate pressure product among patients  

with hypertension in JIPMER, Puducherry.The study concluded that Hypertension 

 can be reduced by following simple alternate nostril breathing regularly.39 

 

 

Dr. Eman Elsayed Hussein Mohammad et.al.(2018) conducted the study the  

effectiveness of Breathing Exercise in Lowering High Blood Pressure among  

Hypertensive Patients At General Hospital,Alnamas,Kingdom of Saudi  

Arabia.Concluded that breathing exercise is effective in lowering blood  

pressure.22 

 

 

Hisao MORI.et.al.(2005)conducted the study How Does Deep Breathing Affect  

Blood Pressure and Pulse Rate?. Concluded that BP reduction by DB.40 

 

 

Shreya Ghiya (2017) conducted the study of Alternate nostril breathing : a 

 systematic review of clinical trials.Concluded that regular practice of alternate  

nostril breathing  is associated with decreased blood pressure and heart rate.41 

 

 

Berek, Pius.et.al.(2017) counducted the study effectiveness of slow deep  

breathing on decreasing blood pressure in primary hypertension:A  Randomized  

Controlled Trial. The study concluded that SDB exercise in order to decrease the  



17 
 

prevalence of hypertension.42 

 

 

Dame Elysabeth.et.al.(2015)conducted the study Slow Deep Breathing Reduces  

High Blood Pressure in Hypertensive Patients. Concluded that slow deep  

breathing is effective in lowering blood pressure.43 

 

 

Changjun Li.et.al.(2018)conducted the study effect of slow breathing rate on heart  

rate variability and arterial baroreflex sensitivity in essential hypertension.The  

study concluded that slow breathing showed the potential  to be a simple and  

inexpensive method to improve autonomic balance and increase the baroreflex  

sensitivity in hypertensive patients.44 

 

 

Shravya Keerthi G.et.al.(2013)conducted the study effect of slow deep breathing 

 (6 Breaths/min) on pulmonary function in healthy volunteers.The study  

concluded that slow deep breathing used as an effective lifestyle adjunct to 

 medical treatment to reduce drug dosage and improve quality of life of the  

patients.45 

 

 

Decio Mion Jr.et.al,(2016)conducted the study Effects of Slow Breathing on Blood  

Pressure and Autonomic Function. This study shows that slow breathing  a slow  

and deep breathing significantly reduces blood pressure.46 
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Marshall Hagins PT.et.al,(2014) conducted the study A Randomized Controlled 

 Trial Compaing the Effects of Yoga With an Active Control on Ambulatory Blood  

Pressure in Individuals With Prehypertension and Stage 1 Hypertension.  

Concluded that Yoga is an alternative health care practice that may  

improve BP control.47 

 

 

LG Saptharishi.et.al.(2009)conducted the study Community-based Randomized  

Controlled Trial of Non-pharmacological Interventions in Prevention and Control  

of Hypertension among Young Adults.This study has highlighted the  

effectiveness of physical exercise, salt intake reduction and yoga in prevention 

 and control of hypertension among young adults.48 

 

 

Gopal Krushna Pal, et.al conducted the study of slow yogic breathing through  

right and left nostril influences sympthovegal balance, hart rate variability ,and  

cardio vascular risk in young adult. These study shows that decreased  

sympathetic activity and blood pressure.49 

(In all 28 

[15,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,22,40,41,42,43,44,45,46,47,48,49

] references have been utilized for literature review). 
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Primary Objectives : 

“To study the comparison between deep breathing exercises and alternate nostril  

breathing on cardiac parameters among stage 1hypertensive patients in terms of SBP,  

DBP and pulse rate at the end of four weeks of exercise intervention.” 

“To study the comparison between deep breathing exercises and alternate nostril  

breathing on respiratory parameters among stage 1 hypertensive patients in terms of  

respiratory rate and PEFR at the end of four weeks of exercise intervention.” 

 

 Other Objectives 1:- 

Not applicable in current study 

 

 Other Objectives 2:- 

Not applicable in current study 
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 Methodology :- 

Study design: Randomized controlled trial.50,51 

A Randomized controlled trial is a type of scientific experiment which aims to reduce  

bias when testing a new treatment. In this study we use Block randomization. It works 

by randomizing participants within blocks such that an equal number are assigned to 

 each treatment and the advantage of block randomization is that treatment groups will  

be equal in size and will tend to be uniformly distributed by key out come related  

characteristics. 

 

Study setting: Medicine OPD & physiotherapy OPD. The patients diagnosed from  

medicine OPD was referred to physiotherapy OPD by physician. 

 

Duration of study:12 months 

 

Study population: Stage 1 hypertensive patients aged between 40 to 60 years. 

 

SAMPLE SIZE 

REQUIRED SAMPLE SIZE: 55 per group (A and B) totaling to 110. 

Therefore 110 Stage 1 hypertensive population were included in the 

study based on the sample size estimation follows :- 
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SAMPLE SIZE ESTIMATION: 

Sample size estimated based on following assumption from previously published study  

(Effectiveness of deep breathing exercise on blood pressure among patients with mild  

hypertension carried by MS.K.Sona Janet)21: 

Assumptions: 

1.Two sided significance level (1-α) : 95 

2. Power (1-β,%chance of detecting ) : 80 

3.Ratio of sample size exposed/unexposed: 1 

4.Percent of unexposed with outcome :27% 

5.Percent of exposed with outcome: 6.8% 

α error - 5% 

β error- 20% 

Based on this sample size estimated to be 55 in each group by Fleiss 

method by the following formula : 

n=[(Z α/2 +Z beta)] 

2 

×[P1(1-P1)]+ P2(1-P2)/(P1-P2) 

2 

Where P1=27% 

P2=6.8% 

Zα/2=1.96 

Z beta=0.84 
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Where P is percentage proportion 

Z is critical value. 

Above calculation was done by open EPI info 

 

 

SAMPLING TECHNIQUE: 

Simple Random Sampling for selection and allocation into groups by block  

randomization was utilized for obtaining the desired sample for the study. 

 

METHOD OF SELECTION OF STUDY SUBJECTS (ELIGIBILITY 

CRIETERIA): 

The eligibility of participant for the study would be based on criteria 

mentioned below: 

 

INCLUSION CRIETERIA: 

1.Pre diagnosed mild hypertensive patients 

2.Stage 1Hypertensive patients aged 40 to 60 years 

3.Patients with systolic blood pressure 130-139 and diastolic blood 

pressure 80-89 or both  

 

EXCLUSION CRIETERIA: 

1. Patients with cardiovascular or pulmonary diseases 

2. Patients with associated DM 

3. Patients with high risk hypertension 

4. Patients not willing to participate 
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WITHDRAWAL CRITERIA 

 

Participants can withdraw from the study if any of the following 

components occur during the protocol: 

1. Uncomfortable for session  

2. Sudden shoot up of SBP,DBP or both 

3. Any trauma or accident faced during the study 

4. Inability to complete four week of training protocol. 

 

 

 

METHOD OF SELECTION OF PARTICIPANTS: 

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

by physician as stage 1 hypertensive who were  referred to physiotherapy OPD  

for exercises. The hypertensive patients was further be selected according to  

inclusion criteria’s and later assigned to intervention groups by permuted block  

randomization. 

 

MATCHING CRITERIA: 

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

INDEPENDENT 

 Deep breathing exercises 

 Alternate nostril breathing exercises 

 Age 

 Weight 

 Height 

 Gender 

 

 

 

DEPENDENT 

 SBP 

 DBP 

 Pulse rate 

 Respiratory rate 

 PEFR 

 

OUTCOME MEASURES: 

Change in cardio-respiratory parameters in terms of blood pressure, pulse rate , PEFR,  

and RR after four weeks of intervention. 
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OPERATIONAL DEFINATIONS:  

Hypertensive population: In this study stage 1 Hypertension refers to elevated SBP 130- 

139 mm Hg and DBP 80-89 mm Hg or both. 

 

 Alternate nostril breathing: In this study ANB refers to type of breathing practice where 

 airflow is controlled through Alternate nostrils to bring a practitioner toward a subtle  

sensation of internal balance.52 

 

Deep breathing exercises : 

 In this study deep breathing means diaphragmatic breathing exercises and this  

exercise helps expand the lungs and forces better distribution of the air into all sections 

 of the lung. 

 

Cardiopulmonary parameters: 

 In this study it refers to cardiac parameters which include blood pressure, pulse rate  

and pulmonary parameters which include PEFR, Respiratory rate.  
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PHOTOGRAPHS 

 

1. Measurement Tape to  measure  height 

 

 

 

2. Weighing machine to weigh weight 
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3.Measuring pulse rate with pulse oximeter and blood pressure with dial 

sphygmomanometer 
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4.Measuring PEFR with peak flow meter 
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5.Measuring Respiratory Rate 
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Exercise Intervention 

Alternate nostril Breathing 
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Deep breathing exercise 
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METHODS OF MEASUREMENTS: 

1. Blood Pressure 

Parameter: SBP in mm Hg and DBP in mmHg 

Instrument :Dial BP apparatus [Annexure I(d) ] 

 

2. Pulse rate  

Parameter: Pulse Rate in beats/min 

Instrument: Pulse oximeter (fingertip) [AnnexureI(e) ] 

 

3. Respiratory Rate 

Manually in breaths /min.[ Annexure I(j) ] 

 

4. Peak Expiratory Flow Rate 

Parameter: PEFR in L/min 

Instrument: Peak flow meter [Annexure I(f) ] 

 

5. Weight 

Parameter: Weight in Kg 

Instrument: Electronic weighing machine [Annexure I(i) ] 

 

6. Height 

Parameter: Height in cm 
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Instrument: Measuring tape [Annexure I(h) 

 

 

STUDY INSTRUMENTS/ DATA COLLECTION TOOLS: 

1)Dial BP apparatus for calibrating the SBP and DBP in mmHg .[Annexure I(d)] 

 

2) Pulse oximeter for measurements of pulse rate in beats/min.[Annexure I(e)] 

 

3) Peak flow meter for peak expiratory flow rate in L/min.[Annexure I(f)] 

 

4) Peak flow rate for calculate predicted value in L/min.[Annexure I(g)] 

 

SPECIFICATION OF INSTRUMENTS 

1.Exercise Program(This includes Deep breathing exercise Group A and Alternate  

nostril breathing Group B) 

a)Deep breathing exercise: 

Patient was in sitting position. The patient was asked to take a deep breath through  

nose while placing one hand on your abdomen and exhale slowly through  

nose.[Annexure I (b)] 

 

b)Alternate nostril breathing exercise: 

The patient was in sitting position and was asked to close one of his/her nostril  

(say right nostril) by his thumb and slowly breath up to maximum through left  

nostril .He/she was asked to close his other nostril (left) by his/her ring finger and  

open the right nostril to exhale slowly up to maximum. He/she will be instructed  
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to inhale through the same right nostril (with left nostril closed) and then to open  

left nostril and exhale as stated above.[Annexure I (c)] 

 

2.Digital BP apparatus: 

Digital BP apparatus would be utilize for the measurement of blood pressure the  

details of instrument has been mentioned in .[Annexure (d)] 

 

 

3.Pulseoximeter: 

Pulse oximeter would be utilized for measurement of pulse rate the details of  

instrument has been mentioned in .[Annexure I (e)]  

 

4.Peak flow meter: 

Peak flow meter would be utilized for measurement of peak expiratory flow rate  

and a detail of instrument has been mentioned in .[Annexure I (f)] 

 

5.Calculator for measuring for predicting PEFR (Peak Flow Calculator) 

This would be utilized for predicting the PEFR of the patients .[Annexure I (f)] 

 

6.Measuring Tape: 

This would be utilized for measuring height in centimeters .[Annexure (g)] 

 

7.Electronic Weighing Machine: 

Weighing machine would be utilized for measuring in weight in kg .[Annexure I (i)] 
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8. Respiratory Rate 

The rate was  taken when the patient is at rest ,and it will be assessed by  

counting the number of times the chest rises in one minute .53[Annexure I (j)] 

 

PILOT STUDY:  

    Pilot study was to undertaken before the commencement of the study in order  

to understand which could interfere the study the following are the problems  

encountered the study. 

          1)There were variation in the positioning for deep breathing exercise and       

ANB. 

         2)Measuring BP,Pulse rate,and Respiratory rate simultaneously was  

difficult. 

 

To overcome this difficulties following modification was given 

 

1.In order to nullify affect on positioning on cardio-respiratory parameters 

 both the exercises in sitting position.The participants of both the group were  

positioned in sitting. 

 

2.Pulse oximeter is utilized for measuring pulse rate and respiratory rate 

 measured manually. 
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METHOD OF DATA COLLECTION RELEVANT TO OBJECTIVE: 

The quantitative data for the study was blood pressure (SBP and DBP) which was  

measured by dial BP apparatus in mmHg, pulse rate was measured by Pulse  

oximeter in beats/min, Respiratory rate was measured manually in  

breaths/min,PEFR was measured by peak flow meter in L/min. The data were  

collected before and after exercise intervention as per the protocol. 

 

 

DATA MANAGEMENT AND ANALYSIS PROCEDURE: 

The obtained data was processed into Microsoft excel spreadsheet. In anyway,  

the patient identity and information was be disclosed. The changes in pre and  

post exercise intervention in both the group would be seen and the hypothesis  

would be tested. 

Before undertaking the testing’s the raw data would be cleaned by Epi info software  

before final analysis. 

Final analysis of cleaned up data would be undertaken by STATA version 10.1 year  

2011 computer application would be utilized for this process. 

 

 

DATA ANALYSIS PLAN AND METHODS: 

The data would be collected from selected sample of stage 1 hypertensive  

patients in both the group before and after exercise intervention. Data obtained  

will be entered in Microsoft Excel sheet (2010) and would be analyzed for changes  

in before and after exercise intervention. 
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Descriptive statistics like mean and standard deviation will be calculated to  

summarize quantitative variables (BP, pulse rate, Respiratory rate ,PEFR ) 

Frequency and percentage will be calculated to summarize categorical variables  

(Gender). Inferential statistical procedure will be used to test significance of  

before (Pre) & after (Post) intervention for changes in cardio-respiratory  

parameters in both the group. 

 

 

Data comparisons would be as follows: 

Within the group comparison – 

ANB Group :  

Pre cardiac measures with post cardiac measures 

Pre respiratory measures with post respiratory measures 

Deep breathing exercise group : 

Pre cardiac measures with post cardiac measures 

Pre respiratory measures with post respiratory measures. 

 

Group Comparison – 

ANB pre cardiac vs deep breathing pre cardiac measure 

ANB Post cardiac vs deep breathing post cardiac measure 

ANB pre respiratory vs deep breathing pre respiratory measure 

ANB Post respiratory vs deep breathing post respiratory measure 
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STASTICAL TESTS: 

 

For quantitative data: unpaired t test was used to compare the results of deep breathing  

and alternate nostril breathing and paired t test was used to compare pre and post  

parameters of both groups. 

 

P≤ 0.05 will be considered statistically significant.  
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ADDITIONAL POINTS FOR RANDOMIZED CONTROLLED TRIAL 

PROCEDURE 

 

Stage 1 hypertensive patients as diagnosed by physician fulfilling the 

criteria were included for the study. These patients were recruited by randomized  

controlled trial the criteria for randomization would be as follows 

  

1.Enrollment: The patients were assessed for eligibility by BP count. The 

patient  was stage 1 hypertensive (130-139mmhg to 80-89 mmHg )and fulfill  

all the criteria for inclusion and should be referred from medicine O.P.D to  

physiotherapy O.P.D. 

 

 2. Allocation to intervention: The eligible hypertensive were allocated to   

 intervention as it is a randomized controlled trial (2 different interventions)  

group A – Traditional ANB exercise and Group B-Deep breathing exercise and  

allocation was based on block randomization. . 

 

3. Follow up: was done for the both the groups with monitoring of BP at baseline  

and other parameters at the end of four week. 
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RANDOMISED  CONTROL  TRAIL 

                                        

 

 

 

 

 

 

 

 

 

 

                                                              

                                                          Did not report due to 

                                                           COVID situation  

                                                           

 

                                         DISCOUNTINUE INTERVENTION  n=1              n=0 

                                        LOST TO FOLLOW UP n=1                     n=0                      

                                                                       

                                                 

 

 

 

 

HYPERTENSIVE ASSESSED FOR ELIGIBILITY n=403 

SCREENED n=157 

RANDOMIZE 

BLOCK RANDOMIZATION n=55 BLOCK RANDOMIZATION n=55 

GROUP A n=55 GROUP B n=55 

FOLLOW UP n=20 FOLLOW UP n=22 

ANALYSED n=18 ANALYSED n=22 

n=35   n=33 
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INTERVENTION: 

Traditional exercise 

ALTERNATE NOSTRIL BREATHING: 

 

1.The patient was in sitting position and was asked to close one of his/her nostril   

(say right nostril) by his thumb and slowly breathe up to maximum through left  

nostril. 

 

2. He/she was asked to close his other nostril (left) by his/her ring finger and open  

the right nostril to exhale slowly up to maximum. 

 

3. He/she was instructed to inhale through the same right nostril (with left nostril  

closed) and then to open left nostril and exhale as stated above. 

 

4.Total duration of exercise was  of 10 minutes 

 

Experimental Exercise 

DEEP BREATHING EXERCISES: 

 

1.Patient was in sitting position. The patient was asked to take a deep breath  

through nose while placing one hand on your abdomen and exhale slowly  

through nose. 

 

2. Total duration of the exercise was 10 minutes. 
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GENERAL PROCEDURE 

Before intervention  

            Before exercise intervention the participants SBP, DBP, Pulse rate, Respiratory  

rate, PEFR were taken. 

 

Test protocol(Exercise intervention) 

           The participants to full field the criteria underwent the test protocol as mentioned  

below. 

           Initially on arrival of participants to the Physiotherapy OPD there before test  

measurements taken and later on they were instructed to perform the exercises based  

on the group to which they belong. Group A instructed to perform ANB and group B  

instructed to deep breathing exercise. 

           And this was done for a period of 4 weeks. 

 

Post test measurement 

             At the end of 4 week intervention which included SBP,DBP,Pulse  

rate,Respiratory rate was recorded and obtained data was collected and analyzed  

statistically for obtaining the results.    
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FLOW CHART OF GENERAL PROCEDURE 

 

Permission from the head of institution was taken 

↓ 

Ethical & BORS clearance was taken 

↓ 

Intervention protocol was explained 

↓ 

Written consent from the participants was obtained 

↓ 

Subjects fulfilling criteria was included 

↓ 

Demographic data was obtained 

↓ 

Pre -test respiratory and cardiac measures was taken 

↓ 

Participants was encouraged to perform the exercise program for 4 

weeks 

↓ 

Post –intervention respiratory and cardiac measures was taken 

↓ 

Data was collected and analyzed 
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RESULT: 

           153 patients from medicine OPD and physiotherapy OPD were screened, among  

them 110 patients were included in the study , as they were fulfilling the inclusion 

 criteria. Out of 110  participants who formed the sample for the study, with 55 in each  

group i.e group A and group B respectively. 

          The data of 20 from group A and data of 22 for group B were studied for a period  

of 4  weeks instead  of 55 as the rest of the sample could not be studied due to novel  

corona virus pandemic. Out of 20 participants  for group A ,2 participants were unable to  

complete the test .Therefore  total  18 patients from group A and 22 patients from group  

B data were statistically analyzed  for obtaining results as they completed the test  

protocol. 

 

1.The mean age of patients in Group A (n=18 ) was 47, ±  5.7 and for Group B (n=22) 

mean age  

was 52.86 , ±  5.44.( Table 1 and graph no 1) 

 

2.The mean height for Group A(n=18) was 167.67 with  ± 8.88 and for Group B(n=22) 

mean  

height was 165.95 with  ±9.89.( Table 2 ) 

 

3.The mean weight for Group A(n=18) was 69.17 with ± 8.99 and for group B(n=22) 

mean  

weight was 66.41 with ± 7.10.( Table 2)  

 

4.The mean BMI for group A(n=18) was 24.533 with  ± 1.89 and for group B(n=22) 

mean BMI  
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was 24.177 with ±  2.54.( Table 2 ) 

 

5. In group A Out of 18,11 were male and 7 were female and in Group B out of 22,14 

were  

male and 8 were female.( Table 3 and graph no 2) 

 

6. CARDIAC  PARAMETERS: 

Within group comparison: 

 

GROUP A 

There was a reduction in systolic BP after intervention and value reduced from 126.67  

to 125.56  and diastolic BP remains unchanged and pulse rate value also reduced from  

78.06 to 76.89 but the values of Systolic BP and pulse rate were not statistically  

significant. (Table 4 ,Graph 3,4 and 5) 

 

GROUP B 

I. There was a reduction in systolic BP after intervention, value reduced from 127.73 to  

125.68 and was statistically significant with p value 0.047 when analyzed with paired t  

test.  (Table 6 and graph no 9) 

 

II.Diastolic BP also reduced from 85.45 to 84.09 and was not statistically significant. 

 ( Table 6 and graph no 10) 

 

III. Pulse rate revealed a minor increase after intervention and not statistically significant  

.( Table 6 ,Graph  11) 
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GROUP COMPARISION 

Before Intervention 

I.ANB group(group A) before intervention  systolic BP was 126.67,± 5.94  whereas in  

group B it was 127.73,±6.49. (Table 8 and graph no.3,9) 

 

II.ANB group(group A) before intervention diastolic BP was 84.72,±6.05 whereas in  

group B it was 85.45,±5.95. (Table 8 and graph no.4,10) 

The comparison for systolic and diastolic was not significant. 

 

III.ANB group’s participants before intervention pulse rate when compared with  

participants  pulse rate of deep breathing exercise group yielded a statistical significant  

of p value 0.008 when analyzed with unpaired t test.( Table 8 and graph no.5,11) 

 

After intervention 

After intervention systolic BP and diastolic BP of ANB(group A) when compared with  

deep breathing (group B) was not statistically significant .Whereas pulse rate was  

statistically significant with 0.004  and analyzed with unpaired t test. ( Table 9 ) 
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RESPIRATORY PARAMETERS 

WITHIN GROUP COMPARISION 

GROUP A(ANB GROUP) 

There was reduction in respiratory rate value from 16.17 to 16.06 after 

 intervention and increased trend was seen in observed PEFR values which 

 increased from 277.78 before intervention  to 297.78 after intervention   but the  

values were not statistically significant. (Table 5,Graph 6,8) 

But when predicted PEFR values before intervention was compared with before 

 intervention observed PEFR values in ANB group it was found to be statistically 

 significant with p value 0.000001 and analyzed with paired t test.( table 5.1) 

When  predicted PEFR values after intervention was compared with after intervention  

observed PEFR values In ANB group it was found to be statistically significant with p  

value 0.000006 and analyzed with paired t test.( Table 5.1) 

 

 

GROUP B(DEEP BREATHING EXERCISE GROUP) 

There was reduction in respiratory rate after intervention from 16.68 to 16.32 and  

increase in observed PEFR values from 363.64 to 380.45  after exercise  

intervention.But the  values for both respiratory rate and observed PEFR were not  

statistically significant. (Table 7,Graph 12,14.) 

But when predicted PEFR values before intervention was compared with before  

intervention observed PEFR values in deep breathing exercise group it was found to be  

statistically significant with the p value 0.00001 and analyzed with paired t test. (Table  

no 7.1) 

When  predicted PEFR values after intervention was compared with after intervention 
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 observed PEFR values in deep breathing exercise group it was found to be statistically  

significant with p value 0.0004 and analyzed with paired t test . (Table no.7.1) 

 

GROUP COMPARISION:  

Before intervention   

1.ANB group (group A) before respiratory rate vs. deep breathing exercise group (group  

B).Respiratory rate was 16.17,±2.47 in group A whereas 16.68,±2.60  in group B not  

statistically significant. (Table 10 and graph no.6,12) 

 

2.Predicted PEFR before intervention was 503.06,±63.30 in group A whereas  

485.82,±64.39 in group B was not statistically significant. (Table 10 and graph no.7,13) 

 

3.Observed PEFR before intervention was 277.78,± 87.82 in group A whereas 363.64,  

±62.07 in group B was statistically significant. ( Table 10 and graph no 8,14) 

 

After intervention 

I.Respiratory rate was 16.06,±2.73 in group A whereas 16.32,±2.16 in group B was not  

statistically significant.  (Table 11  and graph no 6,12) 

 

II.Predicted PEFR after intervention was 503.06,±63.309 in group A whereas 485.82,  

±64.39 in group B was not statistically significant. ( Table 11  and graph no7,13) 

 

III.Observed PEFR after intervention was 297.78, ± 72.56 in group A whereas 380.45,  

±64.17 in group B was statistically significant. ( Table 11  and graph no 8,14 ) 
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Discussion  

             The study which was carried out to study the “Effect of deep breathing  

exercises versus alternate nostril breathing on cardio-respiratory parameters 

 among stage 1 hypertensive patients : A randomized controlled trial” has proved  

that there is a positive effect exercises on cardio-respiratory parameters. 

           The results from the study has proved that deep breathing exercise is more 

 effective than ANB in terms of SBP,Pulse rate, PEFR among stage 1 hypertensive  

patients which is primary research question of the study. 

            The primary objective of the study has also been met with as the study  

was able to compare deep breathing exercise and ANB exercises on cardiac and  

respiratory parameters.On comparing both exercises the result proved that deep  

breathing exercise was comparatively better than ANB exercise in terms of  

SBP,Pulse rate and PEFR.Whereas ANB exercise was comparatively better than  

deep breathing exercise in terms of PEFR.Therefore the alternate hypothesis of  

study which was “There is significant effect of Deep breathing exercises and  

alternate nostril breathing on cardio-respiratory parameters among stage 1  

hypertensive patients.” especially in terms of SBP (0.047),Pulse rate  

(0.04),PEFR(0.0001) is accepted as null hypothesis is rejected. 

              ANB exercise which is traditionally referred to as ‘Pranayama’ it’s a yogic  

technique and is form to produce physiological changes due to implementation  

of this exercise. 

              In this study also ANB exercise was implemented for a period of 4 weeks 

 and changes in cardiac parameter i.e. SBP,DBP,pulse rate was monitor and for 

 respiratory parameter i.e. respiratory rate,PEFR the results proved that there was 
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 increase in PEFR and was significant. 

             Earlier study which utilized ANB exercise to study the effect of this  

exercise on cardio-respiratory functions in Nepal has shown similar results with  

the current study in terms of PEFR. 

 

 

 

 

 

                 Current study             Earlier study 

Sr.n
o. 

variables before after  before After 

1. PEFR(L/mi
n) 

277.78,±87.
82 

297.78,±72.
56 

K 
Upadhay 
et.al 

495.28,±48.
84 

507.50,±44.
29 

    R.D  
Srivasta
va et.al 

394.50,±44.
89 

407.00,±42.
31 

    Iffat 
54Jahan 
et.al 

6.43,±1.36 7.20,±1.61 

 

         Increase in PEFR may be due to rise in thoracic-pulmonary compliances and  

bronchodialatation by training in ANB.Stimulation of pulmonary stretch receptors  

by inflation of the lung reflexely relaxes smooth muscles of larynx and  

tracheobronchial tree; probably this modulates the airways caliber and reduces  

airway resistance.24 

                  ANB enhances voluntary regulation of the breathing to make  

respiration rhythemic.With this exercise during inspiration, stretching of lung  

tissue produces inhibitory signals by action of slowly adapting stretch receptors  
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and hyperpolarization current are known to synchronize neural elements leading  

to the modulation of the nervous system and decreased metabolic activity 

 indicative of the parasympathetic state.55 

  

 

 

 

 

 

 



52 
 

 

               In deep breathing exercise the autonomic nervous system, through  

stimulation of the arterial baroreceptors, pulmonary stretch receptors and low  

pressure baroreceptors may play important roles in the changes of blood  

pressure and pulse rate.40 

               In this study deep breathing exercise was implemented for a period of 4  

weeks and changes in cardiac parameter i.e SBP,DBP,Pulse rate was monitor 

  and respiratory parameter i.e respiratory rate and PEFR the results proved that  

there was decreased in SBP,Pulse rate and increase in PEFR was signify cant. 

              Earlier study which utilized deep breathing exercise to study the effect of  

this exercise on blood pressure in Tamil Nadu has shown similar results with the  

current study in terms of SBP.15 

 

                 Current study             Earlier study 

Sr.no
. 

Variabl
e 

before after  before After 

1. SBP 127.73,±6.49 125.68,±5.18 Dr.Vasu
ki G et.al 

139.1,±14 133.2,±12 

    Chacko 
N. 
Joseph 
et.al 

149.7,±3.7. 141.1,±4 

2. Pulse 
rate 

72.82,±3.81 72.86,±2.03 Hisao 
Mori 
et.al  

72.5,±10.6 71.8,±10.4 

    Fatima 
D’silva 
et.al56 

74.50,±3.6 70.50,±1.8 

3. PEFR 363.64,±62.0
7 

380.45,±64.1
7 

Ravi 
G.N et al 
57 

317.50,±87.8
0 

354.86,±78.8
8 
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               Regular practice of deep breathing increases parasympathetic tone and  

decreases sympathetic activity improves cardiovascular and respiratory  

functions .Participants with essential hypertension have shallow respiration with 

 an enhanced chemoreflex sensitivity which in turn depresses the vasomotor  

center. This reduces the sympathetic outflow, causing peripheral vascular  

resistance and thus reducing diastolic blood pressure. The decrease in  

sympathetic discharge further decreases the tone of venules with increases in its  

capacitance,decrease in mean systemic filling pressure, decrease in venous  

return and thus lowering the systolic blood pressure. 15 

 

 

 



54 
 

Strength of the study: 

                   The study estimate the effectiveness of ANB exercise and deep  

breathing exercise on cardio-respiratory functions on stage 1 hypertensive  

patients. 

                 4 weeks of exercise intervention is sufficient enough to bring change in  

stage 1 hypertensive patients. 

                    This type of exercises can be easily perform at any case. This type of  

exercise not only feasible but also cost effective. 

 

Weakness  

            The readings of each day for all the 4 weeks of intervention was not  

taken. The weakness was  overcome to certain extent as study design before and  

after intervention. Therefore study protocol design to before and after 

 intervention. And taking the reading everyday preview  of the protocol. 
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Conclusion: 

            It is concluded from the study that 4 weeks of exercise intervention in  

terms of SBP, pulse rate, PEFR in improving in sage 1 hypertensive patients.  

Although some parameter had shown better improvement in ANB but  

comparatively deep breathing exercise was slightly better than ANB exercise.  

Therefore this type of exercises can be implemented in stage 1 hypertensive  

patients without any side effect. Moreover this exercises are simple, does not  

require instrumentation. But proper instruction, positioning of all participants is  

desirable for effect. 

              Therefore this study provides evidence that both exercises are helpful in  

stage 1 hypertensive patients but deep breathing has proved to be slightly better  

than alternate nostril breathing exercise. 
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Limitation: 

1. Weather same trend continue in subsequent by 4 weeks. 

 

2. Pandemic situation did not allow us collecting the complete sample. 

 

 

Clinical Implication- Suggestion 

Clinical Implication: 

           This study clinically implied all stage 1 hypertensives to desire to improve  

their cardiac and respiratory parameters. 

 

Suggestion: 

           It is suggested that 4 weeks of exercise intervention in form of ANB and  

deep breathing exercise is helpful in terms of SBP, pulse rate, PEFR. Although  

deep breathing is comparatively better in improving parameter. 

         Further studies on such population belonging to different  in India for  

generalizing the results. Moreover if the same trend are seen in other  

hypertensives also could be further studies.                                                       
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SUMMARY 

Background 

           Hypertension, also known as high or raised blood pressure, is a condition  

in which the blood vessels have persistently raised pressure. Blood pressure is  

created by the force of blood pushing against the walls of blood vessels (arteries)  

as it is pumped by the heart . Hypertension classified into various categories. 

          In this study stage 1 hyperensive are studied. Stage 1 Hypertension is an  

elevated systolic blood pressure (SBP)130-139 mmHg and diastolic blood  

pressure (DBP) 80-89 mm Hg or both. High prevalence of hypertension was found  

among the middle age adults in various studies .Therefore there is a concern  

about hypertension in middle age group.12 

          YOGA and breathing exercise have also known to be beneficial  in  

improving the quality of life of patient suffering from hypertension 

          There are various treatment existing currently in practice for reducing  

Hypertension but traditionally people use YOGA most particularly Alternate  

Nostril breathing exercise regularly. 

        Physiotherapy also plays an important role in treatment of hypertension.  

Various strategies are available and one such strategy is breathing exercise.21 

 Hence, this study will be focused on to find out which among the two exercises  

are more significant in reducing hypertension among stage 1 hypertensive 

 patient. 
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 Aim and Objectives 

Aim: 

                  “ To compare the effect of deep breathing and Alternate nostril  

breathing exercise and will see which among the two exercises are more effective  

in reducing stage 1 hypertension.” 

Objective: 

Primary Objectives : 

“To study the comparison between deep breathing exercises and alternate nostril  

breathing on cardiac parameters among stage 1 hypertensive patients in terms of  

SBP, DBP and pulse rate at the end of four weeks of exercise intervention.” 

“To study the comparison between deep breathing exercises and alternate nostril  

breathing on respiratory parameters among stage 1 hypertensive patients in  

terms of respiratory rate and PEFR at the end of four weeks of exercise  

intervention.” 

 

 

Material and Methods  :- 

Study design: Randomized controlled trial. 

Study setting: Study was conducted at Medicine OPD & physiotherapy OPD with  

simple random sampling and allocation of groups by block randomization for  

selection of participants with mean age of ANB group A and Deep breathing  

exercise  group B.  

These participants was subjected to pre test measurements with SBP,DBP,Pulse  

rate, respiratory rate,PEFR. 
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Followed by recording the measurement of SBP,DBP ,Pulse rate,respiratory  

rate,PEFR  after 4 weeks of intervention with ANB in group A and deep 

 diaphragmatic breathing in group B  

 

Result: 

Although both exercises were helpful in improving the cardiopulmonary  

parameters in stage 1 hypertensive the result indicate that there were observable  

and significant improvements in SBP (0.047) ,Pulse rate(0.04),PEFR(0.0001)  by  

paired t test, when deep breathing and ANB were compared before and after 4  

week intervention and  DBE was comparatively better than ANB. 

 

Conclusion: 

DBE was comparatively better than ANB in terms of SBP , PR, PEFR  after 4  

weeks of exercise intervention although both exercises have shown improvement  

after intervention in stage 1 hypertensives. 
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TABLES AND GRAPHS 

 

Table no.: 1 Age distribution for both the groups with Mean and  ±SD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr.no Age group Group Total 

  A B 

1. 40-45 8 3 11 

  72.7% 27.3% 100.0% 

                  2. 46-50 6 5 11 

  54.5% 45.5% 100.0% 

                  3. 51-55 2 6 8 

  25.0% 75.0% 100.0% 

                 4. 56-60 2 8 10 

  20.0% 80.0% 100.0% 

  18 22 40 

  45.0% 55.0% 100.0% 

                                                      

Mean 
47.00 52.86 50.23 

                                                       

±SD 
5.770 5.436 6.257 

Sr.no Age group Group Total 

  A B 

1. 40-45 8 3 11 

  72.7% 27.3% 100.0% 

                  2. 46-50 6 5 11 

  54.5% 45.5% 100.0% 

                  3. 51-55 2 6 8 

  25.0% 75.0% 100.0% 

                 4. 56-60 2 8 10 

  20.0% 80.0% 100.0% 

  18 22 40 

  45.0% 55.0% 100.0% 

                                                      

Mean 
47.00 52.86 50.23 

                                                       

±SD 
5.770 5.436 6.257 

Sr.no Age group Group Total 

  A B 

1. 40-45 8 3 11 

  72.7% 27.3% 100.0% 

                  2. 46-50 6 5 11 

  54.5% 45.5% 100.0% 

                  3. 51-55 2 6 8 

  25.0% 75.0% 100.0% 

                 4. 56-60 2 8 10 

  20.0% 80.0% 100.0% 

  18 22 40 

  45.0% 55.0% 100.0% 

                                                      

Mean 
47.00 52.86 50.23 

                                                       

±SD 
5.770 5.436 6.257 
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Table no. 2: Height and Weight distribution for both groups with Mean and ±SD 

          Sr. No Group Ht.(in 

cm) 

Wt  (in 

kg) 

BMI 

                

                1    A 

N 18 18 18 

Mean 167.67 69.17 24.533 

±SD 8.885 8.998 1.8949 

                

                2     B 

N 22 22 22 

Mean 165.95 66.41 24.177 

±SD 9.897 7.102 2.5482 

 

Total 

N 40 40 40 

Mean 166.73 67.65 24.338 

±SD 9.375 8.024 2.2569 

 
 

 

 

Table no.3 : Gender distribution for both groups 

 

GENDER * Group Crosstabulation 

                               

Sr.no 

 Group Tota

l A B 

         

      1 

 
Gender 

Male 

Count 7 8 15 

% within 

gender 

46.7

% 

53.3

% 

100.

0% 

Female 

Count 11 14 25 

          
       2. 

% within 

gender 

44.0

% 

56.0

% 

100.

0% 

 

Total 

Count 18 22 40 

% within 

gender 

45.0

% 

55.0

% 

100.

0% 
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Table no. 4:  Before and After intervention Cardiac parameters for group A  with Mean 

and ± SD 

For Group A N Mean ±SD Std. Error 

Mean 

t value p value 

Systolic BP 
Before 18 126.67 5.94 1.400 1 0.331 

After 18 125.56 5.65 1.334 

Diastolic BP 
Before 18 84.72 6.05 1.428 -0.212 0.834 

After 18 85.00 5.14 1.213 

Pulse in RPM 
Before 18 78.06 7.62 1.798 2.018 0.06 

After 18 76.89 5.69 1.343 

 
Test used: paired t test 

 

 

Table no. 5: Before and After intervention Respiratory parameters for group A  with 

mean and ± SD 

 

For Group A N Mean ±SD Std. Error 

Mean 

t value p 

value 

Respiratory rate 
Before 18 16.17 2.47 0.584 0.281 0.782 

After 18 16.06 2.73 0.644 

Predicted PEFR 

Before 18 
503.0

6 
63.30 14.922 

 1.00 

After 18 
503.0

6 
63.30 14.922 

Observed PEFR 

Before 18 
277.7

8 
87.82 20.699 

-1.194 0.073 

After 18 
297.7

8 
72.56 17.103 

 
Test used: Sign Wilcoxon Rank Test 

 

 



63 
 

 

 

Table no.5.1: ANB group comparison of predicted and observed PEFR 

  Mean 
Predicted 
PEFR 

± SD  Mean 
observed 
PEFR  

± SD t value p value 

Before 503.06 63.30 277.78 87.82 8.82 0.000001* 

AFTER 503.06 63.30 297.78 72.56 9.04 0.000006* 

 

*shows statistically significant 

                Test used paired t test 

 

 

 

Table no.6: Before and after intervention Cardiac parameters for group B with Mean and 

±SD 

 

For Group B N Mean ±SD Std. Error 

Mean 

t value p value 

Systolic BP 

Before 22 
127.7

3 
6.497 1.385 

2.113 0.047* 

After 22 
125.6

8 
5.186 1.106 

Diastolic BP 
Before 22 85.45 5.958 1.270 0.826 0.418 

After 22 84.09 5.032 1.073 

Pulse in RPM 
Before 22 72.82 3.813 0.813 -0.085 0.933 

After 22 72.86 2.031 0.433 

        

 

*shows statistically significant 

Test used : paired t test 
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Table no. 7: Before and after intervention Respiratory parameters for group B with mean 

and ±SD 
 

Group B N Mean ±SD Std. Error 

Mean 

t value p value 

Respiratory 

rate 

Before 22 16.68 2.60 0.556 1.191 0.247 

After 22 16.32 2.16 0.462 

Predicted 

PEFR 

Before 22 
485.8

2 
64.39 13.730 

 1.00 

After 22 
485.8

2 
64.39 13.730 

Observed 

PEFR 

Before 22 
363.6

4 
62.07 13.234 

-1.673 0.109 

After 22 
380.4

5 
64.17 13.683 

 Test used: Sign Wilcoxon Rank  test 

 
 

Table no. 7.1 : Deep breathing exercise group comparison of predicted and observed 

PEFR 

  Mean 
Predicted 
PEFR 

±SD  Mean 
observed 
PEFR  

± SD t value p value 

Before 485.82 64.39 363.64 62.07 5.79 0.00001* 

AFTER 485.82 64.39 380.45 64.17 4.92 0.0004* 

*shows statistically significant 

Test used paired t test 
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Table no. 8: Group A vs Group B in Before intervention Cardiac parameters with mean 

and ±SD 

 Group Statistics  

 
Grou

p 

N Mean ±SD Std. Error 

Mean 

t value p value 

SYSTOLIC BP 

Before 

A 18 
126.6

7 
5.94 1.400 

-0.534 0.597 

B 22 
127.7

3 
6.49 1.385 

DIASTOLIC BP 

Before 

A 18 84.72 6.05 1.428 -0.384 0.703 

B 22 85.45 5.95 1.270 

PULSE IN BPM 

Before 

A 18 78.06 7.62 1.798 2.824 0.008* 

B 22 72.82 3.81 0.813 

   

*shows statistically significant 

Test used unpaired t test 

 

Table no. 9: Group A vs Group B in After intervention Cardiac parameters with mean 

and ±SD 

 

Group Statistics 

 
Grou

p 

N Mean ±SD Std. Error 

Mean 

t value p 

value 

Systolic BP After 

A 18 
125.5

6 
5.65 1.334 

-0.074 0.942 

B 22 
125.6

8 
5.18 1.106 

Diastolic BP 

After 

A 18 85.00 5.14 1.213 0.563 0.577 

B 22 84.09 5.03 1.073 

Pulse in bpm 

After 

A 18 76.89 5.69 1.343 3.09 0.004

* B 22 72.86 2.03 .433 

        

 

 *shows statistically significant  

Test used unpaired t test 
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Table no.10: Group A vs Group B in Before intervention Respiratory parameters with 

mean and ±SD 

Group Statistics 

 
Grou

p 

N Mean ±SD Std. Error 

Mean 

t 

value 

p 

value 

RESPIRATORY 

RATE Before 

A 18 16.17 2.47 0.584 -

0.635 

0.529 

B 22 16.68 2.60 0.556 

PREDICTED PEFR 

Before 

A 18 503.06 63.30 14.922 0.849 0.401 

B 22 485.82 64.39 13.730 

OBSERVED PEFR 

Before 

A 18 277.78 87.82 20.699 -

3.617 

0.001

* B 22 363.64 62.07 13.234 

* shows statistically significant 

Test used :unpaired t test  

 

 

 

Table 11: Group A vs Group B in After intervention Respiratory parameters with mean 

and ±SD 

Group Statistics 

 
Grou

p 

N Mean ±SD Std. Error 

Mean 

t 

value 

p 

value 

Respiratory rate after 
A 18 16.06 2.73 0.644 -

0.339 

0.736 

B 22 16.32 2.16 0.462 

Predicted  PEFR 

after 

A 18 503.06 63.30 14.922 0.849 0.401 

B 22 485.82 64.39 13.730 

Observed  PEFR 

after 

A 18 297.78 72.56 17.103 -

3.822 

0.000 

B 22 380.45 64.17 13.683 

*shows statistically significant 
              Test used : unpaired t test 
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Graph no.1 : Age distibution 
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Graph 2: Sex Distribution of Group A 

 

 

 

Graph 3: Sex Distribution of Group B 
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Graph 3: Mean before and after systolic BP of group A 

 

 

 

Graph 4: Mean before and after Diastolic BP of group A 
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Graph 5: Mean before and after pulse rate of group A 

 

 

 

 

 

 

Graph 6: Mean before and after respiratory rate for group A 
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Graph 7: Mean before and after predicted PEFR for group A 

 

 

 

Graph 8: Mean before and after observed PEFR for group A 
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Graph 9:Mean before and after systolic BP for group B 

 

 

  

Graph 10: Mean before and after diastolic BP for group B 
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Graph 11: Mean before and after pulse rate for group B 

 

 

 

 

Graph 12: Mean before and after respiratory rate for group B 
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Graph 13: Mean before and after predicted PEFR for group B 

 

 

 

 

 

Graph 14: Mean before and after observed PEFR for group B 

 
 

 

 



75 
 

 

 

 REFRENCES 

 

1.WHO hypertension guidelines ( 2019) 

 

2.2017 Guideline for the prevention, Detection, Evaluation and management of  

high blood pressure in adults. A report of American college of cardiology.  

 

3.National high blood pressure education program. The Seventh report of the  

joint national committee on prevention, detection, evaluation  and treatment of  

high blood pressure Bethesda MD:National heart, lung and blood institute (US) 

 ;2004 august .Prevention of hypertension: Public health challenges 

 

4.Prakash Patel. Influence of Alternate Nostril Breathing On Cardiorespiratory  

Functions among Hypertensive Subjects.2012;04(10):96–100 

 

5. WHO Raised blood pressure(2008) 

 

6. WHO new Guidelines 2019 

 

7. Global status report on non-communicable disease 2014. Geneva: World health 

organization;2014 

 

8.Neupane ,Dinesh PHD fellow ; MClachlan, craig S.PhD ; Sharma et.al. 



76 
 

 Prevalence of hypertension in member countries of south Asian association for  

regional cooperation (SAARC) systematic review and meta analysis .SEP 2014- 

volume 93-Issue 13 . 

 

9. Indian council of medical research, department of health Research;  

hypertension the silent killer.(2018) 

 

10. Gupta R .Gaur K and S Ram , C.V. Emerging trends in hypertension Epidemiology 

in India. J hum hypertens 33, 575-587(2019) 

 

11. Mahadev D.Bhise, Prevalence and correlates of hypertension in Maharashtra,  

India 2018; 13(2):e0191948. 

 

12. PAHO Pan American Health Organization WHO Middle aged HTN. 

 

13. The sixth Report of the Joint National Committee on Prevention, Detection,  

Evaluation, and treatment of High Blood Pressure. NIH Publication NO. 98-4080  

November 1997 

 

14. E Grossman, A Grossman, MH Schein, R Zimlichman and B Gavish. Breathing  

Control Lowers Blood Pressure.(2001) 15, 263-269. 

 

15. Dr.VasukiG , Dr. Sweety L.M. The Study of Deep Breathing Exercise (Non  

Pharmacological Adjunct) On Blood Pressure In Hypertensive Patients.Volume  

16, Issue 2 Ver.IV (February.2017),PP 59-62 



77 
 

  

 

16. Trevisol D.,Moreira L.,Funchs  F.et al.Health related quality of life is worse in  

individual with hypertension under drug treatment : results of population based  

study. J hum hypetens 26, 374-380 (2012) 

 

17. SR Erickson, BC Williams and LD Gruppen . Perceived symptoms and health  

realated quality of life reported by uncomplicated hypertensive patients 

 compared to normal controls. Journal of human hypertension (2001) 15 ,539-548. 

 

18. Xianglong yu, Yunshuang Rao zumin shi,Lingli Liu Cheng chen, young zhao  

hypertension impact of health related quality of life: A cross sectional survey  

among middle aged adults in china, international journal of hypertension, volume  

2016 . 

 

19 Krishna BH,Pal P, Pal G et.al . A randomized controlled Trial to study the effect  

of yoga therapy on cardiac function and N terminal Pro BNP in heart failure .  

Integr Med insights. 2014:1-6 . 

 

20.Shreya Ghiya .Alternate nostril breating :a systematic review of clinical trials  

(2017):5(8) :3273-3286 

 

21. MS.K.Sona Janet, Effectivness of deep breathing exercises on blood pressure  

among patoents with hypertension.(2017) Jan;8(1): (B) 256-260 

 



78 
 

 

 

22. Dr Eman Elasyed Hussein Mohammad , Dr X.S Blessing Nimasajali , Dr Selvia  

Arokiya Mary. A study to assess the effectiveness of breating exercise in  

lowering high blood pressure among hypertensive patient . Vol 3; issue 3;July – 

sept 2018 ;2455-7587. 

 

23.Roopa B . Ankad, Anita herur and Surekha rani Chinagudi . Effect of short term  

Pranayama and meditation on cardio vascular functions in healthy individuals  

(2012):58-62 

 

24. UpadhyayDhungel K, Malhotra V, Sarkar D, Prajapati R. Effect of alternate  

nostril breathing exercise on cardiorespiratory functions. Nepal Med Coll J  

[Internet]. 2008;10(1):25–27 

 

25. Joseph CN, Porta C, Casucci G, Casiraghi N, Maffeis M, Rossi M, et al. Slow  

breathing improves arterial baroreflex sensitivity and decreases blood pressure  

in essential hypertension. Hypertension. 2005;46:714–718. 

 

26. MouryaM,Mahajan AS ,Singh NP, Jain AK. Effect of slow and fast breathing  

exercises on autonomic functions in patients with essential hypertension.2009  

Jul;15(7) :711-7 

 

27. Singh S, Gaurav V, Parkash V. Effects of a 6-week nadi-shodhana pranayama  

training on cardio-pulmonary parameters. J PhysEduc Sport Manag.  



79 
 

2011;2(4):44–7. 

 

28. Mohamed Labiba, Hanafy NF, El-Naby AGA. Effect of slow deep breathing  

exercise on blood pressure and heart rate among newly diagnosed patients with  

essential hypertension.J EducPract. 2014;5(4):36–45. 

 

29. Naik A, Biswas DA, Patel S. Effect of left nostril breathing in hypertensives.  

Journal, Indian AcadClin Med. 2012;13(1):15–7. 

 

30. Shirley Telles, SadhanaVerma , AcharyaBalkrishna .Alternate Nostril yoga  

breathing reduced blood pressure while increasing performance in a vigilance  

test.MedSciMonit Basic Res. 2017;23:392-398 

 

31. Elizabeth Tharion, Prasanna Samuel, R.Rajalakshmi, G. Gnanasenthil, Rajam  

Krishna Subramanian.Influence of deep breathing exercise on spontaneous  

respiratory rate and heart rate variability:A randomized controlled trial in  

healthysubjects.Indian J PhysiolPharmacol 2012; 56(1) ;80-87 

 

32. Sivakumar G., KrishnamoortiPrabhu, RekhaBaliga, M.KirtanaPai,  

S.Manjunatha.Acute effects of deep breathing for a short duration (2 -10 minutes)  

on pulmonary functions in healthy young volunteers. Indian J PhysiolPharmacol  

2011;55(2) :154-159 

 

33. N.K.Subbalakshmi ,S.K.Saxena ,Urmimala,UrbanJ.A.D’Souza. Immediate effect  

of ‘Nadi-Shodhana Pranayama’ on some selected parameters of cardiovascular,  



80 
 

pulmonary, and higher functions of brain.Volume 18(No. 2,August 2005) ISSN 

0857-5754 

 

34. Shirley Telles, ArtiYadav, Nilima Kumar, Sachin Sharma, Naveen  

K.Visweswaraiah, AcharyaBalkirishna. Blood pressure and purdue, pegboard  

scores in individual with hypertension after alternate nostril breathing, breath  

awareness, and no intervention.MedSci Monit,2013; 19:61-66 

 

35. P.Raghuraj ,ShirleyTelles. Immediate effect of specific Nostril Manipulating  

yoga breathing practices on autonomic and respiratory variables.  

June2008,Volume 33, Issue 2 65-75 

 

36. KaurHarneet ,Saravanan. Effect of slow breathing on blood pressure , heart  

rate and body weight in prehypertensive subjects of varying body mass index.  

ISSN (2012):3.358 

 

37. RituAdhana ,MonnetAgarwal, Rani Gupta, JyotiDvivedi. Effect of slow 

 breathing training on heart rate, spontaneous respiratory rate and pattern of  

breathing 2016 apr;4(4):1027-1030 

 

38.Polychronopoulou,E.,Berney M.,Wuerzner G.,Tudor L.Effect of slow deep  

breathing on short term changes in blood pressure,Heart rate and o2 saturation 

 at altitude(2018) July-volume 37-Issue-p e 94 

 

39.S kalaivani,MJ Kumari,GK Pal.Effect of alternate nostril breathing exercise on  



81 
 

blood pressure , heart rate, and rate pressure product among patients with  

hypertension in JIPMER,Puducherry(2019) 8:145 

40.Mori H.,Yamamoto H.,Kuwashima M., et al.How does deep breathing affect  

office blood pressure and pulse pressure?Hypertens Res 28,499-504 (2005) 

 

41.Shreya Ghiya.Alternate nostril breathing:a systematic review of clinical trials 

 2017 Aug;5(8):3273-3286 

 

42.Berek,Pius and Nurachman, Elly (2017).Effectiveness of slow deep breathing  

on decreasing blood pressure in primary hypertension:A randomized controlled  

trial of patients in Atambua,East,NUSA TENGGARA.Int. Journal of Science and  

Technology.1.01-14 

 

43.Dame Elysabeth,Sedia,Simbolon,Belet Lydia.Slow deep breathing reduces  

high blood pressure in hypertensive patients.(2015). 

 

44.Li C,Chang Q,Zhang J,Chai W.Effect of slow breathing rate on heart rate  

variabilityand arterial baroreflex sensitivity in essential  

hypertension.Medicine.2018;97(18):eo639. 

 

45.Shravya Keerthi G,Hari Krishna Bandi,Suresh M,Mallikarjuna Reddy N.Effect of  

slow deep breathing (6 breaths/min.) on pulmonary function in healthy  

volunteers(2013) vol.2,2319-5886 

 

46.Decio Mion Jr.et al.Effects of slow breathing on blood pressure and autonomic  



82 
 

function.(2016). 

 

47.Hagins M,Rundle A,Consedine NS,Khalsa SB.A randomized controlled trial  

comparing the effects of yoga withan active control on ambulatory blood 

 pressure in individuals with prehypertension and stage 1 hypertension.J Clin  

Hypertens(2014);16(1);54-62. 

 

48.Saptharishi L,Sodarssanane M,Thiruselvakumar D,et al.Community based  

randomized controlled trial of Non pharmacological interventions in Prevention  

and Control of hypertension among young adults.Indian J  

Community.Med.2009;34(4):329-334. 

 

49.Gopal Krushna Pal,Ankit Agrawal,Pravati Pal,et al. Slow yogic breathing  

through right and left nostril influence sympathovagal balance,heart rae and  

variability and cardiovascular risks in young adults.2014 mar;6(3):145-151 

 

50. Randomized controlled trial Wikipedia 2018. 

 

51. Jimmy Efird. Block Randomization with Randomly Selected Block Sizes. Int J  

Environ Res Public Health.2011 Jan; 8(1):15-20 

 

52. GherandaSamhita.NADI SHODHANA (Alternate Nostril Breathing) for  

balance+focus.Yoga Toolbox May 2018. 

 

 



83 
 

53. Measuring Respiratory rate Wikipedia september 2016. 

 

54.Iffat Jahan,Momtaz Begum,Shahin Akhter et al.Effects of alternate nostril  

breathing exercise on respiratory functions in healthy young adults leading  

stressful lifestyle.2020;March. 

 

55.Ravinder Jerath,Johhn W.Edry,Vernon A.et al.Physiology of long pranayamic  

breathing:Neural respiratory elements may provide a mechanism that explains  

how slow deep breathing shifts the autonomic nervous system.Feb (2006). 

 

56.Fatima D’silva,Vinay H. AND N.V.Muninarayanappa. Effectiveness of deep 

 breathing exercise(DBE) on the heart rate variability,BP,anxity and depression of  

patients with coronary artery disease.vol.4,March 2014,2249-7110. 

 

57.Ravi G.N1,K.N.Narasimha Swamy2.Effect of deep breathing on pulmonary  

functions in healthy young individuals.Aug 2013;vol-2 ,6072-6079. 

 

  

 

 

 

 

 

 

 



84 
 

 

 

ANNEXURES 

Annexure I 

   Proforma 

1. Name: 

2. Age: 

3. Sex: 

4. Any other past medical history: . 

5. Height in cm: 

6. Weight in kg: 

7. BMI in kg/m2: 
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PARAMETERS BEFORE 
INTERVENTION 

AFTER 
INTERVENTION 

Systolic BP in mm 
Hg 

  

Diastolic BP in mm 
Hg 

  

Heart rate in b/min   

Respiratory rate 
b/min 

  

PEFR Predicted in 
L/min 

  

PEFR Observed in 
L/min 
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Annexure I (b) 

Deep breathing exercise 

Participant- Stage 1 Hypertensive patients 

Position of participant- Sitting, comfortably in a chair. 

Position of therapist- On the side of participant. 

Procedure of performance: Patient was in sitting position. The patient was asked  

to take a deep breath through nose while placing one hand on your abdomen and  

exhale slowly through nose. 

Duration of exercise : 10 minutes 

Frequency: 7 times a week 

Instructor- Therapist would keep instructing the participants for correct way of  

performing the deep breathing exercise. 

Precaution- The use of forced expiration and forced inspiration must be avoided. 

 

Adapted from MS.K.SONA JANET AND DR.P.MANGALA GOWARI .Effectiveness  

of  deep breathing exercise on blood pressure among patients with hypertension  

2017 Jan ;8(1): (B) 256-260 
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Annexure I (c) 

Alternate nostril breathing 

Participant- Stage 1 Hypertensive patients 

Position of participant- Sitting, comfortably in a chair. 

Position of therapist- On the side of participant 

ALTERNATE NOSTRIL BREATHING: 

1.. The patient was in sitting position and will be asked to close one of his/her nostril  

(say right nostril) by his thumb and slowly breath up to maximum through left nostril. 

2. He/she was asked to close his other nostril (left) by his/her ring finger and open the  

right nostril to exhale slowly up to maximum. 

3.He/she was instructed to inhale through the same right nostril (with left nostril  

closed) and then to open left nostril and exhale as stated above. 

Total duration of exercise was of 10 minutes 

Frequency : 7 times a week 

Instructor- Therapist would keep instructing the participants for correct way of  

performing the Alternate nostril breathing exercise. 

Precaution- The use of forced expiration and forced inspiration must 

be avoided. 

Adapted from Prakashpatel. Influence of alternate nostril breathing 

on cardio-respiratory functions among hypertensive subjects. Vol. 04 

issue 10 May 2012 
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Annexure I (d) 

Dial BP apparatus 

Product manufacturer : Diamond 

Product name: Deluxe Diamond for measuring BP 

Model name: Dial deluxe (FCP) : BPDL 250 

Measurement range :20 mmHg to 300 mmHg 

Exhaust Valve: Press type to release the balance pressure in the cuff 

Deflation Valve: Provides co nstant pressure drop while measuring BP 
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 Annexure I (e) 
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Annexure I(f) 
 
 
 
 

 
 
 
 
DETAILS OF PEAK FLOW METER 
Manufacturer : Cipla 
 
Product Name : Breathe-o-meter 
 
Product Dimensions : 10 x 8 x 8 cm ; 132 g 
 
Measurement Range : 60-800 L/min (EU scale) 
 
Features and Details : 
 
1. A Peak flow meter is a portable handheld calibrated instrument device.It is used to  

measure lung capacity in monitoring breathing disorders such as asthma. 

 

2. It has been calibrated using the EU scale, in accordance with the 

internationally accepted European Union standards. 
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HOW TO USE PEAK FLOW METER 

1.Insert a mouthpiece into the meter. Ensure the pointer is set at zero. 

 2. Hold the peak flow meter so that your fingers are clear of the scale. Do not obstruct 

the holes at the end of the Peak flow meter . 

 3. Stand up if possible. Take a deep breathe, place the Peak flow 

meter in the mouth and hold horizontally, closing the lips around the mouthpiece,                   

then blow as hard and fast as you can. 

4. Note the number on the scale indicated by the pointer. 

5. Return the pointer to zero and repeat the procedure twice more to 

obtained three readings. Mark the highest of the three. 

CLEANING YOUR PEAK FLOW METER 

Immerse Peak Flow Meter in warm (but not hot) mild detergent 

solution for 2-3 minutes (maximum 5 minutes). Agitate the meter to 

ensure thorough cleaning. Rinse in clean warm water and shake 

gently to remove any excess water. Allow to dry thoroughly before 

using again.  
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Annexure I(g) 
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Annexure I(h) 
MEASURING TAPE 
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Annexure I(i) 
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Annexure I(j) 
Respiratory rate 

Measuring Respiratory Rate 

The respiratory rate is the number of breaths that a patient takes each minute. The rate 

should be taken when the patient was at rest ,and it is assessed by counting the 

number of times the chest rises in one minute.53  
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Annexure II (a) 
 
PATIENTS INFORMATION SHEET 

Purpose: 

To ensure that written informed consent is obtained from patients 

according to the regulatory of ICMR and approved by IEC. 

Scope: 

This standard operational procedure includes both male and female 

who are stage 1 hypertensive 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 patient diagnosed as stage 1 hypertensive by physician 

from Medicine OPD. 

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

solved. 

 

5. If the patient 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 concern. 

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 entitled 

to do so before giving the consent. 

 

General information to research patients: 
 
1. Name: 

Age: 

Sex: 

Date: 

 

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

“Effect of deep breathing exercises versus alternate nostril breathing on cardio-

respiratory parameters among stage 1 hypertensive patients : 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. 
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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 हदलेल्यण मणहितीिुसणर ललणित 

मणहिती हदली आिे. 

व्यणप्ती: 

यण मणिक ऑपरेशिल पद्धतीत स्टेज 1 िणयपरटेंलसव्ि पेटीएांट्स 40-60 वर्षे   परुुर्ष आण् महिलणांचण 

समणवेश आिे आण् ह्यण अभ्यणसणत सिभणगी िोण्यणस स्वेच्छेिे इच्छुक असतणत. 

जबणबदणरी: 

सांशोधक यण अभ्यणसणचण भणगिोण्यणसणठी स्वयांसेवण कर्णयणा सवा सिभणगीांचे लेिी ज्ञणत सिमतीप्रणप्त 

करतील. 

कणयापद्धती: 

1. सांशोधक  येथे स्टेज 1 िणयपरटेंलसव्ि पेटीएांट्स 40-60 वर्ष ेनिवडेल 
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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 प्रक्रियिुसणर सांमती देईल. 

4. जर सिभणगीि ेरूची व्यक्त केली परांतु त्यणत कणिी शांकण असतील तर ते सोडवतील. 

5.सिभणगी जर स्पष्टीकर् सोयीस्कर असतील तर ते मणिक सांचणलि प्रक्रियेिसुणर सूगचत सांमती 

भरतील. 

6. सिभणगीांच्यण गचांतेच्यण िांतर अभ्यणस प्रक्रियण सुरू िोईल. 

7.समणववष्ट आण् बहिष्कणर निकर्ष 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 देण्यणपूवी 

अस ेकरण्यणचे अगधकणर आिेत. 

सिभणगीांिण सांशोधि करण्यणसणठी सणमणन्य मणहिती: 

1. िणव: 

   वय: 

   ललांग: 

   तणरीि: 
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2.आपल्यणलण परफॉम्यणा भर्े आवश्यक आिे आण् सांशोधिणचण िेतू” इफेक्ट्स  

दीप ब्रीहदांग अभ्यणसणचण परर्णम व्िेरसस अल्टरिेट िॉस्ट्स्िल ब्रीहदांग स्टेजवरील कॅररडडओ-रेस्ट्स्पररटरी 

पॅरणमीटसािण अलभवणदि 1 िणयपरटेस्ट्न्सव्ि पेटीएांट्स: यणदृस्ट्च्छक नियांत्रत्रत चणच्ी”     िण अभ्यणसकर् े

आवश्यक आिे. 

3.जर आप् स्वेच्छेिे अभ्यणसणत सिभणगी िोऊ इस्ट्च्छत असणल तर चणच्ीपू्ा िोईपयतं आप् 

कणयाप्रदशाि भरण्यणपणसूिच आपल्यणकडूि िोंद्ी कर् ेअपेक्षक्षत आिे. 

4.यण कणळणत तुम्िी अस्वस्थ आिणत तर मग कृपयण आम्िणलण कळूद्यण जे्े करूि आम्िी आल्यणस मदत 

करू आण् आपल्यण समस्येवर को्त्यणिी अयोगय प्रभणवणलशवणय मणत करू शकू. 

5. आपल्यणलण को्तेिी परतणवण आण् िुकसणि भरपणई हदली जण्णर िणिी. 

6.को्त्यणिी क्ष्ी जर आप्यण सांशोधि अभ्यणसणतूि थणांबू इस्ट्च्छत असणलतर आप् तसे करण्यणस 

मुक्त आिणत आण् आपल्यणबणजूिे को्तीिी अडथळणिसतण. 

7. सांमती पत्र प्रणप्त करण्यणपूवी अभ्यणसणची जोिीम,अस्वस्थतण, फणयदे आण् तोटे यणांचण तपशील 

आपल्यणलण स्पष्टकेलण जणईल. 

8.यण अभ्यणसणतूि प्रणप्त झणलेलण डेटण गुप्तप्े सांरक्षक्षत आण् देिरेिकेलण जणईल आण् जर 

छणयणगचत्रवणपरले असेल तर आपली ओळि प्रगट िो्णर िणिी. छणयणगचत्र प्रकणलशत झणल्यणस परवणिगी 

प्रणप्त िोईल. 
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9.यण अभ्यणसणसणठी आवश्यक असलेल्यण ववववध चणच्ी प्रक्रियेचे सवा जोडूि आपल्यणलण 

स्पष्ट केले जणईल आण् त्यणिुसणर सांमती हदली जणईल.  

10.आप् थकल्यणसणरिे क्रकां वण आप् पू्ा 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 कधीिी कणढू 

शकतण. 

12. सांशोधकणचे िणव: 

 फोििांबर: 

    पत्तण: 

13. मणगादशाकणांचे िणव: 

      फोि िांबर: 

      पत्तण: 

14. सांस्थेचे िणव: 
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Annexure II(c) 

रोगीसूचिणपत्र : 

 

उद्देश्य: 

आईसीएमआर की नियणमक आवश्यकतण के अिुसणरसुनिस्ट्श्चतकरिेकेललएक्रक ललणित सूगचत सिमनत 

पुरुर्ष और महिलण ववर्षयों से प्रणप्त की गई िै और आईईसी द्वणरण अिुमोहदत क्रकयण गयण िै। 
 
 

स्कोप: 

इस मणिक पररचणलि प्रक्रियण में सभी मरीज़ शणलमल िैं जो स्वेच्छण स ेअस्पतणल से भणग ले रिे िैं। 
 

स्ट्जम्मेदणरी: 
शोधकतणा इस अध्ययि के भणग के रूप में स्वयांसेवण करिे वणले सभी पुरुर्ष और महिलणसे ललणित सूगचत  

 

सिमनत प्रणप्त करेगण। 
 

प्रक्रियण: 
1.अन्वेर्षक  स्टेज 1 िणयपरटेंलसव्ि पेटीएांट्स 40-60 वर्षे   कण चयि करेगण। 
 

2.अन्वेर्षक आशांकण दरू करिे और प्रनतभणगी के सभी प्रश्िों कण उत्तर देिे के ललए प्रयोगणत्मक प्रोटोकॉल  

की व्यणख्यण करेगण 
 

3.यहद मरीज अध्ययि में भणग लेिे के ललए सिमत िैं तो उन्िें मणिक पररचणलि प्रक्रियण के अिुसणर 
सिमनत दी जणएगी। 
 

4.यहद मरीज रुगच व्यक्त करतण िै लेक्रकि उस मणमले में कुछ सांदेि िै तो उन्िें िल क्रकयण जणएगण। 
 

5.यहद मरीज़ वववर् के सणथ सिज िोते िैं तो वे मणिक पररचणलि प्रक्रियण के अिुसणर सूगचत सिमनत 

भरेंगे। 
 

6.रोगगयों की सिमनत के बणद अध्ययि प्रक्रियण शुरू िोगी। 
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7.ववस्ततृ गचक्रकत्सण और क्रकसी भी अन्य शणरीररक समस्यण कण इनतिणस रोगगयों स ेप्रणप्त क्रकयण जणएगण  
 

तणक्रक शणलमल क्रकए जणिे और बहिष्कर् मणिदांड को सत्यणवपत क्रकयण जण सके 
 
 
 

8.अिुसांधणि ववर्षय की सणमणन्य जणिकणरी: 
1 िणम 

2. उम्र 

3. ललांग 

4. हदिणांक 
 

9.यहद आप इस अवगध के दौरणि असुववधणजिक िैं तो कृपयण िमें यि बतणएां क्रक िम आपकी मदद कर 
सकते िैं और आपकी समस्यण को क्रकसी भी अयोगय प्रभणव के त्रबिण पणर कर सकते िैं। 
 

10.आपको कोई प्रनतपूनत ा और क्षनतपूनत ा ििीां दी जणएगी। 
 

11.यहद क्रकसी भी समय आप इस शोध अध्ययि स ेबांद करिण चणिते िैं तो आप ऐसण करिे के ललए 

स्वतांत्र िैं और िमणरे पक्ष से कोई बणधण ििीां िोगी। 
 

12.सिमनत के पत्र प्रणप्त करिे से पिले परीक्ष्, जोणिम, असुववधण, फणयदे और िुकसणि कण वववर् 

आपको समझणयण जणएगण। 
 

13.इस अध्ययि से प्रणप्त आांकडे गोपिीय रूप से सांरक्षक्षत और बिणए रिे जणएांगे और अगर तस्वीर कण 
इस्तेमणल क्रकयण जणए तो आपकी पिचणि प्रकट ििीां की जणएगी और यहद तस्वीर प्रकणलशत की गई तो 
अिुमनत प्रणप्त की जणएगी। 
 

14.परीक्ष् प्रक्रियण कण सभी जोणिम आपको समझणयण जणएगण और तदिुसणर सिमनत ली जणएगी 
 

15.यहद आप क्रकसी भी समय सांतुष्ट ििीां िैं तो आप क्रकसी भी समय क्रकसी भी परर्णम के त्रबिण वणपस 

ले सकते िैं 
 

शोधकतणा कण िणम: 

 

फोििांबर: 
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पतण:                                                                          गणइडकणिणम 

 
 
 
 
 
 
 
Annexure II (d) 
 
LETTER OF CONSENT 
 
I am willing to participate voluntarily as a participant for the dissertation “Effect of deep 

breathing exercises versus alternate nostril breathing on cardio-respiratory parameters 

among stage 1 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 
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Annexure II (e) 
 

सांमती– पत्र 

  

•उपिमणचे स्वरूप,कणर्, कणलणवधी त्यणचे पुढील परर्णम आण् उपिमणचे धोके तसेच यण अभ्यणसणतील 

मणझी भूलमकण मलण समजणवली गेली आिे .मणझे सगळे प्रश्ि समणधणिकणरकररत्यण सोडवले गेले आिे . 

•मणझण यण उपिमणतील सिभणग पू्ाप्े ऐस्ट्च्छक आिे आण् मी  को्त्यणिी वेळी, को्तेिी कणर् ि 

देतण, कुठलणिी दांड ि भरतण  आण् मलण लमळण्यणचण अपेक्षक्षत फणयदण यणांमध्ये कुठलणिी बदल ि िोतण मी 

यण अभ्यणसणतूि कुठल्यणिी क्ष्ी मणघणर घेऊ शकते /शकतो . 

•उपिमणदरम्यणि उपलब्ध िो्णऱ्यण को्त्यणिी मणहितीमुळे मणझ्यण उपिमणतील भणग घेण्यणवर परर्णम 

िोऊ शकतो िे मलण सणांगगतले जणईल . 

•ववद्यणलयीि सांलमती मणहिती गोळण करण्यणसणठी मणझी आधीची वैद्यकीय पत्रक पणिू शकतणत .यण 

पत्रकणवर सिी केल्यणवर मी त्यणांिण तशी अिुमती देते /देतो. 

•मी िे जण्ते/जण्तो क्रक मणझी ओळि कुठल्यणिी तसेच को्त्यणिी मणहितीत/प्रकणशिणत प्रदलशात केली 

जण्णर िणिी .    
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•मी ह्यण उपिमणत सिभणगी िोण्यणसणठी सांमती देत आिे 

________________          _______________        ________ 

सिभणगी सदस्यणचे िणव          स्वणक्षरी /अांगठ्यणचण ठसण           हदिणांक 

Annexure II (f) 

सिमनत – पत्र 

इफेक्ट्स दीप ब्रीहदांग अभ्यणसणचण परर्णम व्िेरसस अल्टरिेट िॉस्ट्स्िल ब्रीहदांग स्टेजवरील कॅररडडओ-

रेस्ट्स्पररटरी पॅरणमीटसािण अलभवणदि 1 िणयपरटेस्ट्न्सव्ि पेटीएांट्स: यणदृस्ट्च्छक नियांत्रत्रत चणच्ी 

•इस अभ्यणस कण स्वरुप, अवकणश, इससे जुडे सांभणव्य ितरे, सांभणववत प्रभणव और मुझे जो करिण िै उस 

के बणरे में स्पष्ट जणिकणरी लमली िै।  

•इस अभ्यणस में सिभणगी िोिे कण मेरण िुद कण नि्ाय िै.मैं क्रकसी समय अभ्यणस को छोडकर जण 

सकती/सकतणिू। इसके ललए मैं कोई भी मणिदांड यण भरपणई करिे के ललए बांधी/बांधण ििीां िूूँ।   

•अभ्यणस के दौरणि उपलब्ध अन्य जणिकणरी स्ट्जस से अभ्यणसिम में भणग लेिे पर असर पडेगण वि मुझे 

बतणयण जणयेगण।  

•मेरी जणांच कण जो मूल्यणांकि िुआ िै, उस ेसांस्थण के समणलोचक मांडल के अगधकणरी परि सकते िै।इस पत्र 

पर िस्तणक्षर कर के मैं यि अिुमनत देतण िूूँ यण देती िूूँ । 

•मेरी पिचणि क्रकसीभी वतृणांत यण प्रकणशि में प्रकणलशत ििीां िोगी। 

•मैं अभ्यणसिम के ललए सिमत िूूँ। 
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सिभणगी कण िणम          िस्तणक्षर यण अांगूठे कण निशणि              हदिणांक 

 

 
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 institute. 

My research topic is “Effect of deep breathing exercises versus alternate nostril 

breathing on cardio-respiratory parameters among stage 1 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 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 

deep breathing exercises versus alternate nostril breathing on cardio-respiratory 

parameters among stage 1 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 III (c) 
PERMISSION LETTER 
To, 

The Head & Professor of Medicine Department, 

Patients: 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 institute. My research 

topic is“Effect of deep breathing exercises versus alternate nostril breathing on 

cardio-respiratory parameters among stage 1 hypertensive patients :A randomized 

controlled trial” For this purpose, I have to take patients with stage 1hypertensivefrom 

Medicine OPD to physiotherapy OPD 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 

Head of Institute 
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TIME LINE : 

        
 OCTOBER 2018 
 

 
ALLOCATION OF THE GUIDE 

        
NOVEMBER 2018 
 

 
TOPIC FINALISATION FOR THE 
SYNOPSIS 

 
DECEMBER 2018 

 
STARTED WORKING FOR THE 
SYNOPSIS 
 

 
JANUARY 2019 

 
INSTITUTIONAL ETHICAL 
CLEARANCE OBTAINED 

 
FEBRUARY 2019 

 
BORS APPROVAL 

 
MARCH 2019 
 TO 
MARCH  2020 

 
MUHS SUBMISSION & 
 
DATA COLLECTION 
 

 
JULY 2020 

 
DATA PRESENTATION AND 
ANALYSIS 

 
AUGUST AND SEPTEMBER 2020 

 
DISCUSSION AND 
CONCLUSION 

 
SEPTEMBER 2020 

 
SUBMISSION OF THESIS TO 
MUHS 
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MASTER CHART 

 

 

 

 

 

DEMOGRAPHIC DATA ANB(GROUP A)

SR.NO AGE GENDER

ANY 

PAST 

MEDICAL 

HISTORY Ht.(in cm) Wt  (in kg)BMI

1 48 1 NO 167 68 24.4

2 40 2 NO 161 72 27.8

3 43 2 NO 170 75 26

4 48 1 NO 158 64 25.6

5 53 2 NO 176 78 25.2

6 42 2 NO 179 82 25.6

7 40 1 NO 155 56 23.3

8 55 2 NO 173 67 22.2

9 41 1 NO 164 60 22.3

10 49 2 NO 173 69 23.1

11 45 2 NO 164 73 27.1

12 42 1 NO 158 56 22.4

13 42 2 NO 176 76 24.5

14 46 2 NO 182 86 26

15 49 1 NO 173 62 20.7

16 56 2 NO 176 79 25.5

17 48 1 NO 152 60 26

18 59 2 NO 161 62 23.9

GENDER

1=Female

2=Male
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INTERVENTIONAL DATA GROUP A

SR.NO AGE GENDER SYSTOLIC BP DIASTOLIC BP PULSE IN BPM RESPIRATORY RATE PREDICTED PEFR OBSERVED PEFR PREDICTED PEFR OBSERVED PEFR

BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE BEFORE AFTER AFTER

1 48 1 125 120 80 80 70 72 14 12 525 200 525 250

2 40 2 135 125 90 90 101 93 18 16 545 200 545 250

3 43 2 130 135 90 90 82 80 19 20 547 150 547 250

4 48 1 120 120 85 80 82 80 16 17 496 250 496 250

5 53 2 135 130 90 90 78 80 18 19 543 300 543 350

6 42 2 125 125 80 80 83 80 16 14 580 400 580 400

7 40 1 120 120 90 80 80 78 16 16 408 350 408 350

8 55 2 130 135 90 90 75 74 12 14 528 250 528 250

9 41 1 120 120 80 90 70 71 14 15 426 400 426 400

10 49 2 130 125 80 80 74 72 14 12 543 450 543 400

11 45 2 120 120 70 80 69 70 21 20 523 200 523 250

12 42 1 135 125 90 90 72 71 18 16 411 200 411 250

13 42 2 125 125 80 80 79 79 19 18 570 300 570 350

14 46 2 120 120 90 80 84 80 14 14 580 250 580 300

15 49 1 130 135 80 90 72 73 13 16 432 250 432 160

16 56 2 125 130 90 90 76 77 17 18 532 400 532 400

17 48 1 120 120 80 80 74 72 14 12 387 250 387 250

18 59 2 135 130 90 90 84 82 18 20 479 200 479 250
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DEMOGRAPHIC DATA OF DEEP BREATHING (GROUP B)

SR.NO AGE GENDER

ANY 

PAST 

MEDICAL 

HISTORY Ht.(in cm) Wt  (in kg)BMI

1 58 2 NO 158 60 24

2 52 1 NO 152 62 26.8

3 59 2 NO 173 68 22.7

4 50 2 NO 176 71 22.9

5 49 1 NO 152 56 24.2

6 55 2 NO 161 59 22.8

7 56 2 NO 167 66 23.7

8 54 2 NO 173 74 24.7

9 52 2 NO 179 75 23.4

10 59 1 NO 152 58 25.1

11 48 1 NO 167 55 19.7

12 60 2 NO 178 72 22.7

13 54 2 NO 170 70 24.2

14 59 2 NO 176 74 23.9

15 48 2 NO 164 68 25.3

16 53 2 NO 173 63 21

17 49 1 NO 152 66 28.6

18 42 1 NO 154 76 32

19 45 2 NO 179 80 25

20 57 1 NO 158 61 24.4

21 44 2 NO 176 68 22

22 60 1 NO 161 59 22.8
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interventional data GROUP B

SR.NO AGE GENDER SYSTOLIC BP DIASTOLIC BP PULSE IN BPM RESPIRATORY RATE PREDICTED PEFR OBSERVED PEFR PREDICTED PEFR OBSERVED PEFR

BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE AFTER BEFORE BEFORE AFTER AFTER

1 58 2 135 130 90 80 78 74 21 19 471 450 471 470

2 52 1 120 120 90 80 72 74 17 16 466 300 466 300

3 59 2 125 125 90 90 69 70 19 18 518 400 518 400

4 50 2 130 125 80 90 72 74 17 16 550 450 550 500

5 49 1 120 120 80 80 78 75 19 16 474 400 474 450

6 55 2 125 130 90 80 70 72 20 18 488 400 488 450

7 56 2 130 130 80 90 79 74 14 16 506 400 506 450

8 54 2 125 120 80 80 77 74 14 16 530 350 530 350

9 52 2 140 130 90 90 69 72 12 14 555 300 555 300

10 59 1 120 120 80 80 74 73 15 14 367 350 367 300

11 48 1 130 120 90 80 74 72 17 16 420 400 420 400

12 60 2 135 125 90 80 74 72 19 19 532 350 532 400

13 54 2 120 125 90 90 70 72 15 14 520 400 520 350

14 59 2 135 135 90 80 75 74 17 18 528 350 528 400

15 48 2 125 125 80 90 68 69 20 21 515 400 515 300

16 53 2 130 125 90 90 79 78 16 15 533 250 533 350

17 49 1 120 120 90 80 70 74 17 18 385 350 385 350

18 42 1 120 120 80 80 74 74 12 12 402 350 402 400

19 45 2 130 135 80 90 68 70 14 13 572 450 572 400

20 57 1 140 135 90 90 70 72 17 16 406 350 406 400

21 44 2 130 125 90 80 67 70 15 16 565 350 565 400

22 60 1 125 125 70 80 75 74 20 18 385 200 385 250
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INTRODUCTION  

Mechanical neck pain is a non - specific disorder of the cervical spine which is 

characterized by pain and discomfort (1) exacerbated by the movement of the neck 

during remission and exacerbation. (2) 

In adults, neck pain is the fourth leading cause of disability following low back pain, 

depression, arthralgia. (3)  Epidemiological studies estimated a prevalence of 30 - 50 

percent annually in the general population (4) and a systematic review reports the 

average frequency of 37.2%. (5) 

In the Indian scenario, Mechanical neck pain contributes around 20.1% causing 

disability. Neck pain is aggravated due to improper or Faulty posture for a prolonged 

time, strenuous physical activity, repetitive movement and psychomotor factors like 

anxiety, depression. 

Every year, 11.5 percent of the economically active population experiences 

limitations resulting from cervical pain, which affects the quality of life and has a 

significant socioeconomic impact. (6) 

Neck pain is associated with pain, subjective feeling of stiffness, reduced range of 

movement, muscle function changes, a sensory deficit in the joint position and 

disturbance of postural stability which aggravated or participated by neck 

movements or sustained posture. (7) 

Mechanical neck pain can be defined as simple neck pain without specific underlying 

disease causing the pain. (9,10) Each form of acute, subacute, chronic neck pain in 

which no abnormal anatomical structure can be identified as a cause of pain is 

mechanical pain in the neck. There are different opinions on the duration of the 
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symptoms, but neck pain can be acute (< 4 weeks), subacute (1-3 months) or 

chronic (> 3 months). (8) 

Guyton stated that “By far the most important proprioceptive information needed for 

the maintenance of equilibrium is derived from neck”. (11) 

The cervical musculatures are responsible for a variety of function including 

orientation of head in relation to neck, kinaesthesia, proprioception, and balance  

The cervical proprioceptor plays a significant role in maintenance of equilibrium. 

Cervical receptors are found in the capsule of apophyseal joint, paravertebral 

muscles, Golgi tendon organ and posterior longitudinal ligament comprising a 

mixture of slow adapting (Ruffini, Golgi tendon) and rapid adapting (paciniform 

corpuscles) mechanoreceptors embedded in plexiform matrix of unmyelinated nerve 

fibres that constitute a nociceptive system. (12) 

Previous literature showed that afferent discharges from mechanoreceptors exerted 

a facilitatory and inhibitory effect on motor unit activity in neck and other musculature 

pointing to relevance to kinaesthesia, postural reflex, and sensation. (13) 

Cervical muscles have a high density of muscle spindles, especially the suboccipital 

muscles, which send rich proprioceptive inputs to the central nervous systems, 

which, in turn, adapt the spatial orientation and movement of the head to the rest of 

the body. (6) 

Muscle spindles play a vital role in reflexes and maintenance of posture and provide 

accurate information with respect to position of body. Muscles who responsible for 

maintenance of posture and fine movement contains more muscle spindles whereas 

less amount of muscle spindles are found in muscle who responsible for gross 

movement activity. (14) 
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Any condition that affects the associated sensory pathways can interfere with this 

process. The neck is particularly prone to this because of the abundant cervical 

sensory receptors in joints and muscles as well as their central and reflex 

connections to visual, vestibular, postural control systems. 

The constant displacement and correction of position of centre of gravity (COG) 

within the base of support is called as Postural sway. It is characterized by small 

deviations from vertical to which all human beings are subjected to when standing 

upright. (16) 

To maintain the balance while standing, the centre of gravity (COG) will be kept 

upright within specific boundaries of space termed as limits of stability. Limit of 

stability allows individuals to resolve destabilizing effect of gravity by performing 

small corrective sways in anteroposterior dimension as well as laterally. The limit of 

stability for normal individuals who are in upright standing approximately 20 degrees 

anteroposterior and 16 degrees laterally. (16) 

There is multi-sensory control on postural sway with afferent from visual, vestibular, 

proprioceptive and exteroceptive organs. 

A no of factors contributes to postural sway are Body alignment and Muscle tone. (23) 

The muscle tone during quiet stance depends on following factors: Intrinsic muscles 

and Postural tone due to activation of anti-gravity muscle to counteract the force of 

gravity during quiet stance. 

Posture sway in quiet standing is often studied as a measure of posture control. 

Many instruments ranging from the simple once like lord’s sway to the more 

sophisticated instrumentation, posturography, utilizes force plate to measure Ground 

Reaction Force, are used to measure the postural sway. (15) 
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Previous studies revealed that “Disturbed cervical proprioceptor mainly affects 

postural control and in a patient with cervical pain and associated dizziness have 

been reported to manifest impaired postural and balance performance compared to 

normal” (29) 

Balance is defined as a state of equilibrium between the body and the surrounding 

environment. If the centre of mass of the body (COM) falls into the base of our feet, 

the body remains in a state of equilibrium. (45) 

Balance is a key component of many daily activities, from basic activities such as 

quiet standing to more complex activities such as walking while talking or changing 

directions. (20) These different tasks require different components of balance ability, 

which are usually divided into two types of balance: static and dynamic. Static 

balance is defined as the ability to maintain an upright posture and to keep the line of 

gravity within the limits of the base of support (i.e., quiet standing). (21)  Dynamic 

balance is defined as the ability to maintain stability during weight shifting, often 

while changing the base of support. (20) 

For the body to maintain balance, it requires the interaction of sensory inputs, 

analysis, and processing of these inputs, and coordinated response. (22) These inputs 

are classified into somatosensory (local and distal), visual, and vestibular systems. 

(23,24) 

Many mechanisms have been suggested to balance disturbances, but none has 

emerged as most prominent. The theories involve local factors, sensory and motor, 

and global factors, for example, central modulation. The different mechanisms can 

co-exist as they are closely interrelated. 
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Somatosensory inputs in the cervical spine are considered an important contributor 

in maintaining oculomotor and postural control. (25) The facets of the cervical spine, 

especially in the upper neck, are rich with mechanoreceptors and the muscles of the 

suboccipital area have a high concentration of muscle spindles. (26) These play a vital 

role in mediating reflex connections between sensory inputs from the body, 

vestibular inputs, visual inputs, and the central and autonomic nervous systems. 

(27,28,29) 

Cervical muscles have also shown a transformation of fibre types from type I to II, 

modification of motor unit synchronization, and long-lasting activation of muscle 

spindles. (30,31,32) 

In addition to mechanisms acting locally to affect the control of balance, there are 

global factors that can result in widespread effects in neck pain subjects. Balance 

control is multifaceted and involves both supraspinal processing and local reflexes 

There is evidence that the frontal and parietal areas play a role in the control of 

balance. (24,33) These areas can respond with a significant increase in Gray matter 

volume as a result of whole-body balance tasks. Those same areas are also 

involved in chronic pain processing and have been shown to atrophy. (34,35) 

Other factors affecting balance control are changes in the primary somatosensory 

cortex associated with chronic pain (36), which include enhanced cortical reactivity, 

shifting of representation on the cortex, and re-sizing of the affected body part on the 

homunculus. 

Recently, there have been numerous studies that underline balance deficit as 

impairment in neck pain populations. These studies have primarily used 
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computerized posturography to quantify balance deficits while the subjects 

completed a series of standing tasks. 

Yu, L. J., R. Stokell et al (2011) studied comparing 20 neck pain patients as a result 

of whiplash versus 20 controls indicates that deficits in balance are significantly 

greater in subjects with neck pain especially when using neck torsion and that 

somatosensory impairment is the most likely cause of balance disturbances (37) 

In contrast, several experimental trials have been performed on healthy individuals. 

Vuillerme et al (2009) experimentally induced pain in 16 young, healthy individuals 

using electrical stimulation over bilateral upper trapezius muscles. Sub-threshold 

stimulation did not cause either little amount of muscle contraction. They repeated 

trials of pain and no stimulation in four sets. The painful state was associated with a 

measured decline in standing balance on a force platform. (38) 

Measuring tools are different from the clinical ones when they are designed for 

laboratory settings. Tools built for research purposes appear to be more advanced, 

technological, and more expensive. On the other hand, clinical tools should be 

affordable, use basic equipment, and take minimal time while maintaining a balance 

between reliability and validity. (39) 

Balance testing is a generic motor control test. It is specific towards testing of static 

or dynamic balance, but neither specific towards the system at fault nor to a 

disease/condition. In the field of neck pain, there have been no tools designed to 

measure balance. Outcome measures developed for other conditions, for example, 

neurological deficits, vestibular problems, test batteries were used to assess the risk 

of falls in elderly, have been used in neck pain research. 
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RATIONALE OF STUDY 

In patients with neck pain, postural stability was examined in several studies in an 

age group over 50 years. (40,41,42) Some of these studies showed a significant 

difference in postural sway measurements in patients with neck pain compared to 

healthy people over 50 years of age. (42,43) Others have not noticed a significant 

difference. (40,41)  

There is deficiency of literature on postural sway in mechanical neck pain and the 

current studies do not show a significant result since the studies were carried out on 

smaller and specific population. 

So, there is need to be carried out the study to assess postural sway and balance in 

mechanical neck pain on larger sample size as well as irrespective of occupation will 

give a better outcome.  

The most of studies on chronic neck pain as well as mechanical pain were examined 

the postural sway and balance by using Gold Standard method – Laboratory based 

computerized forced plates which are costly, time consuming, lack of probability & 

limited uses in clinical practice. (52) 

Measuring postural sway and balance in the clinical practice environment usually 

requires clinical balance tests that are known to be poorly reliable and potentially 

subject to tester bias. (46) 

Romberg’s test is a known reliable test which is frequently used to assess static 

balance. (51) Previous studies have been done using Romberg’s test to assess static 

balance in neck pain, hence Romberg’s test is being used in this study. (51) 

There is a need for an accurate, cost - effective and easily accessible tool for the 

quantitative measurement of postural sway that is suitable for daily use in clinical 
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practice. New generations of smart phones (SP) with integrated sensors can 

measure metabolic energy costs, cardiovascular responses, gait parameters. 

In Indian research and clinical scenario, no study has shown that Smart Phone can 

measure postural sway in patients with neck pain with an embedded accelerometer 

sensor and application (App) that establishes a wearable accelerometer (WA). (53) 

Posture Screen Mobile ® (PostureCo, Inc., Trinity, FL) is a relatively new device 

which measure postural deviation more efficient in a variety of environments. So, this 

study aims to measure the postural sway and static balance using smartphone 

application (app) “Postural Screen Mobile Application” and Romberg’s test 

respectively in patient with mechanical neck pain compared to normal individuals. 
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RESEARCH QUESTION  

Is there any difference in postural sway and static balance assessed using smartphone 

application and Romberg’s test in patients with mechanical neck pain compared to 

normal individuals of age group 18-35 years? 
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HYPOTHESIS  

NULL HYPOTHESIS 

There is no significant difference in postural sway and static balance assessed using 

smartphone application and Romberg’s test in patients with mechanical neck pain 

compared with normal individuals of 18-35 years 

 

ALTERNTIVE HYPOTHESIS 

There is significant difference in postural sway and static balance assessed using 

smartphone application and Romberg’s test in patients with mechanical neck pain 

compared to normal individuals of age group 18-35 years. 
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REVIEW OF LITERATURE 

In order to conduct any scientific study, the review of previous studies done on the 

topic is a preliminary requirement, as it avoids duplication of the study, adds up new 

ideas and helps in verification of theories and making of hypothesis. It implies finding 

the associated references, analysis of previous studies and other testimonials for 

scientific, logical, and purposeful analytical application to the present research work. 

Taking into consideration these facts, extensive efforts have been put in to collect 

articles, papers, documents related to this study, even though less literature was 

available on this topic. In the present study, review of literature on relationship between 

postural sway and neck pain, relationship between balance (static and dynamic) and 

neck pain and different devices used to assess postural sway and static balance and 

their validity 

ROL OF RELATIONSHIP BETWEEN POSTURAL SWAY AND NECK PAIN 

1. In a year 2018, Maryam saddat, Reva Salehi et al. were studied “Postural 

stability in patients with non-specific chronic neck pain a comparative study with 

healthy people. Twenty-two chronic non-specific neck pain and twenty-two 

healthy individuals participated in the study. Postural stability was measured 

with Techno-body Prokin tilting platform. Participants were performed balance 

tests under two conditions: eyes open and closed. The parameters for 

assessment of postural stability were total stability index (TSI), anteroposterior 

stability index (APSI), mediolateral stability index (MLSI), and trunk deviation 

which demonstrated total trunk sway in medio-lateral and antero-posterior. 

They were separated in two groups of two postural difficulty in mixed-design 

analysis of variance (ANOVA) for analysis of postural performance. The result 

was found with significant differences between the chronic neck pain and 



15 
 

matched control groups in APSI, MLSI, and TSI, p<0.001 in both eyes opened 

and closed conditions. The trunk deviation was significant for non-specific neck 

pain in comparison to healthy subjects with (p<0.05) in both conditions of eyes 

open and closed. The results were showed that patients with chronic neck pain 

have poorer postural control than healthy subjects. (77) 

 

2. Dr Shrikant Darade, Dr. Shyam Ganvir (2015) carried out study on “Does 

physiotherapy intervention reduce postural sway”. They were examined   40 

no. of participants are participated in this study according to purposive 

sampling. The inclusion criteria for participants are age 65 – 75 years old, 

both genders are included and musculoskeletal conditions like cervical 

spondylosis and who are having severe neurological, cardiac conditions, 

recent fractures and surgeries etc. are excluded. They measure the postural 

sway by the help of sway meter and after that conventional physiotherapy 

started for 1 week. Their results using the prism software they calculated the p 

value by using two-way ANOVA for eye open floor (column & row factor is 

0.002 & 0.128), eye open foam (column and row factor is 0.1832 & 0.0001), 

eye closed floor (column and row factor is 0.0001 & 0.0063), eye closed 

foam(column and row factor is 0.0001 &0.1222).they concluded that the 

conventional physiotherapy helps to reduce postural sway. (62) 

 

 

3. Adrian Rumore conducted a study on “relationship between the measures of 

postural sway, mechanical pain threshold testing and self-rating of pain and 

disability of neck pain sufferers.” In 2014. They examined postural sway using 

Accelerometer during five balance tests (3 static + 2 dynamic) which includes 
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Romberg test with eyes open & closed for 30 sec, unilateral stance test for 30 

sec & perturbation tests whereas  dynamic  balance  assessed  by  tandem  

walking  test  in  25 participants in two groups having neck pain and control 

group with no history  of  pain.  They concluded the relationship between 

postural sway, mechanical pain threshold test in neck pain sufferers. (64) 

 

4. Priyanka Anand et al (2014) determined the relationship of brain gym 

intervention, conventional physiotherapy treatment and ergonomics with 

postural instability on 90 subjects with asymptomatic forward head posture 

and other alterations in cervical spine in computer users. The author divided 

subjects into 3 groups, group A in brain gym exercises, B in ergonomic + 

conventional, C with ergonomics only and then measured A-P and L-L sway 

with Wintrack Medicapteurs. The author found significant difference in post-

test readings in A and C group and between group A and C, B and C but not 

in A and B. (59) 

 

 

5. In year of 2012, Ruhe and Walker found postural sway in neck pain 

individual’s i.e. cervical spondylosis. They examined 40 participants of each 

group having neck pain and no pain using computerized forced plate to 

measure postural sway. They conclude that there is more postural sway on 

anterior and posterior direction as compared to right and left direction and 

Patients with neck pain exhibit greater postural instability than healthy 

controls, signified by greater COP excursions irrespective of the COP 

parameter chosen.(5) 
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6. Alexander Ruhe, Bruce Walker and Rene fejer conducted a study in year 

2011 on “Altered postural sway in patients suffering from non-specific neck 

pain and whiplash associated disorder – a systemic literature review.” They 

had assessed differences in centre of pressure (COP) measures in patients 

suffering from non-specific neck pain (NSNP) or whiplash-associated disorder 

(WAD) compared to healthy controls and any relationship between changes in 

postural sway and the presence of pain, its intensity, previous pain duration 

and the perceived level of disability by used of Six online databases which 

were systematically searched followed by a manual search of the retrieved 

papers. They selected papers who compared Centre of Pressure measures 

derived from bipedal static task conditions on a force plate of people with 

Non-Specific Neck Pain and Whiplash- Associated Disorder to those of 

healthy controls. In their literature the two reviewers were independently 

screened titles and abstracts for relevance whereas Screening for final 

inclusion, data extraction and quality assessment were carried out with a third 

reviewer to reconcile differences. They were conducted qualitative data 

analysis which results in increased centre of pressure excursions in neck pain 

compared to normal individuals. However, difference that was more 

pronounced in people with Whiplash Associated Disorder. An increased sway 

in antero-posterior direction was observed in both groups. They found that 

Patients with neck pain (due to either NSNP or WAD) exhibit greater postural 

instability than healthy controls, signified by greater COP excursions with 

decreased postural stability which correlated with the extent of proprioceptive 

impairment, but appears unrelated to pain duration. (43) 
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7. In year of 2011, Ramachandran et al studied about normative data in young 

individuals which shown that there is more postural sway in anterior direction 

and posterior direction, near about  50 % participant in eye open condition 

having anterior sway which is 1.1 to 2  cm  and  posterior  sway  in  

participants  also  having  same  reading while  in  eye  closed  condition  46.6  

%  of  participants  are  having anterior  sway  which  is  1.1  to  2  cm  and  

43.3  %  participants  having posterior  sway   which   is   1   cm.   Some 

individuals are not having postural sway on right lateral direction (23.3 %) and 

on left lateral direction (18.3 %) (50) 

 

 

8. Marie B Jorgensen, Andreas Holtermann et al conducted a study on “Neck 

pain and postural balance among workers with high postural demands – a 

cross-sectional study” in 2010. The study group (n =194) were divided into 

two group: neck pain (n =85) and without neck pain (n = 109). They assessed 

using three different test – Unilateral stance for 30 sec, Romberg’s position 

with eyes open and eyes closed and perturbation test. Participants were 

asked to maintain unilateral stance for 30 sec. Participants were asked to 

stand on a force platform for 30 s in the Romberg position with eyes open and 

closed. The centre of pressure of the sway was calculated and separated into 

a slow (rambling) and fast (trembling) component. Subsequently, the 95% 

confidence ellipse area (CEA) was calculated. The results were divided into 3 

test – a group with neck pain (81%) failed to unilateral stance test compared 

to group without neck pain (61%) (p < 0.01). Impaired postural balance, 

measured as CEA (p < 0.01), rambling (p < 0.05) and trembling (p < 0.05) 
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was observed among cleaners with neck pain in comparison with cleaners 

without neck pain in the Romberg position with eyes closed, but not with eyes 

opened. On the basis of results, they found that Postural balance is impaired 

among cleaners with neck pain. They were suggested that there was a 

particular role of slow component in postural sway. (55)  

 

9. Lata v Gowda and Ms. Kiran bhat et al carried out a study in year 2005 on 

“Relationship of cervical pain and postural sway in patients with Cervical 

Spondylosis. The study group divided into two group: Experimental and 

Control group with sample size of n= 40. Twenty participants with age 30-50 

years (Mean 41.8 years) having Cervical pain with radiologically diagnosed as 

Cervical Spondylosis included in Experimental group whereas Twenty healthy 

participants who visiting Physiotherapy OPD with age between 30-50 years 

(Mean 40.5 years) included in Control group. They were initially examined 

both experimental and control group for Postural sway using Clinical Test for 

Sensory Integration in Balance (CTSIB) method. The sway was recorded in all 

six sensory conditions as per the scale for 30 sec each. The participants of 

experimental group were assessed for pain using Visual Analogue Scale 

(VAS) and score were recorded. These participants were treated for their 

complaint of pain by conventional physiotherapy modalities. Once participants 

got significant pain relief then were again assessed using Clinical Test for 

Sensory Integration in Balance method for Postural sway.  They were 

analysed using Student t-test and result showed statistically significant (p < 

0.01) as increase in postural sway in the experimental group as compared to 

control. Whereas experimental group showed statistically significant (p < 0.01) 
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on decrease in postural sway after treatment of pain. They were concluded 

that postural sway and neck pain has positive correlation and decrease in 

postural sway after treatment in neck. (60) 

 

10. Subjective body orientation in neglect and the interactive contribution of neck 

muscle proprioception and vestibular stimulation was carried out by Karanath 

HO 1994 in three participants who diagnosed with a right, mainly parietal lobe 

lesion and marked left sided neglect without visual field defects were asked to 

a direct laser point to a position which they felt to lie exactly “ straight ahead” 

of their bodies orientation.  Whereas in both light and darkness, the subjective 

body orientation was close to objective body position in control group, the 

three neglect in participants localised the body’s sagittal plane approximately 

15 degrees to right of the objective orientation. Data analysis confirmed that 

the neglect participants with same side lesion displaced subjective body 

orientation does not result from a disturbed primary perception or disturbed 

transmission of vestibular or proprioceptive inputs from the periphery. Their 

results support hypothesis of study that essential aspect leading to neglect in 

brain damaged participants is a disturbance of those cortical structures that 

are crucial for transforming the sensory input co-ordinates from peripheral 

sensory organs – retina, neck muscle spindles and capsule into a body 

centred coordinate frame of reference. (54) 

 

11. Postural stability using different neck positions in normal individuals and those 

with neck pain was studied by Kogler et al 2000 using Equi test dynamic 
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posturography and it was observed that the patient with neck pain showed 

significantly lower postural performance than normal individuals. (61)  

 

ROL OF RELATIONSHIP BETWEEN BALANCE AND NECK PAIN 

12. Nobuo Takeshima, Jeremy A. Patterson et al carried out a study in 2015 on 

“Comparison of Postural Sway Measures Using a Balance Platform and Mobile 

Application”. They assessed postural dynamics of static balance for each participant 

using a balance platform (Biodex Balance System) and mobile application (SWAY 

Balance) in 57 participants (28 males; 29 females) aged 24.3 +- 6.8 year. They were 

invented a mobile application which built in tri-axial accelerometer within an iPhone 

or iPod Touch to measure balance. The mobile device is held against the chest so 

data from device can be collected in the form of degrees. They instructed each 

participant to stand firstly on firm surface and then on foam pads unilaterally and 

bilaterally using both devices. They found no significant differences between the two 

devices as measured on the firm surface but there was a difference (p<0.05) when 

standing on foam (balance platform = 3.775; mobile application = 5.659) between the 

two devices. Unilateral stance on foam (9.887) was higher (p<0.05) than unilateral 

stance on the solid surface (4.862) with only the mobile application. Based on these 

results they have been concluded that mobile application is a valid and useful clinical 

tool for the evaluation of balance as results did not differ with the balance platform 

when measuring balance on the stable surface as well as standing on foam. (76) 

 

13. Fall et al 2014 conducted a study on “Balance Control in Chronic Neck Pain 

Subjects: A Clinical Assessment.” They carried out a pilot, cross-sectional study in 
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10 subjects with Chronic Neck Pain (≥3- month duration) and with Neck Disability 

Index (NDI) ≥10 out of 50, who were recruited from an outpatient clinic in 

Southwestern Norway. Balance was assessed using the m CTSIB (four test 

conditions) along with six adjunct test conditions. Each test condition was held for 30 

seconds. They found that adjunct positions with the eyes closed in tandem and 

especially one-leg standing appear to provide an indication of balance disturbances 

in Chronic Neck Pain subjects but there is no association between balance test and 

Neck Disability index, pain intensity. They concluded that eyes closed conditions for 

tandem standing or especially one-leg standing appear to provide an indication of 

balance disturbances in Chronic Neck Pain subjects. (80) 

 

14. Joan I. Dickinson, Jeffrey W. Elias et al (2010) examine the effect of a 

selected commercial- grade carpet on the static balance of healthy, older adults who 

had not fallen more than twice in the last 6 months. They tested 45 participants who 

stands on computerized balance machine and was subjected to a carpeted versus 

non- carpeted condition. They used both postural sway and balance strategy. The 

results were shown that there was not difference in postural sway whereas balance 

strategy results showed significant difference with it lower during carpeted condition. 

They concluded that older adults didn’t had difficulty while maintaining static balance 

but if they had history of falls then results would be the different. (78)  

 

15. A study with Vertical balance and head stability in patients with chronic neck pain 

was carried out by Michelson P (2003) to assessed postural performance and head 

stabilization of patients with chronic neck pain. A single blinded comparative group 
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study conducted on patients with work related neck pain (n=9), with chronic 

associated disorder (n=9) and healthy individuals (n=16) and results revealed that 

patients with whiplash associated disorder showed larger sway areas and reduced 

stability to successfully execute more challenging balance tasks and its effects on 

postural control in chronic neck pain are dependent on aetiology and alter postural 

performance in  different neck conditions. They suggested that alteration in postural 

performance reflect different degrees of disturbances of the proprioceptive input to 

central nervous system. (56) 

 

16. A pilot study carried by McPartland JM et al (1997) on comparison between 

chronic neck pain, standing balance and suboccipital atrophy with hypothesis that 

patients with chronic neck pain have more somatic dysfunction in the cervical spine 

than control participants without neck pain. Randomized controlled partial blinded 

study was conducted on chronic neck pain and asymptomatic control participants. 

Balance parameters were calculated using a Force platform where muscle atrophy 

was assessed using magnetic resonance images and results showed that chronic 

neck pain patients had almost a twice as many somatic dysfunctions as controls. 

Force platform results showed a decrease in standing balance in neck pain patients 

compared to control group. They suggested that there is a relationship between 

chronic neck pain, somatic dysfunction, standing balance and suboccipital muscle 

atrophy (57) 

ROL ON DIFFERENT DEVICES USED TO ASSSESS POSTURAL SWAY AND 

STATIC BALANCE AND THEIR VALIDITY. 
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17. A study done on topic “Concurrent Validity of a Developed Accelerometry-Based 

Device for Postural Sway Assessment.” by Plaiwan Suttanon, Benjarath 

Kuhaphensaeng, Tak Choawanachan et al (2019). Twenty healthy volunteers 

participated in their study. Postural sway during quiet stance, and leaning (forward, 

backward, left, and right) were collected using a 3D motion analysis system and the 

developed accelerometry -based device simultaneously. They used Pearson’s 

Product Correlation Coefficient to determine the relationship between the two 

instruments. They establish significant co-relations between Centre of Mass (COM) 

sway angle which were measured by 3 D motion system and accelerometry -based 

device. These findings and the affordable sway meter device may provide support for 

the use of the accelerometry sway meter in evaluating sway when standing both 

static and dynamic conditions. (81) 

 

18. David M. Boland, Brett A. Dolezal et al 2016 carried out a study on “Inter- and 

intra-rater agreement of static posture analysis using a mobile application.” Three 

examiners with different levels of experience of assessing posture, one licensed 

physical therapist and two untrained undergraduate students, performed repeated 

postural assessments of 10 participants, fully clothed or minimally clothed, using 

PSM on two non-consecutive days. Anterior and right lateral images were captured, 

and seventeen landmarks were identified on them. They were calculated Intraclass 

correlation coefficients (ICCs) for each of 13 postural measures to evaluate inter-

rater agreement on the first visit (fully or minimally clothed), as well as intra-rater 

agreement between the first and second visits (minimally clothed). They found that 

Inter-rater agreement was almost perfect (ICC≥0.81) for four measures and 

substantial (0.60<ICC≤0.80) for three measures during the fully clothed exam. They 
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also revealed that during the minimally clothed exam, inter-rater agreement was 

almost perfect for four measures and substantial for four measures. Intra-rater 

agreement between two minimally clothed exams was almost perfect for two 

measures and substantial for five measures. PSM found to be more effective 

assessment tool in their study. 

 

19. Tejal C Nalawade, Shyam D Ganvir carried out the study on “normative data of 

postural sway by using sway meter among young healthy adults” in 2015. They 

observed 60 participants of age of 18-26 years and both genders included where 

Any musculoskeletal injuries like fracture, Subject with recent surgery and Any 

neurological condition like PNI were excluded.  They examined the postural sway 

using sway meter in best of 3 trials for 6-7 min with eyes open and eyes closed in all 

four direction (anterior, posterior, right lateral and left lateral). The results suggest 

that postural sway in all four direction are equal, so they concluded the sway meter 

as clinical tool for measuring postural sway in all four direction. (79) 

 

20. Thierry Paillard and Frédéric Noé 2015 conducted a study on “Techniques and 

Methods for Testing the Postural Function in Healthy and Pathological Subjects”. 

They divided the participants into 2 group having study & control which subdivided 

into 4 sub-group on basis of techniques of measurements- computerized forced 

plate, globally wearable devices, sway meter & accelerometer. They found that COP 

measure the sway in all direction whereas other devices either measure sway in one 

or two direction. (58) 
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21. Pat R Vehrs, James D. George et al. conducted a study in 2014 titled “validity   

of   postural   screen   mobile   in   measurement   of   standing posture.  They 

assessed postural deviation in 50 male participants using posture screen mobile and 

Vicon 3 D motion analysis system. They concluded that it reliable and valid with ICC 

>/ 0.21. (65,66) 

 

22. Lord et al in (1994) used the sway meter to find the maximum balance range in 

a randomized control trial and concluded that it has good   test-retest reliability and 

can be used to analyses posture without use of expensive experimental equipment 

such as electronic force plate platform. Sway meter can be considered as a cost 

effective but efficient method to measure postural sway. (75) 
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Objectives  

1. To assess postural sway using smartphone app in patients with mechanical neck 

pain and normal individuals. 

2. To assess static balance using Romberg’s test in patients with mechanical neck 

pain and normal individuals 

3. To compare the difference in postural sway using smartphone application in patients 

with mechanical neck pain versus normal individuals. 

4. To compare the difference in static balance using Romberg’s test in patients with 

mechanical neck pain versus normal individuals 
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MATERIALS AND METHOD 

1. Type of study design: Analytical Cross-sectional study 

2. Study Setting: Physiotherapy OPD  

3. Study population: mechanical neck pain patients and normal individual. 

4. SAMPLE SIZE EVALUATION: sample size calculated considering postural sway 

and balance as main outcome measure and population splits into two group: study 

group and control group on basis of previous study.  

Sample size is determined on basis of following assumption and compare between 

neck pain & without neck pain. Source for this value is from an earlier study done by 

Marie B Jorgensen et al titled “Neck pain and postural balance among workers with 

high postural demands” published in BMC article in the year 2011. (55) 

Standard deviation of group 1: 386 

Standard deviation of group 2:587 

Mean difference: 185 

Minimum significant difference (effect size): 0.38026 

Confidence interval: 95% (α – error = 5%) 

Power (1 – β) %: 80 

1 or 2 sided: 2 sided 

Required sample size n = 113 per group 

The formula used for calculating sample size was 

n = 2sp 2 [Z1-α/2 + Z1-β] 2 / µd 2  
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sp 2 = s1 2 + s2 2  

                2 

where, 

 sp 2 - Standard Deviation of mean of both group  

s1 2 - Standard Deviation in the first group  

s2 2 - Standard Deviation in the second group  

µd 2 - Mean difference between samples 

 α – Significance level 

Assumptions - 

a. The outcome variable is continuous. 

b. The sampling distribution of the sample mean is approximately normal. 

c. The observations are independent. 

d. The variances in the two groups are similar. 

Therefore total 113 neck pain participants & 113 normal individuals 

were included in the study. 

Sample size was calculated using statistical software STATA version 14. 

5. SAMPLING TECHNIQUE: convenience sampling was done to recruit the 

participants who are diagnosed case of mechanical neck pain in which consecutive 

sample of participants fulfilling the inclusion attending to the study hospital for 

treatment was included. While normal individuals were included as relatives or 

attendee from hospital campus by simple random sampling. 
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6. Duration of the study: 12 Months 

7. Outcome Measure:  

a. Postural sway in Antero-Posterior direction and Lateral direction in degrees 

measured with Postural Screen Application 

b. Measurement of Static Balance by use of Romberg’s test in grade wise manner. 

8. Inclusion Criteria:  

- Adults in age group of 18 -35 years (48) 

- Individuals willing to participate. 

- Patients with mechanical neck pain (47)  

- Both genders (49) 

9. Exclusion Criteria: 

-Headache because of specific headache diagnosis (migraine, cervical headache) (15) 

- Signs and symptoms of neurological disorders (irradiated pain in the shoulders and 

/ or arms and / or hands) (18) 

- Having a history of specific signs of malignancy, infection (16) 

- Having a history of trauma in the neck, shoulder, head region with or without proven 

structural disorders (e.g. whiplash) (15) 

- Having signs and symptoms of cerebrovascular insufficiency (e.g., dizziness, drop 

attacks, cerebrovascular accident, Transient Ischemic Attack) 

- Having a severe chronic disease of the locomotor system (e.g. polyarthritis, muscular 

disease) 
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- Any congenital abnormalities of spine 

Variables:  

Independent Variable 

a. Gender 

 

b. Age  

Dependent Variable  

a. Postural Sway in degrees 

 

b. Static Balance by Romberg’s test Grading 

 

c. Duration of pain 

 

10.  Operational Definition: 

1. Mechanical neck pain: Mechanical neck pain can be defined as simple neck 

pain without specific underlying disease causing the pain (3) 

 

2. Postural sway: Individuals do not stand still; instead the body moves in small 

amounts in a forward and backward motion, which is termed postural sway 

(15) 

 

3. Balance: Balance is defined as a state of equilibrium between the body and 

the surrounding environment. If the body's centre of mass (COM) falls within 

the base of our feet, the body remains in a state of equilibrium (45) 
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11.  Materials: 

 

a. Pen and paper  

 

b. Smart phone to measure postural sway 

 

c. Stopwatch  

 

12.  Procedure: 

The cross- sectional study on postural sway & balance were done for patients with 

mechanical neck pain compared to normal individuals had undertaken for 

estimated sample after obtaining the permission from head of institution. The 

ethical clearance was obtained from institutional ethical committee. 

The cover letter was attached with a title synopsis to the physiotherapy OPD. The 

procedure of the study was explained to participants coming to physiotherapy OPD 

and with a chief complains of neck pain. 

The day of the examination within a period of 1 year will be specifically mentioned 

in the data sheet. All the participants were explained about the procedure. Once 

written consent was obtained, participants anthropometric data and rest of the 

study factors were recorded on proforma. Firstly, participants were asked to stand 

near wall and image was captured in Anterior-posterior view, Lateral view using 

application with eyes open and eyes closed. 

then participants were asked to stand with both the feet together with eyes open 

and eyes closed for 30 seconds and all the findings were recorded. 
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13. Outcome Measures: - 

• Procedure for postural sway: 

The participants were asked to stand nearer to wall with relaxed manner. The 

smartphone app POSTURE SCREEN MOBILE was started & photo of anterior-

posterior view with eyes open and closed was captured. Then Posture was 

analysed by app and data of degree of postural sway in relation to head-torso-

pelvis was recorded. 

The participants were asked to stand nearer to wall facing sideway. The 

smartphone app POSTURE SCREEN MOBILE was started and photo on lateral 

view with eyes open and closed was captured. Then posture was analysed by app 

and data of degree of postural sway in relation to head-torso-pelvis was recorded. 

Validity and Reliability- Intra-rater reliability ranged from 0.71 to 0.99. Inter-rater 

reliability was good to excellent for all translations. ICCs were stronger for 

translations versus angulations 

 

• Romberg’s test: - 

Romberg’s test was used for assessment of balance with eyes open & eyes closed 

and analysed by balance grading system. 

Procedure: - 

Patient position- participants were in standing position with feet together then 

participants were asked the patient to stand with feet together with eyes open for 

30 sec and then eyes closed for 30 sec. 
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Balance was graded by using following grades 

4 Normal: Able to maintain steady balance without handhold support  

3 Good: Able to maintain balance without handhold support, limited postural sway  

2 Fair: Able to maintain balance with handhold support; may require occasional 

minimal assistance 

1 Poor: Requires handhold support and moderate to maximal assistance to 

maintain position. 

0 Absent: Unable to maintain balance. 
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FLOW CHART 

 

Permission from the head of institution and approval from the institutional ethical 

committee was obtained. 

 

226 individuals aged 18 to 35, both genders, fulfilling the inclusion criteria were 

selected 

 

Procedure of the study was explained, and consent was taken 

 

226 Participants were divided into two groups 

                                                                                            

        Postural sway and Static balance              In Control group (Normal Individuals) 

        were recorded in participants with            postural sway and static balance were 

         mechanical neck pain (n =113)                 recorded (n = 113)                                                 

 

 

Outcomes assessed were postural sway in degrees using Smartphone app and 

static balance using Romberg’s test grading with eyes opened and closed. 

 

 

Data obtained and analysed statistically. 
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MATERIAL:  

 

                                                    
Photo 1: - Smartphone application logo 

 

 

Photo 2- Smartphone app  

 

Photo 3 – pen 
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Photo 4 – Assessment of postural sway using smartphone application in AP view with 

eyes open  
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Photo 5- Assessment of postural sway using smartphone application in AP view with 

eyes closed  
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Photo 6 – Assessment of postural sway using smartphone application in Lateral view 

with eyes open  
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  Photo 7 – Assessment of postural sway using smartphone application in Lateral view 

with eyes closed 

 

 

Photo 8 – Assessment of static balance using 

Romberg’s test with eyes open  
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Photo 9 – Assessment of static balance using 

Romberg’s test with eyes closed 
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RESULT 

Data Management and Analysis 

Data collection was done, it was recorded as master chart on MS- EXCEL 2016. 

Data was encrypted, coded, and analysed in the statistical software STATA version 

2014. Identity of the participants were kept confidential. 

To compare postural sway and static balance using smartphone application and 

Romberg’s test in patients with mechanical neck pain and normal individuals aged 18-

35 years. 

Chi square test 

- To compare proportions  

- To compare two subgroups  

Independent sample t-test  

- To compare mean difference of quantitative variables in two groups 

Variables: 

Independent Variables of the study: 

- Age. 

- Gender 

Dependent Variables of study: 

- Postural sway in degrees 

- Static balance  

Level of significance: p<0.05 is considered as statistical significance in all 

variables. 
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Total number of participants included in this study were 226. The participants were 

divided in two groups i.e.  

Group 1: n=113; Patients with mechanical neck pain (less than 6 months) 

Group 2: n=113; Normal individuals (no history of pain last 1 year) 

The postural sway was measured using Smartphone application: Posture-Screen 

Mobile where Static balance was assessed by Romberg’s test.  

 

AGE 

The total number of 226 participants were divided into 2 groups -113 in group 

1(mechanical neck pain patients) and 113 in group 2(normal individuals) Maximum 

number of participants in group 1 (mechanical neck pain patients) were found in age 

group of 21-25 and 26-30 with 36.28 percent and 38.94 percent respectively. 

Whereas maximum number of participants in group 2 (normal individuals) were 

found in age group of 21-25 and 26-30 with 36.28 percent and 38.05 percent 

respectively. Minimum number of participants were found in age group of below 20 

years and 30-35 years in both groups. In group 1(mechanical neck pain patients) 

5.31 percent participants are in age of below 20 years whereas 19.47 percent are in 

age above 30 years. In group 2 (normal individuals) 7.09 percent participants are in 

age of below 20 years whereas 18.58 percent are above 30 years of age. There is 

no impact of age on the outcome parameters assessed with p value of 0.956. 

(Table 1, Graph 1) 
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GENDER 

In this study, distribution of participants in two group with 57.52% males and 42.48% 

females in group 1 whereas 55.75% males and 44.25% females in group 2 with p 

value of 0.788. Non-significant chi square value suggest that gender does not affect 

outcome measures. 

(Table 2, Graph 2) 
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Following are the observations and results of the study: 

 

Comparison between mean degrees of postural sway in two groups in AP view 

(Eyes open) 

In this study, mean degrees of postural sway in AP view with eyes open in Group 1 

(patients with mechanical neck pain) was found 20.09 with SD 1.74 whereas mean 

degrees of postural sway in Group 2 (Normal individuals) was found 19.11 with SD 

1.00. Mean degrees of postural sway (months) of subjects in AP view with eyes open 

differed significantly in two groups with p < 0.001. 

(TABLE 3, GRAPH 3) 

 

Comparison between mean degrees of postural sway in two groups in AP view 

with eyes close 

In this study, mean degrees of postural sway in AP view with eyes close in Group 1 

(patients with mechanical neck pain) was found 21.1 with SD 1.05 whereas mean 

degrees of postural sway in Group 2 (Normal individuals) was found 19.37 with SD 

2.31. Mean degrees of postural sway (months) of subjects in AP view with eyes 

closed differed highly significant in two groups with p < 0.001. 

(TABLE 4, GRAPH 4) 
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Comparison between mean degrees of postural sway in two groups in lateral 

view with eyes open 

In this study, mean degrees of postural sway in lateral view with eyes open in Group 

1 (patients with mechanical neck pain) was found 16.3 +- 1.35 whereas mean 

degrees of postural sway in Group 2 (Normal individuals) was found 15.36 +- 0.74. 

Mean degrees of postural sway (months) of subjects in lateral view with eyes closed 

differed significantly in two groups (p=0.009) 

(TABLE 5, GRAPH 5) 

  

Comparison between mean degrees of postural sway in two groups in lateral 

view with eyes close 

In this study, mean degrees of postural sway in lateral view with eyes close in Group 

1 (patients with mechanical neck pain) was found 17.13+- 3.81 whereas mean 

degrees of postural sway in Group 2 (Normal individuals) was found 15.68 +- 1.74. 

Comparison between mean degrees of postural sway (months) of subjects in AP 

view with eyes closed differed highly significant in two groups (p=0.0001). 

(TABLE 6, GRAPH 6) 

 

Comparison of grade-wise static balance with open eyes in participants in two 

groups 

In this study, static balance grading done by Romberg’s test – normal, good, fair, 

poor, trace. In group 1 (patients with mechanical neck pain) showed 29.20% graded 

as fair, 46.02% graded as good and remaining 24.78% graded as normal. In group 2 
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(normal individuals) there was only 24.78% graded as good and remaining 75.22% 

graded under normal. Grading of Static balance of participants (open eyes) differed 

significantly in two groups (p=0.01) 

(TABLE 7, GRAPH 7) 

 

Comparison of grade-wise static balance with closed eyes in participants in 

two groups 

In this study, static balance grading done by Romberg’s test – normal, good, fair, 

poor, trace. In group 1 (patients with mechanical neck pain) showed 9.73% graded 

as poor, 24.78% graded as fair, 38.05% graded as good and remaining 27.43% 

graded as normal. In group 2 (normal individuals) there was only 32.74% graded as 

good and remaining 67.26% graded under normal. Grading of Static balance of 

participants (open eyes) differed highly significant in two groups (p=0.001) 

(TABLE 8, GRAPH 8) 
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TABLES AND GRAPH 

Total number of participants included in this study were 226. The participants were 

divided in two groups i.e. group 1 - n=113; Patients with mechanical neck pain (less 

than 6 months) whereas group 2 - n=113; Normal individuals (no history of pain last 

1 year) 

The postural sway in degrees was measured using Smartphone application Posture-

Screen Mobile where Static balance was assessed by Romberg’s test. 

TABLE 1 – Age wise distribution of participants (years) 

Age wise distribution of participants (years) 

Age Group 
(years) 

Patients with mechanical neck 
pain 

Normal Individuals 

No of 
participants 

Percentage of 
participants 

No of 
participants 

Percentage of 
participants 

≤ 20 6 5.31 8 7.09 

21-25 41 36.28 41 36.28 

26-30 44 38.94 43 38.05 

≥ 30 22 19.47 21 18.58 

TOTAL 113 100 113 100 

p Value = 0.956 

Summary of statistics                      Mean group 1- 27.19 years                  Mean 
group 2- 26.97 
for age                                                                SD = 4.22                                              
SD – 4.25 

 

GRAPH 1- Age wise distribution of participants (years) 

 

 The mean age of patients with mechanical neck pain was found 27.19 +_ 4.22 years 

whereas group of normal individuals had mean of 26.97 +_4.25 years. Number of 

participants in age group of below 20 were 6 (5.31%), in the age group of  21-25 

were 41 (36.28%), in age group of 26-30 were 44 (38.94%), in age group of above 

30 were 22 (19.47%) Whereas number of participants in group 2 (normal individuals) 

in age group of  below 20 were 8 (7.09%), in age group of 21-25 were 41 (36.28%), 

in age group of 26-30 were 43 (38.05%), in age group of above 30 were 21(18.58%). 

There is no impact of age on the outcome parameters assessed with p value of 

0.956. 

5.31

36.28
38.94

19.47

7.09

36.28 38.05

18.58

0

10

20

30

40

50

≤ 20 21-25 26-30 ≥ 30

p
e

rc
e

n
ta

ge
 o

f 
p

ar
ti

ci
p

an
ts

 

Age Group (years)

Age wise distribution of participants (years)

Patients with mechanical neck pain Normal Individuals



49 
 

 

TABLE 2- Gender wise distribution of participants  

Gender wise distribution of participants 

Gender 

Patients with mechanical 
neck pain 

Normal Individuals 

No of 
participants 

Percentage 
of 

participant
s 

No of 
participant

s 

Percentage 
of 

participant
s 

Male 65 57.52 63 55.75 

Female 48 42.48 50 44.25 

TOTAL 113 100 113 100 

p Value = 0.788 

 

GRAPH 2 - Gender wise distribution of participants 

 

Total 128 males and 98 females participated in this study. Gender distribution of 

participants in two group with 57.52% males and 42.48% females in group 1 

whereas 55.75% males and 44.25% females in group 2 with p value of 0.788. Non-

significant p- value suggest that gender does not affect outcome measures. 

 

 

 

 

 

 

 

57.52

42.48

55.75

44.25

0

10

20

30

40

50

60

70

MALE FEMALE

P
e

rc
e

n
ta

ge
 o

f 
p

ar
ti

ci
p

an
ts

  

Gender

Gender wise distribution of participants 

Patients with mechanical neck pain Normal Individuals



50 
 

TABLE 3 – Comparison of mean degrees of postural sway in two groups in AP view 

with eyes open 

Comparison of mean degrees of postural sway in two groups in AP view with 
eyes open 

Group 
 Eyes open 

Mean SD 

Patients with mechanical neck pain 20.09 1.74 

Normal Individuals 19.11 1.00 

p value 0.001 

 

GRAPH 3 – Comparison of mean degrees of postural sway in two groups in AP view 

with eyes open 

 

 

In group 1 (mechanical neck pain patients) mean postural sway in degrees with eyes open in 

AP view was 20.09 ° +_ 1.74 ° compared with group 2 (normal individuals) with mean 

postural sway of 19.11° +_ 1.00 °. P value < 0.001 thus, statistically significant difference is 

seen while comparing both groups. It suugested that mechanical neck pain patient had 

more alteration in postural sway compared to normal individuals in AP view with 

eyes open.  
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TABLE 4 – Comparison of mean degrees of postural sway in two groups in AP view 

with eyes close 

 

Comparison of mean degrees of postural sway in two groups in AP 
view with eyes close 

Group 
 Eyes close 

Mean SD 

Patients with mechanical neck pain 21.1 1.05 

Normal Individuals 19.37 2.31 

p value 0.0001 
 

GRAPH 4 - Comparison of mean degrees of postural sway in two groups in AP view 

with  eyes close 

 

 

In group 1 (mechanical neck pain patients) mean postural sway in degrees with eyes 

close in AP view was 21.10° +_ 1.05°  compared with group 2 (normal individuals) 

with mean postural sway of 19.37° +_ 2.31°. P value < 0.001 thus, highly significant 

difference is seen while comparing both groups which suggest that mechanical neck 

pain patient had significant increase in degrees of  postural sway compared to 

normal individuals in AP view with eyes close.  
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TABLE 5 - Comparison of mean degrees of postural sway in two groups in lateral 

view with eyes open 

 

Comparison mean degrees of postural sway in two groups in Lateral view 
with eyes open 

 Group 
 Eyes open 

Mean SD 

Patients with mechanical neck pain 16.3 1.35 

Normal Individuals 15.36 0.74 

p value  0.009 

 

GRAPH 5 - Comparison of mean degrees of postural sway in two groups in lateral 

view with eyes open 

 

 

In group 1 (mechanical neck pain patients) mean postural sway in degrees with eyes 

close in AP view was 16.30° +_ 1.35° compared with group 2 (normal individuals) 

with mean degrees of postural sway of 15.36° +_ 0.74°. P value < 0.05 thus, 

statistically significant difference is seen while comparing both groups which suggest 

that mechanical neck pain patient had more alteration in postural sway compared to 

normal individuals in lateral view with eyes open.  
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TABLE 6 - Comparison of mean degrees of postural sway in two groups in lateral 

view with eyes close 

 

Comparison mean degrees of postural sway in two groups in Lateral view with 
eyes close 

 Group 
 Eyes close 

Mean SD 

Patients with mechanical neck pain 17.13 3.81 

Normal Individuals 15.68 1.74 

p value 0.0001 

 

GRAPH 6 - Comparison of Mean degrees of postural sway in two groups in lateral 

view with eyes close 

 

In group 1 (mechanical neck pain patients) mean postural sway in degrees with eyes 

close in AP view was 17.13° +_ 3.81° compared with group 2 (normal individuals) 

with mean postural sway of 15.68° +_ 0.74°. P value < 0.001 thus, highly significant 

difference is seen while comparing both groups. suggest that mechanical neck pain 

patient had significant increase in degrees of postural sway compared to normal 

individuals in lateral view with eyes close.  
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TABLE 7 - Comparison of grade-wise distribution of static balance with eyes open in 

participants in two groups 

 

Comparison of grade-wise distribution of static balance with eyes open in 
participants in two groups 

Static balance 
grading  

Patients with mechanical 
neck pain 

Normal Individuals 

No of 
participants 

Percentage 
of 
participants 

No of 
participants 

Percentage 
of 

participant
s 

Fair 33 29.20 0 0.00 

Good 52 46.02 28 24.78 

Normal 28 24.78 85 75.22 

TOTAL 113 100 113 100 

p value = 0.001 

 

GRAPH 7 - Comparison of grade-wise static balance with eyes open in participants 

in two groups 

 

 

In this study, static balance grading was done by Romberg’s test – normal, good, 

fair, poor, trace. In group 1 (patients with mechanical neck pain) showed 29.20% 

graded as fair, 46.02% graded as good and remaining 24.78% graded as normal 

compared with group 2 (normal individuals) where 24.78% graded as good and 

remaining 75.22% graded under normal. Comparison and grading of static balance 

in participants with open eyes differed significantly in two groups as p < 0.001 

suggest that mechanical neck pain patient had more alteration in static balance with 

open eyes compared to normal individuals. 
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TABLE 8 -  Comparison of grade-wise distribution of static balance with eyes close 

in participants in two groups 

 

Comparison of grade-wise distribution of static balance with eyes close in 
participants in two groups 

Static Balance 

Patients with mechanical 
neck pain 

Normal Individuals 

Number of 
participant

s 

Percentage 
of 

participants 

Number 
of 

participan
ts 

Percentage 
of 

participants 

Fair 28 24.78 0 0.00 

Good 43 38.05 37 32.74 

Normal 31 27.43 76 67.26 

Poor 11 9.73 0 0.00 

TOTAL 113 100 113 100 

p value = 0.001 

 

GRAPH 8 - Comparison of grade-wise distribution of static balance with eyes close 

in participants in two groups 

 

In this study, static balance grading done by Romberg’s test – normal, good, fair, 

poor, trace. In group 1 (patients with mechanical neck pain) showed 29.20% graded 

as fair, 46.02% graded as good and remaining 24.78% graded as normal. In group 2 

(normal individuals) there was only 24.78% graded as good and remaining 75.22% 

graded under normal. Grading of Static balance in participants with eyes close 

differed significantly in two groups with p < 0.001 which suggest that mechanical 

neck pain patient had more alteration in static balance with eyes close compared to 

normal individuals. 
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DISCUSSION  

An analytical cross study is to compare postural sway and static balance in mechanical 

neck pain patients and normal individuals aged 18-35 years. 

Demographic data for the study and control groups at baseline were compared and 

are summarized in Table 1 and 2. There were no statistically significant differences 

between the groups. The participants with any pathology like cervical spondylosis, 

whiplash associated disorder which is responsible for increase postural sway were 

excluded. and mechanical neck pain was taken as the only criteria for assessment. 

In this study participants between 18-35 years were taken for two reasons. One is, 

occurrence of mechanical neck pain is more evident in this age group as shown in 

previous literature. A study conducted by Sheilah Hogg-Johnson et al regarding the 

burden of mechanical neck pain in the general population showed that group of 

population which majorly affected are under 18-29 years and 30-44 years with 

incidence more than 65% of population. (68) A systemic review carried out by Allan I 

binder (2007) revealed that more than 45%, prevalence of neck pain is found in 20-

40 years with 25 % prevalence found in age of 40-60 years. (8) Another study was done 

by Marie B J et al (2018) had assessed neck pain and balance among workers in age 

group of 20-40 years. (55) 

Another reason is unlike in any other age, in this age group the balance is controlled 

by contribution of all three sensory systems (Vestibular, Visual and Somatosensory) 

equally. In paediatric and elderly persons, the postural sway is controlled majorly by 

visual biofeedback. In the study by Hytonen M et al showed that equilibrium is more 

stable around 30-40. (69) Another study by Hobeika CP et al, 65 % of participants 
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above 55 -60 experience loss of balance on everyday basis. (70) Therefore, to rule out 

effect of age on postural sway, the age group to 18-35 years are included in our study. 

Non – significant p value among gender distribution ruled out gender bias, thus gender 

is not going to affect outcome parameters assessed in this study. Previous study done 

on relationship between cervical pain and postural sway in patients with cervical 

spondylosis found that postural sway does not vary on the basis of gender except in 

age above 60 years. 

Revels and co-workers (1991) revealed that patients with neck pain with unspecified 

origin as compared to healthy individuals had poor head- neck orientation in relation 

to space. (67) Poor head- neck orientation in relation to space is a sign of altered 

cervico-cephalic kinaesthesia and neck proprioception in patients with neck pain. It 

implies that neck proprioceptive input and neck pain are interdependent. 

The sway was examined under four conditions – Eyes opened in AP view, Eyes closed 

in AP view, Eyes opened in Lateral view and Eyes closed in Lateral view in order to 

challenge the balance system of our body. The amount of postural sway in above 

mentioned conditions were used to determine a participant’s ability to adapt sensory 

information for postural control. However, this sway varies in different situation in two 

views as we found in our study that mean degrees of sway was increased in-group 1 

(mechanical neck pain patients) as compared to group 2 (Normal individuals).  

In a current study mean postural sway with eyes open in AP view was found 20.09° 

+_ 1.74 degrees in group of mechanical neck pain participants whereas 19.11°+_1.00 

degrees of postural sway found in group of normal individuals. While comparing both 

groups in AP view with eyes opened situation, results were found statistically 
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significant (p = 0.001) suggesting increase in postural sway with eyes open in 

mechanical neck pain patient compared to normal individuals. 

In a present study mean postural sway with eyes close in AP view was found 21.1 °+_ 

1.05 degrees in group 1 (mechanical neck pain patients) while 19.37 °+_ 2.31 degrees 

of postural sway was found in group 2 (normal individuals). Result of present study 

have shown significantly higher difference (p =0.0001) in mean degrees of postural 

sway while comparing both groups in AP view with eyes close situation suggesting 

marked increase in degrees of postural sway in mechanical neck pain patient 

compared to normal individuals 

Results of present study have also shown significant difference (p = 0.009) in mean 

degrees of postural sway with eyes open situation in mechanical neck pain patients 

(16.3° +_ 1.35) and normal individuals (15.36° +_0.74) in Lateral view. While with eyes 

close situation in Lateral view results were found statistically significant (p = 0.0001) 

suggesting noticeable alteration in degrees of postural sway in mechanical neck pain 

patient compared to normal individuals. 

The altered sway pattern in each group could underline role of “Pain Inhibition” in 

observed postural interference. Similar to these results the study conducted by 

Maryam saddat et al (2018) found that increase in postural sway in both eyes open 

and closed conditions while comparing anteroposterior stability index (APSI) (F=48.96, 

p<0.001), mediolateral stability index (MLSI) (F=54.31, p<0.001) and total stability 

index (TSI) (F=74.76, p<0.001). Interaction of group by postural difficulty was 

significant for trunk sway (F=4.37, p=0.04) supports the result of our study. (77) 

The patients with mechanical neck pain syndrome manifest muscle tension or spasm 

due to faulty posture and pain. The thin myelinated (Type III) and unmyelinated (Type 
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IV) muscle afferents can be sensitized by increased concentration of interstitial lactic 

acid arising from static muscle contraction, secondary to pain. The type III and type IV 

muscle afferents have excitatory effects on both static and dynamic gamma (ᵞ) – motor 

neurons strong enough to increase the sensitivity of muscle spindles. This may act as 

a positive feedback loop that increases the reflex mediated muscle tension and 

stiffness. Increased muscle spindle sensitivity may also be mediated over the 

sympathetic nervous system acting on the intrafusal fibres of muscle spindles as a 

second feedback loop. In addition, the connection of second pain neurons to motor 

neurons in the spinal cord may also contribute to muscle tension. 

If increased muscle tension and sensitized muscle are postulated, the increased 

sensitivity of the muscle spindles may give rise to erroneous proprioceptive signalling, 

especially if the muscle spindles in different neck muscle or on different sides of neck 

are unequally sensitized. It then follows that when the erroneous cervical 

proprioceptive information converges in the CNS with vestibular and visual signals and 

mental representation of body orientation and relation to the surrounding may be 

misinterpreted, resulting in a feeling of unsteadiness. This explains why the patients 

with cervical pain are present with increased postural sway. 

During standing with eyes opened in any view either AP or lateral, the CNS of healthy 

persons considerably weighted the proprioceptive signals from sub occipital and 

paraspinal muscles and down weighted those from ankle muscles to control static 

balance. As standing with eyes closed and closed feet is small amount of 

proprioceptive input from ankle joint. Therefore, the CNS should rely more on 

proprioceptive inputs from other joints. 
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In present study the static balance was examined using Romberg’s test shows results 

of significant alteration in static balance with eyes closed p < 0.001 while comparing 

two groups i.e. group 1 in which mechanical neck pain patients included and group 2  

in which normal individuals with no history of pain (less than 1 year) included. 

 The significant change also observed in static balance with eyes opened p < 0.001 

while comparing both groups. A similar result found which supports current study 

conducted by Jorgen H Skotte et al in 2018. The result of study showed that 

significant difference found in Romberg’s test with eyes closed in cleaner with neck 

pain while comparing to those without pain (p =0.012) but showed non-significant 

difference in eyes open situation on Romberg’s test in cleaner with neck pain while 

comparing to those without pain (p = 0.241). (55) 

In the recent years, Heikkilä and Wenngren et al, Storaci, Manelli et al. (2006), 

Treleaven, Clamaron-Cheers et al. (2011) stated that impairments associated with 

neck pain was originating from a sensorimotor disturbance. (47) They exhibit symptoms 

of unsteadiness/dizziness, cervical joint proprioception deficits poor oculomotor 

control and/or altered postural stability. (72) 

Falla, Jull et al. 2004 reported that Excessive sensory inputs arise from nociceptive 

afferent activity or increased activity of the muscle spindle system with respect to 

nociceptive input, pain can primarily lead to changes in sensorimotor control, or 

indirectly via emergence of pathological changes. (30) Malmstrom, Westergren et al. 

2013 stated that Cervical pain (experimentally induced) affects neck proprioception 

and thus sensorimotor control. (73) These findings have been shown to persist long 

after removal of the painful stimulus. It is debatable whether if, and how much, 



61 
 

abnormal cervical afferent sensory input and the resulting balance impairments are 

proprioceptive and/or nociceptive. 

Another theory proposes by Brandt and Bronstein 2001 of sensory mismatch as 

attainable cause and occurs when proprioceptive, vestibular, and/or visual systems 

provides inputs that do not concord. This has been alleged to one mechanism behind 

patients with neck pain and manifestations of sensorimotor disturbances. (27) 

A clinical evaluation tool measuring sensorimotor variables such as postural sway and 

balance would need to be further established and tested to see if it could be sensitive 

enough to discern those who have balance disturbances. Although establishing 

sensitivity and validity in this patient population would not be enough since clinical 

tools need to demonstrate internal consistency, such as, proper reliability. 

Stokell, Yu et al. 2011 and Reid, Callister et al. 2014 gave information in terms of 

the development of a clinical assessment in neck pain patients, it would be 

recommended to challenge balance to a higher level. (74) This could be by either 

dynamic testing or by challenging multiple sensory systems simultaneously. There 

further needs to be carried out study on postural sway and balance (static + dynamic) 

in mechanical neck pain participants compared to normal individual’s with different 

occupations. 

When inter group comparison was done for all outcome measures the results were 

found to be statistically significant with p< 0.001. Therefore, there is an significant 

increase in degrees of  postural sway and  significant alteration of static balance in 

patients with mechanical neck pain in both views with eyes closed compared to normal 

individuals whereas in eyes open situation there is an slight increase in degrees of 
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postural sway and small amount of alteration in  static balance in patients with 

mechanical neck pain in both views compared to normal individuals. 
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CONCLUSION 

An analytical cross-sectional study carried out in two groups each of 113 participants 

aged between 18-35 years to compare postural sway and static balance in mechanical 

neck pain versus normal individuals. Results of this study showed that there is 

significant increase in degrees of postural sway in two groups in both in AP and lateral 

view with eyes closed with p value 0.001. whereas there is slight increase in degrees 

of postural sway in two group with eyes opened in AP View p value of 0.009 and in 

Lateral view p value of 0.01. Significant amount of change in static balance seen in 

two groups with both eyes open and eyes closed with p value 0. 001.Thus, study 

concluded that significant increase in degrees of postural sway and alteration in static 

balance is seen in patients with mechanical neck pain compared to normal individuals. 
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STRENGTH  

- There are deficiencies of literature which prove the relationship between 

mechanical neck pain and postural sway 

 

- There are limited studies performed on association between mechanical neck 

pain and balance impairments in younger population 

 

- The method of study is less time-consuming compare to other studies 

assessing postural sway. 

 

 

LIMITATION 

- Occupation of participants was not taken into consideration. 
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CLINICAL IMPLICATION 

There is substantial clinical evidence for balance problems in patients with a broad 

variety of orthopaedic, sports, neurological, geriatric, and paediatric conditions, 

indicated by altered postural sway. 

The quantitative evaluation of postural sway by the Smartphone, during both static 

and dynamic balance tests in the clinical practice environment could provide valuable 

clinical assessment and feedback tool of balance. The significant benefits of this tool 

include early detection and better on-going monitoring of postural sway in pathological 

conditions and the rapid evaluation and feedback of treatment interventions possibly 

leading to improved rehabilitation outcomes for patients experiencing balance 

disturbances. 

It is widely accepted in rehabilitation medicine that proprioceptive re-training after 

lower limb injury is necessary. However, the assessment and management of 

abnormal sensorimotor control resulting in balance disturbances in mechanical neck 

pain patients is often ignored. 

In a traditional musculoskeletal assessment format, an assessment of sensorimotor 

component like postural sway and balance is neglected in musculoskeletal condition 

such as neck or back pain. An ignorance towards these sensorimotor components 

leads to re- occurrence of neck pain, late recovery in rehabilitation of neck pain and 

early degenerative changes like early fatigue, headache  

A clinical assessment of postural sway and balance in mechanical neck pain is not 

meant to replace computerized posturography. The purpose would be to offer 

physiotherapists a rapid, inexpensive, clinical test to assess patients presenting with 

mechanical neck pain in order to have a more representative view of the patient and 
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his/her areas of impairments. This allows for a more personalized and targeted 

intervention.  

The results of the study contribute to the growing awareness for the need to include 

treatment interventions for balance disturbances in the management of neck pain 

sufferers. 

Being able to assess a mechanical neck pain patient with balance disturbances and 

sensorimotor impairments like postural sway gives physiotherapists another approach 

than a musculoskeletal one for intervention. The treatment of sensorimotor 

impairments should be an integral part of a rehabilitation program in those patients 

experiencing neck pain and should be viewed as a parallel line of treatment to manual 

therapy to the cervical complex.  
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SUMMARY 

An analytical cross-sectional study was carried out to compare postural sway and 

static balance in patients with mechanical neck pain and normal individuals aged 18-

35 years. Total 226 participants were included in study which divided into two 

groups: 1. Patient with mechanical neck pain and control group with normal 

individuals with criteria of no history of neck pain last 6 months. Participants who 

meet the inclusion criteria were included in the study. Once the written consent 

obtained the technique of assessment and necessary instruction were given to 

participants. assessment of postural sway was done by Smartphone application 

PostureScreenMobile in degrees whereas static balance was assessed using 

traditional Romberg’s test. For the assessment of static balance participants were 

asked to stand with eyes open and closed with closed feet for 30 sec. Grading were 

done according to performance of participant’s using Romberg’s test. The 

assessment of postural sway was performed in two views – AP View and Lateral 

View. The participants were asked to stand facing front and postural sway assessed 

with help of Smartphone application in both eyes open and eyes closed situation. 

Assessment of postural sway in Lateral view were done with participant’s were 

asked to stand facing sideway or laterally in both eyes open and closed situation. 

Degrees of sway was measured in smartphone according to participants 

performance. Data was analysed using Independent t test and Chi-square test. As 

observed that significant increase in degrees of postural sway with eyes closed 

situation in both views p < 0.001. Whereas slight alteration in degrees of postural 

sway were seen in eyes opened situation in AP view p< 0.009 and Lateral view p 

<0.01. The static balance disturbance seen in patients with mechanical neck pain in 

both eyes opened p < 0.001 and eyes closed p < 0.001. Thus, the study concludes 
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that there is marked increase in postural sway in patient with mechanical neck pain 

with eyes closed situation in both views whereas significant static balance 

disturbance seen in both eyes opened and closed situation. 
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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, Mr Omkar Dattatray Pandit, student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work. My research topic is, 

“POSTURAL SWAY AND BALANCE ASSESSMENT USING SMARTPHONE 

APPLICATION IN PATIENTS WITH MECHANICAL NECK PAIN AND NORMAL 

INDIVIDUALS IN AGE GROUPS OF 18-35 YEARS”. 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 (B) 

To, 

The Chairman, 

Ethical Committee 

Subject: Permission to carry out research work. 

I, Dr. Omkar Dattatray Pandit, student of Master of Physiotherapy, would request you 

to grant me permission to carry out my research work. 

My research topic is, “POSTURAL SWAY & BALANCE ASSESSMENT USING 

SMARTPHONE APPLICATION IN PATIENTS WITH MECHANICAL NECK PAIN 

COMPARED TO NORMAL INDIVIDUALS IN AGE GROUP OF 18-35 YEARS.” 

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) 

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 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 among population with neck pain and without 

neck pain. 

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.  

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 
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“Postural sway and Static Balance assessment using Smartphone application and Romberg’s 

test respectively in patient with mechanical neck pain compared to normal individuals in age 

group of 18-35 years”. 

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 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) 

सहभागी माहहती पत्रक 

उदे्दशः  

लिखित सूलित संमती सहभागीकंडून  घेतिे जाईि. 

व्याप्ती: 

या प्रमालिक ऑपरेशनि पद्धतीत  18 - 35 वर्ाांच्या पुरुर् आलि मलहिांिा समावेश आहे आलि ह्या 

अभ्यासात सहभागी होण्यास से्वचे्छने इचु्छक असतात. 

जबाबदारी: 

संशोधक या अभ्यासािा भाग होण्यासाठी स्वयंसेवा करिायाा सवा सहभागीिें िेिी ज्ञात सहमतीप्राप्त 

करतीि. 

कायापद्धती: 

1. संशोधक येथे पॉपुिशन 18 - 35 वरे् लनवडेि 

2.तपासनीस आके्षप दूर करण्यासाठी आलि सहभागीचं्या सवा प्रश्ांिी उत्तरे देण्यासाठी प्रायोलगक 

प्रोटोकॉििे स्पष्टीकरि करेि. 

3. सहभागीने सहभागी होण्यािा लनिाय घेतिा तर ते मानक संिािन प्रलियनुसार संमती देईि. 

4. जर सहभागीने रूिी व्यक्त केिी परंतु त्यात काही शंका असतीि तर ते सोडवतीि. 

5.सहभागी जर स्पष्टीकरि सोयीस्कर असतीि तर ते मानक संिािन प्रलियेनुसार सूलित संमती भरतीि. 

6. सहभागीचं्या परवानगी नंतर अभ्यास प्रलिया सुरू होईि. 

7.समालवष्ट आलि बलहष्कार लनकर् सत्यालपत करण्यासाठी म्हिून तपशीिवार वैद्यकीय आलि इतर 

कोित्याही शारीररक समस्या इलतहास प्राप्त केिे जाईि. 

8.जर सहभाग्याने आपल्या कुटंुबीयांना या मालहतीवर ििाा करायिी असेि तर त्यांना संमती देण्यापूवी असे 

करण्यािे अलधकार आहेत. 

सहभागी ींना सींशोधन करण्यासाठी सामान्य माहहती: 
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1. नाव: 

   वय: 

   लिंग: 

   तारीि: 

2.आपल्यािा परफॉर्म्ाा भरिे आवश्यक आहे आलि संशोधनािा हेतू” खथथलत ज्यामधे्य एका बाजूकडून 

दुसरीकडे हेिकावे िािे आलि खथथर तोिाच्या मूल्यांकनािा स्माटाफोन एखिकेशन आलि रोमबगा 

िाििीिा वापर करून 18-35 वर्ाांच्या मैकेलनकि मान वेदना असिेल्या रुग्ांमधे्य आलि सामान्य 

व्यक्तीमंधे्य तुिनात्मक अभ्यास. - लवशे्लर्िात्मक तुिनात्मक अभ्यास हा अभ्यासकरिे आवश्यक आहे. 

3.जर आपि से्वचे्छने अभ्यासात सहभागी होऊ इखच्छत असाि तर िाििीपूिा होईपयांत आपि 

कायाप्रदशान भरण्यापासूनि आपल्याकडून नोदंिी करिे अपेलक्षत आहे. 

4.या काळात तुम्ही अस्वथथ आहात तर मग कृपया आम्हािा कळूद्या जेिे करून आम्ही आल्यास मदत 

करू आलि आपल्या समसे्यवर कोित्याही अयोग्य प्रभावालशवाय मात करू शकू. 

5. आपल्यािा कोितेही परतावा आलि नुकसान भरपाई लदिी जािार नाही. 

6.कोित्याही क्षिी जर आपिया संशोधन अभ्यासातून थांबू इखच्छत असाितर आपि तसे करण्यास मुक्त 

आहात आलि आपल्याबाजूने कोितीही अडथळा नसता. 

7. संमती पत्र प्राप्त करण्यापूवी अभ्यासािी जोिीम, अस्वथथता, फायदे आलि तोटे यांिा तपशीि 

आपल्यािा स्पष्टकेिा जाईि. 

8.या अभ्यासातून प्राप्त झािेिा डेटा गुप्तपिे संरलक्षत आलि देिरेिकेिा जाईि आलि जर 

छायालित्रवापरिे असेि तर आपिी ओळि प्रगट होिार नाही. छायालित्र प्रकालशत झाल्यास परवानगी 

प्राप्त होईि. 

9.या अभ्यासासाठी आवश्यक असिेल्या लवलवध िाििी प्रलियेिे सवा जोडून आपल्यािा स्पष्ट केिे जाईि 

आलि त्यानुसार संमती लदिी जाईि. 

10.आपि थकल्यासारिे लकंवा आपि पूिा काळजी घेण्यास असमथा वाटत असल्यास आपल्यािा 

काळजी करण्यािी गरज नाही आलि आवश्यकती पाविे उििता येतीि यािी आम्हािा मालहतीद्या. 
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11.आपि कोित्याही क्षिी समाधानी नसल्यास आपि कोित्याही पररिामां लशवाय कधीही काढू शकता. 

12. संशोधकािे नाव: 

    फोननंबर: 

    पत्ता: 

13. मागादशाकांिे नाव: 

      फोन नंबर: 

      पत्ता: 

14. संथथेिे नाव: 
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ANNEXURE I (E) - मरीजो ीं की सूचना पत्र 

उदे्दश्य: 

लिखित सूलित सहमलत प्रलतभालगयो ंसे प्राप्त की जाए 

 

स्कोप: 

इस मानक संिािन प्रलिया में 18-35 वर्ों के पुरुर् और मलहिा दोनो ंकी आबादी शालमि है और से्वच्छा 

से इस अध्ययन में भाग िेने के लिए तैयार हैं। 

दालयत्व: 

शोधकताा उन सभी प्रलतभालगयो ंसे लिखित सूलित सहमलत प्राप्त करेगा जो इस अध्ययन का लहस्सा बनने 

के लिए स्वयं सेवा कर रहे हैं। 

प्रलिया: 

1. शोधकताा जरालिलकत्सा आबादी के बीि प्रलतभालगयो ंका ियन करेगा। 

2. जांिकताा सभी आशंकाओ ंके लिए प्रयोगात्मक प्रोटोकॉि की व्याख्या करेगा और प्रलतभागी के सभी 

प्रश्ो ंका उत्तर देगा। 

3. यलद प्रलतभागी भाग िेने का फैसिा करता है तो मानक संिािन प्रलिया के अनुसार उनकी सहमलत 

होगी 

4. यलद प्रलतभागी रुलि व्यक्त करता है, िेलकन उस मामिे में कुछ संदेह हैं, तो वे हि हो जाएंगे। 

5. यलद प्रलतभागी स्पष्टीकरि के साथ सहज हैं तो वे मानक संिािन प्रलिया के अनुसार सूलित सहमलत को 

भर देंगे। 

6. अध्ययन की प्रलिया प्रलतभागी की लिंता के बाद शुरू होगी। 

7. लवसृ्तत लिलकत्सा और लकसी भी अन्य शारीररक समस्या का इलतहास प्रलतभालगयो ंसे प्राप्त लकया जाएगा 

तालक समावेशन और बलहष्करि मानदंडो ंको सत्यालपत लकया जा सके। 

8. यलद प्रलतभागी अपने पररवार के सदस्यो ंसे इस जानकारी पर ििाा करना िाहते हैं तो वे सहमलत देने से 

पहिे ऐसा करने के हकदार हैं। 
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अनुसंधान प्रलतभालगयो ंको सामान्य जानकारी: 

1. नाम: 

    उम्र: 

    लिंग: 

    लदनांक: 

2. आपको परफॉर्म्ाा भरने की आवश्यकता होगी और शोध का उदे्दश्य अध्ययन करना है " आसन संबंधी 

अखथथरता और खथथर संतुिन के मूल्यांकन का स्माटाफोन एखिकेशन और रोमबगा परीक्षि का उपयोग 

करके 18-35 वर्ों के मैकेलनकि गदान के ददा  के रोलगयो ंमें और सामान्य व्यखक्तयो ंमें तुिनात्मक अध्ययन 

“। 

3. यलद आप से्वच्छा से अध्ययन में भाग िेने के इचु्छक हैं तो आपसे यह अपेक्षा की जाती है लक परफॉमाा 

भरने के क्षि से िेकर परीक्षि पूरा होने तक हमारे साथ नामांकन करें । 

4. यलद आप इस अवलध के दौरान असहज हैं, तो कृपया हमें बताएं तालक हम आपकी मदद कर सकें  और 

लबना लकसी अलप्रय प्रभाव के आपकी समस्याओ ंको दूर कर सकें । 

5. आपको कोई प्रलतपूलता और मुआवजा नही ंलदया जाएगा। 

6. यलद लकसी भी क्षि आप इस शोध अध्ययन से हटना िाहते हैं तो आप ऐसा करने के लिए स्वतंत्र हैं और 

हमारी ओर से कोई बाधा नही ंहोगी। 

7. सहमलत पत्र प्राप्त करने से पहिे अध्ययन के जोखिम, असुलवधा, फायदे और नुकसान का लववरि 

आपको समझाया जाएगा। 

8. इस अध्ययन से प्राप्त आंकडो ंको गोपनीय रूप से संरलक्षत और बनाए रिा जाएगा और यलद तस्वीर का 

उपयोग लकया जाता है तो आपकी पहिान उजागर नही ंकी जाएगी। यलद तस्वीर प्रकालशत होती है, तो 

अनुमलत प्राप्त की जाएगी। 

9. इस अध्ययन के लिए आवश्यक लवलभन्न परीक्षि प्रलियाओ ंके सभी जोखिमो ंको आपको समझाया 

जाएगा और तदनुसार सहमलत िी जाएगी। 
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10. यलद आप थकावट महसूस करते हैं या परीक्षि पूरा करने में असमथा हैं, तो आपको लिंता करने की 

आवश्यकता नही ंहै और हमें बताएं तालक आवश्यक कदम उठाए जा सकें । 

11. यलद आप लकसी भी क्षि संतुष्ट नही ंहैं तो आप लबना लकसी पररिाम के लकसी भी समय वापस िे सकते 

हैं। 

12. शोधकताा का नाम: 

      फोन नंबर: 

      पता: 

 

13. गाइड का नाम: 

      फोन नंबर: 

      पता: 

14. संथथा का नाम: 
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ANNEXURE II A 

LETTER  OF CONSENT 

 “POSTURAL SWAY AND STATIC BALANCE ASSESSMENT USING SMARTPHONE APPLICATION 

AND ROMBERG’S TEST IN PATIENTS WITH MECHANICAL NECK PAIN AND NORMAL 

INDIVIDUALS IN AGE GROUP OF 18-35 YEARS.” 

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 impression                                                                  

Date  
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ANNEXURE II (B) 

सींमती पत्र 

स्थिहत ज्यामधे्य एका बाजूकडून दुसरीकडे हेलकावे खाणे आहण स्थिर तोलाच्या मूल्ाींकनाचा 

स्मार्टफोन एस्िकेशन आहण रोमबगट चाचणीचा वापर करून 18-35 वर्ाांच्या मैकेहनकल मान 

वेदना असलेल्ा रुग्ाींमधे्य आहण सामान्य व्यक्ी ींमधे्य तुलनात्मक अभ्यास. - हवशे्लर्णात्मक 

तुलनात्मक अभ्यास. 

 उपिमािे स्वरूप,कारि, कािावधी त्यािे पुढीि पररिाम आलि उपिमािे धोके तसेि 

या अभ्यासातीि माझी भूलमका मिा समजाविी गेिी आहे .माझे सगळे प्रश् 

समाधानकारकररत्या सोडविे गेिे आहे . 

 माझा या उपिमातीि सहभाग पूिापिे ऐखच्छक आहे आलि मी  कोित्याही वेळी, 

कोितेही कारि न देता, कुठिाही दंड न भरता  आलि मिा लमळण्यािा अपेलक्षत फायदा 

यांमधे्य कुठिाही बदि न होता मी या अभ्यासातून कुठल्याही क्षिी माघार घेऊ शकते 

/शकतो . 

 उपिमादरर्म्ान उपिब्ध होिाऱ्या कोित्याही मालहतीमुळे माझ्या उपिमातीि भाग 

घेण्यावर पररिाम होऊ शकतो हे मिा सांलगतिे जाईि . 

 लवद्याियीन संलमतीमालहती गोळा करण्यासाठी माझी आधीिी वैद्यकीय पत्रक पाहू 

शकतात .या पत्रकावर सही केल्यावर मी त्यांना तशी अनुमती देते /देतो. 

 मी हे जािते/जाितो लक माझी ओळि कुठल्याही तसेि कोित्याही मालहतीत/प्रकाशनात 

प्रदलशात केिी जािार नाही. 

 मी ह्या उपिमात सहभागी होण्यासाठी संमती देत आहे. 

_______________                                         _______________ 

सहभागी सदस्यािे नाव                                      स्वाक्षरी /अंगठ्यािा ठसा                                           लदनांक 
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ANNEXURE II (C) 

सहमहत पत्र 

आसन सींबींधी अस्थिरता और स्थिर सींतुलन का मूल्ाींकन स्मार्टफोन एस्िकेशन और रोमबगट 

परीक्षण का उपयोग करके 18-35 वर्ों के मैकेहनकल गदटन के ददट  के रोहगयो ीं में और सामान्य 

व्यस्क्योीं में तुलनात्मक अध्ययन - हवशे्लर्णात्मक तुलनात्मक अध्ययन. 

• इस अभ्यास का स्वरुप, अवकाश, इससे जुडे संभाव्य ितरे, संभालवत प्रभाव और मुझे जो करना 

है उस के बारे में स्पष्ट जानकारी लमिी है। 

• इस अभ्यास में सहभागी होने का मेरा िुद का लनिाय है. मैं लकसी समय अभ्यास को छोडकर जा 

सकती/सकताहू। इसके लिए मैं कोई भी मानदंड या भरपाई करने के लिए बंधी/बंधा नही ंहूूँ। 

• अभ्यास के दौरान उपिब्ध अन्य जानकारी लजस से अभ्यासिम में भाग िेने पर असर पडेगा वह 

मुझे बताया जायेगा। 

• मेरी जांि का जो मूल्यांकन हुआ है, उसे संथथा के समािोिक मंडि के अलधकारी परि सकते 

है।इस पत्र पर हस्ताक्षर कर के मैं यह अनुमलत देता हूूँ या देती हूूँ । 

• मेरी पहिान लकसीभी वृतांत या प्रकाशन में प्रकालशत नही ंहोगी। 

• मैं अभ्यासिम के लिए सहमत हूूँ। 

________________                                                        ________________                                  

________________                  

सहभागी का नाम                              हस्ताक्षर या अंगूठे का लनशान                                                                            लदनांक 
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ANNEXURE III A 

CASE RECORD FORM 

UID (Unique Identity Number) 

DATE: 

NAME: 

AGE / GENDER: 

ADDRESS: 

OCCUPATION: 

DOMINANCE: 

DURATION OF PAIN: 

ACUTE (<4 WEEK) SUB-ACUTE (1-3 

MONTHS) 

CHRONIC (> 4 MONTHS) 

   

 

POSTURAL SWAY: 

BODY 

PART 

DEGREES BODY 

PART 

DEGREES 

RIGHT LEFT NEUTRAL RIGHT LEFT NEUTRAL 

HEAD    HEAD    

TORSO    TORSO    

PELVIS    PELVIS    

IN ANTERIOR-POSTRIOR VIEW IN LATERAL VIEW 
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BALANCE: 

Stance position GRADE 

Eyes open Eyes closed 

Double leg stance with feet together    
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ANNEXURE III (B) – PARAMETER FOR ASSESSMENT OF OUTCOME 

MEASURES 

1. Postural sway 

 Procedure for postural sway: 

 The participants are asks to stand nearer to wall with relaxed manner. 

The smartphone app POSTURE SCREEN MOBILE is started & capture 

a photo on anterior-posterior view. Then app will analysed & give data 

of degree of postural sway in relation to head-torso-pelvis. 

 The participants ask to stand nearer to wall facing sideway. The 

smartphone app POSTURE SCREEN MOBILE is started & capture a 

photo on lateral view. Then app analysed & give data of degree of 

postural sway in relation to head-torso-pelvis. 

 

2. Static balance  

 Romberg’s test: 

 Romberg’s test is use for assessment of static balance with eyes open 

& eyes closed and analysed by balance grading system (10). 

Procedure: 

 Patient position- patient will be in standing position with feet together  

 Ask the patient to stand with feet together with eyes open for 30 sec and then 

eyes closed for 30 sec. 

 Balance will be graded by using following grades 

4 Normal: Able to maintain steady balance without handhold support  

3 Good: Able to maintain balance without handhold support, limited postural 

sway  
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2 Fair: Able to maintain balance with handhold support; may require occasional 

minimal assistance 

1 Poor: Requires handhold support and moderate to maximal assistance to 

maintain position. 

0 Absent: Unable to maintain balance. 
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ANNEXURE III (C) 

Posture screen mobile Application 

App Name: Posture Screen Mobile 1.5.7.5 APK 
 
Package name: com. postureco. posturescreen 
 
Required android version – Android 5.0 and up  
 
Version – 1.5.7.5 
 
Developer – PosturalCo, Inc. 
 
Category – health and fitness 
 
Smartphone – XIOMI Redmi Note 4 
Android version- 7.0 NRD90M 

Validity and Reliability- Intra-rater reliability ranged from 0.71 to 0.99. Inter-

rater reliability was good to excellent for all translations. ICCs were stronger for 

translations versus angulations. 
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TIMELINE CHART/ GANTT CHART 

1) September - October 

2018 

Selection of Topic 

2) October - November 

2018 

Formulation of research question 

3) November – 

December 2018 

Formulation of aims and objectives 

4) December 2018- 

January 2019 

Hypothesis and null hypothesis 

5) December 2018- 

January 2019 

Research Protocol 

6) December 2018- 

January 2019 

Research Designing 

7) September 2018- 

January 2019 

Review of Literature 

8) November 2018- 

January 2019 

Methodology formulation 

9) November 2018- 

January 2019 

Study designing 

10) November 2018- 

January 2019 

Study setting 

11) November 2018- 

January 2019 

Sample size estimation 
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12) November 2018- 

January 2019 

Selection of study tools and 

instruments 

13) December 2018- 

January 2019 

Method of data collection 

14) December 2018- 

January 2019 

Data management and analysis 

15) December 2018- 

January 2019 

Statistical tests 

16) January 2019 Compilation of Synopsis 

17) January 2019 Ethical clearance 

18) January 2019- 

February 2019 

Incorporation of suggestions by IEC 

19) February 2019 BORS approval 

20) March 2019 Submission of synopsis  

21) 31st May 2019 Received approval from university  

22) June 2019-July 2020 -Collection of data 

-Preparation of excel sheet 

-Screening of data 

-Encryption of data 

-Search for more literature 

 

23) August 2020 -Analysis and Management of data 

-Obtaining the final result 

-Preparing the manuscript for 

completion of dissertation 
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24) September 2020 Submission of dissertation to MUHS 
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MASTERCHART 

A. PATIENTS WITH MECHANICAL NECK PAIN  

B. CONTROL GROUP PARICIPANTS (NORMAL INDIVIDUALS) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PATIENTS WITH MECHANICAL NECK PAIN  
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sr 
no Age Gender 

Postural 
sway in 
AP view 

(eyes 
open) 

Postural 
sway in 
AP view 

(eyes 
close) 

Postural 
sway in 
Lat view 

(eyes 
open) 

Postural 
sway in 
Lat view 

(eyes 
close) 

Static 
Balance 

(eyes 
open) 

Static 
balance 
(eyes 
close 

1 25 F 22.5 24.1 18 19.5 Good Fair 

2 25 F 21 21.5 16.6 17.4 Good Fair 

3 24 F 17 17.1 14.4 14.9 Normal Normal 

4 25 F 16 16.3 14.5 14.9 Normal Normal 

5 29 M 23.1 25.1 18.5 19.9 Fair Poor 

6 25 F 20.7 21.1 16 16.6 Good Good 

7 23 F 17.2 18 14.1 14.5 Normal Normal 

8 22 M 20.7 20.9 16.2 16.7 Good Good 

9 22 F 17.2 17.6 14.2 14.7 Normal Normal 

10 23 F 20.1 20.6 16.1 16.5 Good Good 

11 25 M 20.9 21.6 16.4 16.9 Good Good 

12 26 F 20.7 21.1 16.6 17.1 Good Fair 

13 24 F 18.2 18.6 14.2 14.6 Normal Normal 

14 26 F 21 21.4 17 17.5 Good Normal 

15 27 M 20 20.3 16.2 16.8 Good Normal 

16 21 M 20.1 20.1 16.2 16.5 Good Normal 

17 32 M 21 22.2 17.4 17.9 Fair Fair 

18 34 M 21.6 22.6 17.2 18 Good Good 

19 30 M 21.5 22.1 16.8 17.5 Good Fair 

20 29 M 21 21.6 16.5 17.2 Good Good 

21 28 M 20.5 20.9 16.4 17 Good Good 

22 35 M 22.6 24.5 18.2 19.7 Fair Poor 

23 25 F 20 20.1 16.1 16.4 Good Good 

24 24 F 19 19.9 16 16.2 Good Good 

25 30 M 21.7 22.8 17.7 18.9 Fair Fair 

26 24 F 17.5 17.8 14.8 15.2 Normal Normal 

27 30 F 21 22 17 17.4 Good Good 

28 28 M 21.5 22.1 17.1 17.6 Good Good 

29 24 M 19 19.2 15.8 16.3 Good Good 

30 24 M 18 18.5 15.7 16.2 Good Good 

31 26 M 19.2 19.8 15.9 16.3 Good Good 

32 29 M 21.2 21.9 17.3 17.9 Good Good 

33 34 F 22.6 23.9 18.3 19.8 Fair Fair 
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34 28 M 21.5 23 17.2 18.8 Fair Poor 

35 28 M 21.5 22.8 17 18.3 Fair Fair 

36 33 M 22.5 24.3 18.5 20 Fair Poor 

37 28 M 21 21.6 17.5 18.9 Fair Fair 

38 30 M 21 21.9 17.1 18.3 Fair Fair 

39 25 F 19 19.8 15 15.5 Normal Normal 

40 22 M 17 17.5 14 14.3 Normal Normal 

41 20 F 17 17.1 14.1 14.3 Normal Normal 

42 29 M 20 20.2 15.9 16.2 Good Good 

43 30 M 21.6 23.4 17.5 18.7 Fair Fair 

44 26 M 20 20.2 16 16.4 Good Good 

45 34 M 21.9 23.7 17.8 19.5 Good Good 

46 21 M 19.7 20.1 15.7 16.1 Good Good 

47 25 M 19.5 20.6 15.6 16.5 Good Good 

48 25 F 19.5 20.2 15.5 16.2 Good Good 

49 24 F 19.4 20.6 15.3 15.9 Good Good 

50 26 F 17.2 17.8 15 15.7 Good Good 

51 26 M 19 19.6 15.8 16.4 Good Good 

52 23 M 18 19.1 15 15.8 Good Good 

53 35 M 22.8 24.8 18.6 20 Fair Poor 

54 35 F 22.5 24.9 18.8 19.9 Fair Poor 

55 30 M 22 23.9 18 19.1 Fair Fair 

56 34 F 22.2 24.3 18.2 19.4 Fair Fair 

57 29 M 21.9 24 18.5 19.8 Fair Poor 

58 28 M 22.5 24.6 18.7 20.1 Fair Poor 

59 34 M 21.9 23.9 18 18.9 Fair Fair 

60 34 M 22.4 25 18.9 20.3 Fair Poor 

61 20 F 17 17.1 14 14.1 Normal Normal 

62 26 F 19 19.5 15.2 15.5 Good Good 

63 24 M 18.8 19.2 14.3 14.7 Good Good 

64 25 M 17 17.2 14.7 15 Normal Normal 

65 22 M 18.8 19.5 15.2 15.9 Good Good 

66 28 M 19.4 20.2 15.7 16.4 Good Good 

67 31 M 20.9 23.9 16.8 18.7 Fair Fair 

68 30 M 20 21.5 16.5 17.8 Good Fair 

69 25 M 20.1 20.9 16 16.8 Good Good 

70 27 M 20 20.5 15.8 16.7 Good Good 
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71 30 M 21 22.7 17.5 18 Fair Fair 

72 34 F 22.4 24.8 18.2 19.9 Fair Poor 

73 28 M 21.1 23.4 17.1 18.6 Fair Good 

74 25 F 18 18.1 14.3 14.5 Normal Normal 

75 24 F 17.3 17.5 14.1 14.4 Normal Normal 

76 22 F 17 17 14 14.2 Normal Normal 

77 30 F 20.5 21 17 17.9 Good Good 

78 27 F 20 20.2 16.1 16.9 Good Good 

79 30 M 22 23.9 18 19.8 Good Fair 

80 26 M 20.4 22 16.1 18.3 Normal Normal 

81 26 M 20.1 21.5 15.9 17,6 Good Good 

82 21 F 18.3 18.5 14.5 14.6 Normal Normal 

83 25 M 18.5 19 14.5 14.9 Normal Normal 

84 30 M 21 21.9 17 17.8 Fair Fair 

85 25 F 19.9 20.8 15.8 16.8 Normal Normal 

86 25 F 20 20.5 16 16.8 Good Good 

87 25 F 20 21.4 16.4 16.8 Good Good 

88 30 F 21.2 21.6 16.7 17 Good Good 

89 34 F 20.1 21.2 16.1 16.6 Good Good 

90 33 F 22 22.9 18 18.8 Fair Fair 

91 33 M 22.8 25 18.3 20.2 Fair Poor 

92 33 F 22.1 24.1 17.9 19.8 Fair Fair 

93 30 F 21.5 23.2 17.2 18.9 Fair Fair 

94 32 F 22.2 24.1 17.8 18.8 Fair Fair 

95 25 F 20 20.5 16 16.4 Good Good 

96 24 F 18.7 18.9 15.2 15.7 Normal Normal 

97 21 F 17.2 17.3 14.3 14.8 Normal Normal 

98 28 F 18.7 20.1 15.5 16 Normal Normal 

99 30 M 19.9 21.8 15.9 16.8 Good Good 

100 20 F 18.2 20.6 15.1 16.2 Normal Normal 

101 26 F 19 19.8 15.9 16.8 Normal Normal 

102 28 F 20.2 21.6 16.4 17.3 Good Good 

103 34 M 21.8 23.9 17.5 18.6 Fair Fair 

104 22 M 18.7 19.5 15 15.5 Normal Normal 

105 18 M 17 17.1 14 14.1 Normal Normal 

106 30 M 21.5 22.3 17.5 18.3 Good Fair 

107 19 M 18 18.6 15 15.6 Normal Normal 
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CONTROL GROUP PARICIPANTS (NORMAL INDIVIDUALS)  

108 20 M 17 17 14 14.3 Normal Normal 

109 30 M 19.9 22 15.8 16.9 Good Good 

110 32 M 21 23.9 16.7 17.8 Fair Fair 

111 23 M 19 19.7 15.6 16.4 Normal Normal 

112 32 M 22 24.5 18 19.7 Fair Fair 

113 35 M 21.8 23.9 17.6 19.5 Fair Fair 
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sr 
no Gender Age 

Postural 
sway in 
AP view 

(eyes 
open) 

Postural 
sway in 
AP view 

(eyes 
close) 

Postural 
sway in 
Lat view 

(eyes 
open)  

Postural 
sway in Lat 
view (eyes 

close) 

Static 
balance 
(eyes 
open) 

Static 
balance 
(eyes 
close) 

1 M 30 19 19.8 15 15.5 Normal Normal 

2 F 28 18.7 19.5 14.8 15 Normal Normal 

3 M 29 18.5 19.5 14.9 15 Normal Normal 

4 F 35 20.5 21 16 16.2 Normal Normal 

5 F 30 20 20.5 16.1 16.6 Good Good 

6 F 25 18 18.1 14 14.2 Normal Normal 

7 F 24 18.2 18.5 14.2 14.2 Normal Normal 

8 F 24 18 18.1 14.4 14.5 Normal Normal 

9 M 25 18 18 14 14.2 Normal Normal 

10 F 25 18 18.1 14 14.2 Normal Normal 

11 F 25 18 18.2 14 14.2 Normal Normal 

12 F 22 17.2 17.2 14.1 14.2 Normal Normal 

13 F 20 17 17.1 14 14 Normal Normal 

14 F 26 18.5 18.5 14.3 14.5 Normal Normal 

15 F 27 18.9 18.9 14.5 14.5 Normal Normal 

16 F 25 18.5 18.8 14.6 14.8 Normal Normal 

17 F 25 18.5 18.8 14.8 15 Normal Normal 

18 F 25 18.6 18.9 14.9 15 Normal Normal 

19 F 26 18.6 18.6 14.8 15 Normal Normal 

20 F 26 18.6 19.2 14.8 15.2 Normal Normal 

21 F 30 20.2 20.6 16 16 Normal Good 

22 F 25 18.5 18.9 15 15.8 Normal Normal 

23 F 25 18.3 18.3 14.8 14.9 Normal Normal 

24 F 26 19.4 19.6 15.2 15.8 Normal Normal 

25 F 25 19 19.6 15.3 15.8 Normal Normal 

26 M 28 19.8 20.4 15.8 16.5 Good Good 

27 M 28 20 20.1 16.2 16.8 Good Good 

28 M 26 20 20.6 16 16.8 Good Good 

29 M 28 20.5 20.9 16.6 17.2 Good Good 

30 M 30 20.4 21.5 16.8 17.5 Good Good 

31 M 30 20.1 20.6 16.1 16.5 Good Good 

32 M 31 20.5 20.9 16.4 16.9 Good Good 

33 F 26 19.7 20 15.8 16.4 Good Good 
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34 M 25 19.5 20 15 15 Normal Normal 

35 M 27 20 20.4 15.9 16 Normal Normal 

36 M 34 20.7 21 16 16 Normal Good 

37 M 32 20.4 20.8 16.2 16.5 Good Good 

38 F 24 19.8 19.9 15.8 16 Normal Good 

39 F 22 17.5 17.9 14.2 14.5 Normal Normal 

40 F 23 18 18.5 15 15.6 Normal Normal 

41 F 23 18 18.2 14.8 15 Normal Normal 

42 F 24 18.2 18.6 14.8 15 Normal Normal 

43 F 24 18.2 18.4 14.9 15.1 Normal Normal 

44 F 23 17.8 17.9 14 14.5 Normal Normal 

45 F 25 18.3 18.3 15.1 15.5 Normal Normal 

46 M 32 20 20.1 16.2 16.5 Good Good 

47 M 32 20.1 20.6 16.5 16.8 Good Good 

48 M 29 19.8 19.9 15.4 15.9 Normal Normal 

49 M 24 18.5 18.9 15.1 15.8 Normal Normal 

50 M 25 18.6 18.9 15.4 15.8 Normal Normal 

51 M 24 18.1 18.4 15.3 15.8 Normal Normal 

52 M 26 18.5 18.6 15.8 16 Normal Normal 

53 F 25 18.5 18.6 15 15.3 Normal Normal 

54 M 35 20.5 20.5 16.5 16.9 Good Good 

55 M 31 20.1 20.4 16.2 16.5 Good Good 

56 M 29 20 20.1 16 16 Normal Normal 

57 F 29 19.9 19.9 15.4 15.5 Normal Normal 

58 F 25 18.7 18.9 15.4 15.6 Normal Normal 

59 M 28 20 20.4 16.4 16.5 Good Good 

60 M 28 20 20.2 16.1 16.5 Good Good 

61 M 30 20.3 20.6 16 16.4 Good Good 

62 M 35 20.5 20.7 16.2 16.4 Good Good 

63 M 35 20.5 20.5 16.6 16.9 Good Good 

64 M 30 20.5 20.9 16.6 17.2 Good Good 

65 F 19 17.8 18.2 14.5 15 Normal Normal 

66 F 30 18.9 19.3 14.9 15 Normal Normal 

67 M 18 18.1 18.9 14.9 15 Normal Normal 

68 F 34 20 20.6 16.5 17.2 Good Good 

69 M 35 20.3 20.7 16.2 16.8 Good Good 
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70 M 35 20.5 20.9 16.5 16.8 Good Good 

71 F 30 20 20.4 15.9 16.2 Good Good 

72 F 30 20 20.6 15.7 16 Normal Good 

73 M 22 18.4 18.9 14.8 15.5 Normal Normal 

74 M 22 18.5 18.5 15.1 15.5 Normal Normal 

75 M 25 18.9 19.4 15.2 15.7 Normal Normal 

76 M 26 20.1 20.2 15.9 16.3 Normal Normal 

77 F 24 19 19.5 15 15.3 Normal Normal 

78 F 30 20.1 20.2 15.8 16.1 Normal Normal 

79 M 32 20.5 20.6 15.9 16.1 Normal Normal 

80 M 28 19.4 19.5 15.4 15.8 Normal Normal 

81 M 33 20.2 20.2 16.4 16.5 Good Good 

82 M 25 18 18.3 14.5 14.6 Normal Normal 

83 M 30 19.9 19.9 14.9 15 Normal Normal 

84 M 34 20.3 20.6 16 16.5 Good Good 

85 M 34 20.4 20.5 16.3 16.5 Good Good 

86 M 26 18.9 18.9 15.2 15.5 Normal Normal 

87 M 29 18.5 18.6 15.1 15.5 Normal Normal 

88 M 20 17.9 17.9 14.9 15.1 Normal Normal 

89 F 18 17.8 17.9 15.2 15.5 Normal Normal 

90 F 35 20.4 20.4 15.9 16 Normal Good 

91 F 35 20.4 20.5 16.2 16.5 Good Good 

92 M 26 18.9 18.9 15.1 15.5 Normal Normal 

93 M 26 19.2 19.3 15.3 15.5 Normal Normal 

94 F 25 19 19 15.2 15.5 Normal Normal 

95 F 30 19.9 20 15.5 16 Normal Normal 

96 F 22 18.5 18.7 15.6 16 Normal Normal 

97 F 24 18.3 18.5 15.6 16.2 Normal Good 

98 M 26 18.8 19 15.8 16 Normal Good 

99 M 29 19.4 20 15.7 16.1 Normal Good 

100 M 21 18.1 18.5 14.9 15.4 Normal Normal 

101 M 21 17.5 18 14.7 15 Normal Normal 

102 F 20 17.2 17.6 14.3 15 Normal Normal 

103 M 19 17 17.1 14 14.3 Normal Normal 

104 M 31 20 20 16 16.3 Normal Good 

105 M 19 17.1 17.1 14 14 Normal Normal 
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106 M 30 19.8 19.9 15.8 16 Normal Normal 

107 M 26 19.2 19.3 15.1 15.2 Normal Normal 

108 M 29 19.5 19.6 15.6 15.9 Normal Normal 

109 M 25 18.7 18.9 15.7 16 Normal Normal 

110 M 25 18.4 18.7 14.8 15 Normal Normal 

111 M 31 19.9 20.1 15.8 16 Normal Normal 

112 F 24 18.4 18.6 15.7 15.9 Normal Normal 

113 M 22 17.8 17.9 14.8 15.2 Normal Normal 

         



  

 

“Correlation between level of physical activity using IPAQ and 
exercise capacity using 6 min walk test in COPD patients. A 

Descriptive, Observational, cross sectional study.” 
 

 

 

 

DISSERTATION 
 

MASTER OF PHYSIOTHERAPY (M.P.T) 
CARDIOVASCULAR AND RESPIRATORY PHYSIOTHERAPY 

 
 

UNDER: 
 

MAHARASHTRA UNIVERSITY OF HEALTH 
SCIENCES, NASHIK 

 
2018-2019 

 

 

 

 

 

 

 

 



  

 

Name of the course 

 

: - 

 

Master of 

physiotherapy 

 

 

Name of subject 

 

 

: - 

 

Cardiovascular and 

respiratory 

physiotherapy 

 

Admitted 

year/academic year 

 

 

: - 

 

 

2017-18 

 

 

 

 

 

 

 

 

 

 

TOPIC OF DISSERTATION: 

 

“Correlation between level of physical activity using IPAQ and exercise capacity 

using 6 min walk test in COPD patients. A Descriptive, Observational, cross 

sectional study.” 



  

Contents  

SR.NO TOPIC PAGE NO 

1. INTRODUCTION 1 – 6 

2. NEED FOR STUDY 7 

3. AIM AND OBJECTIVE 8 

4. HYPOTHESIS 9 

5. REVIEW OF LITERATURE 10 – 19 

6. MATERIALS AND METHOD 20 – 30 

7. RESULTS 31 – 41 

8. DISCUSSION 42 – 45 

9. LIMITATION 46 

10. CONCLUSION 47 

11. CLINICAL IMPLICATION 48 

12. SUMMARY 49 

13. REFERENCES 50 – 54 

14. ANNEXURES  

15. ANNEXURE I CASE RECORD FORM 55 

16. 
ANNEXURE II INTERNATIONAL PHYSICAL 

ACTIVITY QUESTIONNAIRE 
56 – 60 

17. ANNEXURE III 61 – 62 

18. ANNEXURE IV LETTER OF CONSENT 63 – 65 

19. ANNEXURE V SUBJECT INFORMATION SHEET 66 – 73 

20. PERMISSION LETTER A 74 

21. PERMISSION LETTER B 75 

23. MASTER CHART 76 – 77 

 

 



  

ABBREVIATIONS:  

 

1. BMI: Body Mass Index  

2. BP: Blood pressure  

3. RR: Respiratory Rate  

4. HR: Heart rate  

5. WHO: World Health Organization  

6. ATS: American Thoracic Association  

7. ACSM: American College Of Sports Medicine  

8. 6MWT: 6 Minute Walk Test  

9. IPAQ: International Physical Activity Questionnaire  

10. COPD: Chronic Obstructive Pulmonary Disease 

 

 

 

 

 

 

 

 

 

 

 

 

 



 1 

INTRODUCTION  

COPD is commonly known as a “Disease state characterized by air flow limitation that 

is not fully reversible. The airflow limitation is usually both progressive and associated 

with an abnormal inflammatory response of the lungs to noxious particles or gases.”1 

In India from 1990 to 2016 the percent change in prevalence of leading non-

communicable diseases and incidence rate of leading injuries with the percent change 

in their rate the prevalence of COPD is 29.2.2 

A nationwide questionnaire study estimated that the prevalence of COPD to be 3.49% 

in India, but spirometry test was not employed therefore the reported COPD burden 

may be underestimated.3     

Pathophysiological impairment: -  

Chronic Obstructive Pulmonary Disease is described as combination of airway 

narrowing, parenchymal destruction, and pulmonary vascular thickening.1 

There is imbalance of proteinases/anti proteinases and oxidants/ antioxidants in 

COPD patients. Therefore, it characterized by increased in neutrophils, macrophages 

and T lymphocytes it also damages endothelial lining of the airways. The glands and 

goblet cell within the bronchial walls hypertrophy producing excessive secretion, which 

either partially or completely obstructs the airway. Decreases the ciliary function and 

alteration in physiochemical characteristics of bronchial secretions as well as impair 

airway clearance and contribute to airway obstruction.1  

In COPD, the airways are pulled open wide by thoracic expansion, allowing air to 

enter. During exhalation the airway narrowing from inflammation, remodelling and 

excessive secretions causes premature airway closure, air trapping in the distal 

airways and airspaces. This air trapping is called “hyperinflation”, which is an abnormal 

increase in the amount of air within the lung tissue.1 
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The parenchymal changes seen in COPD are dilatation and destruction of the 

respiratory bronchioles, the changes in pulmonary tissue results in loss of the normal 

elastic recoil properties of lungs. The pulmonary vasculature is also altered in the early 

development of COPD. Endothelial changes that result in thickening of vessel wall.1      

Therefore, lung volumes and capacities especially residual volume and functional 

residual capacities, are increased from normal values due to air trapping. Expiratory 

flow rate especially FEV1 are decreased. The ratio of FEV1 to FVC is also decreased.1

  

Thus, it is characterized by dyspnea, chronic cough, sputum, exertional dyspnea.  

Da silva et al. reported that it is also associated with various comorbidities. 

Cardiovascular comorbidities are one of the most frequent comorbid conditions 

associated with COPD. In COPD patients those developing dynamic hyperinflation 

during exercise, the increase in intra-thoracic pressure can compromise the venous 

return to the right heart chambers which reduce the end-diastolic volume and, 

consequently, the stroke volume. Hypertension, coronary disease and diabetes are 

frequent conditions associated with COPD and an increased risk of death. Endothelial 

dysfunction and increased arterial stiffness begin early in the course of COPD and 

probably represent the onset of atherosclerotic disease. Heart failure is the result of 

chronic COPD and is responsible for dyspnea and exercise intolerance.4 

Dyspnea impairment: -  

Dyspnea is typically perceived as the distressing sensation of unsatisfied inspiration 

because of a mismatch between central neural drive and the respiratory 

mechanical/muscular response (i.e., neuromechanical uncoupling or dissociation) of 

the respiratory system. In COPD, inspired effort and central motor command output 

are increased compared with the healthy state, reflecting the relatively higher 
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ventilation and the increased loading and functional weakness of the inspiratory 

muscles in the long run.5 

Further studies state that increase in the work of breathing in COPD, it is associated 

with increased airway resistance and intrinsic PEEP (PEEPi) due to dynamic 

hyperinflation. Expiratory flow limitation and increased lung capacity are the major 

pathophysiological abnormalities in COPD leading to increased work of breathing and 

reduction of inspiratory muscles strength. Hence dynamic hyperinflation often 

develops when VE increases (such as during exercises), the imbalance between the 

work of breathing and strength of inspiratory muscles is one of the important 

mechanisms related to dyspnea and respiratory failure 

Thus, patients’ activities of daily living are reduced due to fear of dyspnea.6 

Peripheral impairment: - 

COPD is characterized by loss of muscle strength and endurance.  And it is inversely 

related to the increase fatigability of the muscle of patients. These physiological factors 

are related with a number of pathogenic mechanisms such as reduce oxidative 

capacity of the muscle, re-distribution of muscle fibers reduction of the proportion of 

Type I fibers with increase of Type II fibers, reduce activity of oxidative enzymes, 

altered capillarization of the muscle and net loss of muscle mass. As a result of this, 

Type II fibers are recruited during exercise. As a result of this and other factors, 

patients with COPD are characterized by an early lactate release during incremental 

exercise. This acid is rapidly buffered by the carbonic acid tampon system increasing 

the availability of CO2 during exercise. As a result of this the ventilator demand is 

increased in patients with COPD at equal work- load in comparison to healthy person, 

which accelerates the consumption of the ventilatory reserve and result in an early 

termination of exercise.7 
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It is also reported that changes in skeletal muscle towards a more anaerobic muscle 

profile have also been reported to be associated with decreased exercise capacity.8  

So skeletal muscle performance is also decreased in addition to fear of dyspnea 

reducing activities of daily living.8 

Psychosocial impairment: - Studies reported that anxiety and depressive symptoms 

are common in patients affected by COPD, even when their disease is mild in terms 

of FEV1 and respiratory symptoms. To ensure good quality of life in patients with 

COPD, psychological factors need to be carefully taken in consideration as the 

prevalence of anxiety and depression are very high in COPD, even when the disease 

is of mild or moderate degree patients with a high level of anxiety, depression, or both 

have a worst quality of life.9 

So as result of comorbidities and lung pathology, increased work of breathing, 

emotional factors and fear of dyspnea leads to decrease in physical activity in patients 

with COPD. 

Physical Activity: -  

Physical activity is defined as any bodily movement produced by skeletal muscles that 

result in energy expenditure beyond resting energy expenditure.10 Physical activity is 

a complex multidimensional behaviour which is affected by physical attributes, 

psychosocial and environmental factors. There is moderate relationship between the 

clinical characteristics of COPD patients and their physical activity. 

Marlies Zwerink et al. reported that Physical activity is reduced in COPD patients11 

Another study from Pitta et al. (12), reported that a large proportion of COPD patients 

spend less time walking and standing but more time sitting and lying compared to 

healthy individuals. 
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The level of physical activity has recently been suggested to be the strongest predictor 

of all-cause mortality in patients with COPD.12 

 

Exercise Capacity: -  

It is reported that the above mentioned structural and functional impairments are 

responsible for reduction in exercise capacity in COPD patients.  

Exercise capacity is the maximum amount of physical exertion that a patient can 

sustain. An accurate assessment of exercise capacity requires that maximal exertion 

is sufficiently prolonged to have a stable (or steady state) effect on the circulation and 

that the pattern of patient response is consistent when exertion is repeated.13  

Ventilatory demand is increased during exercise owing to gas exchange abnormalities 

(i.e., worsening of ˙VA/Q mismatch and increased dead space ventilation), which lead 

to hypoxemia and hypercapnia. The ventilator demand of exercise is regulated not 

only by the metabolic rate but also by the arterial carbon dioxide tension (PaCO2) and 

the physiological dead space, fraction of breath. Metabolic acidosis also increases the 

ventilatory requirement of exercise. Therefore, in chronic lung diseases, for a given 

rate of CO2 output (VCO2) and PaCO2, ˙minute ventilation is usually increased 

because of higher dead space ventilation. Moreover, ventilatory workload is increased 

during exercise because of abnormal dynamic ventilatory mechanics.4  

Peripheral muscle contractile fatigue secondary to a limitation in oxygen supply to, 

and/or utilization of oxygen by, the mitochondria also constitutes an important factor 

that limits exercise tolerance. This suggestion is supported by the finding that the 

degree of exercise-induced quadriceps muscle fatigue in COPD negatively correlates 

with peak oxygen utilization.  Age-associated changes in cardiovascular structure and 

function as well as in mitochondrial content and quality indicate that the ability of the 
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older adult to increase convective oxygen delivery and muscle oxygen utilization is 

impaired.4 

In addition, ageing is associated with a reduced maximal heart rate, reduced left 

ventricular function, increased total peripheral resistance, reduced capillary density, 

endothelial dysfunction and altered capillary hemodynamics, all of which are expected 

to compromise the convective oxygen transport to working muscles during exercise. 

In addition, with ageing there is an increase in pulmonary vascular stiffness, resistance 

and pressures along with increased heterogeneity of alveolar ventilation and 

pulmonary perfusion as well as decreased pulmonary capillary blood volume and 

membrane diffusing capacity that is consistent with a reduction in alveolar capillary 

surface area. 
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Need for study: -  

Mohammed A et.al concluded that COPD shows an accelerated decline in lung 

function and progressive impairment of physical performance as suggested by H. 

Watz et al. COPD shows changes mainly in respiratory system, musculoskeletal 

system and psychosocial factors. Sibei Chen et al. study reported work of breathing is 

increased due to airway resistance.  The fear of dyspnea in COPD patients which 

leads to reduced activity like standing, walking this all factors leads to reduction in 

physical activity and exercise capacity in patients with chronic lung diseases. Physical 

activity level and exercise capacity are important determinants of health status and 

mortality. Literature has varied views on association of physical activity and exercise 

capacity. Few studies quoted that there is moderate to weak correlation between 

physical activity and exercise capacity. Therefore, we felt the need to find correlation 

between physical activity level and exercise capacity in patients with COPD 
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Aim: -  

To study correlation between physical activity and exercise capacity in COPD patients. 

 

Objective: - 

• To assess physical activity in COPD patients using International Physical 

Activity Questionnaire. 

• To assess submaximal exercise capacity in COPD patients using 6MIN walk 

test. 

• To find out the correlation between physical activity and exercise capacity in 

COPD patients. 
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Research Question: - 

Is there any correlation between Level of physical activity and exercise capacity in 

COPD patients? 

 

Hypothesis: - 

Alternate Hypothesis: - 

There is a correlation between level of physical activity and exercise capacity in 

COPD patients. 

Null Hypothesis: -  

There is no correlation between Level of physical activity and exercise capacity in 

COPD patients. 
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Literature review  

 Susan B O’Sullivan in the PHYSICAL REHBILITATION (5th edition) stated that 

COPD is commonly known as a “Disease state characterized by air flow limitation that 

is not fully reversible. The airflow limitation is usually both progressive and associated 

with an abnormal inflammatory response of the lungs to noxious particles or gases.”1 

 The study conducted by Indian council of medical research from 1990 to 2016 

estimated prevalence of COPD to be 29.2 2 

Dr. Roberto A. rabinovich conducted study Differences between exercise 

capacity and Physical activity in COPD; from the lungs to the periphery the objective 

of this study was to see difference between exercise capacity and Physical activity in 

COPD patients. And stated that COPD is a progressive disease affecting primary the 

lungs and patients shows deleterious extra-pulmonary effects. Abnormalities in lung 

function and muscle function contribute to limit exercise capacity in COPD. Difficulty 

in performing exercise (reduce exercise capacity) is therefore related to different 

physiological aspects of the lung, peripheral muscles and heart function. Exercise 

intolerance limits the ability of patients to exercise in daily life having an impact on 

Physical activity level. Physical activity level is a prognosis factor for mortality and 

hospitalisations.7 

G. Eliason et al. (2009) conducted Study Physical performance and muscular 

characteristics in different stages of COPD. This study examined exercise capacity 

and muscle morphology in patients with different severities of COPD with 23 

participants and concluded that the correlation between reduction in exercise capacity 

and changes in muscle fiber composition was observed in COPD and changes in 

skeletal muscle morphology are associated with disease severity while muscle 

regenerative capacity is not altered. Also Mean exercise capacity was significantly 
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lower in COPD patients compared with healthy subjects. Mean physical activity level 

and time spent at least moderately active were significantly lower in patients with 

moderate and severe COPD compared with healthy subjects while no differences in 

time spent sedentary were observed between the study groups. Pulmonary function, 

mean physical activity level and time spent at least moderately physically active were 

significantly associated with exercise capacity in the patients. Further conclude that 

patients with moderate and severe COPD are less physically active compared with 

healthy subjects. Furthermore, mean physical activity level and physical activity of at 

least moderate intensity are positively associated with exercise capacity in COPD, 

while time spent sedentary is not, which stresses an important role of physical activity 

on exercise capacity in these patients.14 

 

Study conducted G.P.F. Da Silva et al. (2015) Exercise capacity impairment in 

COPD patients with comorbidities. The objective of this study was to evaluate the 

impact of comorbidities on functional capacity of COPD patients. Which included 79 

participants and study was conducted at two teaching hospitals in Fortaleza, Brazil. 

The functional capacity was assessed using spirometer and the 6-min walking test. 

further health status was assessed by the St. George’s respiratory questionnaire 

(SGRQ) and the COPD assessment test (CAT). The sample was grouped into ‘‘none’’, 

‘‘one’’ and ‘‘two or three’’ comorbidities groups. And One-way ANOVA was used to 

compare means of the three groups and a multiple linear regression was used to 

predict the impact of comorbidities on 6MWT. Which showed results as Comorbidities 

such as hypertension, coronary disease and diabetes were found in 54% of the studied 

patients. CAT scores were increased from ‘‘no comorbidity’’ to ‘‘one comorbidity’’ and 

‘‘two or three comorbidities’’ groups. A post hoc test showed a significant difference in 
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the ‘‘no comorbidity’’ compared to the ‘‘two or three comorbidities’’ groups. The 

distance walked by the patients decreased from ‘‘no comorbidity’’ (386.1 ± _83.2 m) 

to ‘‘one comorbidity’’ (350 ± _98 m) and ‘‘two or three comorbidities’’ groups (312.6 ± 

_91 m). A post hoc test showed significant difference in the ‘‘no comorbidity’’ 

compared to ‘‘two or three comorbidities’’ groups (p = 0.007). Numbers of 

comorbidities were independently associated with the 6MWT adjusting for age, 

severity of COPD and CAT scores.4 

Francisco Gracia – Rio et al. (2009) Studied daily Physical activity in patients 

with COPD is mainly associated with dynamic hyperinflation. The objective of this 

study was to analyze the influence of dynamic hyperinflation, exercise tolerance and 

airway oxidative stress to Physical activity in patients with COPD. Which included 110 

patients with moderate to very severe COPD. Daily physical activity was measured 

using a triaxial accelerometer providing a mean of 1-minute movement epochs as 

vector magnitude units. Patients performed the 6-minute walk test, incremental 

exercise test with measuring of breathing pattern and operating lung volumes, and 

constant work rate test at 75% of maximal work rate. This showed results that GOLD 

stage and BODE index, determined arterial blood gases, lung volumes, diffusing 

capacity, and biomarkers in exhaled breath condensate. Physical activity was 

basically related to distance walked in 6 minutes, VO2, change in end-expiratory lung 

volume during exercise, endurance time, and 8-isoprostane in exhaled breath 

condensate.  This study also stated that daily Physical activity of patients with COPD 

is mainly associated with dynamic hyperinflation regardless of severity classification.15 

Gunnar Gudmundsson et al. (2005) Study on Depression, anxiety and health 

status after hospitalization for COPD. This study was done to analyze the 

interrelationship between health status anxiety, depression and Physical status in 
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COPD patients being discharged after hospitalization. This study showed that anxiety 

and depression are common in patients with COPD and that patients with 

psychological disorders have poor health status screening for depression & anxiety 

may help to identify patients with poor quality of life and an urgent need for intervention 

in order to improve their health status.16 

Fabiano Di marco et al (2006) conducted study on Anxiety and depression in copd 

patients. The roles of gender and disease severity. The aim of the study was to 

assess the prevalence of anxiety and depression in the whole chronic obstructive 

pulmonary disease population in sub groups according to sex and severity 

classification. The 200 participants were involved in the study and were assessed 

using specific questioners and showed results as  prevalence of anxiety and 

depression were high in COPD, even in mild degree. concluded that anxiety and 

depression symptoms are common in patients affected by COPD even when the 

disease is mild in terms of FEV1 and respiratory symptoms.9 

David Halpin et, al (2015) Study conducted on Understanding fear and anxiety in 

patients at the time of an exacerbation of chronic obstructive pulmonary 

disease: a qualitative study. Objective of this study was to determine the importance 

of fear and anxiety at the time of an exacerbation of chronic obstructive pulmonary 

disease. Included 20 patients and were interviewed and this study suggested that 

Panic and fear are important emotions prior to admission. Many patients suffer from 

panic-fear and a worsening of symptoms. Some of them were able to use self-

management techniques to reduce their panic-fear.17 

Raphaël Bize et, al (2007) Studied on Physical activity level and health-related 

quality of life in the general adult population: A systematic review this study was 

done to know health-related quality of life and its relation with physical activity level in 
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the general population and Cross-sectional data which had 1426 references and 55 

citation. Showed positive association between physical activity level and health-

related quality of life.18 

H.Wartz et al. (2009) Studied Physical activity in patients with COPD. The study 

aim was to measure physical activity in patients with COPD to identify the disease 

stage at which physical activity becomes limited, Investigate the relationship of clinical 

characteristics with physical activity, Evaluate the predictive power of clinical 

characteristics identifying very inactive patients, and analyse the reliability of physical 

activity measurements. This study concluded that physical activity is reduced in 

patients with COPD from global initiative for COPD stage II/ body mass index, air way 

obstruction, dyspnea, exercise capacity score.10 

Study by Gabriella Eliason et, al (2011) on physical activity patterns in patients 

in different stages of chronic obstructive Pulmonary disease. The present study 

was done to assess exercise capacity and physical activity in different stages of COPD 

to examine the relation between exercise capacity. Pulmonary function and degree of 

physical activity and carried out with 44 patients. this study showed results as mean 

physical activity level and time spent were significantly lower in patients with moderate 

and severe COPD compared with healthy subjects but differences in time spent 

sedentary were observed. concluded that patients with moderate and severe COPD 

are less physically active compared with healthy subjects. Further mean Physical 

activity level and physical activity of at least moderate intensity are positively 

associated with exercise capacity in COPD.8 

Marlies Zwerink et, at. (2012) Studied Relationship between daily physical 

activity and exercise capacity in patients with COPD. The aim of this study was to 

investigate the relation between daily physical activity level and exercise capacity in 
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patients with COPD using data of a randomized controlled trial in which the exercise 

intervention was aimed at improvement of both physical activity and exercise capacity. 

And showed that a moderate to weak relationship between daily physical activity and 

exercise capacity.11 

Juan P de torres et, al (2006) Studied Gender associated difference in 

determinants of quality of life in patients with COPD; a case series study. The 

aim of this study to explore factors contributing to gender differences in quality of life 

of COPD patients. Which included 146 men and women with COPD from pulmonary 

clinic. And it concluded that there are gender differences in health status scores. The 

clinical and physiological variables independently associated with those scores 

differed in men and women.19 

Chris andreissy breda et, al (2012) Studied on physical activity level and physical 

performance in the 6- min walk test in women with fibromyalgia. This study was 

done to compare the physical activity level, assessed using the international physical 

activity questionnaire (IPAQ), and physical performance, measured using the 6- min 

walk test (6MWT), in women with and without FM and to examine the possible 

relationships between physical activity level and physical performance in both groups 

showed that there were no relationships between the distance walked in the 6MWT 

and the IPAQ variables for the control group. However, the distance walked by the 

patients in the test showed a significant correlation (p < 0.05) with the total score and 

the sub components transport, household activities, and physical activities of 

moderate intensity in the IPAQ.20 

Divay Chandra , MD et al. conducted study Optimizing the 6-Min Walk Test as a 

Measure of Exercise Capacity in COPD. He studied patients consecutively enrolled 

into the National Emphysema Treatment Trial. who prior to randomization and after 6 
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to 10 weeks of pulmonary rehabilitation performed two 6-min walks on consecutive 

days. and performed two 6-min walks at 6-month follow-up after randomization to lung 

volume reduction surgery or medical therapy. then compared change in the first walk 

distance to change in the second, average-of-two, and best-of-two walk distances. 

and found that change in the first walk distance, change in the average-of-two and 

best-of-two walk distances had better precision. Specifically, 6 months after 

randomization to lung volume reduction surgery, changes in the average-of-two and 

best-of-two walk distances better correlated with the change in maximal exercise 

capacity. Additionally, the variance of change was 14% to 25% less for the average-

of-two walk distances and 14% to 33% less for the best-of-two walk distances than 

the variance of change in the single walk distance, indicating better precision. and 

concluded that Adding a second walk to the 6-min walk test significantly improves its 

performance in measuring response to a therapeutic intervention, improves the validity 

of COPD clinical trials, and would result in a 14% to 33% reduction in sample size 

requirements.21 

Eileen Breslin, RN, DNSc et al. studied Perception of Fatigue and Quality of Life 

in Patients With COPD. Forty-one patients age = 62 ± 8 years. from two sites 

participated in the study. Spirometric measures of pulmonary function were carried out 

in each patient. The Multidimensional Fatigue Inventory was used to measure five 

subscales of fatigue. general, physical and mental fatigue, reduction in activity, and 

reduction in motivation. The St. George Respiratory Questionnaire, used to measure 

quality of life, has three subscale dimensions (symptom, activity, and impact), as well 

as an overall or total quality of life score. Depression was measured with the Centers 

of Epidemiological Studies Depression Scale. In 19 patients, exercise tolerance was 

determined with the 6-min walking distance. and found that general fatigue correlated 
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with FEV1 percent predicted (r = .0.32, p < 0.05), exercise tolerance (r = .0.55, p < 

0.05), depression (r = 0.44, p < 0.01), and overall quality of life (r = 0.75, p < 0.01). in 

all the dimensions of fatigue, depression correlated with general and mental fatigue 

only. Physical dimensions of fatigue correlated with an increase in the severity of 

pulmonary impairment and reduction in exercise tolerance. The cognitive components 

of fatigue, such as reduction in motivation and mental fatigue, were not found to be 

highly correlated with physical dimensions of quality of life. All five subscales of fatigue 

showed relationship to the functional impact dimension and total impairment score in 

quality of life. And Concluded that these data show a relationship between dimensions 

of fatigue and pulmonary function, exercise tolerance, and quality of life in COPD. 

Based on these results, fatigue is an important symptom requiring evaluation and 

management in patients with COPD. These data clarified also the relationship 

between depression and fatigue in this patient population.22 

Sigrid NW Vorrink1et al. studied Level of daily physical activity in individuals 

with COPD compared with healthy controls in which persons with Chronic 

Obstructive Pulmonary Disease (COPD), performing some level of regular physical 

activity, have a lower risk of both COPD-related hospital admissions and mortality. 

COPD patients of all stages seem to benefit from exercise training programs, thereby 

improving with respect to both exercise tolerance and symptoms of dyspnea and 

fatigue. Physical inactivity, which becomes more severe with increasing age, is a point 

of concern in healthy older adults. A literature review was performed in the databases 

PubMed [MEDLINE], Picarta, PEDRO, ISI Web of Knowledge and Google scholar. 

After screening, 11 studies were identified as being relevant for comparison between 

COPD patients and healthy controls with respect to duration, intensity, and counts of 

DPA. Four more studies were found to be relevant to address the subject of the 
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influence the severity of the disease may have on DPA. The average percentage of 

DPA of COPD patients vs. healthy control subjects for duration was 57%, for intensity 

75%, and for activity counts 56%. Correlations of DPA and severity of the disease 

were low and/or not significant. Concluded From the results of this review, it appears 

that patients with COPD have a significantly reduced duration, intensity, and counts of 

DPA when compared to healthy control subjects. The intensity of DPA seems to be 

less affected by COPD than duration and counts. Judging from the results, it seems 

that severity of COPD is not strongly correlated with level of DPA.23 

Nele Cielen et al. studied Musculoskeletal Disorders in Chronic Obstructive 

Pulmonary Disease and stated that Chronic obstructive pulmonary disease (COPD) 

is a lung disease characterized by airway obstruction and inflammation and also 

accompanied by several extrapulmonary consequences, such as skeletal muscle 

weakness and osteoporosis. Skeletal muscle weakness is major concern, because it 

leads to poor functional capacity, impaired health status, increased healthcare 

utilization, and even mortality, independently of lung function. Osteoporosis leads to 

fractures and is associated with increased mortality, functional decline, loss of quality 

of life, and need for institutionalization. Therefore, he found that combination of these 

comorbidities will have a negative impact on daily life in patients with COPD. So he 

focused on these two comorbidities, their prevalence in COPD, combined risk factors, 

and pathogenesis. and try to prove the clustering of these comorbidities and discuss 

possible preventive or therapeutic strategies.24 

 

J Garcia-Aymerich et al. conducted a study Regular physical activity reduces 

hospital admission and mortality in chronic obstructive pulmonary disease: a 

population based cohort study. From a population-based sample recruited in 
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Copenhagen in 1981–3 and 1991–4, 2386 individuals with COPD were identified and 

followed until 2000. Self-reported regular physical activity at baseline was classified 

into four categories (very low, low, moderate, and high). Dates and causes of hospital 

admissions and mortality were obtained. Adjusted associations between physical 

activity and hospital admissions for COPD and mortality were obtained using negative 

binomial and Cox regression models, respectively. After adjustment for relevant 

confounders, subjects reporting low, moderate or high physical activity had a lower 

risk of hospital admission for COPD during the follow up period than those who 

reported very low physical activity Low, moderate and high levels of regular physical 

activity were associated with an adjusted lower risk of all-cause mortality (hazard ratio 

(HR) 0.76, 95% CI 0.65 to 0.90) and respiratory mortality (HR 0.70, 95% CI 0.48 to 

1.02). and concluded that subjects with COPD who perform some level of regular 

physical activity have a lower risk of both COPD admissions and mortality. Therefore, 

recommended that COPD patients to be encouraged to maintain or increase their 

levels of regular physical activity.25 
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Methodology: - 

• RESEARCH DESIGN: - Cross sectional study. 

• SETTING: - Tertiary health care hospital. 

• TARGET POPULATION: - Patients of COPD from GOLD Stage l – ll. 

• STUDY SAMPLE: - It is determined on the basis of following assumptions and 

considering between 6-minute walk test and IPAQ as a main outcome.  

Correlation coefficient (r) in COPD patient = 0.4 (Source Relationship between 

daily physical activity and exercise capacity in patients with COPD Marlies 

Zwerink et al. 2013).  

Power = 90%  

Alpha error = 0.05 

sample size n = 65 therefore total 65 subjects (COPD patients) will be included 

in the study. 

• SAMPLING TECHNIQUE: - convenient type of sampling will be done to recruit 

the subjects who are diagnosed cases of COPD in GOLD stage l – ll. 

• DURATION OF STUDY: - 1 year.  
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Outcome measures: - 

• International Physical Activity Questionnaire. 

• 6 minute walk test distance. 

 

Inclusion Criteria: - 

• Patients diagnosed GOLD stages I–ll. 

• Age 40–64 years. 

• Ambulatory patient. 

Exclusion Criteria: - 

• Patient on an oxygen therapy. 

• Cardiovascular disease.  

• a resting heart rate of more than 120, a systolic blood pressure of more than 

180 mmHg, and a diastolic blood pressure of more than 100 mmHg.23 
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Materials: - 

• International Physical Activity Questionnaire. 

International physical activity questionnaire it is an indicator of physical activity. 

The specific types of activity that are assessed are walking, moderate-intensity 

activities and vigorous intensity activities; frequency (measured in days per 

week) and duration (time per day) are collected separately for each specific 

type of activity Questions will be asked to the participants in the language best 

understood by them and the most appropriate answer will be documented. 

Reliability and validity for questionnaire is 0.80 and 0.30 respectively.  

• Digital Sphygmomanometer.(PHOTO 1.) 

 

                           PHOTO 1.  

• Measuring tape. (PHOTO 2.) 

       

             PHOTO 2.  
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• Chair and Table. 

• Stethoscope. 

• Cones. (PHOTO 3.) 

       

         PHOTO 3.  

• Stopwatch. (PHOTO 4.) 

 

        PHOTO 4. 
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• Pulse oximeter. (PHOTO 5.) 

 

           PHOTO 5. 

• Pen. 

• Paper. 

 

Operational definition  

• Chronic obstructive pulmonary disease:- Is a disease state characterized by air 

flow limitation that is not fully reversible. The airflow limitation is usually both 

progressive and associated with an abnormal inflammatory response of the 

lungs to noxious particles or gases. 

• Physical activity:- is defined as any bodily movement produced by skeletal 

muscles that result in energy expenditure beyond resting energy expenditure. 

• Exercise capacity: - is the maximum amount of physical exertion that a patient 

can sustain. 
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Method of data collection: -  

The permission from head of institution and institutional ethical committee was 

obtained. Subjects were screened as per the inclusion and exclusion criteria. The 

informed written consent was taken from the subjects. The entire procedure was 

explained to the subjects. Height were measured by stadiometer; the height rule is 

taped vertically to the hard-flat wall surface with the base at floor level. Participants 

were asked to remove their shoes, heavy outer garments, and hair ornaments. The 

participant was asked to stand with his/her back to the height rule. The participant was 

asked to look straight. Weight was measured using weighing machine. The scale was 

placed on a hard-floor surface. BMI were calculated as per the formula. Body mass 

index = weight (kilogram) / (height (m) )2. From the pulmonary function test patients 

fulfilling GOLD criteria l and ll was selected.  

GOLD STAGE COPD SEVERITY FEV1/FVC RATIO FEV1 RANGE 
I MILD  <0.70 > 80% OF 

NORMAL 
II MODERATE <0.70 50%-79% OF 

NORMAL 
III SEVERE <0.70 30%-49% OF 

NORMAL 
IV VERY SEVERE <0.70 <30% OF 

NORMAL OR 
<50% OF 
NORMAL WITH 
CHRONIC 
RESPIRATORY 
FAILURE 
PRESENT 

 

International Physical Activity Questionnaire was administered to participant. 

International physical activity questionnaire is an indicator of physical activity. The 

specific types of activity that are assessed are walking, moderate-intensity activities 

and vigorous intensity activities; frequency (measured in days per week) and duration 

(time per day) are collected separately for each specific type of activity Questions were 
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asked to the participants in the language best understood by them and the most 

appropriate answer was documented. And scoring was done according to formula - 

Walking MET-minutes/week = 3.3 * walking minutes * walking. days. Moderate MET-

minutes/week = 4.0 * moderate-intensity activity minutes * moderate days. Vigorous 

MET-minutes/week = 8.0 * vigorous-intensity activity minutes * vigorous-intensity 

days.  A combined total physical activity MET-min/week was computed as the sum of 

Walking + Moderate + Vigorous MET-min/week scores Score was calculated.26 

After scoring subjects were categorised in insufficiently active [Category 1], minimally 

active [Category 2], a more active category [Category 3]. (PHOTO 6.) 

 

 PHOTO 6. While taking IPAQ Score. 
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6 min walk test were carried out according to ATS guidelines. The 6-min walk test 

(6MWT) is a test of relatively low complexity that measures the distance that a patient 

can quickly walk in a 30-m (100-foot) hallway in a period of 6 min, referred to as the 

6-min walk distance (6MWD). It has emerged as-the most commonly used test for the 

objective assessment of functional exercise capacity. Two cones were kept at the both 

the ends of 30-meter hallway.  The turnaround points were marked with a cone (such 

as an orange traffic cone). A starting line, which marks the beginning and end of each 

30m lap.  

PATIENT PREPARATION-  

1. Comfortable clothing was worn.  

2. Appropriate shoes for walking was worn.  

3. A light meal was acceptable before early morning or early afternoon tests. 

 4. Participants was not exercised vigorously within 2 hours of beginning the test 

The participant was made to sit at rest in a chair, located near the starting position, for 

at least 10 minutes before the test starts. During this time, contraindications, pulse and 

blood pressure, was checked. 

Participants were asked to walk at their own normal pace along a perimeter of 30 m. 

They were asked to cover as much ground as possible while maintaining a steady 

pace without running during the allotted time. Encouragement was given and they 

were informed each minute of the time remaining. The participants were allowed to 

stop, but they can start again, if possible, within the allocated 6 min. They were advised 

to report to the therapist if any discomfort is felt during the test.  

Post-test: Recorded the number of laps from the counter (or tick marks on the 

worksheet). Recorded the additional distance covered (the number of meters in the 
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final partial lap) using the markers on the wall as distance guides. Calculated the total 

distance walked, rounding to the nearest meter, and record it on the worksheet. 

(PHOTO 7,8,9,10.) 

     

PHOTO 7. BP with Digital sphygmomanometer. 
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  While performing 6 minute walk test.                                                                                                       

                                                    

            PHOTO 8.           PHOTO 9. 

        

 PHOTO 10.   
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Permission from head of institute, ethical committee 
and    pulmonary HOD was taken. 

Study were explained to the participant and 
informed written consent was taken. 

Participant was evaluated as per case record form 
and anthropometric data were taken. 

 International Physical Activity Questionnaire were 
administered to participant. 

Score was calculated. 

  
6 min walk test was carried out according to ATS 

guidelines.  

Data were analyzed.  
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DATA ANALYSIS:  

Statistical software STATA version 10.0 was used for data analysis. 

 Tests used for statistical analysis are:  

1. Pearson’s correlation (r- value). 

 2. unpaired t test  

1.  Pearson’s correlation test: To correlate between IPAQ score which determines 

the physical activity of the person and 6-minute walk distance. Between GOLD stage 

criteria I and II in COPD patients. 

2. Unpaired t - test: For comparison of mean difference in distance walked by the 

insufficiently active  and  minimally active subjects of COPD GOLD stage I and II.  

1.QUANTITATIVE VARIABLE  

• 6-minute walk distance.  

 

2.CATEGORICAL VARIABLES:  

• IPAQ score.  

• Gender.  

• Body Mass Index. 
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Results  

n Total number of samples in this study was 65.  

Table No.1 Gender wise  distribution of study subjects. 

Gender Number of subjects Percentage 

Male 44 67.69 

Female 21 32.31 

 

     

n  Above table and graph shows distribution of sample population showed 

32.31% female and 67.69% male population.  

 

 

 

 

 

 

 

 

 

 

67.69%

32.31%

Gender distribution

Male
Female
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Table No.2 Age distribution of study subjects. 

Age in years Number of subjects Percentage 

40 – 50 33 50.77 

51 – 60 18 27.69 

61 – 70 14 21.54 

Total 65 100 

 

 

n Above table and graph shows distribution of the sample population age wise 

showed 50.77% population of age group 40 – 50, 27.69% population of age 

group 51 – 60 and 21.54% population of age group 61 – 70. 
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Table No.3 Grade of COPD wise  distribution of study subjects. 

Grade Number of subjects Percentage 

1 12 18.46 

2 53 81.54 

 

     

n Above table and graph shows distribution of the sample population Grade of 

COPD wise showed 18.46% population of Grade I, 81.54% population was 

Grade II.  
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Table No.5 Mean and SD values of IPAQ score and 6 MWD Test. 

Parameter Mean SD Range 

IPAQ Score 1046.26 487.34 264 – 2376 

6MWD 178.76 18.97 150 - 210 
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Table No.6 Correlation of IPAQ score and 6MWD Test according to Gold stage grade 

and Severity of IPAQ. 

 

Grade 

 

IPAQ Score 

Correlation of IPAQ and 6MWD Test 

r- value p-value 

 

I 

<600 (insufficiently active) -0.6100 0.5823 

600-3000(minimally active) 0.6762 0.0455 

 

II 

<600 (insufficiently active) -0.1292 0.7221 

600-3000(minimally active) 0.2225 0.1561 

 

             

Graph no. 5 Correlation of insufficiently active IPAQ Score and 6MWD in Grade-I of 

COPD  

Showed the negative correlation between IPAQ score and distance walked. 

       

 

 

158
160
162
164
166
168
170
172

470 480 490 500 510 520 530 540 550 560

6M
W

D

IPAQ Score

Correlation of insufficiently active IPAQ Score and 6MWD in 
Grade-I of COPD .



 37 

    

 Graph NO. 6 Correlation of minimally active IPAQ Score and 6MWD in Grade-I of 

COPD 

Showed positive correlation between IPAQ score and distance walked. 

              

 Graph NO. 7 Correlation of insufficiently active IPAQ Score and 6MWD in Grade-II of 

COPD. 

 Showed negative correlation between IPAQ score and distance walked. 
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Graph NO. 8 Correlation of minimally active IPAQ Score and 6MWD in Grade-II of 

COPD. 

Showed positive correlation between IPAQ score and distance walked. 
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1. In the grade 1 COPD patients there are two groups of IPAQ, insufficiently active 

which is less than 600 MET’s and minimally active which is 600 to 3000 MET’s 

further when IPAQ  score correlated with 6 min walk distance, In grade 1 stage 

insufficiently active IPAQ score correlated with 6 min walk distance shows 

negative correlation r value 0.6100 I.e. for Low score of IPAQ we are getting 

more distance walked with p value 0.58 which is not <0.05 so it is not 

statistically significant. Further in minimally active IPAQ score correlated with 6 

min walk distance shows positive correlation r value 0.6762 i.e. for minimally 

active IPAQ score we are getting more distance in 6 min walk distance with p 

value 0.04 which is less than 0.05 shows statistical significant. As per the table 

no.6 and graph 5 and 6. 

2. In the grade 2 COPD patients there are two groups of IPAQ, insufficiently active 

which is less than 600 MET’s and minimally active which is 600 to 3000 MET’s 

further when IPAQ  score correlated with 6 min walk distance, In grade 2 stage 

insufficiently active IPAQ score correlated with 6 min walk distance shows 

negative correlation r value -0.1292 I.e. for low score of IPAQ we are getting 

more distance walked with p value 0.72 which is not <0.05 so it is not statistical 

significant. Further in minimally active IPAQ score correlated with 6 min walk 

distance shows positive correlation r value 0.2225 i.e. for minimally active IPAQ 

score we are getting more distance in 6 min walk distance with p value 0.1561 

which is not less than 0.05 shows no statistical significant. As per the table no.6 

and graph 7 and 8. 
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Table No.7 Comparison of Mean 6MWD test between insufficiently active and 

minimally active IPAQ Score in relation to Gold stage. 

      

  IPAQ <600 

(insufficiently 

active) 

IPAQ (600-3000)  

minimally active 

 

t-value 

 

p-value 

  Mean SD Mean SD 

Gold 

stage-I 

6MWD 

Test 

164 6.24 177.33 15.76 1.3914 0.1934 

Gold 

stage-II 

6MWD 

Test 

174.5 21.06 181.09 19.44 0.9512 0.3460 
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1. IN GOLD STAGE 1,Comparison of mean and standard deviation of 6-

minute walk distance between insufficiently active  and  minimally active 

subject  is 164 ± 6.24 and 177.33 ± 15.76 respectively. with  t-value of 

1.3914 and p value 0.1934 which is not <0.05 therefore it is not significant 

i.e.  there is not statistical difference between distance walked in 

insufficiently active and minimally active patients of stage 1. 

2. Similarly  IN GOLD STAGE 2,Comparison of mean and standard deviation 

of 6-minute walk distance between insufficiently active  and  minimally active 

subject  is 174.5 ± 21.06 and 181.09 ± 19.44 respectively. with  t-value of 

0.95 and p value 0.34 which is not <0.05 therefore it is not significant i.e.  

there is not statistical difference between distance walked in low and 

minimally active physically active patients of stage 2 

Thus, we conclude PA level does not. correlate statically with distance 

walked in 6 min walk test. thus, PA level does not correlate with submaximal 

exercise capacity. 
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Discussion 

A cross sectional study was carried out in 65 COPD patients to find out correlation 

between physical activity level and submaximal exercise capacity. 

The results showed that in the grade I and II COPD patients: there were two groups 

of IPAQ, i.e. insufficiently active  and  minimally active. In both groups of GOLD, 

insufficiently active IPAQ score correlated with 6 min walk distance and it showed 

negative correlation I.e. for low score of IPAQ distance walked is more though not 

statistically significant. Also, for minimally active IPAQ in both groups of GOLD stages, 

IPAQ score and walk distance showed positive correlation i.e. for minimally active 

physical activity level walk distance corelated is statistically significant.  

In the present study when mean and standard deviation was compared between 6-

minute walk distance and IPAQ score of GOLD stage 1 and 2, the result showed that 

it is not statistically significant. Thus, Physical Activity level does not correlate statically 

with distance walked. 

Our results are in line with study done in the year 2013 by author Annemieke Fastenau 

et al.  Functional exercise capacity was assessed by the six-minute walk test and 

physical activity was measured with an accelerometer-based activity monitor and 

found that there is discrepancy between functional exercise capacity and daily 

physical activity in patients with mild to moderate COPD recruited. FEV1 showed no 

correlation with physical activity level but it showed correlation with functional capacity. 

Functional exercise capacity and daily physical activity also found no significant 

correlations between 6MWD and any of the physical activity variables.34 

Zachary S DePew et.al, in the year 2013 conducted a study: “Correlations Between 

Gait Speed, 6-Minute Walk Distance, Physical Activity, and Self-Efficacy in Patients 

with Severe Chronic Lung Disease”. they found that the inherent limitation of using 
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any measure of exercise capacity as a surrogate for physical activity is that the patient 

preferences and priorities toward physical activity are left unaccounted. Patients may 

choose to live sedentary lifestyles despite relatively high exercise capacities.35 

The ECLIPSE cohort conducted by Martijn A. Spruit et al. in the year 2009, stated that 

6 minute walk distance is dependent on the pulmonary and extra pulmonary factors. 

Pulmonary factors are airflow limitation by GOLD stage, degree of emphysema by CT, 

presence of depressive symptoms and dyspnea. Extra pulmonary factors are 

psychological and muscle strength. A decline in resting inspiratory capacity and the 

extent of emphysema mildly to moderately increased the odds of having poor 6MWD. 

COPD patients with poor 6MWD had a worse mean SGRQ-C Activity score; a higher 

percentage of patients with symptoms of dyspnea and depressive symptoms. All these 

perceived measures showed an increase in likelihood of having a poor 6MWD.36 

Manuela Karloh et al. in their study “The Glittre-ADL test reflects functional 

performance measured by physical activities of daily living in patients with chronic 

obstructive pulmonary disease” found severity of the disease is associated with the 

differences in the level of physical activity in daily life more than in functional capacity. 

And concluded that performance on the TGlittre correlates with walking and sitting 

time, the number of steps taken, energy expenditure, and movement intensity during 

walking in real life when monitored by a motion sensor.37   

6 minute walk distance also depends on the peripheral muscle weakness as stated by 

Rik Gossellnk et, al, in the study; “Peripheral Muscle Weakness Contributes to 

Exercise Limitation in COPD”. The study showed that exercise capacity is severely 

impaired in patients with moderate to severe airflow obstruction, lung function 

impairment which contributes to exercise limitation, and peripheral and respiratory 

muscle weakness. Maximal inspiratory muscle strength was also considered an 
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important factor contributing to exercise capacity. Other factors contributing to 

generalized muscle weakness are hypoxemia, hypercapnia, steroid treatment, 

inactivity, and malnutrition. Inspiratory muscle function is further compromised as a 

result of hyperinflation. Reduced peripheral muscle function may cause loss of 

endurance, loss of strength of the muscle, or both. If muscle metabolism reaches its 

limits due to lack of oxygen, the muscle metabolism is forced to deliver anaerobic 

energy, resulting in intramuscular lactic acidosis terminating exercise. Another 

explanation for resulting in loss of muscle mass is reduction of muscle strength thus, 

compromising its ability to overcome the load applied to the muscle during walking 

and cycling.38 

In the year 2014 Anne-Kathrin Rausch-Osthoff et al. Published a study named 

“Association between peripheral muscle strength, exercise performance, and physical 

activity in daily life in patients with Chronic Obstructive Pulmonary Disease 

“Quadriceps strength (QS) was associated with 6MWD, sit to stand test (STST), and 

handgrip-strength but not with Physical activity of daily living. conclusion that the 

peripheral muscle strength may be associated with exercise performance but not with 

physical activity in daily life. Thus, it affects the exercise performance.34  

Thus, in our study when 65 COPD patients of COPD when correlated for Physical 

activity level and exercise capacity we found that Physical activity does not correlate 

with the Exercise capacity. 
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STRENGTH: 

Strength of study are: 

- Physical activity is taken into consideration and studied to see its influence on 

submaximal exercise capacity to have a better insight in planning and outcome 

measures of pulmonary rehabilitation in COPD patients. 
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LIMITATIONS: 

- Age group was limited 40 to 64 years. 

- COPD GOLD stage 3 and 4 were not assessed. 
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CONCLUSION: 

A cross sectional study was carried out in 65 COPD patients of age 40 to 64 years. 

physical activity level was assessed using International Physical Activity 

Questionnaire and exercise capacity by 6 minute walk test. Results of this study 

demonstrated that in the grade I and II COPD patients: there were two groups of IPAQ, 

i.e. insufficiently active  and  minimally active. In both groups of GOLD, insufficiently 

active IPAQ score correlated with 6 min walk distance and it showed negative 

correlation I.e. for low score of IPAQ distance walked is more though it is not 

statistically significant. Also, for minimally active IPAQ in both groups of gold stages, 

IPAQ score and walk distance showed positive correlation i.e. for medium physical 

activity level walk distance corelated is statistically significant. When mean and 

standard deviation was compared between 6-minute walk distance and IPAQ score of 

GOLD stage 1 and 2, the result showed that it is not statistically significant. 

 Thus, the study concludes that Physical Activity level does not correlate statically with 

distance walked in COPD patients. 
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CLINICAL IMPLICATIONS: 

Study indicates physical activity level and influence of exercise capacity on COPD 

patients. Thus, for pulmonary rehabilitation must include the physical activity and 

various reasons, performance, priorities of the patient for mode of exercise  

Thus, physiological and psychological factors influencing physical activity and 

exercise capacity should be taken in consideration for planning of the pulmonary 

rehabilitation.   
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SUMMARY: 

- A cross sectional study was carried out in 65 COPD patients to find out correlation 

between physical activity level and submaximal exercise capacity. Physical activity 

level was assessed by the International Physical Activity Questionnaire and exercise 

capacity was assessed using six minute walk test.  

- data was documented and analyzed using Pearson’s correlation and unpaired t- test.  

Result concluded that in the grade I and II COPD patients: there were two groups of 

IPAQ, i.e. insufficiently active  and  minimally active. In both groups of GOLD, 

insufficiently active IPAQ score correlated with 6 min walk distance and it showed 

negative correlation I.e. for low score of IPAQ distance walked is more though it is not 

statistically significant. Also, for minimally active IPAQ in both groups of gold stages, 

IPAQ score and walk distance showed positive correlation i.e. for medium physical 

activity level walk distance corelated is statistically significant. When mean and 

standard deviation was compared between 6-minute walk distance and IPAQ score of 

GOLD stage 1 and 2, the result showed that it is not statistically significant. 

-The study concludes that the Physical Activity level does not correlate statically with 

distance walked in COPD patients. 
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Annexure I 

Case record 

Name: - 

Age: -  

Gender: - 

Occupation: - 

Number of hospitalization  

Smoking history 

Gold stage 

PFT  

Fev1 

Fev1/ fvc  

PEFR  

IPAQ 

6 Minute walk test: - 

 Blood pressure Pulse rate  Respiratory rate 

Pre reading    

Post reading    

 

Distance covered: - 
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Annexure II 

Short Last 7 Days Telephone IPAQ 

 

READ:  I am going to ask you about the time you spent being physically active in the last 7 

days. Please answer each question even if you do not consider yourself to be an active 

person.  Think about the activities you do at work, as part of your house and yard work, to 

get from place to place, and in your spare time for recreation, exercise or sport. 

  

READ:  Now, think about all the vigorous activities which take hard physical effort that 

you did in the last 7 days.  Vigorous activities make you breathe much harder than 

normal and may include heavy lifting, digging, aerobics, or fast bicycling.  Think only 

about those physical activities that you did for at least 10 minutes at a time. 

 

1. During the last 7 days, on how many days did you do vigorous physical activities? 

 _____  Days per week [VDAY; Range 0-7, 8,9]       

  8. Don't Know/Not Sure   

  9. Refused 

 

 [Interviewer clarification: Think only about those physical activities that you do for 

at least 10 minutes at a time.] 

 

[Interviewer note: If respondent answers zero, refuses or does not know, skip to 

Question 3] 

 

2. How much time did you usually spend doing vigorous physical activities on one of 

those days?  

 __ __  Hours per day [VDHRS; Range: 0-16]  

 __ __ __ Minutes per day   [VDMIN; Range: 0-960, 998, 999]     

  998. Don't Know/Not Sure   

  999. Refused  

 

[Interviewer clarification: Think only about those physical activities you do for at 

least 10 minutes at a time.] 
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[Interviewer probe: An average time for one of the days on which you do vigorous 

activity is being sought. If the respondent can't answer because the pattern of time 

spent varies widely from day to day, ask: "How much time in total would you spend 

over the last 7 days doing vigorous physical activities?”  

__ __  Hours per week [VWHRS; Range: 0-112]     

   __ __ __ __Minutes per week [VWMIN; Range: 0-6720, 9998, 9999]

   

   9998. Don't Know/Not Sure   

   9999. Refused   

    

READ:  Now think about activities which take moderate physical effort that you did in the 

last 7 days.  Moderate physical activities make you breathe somewhat harder than normal 

and may include carrying light loads, bicycling at a regular pace, or doubles tennis.  Do not 

include walking.  Again, think about only those physical activities that you did for at least 

10 minutes at a time. 

 

3. During the last 7 days, on how many days did you do moderate physical activities? 

 ____ Days per week     [MDAY; Range: 0-7, 8, 9]       

  8. Don't Know/Not Sure   

  9. Refused  

   

[Interviewer clarification: Think only about those physical activities that you do for 

at least 10 minutes at a time] 

 

[Interviewer Note: If respondent answers zero, refuses or does not know, skip to 

Question 5] 

 

4. How much time did you usually spend doing moderate physical activities on one of 

those days? 

 __ __ Hours per day  [MDHRS; Range: 0-16]       

 __ __ __ Minutes per day     [MDMIN; Range: 0-960, 998, 999]    

998. Don't Know/Not Sure   



 58 

  999. Refused   

 

[Interviewer clarification: Think only about those physical activities that you do for 

at least 10 minutes at a time.] 

 

[Interviewer probe: An average time for one of the days on which you do moderate 

activity is being sought. If the respondent can't answer because the pattern of time 

spent varies widely from day to day, or includes time spent in multiple jobs, ask: 

“What is the total amount of time you spent over the last 7 days doing moderate 

physical activities?” 

__ __ __  Hours per week   [MWHRS; Range: 0-112]   

__ __ __ __Minutes per week   [MWMIN; Range: 0-6720, 9998, 9999] 

9998. Don't Know/Not Sure   

   9999. Refused 

 

READ:  Now think about the time you spent walking in the last 7 days.  This includes at 

work and at home, walking to travel from place to place, and any other walking that you 

have done solely for recreation, sport, exercise, or leisure. 

 

5. During the last 7 days, on how many days did you walk for at least 10 minutes at a 

time? 

____ Days per week  [WDAY; Range: 0-7, 8, 9]      

8. Don't Know/Not Sure   

  9. Refused   

  

[Interviewer clarification: Think only about the walking that you do for at least 10 

minutes at a time.] 

 

[Interviewer Note: If respondent answers zero, refuses or does not know, skip to 

Question 7] 

 

 6. How much time did you usually spend walking on one of those days? 

 __ __  Hours per day   [WDHRS; Range: 0-16]        
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 __ __ __  Minutes per day [WDMIN; Range: 0-960, 998, 999]      

998. Don't Know/Not Sure   

  999. Refused 

  

[Interviewer probe: An average time for one of the days on which you walk is being 

sought.  If the respondent can't answer because the pattern of time spent varies widely 

from day to day, ask: “What is the total amount of time you spent walking over the 

last 7 days?” 

 

__ __ __   Hours per week [WWHRS; Range: 0-112]     

__ __ __ __Minutes per week [WWMIN; Range: 0-6720, 9998, 9999]   

9998. Don't Know/Not Sure   

   9999. Refused 

 

READ: Now think about the time you spent sitting on week days during the last 7 days.  

Include time spent at work, at home, while doing course work, and during leisure time.  

This may include time spent sitting at a desk, visiting friends, reading or sitting or lying 

down to watch television. 

 

7. During the last 7 days, how much time did you usually spend sitting on a week day?

  

   __ __  Hours per weekday [SDHRS; 0-16]                         

    __ __ __ Minutes per weekday    [SDMIN; Range: 0-960, 998, 999]   

998. Don't Know/Not Sure   

 999. Refused 

                                                                                           

[Interviewer clarification: Include time spent lying down (awake) as well as 

sitting] 

 

[Interviewer probe: An average time per day spent sitting is being sought.  If the 

respondent can't answer because the pattern of time spent varies widely from day to 

day, ask: “What is the total amount of time you spent sitting last Wednesday?” 

__ __  Hours on Wednesday [SWHRS; Range 0-16]     
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__ __ __   Minutes on Wednesday [SWMIN; Range: 0-960, 998, 999]    

998. Don't Know/Not Sure   

   999. Refused 
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Annexure lII 

Specification of instrument: -  

DETAILS OF SPHYGMOMANOMETER 

 

Product Name &Description: Automatic Blood Pressure Monitor 

Model: HEM-7120 

Display: LCD Digital Display 

Measurement Range: Pressure: 0 to 299 mmHg 

     Pulse: 40 to 180 beats/min. 

Inflation: Fuzzy-logic controlled by electric pump 

Deflation: Automatic pressure release valve 

Memory: Last measurement 

Rating: DC6V   4W       

Accuracy: Pressure: ±3mmHg 

        Pulse: ±5% of display reading 

 

Measurement Method: Oscillometric method 

Power Source: 4 “AA” batteries 1.5V or AC adaptor 

Weight: Approx. 250g (without batteries) 

Dimensions: Approx. 103 (w) mm × 80 (h) mm × 129 (l) mm 

Details of Pulse oximeter. 

Product Name &Description: Pulse Oximeter with Audio-Visual Alarm. 

Model: 

Display: Dual color OLED display 
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Measurement Range:  Spo2 70%-99%  

Accuracy: ±2% (80%-99%) ±3% (70%-79%) Resolution 1% Low perfusion <0.4% 

Power supply: two 1.5V AAA batteries 

Dimension 58mm*35mm*30mm 
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ANNEXURE IV 

LETTER OF CONSENT 

CORRELATION BETWEEN LEVEL OF PHYSICAL ACTIVITY AND EXERCISE 

CAPACITY USING 6 MINUTE WALK TEAT IN COPD PATIENTS. A Descriptive, 

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 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 

participants                           
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ANNEXURE    

संमती  

सीओपीडी *+णांम.ये 6 1म2नट चाल चाट वाप*न शार:;रक हालचाल: आ?ण @यायाम Aमता 
यांBयातील सहसंबंध - एक  GडिIJKट:व ओLसवMशनल Jॉस Oवभागीय अSयास 

 

• उपJमाचे Iव*प,कारण, कालावधी Vयाचे पुढ:ल प;रणाम आ?ण उपJमाचे धोके तसेच 

या अSयासातील माझी भू1मका मला समजावल: गेल: आहे .माझे सगळे _`न 

समाधानकारक;रVया सोडवले गेले आहे. 

• माझा या उपJमातील सहभाग पूणaपणे ऐिBछक आहे आ?ण मी  कोणVयाह: वेळी, 

कोणतेह: कारण न देता, कुठलाह: दंड न भरता  आ?ण मला 1मळfयाचा अपेgAत फायदा 

यांम.ये कुठलाह: बदल न होता मी या अSयासातून कुठiयाह: Aणी माघार घेऊ शकते/ 

शकतो. 

• उपJमा दरmयान उपलLध होणाnया कोणVयाह: माoहतीमुळे माpया उपJमातील भाग 

घेfयावर प;रणाम होऊ शकतो हे मला सांqगतले जाईल. 

• Oवsयालयीन सं1मती माoहती गोळा करfयासाठt माझी आधीची वैsयकvय पwक पाहू 

शकतात. या पwकावर सह: केiयावर मी Vयांना तशी अनुमती देते /देतो. 

• मी हे जाणते/जाणतो xक माझी ओळख कुठiयाह: तसेच कोणVयाह: माoहतीत/_काशनात 

_द1शaत केल: जाणार नाह:.    

• मी zया उपJमात सहभागी होfयासाठt समंती देत आहे. 

________________            _______________          ________ 

सहभागी सदIयाचे नाव          IवाAर: /अंग|याचा ठसा           oदनांक  
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ANNEXURE   

सहम2त – पw 

सीओपीडी रोqगय} म~ 6 1मनट कv पैदल चलने वाल: शार:;रक ग2तOवqध और @यायाम Aमता 
के बीच संबंध - एक GडिIJKट:व ओLसवMशनल Jॉस Oवभागीय अSयास 

• इस अSयास का Iव�प, अवकाश, इसस ेजुड़े सभंा@य खतरे, संभाOवत _भाव और मझु े

जो करना है उस के बारे म~ Iप�ट जानकार: 1मल: है।  

• इस अSयास म~ सहभागी होने का मेरा खुद का 2नणaय है. म� xकसी समय अSयास को 

छोड़कर जा सकती/सकता हू। इसके 1लए म� कोई भी मानदंड या भरपाई करने के 1लए 

बंधी/बंधा नह:ं हँू।   

• अSयास के दौरान उपलLध अ�य जानकार: िजस से अSयासJम म~ भाग लेने पर असर 

पड़ेगा वह मुझे बताया जायेगा।  

• मेर: जांच का जो मiूयांकन हुआ है, उस ेसंIथा के समालोचक मंडल के अqधकार: परख 

सकते है।इस पw पर हIताAर कर के म� यह अनुम2त देता हँू या देती हँू । 

• मेर: पहचान xकसीभी वतृांत या _काशन म~ _का1शत नह:ं होगी। 

• म� अSयासJम के 1लए सहमत हँू। 

   

____________         _________________                   _______                  

सहभागी का नाम          हIताAर या अंगूठे का 2नशान              oदनांक 
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Annexure V 

SUBJECT INFORMATION SHEET 

PURPOSE: 

To ensure that written informed consent is obtained COPD subjects according to the 

regulatory requirement of ICMR and approved by IEC. 

SCOPE: 

This standard operational procedure includes COPD subjects who are voluntarily 

participating from the pulmonary 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 pulmonary 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: 
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5. Height: 

6. Weight: 

2. You would be required to undergo 6 minute walk test and International Physical 

Activity Questionnaire to establish Exercise capacity and physical activity. 

3. 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. 

4. 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 test 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 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. 

8. 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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रोगी सूचना प+ : 

 

उsदे`य: 

आईसीएमआर कv 2नयामक आव`यकता के अनुसार सु2नि`चत करने के 1लए xक 1ल?खत 

सूqचत सहम2त पु�ष और मoहला Oवषय} से _ाKत कv गई है और आईईसी sवारा अनुमोoदत 

xकया गया है। 

 

 

Iकोप: 

इस मानक प;रचालन _xJया म~ सभी मर:ज़ शा1मल ह� जो IवेBछा से अIपताल से भाग ले रहे ह�। 

 

िजmमेदार:: 

शोधकताa इस अ.ययन के भाग के *प म~ Iवयसंेवा करने वाले सभी पु�ष और मoहला से 1ल?खत 

सूqचत सहम2त _ाKत करेगा। 

 

_xJया: 

1. अ�वेषक फु�फुसीय ओपीडी से पुरानी _2तरोधी फु�फुसीय रोग के रोqगय} का चयन 

करेगा। 

2. अ�वेषक आशंका दरू करने और _2तभागी के सभी _`न} का उ�र देने के 1लए 

_योगाVमक _ोटोकॉल कv @या�या करेगा 

3. यoद मर:ज अ.ययन म~ भाग लेने के 1लए सहमत ह� तो उ�ह~ मानक प;रचालन 

_xJया के अनुसार सहम2त द: जाएगी। 
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4. यoद मर:ज �qच @य�त करता है लेxकन उस मामले म~ कुछ सदेंह है तो उ�ह~ हल 

xकया जाएगा। 

5. यoद मर:ज़ Oववरण के साथ सहज होते ह� तो वे मानक प;रचालन _xJया के अनुसार 

सूqचत सहम2त भर~गे। 

6. रोqगय} कv सहम2त के बाद अ.ययन _xJया शु* होगी। 

7. OवIततृ qचxकVसा और xकसी भी अ�य शार:;रक समIया का इ2तहास रोqगय} से 

_ाKत xकया जाएगा ताxक शा1मल xकए जाने और बoह�करण मानदंड को सVयाOपत 

xकया जा सके 

8. अनुसंधान Oवषय कv सामा�य जानकार:: 

1 नाम 

2. उ� 

3. 1लगं 

4. oदनांक 

9. आपको @यायाम कv Aमता के 1लए 6 1मनट कv पैदल याwा  टेIट  से गुजरना होगा। 

10. यoद आप इस अवqध के दौरान असुOवधाजनक ह� तो कृपया हम~ यह बताएं xक हम 

आपकv मदद कर सकते ह� और आपकv समIया को xकसी भी अयो+य _भाव के �बना 

पार कर सकते ह�। 

11. आपको कोई _2तपू2तa और A2तपू2तa नह:ं द: जाएगी। 

12. यoद xकसी भी समय आप इस शोध अ.ययन से बंद करना चाहते ह� तो आप ऐसा 

करने के 1लए Iवतंw ह� और हमारे पA से कोई बाधा नह:ं होगी। 

13. सहम2त के पw _ाKत करने से पहले पर:Aण, जो?खम, असOुवधा, फायदे और नुकसान 

का Oववरण आपको समझाया जाएगा। 
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14. इस अ.ययन से _ाKत आंकड़े गोपनीय *प से संरgAत और बनाए रखे जाएंगे और 

अगर तIवीर का इIतेमाल xकया जाए तो आपकv पहचान _कट नह:ं कv जाएगी और 

यoद तIवीर _का1शत कv गई तो अनुम2त _ाKत कv जाएगी। 

15. पर:Aण _xJया का सभी जो?खम आपको समझाया जाएगा और तदनुसार सहम2त ल: 

जाएगी 

16. यoद आप xकसी भी समय संतु�ट नह:ं ह� तो आप xकसी भी समय xकसी भी प;रणाम 

के �बना वापस ले सकते ह� 

 

 

शोधकताa का नाम: 

 

फ़ोन नंबर: 

पता: 

गाइड का नाम: 

फ़ोन नंबर: 

पता: 

संIथा का नाम: 
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�+ण माoहती पwक : 

 

हेतू: 

आईसीएमआरBया 2नयामक गरजांनुसार आ?ण आयईसीने मंजूर केलेiया माoहतीनुसार लखेी सqूचत 

संमती पु�ष आ?ण मoहलांBया Oवषयांकडून _ाKत केल: आहे. 

 
 

Iकोप: 

या मानक ऑपरेशनल पsधतीम.ये सवa रोगी Oवषय समाOव�ट आहेत जे IवेBछेने हॉिIपटलम.ये 

सहभागी आहेत. 

 
 

जबाबदायाa: 

संशोधक या अSयासाचा भाग होfयासाठt Iवयंसेवी असलेiया सवa पु�ष व मoहला यांBयाकडून लेखी 

�ात सहमती _ाKत करेल. 

 

 

_xJया: 

1. अ�वेषक फु�फुसे ओपीडी पासूनBया पुरोगामी अवरोधी फु�फुसांBया रोगाBया �+णांची 2नवड 

करेल. 

2. तपासनीस आAेप दरू करfयासाठt आ?ण �+णBया सवa _`नांची उ�रे देfयासाठt _ायोqगक 

_ोटोकॉलचे Iप�ट:करण करेल. 

3. �+ण अSयासात सहभागी होfयास सहमती देत असेल तर Vया मानक संचालन _xJयेनुसार Vयास 

संमती oदल: जाईल. 

4. जर �+णाला IवारIय @य�त करते परंतु Vया बाबतीत काह: शंका असेल तर ते सोडवतील. 
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5. �+णाला जर Iप�ट:करण सोयीIकर असतील तर ते मानक संचालन _xJयेनुसार सूqचत समंती 

भरतील. 

6. �+णाची संमती oदiयानंतर अSयास _xJया स�ु होईल. 

7. वैsयकvय कोणVयाह: वैsयकvय समIयेचा इ2तहास �+णांकडून _ाKत केला जाईल �यायोगे 

समावेशन आ?ण बoह�कार मापदंड सVयाOपत करणे आव`यक आहे. 

8. संशोधन OवषयाBया सामा�य माoहती: 

1. नाव: 

  2. वय: 

  3. 1लगं: 

  4. तार:ख:  

9. @यायाम करणे आ?ण जीवनाची गुणव�ा IथाOपत करfयासाठt आपiयाला 6 1म2नट चालणे 

चाचणी, आ?ण सीओपीडी चाचणी _`नावल:ची आव`यकता आहे. 

10. आपण या काळात अIवIथ असiयास आपण आmहाला कळू sया जेणेक*न आपiयाला 

कोणVयाह: समIया न पडता आपiया समIयेवर मात करfयास मदत होईल. 

11. आपiयाला कोणतेह: परतावा आ?ण नुकसान भरपाई oदल: जाणार नाह:. 

12. जर तुmह: या संशोधनाBया अSयासापासून थांबवू इिBछत असाल तर तुmह: तसे करfयास 

मु�त असाल आ?ण आमBयाकडून 

 कोणतीह: अडथळा नसत. 

13. संमती पw _ाKत करfयापूव� पर:Aेची जोखीम, अIवIथता, फायदे आ?ण तोटे यांचा 

तपशील आपiयाला Iप�ट केला जाईल. 

14. या अSयासातून _ाKत झाललेा डेटा गुKतपणे संरgAत आ?ण संरgAत केला जाईल आ?ण 

जर छायाqचw वापरले असेल तर आपल: ओळख उघड केल: जाणार नाह: आ?ण जर छायाqचw 

_का1शत केले तर परवानगी 1मळेल. 
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15. चाचणी _xJयेचा सवa जोखीम तुmहाला समजावनू देfयात येईल आ?ण Vयानुसार समंती 

घेतले जाईल. 

16. आपण कोणVयाह: Aणी समाधानी नसiयास आपण कोणVयाह: प;रणामां1शवाय कधीह: 

काढू शकता. 
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PERMISSION LETTER A 
 

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 Level of Physical Activity using 

International Physical Activity Questionnaire and Exercise capacity using 6 Minute 

Walk Test in COPD patients. A Descriptive, Observational, 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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The Head of Pulmonary department, 

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 in your estimated institute.  

        My research topic is “Correlation between Level of Physical Activity using 

International Physical Activity Questionnaire and Exercise capacity using 6 Minute 

Walk Test In COPD patients. A Descriptive, Observational, Cross Sectional Study. ” 

       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,  
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Master chart  

Sr. No. Age Gender Height Weight BMI COPD  
Grade 

IPAQ Score 6MWD 
(Meters) 

1 64 M 157 69 28 2 990 150 
2 56 M 145 45 21 2 2376 210 
3 64 F 165 44 15.8 2 1191 150 
4 51 M 159 69 28 2 264 210 
5 64 M 148 45 21 2 693 150 
6 64 M 160 65 26 2 264 180 
7 63 M 165 77 28.51 2 580 200 
8 56 F 144 60 28.94 2 384 150 
9 49 F 145 43 20.45 2 475 159 

10 47 M 170 74 25.61 2 932 183 
11 45 M 162 52 19.8 2 1256 175 
12 60 M 155 48 19.98 2 631 174 
13 59 M 168 64 25 2 981 210 
14 57 M 166 43 15.6 2 1782 205 
15 61 F 158 66 26.4 2 1032 183 
16 44 M 175 50 16.33 2 1334 159 
17 58 M 164 54 20.8 2 550 189 
18 58 M 158 70 28.04 2 1144 186 
19 42 M 160 41 21.1 2 384 150 
20 41 F 150 49 21.78 2 932 162 
21 60 M 154 45 18.97 2 475 183 
22 57 M 164 54 20.8 1 550 159 
23 52 F 152 43 18.6 2 729 189 
24 41 M 168 54 19.3 2 1631 186 
25 45 F 155 71 29.55 2 1334 195 
26 41 M 183 60 17.92 2 780 201 
27 44 M 160 67 26.2 1 880 156 
28 64 M 165 67 24.6 2 580 159 
29 56 F 148 46 21.9 2 660 171 
30 58 M 158 61 24.4 2 631 189 
31 63 F 146 56 26.27 1 1461 174 
32 61 M 154 57 24 2 1782 162 
33 45 M 167 60 21.51 2 580 165 
34 57 F 157 43 17.4 2 680 210 
35 64 M 162 47 17.91 2 2014 210 
36 46 F 156 52 21.4 2 981 171 
37 46 M 158 51 20.43 2 1631 159 
38 41 F 160 70 27.3 2 1486 189 
39 49 F 154 65 27.4 1 1034 174 
40 63 M 148 45 20.5 1 1285 162 
41 53 F 167 44 15.78 1 1782 195 
42 62 F 150 63 18 1 475 162 
43 64 M 174 78 25.76 2 968 174 
44 47 M 162 67 25.53 2 1171 205 
45 42 M 142 44 28.82 2 950 159 
46 46 F 150 65 28.89 2 980 171 
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47 49 M 170 65 22.49 2 978 189 
48 43 M 175 61 19.92 2 774 174 
49 47 F 150 65 28.89 2 1782 162 
50 48 M 165 73 26.81 2 1168 195 
51 40 M 170 60 20.76 2 1334 210 
52 46 M 165 50 18.37 2 745 210 
53 45 M 178 48 15.1 2 729 162 
54 40 M 165 68 25 2 1752 174 
55 55 F 145 45 21.4 2 1634 205 
56 40 M 164 48 17.8 2 650 159 
57 40 F 152 42 18.2 1 484 171 
58 44 F 158 67 26.8 1 1354 189 
59 47 F 145 43 20.5 1 1671 183 
60 64 M 170 52 18 1 1932 201 
61 58 M 160 45 17.5 1 1684 162 
62 40 M 164 66 24.5 2 1362 174 
63 40 M 165 51 18.7 2 904 205 
64 59 M 165 71 26.5 2 730 159 
65 40 M 174 71 23.5 2 655 171 
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C-section- Caesarean section 
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INTRODUCTION 

 

Pregnancy is associated with many physiological changes, due to impact of hormones 

namely Relaxin and Progesterone. The effect of relaxin is on all systems of the body 

of the pregnant lady, but the musculoskeletal system shows the maximum changes in 

the form of altered biomechanics. Relaxin is a high weight peptide hormone which has 

been associated with collagen remodelling. It is secreted by corpus luteum and 

placenta in the first trimester reaching to a considerably high level, and then remaining 

steady up till late pregnancy.1 Relaxin along with oestrogen, causes depolymerisation 

of hyaluronic acid. Thereby causing compressive, shearing and tensile forces  act on 

the collagenous soft tissue. This process usually is initiated during the second 

trimester and progresses till the beginning of the 3rd trimester. 2 

Apparent lumbar lordosis increases with progress in pregnancy and increase in 

size of uterus. The influence of relaxin and progesterone on spinal ligaments produce 

greater joint laxity also have been known to cause the increase lordosis. With the 

increase in lordosis, pelvis may rotate anteriorly, to maintain pelvic alignment with 

altered position of lumbosacral spine. This causes shift in the line of gravity anterior to 

acetabulum, causing an anterior force moment that creates an anterior torque of ilia 

on the sacrum. The increase in the anterior pelvic tilt is believed to be caused by 

hormonal changes as well. 3    

 Also due to effect of relaxin, joint laxity occurs noticeably occurring in the 

lumbar spine, the sacroiliac joint and the pubic symphysis. This joint laxity can be 

symmetrical and asymmetrical in nature. And the asymmetrical joint laxity between 2 

Sacro iliac joints causes severe to moderate pelvic pain during pregnancy and the pain  
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is likely to continue through the postpartum period as well. There is horizontal 

separation at pubic symphysis of 3mm, and normal vertical shift is noted to be 2mm.At 

35 weeks of gestation, the shift is observed to be 4.5-6.3 mm which is known to have 

caused pelvic pain during pregnancy.4 

Symphyseal vertical shift was also measured with a median value of 0.5 to 1.8 mm of 

separation associated with higher vertical shift associated with a higher pain levels.4 

The truncal weight is taken through the sacral prominence between the two ilia 

and being transmitted to the legs via the sacroiliac joints. During pregnancy the weight 

gain is about an average of 11 kgs. The increased loading should draw the joint 

surfaces tightly together, but since the ligaments become more lax. This leads the 

sacrum to thrust downwards between the ilia in all upright postures. And each 

sacroiliac joint alternately transmits the load.5 

The decreased Sacro-iliac stability is translated directly over the pubic 

symphysis secondary to through the closed chain hemi-pelvic ring. During the first 

trimester, due to instability of both joints there is increased pain during standing and 

rolling in bed. Many a times during post-partum period, the enlargement of diameter 

of the pelvic girdle, can cause weakening of pubic symphysis. Also sometimes during 

labour  there can be sacroiliac synchondroses which can cause  moderate to severe 

pain. 5 

Laxity of SI joints, levels of asymmetry of laxity and its relationship with PGP 

has been studied, and found joint laxity of SI joints was measured from 31-40 weeks 

gestation. Also higher intensities of pain were reported with women with asymmetric 

SI joint laxities. It is shown that if a woman presents this time with moderate(5-7 on 

VAS/NPRS) to severe(7 and above) pelvic girdle pain and asymmetric laxity of SI 
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joints, then this can be predictive of ongoing pelvic girdle pain in post partum 

period(approximately 6-8 weeks). 2,3 

Separation of pubic symphysis or  translation of sacro-iliac joints during labour 

have also been reported as one of the causes of pelvic girdle pain post-delivery. 

Separation maybe palpable and often the women have been found unable to walk 

without assistance. Most of the symptoms subside within weeks after delivery but for 

some they persist and have been known to be causative factors for pelvic girdle pain.5 

Even though the above described bio-mechanical and hormonal changes do 

give a good basis for the cause of Pelvic gridle pain, the exact aetiology and 

pathogenesis are still unknown, 6 but evidences advocate in favour of multifactorial 

conditions during pregnancy and postpartum.7 

Pelvic girdle pain is the pain which is usually experienced between the posterior 

iliac crest and the gluteal fold, particularly in the vicinity of the S.I Joint. The pain may 

radiate in the posterior thigh and can also occur in conjunction with/or separately in 

the symphysis, or to groin or perineum lacking a typical nerve root distribution.5  It is 

suggested that pelvic girdle is a type of low back pain, and can arise with or without 

low back pain. The pain occurs during standing, walking, sitting and rolling over in 

bed.8.9 

Pelvic girdle pain usually is initiated during 18th week of pregnancy and reaches 

its peak around 24th to 26th week. Also it can start as early as 1st trimester and can be 

delayed as late as 3 weeks after delivery.10 Evidence suggests, that the joints of pelvis 

return back to their pre-pregnancy state by 4-12 weeks postpartum, on an average 6 

weeks and the usual pelvic pain resolves by 3 weeks post-partum in majority of 

women(75% by 3 weeks, 89% by 12 weeks).11 
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Pelvic girdle pain is a worldwide phenomenon irrespective of socio-economic 

status and race.8 In India a few studies were conducted under ICMR show the 

prevalence of 60 % women suffer from PGP during pregnancy. 12 Another study by  

Vijayababu et al suggested that the prevalence of PGP was only 3.23%, and 

prevalence of PGP with LBP turned out to be 41.94%.10 PGP is more common in 

urban population i.e. 65% for posterior pelvic pain and 15% for anterior pain and PGP 

along with LBP is more prevalent in urban 75% and 25% in the rural population.13   

Reported prevalence in western countries is 34% and 42% in prospective and 

retrospective studies conducted.  14 

Combination of mechanical and hormonal changes during pregnancy are one 

of the common causes of pelvic girdle pain. Bjelland et al , theorised that emotional 

distress during pregnancy was independently associated with persistence of PGP 

during post-partum.  Hence, the theory that SI joint, can be the chief source of low 

back pain and PGP, and that pelvic instability is the leading cause of PGP has been 

supported by many studies.15 

 According to research, caesarean section is one of the most commonly 

performed surgical procedures worldwide.16 As per Federation of Obstetric and 

Gynaecological Societies of India, rate of caesarean sections performed at population 

levels are 17.2 % in both the private and public sectors, which depict an increasing 

rate.17 The rates have been increasing and the reason has been explained by 

increased in the no of private health care providers.18 

The process of childbirth (either vaginal or by caesarean section) can cause 

distress to the pelvic floor as well. Vaginal delivery is known to cause distress to levator 

ani muscle, because during the delivery process under the mechanical compression 
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and expansion of the foetal head , there is a degermation and shortening of pelvic floor 

muscle fibres and diminished contractility. According to a study conducted by Quinn 

et al, there is a significant association between levator ani lacerations and chronic 

pelvic girdle pain . 19,20 

Even though the effect of caesarean delivery as compared to vaginal delivery 

is less on pelvic floor musculature is less, according to a study Blomquist and 

colleagues, twelve percent  of women continue to report pain related to caesarean 

delivery ten months postoperatively. Reported causes post caesarean delivery include 

ilioinguinal or ilio-hypogastric nerve entrapment, uterine scar defect and pelvic 

adhesions.21 

Special tests or pain provocation tests are tests that mechanically stress the SI 

joint structures in order to reproduce the symptoms. They do not assess for 

asymmetricity, range of motion deficits nor abnormality of the textures of the tissues. 

But they help to determine whether SI joint  is the anatomical source of pain 

irrespective of underlying problem, either due to pathology or mechanical 

impairment.22 

ASLR or the active straight leg raise test, and provocation tests are commonly 

used for evaluation of PGP which is accompanied with altered motor control 

mechanics. In PGP, while performing ASLR, if there is insufficient load transfer due to 

stability loss around the pelvic ring, then the subject will test positive.23 Sakamoto et 

al. conducted a review to study altered musculoskeletal mechanics as major risk 

factors for pelvic girdle pain, and found out that ASLR is a functional assessment tool 

for pelvic girdle. Also, combination of pain provocation tests along with  ASLR were 

found to be useful predictors of pelvic girdle pain postpartum.15 
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The posterior pelvic pain provocation or P4 test is also a pain provocation test  

which was used in evaluation for pelvic girdle pain. According to European guidelines 

for diagnosis and treatment for PGP, P4 test is used to differentiate low back pain from 

pelvic girdle or SI joint pathology and has been known to have high sensitivity and 

specificity.24 

Gasenlen’s test was developed by Dr. F.J.Gaenslen in the year 1927 while he 

was studying sacroiliac arthrodesis in patients with sacroiliac strain and tuberculosis 

of spine. Since then the test has been widely used in evaluation of SI joint dysfunction. 

While performing the manoeuvre, excessive pressure at the end of lower extremity 

increases load on sacroiliac joint , anterior ligaments of the joint and the hip joint. 

Hence, the pain is provoked around the SI joint giving an idea regarding the precise 

anatomical location of the pathology present and hence this makes it a reliable test for 

evaluation for pelvic girdle pain.6,25 

The association between mode of delivery and pelvic girdle pain has been 

insufficiently studied. 1 in 5 women report pelvic girdle pain during pregnancy and the 

majority experience pain after childbirth also, and report symptoms 1 year postpartum 

also. 21 PGP in postpartum women has been known to cause anxiety, fear of 

movement, 26 has been known to reduce activity levels and affect activities of daily 

living 27 and affect their quality of life. Hence the need was felt for PGP to be screened 

in women after their deliveries as early as possible to reduce further problems for the 

females in the long term.    
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NEED FOR THE STUDY 

 

Musculoskeletal changes during pregnancy and after delivery have known 

to cause discomfort to the women, thus hampering their activities of daily 

living and professional performance as well. One of the changes is pelvic 

girdle pain studies have shown that PGP diagnosed can affect women 

even 12 years post partum.28 This can lead to low efficiency, depressive 

symptoms, kinesiophobia and also affect the quality of life of women.27 

Even though a lot of literature is available on pregnancy related pelvic 

girdle , there is deficit of literature in worldwide and Indian scenario 

highlighting the risk factors and prognosis of pelvic girdle pain post-partum 

and the impact of mode of delivery as one of the risk factors for the same. 

Hence the current study was taken up to provoke the pelvic girdle pain 

during 6th week of post-partum period and study the effect of mode of 

delivery on the same. 
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RESEARCH QUESTION 

 

 

Is there association between mode of delivery and pelvic girdle pain in  6th week 

post-partum women? 
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HYPOTHESIS 

 

 

Primary Hypothesis : Women undergone vaginal delivery on pain provocation tests 

perceived significantly more pelvic girdle pain when compared to women undergone 

caesarean section in the present study. 

  

Null Hypothesis : There is no relationship of pain provocation tests on pelvic girdle 

pain irrespective of mode of delivery(vaginal/ caesarean delivery). 

 

Alternate Hypothesis : Women undergone caesarean section on pain provocation 

tests perceived significantly more pelvic girdle pain when compared to women 

undergone vaginal delivery. 
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REVIEW OF LITERATURE 

 

 Ample of literature is available for antenatal pelvic girdle pain, but postnatal pelvic 

girdle pain literature is given second priority in most of research reviews .The review 

of research is streamlined after scanning Physiotherapy journals and Obstetric and 

Gynaecological journals, books from the institutional library were reviewed to find out 

about the definition, biomechanical and physiological changes during pregnancy and 

its effect post-partum. Various databases such as PubMed, Google Scholar, 

Medscape were used for search of articles and papers regarding pelvic girdle pain, its 

prevalence, diagnosis, effects and its associated risk factors such as parity, mode of 

delivery.  

After reviewing , it is found that sufficient information is out there regarding pelvic 

girdle pain during pregnancy, but there is dearth in literature regarding pelvic girdle 

pain during the post-partum period and its effects on quality of life activities of daily 

living and the impact of risk factors like mode of delivery on the pain, especially in the 

Indian research scenario. Hence the current study was taken up to see the association 

of Pelvic girdle pain and mode of delivery in the 6th week post-partum women with 

respect to pain provocation tests-an analytical cross-sectional study. 

 

1. Mukkannavar et al (2013), conducted to determine prevalence of pelvic girdle 

pain in postpartum women who underwent vaginal or caesarean mode of 

delivery and to estimate possible associated factors with or without pelvic girdle 

pain in both mode of deliveries  in a sample of 284 women, using questionnaires 

and clinical examinations including ASLR and pain provocation tests found out 

41% pain was present in postpartum women, and the prevalence of PGP was 
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high in women who underwent caesarean section(33%) than those who had 

undergone vaginal delivery(8.3%). They also suggested that  during post 

partum period, LBP before pregnancy, parity ASLR score ≥ 4 , bilateral P4 test 

and sitting position during breast feeding were significantly associated with 

increased risk of PGP in both the modes of delivery.8 

2. A cohort study was performed on pregnancy related low back pain and pelvic 

girdle pain approximately 14 months after pregnancy by evaluating their pain 

status , self-rated health and family situation on 839 women with the help of a 

pelvic girdle pain questionnaire. Questionnaires were given to women reporting 

PLBP/PGP during pregnancy, and were followed up with a second 

questionnaire at approximately six months after delivery. Women reporting 

recurrent or persistent LBP/PGP at the second questionnaire were asked to fill 

a third questionnaire at 12 months postpartum and found out that previous low 

back pain before pregnancy is a strong indicator of pelvic girdle pain post-

partum and also, that persistent PLBP/PGP is a major individual and public 

health issue among women 14 months postpartum.10 

3. The association between mode of delivery and pelvic girdle pain (pain in the 

anterior and bilateral posterior pelvic region) was studied by Bjelland et al. They 

surveyed 10,400 women with singleton deliveries from the year 1998-2008 with 

the help of questionnaires and concluded that there is an increased risk of 

pelvic girdle pain postpartum in women who underwent caesarean section as 

compared to women who underwent unassisted vaginal delivery.16 

4. A longitudinal population study to study the association of mode of delivery and 

onset of pelvic girdle pain and changes in pelvic pain scores up to 7 to 18 

months after childbirth was conducted which included 20,248 participants 
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enrolled in Norwegian Mother and Child Cohort Study (1999-2008) without pre-

existing pelvic pain in pregnancy  and the data was obtained by self-

administered questionnaires. They found that a total of 4.5% of the women 

reported new onset of pelvic pain 0 to 3 months postpartum. Compared to 

unassisted vaginal delivery, operative vaginal delivery was associated with 

increased odds of pelvic pain ,planned and emergency caesarean deliveries 

were associated with reduced odds of pelvic pain.29 

5.  A study to determine long term effects of mode of delivery on the prevalence 

and severity of pelvic pain was conducted in Baltimore .The participants 6-11 

years after the delivery were given Oxfordshire Women’s Health Study 

Questionnaire and obstetrical records were obtained from the hospital and 

found that prevalence of pelvic pain was similar between women who had 

vaginal deliveries and caesarean and that, vaginal birth is not associated with 

a higher rate of pelvic pain when compared to caesarean delivery. 21 

6.  How women experience living with long term pregnancy related to pelvic girdle 

pain  was researched, where nine women were recruited  and interviewed 

(audio-taped) with open ended questions about living with pregnancy related 

pelvic girdle pain .It was found that the pain has a severe impact on their 

activities of daily living , many functional limitations and interference with their 

sense of identity and also laid importance on management of long term 

pregnancy related pelvic girdle pain as a pain syndrome.26 

7.  In a tertiary institute in India, the prevalence of pregnancy related lumbo pelvic 

pain and the disability caused therein was studied upon in a sample of 202 

women, where they performed of assessment lumbar spine  by McKenzie 

protocol 2003, assessment of pelvis by specific assessment for low back pain 
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and questionnaire. The prevalence was found to be 15.35%, with a dominant 

clinical pattern of lumbo-pelvic pain, lumbo pelvic combined with girdle pin was 

41% and only girdle pain was 3.23%.They concluded that pregnancy related 

low back pain is a disabling palpable clinical problem which is less recognised 

and dismissed  as a part of pregnancy and require a multidisciplinary approach 

for effective management.13 

8.  A cross sectional study about prevalence of pregnancy related pelvic girdle 

pain in Indian primigravida was conducted by M. Gupta, S. Srivastava and A. 

Khan in New Delhi by interviewing and assessing 227 primigravida women. 

They found that more than half of pregnant women experienced lumbopelvic 

pain at the time of examination, which showed that about 1 in every 2 

primigravida had lumbopelvic pain, and pelvic girdle pain and lumbopelvic pain 

are equally prevalent and needed clinical attention. 12 

9. 106 participants were studied to describe the pain characteristics of persistent 

genito- pelvic postpartum pain and compared these characteristics with the 

mode of delivery. They found that 25.5 % women were between 3-12 months 

after delivery and were experiencing pelvic pain .They concluded that post-

partum genito pelvic pain was quite prevalent , and that the pain was located at 

multiple locations and triggers. They also found multiple biopsychosocial 

factors affected due to the persistent pain in the first year postpartum.31 

10. Another study was carried out in order to find out the prevalence and incidence 

patterns of pregnancy induced pelvic girdle pain in urban and rural populations. 

There was a screening of 580 pregnant women, and the confirmation was done 

of diagnosis of Pelvic girdle pain and low back pain using Modified Oswestry 

Disability Index(MODI) questionnaire and pelvic girdle questionnaire and 9 
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clinical tests. They found the prevalence of low back pain was 31%, pelvic pain 

was 65%. They also found out that prevalence of Pelvic girdle pain and low 

back pain was 75% in urban pregnant population and 25% in rural pregnant 

population.14 

11. Robinson et al, conducted a research to study the clinical course of pelvic girdle 

pain in postpartum women, and their correlation with clinical findings in late 

pregnancy. They had recruited 215 pregnant women, and had followed from 

30th week of gestation to one year postpartum, by using clinical examination 

and questionnaire. They concluded that despite high prevalence of Pelvic 

Girdle Pain one year postpartum recovered in terms of physical functioning and 

body pain scores.32 

12. In Poland there was a study conducted to study the occurrence of strain 

symptoms in the lumbosacral region and Pelvis during pregnancy and after 

childbirth. Their study evaluated whether lower back pain during pregnancy and 

postpartum is connected with static alterations in the alignment of pelvis, 

dysfunction of sacroiliac joints and irrigation of pelvic ligaments and the lumbo-

sacral region. The study was done on a group of 30 women in the 8th month of 

pregnancy and 3 months postpartum by using special tests and palpation of 

Sacro tuberous, sacroiliac , iliolumbar and interspinous were done. They found 

that frequently irritated ligaments in the lumbar are interspinous(60%), 

iliolumbar (40%) and sacroiliac (36%), and concluded that state of pregnancy 

may result in strain symptoms in the lumbosacral region and pelvis with variable 

pain intensifying in various static positions.33 

13. The effects of different delivery modes, on pelvic floor structures by 

ultrasonography was researched by Q. Wang et al, by recruiting 194 
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participants , which were divided into 2 groups into childless group and fertility 

group and fertility group was further divided into caesarean delivery group and 

vaginal delivery group.GE E8 cavity was used to detect changes in pelvic floor 

such as bladder urethra angle , detrusor thickness , bladder neck descent etc. 

They concluded that pregnancy and delivery can cause changes in pelvic floor 

system, pelvic floor anatomy and should be taken into consideration while 

making clinical decisions while evaluating post-partum women.20 

14. Gutke et al, in 2011 published a study about impact of postpartum lumbopelvic 

pain on disability, pain intensity, health related quality of life , activity level , 

kinesiophobia and depressive symptoms .They had recruited 272 women in 

their 3rd month postpartum who had answered questionnaires (Oswestry 

disability index, pain intensity on VAS , health related quality of life 

{HRQOL,EQ5D}, activity level , depressive symptoms {Edinburgh postnatal 

Depression scale}, and Tampa Scale for Kinesiophobia). They found that one 

of three women postpartum women still had lumbopelvic pain and the impacts 

were equivalent irrespective of symptoms in lumbar or pelvic areas and also 

that pain intensity was a mjor contributing factor for kinesiophobia and altered 

quality of life.27 

15. A Prospective Cohort Study was performed by Kainu at al and published in 

2016 in which distributing a questionnaire on 2nd day of their postpartum period 

to 1052 women who had undergone vaginal delivery and 502 women who 

underwent caesarean section in Helsinki, Finland and then 2nd questionnaire 

was administered 1 year later . The anthropometric data recorded was women’s 

health history, obstetric history and previous pain history, details of delivery and 
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description of pain if present and found out that the incidence of pain persistent 

after 1 year is more after caesarean delivery as compared to vaginal delivery.34 

16. “Does vaginal delivery cause more damage to the pelvic floor than caesarean 

section as determined by 3D ultrasound evaluation? A systematic review” the 

study was conducted by Camilla Carvalho de Araujo et al in 2017 , to evaluate 

impact of delivery route on the pelvic floor musculature by using 3D trans labial 

ultrasound in primigravida women during pregnancy and postpartum. The 

review was registered on PROSPERO database and the studies published in 

English , Spanish or Portuguese between 1980- 2016. And found that Vaginal 

Delivery was associated with levator ani muscles, puborectalis defects, 

increased bladder neck mobility and enlargement of the hiatal area. This 

indicates changes in musculature can cause associated symptoms like pelvic 

girdle pain in post-partum women. 19 

17.  Bergstrom et al studied the prevalence and predictors of persistent pelvic girdle 

pain 12 years postpartum. This was a follow up study based on a previous 

cohort study conducted by the same author in 2002. New questionnaires were 

administered to the subjects 12 years in their postpartum period in 2014 and 

early 2015. In total 295 women (47.3%), 40.3% reported pain to a various 

degree and 59% reported no pain . More than one of five women reporting pain 

had stated they had been on sick leave for the past 12 months and nearly 11% 

had been granted disability pension due to pelvic girdle pain. This states that 

pelvic girdle pain is known to affect women even 12 years postpartum and 

requires appropriate clinical evaluation and management as early as possible.28 

18. “Altered musculoskeletal mechanics as risk factors for postpartum pelvic girdle 

pain: a literature review” was performed by Asuka Sakamoto and colleagues in 
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which from various databases 12,174 potential articles were recognised and 22 

studies selected according the selection criteria and found that pain intensity 

and disability during pregnancy, positive pain provocation tests, active straight 

leg raising test, and musculoskeletal mechanics were found to be major factors 

for pelvic girdle pain persisting 3 months postpartum. 15 

19. A guideline on pelvic girdle pain (PGP) was developed by "Working Group 4" 

within the framework of the COST ACTION B13 "Low back pain: guidelines for 

its management", issued by the European Commission, Research Directorate-

General, Department of Policy, Coordination and Strategy. It stated the 

definition, possible risk factors, diagnostic criteria, and also the treatment 

protocol for PGP. The guidelines were referred during the designing of the 

study.6 

20. Daniela Aldabe and colleagues had conducted a systemic review to study the 

association of relaxin levels and pregnancy related pelvic girdle pain during 

pregnancy. PRISMA guidelines were followed to conduct their systematic 

review. Out of 731 studies, six articles met their inclusion criteria and those 

studies depicted low level evidence between relaxin levels and pregnancy 

related PGP. 1 

21. “ Pregnancy related pelvic girdle pain: an update ” was a review published by 

Nikolaos Kanakaris  et al, to describe various factors related to Pelvic girdle 

pain during or after pregnancy. They had studied the various articles related to 

PGP and had given definition, aetiology, risk factors, incidence, differential 

diagnosis, management and prognosis guidelines for PGP as a further update 

to the European guidelines.7 
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22. “Reliability and validity of Active Straight Leg Raise Test in Posterior Pelvic Pain 

Since Pregnancy”, this cross sectional analysis was conducted by Jan M.A. 

Mens et al. The focus of this study was to assess the reliability and validity of 

ASLR for evaluation of posterior pelvic pain due to pregnancy and postpartum. 

They found that ASLR was a suitable diagnostic tool for evaluation and easy to 

perform and had a high sensitivity, specificity and reliability. And they suggested 

that integrity of function to transfer loads between lumbosacral spine and legs 

was tested by ASLR.38 

23. Annelie Gutke and colleagues had conducted a study to find out the sensitivity 

and specificity of the Posterior Pelvic Pain Provocation(P4) test for the 

diagnosis of lumbopelvic pain. They stated that during the examination of pelvic 

girdle the  P4 is a well-established test, but there are speculations that many 

times it yields false positives as the test has an effect on lumbar structures as 

well. Hence to verify this they had performed P4 on 4 different groups of patients 

with CT verified disc herniations, group 1 included patients on waiting list for 

surgery, group 2 included patients 6 weeks after disc surgery, group 3 included 

pregnant women seeking care for pelvic girdle pain and group 4 including 

women with persistent PGP after delivery. They found out that P4 was negative 

in patients with well-defined diagnosis of lumbar disc herniations both before 

and after surgery, hence proving it a reliable tool in evaluation of PGP. 24 

24. Britt Stuge and colleagues had taken up a study to develop a condition specific 

measure, for use during pregnancy and postpartum, Pelvic girdle pain 

questionnaire. Items were developed by literature review and consulting a 

group of physical therapists treating women with PGP. They were further 

classified and validated by WHO’s International Classification of Functioning, 
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Disability and Health guidelines. They concluded that PGQ or pelvic girdle pain 

questionnaire was a reliable tool for measuring the impact of PGP in pregnant 

and postpartum women.50 

25. An update on examination of sacroiliac joint was done by reviewing literature 

and was found that evidence supports the use of pain provocation tests for 

evaluation of sacroiliac dysfunction. Posterior pain provocation or thigh thrust 

and Gaenslen’s test were also found reliable and were used in many studies in 

the review.40 

26. A study was performed by Laslett et al. which examined the diagnostic power 

of pain provocation SI joint tests individually and in combinations, in patients 

with SI joint pathologies, radiologically confirmed. They concluded that 

provocation tests have significant diagnostic utility, and 6 tests (including P4 

and Gaenslen’s) are the best predictors of a positive intra-articular SIJ block.41 

27.  A prospective cohort study was performed to investigate the subjective 

recovery from pregnancy-related pelvic girdle pain(PGP) during the first 6 

weeks after delivery and to detect possible risk factors for a poor recovery. It 

was concluded that PGP during pregnancy has good prognosis by 6th week 

postpartum and women with high intensity pain in pregnancy have poor 

recovery. 51   

28.  Many experts participated in building a collaborative model of sacroiliac joint 

dysfunction and pelvic girdle pain to understand the diverse perspectives. The 

objective of this study was to develop a collaborative model of PGP that 

represents the collective view of a group of experts. Specific goals were to 

analyse various models by various experts and to provide a meta model and to 
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consider predicted efficacy of treatments. The resultant model was biased 

towards biomechanical factors out of the suggested various factors.52 

29.  A review on pelvic girdle pain during pregnancy and puerperium was published 

by Keriakos et al. which stated that prompt identification of  PGP is essential 

for avoiding serious disability. Lack of awareness and failure of recognition not 

only results in women feeling isolated, but may also result in long-term 

morbidity.53 

30. “ The sacroiliac joint: an overview of its anatomy, function and potential clinical 

implications” was published by A. Vleeming et al., which focused on 

biomechanics and anatomical functions of the pelvic girdle especially the SI 

joint. Pelvic movement studies were investigated and biomechanical models for 

SIJ stability analysed, including examples of insufficient versus excessive 

sacroiliac force closure. This article helped in understanding the biomechanics 

of weight transfer and its implication on pain provocation tests. 54 

On the basis of above mentioned review of literature, the study was designed to find 

out the association of mode of delivery and pelvic girdle pain in 6th week postpartum 

women with respect to pain provocation tests. 
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AIM 

 

To find out association of pelvic girdle pain and mode of delivery in 6th week post-

partum women with respect to pain provocation tests. 

 

PRIMARY OBJECTIVE 

 

To record pelvic girdle pain and its association with mode of delivery in post-partum 

women on eliciting pain with pain provocation tests. 

  

SECONDARY OBJECTIVES 

 1) To establish the relationship of the pelvic girdle pain with mode of delivery during 

6th week post-delivery. 

2) To elicit pelvic girdle pain by ASLR and to record the pain on NPRS during 6th week 

post-partum in women undergone vaginal delivery/caesarean section 

3) To elicit pelvic girdle pain by Gaenslen’s test and to record the pain on NPRS during 

6th week post-partum in women undergone vaginal delivery/caesarean section 

4) To elicit pelvic girdle pain by Posterior Pelvic Pain Provocation (P4) test and to 

record the pain on NPRS during 6th week post-partum women undergone vaginal 

delivery/caesarean section 
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METHODOLOGY 

 

The aim of the study was to find out the association between pelvic girdle pain and 

mode of delivery in 6th week postpartum women. To perform the study the following 

methodology was followed. 

 

STUDY DESIGN- Analytical Cross Sectional Study 

 The provocation tests were performed during 6th week of postpartum period and the 

analysis was done to find out the association between Pelvic Girdle Pain and Pain 

provocation tests. Therefore cross- sectional study was performed to analyse the 

outcome of study.35 

STUDY SETTING- Hospital / Tertiary health care centre 

DURATION OF STUDY- 18 months  

STUDY POPULATION- Women during 6th week of their post-partum period 11, 35 
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SAMPLE SIZE 

REQUIRED SAMPLE SIZE – 105 , hence 105 women during 6th week of their 

postpartum period were included based on the inclusion criteria. 

SAMPLE SIZE ESTIMATION: 

Sample size was determined considering prevalence / proportion of positives on 

NPRS as main outcome. 36 

Following assumptions were made from the study by Mukkanwar et al (2013)  8 

1) Expected proportion of positives on NPRS = 42% 

2) Relative precision = 15% , (β error= 15%) 

3) Desired confidence level= 95%, (α error= 5% ) 

 

                n= Z21-a/2p(1-p) 

                              d2 

Required  sample size  

n = 105 , hence 105 subjects were included in the study 

SAMPLING TECHNIQUE: CONSECUTIVE SAMPLING 

A consecutive sample of 105 women fulfilling the inclusion criteria were recruited for 

the study.37 
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METHOD OF SELECTION OF STUDY SUBJECTS(ELIGIBILITY 

CRITERIA): 

The eligible participants to study association between pelvic girdle pain  and mode of 

delivery in 6th week postpartum women, were selected based on the criteria mentioned 

below: 

 

Inclusion Criteria 

1) Postpartum women who were willing to participate in the study 

2) Postpartum period – 6th week post delivery 

3) Women who could  complete the evaluation protocol 

 

Exclusion Criteria  

1) Women above the age of 35 

2) Women with history of trauma to hip, pelvic girdle  

3) Women with locomotor and  traumatic neurological dysfunction  

4) Women with ankylosing spondylosis and rheumatoid arthritis 

5) Women previous history of any lower abdominal surgery ( except obstetric surgery)  

6) Women with previous history of PIVD 

 

 



28 
 

OPERATIONAL DEFINATIONS 

 

Pelvic Girdle Pain: In this study, pelvic girdle pain is the pain experienced between 

the posterior iliac crest and the gluteal fold, particularly in the vicinity of the Sacro-iliac 

joint. The pain may radiate in the posterior thigh and can also occur in conjunction with 

or separately in the symphysis.6 

Active Straight Leg Raise Test: The active straight leg raise test (ASLR) was used 

to assess pain provocation and the ability to load the pelvis through the limb. The 

procedure was performed  in supine position and the 6th week post-partum women 

was instructed to lift the leg 20 cm off the bed. 38,39 

Posterior pelvic Pain Provocation(P4) Test: The posterior pelvic pain provocation 

test refers to the procedure which elicited the sacroiliac dysfunction as well as 

differentiated the pelvic girdle pain and low back pain in 6th week post-partum 

women.40,41 

Gaenslen’s test: In the current scenario Gaenslen’s test had assessed the pelvic 

girdle pain, and the maneuver was  performed by asking the participant to bend the 

hip and knee of one leg and bring it towards her chest and the other leg as  brought in 

extension during their 6th week post-partum period.  25,42 

NPRS: Numerical pain rating scale, is a unidimensional measure used to record pain 

elicited by provocation tests. It is a segmented version of the Visual Analog 

Scale(VAS).The women were asked to select a whole no (0-10) which best reflected 

her intensity of pain, 0 representing no pain, 5 representing moderate pain and 10 

representing worst possible pain.  43,44,45,46 
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METHODS OF MEASUREMENTS 

 

1) Active Straight Leg Raise Test (ASLR) – ASLR is a functional assessment 

tool for lumbopelvic pain, by increasing the load of the pelvis through the limb. 

The subject is asked to lie down in a supine lying position and asked to raise 

one leg without bending the knee 20 cm from the plinth. If the pain was 

produced in below the fifth lumbar vertebra, on the posterior superior iliac spine 

or between them, from the PSIS to the gluteal folds then it was considered 

positive and the subject was asked to mark the intensity of pain on NPRS. It 

was performed bilaterally. ASLR has been known to be the most reliable test in 

measuring the pelvic girdle pain. It has been known to have a sensitivity of 0.87 

and a specificity of 0.94, hence it was selected as a primary test for evaluation 

in the study. Also it was found to be the most significant test in the present 

study.  {Photograph 3, ANNEXURE I(b)} 

2) Posterior Pelvic Pain Provocation Test(P4)- The P4 test is a pain 

provocation test to distinguish between pelvic girdle pain and pain due to 

lumbar pathology. Since the pain reported by subjects can be generalised as 

low back pain, and many a times postpartum females do give history of pain in 

lumbar as well as sacroiliac region. Therefore the test along with ASLR was 

considered in the study. The subject was taken in supine lying position, while 

the examiner flexed the hip with knee bended on the test side with 90°, placing 

one hand above the knee and one hand on the opposite ASIS to stabilise the 

girdle. The therapist then applied the thrust in the downward direction 

(longitudinally) and if the subject responded with pain in the sacroiliac position 
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it was considered positive and the intensity of pain was marked on NPRS by 

the subject. The sensitivity of the test is known to be 69% and the specificity is 

known to be 88%. {Photograph 4 ANNEXURE I(c)} 

3) Gaenslen’s Test- It is one of the pain provocation tests used for evaluation of 

pelvic girdle pain and sacroiliac dysfunction. For this test the subject was taken 

in a supine lying position , the examiner stood near the side to be tested. The 

thigh on the side to be tested was left unsupported suspended of the edge of 

the plinth. The subject as asked to pull the opposite knee to her chest and the 

examiner stabilised it. Then the examiner had hyper extends the unsupported 

leg applying load on the hip as well as the SI joint. This overpressure stressed 

the SI, anterior sacroiliac ligaments and hip joint of the testing side. If the subject 

localised the pain in the region of PSIS , gluteal folds, it was considered positive 

and the subject was asked to mark pain intensity on the NPRS. This manoeuvre 

was a bit troublesome to the subjects hence it was performed after taking a 

break of 5 minutes after performing the ASLR and P4. Even though Gaenslen’s 

test has been known to have a sensitivity of  53% and a specificity of 77%, it 

was second most significant test found in the present study.{Photograph  5 

ANNEXURE I(d)} 

4) Numerical Pain Rating Scale- NPRS or numerical pain rating scale is a 

unidimensional measure of pain intensity, which utilises a segmented version 

of the Visual Analog scale (VAS). In the current study the subject was asked to 

mark the intensity of pain which she felt on the scale ranging from 0 depicting 

no pain at all to 10 depicting the worst possible pain . The subject was asked 

to mark her pain before the examination procedure and after the performance 
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of pain provocation tests. NPRS score frequency was observed and tabulated. 

{ANNEXURE I(e)} 
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STUDY INSTRUMENTS/ DATA COLLECTION TOOLS 

 

1. Pelvic Girdle Pain Questionnaire -The pelvic girdle pain questionnaire is a 

tool which was specifically developed for assessing the functional limitations for 

females with pelvic girdle pain during pregnancy and post-partum. It is a 

condition specific self-report questionnaire of 20 activity items and 5 symptom 

items scored on a 4 point response scale. Each question is scored from ‘Not at 

all’(0) to  ‘To a large extent’ (3). Questions on the activity sub-scale range from 

difficulty with dressing, climbing stairs, doing housework, lying, rolling in bed 

etc. These items scores are summed and transformed to yield a score of 0-75 

and the disability percentage is calculated. In the present study the PGP-Q 

gave a clear picture as to how the PGP is affecting the activities of daily living 

of the postpartum females.{photograph no 4 and 9  –ANNEXURE I(f)} 

2. Pen -  Pen was used for recording the subject data and also by the subject 

while filling up the pelvic girdle pain questionnaire.{ANNEXURE I(g)}                               

3. Weighing machine -  The weighing machine was used for measuring weight  

of  the postpartum women in kilograms. The women were asked to stand on 

the digital weighing machine and look straight ahead, and the readings were 

recorded.{Photograph no 1 and 6, ANNEXURE(h)}                      

4. Stature meter- The stature meter was used to convert the height of the 

subjects in centimeter. The subjects were asked to stand below the stature 

meter , look straight ahead with the hands by the side.{Photograph 2 and 5, 

ANNEXURE (i)}                      
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5. Measuring Tape – the measuring tape was used to cross check the distance 

of the raised leg from the plinth,(20cm) during the performance of ASLR by the 

subjects. {ANNEXURE(j)} 
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METHODS OF DATA COLLECTION 

 

 

The cross sectional study on pelvic girdle pain by clusters of pain provocation tests 

was done in 6th week post-partum women to find out the existence of 

asymptomatic/symptomatic pelvic girdle pain and its correlation with mode of delivery 

was undertaken for estimated sample after obtaining the permission from head of 

institution. The ethical clearance was obtained from institutional ethics committee after 

that the approved title synopsis proposal was submitted for Board of Research Study. 

Suggested corrections were incorporated thereafter it was forwarded to Maharashtra 

University Of Health Sciences, Nashik. 

 The cover letters were attached with the title synopsis to the Obstetrics and 

Gynaecology and Orthopaedic and Paediatric departments. The procedure of the 

study was explained to the females coming to the outpatient department of the 

Obstetric and Gynaecology ,Orthopaedic and Physiotherapy department with the chief 

complains of low back pain and to the Paediatric department for the purpose of 

vaccination of their children . 

 The day of the examination within the 6th week (all 7 days) of postpartum period 

were specifically mentioned in the data sheet. The participant was explained about the 

procedure. If the baby cried, or if the patient felt uncomfortable she was given privacy 

and rest for the same. Once the written consent was given by the patient and the 

consent of the husband or any other family member who accompanied the subject, 

was obtained, then the anthropometric data and the rest of the study factors were 

recorded on the proforma. First the palpation of the pubic symphysis was done, and if 
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it was tender and painful then the rest of the tests were not performed, and the pain 

was recorded on NPRS.  

If the pubic symphysis was not tender then the active straight leg raise test 

(ASLR) was performed bilaterally  and the site , type and intensity of the pain  on the 

NPRS was recorded. Then 10 mins rest was given to her. Then the Posterior Pelvic 

Pain Provocation (P4) test were performed and the observations were recorded. 

After that , she was provided with the Pelvic Girdle Pain Questionnaire in 

vernacular language and was asked to fill that up. The last test was the Gaenslen’s 

test were performed and all the findings were recorded. The pain provocating tests 

should have been reproducible and all the 3 tests were positive and then only were 

considered for the sample and calculation of statistics. The data collected after 

February 2020 was collected with due precaution in regards to SARS-CoV-2 

pandemic. 

PILOT STUDY 

Initially, a pilot study was performed on 5 subjects. The subjects had undergone 

palpation of pubic symphysis, followed by ASLR, Posterior Pelvic Pain Provocation 

test and Gaenslen’s test. But it was found that the subjects who had tender pubic 

symphysis were feeling more amount of discomfort, hence for the main study the 

subjects with pubic symphysis tenderness were excluded from the main study. Also 

the subjects were observed during their visit to the tertiary health care centres and it 

was found that as the day progresses the activities of daily living such as walking, 

sitting, changing the nappies of the babies etc. affect the loading over the joint. 

Therefore, it was decided that the procedure for the study i.e. the cluster of tests will 
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be performed in the morning or afternoon sessions. The data of the pilot study was 

excluded from the master chart of the main study. 
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GENERAL PROCEDURE 

                         
 

Permission from the head of the institution and the ethical committee 
 

Cover letters to the Obstetrics and Gynaecology and Orthopaedics and Paediatric 
department 

 

Women during their 6th week of postpartum period were recruited for the study 
 

Explanation about the procedure and written consent from the participants and 
husbands was taken 

 

Recording of anthropometric data and pain description was done 
 

 
Palpation of pubic symphysis was done and those giving negative response were 

recruited for the study 
 

Bilateral active straight raise test was performed and recordings was taken 
 

Posterior pelvic pain provocation test was carried bilaterally and findings were 
recorded 

 

Pelvic girdle pain questionnaire was given to the participants 
 

Bilateral Gaenslen’s test was performed 
 

Data recording, handling, analyses done and result was obtained 
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PHOTOGRAPHS OF MATERIALS AND INSTRUMENTS 

 

PHOTOGRAPH NO 1- Digital Electronic Weighing scale 

 

 

Photograph no 2-Stature Meter 

 

 

 

Photograph no 3- Pen 
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Photograph no 4- Pelvic Girdle pain Questionnaire  
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PHOTOGRAPHS OF THE PROCEDURE 

 

Photograph 5- Height Measurement (in cm) 

 

 

Photograph 6- Body weight measurement(in kgs) 
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Photograph 7-  The subject performing ASLR 

  

 

 

Photograph 8- Performing P4 test 

 

 

 

 

 

 



42 
 

Photograph 9- Subject filling up the PGP questionnaire  

 

 

 

 

Photograph 10- Performing the Gaenslen’s test 
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DATA MANAGEMENT AND ANALYSIS PROCEDURE 

 

The obtained data was processed to understand the association of pelvic girdle pain 

and mode of delivery with respect to mode of delivery and the hypothesis was tested. 

The obtained raw data was cleaned by EPI INFO software and then was coded, 

encrypted and analysed by STATA version 10.1 , 2011 computer application. 

After data collection was done , it was recorded as master chart on MS- EXCEL 2016. 

Descriptive statistics like Mean and Standard Deviation were calculated to summarize 

quantitative variables namely age, weight, BMI, parity. 

Frequency and Percentages to summarize qualitative variables such as the mode of  

delivery 

Statistical tests:  

Data was divided into 2 sub-groups by mode of delivery i.e. vaginal vs LACS (lower 

abdominal caesarean section),tests of significance were applied to compare 

proportion and severity in these 2 groups. 

Chi square test was used to compare proportions and 2 subgroups and for 

independent samples t- test was used to compare difference in means of 2 groups to 

find impact of mode of delivery on pelvic girdle pain. 

p value <0.05 will be considered statistically significant.  

Co relation between pain score (NPRS) and other quantitative variables(age, BMI, 

parity ) was assessed by Pearson’s correlation coefficient(r) 
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OBSERVATIONS 

❖ The study sample of 6th week postpartum women was 105.  

❖ Age distribution shows the maximum subjects included in the study as per 

inclusion criteria were falling in the age group of 25-29 years.(Table no 1) 

❖ The mean age was 29 years.(Table no 1) 

❖ Table no 2 gives an idea about characteristics of postpartum participants. The 

maximum no. of living children was 3 and the gravida was 4. But the mean 

suggests 1-2 children were planned in the family  

❖ Mean BMI was 24.39±4.10, within range 16.8-36.3, which is a concern as in 

the lower value can depict a higher risk for osteoporosis.(Table no 2) 

❖ 68 caesarean sections and 37 vaginal deliveries were the mode of deliveries 

explained in table no 3. 

❖ 8 cases had given history of perineal laceration i.e. 7.62%(Table no 5 and 

graph no 4) 

❖ Graph no 5 depicts PGP during ante natal period(ANC) and after delivery as 

well as on the day of examination on Numerical Pain Rating Scale(NPRS). 

60.95% females reported pain on examination. 

❖ The maximum score was reported at the time of examination was 8 on 

NPRS.(Table no 7) 

❖ 13 patients reported score 5 on NPRS at the time of examination.(Table no 7) 

❖ 97 subjects did not show the sign of pubic symphysis tenderness on palpation 

but their special pain provocation test were positive,(Table no 8) 

❖ The active straight leg raise test(ASLR) was positive bilaterally for most of the 

subjects(69 positive for left out of 105, 61 positive for right out of 105).(Table 

no 10) 
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❖ 41% females were showing the positive sign for posterior pelvic pain 

provocation test and the pain score was 4.12-4.23.(Table no 11 and 12) 

❖ Table no 13 and 14 explains Gaenslen’s test features 50% of the population 

had marked 4.5-4.7 pain score on NPRS. 

❖  Table no 15 explains disability percentage because of PGP. 49 subjects had 

shown the disability score between 10-29.Pelvic girdle pain questionnaire 

score was ranging between 0-58. 

❖ Table no 16 compares pelvic girdle pain questionnaire score with mode of 

delivery. The statistical result was significant . The calculated p value was 

0.0095. Since the pain questionnaire was qualitative assessment that depicts 

the pre notion of the mindset of females undergoing various modes of 

deliveries and the observation explains vaginal delivery causes less 

discomfort and pain on PGP-Q. 

❖ Percentage of disability was less in case of vaginal delivery as compared to 

caesarean section the p value obtained from the tabulation of table 17 figures 

was 0.0095 which is statistically significant. 

❖ The calibrated figures presented in table 18,19 and 20 show weak negative 

and weak positive correlation with mode of delivery.  

❖ Data analysis suggest that the mode of delivery is independent character , 

does not influence the anatomical structures of pelvic girdle in terms of pain 

provocation tests. 
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RESULT 

 

There is a weak correlation(p> 0.05) between pelvic girdle pain scores on NPRS and 

mode of delivery on pain provocation during 6th week of postpartum period.  
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DISCUSSION 

 

The focus of the study was to find out the association between pelvic girdle pain 

and mode of delivery in 6th week post-partum women. 

As per literature pelvic joints return to the pre gestational state by 4-12 weeks( 

on an average 6 weeks) and usually the pain subsides by 3rd week after delivery in  

majority of women (75% by 3 weeks, 89% by 12 weeks). Hence women in their 6th 

week postpartum were considered in the inclusion criteria.11 

In the current sample population , the mean age was found to be 29 years(table 

no-1). The study depicted higher mean age for delivering the baby bound to show 

pregnancy related complications and precious pregnancies. Therefore the current 

study observed more no of caesarean cases as mode of delivery as compared to 

vaginal deliveries.  As shown in table no-3, out of 68 caesarean cases no of emergency 

caesarean cases was 39 and planned were 29. This data corresponds with the 

growing trend of caesarean section which is 17.1%. 17 Many women these days , 

prefer to undergo caesarean section due to various reasons, namely fear of labour, 

carrying a precious baby , and other associated conditions related to pregnancy. Also, 

there has been rise in the no of private health care providers,(70% of primary health 

care providers)increase in availability of health insurance, hence one on one 

interaction and the type of care being provided has improved.18 similar findings were 

noted and reported at the time of history taking prior to screening the subjects. 

Out of 37 participants who underwent full term normal delivery, 20 women had 

undergone episiotomy, one had episiotomy with vacuum pump delivery, three had 

episiotomy with forceps intervention, and three women had vacuum pump delivery 
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without episiotomy, and ten women had underwent full term normal delivery without 

any surgical intervention as mentioned in table no- 4. A longitudinal population study 

to observe the associations of mode of delivery with pelvic pain conducted by Bjelland 

et al stated that operative vaginal delivery caused pelvic pain when compared to 

unassisted vaginal delivery after one year of the delivery.29 But the recent study results 

are contradicting the above said results in terms of mode of delivery and pelvic girdle 

pain. It means more no of caesarean sections were performed for collected sample in 

this study as compared to vaginal deliveries.  

  Table no 5 depicts that about 8% of the participants had perineal lacerations 

while undergoing vaginal delivery .Out of which four reported pain after the delivery, 

two had tenderness at their pubic symphysis ,one was asymptomatic and tested 

negative after screening for PGP and one was asymptomatic and tested positive after 

screening. The pelvic floor diaphragm does not affect the pelvic girdle function. 

Therefore the statistical significance was not found in the study. 

In the present study 73 women reported low back pain during ANC (table no 6). 

The study conducted by Mahishale and Borkar to determine the prevalence of 

pregnancy induced low back pain in rural and urban pregnant women , they found the 

prevalence of posterior pelvic pain to be higher that is 65% in rural population and 

75% in urban population .They also reported that the pain was highest in primiparous 

with gestational age of 38 weeks.14 Pain in the lumbar spine and pelvic region  

frequently complicates the pregnancy and delivery. Maybe because of the changed 

load and decreased stability of pelvic girdle. Instability is described as an impairment 

of the ability of pelvic girdle to transfer loads between trunk and legs. Increase of 

movement of the sacroiliac joint is well documented by anatomical and radiographical 
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studies.3,5 Hence depicting the PGP during pregnancy an important indicator of PGP 

in the postpartum period.26 

 Sakamoto et al in their review have proved that PGP or low back during 

pregnancy is a major predictor of PGP in postpartum period.15 Gutke and colleagues 

had estimated the prevalence of PGP during pregnancy to be 50%.Although majority 

of them recover after delivery, in 33% women the pain still persists 12 weeks 

postpartum, and in 5% women the pain persists for years. 30 

Out of the total sample, 8 women had tenderness around the pubic symphysis 

as shown in table no 8 and graph no-7. Five women had undergone emergency 

caesarean procedure and three and undergone vaginal delivery with episiotomy and 

forceps intervention. From the above  seven women recalled history of pain during 

ANC and one did not recall any pain during her pregnancy. These women were not 

subjected to any further more screening procedure in order to aggravate any 

discomfort. During pregnancy due to effect of relaxin, there is widening of the pubic 

symphysis of about  3mm. Sometimes the widening can go up to 4.5mm and can lead 

dysfunction of symphysis pubis during the pregnancy(around 35th week), the process 

of labour and may extend up to postpartum period as well. This dysfunction may 

present as tenderness over the pubic symphysis postpartum. Women may give history 

of pain during the last trimester of pregnancy.3 This pain presents as Pelvic girdle pain 

with moderate to high intensity on NPRS. In the study, women with tenderness over 

the pubic symphysis recorded pain ranging from 5 to 9  on NPRS. 

In this study it was found that out of 105 women screened, 64 reported pain in 

and around Pelvic girdle before examination, and rest were asymptomatic(table no 7) 

.But when they were evaluated they were symptomatic and signs were elicited. 
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 ASLR was positive for 64 subjects for left side and 61 for right side, and 

bilaterally 62 subjects as depicted in table no 9 and 10. Table no 18 reveals weak 

correlation between ASLR and mode of delivery which is the reference of impairment 

of ASLR parallels pelvic mobility. ASLR can predict weakness of the load transfer 

between spine and leg and it is obvious that the weakness has to be treated not just 

the resultant signs and symptoms. On palpation performance of ASLR suggest 

mobility of lumbar spine and involvement of contralateral sacro-iliac joint. 

  This data is consistent with previous studies, where also ASLR has been found 

to be a strong indicator of PGP. 23,38 

Table no 18 reveals weak correlation between ASLR and mode of delivery 

which is the reference of impairment of ASLR parallels pelvic mobility  

Fundamentally the ASLR concludes all relevant signs of clinical provocation at 

the time of performance of ASLR on the side of raised leg, the hip bone was rotated 

anteriorly above the horizontal axis near the SI joint which resembles one leg at the 

side of the leg, hanging down produces caudal displacement of the pubic bone or 

posterior rotation of opposite side bone. Therefore this single test is based on the 

mechanism of complete complexity of weight transfer and locking of gait in and around 

the pelvic girdle region. Other 2 tests from the cluster of tests were performed and the 

study shows partial patho-mechanical changes on elicitation. Those tests were P4 and 

Gaenslen’s.  25,39,48,49,50 

Table no 11 & 12 show 44 females tested positive for left side and 42 for right 

side P4 test bilaterally 43 women tested positive. As depicted in table no 19 correlation 

was found non-significant, weak positive for vaginal and weak negative for caesarean 

delivery.  
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PGP is a subgroup of low back pain , which has unique clinical presentation. 

Clinical presentation needs distinguished characteristics to differentiate between 

lumbar pain and SI joint pain and P4 tests the same i.e. differentiating between SI jont 

pain, pelvic loading and low back pain.  The special attention was paid for woman 

having LBP and PGP during ANC. Sometimes PGP of ANC does not disappear 

spontaneously when the hormonal state is considered to return back to normal. 

Women with high score of pain and disability showed higher score of pain on NPRS 

for ASLR and Gaenslen’s, but the elicitation of Posterior pelvic pain provocation test, 

ended up with lower pain score and less no of cases. It could be because of 

behavioural adaptability to overcome pain and functional disability. The intensity of 

pain is not solely depending on activity level and mal adaptive behaviour. 

P4 test provokes pain in and around SI joint and tests pelvic load around SI 

joint and tests pelvic load overload,24,41 and sensitivity to provocation might have 

reduced at the time of execution of test in the current study. At the same time more no 

of the positive ASLR is suggestive for loss of functional control due to disturbed co-

contraction of lumbopelvic muscles. Whereas, P4 was negative for more no. of 

subjects suggest good co-contraction of lumbopelvic muscle and promote stability in 

the region of pelvic girdle.(41% for left side and 40% for right side)  (Table no. 11 and 

12)  

Table no 13 and 14, fifty three women tested positive for left side and fifty for 

right side Gaenslen’s test and bilaterally fifty females were positive. As shown in table 

no 20, a weak non-significant correlation was obtained. 

While performing the Gaenslen’s test, overpressure of the leg at the end of 

extension increases the load on the SI joints, anterior sacroiliac ligaments and hip 
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joint.25 Hence the pain is produced over the region of SI posteriorly. Since the 

manoeuvre of performing the test 39 was troublesome to the subject, the pain is 

localised in the area of the SI joint (at and around PSIS) and the average NPRS 

marked was 4.55±1.85 for left side and 4.70±1.84. This shows that moderate intensity 

pain was provoked and this can increase the discomfort of the female.   

Pelvic girdle pain questionnaire is tool developed for evaluating the functional 

limitations for females suffering from  pelvic girdle pain. It a self-reported questionnaire 

which contains questions based on activities of daily living, where it yields a score and 

helps in predicting the disability percentage due to PGP.50 As shown in table no 15 

and graph no 9 &10, PGP scores as reported by the subjects were majorly between 

the range of 10-29 with an average disability percentage of 25.17±7.40 .Table no-16 

and 17 show that there is a significant correlation between the mode of deliveries and 

pelvic girdle questionnaire score and disability percentages. Also it was proven 

statistically that questionnaire scores disability percentages were significantly  more in 

caesarean section deliveries as compared to vaginal deliveries. This indicates that 

females who had undergone caesarean section have a low quality of life as compared 

to vaginal. Pain leads to decreased activity levels causing fear in the movements which 

to lead to disability and several functional impairments. This is supported by a study 

by Annelie Gutke and colleagues, who concluded that females living with long term 

pelvic girdle pain experience severe hindrance in performing their regular as well 

instrumental activities of daily living. 27 

Hence it can be said that post-partum PGP is independent of mode of delivery 

and ASLR is a reliable tool for assessment of PGP, and it should be screened as early 

as possible to avoid potential disabilities which can affect their quality of life as well. 
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LIMITATION OF THE STUDY 

 

The study was fixed limited to pelvic girdle pain. However abdominal wall 

assessment and low back pain were not considered for the evaluation of the 

postpartum women in the study. 
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STRENGTH OF THE STUDY 

 

❖ The study tried to find the exact cause of the pathology of PGP during post-

partum. 

❖ The study results impairment of pelvic girdle during pregnancy which was 

elicited on 6th week of postpartum irrespective of mode of delivery and 

various reasons for various deliveries. 

❖ Therefore on the basis of the result it can be stated that PGP is independent 

in its behaviour from mode of delivery.  
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CONCLUSION 

 

 

The study was carried out to find an association between pelvic girdle pain and 

mode of delivery in postpartum females. the result of the study showed a clear 

correlation between hypermobility of pelvic joints in subjects with postpartum pelvic 

girdle pain. It was statistically prove that ASLR is the preferred test over Gaenslen’s 

and Posterior pelvic pain provocation test for evaluation of PGP during 6th week 

postpartum evaluation in the current study. Pelvic girdle pain is not associated with 

mode of delivery with respect to pain provocation tests. 
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CLINICAL IMPLICATION-SUGGESTION 

 

The study was conducted in postpartum women in their 6th week, to find out an 

association between PGP and mode of delivery. For the same,105 women were 

screened for PGP out of which 41 were asymptomatic . But when they were subjected 

to pain provocation tests. They tested positive. Hence it is advised that postpartum 

women should be referred for physiotherapy for screening and evaluation which will 

lead to minimisation of disability due to pelvic girdle pain in the future.   
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FUTURE SCOPE OF THE STUDY 

 

In the current study it was noted that in the left side ASLR, Gaenslen’s, P4 were found 

to be positive for all as compared to right side. This is the matter of further research in 

view of radiological examination to quantify pelvic mobility in terms of degree of 

freedom. 
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SUMMARY 

 

❖ Background and Purpose   

Pregnancy is associated with many physiological changes, due to impact of 

hormones namely Relaxin and Progesterone. The effect of relaxin is on all systems 

of the body of the pregnant lady, but the musculoskeletal system shows the 

maximum changes in the form of altered biomechanics 

Also due to effect of relaxin, joint laxity occurs noticeably occurring in the 

lumbar spine, the sacroiliac joint and the pubic symphysis. This joint laxity can be 

symmetrical and asymmetrical in nature. And the asymmetrical joint laxity between 2 

Sacro iliac joints causes severe to moderate pelvic  girdle pain during pregnancy and 

the pain is likely to continue through the postpartum period as well 

Pelvic girdle pain is the pain which is usually experienced between the posterior 

iliac crest and the gluteal fold, particularly in the vicinity of the S.I Joint. The pain may 

radiate in the posterior thigh and can also occur in conjunction with/or separately in 

the symphysis, or to groin or perineum lacking a typical nerve root distribution. 6 It is 

suggested that pelvic girdle is a type of low back pain, and can arise with or without 

low back pain. The pain occurs during standing, walking, sitting and rolling over in 

bed.8,9 

The association between mode of delivery and pelvic girdle pain has been 

insufficiently studied. 1 in 5 women report pelvic girdle pain during pregnancy and the 

majority experience pain after childbirth also, and report symptoms 1 year postpartum 

also.21 PGP in postpartum women has been known to cause anxiety, fear of 
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movement,26 reduced activity levels and affect activities of daily living and their quality 

of life.27 Hence the need was felt for PGP to be screened in women after their deliveries 

as early as possible to reduce further problems for the females in the long term.    

 

❖ Aim 

To find out association of pelvic girdle pain and mode of delivery in 6th week post-

partum women with respect to pain provocation tests. 

❖ Primary Objective 

To record pelvic girdle pain and its association with mode of delivery in post-partum 

women on eliciting pain with pain provocation tests. 

❖ Secondary Objectives 

1) To establish the relationship of the pelvic girdle pain with mode of delivery during 

6th week post-delivery. 

2) To elicit pelvic girdle pain by ASLR and to record the pain on NPRS during 6th week 

post-partum in women undergone vaginal delivery/caesarean section 

3) To elicit pelvic girdle pain by Gaenslen’s test and to record the pain on NPRS during 

6th week post-partum in women undergone vaginal delivery/caesarean section 

4) To elicit pelvic girdle pain by Posterior Pelvic Pain Provocation (P4) test and to 

record the pain on NPRS during 6th week post-partum women undergone vaginal 

delivery/caesarean section 

 

 



60 
 

 

❖ Hypothesis 

 

Primary Hypothesis :In the current study, women undergone vaginal delivery on pain 

provocation tests perceived significantly more pelvic girdle pain when compared to 

women undergone caesarean section . 

Null Hypothesis: There is no relationship of pain provocation tests on pelvic girdle 

pain irrespective of mode of delivery(vaginal/ delivery). 

Alternate Hypothesis: Women undergone caesarean section on pain provocation 

tests perceived significantly more pelvic girdle pain when compared to women 

undergone vaginal delivery. 

 

❖ Method 

An analytical cross sectional study was carried out in tertiary health care centres on 

6th week postpartum women. The sample size was estimated to be 105 hence, 105 

postpartum females were selected as per the inclusion criteria. 

❖ Result  

There is a weak correlation(p> 0.05) between pelvic girdle pain scores on NPRS and 

mode of delivery on pain provocation during 6th week of postpartum period. 

❖ Conclusion 

The study was carried out to find an association between pelvic girdle pain and mode 

of delivery in postpartum females. the result of the study showed a clear correlation 

between hypermobility of pelvic joints in subjects with postpartum pelvic girdle pain. It 
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was statistically prove that ASLR is the preferred test over Gaenslen’s and Posterior 

pelvic pain provocation test for evaluation of PGP during 6th week postpartum 

evaluation in the current study.  
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TABLES AND GRAPHS 

 

 

❖ Table no 1 and graph no 1 show the distribution of age amongst the study 

subjects 

 

 

Table no 1 

Distribution of subjects according to  
Age (years) 

Age group  
 (years) 

Study subjects 

No. % 

19- 24 6 5.71 

25- 29 62 59.05 

30- 34 30 28,57 

35- 39 7 6,67 

TOTAL 105 100.00 
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❖ Table no 2- Depicts the baseline characteristics amongst the participants 

 

 

Summary measures for baseline characteristics 
of  the subjects 

Characteristics Mean SD 
          Range 
Minimum)       
Maximum 

Height 
(cm) 

160.70 5.89 143 177 

Weight 
(kg) 

63.20 11.99 35.8 105 

BMI 
(kg/m2) 

24.39 4.10 16.8 36.3 

Gravida  1.58 0.85 1 4 

Parity 
 

1.23 0.44 1 3 

No. of  
Abortions 

0.35 0.65 0 2 

No. of  
Living children 

1.23 0.44 1 3 

Weight of baby 
(kg) 

2.96 0.51 1.6 4.7 

 

❖ The calibration of BMI was obtained from the data collected from 6th week 

post natal period. The BMI was ranging between 16.8 kg/m2  to 36.3 kg/m2 

with a mean of 24.39 kg/m2 which happened to be well within the normal 

limits. 

❖ Table no 3- Mode of delivery 

Mode of delivery in participants 

Mode 
Number 
n = 105  

% 

Vaginal 37 35.24 

Caesarean 68 64.76 

                               
- Emergency LSCS 

 
- Planned LSCS 

------------ 
39 / 68 

 
29 / 68 

 
----------- 

57.35 
 

42.65 
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❖ Graph no 2- Distribution of mode of delivery 

 

 

❖ Table no 3 and graph no 2 show the distribution of study participants by mode 

of delivery , which shows that 65%  of the population had undergone 

caesarean section and 35% had undergo. This depicts that caesarean section 

occupies maximum no on the chart. 
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❖ Table no 4. Reasons and their frequencies for surgical interventions in the 

sample population 

Reasons Frequency % 

Baby's weight was more 1 0.95 

Breech presentation 4 3.81 

Decreased foetal movements 2 1.9 

Didn’t want to undergo normal labour 4 3.81 

Episiotomy 20 19.05 

Episiotomy and Vacuum pump 1 0.95 

Episiotomy with forceps 3 2.86 

Foetal distress 7 6.67 

Gestational Diabetes Mellitus 1 0.95 

Gestational Hypertension 2 1.9 

Hydramnios 1 0.95 

Labour did not start after dilation of 8 7.62 

Meconium aspiration 1 0.95 

Meconium in amniotic fluid 1 0.95 

Nuchal cord 4 3.81 

Oligohydramnios 7 6.67 

Os did not dilate even after labour pain 1 0.95 

Os did not open 1 0.95 

Os did not open, labour pains didn’t 

start 
2 1.9 

Personal reasons 1 0.95 
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Placenta Previa 4 3.81 

Post term pregnancy 1 0.95 

Precious Baby 3 2.86 

Previous delivery was caesarean 6 5.71 

Prolonged labour, couldn’t push 1 0.95 

Rhesus negative blood group 1 0.95 

Spontaneous rupture of 

membrane(SROM) 
2 1.9 

Umbilical cord knots 1 0.95 

Vaginal Fistula 1 0.95 

With vacuum pump 3 2.86 

 

FTND without surgical intervention 
10 9.52 

Total 105 100 
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(n=105)



67 
 

❖ Various reasons are tabulated in table no 4 and graph no 3 for surgical 

intervention to deliver baby. 90% population had undergone some or other 

surgical intervention and 10% did not require any kind of the surgical 

procedure in the study. 

❖ Table no 5 - History of perineal lacerations/trauma during labour in 

participants  

 

H/o perineal 
lacerations/trauma 

Frequency 
 

% 

Along the episiotomy 
incision (right) 

5 4.76 

Along the episiotomy 
incision (left) 

1 
0.95 

 

Below the vagina and left 
side 

1 0.95 

Just below the vagina, 
about 1.5cm 

1 0.95 

None 97 
 

92.38 

Total 105 100 
 

❖ Table no 5 and graph 4 the minimum cases of perineal laceration/ trauma were 

observed in the study (8%). 

❖ Graph no 4- Distribution of subjects with perineal lacerations 
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❖ Table no 6- History of pain reported and marked by the subjects during various 

stages  

History of pelvic girdle pain reported by 
participants 

(n=105) 

Stage  Number % 

 During ANC 73 59.52 

 After delivery  45 42.86 

Pain on NPRS  
on day of examination  

64 60.95 

 

 
 

❖ Table no 6 and graph no 5 depict that 73 females had recalled PGP during ANC 

period. 
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❖ Table no 7 and graph no 6 show that 64(60%) subjects reported wide range of 

NPRS score before evaluation on the day of examination.  

 
 

❖ Table no 7-NPRS scores marked by participants on the day of examination  
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NPRS 
Scores 

Number 
 

% 
 

No pain 41 39.04 

With pain 64 60.95 

2 7 10.94 

3 9 14.06 

4 9 14.06 

5 13 20.31 

6 7 10.94 

7 8 12.5 

8 8 12.5 

Total 105 100.0 
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❖ Table no 8- Palpation of tenderness present at pubic symphysis in the sample 

population 

 

Palpation of 

tenderness  

NPRS % 

Present 8 7.62 

Absent 97 92.38 

Total 105 100.0 

Mean ( ± SD) NPRS            7.75 ±  1.39  (Range 2- 9) 

score (n=8)      

 

 

 

❖ Table no 8 and graph no 7  show the no of subjects who presented with 

tenderness at  pubic symphysis which was 8% of the sample. 
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❖ Table no 9 shows no. of subjects who tested positive for Active straight leg 

raise (ASLR) and marked score on NPRS for left side 

 

ASLR test (left) NPRS % 

Positive 64 60.95 

Negative 41 39.05 

Total 105 100.0 

Mean ( ± SD) NPRS            4.02 ±  1.47  (Range 2- 8) 

score (n=64) 

 

❖ Table no 10- No. of subjects who tested positive for and marked score on 

NPRS for ASLR for right side 

 

ASLR test (right) NPRS % 

Positive 61 58.10 

Negative 44 41.90 

Total 105 100.0 

Mean ( ± SD) NPRS            4.03 ±  1.47  (Range 2- 8) 

score (n=64) 

 

❖ Table no 9 and 10 show that 64 females reported pain on NPRS at the time of 

ASLR execution. The NPRS range was 2-8 for left side and 61 were found to 

be positive for right side ASLR. 
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❖ Table no 11 shows no. of subjects who tested positive for Posterior Pelvic 

Pain Provocation test(P4) and marked score on NPRS for left side 

 
 

P4  test (left) NPRS % 

Positive 44 41.90 

Negative 61 58.10 

Total 105 100.0 

Mean ( ± SD) NPRS            4.23 ±  1.99  (Range 1- 8) 

score (n=64)      

 

❖ Table no 12- shows no. of subjects who tested positive for Posterior Pelvic 

Pain Provocation test(P4) and marked score on NPRS for right side 

 

P4  test (right) NPRS % 

Positive 42 40.00 

Negative 63 60.00 

Total 105 100.0 

Mean ( ± SD) NPRS            4.12 ±  2.00  (Range 1- 8) 

score (n=64) 

 

❖ Table no 11 and table 12 depict that most of the subjects did not report pain 

on provocation of postpartum PGP bilaterally. 

 
 



73 
 

❖ Table no 13 shows no. of subjects who tested positive for Gaenslen’s test and 

marked score on NPRS for left side 

 
Gaenslen's Test  

(left)  

NPRS % 

Positive 53 50.48 

Negative 52 49.52 

Total 105 100.0 

Mean ( ± SD) NPRS            4.55 ±  1.85  (Range 1- 8) 

score (n=64)      

 

 
❖ Table no 14 shows no. of subjects who tested positive for Gaenslen’s test 

and marked score on NPRS for right side 

 

Gaenslen's Test 

(right)  

NPRS % 

Positive 50 47.62 

Negative 55 52.38 

Total 105 100.0 

Mean ( ± SD) NPRS            4.70 ±  1.84  (Range 2- 8) 

score (n=64)      

 

❖ Table no 13 and 14 depict that 50% sample had marked pain on NPRS at the 

time of manoeuvring of Gaenslen’s test. The maximum score was 8 on NPRS.  
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❖ Graph no 8 depicts the positive percentage of the three pain provocating 

tests, ASLR had the highest no of positives, then Gaenslen’s followed by 

P4.Also it was noted that left side had a higher percentage for all three tests 

when compared with right the side. 
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❖ Table no 15 and graph no 9 and 10 show that moderate disability due to PGP 

was observed for more no of PNC women 

❖ Table no 15 shows Pelvic girdle Pain Scores and Disability percentages by 

Pelvic Girdle Pain Questionnaire 

PGP scores 

(out of 75) 

 

Number 

(%) 

 

Disability percentage 

 

Mean          Std.Dev. 

 

Up to 9  

30 

(28.6%) 

4.12 ±4.97 

10 to 29 49 

(46.7%) 

25.17 ±7.40 

 

30 & above 26 

(24.7%) 

57.74 ±9.57 

 

Total 105 27.22 ±21.04 
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(n=105) 

Up to 9

10-19

30+



76 
 

 

 

 

❖ Table no 16 and graph no 11 depict the disability score was relatively less 

calibrated for vaginal delivery as compared to caesarean. It was statistically 

significant i.e. more disability score was obtained in women who underwent 

caesarean delivery. 

Table no 16-Comparison of Pelvic Girdle Pain Questionnaire scores   

by mode of delivery of  the study subjects 

Variable 
Mode of 

delivery 
Mean SD P value 

PGPQ scores 

Vaginal 

(n=37) 

 

15.05 15.19 

0.0095, 

Significant Caesarean 

(n=68) 

 

23.33 15.43 
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25.17

57.74
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40
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70

Up to 9 10-19 30+

%

PGPQ scores 

Graph 10-Disability% by PGPQ 
scores 
(n=105) 
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❖ Table no 17 and graph 12 depicts disability percentage was on lower side as 

compared to caesarean delivery. 

 

Table no 17- Comparison of Disability percentages    

by mode of delivery of  the study subjects 

Variable 
Mode of 

delivery 
Mean SD P value 

Disability % 

Vaginal 

(n=37) 

 

20.07 20.26 

0.0095 
Caesarean 

(n=68) 

 

31.11 20.57 

 

0 5 10 15 20 25

Vaginal

Caeserean

15.05

23.33

Mean PGPQ scores

Graph 11-Mean PGPQ scores in Vaginal 
and Caesarean delivery
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❖ Table no 18 shows weak positive  Pearson’s correlation between PGP-NPRS 

score and left side ASLR was established for vaginal as well caesarean 

section whereas right side ASLR showed weak negative correlation with 

caesarean delivery. 

 Table no 18- 

PGP-NPRS score 

correlated 

with ASLR 

Pearson’s 

correlation 

coefficient 

( r ) 

r P value 

ASLR left  

Vaginal 0.2971 0.2469 

Caesarean 0.1145 0.4434 

ASLR right  

Vaginal 0.1042 0.6807 

Caesarean -0.0026 0.9869 

 

 

*Non-significant, weak positive (for vaginal) and negative(for Caesarean) correlations observed 

between PGP scores and NPRS on ASLR  
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❖ Table no 19 shows weak positive Pearson’s correlation was established for 

vaginal delivery bilaterally with PGP-NPRS score  and a weak negative 

correlation was established for caesarean section. 

 

 

 Table no 19- 

PGP-NPRS score 

correlated 

with P4  

Pearson’s 

correlation 

coefficient 

( r ) 

r P value 

P4 left  

Vaginal 0.4658 0.2922 

Caesarean -0.0539 0.7512 

P4  right  

Vaginal 0.0219 0.9590 

Caesarean -0.1289 0.4674 

 

*Non-significant, weak positive (for vaginal) and negative (for Caesarean) correlations observed 

between PGP scores and NPRS on P4 
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❖ In table no 20 Gaenslen’s could establish weak negative correlation for 

vaginal and caesarean for right side but the left side demonstrated weak 

positive correlation.  

 

 

Table no 20- 

PGP-NPRS score 

correlated 

with  

Gaenslen’s  

Pearson’s 

correlation 

coefficient 

( r ) 

r P value 

Gaenslen’s left  

Vaginal -0.1575 0.7095 

Caesarean 0.1042 0.4958 

Gaenslen’s  right  

Vaginal -0.4599 0.2129 

Caesarean  -0.1153 0.4730 

 

*Non-significant, weak and negative correlations observed between PGP scores and NPRS on 

Gaenslen’s  

 

❖ Overall conclusion from correlation analysis- 

❖ Pearson’s correlation coefficient ( r ) suggested almost a weak, positive but 

non-significant correlations for Vaginal deliveries and weak, negative  but  

non-significant correlations  for Caesarean delivery.  
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ANNEXURES 

 

ANNEXURE I(a) 

 

Proforma 

 

Name: 

Age: 

Height: 

Weight: Pre-Gestational- 

             On the day of delivery- 

             On the day of examination- 

BMI: 

Marital Status: 

Gravida: 

Parity: 

Abortion(if any): 

Obstetric formula: G P A L 

Age of first Delivery: 

Weight of baby-  
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Obstetric procedure exposure group 

Mode of delivery- 

If vaginal then: 

Forceps- Yes/ No   Episiotomy- Yes/No 

Non interventional – Yes/No  

If Caesarean then: 

Emergency- Yes/no  

Reason- 

Elective- Yes/No 

Reason- 

Any History of: 

Perineal Laceration- Yes/No 

Any other trauma during delivery- 

Pain History: 

Pain before pregnancy- Yes/No 

If yes then, 

Site- 

Type- 

Duration- 

Aggravating factors- 
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Relieving factors- 

Pain during pregnancy- Yes/No 

If yes then, 

Site- 

Type- 

Duration- 

Aggravating factors- 

Reliving factors-  

Pain post-partum – Yes/No 

If yes then, 

Intensity on NPRS- 

Palpation of Pubic Symphysis – Tenderness- Present/Absent    

Pain on NPRS- 

Pain Provocating Tests: 

Active Straight Leg Raise Test(ASLR) 

Pain on NPRS- 

Posterior Pelvic Pain Provocating Test (P4) 

Pain on NPRS- 

Gaenslen’s Test 

Pain on NPRS- 
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ANNEXURE I(b) 

 

Active Straight Leg Raise (ASLR) Test – it is a loading test which is used to 

assess pain provocation and the ability to load the pelvis through the limb. 

 

Patient Position – Supine  

Therapist Position- By the side of the patient 

Procedure- the patient is asked to raise one leg without bending the knee 20 cm from 

the plinth. The test will be considered positive if there is a familiar and localised pain 

(in the following regions- 2cm below the L5 vertebrae, on the posterior superior iliac 

spine or between them, from the PSIS to the gluteal folds, on and between the pubic 

symphysis to the levator ani or the ischial tuberosity and between the 2 anterior 

superior iliac spine), there is inability to raise each leg to a comparable height or a 

poor ability to resist downward pressure. 38 

 

Reliability and validity: sensitivity of the test is reported to be 0.87 and specificity 0.94, 

hence it is a suitable test for diagnosing sacroiliac stability 40,41 
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ANNEXURE I(c) 

 

The Posterior Pelvic Pain Provocation(P4) test 

 

The posterior pelvic pain provocation test is a pain provocation test used to determine 

the presence of sacroiliac dysfunction. It is used (often in pregnant women) to 

distinguish between pelvic girdle pain and low back pain. It is also known as Thigh 

Thrust, Sacro-tuberous and Posterior Shear test. 

Patient Position-Supine lying 

Therapist Position- at the side of the patient 

Procedure- the patient lies supine while the therapist passively flexes the hip(with 

knee bended) on the test side to 90°, placing one hand above the knee and one 

hand on the opposite ASIS for stabilization. The therapist then applies a thrust in the 

downward direction(longitudinally). If the patient responds to pain at the sacroiliac 

joint then the test is considered positive. The charting  will be done as no pain- 

negative, unilateral positive, bilateral positive and the pain will be recorded on 

NPRS.24 

Reliability and Validity- the sensitivity of the test was found to be 69% and specificity 

of the test was found to be 88% , hence the test is reliable for testing sacroiliac joint 

dysfunction or pathology.40,41 
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ANNEXURE I(d) 

Gaenslen’s Test 

 

 

Gaenslen's Test is one of the five provocation tests that can be used to detect 

musculoskeletal abnormalities and primary-chronic inflammation of 

the lumbar vertebrae and sacroiliac joint. an indicate the presence or absence of 

a SIJ lesion, pubic symphysis instability, hip pathology, or an L4 nerve root lesion. It 

can also stress the femoral nerve. 

Patient Position- supine near the edge of the table 

Therapist Position- near the edge of the table 

Procedure- the patient is instructed to bend the hip and knee of the opposite leg and 

bring it towards his/her test, which is stabilised by the therapist, and the therapist 

then lowers the other leg into extension. Pain on the ipsilateral side( buttock, 

sometimes groin, posterior thigh )indicates Sacro iliac joint pathology. Pain will be 

recorded on the NPRS and will be charted as no pain- negative, unilateral positive, 

bilateral positive. 
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Reliability and Validity- the test has been found to have a specificity of 71% and 

77%, and sensitivity of 53% and 50%, hence the test is reliable and validated for 

diagnosis of pelvic girdle pain.40,41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



96 
 

ANNEXURE I(e) 

 

Numerical Pain Rating Scale (NPRS) 

 

It is a unidimensional measure of pain intensity. The NPRS 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.43,44,45 The 

common format is a horizontal bar or line. Similar to the VAS, the NPRS is anchored 

by terms describing pain severity extremes.46,47 
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ANNEXURE I(f) 

 

Pelvic Girdle Pain Questionnaire 

 

The Pelvic Girdle Pain Questionnaire is a tool specifically developed for 

assessing activity limitations and symptoms for patients with Pelvic girdle pain 

during pregnancy and post-partum. It is a condition specific Self-report 

questionnaire of 20 activity items and 5 symptom items scored on a 4-point 

response scale. Each question is scored from 'Not at all' (0) to 'To a large extent' 

(3). Questions on the activity sub-scale range from difficulty with dressing, 

climbing stairs, doing housework, rolling in bed to pushing a shopping cart. Item 

scores are summed and transformed to yield a score of 0 to 100, where 100 is 

the worst possible score.50 

 

 

 Reliability and Validity : The pelvic girdle pain questionnaire has been validated 

and has been found to be reliable for the assessment of pelvic girdle pain during 

pregnancy and post-partum.50 
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ANNEXURE I(g)- PEN 

  

 

 

ANNEXURE I(h)-Digital Weighing machine 

 

 

 

 

Brand- Hoffen 

Item weight- 1.4kgs 

Weight limit- 180kgs 

Item Dimensions (L x W x H)-28 x 28 x 4 cm 

Features- high precision strain gauge sensor system 

Tempered glass 280 x 280 mm 

Capacity- 2.3 -180 kg 
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ANNEXURE I(i)-Stature Meter 

 

 

 

 

ANNEXURE I(j)-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 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 of post-partum females in 

the 6th week of their postpartum period and are voluntarily willing to participate in this 

study.  

 

Responsibilities:  

The researcher had obtained written informed consent from all the participants who 

were volunteering to be the part of this study.  

 

Procedure:  

1. The researcher recruited participants – women who were in their 6th week of 

their postpartum period. 

2. The investigator explained the procedure of the study  to allay apprehension 

and answer all the queries of the participant. 

3.  If the participant had decided to participate then they were consented 

according to the standard operational procedure. If the participant expressed 

interest but had some doubts in that case they were solved.  
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4. If the participants  were comfortable with the explanation then they filled the 

informed consent according to standard operational procedure. 

5.  Study procedures were initiated after the participant’s consent.  

 

7.  Detailed medical and any other physical problem history were obtained from 

the participants so as to verify the inclusion and exclusion criteria.  

 

8. Procedure was explained to the husband or to their present family members  

before giving the consent. 

 

 

General information to research participants:  

1. Name:  

    Age:  

    Date: 

 

2. You would be required to fill the questionnaire during the study and the purpose of 

the research is to study “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” 

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.  
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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:  
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13. Name of Guide:  

      Phone number:  

      Address:  

 

14. Name of Institution: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



113 
 

मरीजों की जानकारी पत्र 

 

उद्देश्य : 

यह सुनिश्श्ित करिे के लिए की लिखित सूचित सहमनत  ऑय सी ऍम आर की नियलमक 

आवश्यकताओं के अिुसार प्रनतभाचियों से प्राप्त की ियी है और  ऑय ई सी द्वारा 

अिुमोददत ककआ िया है । 

स्कोप : 

इस मािक पररिािि प्रकिया मे केवि  वही मदहिाये श्ििका डििीवरी के बाद का छटवा 

हफ्ता शुरू है और स्वेच्छा से इस अध्ययि मे भाि िेिे क लिए तैयार है  । 

दानयत्व : 

शोधकताा इस अध्ययि का दहस्सा बििे वािे सभी प्रनतभाचियों से लिखित सूचित सहमनत 

प्राप्त करेिा । 

प्रकिया : 

१. शोधकताा केवि उन्ही मदहिाओं का ियि करेिी श्ििका डििीवरी क बाद का छटवा 

हफ्ता शुरू है। 

२. अन्वेषक आशंका दरू करिे और प्रनतभािी के सभी प्रशिो का उत्तर देिे के लिए 

प्रयोिात्मक प्रोटोकॉि की व्याख्या करेिा । 
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३. यदद भािीदार भाि िेिे का फैसिा करती है तो उन्हें मािक पररिािि प्रकिया क अिुसार 

सहमनत दी िाएिी । 

४. यदद भािीदार रूचि को व्यक्त करता है िेककि उस मामिे मे कुछ संदेह है तो उन्हें हि 

ककआ िाएिा । 

५. यदद प्रनतभाचियों को स्पष्टीकरण के साथ सहि है तो वे मािक पररिािि प्रकिया के 

अिुसार सूचित सहमनत भरेंिे । 

६. भािीदारी की चितंा के बाद अध्ययि प्रकियाए शुरू हो िाएंिी । 

७. ववस्ततृ चिककत्सा और ककसी भी अन्य शारीररक समस्या का इनतहास प्रनतभाचियों से 

प्राप्त ककए िायेिा ताकक शालमि ककए िािे और बदहष्करण मािदंि को सत्यावपत ककआ िा 

सके । 

८. यदद भािीदार इस िािकारी पर अपिे पररवार के सदस्यों पर ििाा करिा िाहता है तो वे 

सहमनत देिे से पहिे ऐसा करिे का हक़दार है । 

प्रनतभाचियों को अिुसंधाि के लिए सामान्य िािकारी: 

१) िाम : 

    उम्र : 

   ताररक : 
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२) आपको सहमनत पत्र को भरिा होिा और अिुसंधाि के उद्देश्य  से " एसोलसएशि ऑफ़ 

पेश्ववक चििािे पेि एंि मोि ऑफ़ डििीवरी इि लसक्स्थ वीक पोस्टपाटाम वीमेि ववथ रेस्पेक्ट 

टू पेि प्रोवोकेशि टेस््स - ऍि एिालिदटकि िॉस सेक्शिि स्टिी " 

३) यदद आप स्वेच्छा से भाि िेिा िाहते हैं तो आपको पररक्षण पूरा होिे तक कायावाही 

भरिे के समय से हमारे साथ भती कराया िाएिा । 

४) यदद आप अवचध के दौराि असुववधाििक है तो कृपया हमें बताए ताकक हम आपकी 

मदद कर सकें  और ककसी भी अयोग्य प्रभाव के बबिा आपकी समस्याओं को दरू कर सकें  । 

५) आपको कोई प्रनतपूनत ा व क्षनतपूनत ा िहीं दी िाएिी । 

६) अिर ककसी भी समय आप इस शोध अध्ययि को बंद करािा िाहे तो आप ऐसा करिे क 

लिए सवततंत्र है और हमारे पक्ष मे कोई बाधािहीं होिी । 

७) सहमनत क पत्र प्राप्त करिे से पहिे अध्ययि, िोखिम , असुववधा , फायदे और िुकसाि 

का वववरण आपको समझाया िाएिा । 

८) इस अध्ययि से प्राप्त िाटा को िोपिीय रूप से संरक्षक्षत और सुरक्षक्षत ककआ िाएिा और 

अिर तस्वीर का इस्तेमाि ककआ िाये तो आपकी पहिाि प्रकट िहीं होिी । यदद तस्वीर 

प्रकालशत की िाती है तो अिुमनत प्राप्त की िाएिी । 
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१०) यदद आप थका हुआ या परीक्षा को पूरा करिे मे असमथा महसूस करते है तो आपको 

चितंा करिे की आवश्यकता िहीं है और हमें यह बताए की आवश्यक कदम आरम्भ ककए िा 

सकते है । 

११) यदद आप ककसी भी क्षण संतुष्ट िहीं है तो आप ककसी भी समय ककसी भी पररणाम के 

बबिा आप अध्ययि से निकि सकते है । 

१२) शोधकताा का िाम : 

      फ़ोि िंबर : 

       पता : 

१३) िाइि का िाम: 

      फ़ोि िंबर : 

      पता : 

१४)संसथाि का िाम : 
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रुग्ाांची माहिती पत्रक 

 

उद्देशः 

आयसीएमआरच्या नियामक आवश्यकता आखण आयईसीिे मान्यता ददिेवया मादहतीिुसार लिखित 

मादहती ददिी आहे. 

व्याप्ती:  

या मािक ऑपरेशिि पद्धतीत  ६व्या आठवड्यात डिलिव्हरी िंतर मदहिा समावेश आहे आखण ह्या 

अभ्यासात सहभािी होण्यास स्वेच्छेिे इच्छुक असतात. 

िबाबदारी: 

संशोधक या अभ्यासािा भािहोण्यासाठी स्वयंसेवा करणायाा सवा सहभािींिे िेिी ज्ञात सहमतीप्राप्त 

करतीि 

कायापद्धती: 

1. संशोधक येथे ६व्या आठवड्यात डिलिव्हरी िंतर मदहिा निविेि 

2.तपासिीस आक्षेप दरू करण्यासाठी आखण सहभािींच्या सवा प्रश्िांिी उत्तरे देण्यासाठी प्रायोचिक 

प्रोटोकॉििे स्पष्टीकरण करेि. 

3. सहभािीिे सहभािी होण्यािा निणाय घेतिा तर ते मािक संिािि प्रकियिुसार संमती देईि. 

4. िर सहभािीिे रूिी व्यक्त केिी परंतु त्यात काही शंका असतीि तर ते सोिवतीि. 
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5.सहभािी िर स्पष्टीकरण सोयीस्कर असतीि तर ते मािक संिािि प्रकियेिुसार सूचित संमती 

भरतीि. 

6. सहभािींच्या चितंेच्या िंतर अभ्यास प्रकिया सुरू होईि. 

7.समाववष्ट आखण बदहष्कार निकष सत्यावपत करण्यासाठी म्हणूि तपशीिवार वैद्यकीय आखण 

इतर कोणत्याही शारीररक समस्या इनतहास प्राप्त केिे िाईि. 

8.िर सहभाग्यािे आपवया कुटंुबीयांिा या मादहतीवर ििाा करायिी असेि तर त्यांिा संमती 

देण्यापूवी असे करण्यािे अचधकार आहेत. 

सहभािींिा संशोधि करण्यासाठी सामान्य मादहती: 

1. िाव: 

   वय: 

 तारीि: 

2.आपवयािा परफॉम्याा भरणे आवश्यक आहे आखण संशोधिािा हेतू” एसोलसएशि ऑफ़ पेश्ववक 

ििाि पेि एंि मोि ऑफ़ डििीवरी इि लसक्स्थ वीक पोस्टपाटाम  वूमेि ववथ रेस्पेक्ट तो पेि 

प्रोवोकेशि टेस््स - ऍि  एिालिदटकि िॉस-सेक्शिि स्टिी “ हा अभ्यासकरणे आवश्यक आहे. 

3.िर आपण स्वेच्छेिे अभ्यासात सहभािी होऊ इश्च्छत असाि तर िािणीपूणा होईपयतं आपण 

कायाप्रदशाि भरण्यापासूिि आपवयाकिूि िोंदणी करणे अपेक्षक्षत आहे. 
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4.या काळात तुम्ही अस्वस्थ आहात तर मि कृपया आम्हािा कळूद्या िेणे करूि आम्ही आवयास 

मदत करू आखण आपवया समस्येवर कोणत्याही अयोग्य प्रभावालशवाय मात करू शकू. 

5. आपवयािा कोणतेही परतावा आखण िुकसाि भरपाई ददिी िाणार िाही. 

6.कोणत्याही क्षणी िर आपणया संशोधि अभ्यासातूि थांबू इश्च्छत असाितर आपण तसे करण्यास 

मुक्त आहात आखण आपवयाबािूिे कोणतीही अिथळािसता. 

7. संमती पत्र प्राप्त करण्यापूवी अभ्यासािी िोिीम,अस्वस्थता, फायदे आखण तोटे यांिा तपशीि 

आपवयािा स्पष्टकेिा िाईि. 

8.या अभ्यासातूि प्राप्त झािेिा िेटा िुप्तपणे संरक्षक्षत आखण देिरेिकेिा िाईि आखण िर 

छायाचित्रवापरिे असेि तर आपिी ओळि प्रिट होणार िाही. छायाचित्र प्रकालशत झावयास 

परवाििी प्राप्त होईि. 

9.या अभ्यासासाठी आवश्यक असिेवया ववववध िािणी प्रकियेिे सवा िोिूि आपवयािा 

स्पष्ट केिे िाईि आखण त्यािुसार संमती ददिी िाईि. 

10.आपण थकवयासारिे ककंवा आपण पूणा काळिी घेण्यास असमथा वाटत असवयास आपवयािा 

काळिी करण्यािी िरि िाही आखण आवश्यकती पाविे उििता येतीि यािी आम्हािा मादहतीद्या. 

11.आपण कोणत्याही क्षणी समाधािी िसवयास आपण कोणत्याही पररणामां लशवाय कधीही काढू 

शकता. 

12. संशोधकािे िाव: 
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    फोििंबर: 

    पत्ता: 

13. मािादशाकांिे िाव: 

      फोि िंबर: 

      पत्ता: 

14. संस्थेिे िाव: 

 

 

. 
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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: 
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सिमतत पत्र 

 

  मैं .................................................... मरेी पूणा सहमनत से इस शैक्षखणक अध्ययि हेतु 

परीक्षण में सहभािी हो रही हु। अध्ययि परीक्षण का ववषय " एसोलसएशि ऑफ़ पेश्ववक 

ििाि पेि एंि मोि ऑफ़ डििीवरी इि लसक्स्थ वीक पोस्टपाटाम  वूमेि ववथ रेस्पेक्ट तो पेि 

प्रोवोकेशि टेस््स - ऍि  एिालिदटकि िॉस-सेक्शिि स्टिी "  

मुझे अध्ययि परीक्षण के लिए िििे वािा समय , सभी पद्धनत वैधककया परीक्षण और 

नियमों के बारे में मुझे  पहिे से बताया िया है। 

शोधकताा शोधनिबन्धक  िे मुझे पहिे से ही ववश्वास ददिाया है के ककसी भी प्रकार क 

दषु्पररणाम  बबिा अध्ययि परीक्षण दरलमयाि मुझे अच्छी सुव्यवस्था लमिेंिी और मेरे तरफ 

से अध्ययि परररक्षण के सवा अचधकाररयों की ववश्वसिीयता स्वरूप से िुप्तता रािी िाएिी / 

रहेिी।अध्ययि पररक्षण मे िििे वािे सभी परीक्षा क लिए मेरा ववरोध िहीं है और मेरी पूरी 

अिुमनत है। 

 

स्थाि  व ताररि : 

 

हस्ताक्षर: 
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                                                                 सांमती पत्र 

 

मी  .....................................................  माझ्या पूणा संमतीिे या शैक्षखणक अध्ययि " 

एसोलसएशि ऑफ़ पेश्ववक ििाि पेि एंि मोि ऑफ़ डििीवरी इि लसक्स्थ वीक पोस्टपाटाम  

वूमेि ववथ रेस्पेक्ट तो पेि प्रोवोकेशि टेस््स - ऍि  एिालिदटकि िॉस-सेक्शिि स्टिी "  

परीक्षणात सहभािी होत आहे  । 

 

मिा दरम्याि होणा या अध्ययि परीक्षणा साठी िािणार वेळ सवा  पद्धती वैद्यकीय  

नियमांबाबत संपूणा कवपिा मादहती पुरववण्यात आिी आहे ।  शोधकत्याािे मिा आधीि िात्री 

ददिी आहे कक कोणत्याही दषु्पररणाम ववषयी अध्ययि दरम्याि मिा िांििी वािणूक लमिेि 

आखण माझ्याकिूि अध्ययि परीक्षणािे सवा अचधकारािी ककंवा ववश्वसिीय िुप्तता रािण्यात 

येईि । 

अध्ययि परीक्षणािा िािणार  या  सवा  परीक्षेकररता  माझा ववरोध  िाही  । 

सहमती स्वीकृती आहे । 

स्थाि व तारीक : 

परीक्षाथींिी  स्वाक्षरी : 
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ANNEXURE III 

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 in your estimated 

institute. 

My research topic is “ASSOCIATION OF PELVIC GIRDLE PAIN AND MODE OF 

DELIVERY IN 6TH WEEK POSTPARTUM WOMEN WITH RESPECT TO PAIN 

PROVOCATION TESTS- AN ANALYTICAL CROSS-SECTIONAL STUDY” 

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, 
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ANNEXURE IV 

TIMELINE/GANTT CHART 

   

1) September - 

October  2018 

Selection of Topic 

2) October -  

November  2018 

Formulation of research 

question 

3) November – 

December 2018 

Formulation of aims and 

objectives 

4) December 2018- 

January 2019 

Hypothesis and null 

hypothesis 

5) December 2018- 

January 2019 

Research Protocol 

6) December 2018- 

January 2019 

Research Designing 

7) September 2018- 

January 2019 

Review of Literature 

8) November 2018- 

January 2019 

Methodology formulation 

9) November 2018- 

January 2019 

Study designing 

10) November 2018- 

January 2019 

Study setting 
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11) November 2018- 

January 2019 

Sample size estimation 

12) November 2018- 

January 2019 

Selection of study tools 

and instruments 

13) December 2018- 

January 2019 

Method of data collection 

14) December 2018- 

January 2019 

Data management and 

analysis 

15) December 2018- 

January 2019 

Statistical tests 

16) January 2019 Compilation of Synopsis 

17) January 2019 Ethical clearance 

18) January 2019- 

February 2019 

Incorporation of 

suggestions by IEC 

19) February 2019 BORS approval 

20) March 2019 Submission of synopsis  

21) 31st May 2019 Received approval from 

university  

22) June 2019-July 

2020 

-Collection of data 

-Preparation of excel sheet 

-Screening of data 

-Encryption of data 

-Search for more literature 
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23) August 2020 -Analysis and 

Management of data 

-Obtaining the final result 

-Preparing the manuscript 

for completion of 

dissertation 

24) September 2020 Submission of dissertation 

to MUHS 
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ANNEXURE V 

MASTERSHEET 
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ABBREVIATIONS:   

  

1. BMI: Body Mass Index   

2. BP: Blood pressure   

3. RR: Respiratory Rate   

4. PR: Pulse rate   

5. WHO: World Health Organization   

6. ATS: American Thoracic Association   

7. ACSM: American College Of Sports Medicine   

8. 6MWT: 6 Minute Walk Test   

9.PH : physical health 

10.RLDTPH: Role limitation due to physical health 

11.RLDTEP: role limitation due to emotional problems 

12. E/F : energy fatigue 

13. EWB : Emotional well being 

14.SF : social functioning 

15. GH : general health 
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                                       INTRODUCTION  

World health organization in the year 2013 defined hypertension as high 

or raised blood pressure, which is created by the force of blood pushing 

against the walls of blood vessels 1. 

Hypertension is ranked as the third most important risk factor and it exerts 

a substantial public health burden on cardiovascular health status .As per 

Indian Council of Medical Research (ICMR) hypertension is estimated to 

account for 10.8% of deaths2. The overall prevalence of hypertension is 

29.8% in India. Due to high prevalence of hypertension among the middle 

age adults, there is a concern about hypertension in middle age group3. 

According to AMERICAN HEART ASSOCIATION 2017 guidelines blood 

pressure is classified as follows4 

Category Systolic  Diastolic 

Normal <120 mm Hg And <80 mm Hg 

Elevated 120-129 mm  Hg And/or <80 mm Hg  

Stage 1 hypertension 130-139 mm Hg And/or 80-89 mm Hg 

Stage 2 hypertension ≥140 mm Hg And/or ≥90 mm Hg 

. 
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Pathophysiology 

1)   Hypertension causes increased cardiac output and the Factors 

involved in increased cardiac output are as follows: 

a) Renal sodium retention 

Excessive sodium retention by the kidney leads to decreased filtration 

surface area which results in  decreased nephron number or Filtration 

surface area per glomerulus. 

 b) Resetting of pressure natriuresis    

A change in pressure causes rise in systolic blood pressure which evoke’s 

further sodium retention.  

ii) Excess sodium intake 

Excess sodium intake causes hypertension by increased fluid volume    

and preload thus increasing cardiac output and it also has effect on 

vascular reactivity and contractility. The inter salt study has verified the 

ability of dietary salt to elevate blood pressure in some populations (salt 

sensitive)  but not in all individuals. Sodium sensitivity of some individuals 

may also play a pivotal role. Thus sodium pump inhibitor is responsible for 

volume expansion in hypertension. 

 

 iii) Renin angiotensin system 

The renin angiotensin system plays an important role in salt and water 

homeostasis and blood pressure control. Inappropriate release of renin   
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culminates in the formation of angiotensin II which is also responsible for 

hypertension. 

 iv) Sympathetic nervous over activity 

The sympathetic nervous system directly or indirectly determines the state 

of cardiac output and systemic vascular resistance. Thus excessive 

activity of sympathetic nervous system may increase the blood pressure 

and also augment renin released 

II) Increased peripheral resistance 

The final common feature of established hypertension is raised peripheral 

resistance that can be associated with functional constriction, structural 

vascular remodeling and hypertrophy. Direct mediation and interaction of 

numerous growth factors such as angiotensin II and insulin like growth 

factor, endothelium derived relaxing factor, prostaglandins and endothelin 

may also be involved5. 

 

 

Functional capacity 

Functional capacity is defined as the ability of a person to perform aerobic 

work during maximum oxygen intake. It is also useful in monitoring 

patient’s progress and also predicts the prognosis of a disease .Many 

studies have stated that functional capacity is markedly reduced in 

hypertensive patients due to altered physiology.   
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Six minute walk test is the most preferred test to assess functional 

capacity in hypertensive patients.  Many studies have used six minute 

walk test to predict the functional capacity in hypertensive patients and 

found that functional capacity is markedly reduced in hypertensive 

patients6. Distance walked during six minutes has been the one of the 

most useful parameter to assess functional capacity in the patients with 

hypertension7. 

Pathophysiology behind reduced functional capacity in 

hypertensives: 

The reasons for decreased functional capacity are enumerated below: 

Systemic circulation and exercise in arterial hypertension  

 The adequate response of the systemic circulation to exercise is 

increased cardiac, stroke volume index and decreased systemic vascular 

resistance. Hypertrophic remodeling of small arteries and arterioles as 

well as reduction of pre capillary arterioles, leads to increased resistance 

and mean blood pressure. This further increases arterial stiffness and 

pulse pressure which induces elevation of blood pressure during exercise 

in arterial hypertensives  .The arteriolar remodeling in arterial 

hypertension, consequent changes in wall /lumen ratio, and capillary 

rarefaction also decreases vasodilatation  during  exercise , which 

contributes to lower exercise capacity. Thus increased systemic 

resistance leads to a reduction in cardiac output which further decreases 

oxygen uptake and results in reduction of functional capacity in 

hypertensive patients.  
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Impact of left ventricle on exercise capacity in arterial hypertension 

 The cornerstone of the relationship between the left ventricle and 

functional capacity is myocardial perfusion reserve which is significantly 

reduced in hypertensive patient. The second reason that could explain 

impaired functional capacity in arterial hypertensive patients is certainly 

increased peripheral resistance, which initiates a cascade i:e  it increases 

systolic blood pressure, prolong myocardial relaxation increases left 

ventricular stiffness and filling  pressure which induces left ventricular 

diastolic dysfunction, Thus Increased left ventricular volumes, causes left 

ventricular hypertrophy  and decreases cardiac output.  

Impact of left atrium on exercise capacity in arterial hypertension  

 Increased left ventricular filling pressure, often present in arterial 

hypertensive patient, contributes to left arterial dysfunction and dilatation 

which further deteriorates left ventricular diastolic filling and decreases 

cardiac output during exercise. Mitral filling pattern significantly correlates 

with exercise capacity in arterial hypertensives , it is thus said that 

exercise capacity and  arterial hypertension is affected long before left 

arterial dysfunction becomes apparent. 

Pulmonary circulation and exercise in arterial hypertension  

 Pulmonary circulation is characterized by low pressure and high blood 

flow. High blood flow during exercise could be associated with pulmonary 

blood pressure (40-50mmhg), as well as high capillary pressure (20-

25mmhg). Considering   the fact that cardiac output during exercise is six 

times greater than that in resting condition, and that oxygen uptake is up 

to 20 times beyond resting values , thus it shows why pulmonary 
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circulation  is under significant stress while trying to maintain the normal 

function of the right ventricle .  

Impact of right ventricle on exercise capacity in arterial hypertension 

The right ventricle has been considered as dispensable heart chamber for 

overall cardiac function for a very long time. Previous studies that 

investigated patients with heart failure, the general population or athletes 

showed that different parameters of right ventricular systolic function are 

associated with peak oxygen uptake. Thus, it is reasonable to assume that 

a similar relationship exists also among arterial hypertensive patients, 

which could partly explain decreased functional capacity in these patients. 

Effect of antihypertensive medicines on functional capacity 

 Antihypertensive medications such as α-blockers, calcium channel 

blockers, and vasodilators may lead to sudden excessive reductions in 

post exercise blood pressure. Therefore, termination of the exercise 

should be gradual, and the cool-down period should be extended and 

carefully monitored until blood pressure and heart rate return to near 

resting levels8. 

Health related quality of life 

Health- related quality of life refers to how heath impacts an individual’s 

ability to function and his /her perceived well- being in physical, mental, 

social domains of life. 

Health related quality of life determines patient  assessment and  

important aspects of well being that are currently affected by disease and 

treatment 
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Health related quality of life instrument is of two types generic instrument 

and disease specific instrument. Generic instrument is applied to measure 

health related quality of life across various health conditions. Disease 

specific instrument is used to measure a specific disease or group of 

diseases. These instruments are multi-dimensional, subjective and value 

based, dynamic, defined in terms of perceived status and involves 

individual’s perception of both positive and negative dimensions. These 

instruments were single item global ratings initial, changed to more 

lengthy and extensive surveys of well-being. 

The health related quality of life is used to understand the effect of disease 

on the quality of living of patient. It is used in population surveys of 

perceived health problems or other aspects of health service or evaluation 

research. 

It has been incorporated in health surveillance and are considered valid 

indicators of health needs 9. 
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RATIONALE OF STUDY 

Many studies have assessed quality of life in hypertensive patients using 

short form 36 and found that quality of life is markedly reduced in 

hypertensive patients. Physical component score and mental component 

score of health related quality of life is markedly impaired in hypertensive 

patients10.  

.Kazuma yagi et al, studied the association between six minute walk test 

parameters and the health related quality of life and concluded that 

Physical component score showed a significant association with 6 minute 

walk distance11.  Very few studies are available on the association of 

functional capacity and quality of life in hypertensive patients in Indian 

scenario. Hence an effort is made to find out the association of functional 

capacity and quality of life in hypertensive patients. 
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Primary Research question 

Is there any association of RAND 36- item health survey 1.0 questionnaire 

and functional capacity in stage 1 and stage 2 hypertensives? 

Null Hypothesis  

There is no significant association of RAND 36- item health survey 1.0 

questionnaire and functional capacity in stage 1 and stage 2 

hypertensives. 

Alternate Hypothesis 

There is a significant association of RAND 36- item health survey 1.0 

questionnaire and functional capacity in stage 1 and stage 2 

hypertensives.
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                                        Review of literature  

1. WORLD HEALTH ORGANIZATION in the year defined 

hypertension as high or raised blood pressure, which is created by 

the force of blood pushing against the walls of blood vessels 1. 

2. Indian council of medical research, department of health research-

ministry of health and family welfare government of india 

(2018)Hypertension is attributable to 10.8%of all deaths in india2 

3. Raghupathy anchala et al(2014).studied the prevalence awareness 

and control of hypertension. In this study he found out overall 

prevalence of hypertension in India was 29.8%.overall estimates for 

prevalence, awareness and control of hypertension was 25.3% 

,25.1% and 10.7%in rural India and 42.0%,37.6%and 20.2% in 

urban india 3 

4. Paul k, wheltot.et,al (2018)journal of the American college of 

cardiology classified hypertension as systolic blood pressure <120 

mm Hg and diastolic blood pressure <80 mm Hg is normal.SBP 

120-129 mm Hg and DBP<80 mm Hg is termed as elevated. SBP 

130-139 mm Hg and DBP 80-89 mm Hg is termed as stage 1 

hypertension. SBP ≥140 mm Hg  and DBP ≥ 90 mm Hg is termed 

as stage 2 hypertension4 

5. API TEXTBOOK OF MEDICINE (10TH EDITION )defined blood 

pressure as the product of cardiac output and peripheral resistance 

.The pathophysiology  behind hypertension is excess sodium 

intake, renal sodium retention, resetting of pressure natriuresis, 

renin – angiotensin system, sympathetic nervous over rectivity, 

increased peripheral resistance5 
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6. Awotidebe et al, (2016) assessed functional capacity in patients 

with hypertension using the six minute walk test . The study states 

that functional capacity (FC) is useful in monitoring patient’s 

progress and also predicts the prognosis. Functional capacity was 

assessed using maximum oxygen consumption (VO2max) using 

the ACSM predictive equation during level ground walking. VO2 

max = Speed (m/min)×0.1+3.5mL/O2/kg/min There was a 

significant inverse correlation between functional capacity and body 

mass index. The study concluded that functional capacity is 

markedly reduced in hypertensives6. 

7. Rodrigo de assis ramos et al.(2013) studied six minute walk test 

(6MWT) for assessment of functional capacity in adults with 

hypertension focusing on walked distance (6minute walk distance) 

and blood pressure .Results from the studies suggest that there is 

preservation of the 6 minute walk distance in mild stage of 

hypertension , whereas significant lower values were found  in the 

more severe stage of hypertension or in presence of comorbities7 

8. Marijana tadic et al (2014) studied the pathophysiology of reduced 

functional capacity in arterial hypertension. This study has shown 

that peak oxygen consumption has been reduced in hypertensive 

patients but the mechanism is unclear. Left ventricular systolic and 

diastolic dysfunction as well as left ventricular hypertrophy is 

associated with lower functional capacity in patients with arterial 

hypertension. The study also showed that anti hypertensive 

medications also results in a reduced functional capacity in 

hypertensives8. 

9. Manthan dilipkumar janodia(2016) studied the health related quality 

of life measures in health delivery system .The study mentioned the 
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use of two kind of instruments to measure health related quality of 

life .  Two types of instruments are generic instrument and disease 

specific instrument. These instruments are multi-dimensional, 

subjective , value based ,dynamic, defined in terms of perceived 

status and involves individuals perception of both positive and 

negative dimensions. The study concluded that health related 

quality of life has been incorporated in health surveillance and are 

considered valid indicators of health needs9. 

10. Sattanathan kaliyaperumal et.al (2016) assessed the quality of life 

in hypertensive patients .The aim of the study was to assess the 

quality of life using SF 36 in the hypertensive patients and to 

evaluate the functional capacity , physical aspect, pain, general 

health , vitality ,social aspect, emotional aspects and mental health 

of patient. The study concluded that physical and mental health are 

markedly impaired in hypertension and co morbidity further 

deteriorates health related quality of life among hypertensive 

patients1 

11.  Kuzuma yagi et al (2018) studied association between six minute 

walk test parameters and the health related quality of life in patients 

with pulmonary mycobacterium aviam complex disease. The study 

investigated the relationship of 6 minute walk test parameters  with 

clinical parameters ,including pulmonary function and health related 

quality of life, which was assessed using the 36-item short form 

health survey .findings suggest that 6 minute walk distance and the 

final borg scale score are useful parameters for evaluating health 

related quality in patients with pulmonary mycobacterium avium 

complex11 
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12. Geetika verma et.al (2011) studied health related quality of life and 

six minute walk distance in patients with idiopathic pulmonary 

fibrosis .The study concluded that 6 minute walk distance was 

associated with health related quality of life among patients with 

idiopathic pulmonary fibrosis 12 

13. Josiane lima de gusmao et.al(2009):studied health related quality of 

life and blood pressure control in hypertensive patients with and 

without complications. The study concluded patients with 

complicated group showed decrease in quality of life as compared 

to not complicated group13 

14.  American college of sports medicine Antihypertensive 

medication such  as α-blockers, calcium channel blockers, and 

vasodilators may lead to sudden excessive reductions in post 

exercise test BP. Therefore, termination of the exercise should 

be gradual, and the cool-down period should be extended and 

carefully monitored  until BP and HR return to near resting 

levels14 

15. Watesinee kaewkhuntee et al(2015)studied the correlation of short 

form 36,energy expenditure and six minute walk test in .The study 

showed a positive correlation of physical capacity and health 

related quality of life  in the post operative 

patients(r=0.45,p<0.001)15. 

16. Ron D Hays et. al (2001) studied RAND 36 measure of health 

related quality of life. It is most widely used instrument used to 

assess quality of life .It is comprised of 36 items that assess eight 

health concepts: physical health problems , role limitation caused 

by emotional problems, social functioning , emotional well being , 

energy / fatigue , pain and general health perceptions16. 
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17. Nortvedt et al (2000) studied health related quality of life in patients 

with multiple sclerosis using Rand 36 item health survey 

questionnaire. He found a large decrement in emotional well being, 

role limitation caused by emotional problems, energy /fatigue, and 

social functioning compared to general population17. 

18. Dhfer mahdi et al(2019), studied the health related quality of life for 

hypertensive patients in eastern province in Saudi arabia . The 

study concluded that complications such as diabetes , dyslipidemia 

,angina pectoris ,myocardial infarction ,and stroke are common 

among hypertensive patients and act as major predictor of quality 

of life that affects physical and mental health in hypertensive 

patients38. 

19. Mamas theodorou et al(2011), studied quality of life in 

hypertensives in cyprus. The study concluded that hypertension 

had little association with mobility and physical activities . however 

it was strongly related to anxiety and depression39. 

20. Hindoro et al(2018), studied quality of life and functional capacity 

improvement following medication adherence in long standing 

hypertension : Indonesia. The study concluded that medication 

adherence significantly improves the quality of life and functional 

capacity in patients with long standing hypertension21. 

21. Rima shah et al(2020), studied determinants of health related 

quality of life in patients with hypertension. The study concluded 

that lower health related quality of life  was associated with low 

education, limited physical exercise ,and uncontrolled blood 

pressure28. 

22. Malak khalifef et al(2014), studied hypertension in the Lebanese 

adults : impact on health related quality of life . The study 
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concluded presence of comorbidities, older age, cigarette smoking 

significantly affect quality of life23. 
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                                         Primary objectives:-  

 

• To find health related quality of life using RAND – 36 item health 

survey questionnaire 1.0 questionnaire in stage 1 and stage 2 

hypertensives. 

• To find functional capacity using 6 minute walk test parameters in 

stage 1 and stage 2 hypertensive. 

• To find association of health related quality of life using RAND 36-

item health survey questionnaire 1.0 and functional capacity using 

6 minute walk test in stage 1 and stage 2 hypertensive 
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                                   Methodology:- 

• Study design:- analytical ,Cross sectional study. 

• Setting: Tertiary health care hospital 

• Study duration:- 12 months. 

• Study population:-Patients of hypertension stage l – 2. 

• Sample size estimation:- Sample size estimation is determined 

considering distance covered by 6 minute walk distance as the 

main outcome for RAND 36 – Item health survey questionnaire in 

stage I and stage II hypertensive patients.  following assumptions 

were made from the pilot study done in study setting on 8 

hypertensives. 

 

• Assumptions 

• Mean:- Stage  I 430m±26 

                         Stage II 407.6m± 45.26 

                         Mean difference:- 22.4m±19.26 

          

• Formula:-  n=2 [(Zα+Zβ)6]2     

                                       (U1-U2) 

Zα and Zβ are standard normal values for specified α and β levels 
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U1 and U2 are means in two groups 

6=pooled standard deviation of two groups 

                                       

           Power = 90%  

Beta error=10% 

Confidence interval =95% 

Alpha =5% 

Required sample size 

Stage I =58 

Stage II=58 

Total sample size(n)=116 

Sampling technique:-convenient type of sampling will be done to 

recruit the subjects who are diagnosed cases of stage I and stage II 

hypertension. 

 

Method of selection of study subjects:-  

Inclusion Criteria:- 

• Patients diagnosed with stage I and stage II hypertension 

• Ambulatory patient. 

• Patients on anti hypertension medicines 
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• Age 40-60yrs 

• Ambulatory patient. 

• Controlled hypertensives  

• Uncomplicated patients  

Exclusion Criteria:- 

• Patient on a oxygen therapy. 

• Cardiovascular disease.  

• Amputed patients 

• Patients with any psychological or neurogenic condition 

• Pregnant and lactating women[14] 

• Patient on a oxygen therapy. 

• Patients with any psychological condition 

• Pregnant and lactating women 

• Diabetic patients 

• Neuropathy  

• And other systemic complications 

VARIABLES: 
INDEPENDENT  

1. Age 

2. Weight 

3. Height 

4. Gender 

DEPENDENT 
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1. Blood pressure(SBP,DBP) 

2. 6 minute walk test 

3. 6 minute walk distance 

4. RAND 36 item health survey 1.0 questionnaire  

 

    Operational definition 

• Hypertension:- In this study hypertension is defined as stage 1 

hypertension where systolic is 140-159 and diastolic is 90-99 and 

stage 2 to hypertension where systolic is >160 and diastolic is >100 

• Functional capacity:-In this study functional capacity is defined as  

the ability of a patient  to perform aerobic work during maximum 

oxygen intake 

• Health related quality of life:- In this study health related quality of 

life is defined as the impact of hypertension on the physical activity 

and limitation of activities in day to day life.  

• RAND 36- item health survey 1.0 questionnaire- In this study 

RAND 36- item health survey 1.0 questionnaire is defined as health 

related quality of life survey instrument comprised of 36 items that 

assess eight health concepts. 

• 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. 

• VO2 maximum-In this study Vo2 is defined as maximum amount of 

oxygen consumption by the patient during level ground walking in 

six minute duration. 
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                                  Methods of measurement :-  

6 min walk test was  carried out according to ATS guidelines. Patient has 

to walk in a 30-m (100-foot) hallway in a period of 6 min. Blood pressure, 

pulse rate and respiratory rate was measured using the 

sphygmomanometer and pulse oximeter before the test and same will be 

measure after the test and the distance walked in the test will be note 

down19.   Maximum oxygen consumption (VO2) max will be estimated 

using American college of sport medicine predictive equations during level 

ground walking7. 

VO2 max=Speed (m/min)×0.1+3.5ml/O2/kg/min 

 

The RAND 36 – item health survey 1.0 questionnaire  

Health related quality of life was measured using RAND -36 item health 

survey 1.0 questionnaire which  includes 36 items that will assess eight 

health concepts 

The functioning component of HRQoL includes basic activities such as 

self care(eg. Bathing, dressing) as well as work related activities (whether 

paid or not) such as house work and career 

Social functioning component includes the exent to which one is able to 

interact with family and friends. 

Emotional component involves whether the person feels happy ,sad , 

depressed, or anxious ( emotional well being), whether they are in severe 

pain or have no pain at all , whether they are energetic or not. 



26 
 

Scoring was done were 0 will be considered as worst health and 100 was  

considered as best health16. 
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Materials (study instruments / data collection tools) :- 

• Digital Sphygmomanometer. 

 

• Measuring tape. 

 

• Chair and Table. 

• Stethoscope. 

 

• Cones. 
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• Stopwatch. 

 

• Pulse oximeter. 

•  

• Pen. 

• Paper. 

• RAND 36-item health survey 

The RAND 36- ITEM HEALTH SURVEY (VERSION 1.0) has eight 

components i:e physical functioning, bodily pain, role limitations due 

to physical health problems, role limitations due to personal or 

emotional problems, emotional well-being, social functioning, 

energy/fatigue, and general health perceptions. 
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 It also includes a single item that provides an indication of 

perceived change in health. These 36 items, presented here, are 

identical to the MOS SF-36 described in Ware and Sherbourne 

(1992). They were adapted from longer instruments completed by 

patients participating in the Medical Outcomes Study (MOS), an 

observational study of variation in physician practice styles and 

patient outcomes in different systems of health care delivery (Hays 

& Shapiro, 1992: Stewart, Sherbourne, Hays, et al., 1992). All items 

are scored so that a high score defines a more favourable health 

state. In addition, each item is scored on a 0 to 100 range . The 

lowest score is 0 and the highest score is 100. 

The reliability of each component has been as follows: 

 physical functioning 0.93,role functioning/physical 0.84, role 

functioning /emotional 0.83,energy/fatigue 0.86,emotional well-being 

0.90,social functioning 0.85,pain 0.78,General health 0.7818.  

         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.19
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                              Method of data collection:-  

Permission from Head of institute, Ethical committee and medicine HOD 

was taken. Study was explained to the participant and written consent was 

taken from participants. Participants were evaluated as per case record 

form and anthropometric data was taken. Height was 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 was 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 was 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 American heart association 2017 guidelines 

stage 1 and stage 2 was selected.  

  Systolic  Diastolic 

Normal <120 mm Hg And <80 mm Hg 

Elevated 120-129 mm Hg And/or <80 mm Hg 

Stage 1 hypertension 130-139 mm Hg And/or 80-89 mm Hg 

Stage 2 hypertension ≥140 mm Hg And/or ≥90 mm Hg 
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According to American Thoracic Society Guidelines: 

Patient were asked to wear comfortable clothing and appropriate shoes for 

walking. He was asked to continue his regular medical regimen and have 

light early morning meal before the test. The patients was advised  to not 

perform any kind of vigorous exercise before the test. Blood pressure, 

respiratory rate, pulse rate and oxygen saturation was measured before 

beginning the test  

Two cones were kept at the both the ends of 30 meter hallway.  

Participants was asked to walk at their own normal pace along a perimeter 

of 30 m. They were asked to cover as much ground as possible while 

maintaining a steady pace without running during the allotted time. 

Encouragement was given and they were informed each minute of the 

time remaining. The participants were allowed to stop, but they can start 

again, if possible, within the allocated 6 min. They were advised to report 

to the therapist if any discomfort is felt during the test. Blood pressure 

respiratory rate, pulse rate and oxygen saturation was measured at the 

end of the test .The distance walked by the participants was recorded in 

meters at the end of test19. 

Maximum oxygen consumption (VO2) max was estimated using American 

college of sport medicine predictive equations during level ground 

walking7. 

VO2 max=Speed (m/min)×0.1+3.5ml/O2/kg/min 
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RAND 36-item health survey 1.0 Questionnaire was self administered to 

participant in the language best understood by the patient. After filling the 

questionnaire it was collected and Scoring was done18.  

 

 

Patient filling RAND 36 item short form 1.0 questionnaire  
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Measurement of vitals 

 



34 
 

 

Patient performing 6 minute walk test 
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                                  Flow chart for general procedure 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Permission from head of institute, ethical committee 

and  medicine HOD was taken. 

Study was explained to the participant and informed 

written consent was taken. 

Participant was evaluated as per case record form and 

anthropometric data was taken. 

 6 min walk test will be carried out according to ATS 

guidelines and 6 minute walk distance was measured  and 

VO2 max was calculated  
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RAND 36 Item health survey questionnaire was filled by self 

administration method in the regional language best 

understood by the patient   

                              Score was calculated 

.  

Data was analyzed.  
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Data management and analysis :- 

Data was coded and entered in MS Excel work sheet (2007)data will be 

performed using statistical software STATA, Version 10.1,2011 

Plan for statistical analysis  

Data was coded and analyzed with the statistical software STATA 

VERSION 10.1 2011 

Descriptive statistics  include summary measures like mean standard 

deviation for quanlitative variables while frequency and percentage will be 

used to summarize quantitative variables 

Inferential statistics include hypothesis testing procedure like two 

independent samples t test will be used for assessing difference in means 

of stage I and stage II  

Pearson correlation co-efficient (r) used to find strength and nature of 

relationship between Vo2 max and RAND 36- Item health survey  1.0 

questionnaire score  

Overall and domain wise correlation analysis will be performed and 

significant association will be tested by T test. 
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                                        RESULTS 

Distribution of subjects according to  
Age (years) STAGE 1 

Age  
 (years) 

Study subjects 

No. % 

35 6 20 

37 8 26.66 

40 4 13.33 

42 4 13.33 

45 6 20 

50 2 6.66 

TOTAL 
30 

MEAN=40.1 
100 

SD=4.50 

 

In above analytical cross – sectional study the age distribution in 

stage 1 hypertensives was from age group 35 to 50 years. 

The mean age group was 40.1 ± 4.50 

20%(6)patients are 35 years age,26.66%(8) are 37 years of 

age,13,33%(4)patients are 40 years of age,13.33%(4) are 42 years of 

age,20%(6)patients are 45 years of age, 6.66%(2) patients are 50 

years of age 
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Distribution of subjects according to  
Age (years) STAGE 2 

Age  
 (years) 

Study subjects 

No. % 

45 2 6.66 

50 4 13.33 

54 8 26.66 

57 6 20 

58 4 13.33 

60 6 20 

TOTAL 
30 

MEAN=55.35 
100 

SD=4.23 

 

In stage 2 hypertension patients are from 45 – 60 years of age 

The mean age group was 55.35±4.23 

6.66%(2)patients are 45 years age,13.33%(4) are 50 years of 

age,26.66%(8)patients are 54 years of age,20%(6) are 57 years of 

age,13.33%(4)patients are 58 years of age, 20%(6) patients are 60 

years of age 
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Distribution of subjects according to  
GENDER (years) STAGE 1 

GENDER 
Study subjects 

No. % 

MALE 17 56.66 

FEMALE 13 43.33 

TOTAL              30 100 

 

In stage 1 hypertension 17 (56.66%)male and 13(43.33%)female  

 

Distribution of subjects according to  
GENDER (years) STAGE 2 

GENDER 
Study subjects 

No. % 

MALE 16 53.33 

FEMALE 14 46.66 

TOTAL              30 100 

 

In stage 2 hypertension 16 (53.33%)male and 14(46.66%)female  
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                                            Occupation of patients in stage 1 hypertensives. 

The distribution of patients on the basis of occupation in stage 1 

hypertensives are as follows: shopkeeper 3(10%) ,forest department 

1(3%),clerk 2(6%),doctor 2(6%),housewife 13(43.33%),printing press 

2(6.66%)agriculture department 1(3.33%),teacher 1(3.33%),health 

sector 1(3.33%),police 1(3.33%), bank manager 1(3.33%),driver 

1(3.33%),society secretary 1(3.33%) 

 

10% 3.33%

6.66%

6.66%

43.33%

6.66%

3.33%

3.33%

3.33%

3.33%
3.33%

3.33%

shop keeper forest department clerk doctor

housewife printing press agriculture department teacher

health sector police bank manager driver

society secretary
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                                           Occupation of patients in stage 2 hypertension 

The distribution of patients on the basis of occupation in stage 2 

hypertensives are as follows: clerk 2(6%),professor 3(3%),businessman 

2(6%),housewife 7(23.33%),agriculture officer 1(3.33%),bank manager 

1(3%),teacher 7(23.33%),warden 1(3%),retired 4(13%) 

 

 

 

 

 

 

6.66%

10%

6.66%

23.33%3.33%

3.33%

3.33%

3.33%

3.33%

13.33%

clerk professor businessman housewife agriculture officer

bank manager teacher forest department warden retired
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Table : Distribution of study subjects by no of 
hospitalizations in stage 1 and stage 2 

hypertensives 

Stage Mean      SD 

Stage 1 1.46 0.68 

Stage 2 2.43 0.62 

P value 
0.6345 

NS 
 

 

The mean no of hospitalization in stage 1 is 1.46 ±0.68 and mean no of 

hospitalizations in stage 2 hypertensives is 2.43±0.62 .The p value (p= 

0.6345 )indicates no significant difference in no of hospitalizations in stage 

1 and stage 2 hypertensives. 

 

 

Table : Distribution of study subjects by 
AMERICAN HEART ASSOCIATION stage of 

hypertension 

Stage Number % 

Stage 1 30 50.0 

Stage 2 30 50,0 

Total 60 100.0 
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Table : Assessment of Physical component (%) in stage 1 and stage 2 

hypertensives 

PHYSICAL 
COMPONENT 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

45 
No. 0 6 6 

% 0 20 10 

50 
No. 0 9 9 
% 0 30 15 

5050

Distribution of study subjects 
by AMERICAN HEART ASSOCIATION stage 

of hypertension (%)

Stage 1

Stage 2
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55 
No. 12 9 21 

% 40 30 35 

60 
No. 3 6 9 

% 10 20 15 

65 
No. 3 0 3 

% 10 0 5 

70 
No. 9 0 9 
% 30 0 15 

75 
No. 3 0 3 
% 10 0 5 

Total 
No. 30 30 60 

% 100 100 100 
 

Table: Mean scores for Physical component (%) in Stage 1 and Stage 

2 Hypertensives  

Stage Physical component (%) 

 Mean SD Range  

Stage 1 63.0 7.61  55 - 75 

Stage 2 52.5 5.21  45 - 60 
 

P value = 0.0001, HS  
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Graph showing mean score for physical component 

The above table and graph shows mean score for physical health 

component for stage 1 shows mean score of 63±7.61 which 

indicates good physical health and score of 52.5±5.21 indicate 

moderate physical health in stage 2 hypertensives. 

The (p value =0.0001) indicates highly significant difference in 

physical health of stage 1 and stage 2 hypertensives. 

 

 

 

40

45

50

55

60

65

70

75

80

Stage 1 Stage 2

63

52.5
Mean

(%)

Mean scores for physical component (%) 
by stage
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Table : Assessment of Role limitation due to Physical health (%) in 

stage 1 and stage 2 hypertensives 

 

 

Table: Mean scores for Role limitation due to Physical health (%) in 

Stage 1 and Stage 2 Hypertensives  

Stage Role limitation due to  
Physical health (%) 

 Mean SD Range  

Stage 1 55.0 15.26  50 – 100 
Stage 2 42.5 11.65  25 – 50 

 
P value = 0.0007, HS  

 

 

Role 
limitation 

due to 
PHYSICAL 
HEALTH 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

25 
No. 0 9 9 

% 0 30 15 

50 
No. 27 21 48 

% 90 70 80 

100 
No. 3 0 3 

% 10 0 5 

Total 
No. 30 30 60 
% 100 100 100 
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Graph indicating mean scores for role limitation due to physical 

health 

The above graph and table shows mean score of 55.0±15.26 in stage 

1 hypertensives indicate there is moderate limitation in work due 

to physical health whereas score of 42.5±11.65 indicate that there is 

a bit more  limitation in work due to physical health in stage 2 

hypertensives. 

The p value=0.0007 indicates highly significant difference in role 

limitation due to physical health in stage 1 and stage 2 

hypertensives.  

 

20

25

30

35

40

45

50

55

Stage 1 Stage 2

55

42.5

Mean
(%)

Mean scores for role limitation due to 
physical health (%) by stage
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Table : Assessment of Role limitation due to  Emotional problems 

(%) in stage 1 and stage 2 hypertensives 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table: Mean scores for Role limitation due to Emotional problems 

(%) in Stage 1 and Stage 2 Hypertensives  

Stage Role limitation due to  
Emotional problems (%) 

 Mean SD Range  

Stage 1 60.1 29.66  0 – 100 

Stage 2 36.3 23.49  0 – 66 
 

P value = 0.0011, HS  

Role 
limitation 

due to 
EMOTIONAL 
PROBLEMS 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

0 
No. 3 6 9 

% 10 20 15 

33 
No. 6 15 21 

% 20 50 35 

66 
No. 0 9 9 

% 0 30 15 

           67 
No. 15 0 15 
% 50 0 25 

100 
No. 6 0 6 

% 20 0 10 

Total 
No. 30 30 60 
% 100 100 100 
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Graph indicating role limitation due to physical health in stage 1 and stage 2 

hypertensives 

The above graph and table shows mean score of 60.1±29.66 in stage 

1 hypertensives indicate there is moderate limitation in work due 

to physical health whereas score of 36.3±23.49 indicate that there is 

a lot more limitation in work due to emotional problems in stage 2 

hypertensives. 

The p value=0.0011 indicates highly significant difference in role 

limitation due to physical health in stage 1 and stage 2 

hypertensives.  

 

0

10

20

30

40

50

60

70

80

90

100

Stage 1 Stage 2

60.1

36.3

Mean 
(%)

Mean scores for role limitation due to 
emotional problems (%) by stage
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Table : Assessment of Energy fatigue (%) in stage 1 and stage 2 

hypertensives 

ENERGY 
FATIGUE 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

35 
No. 0 3 3 

% 0 10 5 

40 
No. 3 9 12 

% 10 30 20 

45 
No. 6 3 9 

% 20 10 15 

50 
No. 0 3 3 
% 0 10 5 

55 
No. 6 3 9 
% 20 10 15 

60 
No. 6 3 9 
% 20 10 15 

65 
No. 3 3 6 

% 10 10 10 

80 
No. 6 3 9 

% 20 10 15 
Total No. 30 30 60 

% 100 100 100 
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Table: Mean scores for Energy fatigue (%) in Stage 1 and Stage 2 

Hypertensives  

Stage Energy fatigue (%) 

 Mean SD Range  

Stage 1 58.5 13.27  40 – 80 

Stage 2 51.0 13.61  35 – 80 
 

P value = 0.0348, HS  
 

 

 

Graph indicating mean score for energy and fatigue 

46

48

50

52

54

56

58

60

Stage 1 Stage 2

58.5

51
Mean

(%)

Mean scores for energy fatigue (%) 
by stage
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The above graph and table shows score of 58.5±13.27 in stage 1 

hypertensives indicate there no fatigue or reduced energy whereas 

score of 51.0±13.61 in stage 2 hypertensives indicate that there in 

moderate fatigue and less energy. 

The p value=0.0348 indicates highly significant difference in energy 

/fatigue in stage 1 and stage 2 hypertensives.  

 

Table: Assessment of Emotional well-being  (%) in stage 1 and stage 

2 hypertensives 

Emotional 
well-being 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

40 
No. 3 0 3 

% 10 0 5 

44 
No. 9 6 15 
% 30 20 25 

48 
No. 0 9 9 
% 0 30 15 

52 
No. 9     12 21 
% 30 40 35 

56 
No. 3 3 6 

% 10 10 10 

60 
No. 6 0 6 

% 20 0 10 

Total 
No. 30 30 60 

% 100 100 100 
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Table: Mean scores for Emotional well-being (%) in Stage 1 and 

Stage 2 Hypertensives  

Stage Emotional well-being (%) 

 Mean SD Range  

Stage 1 50.4 6.86  40 – 60 

Stage 2 49.6 3.73  44 – 56 
 

P value = 0.5767, NS  
 

 

Graph indicating mean score for emotional well being 

The above graph and table shows score of 50.4±6.86 and 49.6±3.73 

in stage 1 and stage 2 hypertensives indicate that emotional well 

being of the patient is moderately affected. 

40

42

44

46

48

50

52

54

56

58

60

Stage 1 Stage 2

50.4
49.6

Mean
(%)

Mean scores for emotional 
well-being (%) by stage
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The p value=0.5767 indicates no significant  difference in emotional 

well being in stage 1 and stage 2 hypertensives.  

 

Table : Assessment of Social functioning (%) in stage 1 and stage 2 

hypertensives 

Social 
functioning 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

25 
No. 0 3 3 

% 0 10 5 

50 
No. 9 9 18 

% 30 30 30 

62 
No. 0 3 3 

% 0 10      5 

63 
No. 15 6 21 

% 50 20 35 

75 
No. 6 9 15 
% 20 30 25 

Total No. 30 30 60 
% 100 100 100 
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Table: Mean scores for Social functioning (%) in Stage 1 and Stage 2 

Hypertensives  

Stage Social functioning (%) 
 Mean SD Range  

Stage 1 61.5 8.94  50 - 75 

Stage 2 58.8 15.11  25 - 75 
 

P value = 0.4031, NS  
 

 

Graph indicating mean scores for social functioning 

The above graph and table shows mean score for stage 1 

hypertensives is 61.5±8.94 which indicates that there is no 

limitation of social functioning whereas mean score of 58.8±15.11  

25

30

35

40

45

50

55

60

65

70

75

Stage 1 Stage 2

61.5

58.8

Mean
(%)

Mean scores for social functioning (%) 
by stage
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in stage 2 hypertensives indicate that there is moderate limitation 

in social functioning. 

The p value=0.4031 indicates no significant difference in social 

functioning in stage 1 and stage 2 hypertensives.  

 

Table : Assessment of Pain  (%) in stage 1 and stage 2 hypertensives 

Pain  
(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

35 
No. 0 3 3 

% 0 10 5 

43 
No. 3 0 3 

% 10 0 5 

45 
No. 3 9 12 

% 10 30 20 

55 
No. 9     3 12 
% 30 10 20 

57 
No. 0 3 3 
% 0 10 5 

58 
No. 9 0 9 
% 30 0 15 

65 No. 3     0 3 

% 10 0 5 
67 No. 0 12 12 

% 0 40 20 
68 No. 3 0 3 

% 10 0 5 

Total No. 30 0 6 
% 100 100 100 
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Table: Mean scores for Pain (%) in Stage 1 and Stage 2 

Hypertensives  

Stage Pain (%) 
 Mean SD Range  

Stage 1 56.0 7.40  43 - 68 

Stage 2 55.0 11.51  35 - 67 
 

P value = 0.6904, NS  
 

 

 

30

35

40

45

50

55
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65

70

Stage 1 Stage 2

56 55
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Stage 2



59 
 

The above graph and table shows mean score of pain in stage 1 and 

stage 2 hypertensives is 56.0±7.40 and 55.0±11.51 which indicates 

that there is moderate pain or discomfort to the patients. 

The p value=0.6904 indicates no significant difference of pain in 

stage 1 and stage 2 hypertensives.  

 

 

Table : Assessment of General health (%) in stage 1 and stage 2 

hypertensives 

GENERAL 
HEALTH 

(%)  

 
Stage 

  

Measure 
Stage 

1 
Stage 

2 
Total 

25 
No. 0 3 3 
% 0 10 5 

30 
No. 9 9 18 
% 30 30 30 

35  
No. 12 3 15 

% 40 10 25 

40 
No. 6 6 12 

% 20 20 20 

45 
No. 0 9 9 

% 0 30 15 

50 
No. 3 0 3 

% 10 0 5 

Total 
No. 30 30 60 
% 100 100 100 
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Table: Mean scores for General health (%) in Stage 1 and Stage 2 

Hypertensives  

Stage General health (%) 

 Mean SD Range  

Stage 1 36.0 5.93  30 – 50 

Stage 2 36.5 7.21  25 – 45 
 

P value = 0.7703, NS  
 

 

The above graph and table shows mean score of general health in 

hypertensive patient is 36.0±5.93 and 36.5±7.21 which indicates 

that their general health is affected. 

25
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40
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Stage 1 Stage 2
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Mean scores for general health (%) 
by stage
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The p value=0.7703 indicates no  significant difference in general 

health in stage 1 and stage 2 hypertensives.  

 

Rand 36 item health survey 1.0 questionnaire  was used to evaluate 8 

components of quality of life in stage 1 and stage 2 hypertensives. As 

per the scoring of the questionnaire 0 indicate worst health and 100 

indicate good health. 

In stage 1 hypertensives mean of  physical component score is 63.0 ± 

7.6, role limitation due to physical health score is 55.0 ±15.26 ,role 

limitation due to emotional health score is 60.1±29.66,energy /fatigue 

component score 58.5±13.27,emotional well being score 50.4±6.86,social 

functioning score is 61.5±8.94, pain score 56.0± 7.40, general health 

score is 36.0±5.93.  

The quality of life score in RAND 36 item health survey 1.0 in stage 1 

hypertensives is  good in physical health ,role limitation due to physical 

health,role limitation due to emotional health , energy/fatigue. The score is 

moderate in emotional well being ,social functioning and pain. General 

health component has lowest score . 

In stage 2 hypertensives physical component score is 52.5± 5.21, role 

limitation in physical health score is 42.5 ±11.65 ,role limitation due to 

emotional health score is 36.3±23.49,energy /fatigue component score 

58.8±15.11,emotional well being score 49.6±3.73,social functioning score 

is 58.8±15.11, pain score 55.0± 11.51, general health score is 36.5±7.21.  
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The quality of life score in RAND 36 item health survey 1.0  in stage 2 

hypertensives is moderate in physical component ,role limitation due to 

physical health,role limitation due to emotional health , energy/fatigue, 

emotional well being ,social functioning and pain. General health 

component has lowest score . 

The p value for RAND 36 item health survey questionnaire1.0 in stage 

1 and stage 2 hypertensive for physical component (p=0.0001HS), role 

limitation due to physical health(p=0.0007HS),role limitation due to 

emotional health(p=0.0011HS) ,energy fatigue(0.0348HS), emotional well 

being(p=0.5767NS),social well being(p=0.4031NS),pain 

component(p=0.6904NS),general component(p=0.7703NS) 

The quality of life component score shows that there is highly 

significant difference in physical component score, role limitation due to 

physical health score, role limitation due to emotional health score and 

energy and fatigue score whereas emotional well being score ,social well 

being score pain and general health are non significant in stage 1 and 

stage 2 hypertensives. 
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FUNCTIONAL CAPACITY PARAMETERS IN STAGE 1 AND STAGE 2 HYPERTENSIVES: 

 Pre Post 

Respiratory rate Mean SD Mean SD 

Stage 1 RR 18.36 2.28 23.9 2.27 

Stage 2 RR 18.16 2.35 23.74 2.23 

          P VALUE =0.6345  NS                     0.7023NS 

 

The mean respiratory rate in stage 1 hypertensives pre six minute walk 

test is 18.36 ±2.28 and 23.9 ± 2.27 post six minute walk test 

The mean respiratory rate in stage 2 hypertensives pre six minute walk 

test is 18.16 ±2.35 and 23.9 ± 2.23 post six minute walk test 

The p value pre six minute walk test is (p=0.6345NS)and post six minute 

walk test is (p=0.7023NS), which indicate non significant difference in 

respiratory rate in stage 1 and stage 2 hypertensives  
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 Pre Post 

Pulse rate Mean SD Mean SD 

Stage 1 PR 80 3.00 87.6 2.69 

Stage 2 PR 79 2.93 87 2.74 

P value =                 0.0789  NS                0.2334NS 

 

The mean pulse rate  in stage 1 hypertensives pre six minute walk test is 

80 ±3.00 and 87.6 ± 2.69 post six minute walk test 

The mean pulse rate in stage 2 hypertensives pre six minute walk test is 

79±2.93 and 87 ± 2.74 post six minute walk test 

The p value pre six minute walk test is (p=0.0789NS)and post six minute 

walk test is (p=0.2334NS), which indicate non significant difference in 

respiratory rate in stage 1 and stage 2 hypertensives  
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 Pre Post 

Blood pressure Mean SD Mean SD 

Stage 1 DBP 84 5.04 93 4.79 

Stage 1 SBP 132 5.84 140 0 

 Pre Post 

Blood pressure Mean SD Mean SD 

Stage 2 DBP 95 2.74 104 5.01 

Stage 2 SBP 140 5.08 142 2.5 

           P value =                             0.0001  HS                          0.0001 HS 

The mean blood pressure in stage 1 hypertensives pre six minute walk 

test is 84/134±5.04/5.84 and 93/140 ± 4.79/0 post six minute walk test 

The mean blood pressure in stage 2 hypertensives pre six minute walk 

test is 95/140±2.74/5.08 and 104/142±5.01/2.5 post six minute walk test 

The p value pre six minute walk test is (p=0.0001HS)and post six minute 

walk test is (p=0.0001HS), which indicate highly significant difference in 

respiratory rate in stage 1 and stage 2 hypertensives  
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SIX MINUTE WALK  DISTANCE 

STAGES Mean SD 

STAGE 1 397 51.14 

STAGE 2 376 38.15 

                   P value 0.0323 NS 
 

 

The six minute walk distance in stage 1 hypertensives is 397±51.14 

and 376±38.15 in stage 2 hypertensives . The p value for six minute 

walk distance in stage 1 and stage 2 hypertensives is(p= 0.0323NS) which 

indicate no significant difference in in 6MWD in stage 1 and stage 2 

hypertensives. 

 

 

Table: Comparison of mean VO2max in Stage 1 and Stage 2 

Hypertensives 

 

 

 

 

  

 

 

Stage VO2max 

 Mean SD Range  

Stage 1 10.10 0.86  8.9- 11.8 
Stage 2 9.76 0.64  8.5- 11.1 

 
P value = 0.0872, NS  
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Graph indicating Vo2 max in stage 1 and stage 2 hypertensives. 

The above graph and table shows functional capacity in stage 1 and 

stage 2 hypertensive patients in reduced , where Vo2 max for stage 

1 hypertensives is 10.10±0.86 and in stage 2 hypertensives is 

9.76±0.64. 

The p value=0.0872 indicates no significant difference in VO2 max in 

stage 1 and stage 2 hypertensives. 
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CORRELATION OF VO2 max with RAND 36 item health survey 1.0 

questionnaire 

Correlation between VO2max and Physical 
component by stage of hypertension 

Stage R P value 

Stage 1 -0.0204 0.9150 

Stage 2 -0.0977 0.6075 

 

 

Weak, negative but non-significant correlation of VO2max with 

physical component was observed in both stage 1 and stage 2 

hypertensives.   

The above statistical analysis shows that there is no effect of 

functional capacity on physical component of RAND 36 item health 

survey 1.0 questionnaire in stage 1 and stage 2 hypertensives .  

 

Correlation between VO2max and role limitation 
due to Physical health by stage of hypertension 

Stage R P value 

Stage 1 -0.0402 0.8329 

Stage 2  0.1043 0.5832 
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Weak, negative but non-significant correlation of VO2max with role 

limitation due to physical health was observed in stage 1.  However 

weak, positive but non-significant correlation was observed in stage 

2 hypertensives.   

The above statistical analysis shows that there is no effect of 

functional capacity on role limitation due to physical health 

component of RAND 36 item health survey 1.0 questionnaire in 

stage 1 hypertensives . However functional capacity has some 

effect on role limitation due to physical health in stage 2 

hypertensives   

 

Correlation between VO2max and role limitation 
due to emotional problems by stage of 

hypertension 

Stage R P value 

Stage 1 -0.0116 0.9514 

Stage 2  0.2374 0.2066 

 

 

Weak, negative non-significant correlation of VO2max with role 

limitation due to emotional problems was observed in stage 1.  

However weak, positive but non-significant correlation was 

observed in stage 2 hypertensives.  

The above statistical analysis shows that there is no effect of 

functional capacity on role limitation due to emotional problems 

component of RAND 36 item health survey 1.0 questionnaire in 
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stage 1 hypertensives . However functional capacity has some 

effect on role limitation due to emotional problems  in stage 2 

hypertensives   

 

 

Correlation between VO2max and energy/ fatigue 
by stage of hypertension 

Stage R P value 

Stage 1 -0.0243 0.8972 

Stage 2  0.1913 0.3111 

 

 

Weak, negative but non-significant correlation of VO2max with 

energy fatigue was observed in stage 1.  However weak, positive 

but non-significant correlation was observed in stage 2 

hypertensives.  

The above statistical analysis shows that there is no effect of 

functional capacity on energy/fatigue of RAND 36 item health 

survey 1.0 questionnaire in stage 1 hypertensives . However 

functional capacity has some effect on energy/fatigue in stage 2 

hypertensives   
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Correlation between VO2max and emotional well-being  
by stage of hypertension 

Stage R P value 

Stage 1 -0.1707 0.3672 

Stage 2 -0.0490 0.7971 

 

Weak, negative but non-significant correlation of VO2max with 

emotional well-being was observed in stage 1 and stage 2 

hypertensives.   

The above statistical analysis shows that there is no effect of 

functional capacity on emotional well being component of RAND 36 

item health survey 1.0 questionnaire in stage 1 and stage 2 

hypertensives .  

 

Correlation between VO2max and social 
functioning by stage of hypertension 

Stage R P value 

Stage 1 -0.0939 0.6217 

Stage 2  0.1690 0.3729 

 

 

 

Weak, negative but non-significant correlation of VO2max with 

social functioning was observed in stage 1.  However weak, positive 
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but non-significant correlation was observed in stage 2 

hypertensives.   

The above statistical analysis shows that there is no effect of 

functional capacity on social functioning component of RAND 36 

item health survey 1.0 questionnaire in stage 1 hypertensives . 

However functional capacity has some effect on social functioning 

in stage 2 hypertensives   

 

 

 

 

Correlation between VO2max and pain  
by stage of hypertension 

Stage R P value 

Stage 1    -0.0132 0.9448 

Stage 2     -0.0821 0.6663 

 

Weak, negative but non-significant correlation of VO2max with pain 

was observed in stage 1.  However weak, negative but non-

significant correlation was observed in stage 2 hypertensives.   

The above statistical analysis shows that there is no effect of 

functional capacity on pain component of RAND 36 item health 

survey 1.0 questionnaire in stage 1 and stage 2 hypertensives .  
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Correlation between VO2max and general health  
by stage of hypertension 

Stage R P value 

Stage 1 -0.1500 0.4290 

Stage 2 -0.0919 0.6292 

 

 

Weak, negative but non-significant correlation of VO2max with 

general health was observed in stage 1 and stage 2 hypertensives.   

The above statistical analysis shows that there is no effect of 

functional capacity on general health component of RAND 36 item 

health survey 1.0 questionnaire in stage 1 and stage 2 

hypertensives .  
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Discussion  

Due to the covid-19 pandemic the total sample size could not be collected 

(n=116) therefore 50 % of the total sample size that is 60 patients where 

collected for the study. 

In above analytical cross – sectional study the age distribution in stage 1 

hypertensives were from age group 35 to 50 years and in stage 2 it is 45 

to 60 years . 

As per American heart association 2017 guideline normal and elevated 

hypertensives were excluded from the study. Stage 1 and stage 2 

hypertensives controlled group on anti hypertensives without any 

comorbidities were included in the study. 

Health related quality of life 

Rand 36 item health survey 1.0 questionnaire was used to evaluate 8 

components of quality of life in stage 1 and stage 2 hypertensives. As per 

the scoring of the questionnaire 0 indicate worst health and 100 indicate 

good health. 

The quality of life score in RAND 36 item health survey 1.0 in stage 1 

hypertensives is  good in physical health ,role limitation due to physical 

health,role limitation due to emotional health , energy/fatigue. The score is 

moderate in emotional well being ,social functioning and pain. General 

health component has lowest score . 

The quality of life score in RAND 36 item health survey 1.0  in stage 2 

hypertensives is moderate in physical component ,role limitation due to 

physical health,role limitation due to emotional health , energy/fatigue, 
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emotional well being ,social functioning and pain. General health 

component has lowest score . 

The quality of life component score shows that there is highly significant 

difference in physical component score, role limitation due to physical 

health score, role limitation due to emotional health score and energy and 

fatigue score whereas emotional well being score ,social well being score, 

pain and general health have no significant difference in stage 1 and stage 

2 hypertensives. 

Our route are in line with the study done by Sattanatham kaliyaperumal et 

al in the year 2016, assessed quality of life in hypertensive patients .The 

study was carried out on 300 hypertensive patient with co-morbidities 

were included in there study. Short form 36 was used in the study to 

assess quality of life. In the study  the mental health component (25.8) 

was mostly affected followed by emotional aspect (33.43) and energy 

fatigue (36) , social aspect (83.14) and physical aspect (75.4) were not 

affected, pain(49.3) was moderately affected. The study concluded that 

hypertension with comorbidities was one of the major reason for decrease 

in quality of life in mental and emotional health as well as energy and 

fatigue10. 

Sheethal MP et al in the year 2015 studied assessment of quality of life in 

known hypertensive workers of Karnataka state road transport corporation 

, mandya district. Quality of life was assessed by using WHOQOL-BREF . 

the study concluded that among the various domains of quality of life ,the 

highest score was in social domain and the least score in environmental 

domain of quality of life .occupation , marital status and the health 

condition of the workers were the main factors influencing quality of life29. 
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W F khaw et .al .in the year 2011 studied health related quality of life 

among hypertensives compared with general population . SF 36 was used 

to evaluate health related quality of life in hypertensives. Hypertensive 

patients reported lower scores in six dimensions except body pain and 

role emotional dimension. SF 36 scores in the presence of diabetes 

mellitus and cardiovascular comorbidities were comparably limited and 

both had significantly lower scores than hypertensives patients without 

comorbidities30.  

Alex roca cusachs in year 2003 studied relationship between clinical and 

therapeutic variables and health related quality of life in patients with 

hypertension. MINICHAL questionnaire was used to assess health related 

quality of life in hypertensives. The study concludes that better blood 

pressure control has a positive influence on health related quality of life24. 

Xianglong xu et al in the year 2016 studied hypertension impact on health 

related quality of life : a cross sectional survey among middle aged adults 

in Chongqing china. SF 36 was used to assess quality of life .The study 

concluded that hypertension was associated with poor state of physical 

functioning, role physical, body pain, general health, vitality and social 

functioning. Hypertension respondents with high education ,marital status, 

breastfeeding,higher incomes,good quality of sleep, positive relationship 

with family and higher body mass index have better health related quality 

of life in middle aged people with hypertension. Unemployed had better 

state of general health and poorer state of social function .non smokers 

had a poorer state of body pain than smokers22. 

Bhavit et al (2014), studied quality of life in hypertensive patients in tertiary 

care teaching hospital and concluded that age, female gender , duration 
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,number of symptoms ,systolic blood pressure and no of medications are 

important predictors of quality of life in hypertensive patients37. 

Dhfer mahdi et al(2019), studied the health related quality of life for 

hypertensive patients in eastern province in Saudi arabia . The study 

concluded that complications such as diabetes , dyslipidemia ,angina 

pectoris ,myocardial infarction ,and stroke are common among 

hypertensive patients and act as major predictor of quality of life that 

affects physical and mental health in hypertensive patients38. 

Mamas theodorou et al(2011), studied quality of life in hypertensives in 

cyprus. The study concluded that hypertension had little association with 

mobility and physical activities . however it was strongly related to anxiety 

and depression39. 

Hindoro et al(2018), studied quality of life and functional capacity 

improvement following medication adherence in long standing 

hypertension : Indonesia. The study concluded that medication adherence 

significantly improves the quality of life and functional capacity in patients 

with long standing hypertension21. 

Rima shah et al(2020), studied determinants of health related quality of life 

in patients with hypertension. The study concluded that lower health 

related quality of life  was associated with low education, limited physical 

exercise ,and uncontrolled blood pressure28. 

Malak khalifef et al(2014), studied hypertension in the Lebanese adults : 

impact on health related quality of life . The study concluded presence of 

comorbidities, older age, cigarette smoking significantly affect quality of 

life23. 
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In our study we found that health related quality of life in stage 1 and stage 

2 hypertensives is good to moderate  because the patients are controlled 

group without comorbidities ,the patients are on anti hypertensive 

medications , educated and belong to good socioeconomic group. 

Functional capacity in stage 1 and stage 2 hypertensives 

The six minute walk distance in stage 1 hypertensives is 397±51.14 and 

376±38.15 in stage 2 hypertensives . The p value for six minute walk 

distance in stage 1 and stage 2 hypertensives is 0.0323NS which indicate 

no significant difference in in 6MWD in stage 1 and stage 2 hypertensives. 

VO2 max predictive equation was used to assess functional capacity .The 

estimate was done based on 6MWD finding not a true way but it can act 

as a precursor for determination of functional capacity. 

VO2 max in stage 1 is 10.10±0.86 and 9.76 ±0.64 in stage 2 

hypertensives. The p value is (p=0.0872)which indicates no significant 

difference in stage 1 and stage 2 hypertensives. 

To awotidebe et al(2015), assessed functional capacity in patients with 

hypertension using six minute walk test. The study concluded that total 

distance walked and estimated Vo2 max were 368m and 9.6 ml/kg/min 

respectively. Cardiovascular parameters were increased significantly6. 

Rodrigo A ramos et al(2014), assessed six minute walk distance as a 

marker of hemodynamic – related functional capacity in hypertension : a 

case control study. He concluded that 6MWD has inverse relation with 

haemodynamic variables in healthy group as well as hypertensives 

.6MWD is lower in hypertensives compared to healthy controls7. 
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In our study lower Vo2 max may be associated with sedentary lifestyle , 

associated with hypertension and disease progression. Impairment of 

endothelial functional in hypertension may also contribute to poor oxygen 

utilization among the patients.  

Correlation of functional capacity with quality of life 

Based  on correlation between VO2 max and various subcomponent of 

RAND 36 health item survey 1.0 it was found out to be weak negative non 

significant correlation if at all positive correlation was found the values 

were not statistically significant.  

Based on the above correlation weak association was found between 

functional capacity and quality of life in stage 1 and stage 2 hypertensives. 
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STRENGTH:  

Strength of study are:  

Assessment of quality of life in stage 1 and  stage 2 hypertensives. 

Functional capacity assessment in stage 1 and stage 2 hypertensives. 

The difference in impact of functional capacity on quality of life in stage 1 

and stage 2 hypertensives  will be helpful in planning exercise protocol for 

patients separately. 
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Limitations: 

Uncontrolled hypertensives were not assessed . 

Hypertensives with comorbidities was not assessed. 
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CONCLUSION:  

An analytical  cross sectional study was carried out in 30 stage 1 and 30 

stage 2 hypertensive patients. Stage 1 hypertensives were from 35 to 

50years of age group and stage 2 hypertensive were from 45 to 60 years 

of age. Quality of life was assessed using RAND 36 item health survey 

quessionnaire1.0 and functional capacity was assessed by VO2 max. 

Results of this study demonstrated that quality of life in stage 1 

hypertensives is good were as quality of life in stage 2 hypertensive is 

moderate. Functional capacity is reduced in both stage 1 and stage 2 

hypertensives. Based on the correlation between functional capacity and 

quality life in stage 1 hypertensives shows a weak negative nonsignificant 

correlation , if at all a weak positive correlation was found in stage 2 

hypertensive it was not statistically significant.  
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CLINICAL IMPLICATIONS:  

RAND 36 item health survey questionnaire can be used to evaluate quality 

of life in stage 1 and stage 2 hypertensives.                                            

The difference of functional capacity and quality of life  in stage 1 and 

stage 2 can be used to plan exercise protocol separately in stage 1 and 

stage 2 hypertensives.                                                                           

Thus, physiological and psychological factors influencing functional 

capacity and quality of life should be taken in consideration while planning 

exercise protocol in stage 1 and stage 2 hypertensives. 
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SUMMARY: -  

• An analytical cross sectional study was carried out in 30 stage 1 

and 30 stage 2 hypertensive patients to find out association of 

RAND  36 item health survey 1.0 questionnaire and functional 

capacity. 

• Quality of life was assessed using RAND 36 item health survey 1.0 

questionnaire and functional capacity was assessed using VO2 

max predictive equation from six minute walk distance.  

• Data was documented and analyzed using Pearson’s correlation 

and unpaired t- test. 

• The result concluded that the quality of life score in RAND 36 item 

health survey 1.0 in stage 1 hypertensives is  good in physical 

health ,role limitation due to physical health, role limitation due to 

emotional health , energy/fatigue. The score is moderate in 

emotional well being ,social functioning and pain. General health 

component has lowest score . 

• Whereas quality of life score in RAND 36 item health survey 1.0  in 

stage 2 hypertensives is moderate in physical component ,role 

limitation due to physical health, role limitation due to emotional 

health , energy/fatigue, emotional well being ,social functioning and 

pain. General health component has lowest score . 
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• The quality of life component score shows that there is highly 

significant difference in physical component score, role limitation 

due to physical health score, role limitation due to emotional health 

score and energy and fatigue score whereas emotional well being 

score ,social well being score pain and general health are non 

significant in stage 1 and stage 2 hypertensives. 

• VO2 max predictive equation was used to assess functional 

capacity ,the estimate was done based on 6MWD finding. 

• The study concludes there is no significant correlation  of VO2 max 

and various subcomponent of RAND 36 health item survey 1.0 

questionnaire.  
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Annexure I 

Case record 

Name :- 

Age:-  

Gender :- 

Occupation :- 

Number  of hospitalization:- 

American heart association stage:- 

RAND 36 item health survey questionnaire 1.0 

Physical component score 

Role limitation due to physical health score 

Role limitation due to emotional problems score 

Energy and fatigue  

Emotional well being 

Social functioning 

Pain 

General health 
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6 Minute walk test :- 

 Blood pressure Pulse rate  Respiratory rate 

Pre reading    

Post reading    

 

Distance covered :- 

VO2 max= Speed (m/min)×0.1+3.5ml/O2/kg/min  
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                                       Annexure I (a) 

                   RAND 36- item Health Survey Questionnaire 1.0 

1.In general ,would you say your health is:  

Excellent 1 

Very good 2 

Good 3 

Fair 4 

Poor 5 

2 .compared to one year ago, how would you rate your health in 

general now? 

 

Much better now than one year ago 1 

Somewhat better now than one year ago 2 

About the same 3 

Somewhat worse now than one year ago 4 

Much worse now than one year ago 5 

 

The following items are about activities you might do during a typical 

day.Does your health now limit you in these activities? If so  , how much? 

(circle one number on each line) 

 

 

 

 Yes , limited Yes, limited No,not 
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a lot a little  limited 

at all 

3.vigorous activities such as 

running ,lifting heavy objects 

,participating in strenuous sports 

        1        2        3 

4.Moderate activities , such as 

moving a table,pushing a vaccum 

cleaner,bowling or playing golf 

1        2 3 

5.lifting or carrying groceries 1        2 3 

6.Climbing several flights of stairs 1        2 3 

7.Climbing one flight of stairs 1        2 3 

8.Bending,kneeling or stooping 1        2 3 

9.walking more than a mile 1        2 3 

10.Walking several blocks 1        2 3 

11.Walking one block 1        2 3 

12.Bathing or dressing myself 1        2 3 

 

 

During the past 4 weeks , have you had any of the following problems with 

your work or other regular daily activities as a result of your physical 

health? 

(circle one number on each line) 

 

 yes No 

13.cut down the amount of time you spent on work or other 1 2 
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activities 

14.accomplished less than you would like 1 2 

15.were limited in the kind of work or other activities 1 2 

16.had difficulty performing the work or other activities (for 

example ,it took extra effort) 

1 2 

 

During the past 4 weeks , have you had any of the following problems with 

your work or other regular daily activities as a result of any emotional 

problems(such as feeling depressed or anxious)? 

(circle one number on each line) 

 yes No 

17.Cut down the amount of time you spent on work or 

other activities  

1 2 

18.accomplish less than you would like 1 2 

19.Didn’t do work or other activities as carefully as usual 1 2 

 

20. during the past 4 weeks ,to what extent has your physical health or 

emotional problems interfered with your normal social activities with 

family, friends ,neighbours or groups? 

(click one number) 

Not at all 1 

Slightly 2 

Moderately 3 
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Quite a bit 4 

Extremely 5 

21.How much bodily pain have you had during the past 4 weeks? 

(click one number) 

None 1 

Very mild 2 

Mild 3 

Moderate 4 

Severe 5 

Very severe 6 

22. during the past 4 weeks ,how much did pain interfere with your normal 

work (including both work outside the home and housework)? 

(click one number) 

Not at all 1 

A little bit 2 

Moderately 3 

Quite a bit 4  

Extremely 5 
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These questions are about how you feel and how things have been with 

you during past 4 weeks for each , please give the one answer that comes 

closest to the way you have been feeling .how much of the time during the 

past 4 weeks? 

(click one number on each line) 

 All of 

the 

time 

Most of 

the time 

A good 

bit of 

the 

time 

Some 

of the 

time 

A little 

of the 

time 

None 

of the 

time 

23.did you feel full of pep 1 2 3 4 5 6 

24.have you been a very 

nervous person? 

1 2 3 4 5 6 

25.have you felt so down 

in the dumps that nothing 

could cheer you up? 

1 2 3 4 5 6 

26.Have you felt calm and 

peaceful? 

1 2 3 4 5 6 

27.did you have a lot of 

energy? 

1 2 3 4 5 6 

28.Did you felt 

downhearted and blue? 

1 2 3 4 5 6 

29.did you feel worn out? 1 2 3 4 5 6 

30.have you been a happy 

person? 

1 2 3 4 5 6 

31.did you feel tired? 1 2 3 4 5 6 
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During the past 4 weeks , how much of the time has your physical health 

or emotional problems interfered with your social activities (like vising with 

friends , relatives etc)? 

(circle one number) 

All of the time 1 

Most of the time 2 

Some of the time 3 

A little of the time 4 

None of the time 5 

How true or false is each of the following statements for you. 

(circle one number on each line) 

 Definitely 

true 

Mostly 

true 

Don’t 

know 

Mostly 

false  

Definitely 

false 

33.I seem to get sick a little 

easies than other people 

1 2 3 4 5 

34.I am as healthy as anybody 

I know 

1 2 3 4 5 

35.I expect my health to get 

worse 

1 2 3 4 5 

36.My health is excellent 1 2 3 4 5 
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                                          Annexure I (b) 

रैंड 36 आईटी स्वास्थ्य सरे्वक्षण 1.0 प्रश्नार्वली 

1.सामान्य तौर पर, क्या आप कहेंगे कक आपका स्वास्थ्य है  

अकत उतृ्कष्ट 

 

1 

बहुत अच्छा 

 

2 

अच्छा 

 

3 

किष्पक्ष 

 

4 

गंभीर 5 

2.एक साल पहले की तुलिा में, अब आप अपिे स्वास्थ्य को सामान्य में कैसे बिातागे?  

एक साल पहले की तुलिा में अब बहुत बेहतर है 

 

1 

एक साल पहले की तुलिा में अब कुछ बेहतर 2 

कुछ बेहतर 3 

एक साल पहले की तुलिा में अब थोडा खराब 4 

बहुत बुरा अब एक साल पहले से 5 
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किम्नकलखखत आइटम उि गकतकर्वकियो ंके बारे में हैं जो आप एक कर्वकिष्ट किि के िौराि कर सकते 

हैं। क्या आपका स्वास्थ्य अब आपको इि गकतकर्वकियो ंमें सीकमत करता है? यकि हां, तो ककतिा? 

(प्रते्यक पंखि पर एक संख्या सकक ल) 

  

 

 हां, बहुत 

सीकमत 

हां, थोडा सीकमत सीकमत िही ं

3. जोरिार गकतकर्वकियााँ जैसे कक चलिा, भारी र्वसु्तओ ं

को उठािा, जोरिार खेलो ंमें भाग लेिा 

1        2  3 

4. मध्यम गकतकर्वकियो,ं जैसे कक एक टेबल को कहलािा, 

एक रै्वकू्यम क्लीिर को िक्का िेिा, गेंिबाजी करिा या 

गोल्फ खेलिा 

1        2 3 

5. ककरािे का सामाि ले जािा  1        2 3 

6. सीक़ियो ंकी कई उडािो ंको च़ििा 1        2 3 

7. सीक़ियो ंकी एक उडाि भरिा 

 

1        2 3 

8. झुकिा, घुटिे टेकिा  1        2 3 

9.एक मील से अकिक चलिा 1        2 3 

10.कई ब्लॉक का चलिा 1        2 3 
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11.एक ब्लॉक पर चलिा 1        2 3 

12.िहािा या डर ेकसंग खुि करिा 1        2 3 

 

कपछले हफ्ो ंके िौराि, आपके िारीररक स्वास्थ्य के पररणाम स्वरूप आपको अपिे काम या अन्य 

कियकमत िैकिक गकतकर्वकियो ंमें से कोई समस्या थी?(प्रते्यकपंखिपरएकसंख्यासकक ल) 

 

 

 हा  ॅ  

 

िही 

 

13.काम या अन्य गकतकर्वकियो ंपर खचक ककए  गए समय की मात्रा को कम  करिा 

 

1 2 

14 .कम से  कम काम आप चाहेंगे 1 2 

15.काम या अन्य गकतकर्वकियो ंके प्रकार में सीकमत हैं 

 

1 2 

16. काम या अन्य गकतकर्वकियो ंको करिे में ककठिाई उिाहरण के कलए, अकतररि 

प्रयास 

 

1 2 

कपछले  4 हफ्ो ंके िौराि, आपको ककसी भी भार्विात्मक समस्याओ ंजैसे कक उिास या कचंकतत 

महसूस करिा ( के पररणाम स्वरूप आपके कामया अन्यकियकमत िैकिक गकतकर्वकियोकें साथ 

किम्नकलखखत समस्याएं हैं? 
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(प्रते्यकपंखिपरएकसंख्यासकक ल) 

 हा 

 

िही 

 

17. काम या अन्य गकतकर्वकियो ंपर खचक ककए  गए समय की मात्रा को कम 

करिा  

1 2 

18. कम से  कम  काम आप चाहेंगे 

 

1 2 

19. हमेिा की तरह ध्याि से काम या अन्य गकतकर्वकियााँि करिा  1 2 

20. कपछले 4 हफ्ोकेंिौराि आपके िारीररक स्वास्थ्यया भार्विात्मक समस्या ओिें पररर्वार िोस्तो ं

पडोकसयो ंया समूहो ंके साथ आपकी सामान्य सामाकजक गकतकर्वकियोमंें ककस हि तक हस्तके्षप 

ककया है (एक िंबर पर खक्लक करें )  

21. कपछले 4 हफ्ो ंके िौराि आपको ककतिी िारीररक पीडा हुई है? 

(एकिंबरपरखक्लककरें ) 

कोईिही ं  1  

बहुतसौम्य2 

हल्का3 

मध्यम4 

गंभीर5 

बहुतगंभीर6 
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22. कपछले  4 हफ्ो ंके िौराि, ििक  िे आपके सामान्य काम घर और घर के बाहर िोिो ंकाम 

सकहत (में ककतिा हस्तके्षप ककया? 

(एकिंबरपरखक्लककरें ) 

िही1ं 

थोडासा2 

मध्यम रूप से3 

थोडासा4 

अतं्यत5 

 

 

ये सर्वाल हैं कक आप कैसा महसूस करते हैं और प्रते्यक के कलए कपछले  4 हफ्ो ंके िौराि चीजें 

आपके साथ कैसी हैं, कृपया एक जर्वाब िें  जो आपके महसूस ककए जािे के तरीके के सबसे करीब 

आता है। 

(प्रते्यकपंखिपरएकिंबरपरखक्लककरें ) 

 

 

 

 सभीसमय अकिकां

िसमय 

कुछ 

समय 

एकअच्छा 

सा समय 

थोडा 

समय 

कोई भी 

समय िही ंहै 
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23क्या आप भरा हुआ महसूस 

करते हैं महसूस करते हैं 

1 2 3 4 5 6 

24. क्या आप बहुत घबराए हुए 

व्यखि हैं? 

1 2 3 4 5 6 

25 . क्या आपको  इतिी कमी 

महसूस हुई है कक कुछ भी 

आपको खुि िही ंकर सकता है 

1 2 3 4 5 6 

26.   . क्या  आप िांत महसूस 

करते हैं? 

1 2 3 4 5 6 

27. क्या आपके पास बहुत ऊजाक 

है? 

1 2 3 4 5 6 

28. क्या आपको िीचा  महसूस 

हुआ? 

1 2 3 4 5 6 

29. क्या आपको कघि आती है 1 2 3 4 5 6 

30. क्या आप एक खुि व्यखि 

थे? 

1 2 3 4 5 6 

31. क्या आप थका हुआ महसूस 

करते हैं? 

1 2 3 4 5 6 
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 32.कपछले  4 हफ्ो ंके िौराि आपके सामाकजक स्वास्थ्य या भार्विात्मक समस्याओ ंमें आपकी 

सामाकजक गकतकर्वकियों  ) जैसे िोस्तो ंररशे्तिारो ंआकि के साथ समय व्यखि  करिे ककस हि तक 

हस्तके्षप ककया है ककतिा समय(सकक लएकसंख्या) 

सभीसमय1 

अकिकांिसमय2 

कुछसमय3 

थोडासमय4 

कोई समय में िही5ं 

 

 

आपके कलए किम्नकलखखत में से प्रते्यक कथि ककतिा सही या गलत है। 

(प्रते्यकपंखिपरएकसंख्यासकक ल) 

 

 

 किकित 

रूप से 

सच है 

ज्यािातर 

सच है 

कुछ 

िही ं

ज्यािात

र झठू 

झठू 

किकित 

रूप 

33.मुझे लगता है कक अन्य लोगो ंकी तुलिा में बीमार 

होिे में थोडी आसािी होती है 

1 2 3 4 5 
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34 . मैं उतिा ही स्वस्थ हं कजतिा कोई भी मुझे पता है 1 2 3 4 5 

35.मुझे उम्मीि है कक मेरी सेहत खराब हो जाएगी 

 

1 2 3 4 5 

36. .मेरा स्वास्थ्य उतृ्कष्ट है 

 

1 2 3 4 5 
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                                          Annexure I(c) 

                           राँड 36 र्वसंू्तचे आरोग्य सरे्वक्षण 1.0 प्रश्नार्वली 

1.तुमचे आरोग्य कसे आहे:  

उतृ्कष्ट 1 

खूप चांगले 2 

चांगले 3 

ठीक 

 

4 

खराब 

 

5 

2. .एक र्वर्ाकपूर्वीच्या तुलिेत, आपण आता आपले आरोग्य कसे रेट कराल?  

एक र्वर्ाकपूर्वी पेक्षा बरेच चांगले 1 

 एक र्वर्ाकपूर्वी आता थोडीिी चांगले 2 

तिीच आहे 3 

एक र्वर्ाकपूर्वी आता थोडीिी र्वाईट 4 

एक र्वर्ाकपूर्वी आतापेक्षा बयाकच र्वाईट 5 
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खालील आयटम आपण सामान्य किर्वस िरम्याि करू िकता त्या कियाकलापांकर्वर्यी आहेत. 

आपला आरोग्य आता या कियाकलापांमधे्य मयाककित करतो का? तसे असल्यास, ककती? (प्रते्यक 

ओळीर्वर एक अंक मंडळा) 

 

 होय, खूपच 

मयाककित आहे  

मयाककित िाही इतकेच 

मयाककित 

िाही 

3. चालर्वण्यासारख्या सिि उपिम, जड 

र्वसू्त उचलणे, कडक खेळांमधे्य भाग घेणे 

1        2  3 

4. मध्यम कियाकलाप, जसे की टेबल 

हलकर्वणे, व्ह कू्यम क्लीिरला िक्का िेणे, 

गोलंिाजी करणे ककंर्वा गोल्फ खेळणे 

1        2 3 

5. ककरकोळ उचलणे ककंर्वा ककरण्याचे र्वसू्त 

उचलणे 

1        2 3 

6. अिेक पाययाकचे उड्डाण करणे 1        2 3 

7. एक पाययाकचे उड्डाण करणे 1        2 3 

8. र्वाकणे, गुडघे करणे ककंर्वा अडखळणे 1        2 3 

9. एक मैलापेक्षा जास्त चालणे 1        2 3 

10. अिेक ब्लॉक्स चालर्वणे 1        2 3 

11. एक ब्लॉक चालर्वणे 1        2 3 

12. स्वत: ला कपडे घालणे ककंर्वा अंघाSSSळ 

करणे 

1        2 3 
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गेल्या 4 आठर्वड्ांत, आपल्या शारीररक आरोग्याच्या पररणामी आपल्या कायाकसह ककंर्वा इतर 

कियकमत िैिंकिि कियाकलापांसह आपल्याला पुढीलपैकी कोणतीही समस्या आली आहे? 

(प्रते्यक ओळीर्वर एक अंक मंडळा) 

 

 होय  िाही 

13. आपण कामार्वर घालर्वलेल्या रे्वळेची ककंर्वा इतर कियाकलापांची संख्या कमी 

करणे 

1 2 

14. आपण इखच्छत असल्यास कमी काम करणे 1 2 

15.  कामाच्या प्रकार ककंर्वा इतर कियांमधे्य मयाककित आहे 1 2 

16. कायक ककंर्वा इतर कियाकलाप करण्यास ककठण (उिाहरणाथक, त्यांिी अकतररि 

प्रयत्न केले) 

1 2 

गेल्या 4 आठर्वड्ांत, आपल्याला कोणत्याही भार्विात्मक समसे्यमुळे (उिा. उिासीि ककंर्वा 

कचंताग्रस्त) झालेल्या पररणामामुळे आपल्या कायाकसह ककंर्वा इतर कियकमत िैिंकिि 

कियाकलापांसह पुढीलपैकी कोणतीही समस्या आली आहे? 

(प्रते्यक ओळीर्वर एक अंक मंडळा) 

 

 होय  िाही 

17. कामासाठी ककंर्वा इतर कियाकलापांर्वर खचक केलेल्या रे्वळेची संख्या कमी 

करणे 

1 2 

18. आपण इखच्छत असल्यास काम करणे 1 2 

19. िेहमीप्रमाणे काम ककंर्वा इतर उपिम काळजीपूर्वकक  ि करणे 1 2 
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20. मागील 4 आठर्वड्ांत, आपल्या सामान्य सामाकजक कियाकलापांसह आपल्या शारीररक 

आरोग्य ककंर्वा भार्विात्मक समस्यांमुळे कुटंुबातील, कमत्रांचे, शेजारी ककंर्वा गटांसोबत ककती 

प्रमाणात व्यत्यय आला आहे? 

(प्रते्यक ओळीर्वर एक अंक मंडळा) 

 

सर्वक काही िाही 1 

ककंकचत 2 

सािारण 3 

बरेचसे 4 

अतं्यत 5 

21. गेल्या 4 आठर्वड्ांत तुम्ही ककती शारीररक त्रास घेतला आहे? 

   (प्रते्यक ओळीर्वर एक अंक मंडळा) 

काहीही िाही 1 

खूपच सौम्य 2 

सौम्य 3 

मध्यम 4 

गंभीर 5 

खूप गंभीर 6 

 
 
 
 
 
 

22. गेल्या 4 आठर्वड्ांमधे्य, आपल्या सामान्य कायाकमधे्य िुुःखािे ककती त्रास झाला (घर आकण 

घराच्या बाहेर काम िोन्हीसह)? 
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(प्रते्यक ओळीर्वर एक अंक मंडळा) 

सर्वक काही िाही 1 

थोडेसे 2 

सािारण 3 

बरेचसे 4  

अतं्यत 5 

 

या प्रश्नांबद्दल आपल्याला कसे र्वाटते आकण आपल्यासाठी गेल्या 4 आठर्वड्ांत किा गोष्टी रहाल्या 

आहेत याबद्दल या प्रश्नांबद्दल, कृपया एक उत्तर द्या . मागील 4 आठर्वड्ांत ककती  (प्रते्यक 

ओळीर्वर एक अंक मंडळा) 

 

 

 सर्वक रे्वळ बयाकच 

रे्वळा 

एक 

चांगला 

रे्वळ 

थोडा रे्वळ थोडा रे्वळ 

िाही 

बयाकच 

रे्वळ 

िाही 

23. आपल्याला खूप  बर 

र्वाटते का 

1 2 3 4 5 6 

24. आपण खूप 

कचंताग्रस्त व्यिी आहात 

का? 

1 2 3 4 5 6 

25. आपण इतके थकले 

की आपण इतका 

आिंकित होऊ िकत 

िाही की काहीही 

1 2 3 4 5 6 
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आपल्याला आिंकित 

करू िकत िाही 

26. तुम्हाला िांत आकण 

िांत र्वाटले का? 

1 2 3 4 5 6 

27. आपल्याकडे खूप 

ऊजाक आहे का? 

1 2 3 4 5 6 

28. आपल्याला किराि  

र्वाटत का? 

1 2 3 4 5 6 

29. आपण कंटाळलो 

आहात का? 

1 2 3 4 5 6 

30. आपण आिंिी 

व्यिी आहात का? 

1 2 3 4 5 6 

31. आपण 

थकल्यासारखे र्वाटते? 

1 2 3 4 5 6 

  

 

गेल्या 4 आठर्वड्ांमधे्य, आपल्या सामाकजक कियाकलापांमधे्य (जसे की कमत्र, िातेर्वाईक 

इत्यािीसंह) आपल्या िारीररक आरोग्य ककंर्वा भार्वकिक समसे्यमधे्य ककती काळ व्यत्यय आला 

आहे? (एक िंबर र्वतुकळ) 

 

 सर्वक रे्वळ 1 

बहुतेक रे्वळा 2 

काही रे्वळा 3 
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थोडा रे्वळ 4  

रे्वळ िाही 5 

 

 

 

आपल्यासाठी खालीलपैकी प्रते्यक से्टटमेन्ट ककतपत सत्य ककंर्वा खोटा आहे. (प्रते्यक ओळीर्वर एक 

अंक मंडळा) 

 किकितपणे 

सत्य 

खरं सत्य बहुतेक 

खोटे 

माकहत िाही कि

कि

तप

णे 

खो

टे 

33. मला इतर 

लोकांपेक्षा थोडासा त्रास 

होतो असे र्वाटते 

1 2 3 4 5 

34 .मी स्वस्थ आहे 1 2 3 4 5 

35. माझे आरोग्य 

आणखी र्वाईट होउ 

िकते 

1 2 3 4 5 

36.  माझे आरोग्य 

उतृ्कष्ट आहे 

1 2 3 4 5 
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                                          Annexure I(d) 

Scoring of RAND 36 item health survey 1.0 Questionnaire: 

The RAND 36-Item Health Survey 1.0 Table 1 STEP 1: RECORDING 

ITEMS 

ITEM NUMBERS Change original response category (a) To recoded value 

of: 

1,2,20,22,34,36 1-----------> 100 

                             2-----------> 75  

                             3-----------> 50 

                             4-----------> 25  

                             5-----------> 0 

3,4,5,6,7,8,9,10,11,12 1-----------> 0  

                                     2-----------> 50  

                                     3-----------> 100 

13,14,15,16,17,18,19 1-----------> 0  

                                    2-----------> 100 

21,23,26,27,30 1-----------> 100  

                         2-----------> 80 

                         3-----------> 60 
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                            4-----------> 40 

                            5-----------> 20  

                            6-----------> 0 

24,25,28,29,31 1-----------> 0 

                          2-----------> 20  

                          3-----------> 40 

                          4-----------> 60 

                          5-----------> 80 

                          6-----------> 100 

32,33,35 1-----------> 0  

               2-----------> 25 

               3-----------> 50 

               4-----------> 75 

               5-----------> 100 
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The RAND 36-Item Health Survey 1.0 Table 2 STEP 2: AVERAGING 

ITEMS TO FORM SCALES 

Scale Number Of After Recoding Per Table 1,   Items                       

Average the  

                                                                                                                    

Following Items: 

Physical functioning                     3,4,5,6,7,8,9,10,11,12 

Role limitations due to physical health                  13,14,15,16 

Role limitations due to emotional problems         17,18,19 

Energy/fatigue                                                             23,27,29,31 

Emotional well-being     24,25,26,28,30                                                                         

                                                                                                                     

Social functioning        20,32                                                 

Pain       21,22                                                                                                       

General health     1,33,34,35 ,36                                                       
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                                           Annexure l(e) 

Specification of instrument:-  

 

DETAILS OF SPHYGMOMANOMETER  

 

Product Name &Description: Automatic Blood Pressure Monitor 

Model: HEM-7120 

Display: LCD Digital Display 

Measurement Range: Pressure: 0 to 299 mmHg 

     Pulse: 40 to 180 beats/min. 

Inflation: Fuzzy-logic controlled by electric pump 

Deflation: Automatic pressure release valve 

Memory: Last measurement 

Rating: DC6V   4W       

Accuracy: Pressure: ±3mmHg 

        Pulse: ±5% of display reading 

 

Measurement Method: Oscillometric method 

Power Source: 4 “AA” batteries 1.5V or AC adaptor 

Weight: Approx. 250g (without batteries) 

Dimensions: Approx. 103 (w) mm × 80 (h) mm × 129 (l) mm 
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Details of Pulse oximeter. 

 

Product Name &Description :Pulse Oximeter with Audio-Visual Alarm. 

Model: 

Display :Dual color OLED display 

Measurement Range:  Spo2 70%-99%  

Accuracy: ±2% (80%-99%) ±3% (70%-79%) Resolution 1% Low 

perfusion <0.4% 

Power supply: two 1.5V AAA batteries 

Dimension 58mm*35mm*30mm
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                                               ANNEXURE II 

LETTER OF CONSENT 

ASSOCIATION OF RAND 36 ITEM HEALTH SURVEY 1.0 

QUESTIONNAIRE   AND FUNCTIONAL CAPACITY  IN STAGE 1 AND 

STAGE 2 HYPERTENSIVE - 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 
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                                               ANNEXURE II (a) 

संमत  

चरण 1 आकण चरण 2 मिील उच्चरििाबरुग्णमधे्यराँड 36 र्वसंू्तचे आरोग्य सरे्वक्षण 1.0 

प्रश्िार्वलीआकणकायकक्षम कायकक्षमता मधे्यसंबंि- एक कर्वश्लेर्णात्मक िॉस कर्वभागीय अभ्यास 

 

 

• उपिमाचे स्वरूप,कारण, कालार्विी त्याचे पुढील पररणाम आकण उपिमाचे िोके तसेच 

या अभ्यासातील माझी भूकमका मला समजार्वली गेली आहे .माझे सगळे प्रश्न 

समािािकारकररत्या सोडर्वले गेले आहे . 

• माझा या उपिमातील सहभाग पूणकपणे ऐखच्छक आहे आकण मी  कोणत्याही रे्वळी, 

कोणतेही कारण ि िेता, कुठलाही िंड ि भरता  आकण मला कमळण्याचा अपेकक्षत फायिा 

यांमधे्य कुठलाही बिल ि होता मी या अभ्यासातूि कुठल्याही क्षणी माघार घेऊ िकते 

/िकतो . 

• उपिमािरम्याि उपलब्ध होणाऱ्या कोणत्याही माकहतीमुळे माझ्या उपिमातील भाग 

घेण्यार्वर पररणाम होऊ िकतो हे मला सांकगतले जाईल . 

• कर्वद्यालयीि संकमतीमाकहती गोळा करण्यासाठी माझी आिीची रै्वद्यकीय पत्रक पाह 

िकतात .या पत्रकार्वर सही केल्यार्वर मी त्यांिा तिी अिुमती िेते /िेतो. 

• मी हे जाणते/जाणतो कक माझी ओळख कुठल्याही तसेच कोणत्याही माकहतीत/प्रकाििात 

प्रिकिकत केली जाणार िाही .    

• मी ह्या उपिमात सहभागी होण्यासाठी संमती िेत आहे . 

________________            _______________          ________ 

 

सहभागी सिस्याचे िार्व          स्वाक्षरी /अंगठ्याचा ठसा           कििांक 
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                                              ANNEXURE II (b) 

सहमकत – पत्र 

चरण 1 और चरण 2के उच्चरिचाप के रोकगयो ंमैं रैंड 36 आईटी स्वास्थ्य सरे्वक्षण 1.0 प्रश्नार्वली 

और कायाकत्म कक्षमता मैं ररश्ता- एक कर्वश्लेर्णात्मक िॉस कर्वभागीय अभ्यास 

 

 

• इस अभ्यास का स्वरुप, अर्वकाि, इससे जुडे संभाव्य खतरे, संभाकर्वत प्रभार्व और मुझे जो 

करिा है उस के बारे में स्पष्ट जािकारी कमली है।  

• इस अभ्यास में सहभागी होिे का मेरा खुि का किणकय है.मैं ककसी समय अभ्यास को 

छोडकर जा सकती/सकताह। इसके कलए मैं कोई भी माििंड या भरपाई करिे के कलए 

बंिी/बंिा िही ंहाँ।   

• अभ्यास के िौराि उपलब्ध अन्य जािकारी कजस से अभ्यासिम में भाग लेिे पर असर 

पडेगा र्वह मुझे बताया जायेगा।  

• मेरी जांच का जो मूल्यांकि हुआ है, उसे संस्था के समालोचक मंडल के अकिकारी परख 

सकते है।इस पत्र पर हस्ताक्षर कर के मैं यह अिुमकत िेता हाँ या िेती हाँ । 

• मेरी पहचाि ककसीभी रृ्वतांत या प्रकािि में प्रकाकित िही ंहोगी। 

• मैं अभ्यासिम के कलए सहमत हाँ। 

 

____________         _________________             _______                  

सहभागी का िाम          हस्ताक्षर या अंगूठे का कििाि              कििांक 
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                                        Annexure ll(c) 

SUBJECTINFORMATION SHEET 

PURPOSE: 

To ensure that written informed consent is obtained Hypertensive subjects 

according to the regulatory requirement of ICMR and approved by IEC. 

SCOPE: 

This standard operational procedure includes hypertensive subjects who 

are voluntarily participating from the medicine department.  

RESPONSIBILITIES: 

The researcher will obtained written informed consent from hypertensive 

subjects who are volunteering to be the part of this study. 

PROCEDURE: 

1. The investigator will select the hypertensive subjects from the 

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 : 
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2. Age: 

3. Gender: 

4. Date: 

5. Height: 

6. Weight: 

2. You would be required to undergo 6 minute walk test to accesses 6 

minute walk test parameters and short form 36 Questionnaire to establish 

health related quality of life. 

3. 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. 

4. 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 

test 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 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. 
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9. 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: 

 

रोगीसूचनापत्र : 

 

उदे्दश्य: 

आईसीएमआर की कियामक आर्वश्यकता के अिुसार सुकिकित करिे के कलए कक कलखखत सूकचत 

सहमकत पुरुर् और मकहला कर्वर्यो ंसे प्राप्त की गई है और आईईसी द्वारा अिुमोकित ककया गया है। 

 

 

स्कोप: 

इस मािकपररचालि प्रकिया में सभी मरीज िाकमल हैं जो से्वच्छा से अस्पताल से भाग ले रहे हैं। 

 

कजमे्मिारी: 

िोिकताक इस अध्ययि के भाग के रूप में स्वयंसेर्वा करिे र्वाले सभी पुरुर् और मकहला से कलखखत 

सूकचत सहमकत प्राप्त करेगा। 
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प्रकिया: 

1. अने्वर्क उच्चरिचापओपीडी से पुरािी प्रकतरोिी उच्चरिचाप 

       रोग  के रोकगयो ंका चयि करेगा। 

2. अने्वर्क आिंका िूर करिे और प्रकतभागी के सभी प्रश्नो ंका उत्तर िेिे के कलए 

प्रयोगात्मक प्रोटोकॉल की व्याख्या करेगा 

3. यकि मरीज अध्ययि में भाग लेिे के कलए सहमत हैं तो उन्हें मािक पररचालि प्रकिया के 

अिुसार सहमकत िी जाएगी। 

4. यकि मरीज रुकच व्यि करता है लेककि उस मामले में कुछ संिेह है तो उन्हें हल ककया 

जाएगा। 

5. यकि मरीज कर्वर्वरण के साथ सहज होते हैं तो रे्व मािक पररचालि प्रकिया के अिुसार 

सूकचत सहमकत भरें गे। 

6. रोकगयो ंकी सहमकत के बाि अध्ययि प्रकिया िुरू होगी। 

7. कर्वसृ्तत कचककत्सा और ककसी भी अन्य िारीररक समस्या का इकतहास रोकगयो ंसे प्राप्त 

ककया जाएगा ताकक िाकमल ककए जािे और बकहष्करण माििंड को सत्याकपत ककया जा 

सके 

8. अिुसंिाि कर्वर्य की सामान्य जािकारी: 

1 िाम 

2. उम्र 

3. कलंग 

4. कििांक 

9. आपको व्यायाम की क्षमता के कलए 6 कमिट की पैिल यात्रा टेस्ट से गुजरिा होगा। 

10. यकि आप इस अर्वकि के िौराि असुकर्विाजिक हैं तो कृपया हमें यह बताएं कक हम 

आपकी मिि कर सकते हैं और आपकी समस्या को ककसी भी अयोग्य प्रभार्व के कबिा 

पार कर सकते हैं। 

11. आपको कोई प्रकतपूकतक और क्षकतपूकतक िही ंिी जाएगी। 
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12. यकि ककसी भी समय आप इस िोि अध्ययि से बंि करिा चाहते हैं तो आप ऐसा करिे 

के कलए स्वतंत्र हैं और हमारे पक्ष से कोई बािा िही ंहोगी। 

13. सहमकत के पत्र प्राप्त करिे से पहले परीक्षण, जोखखम, असुकर्विा, फायिे और िुकसाि 

का कर्वर्वरण आपको समझाया जाएगा। 

14. इस अध्ययि से प्राप्त आंकडे गोपिीय रूप से संरकक्षत और बिाए रखे जाएंगे और अगर 

तस्वीर का इसे्तमाल ककया जाए तो आपकी पहचाि प्रकट िही ंकी जाएगी और यकि 

तस्वीर प्रकाकित की गई तो अिुमकत प्राप्त की जाएगी। 

15. परीक्षण प्रकिया का सभी जोखखम आपको समझाया जाएगा और तििुसार सहमकत ली 

जाएगी 

16. यकि आप ककसी भी समय संतुष्ट िही ंहैं तो आप ककसी भी समय ककसी भी पररणाम के 

कबिा र्वापस ले सकते हैं 

 

 

िोिकताक का िाम: 

 

फोििंबर: 

पता: 

गाइडकािाम: 

फोििंबर: 

पता: 

संस्था का िाम: 

 

 

 

रुग्ण माकहती पत्रक : 
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हेतू: 

आईसीएमआरच्या कियाम कगरजांिुसार आकण आयईसी िे मंजूर केलेल्या माकहतीिुसार लेखी 

सूकचत संमती पुरुर् आकण मकहलांच्या कर्वर्यां कडूि प्राप्त केली आहे. 

 

 

स्कोप: 

या मािक ऑपरेििल पद्धती मधे्य सर्वक रोगी कर्वर्य समाकर्वष्ट आहेत जे से्वचे्छिे हॉखस्पटल मधे्य 

सहभागी आहेत. 

 

 

जबाबिायाक: 

संिोिक या अभ्यासाचा भाग होण्यासाठी स्वयंसेर्वी असलेल्या सर्वक िर र्व मािी यांच्या कडूि लेखी 

ज्ञात सहमती प्राप्त करेल. 

 

 

प्रकिया: 

1. अने्वर्क उच्चरििाब ओपीडीपासूि उच्चरििाब 

च्या पुरोगामी अर्वरोिीच्या रुग्णांची किर्वड करेल. 

2.तपासिीस आके्षप िूर करण्यासाठी आकण रुग्णच्या सर्वक प्रश्नांची उत्तरे िेण्यासाठी प्रायोकगक 

प्रोटोकॉलचे स्पष्टीकरण करेल. 

3. रुग्ण अभ्यासात सहभागी होण्यास सहमती िेत असेल तर त्या मािकसंचालि प्रकियेिुसार त्यास 

संमती किली जाईल. 

4. जर रुग्णाला स्वारस्य व्यि करते परंतु त्याबाबतीत काही िंका असेल तर ते सोडर्वतील. 
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5.रुग्णाला जर स्पष्टीकरण सोयीस्कर असतील तर ते मािकसंचालि प्रकियेिुसार सूकचतसंमती 

भरतील. 

6. रुग्णाची संमती किल्यािंतर अभ्यासप्रकिया सुरु होईल. 

7.रै्वद्यकीय कोणत्याही रै्वद्यकीयसमसे्यचा इकतहास रुग्णांकडूि प्राप्त केला जाईल ज्यायोगे 

समारे्विि आकण बकहष्कार माप िंडसत्याकपत करणे आर्वश्यक आहे. 

8. संिोिि कर्वर्याच्या सामान्य माकहती: 

1. िार्व: 

 2. र्वय: 

 3. कलंग: 

 4. तारीख:  

9. व्यायाम करणे आकण जीर्विाची गुणर्वत्ता स्थाकपत करण्यासाठी आपल्याला 6 कमकिट चालणे 

चाचणी, खललटर एडीएल टेस्ट आकण सीओपीडी चाचणी प्रश्िार्वलीची आर्वश्यकता आहे. 

10. आपण या काळात अस्वस्थ असल्यास आपण आम्हाला कळू द्या जेणेकरूि आपल्याला 

कोणत्याही समस्या ि पडता आपल्या समसे्यर्वर मात करण्यास मित होईल. 

11. आपल्याला कोणतेही परतार्वा आकण िुकसाि भरपाई किली जाणार िाही. 

12. जर तुम्ही या संशोििाच्या अभ्यासापासूि थांबरू्व इखच्छत असाल तर तुम्ही तसे करण्यास मुि 

असाल आकण आमच्याकडूि 

 कोणतीही अडथळा िसत. 

13. संमती पत्र प्राप्त करण्यापूर्वी परीके्षची जोखीम, अस्वस्थता, फायिे आकण तोटे यांचा तपशील 

आपल्याला स्पष्ट केला जाईल. 
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14. या अभ्यासातूि प्राप्त झालेला डेटा गुप्तपणे संरकक्षत आकण संरकक्षत केला जाईल आकण जर 

छायाकचत्र र्वापरले असेल तर आपली ओळख उघड केली जाणार िाही आकण जर छायाकचत्र 

प्रकाकशत केले तर परर्वािगी कमळेल. 

15. चाचणी प्रकियेचा सर्वक जोखीम तुम्हाला समजारू्वि िेण्यात येईल आकण त्यािुसार संमती घेतले 

जाईल. 

16. आपण कोणत्याही क्षणी समािािी िसल्यास आपण कोणत्याही पररणामांकशर्वाय किीही काढू 

शकता. 

 

 

संशोिकाचे िार्व: 

 

फोि िंबर: 

 

पत्ता: 

 

मागकििककाचेिार्व: 

 

फोििंबर: 

 

पत्ता: 

 

संस्थेचे िार्व: 
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                                             Annexure III 

                                       Timeline / Gantt chart 

 

Sr. 

No 

MONTHS  

1. NOVEMBER 2018 ALLOCATION OF THE GUIDE 

2. DECEMBER 2018 TOPIC FINALISATION FOR THE SYNOPSIS 

3. DECEMBER 2018 FORMULATION OF RESEARCH QUESTION 

4. DECEMBER 2018 FORMULATION OF AIM AND OBJECTIVES 

5. JANUARY 2019 HYPOTHESIS AND NULL HYPOTHESIS 

6. JANUARY 2019 TO 

FEBRUARY 2019 

PROTOCOL OF RESEARCH 

7. FEBRUARY 2019 INSTITUTIONAL ETHICAL CLEARANCE 

OBTAINED 

8. MARCH 2019 MUHS SUBMISSION 

9. APRIL 2019 TO FEBRUARY 

2020 

DATA COLLECTION 

10. AUGUST 2020 DATA PRESENTATION AND ANALYSIS 

11. SEPTEMBER 2020 WRITING DISCUSSION AND CONCLUSION 

12. OCTOBER 2020 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, __________________________, student of Master of Physiotherapy, would 

request you to grant me permission to carry out my research work.  

My research topic is ,ASSOCIATION OF RAND 36 ITEM HEALTH 

SURVEY 1.0 QUESTIONNAIRE  AND FUNCTIONAL CAPACITY IN STAGE 1 

AND STAGE 2 HYPERTENSIVE -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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The Head of medicine department, 

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 ASSOCIATION OF RAND 36 ITEM HEALTH SURVEY 1.0 QUESTIONNAIRE AND 

FUNCTIONAL CAPACITY IN STAGE 1 AND STAGE 2 HYPERTENSIVES,AN ANALYTICAL  CROSS 

SECTIONAL STUDY.” 

 

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,  
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MASTERCHART STAGE 1 HYPERTENSIVES 

SR age gender occupation no of hospitalizationAHA stage RR PR BP

NO pre post pre post PRE POST

DIASTOLICSYSTOLIC DIASTOLICSYSTOLIC

1 35 m shopkeeper 1 stage 1 18 22 75 82 80 130 90 140

2 35 m forest depart ment 2 stage 1 14 20 79 85 80 139 100 140

3 35 f clerk 1 stage 1 17 24 80 88 90 130 90 140

4 35 m doctor 1 stage 1 19 25 82 89 90 120 100 140

5 35 f housewife 1 stage 1 20 26 85 89 80 130 100 140

6 35 f housewife 2 stage 1 22 27 78 89 80 139 90 140

7 37 m clerk 1 stage 1 19 25 80 90 90 139 90 140

8 37 f housewife 3 stage 1 18 22 83 90 80 130 90 140

9 37 m printing press 1 stage 1 18 22 75 82 90 130 90 140

10 37 f housewife 2 stage 1 14 20 79 85 80 130 90 140

11 37 f housewife 1 stage 1 17 24 80 88 80 139 100 140

12 37 f housewife 1 stage 1 19 25 82 89 90 130 90 140

13 37 m agriculture department 1 stage 1 20 26 85 89 90 120 100 140

14 37 m teacher 2 stage 1 22 27 78 89 80 130 100 140

15 40 f housewife 1 stage 1 19 25 80 90 80 139 90 140

16 40 m health sector 3 stage 1 18 22 83 90 90 139 90 140

17 40 m police 1 stage 1 18 22 75 82 80 130 90 140

18 40 m bank manger 2 stage 1 14 20 79 85 90 130 90 140

19 42 f housewife 1 stage 1 17 24 80 88 80 130 90 140

20 42 f housewife 1 stage 1 19 25 82 89 80 139 100 140

21 42 m printing press 1 stage 1 20 26 85 89 90 130 90 140

22 42 m doctor 2 stage 1 22 27 78 89 90 120 100 140

23 45 m driver 1 stage 1 19 25 80 90 80 130 100 140

24 45 f housewife 3 stage 1 18 22 83 90 80 139 90 140

25 45 f housewife 1 stage 1 18 22 75 82 90 139 90 140

26 45 m shopkeeper 2 stage 1 14 20 79 85 80 130 90 140

27 45 m shopkeeper 1 stage 1 17 24 80 88 90 130 90 140

28 45 m secretary 1 stage 1 19 25 82 89 80 130 90 140

29 50 m housewife 1 stage 1 20 26 85 89 80 139 100 140

30 50 f housewife 2 stage 1 22 27 78 89 90 130 90 140
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SR 6MWD

NO (m) Vo2 max PC ,3,4,5,6,7 RLDTPH RLDTEP E/F 23,27 EWB,24,25 SF PAIN GH 1,33

8,9,10,11,12 13,14,15,16 17,18,19 ,29,31 26,28,30 20,32 21,22 34,35,36

1 416 10.43 55% 50% 66.66% 40% 44% 50% 67.50% 50%

2 444 10.9 55% 50% 66.66% 60% 60% 75% 42.50% 35%

3 462 11.2 60% 50% 33.33% 80% 52% 62.50% 55% 30%

4 414 10.4 55% 50% 100% 45% 44% 50% 57.50% 35%

5 352 9.3 75% 50% 0% 55% 56% 75% 65% 40%

6 380 9.8 70% 50% 66.66% 65% 52% 62.50% 45% 30%

7 360 9.5 65% 50% 66.66% 55% 44% 62.50% 57.50% 30%

8 400 10.1 55% 50% 33.33% 45% 40% 50% 57.50% 35%

9 368 9.6 70% 100% 100% 60% 60% 62.50% 55% 40%

10 347 9.2 70% 50% 66.66% 80% 52% 62.50% 55% 35%

11 400 10.1 55% 50% 66.66% 40% 44% 50% 67.50% 50%

12 348 9.3 55% 50% 66.66% 60% 60% 75% 42.50% 35%

13 450 11 60% 50% 33.33% 80% 52% 62.50% 55% 30%

14 356 9.4 55% 50% 100% 45% 44% 50% 57.50% 35%

15 358 9.4 75% 50% 0% 55% 56% 75% 65% 40%

16 480 11.5 70% 50% 66.66% 65% 52% 62.50% 45% 30%

17 500 11.8 65% 50% 66.66% 55% 44% 62.50% 57.50% 30%

18 490 11.6 55% 50% 33.33% 45% 40% 50% 57.50% 35%

19 450 11 70% 100% 100% 60% 60% 62.50% 55% 40%

20 430 10.66 70% 50% 66.66% 80% 52% 62.50% 55% 35%

21 380 9.8 55% 50% 66.66% 40% 44% 50% 67.50% 50%

22 333 9.05 55% 50% 66.66% 60% 60% 75% 42.50% 35%

23 325 8.9 60% 50% 33.33% 80% 52% 62.50% 55% 30%

24 400 10.1 55% 50% 100% 45% 44% 50% 57.50% 35%

25 440 10.83 75% 50% 0% 55% 56% 75% 65% 40%

26 380 9.8 70% 50% 66.66% 65% 52% 62.50% 45% 30%

27 440 10.83 65% 50% 66.66% 55% 44% 62.50% 57.50% 30%

28 324 8.9 55% 50% 33.33% 45% 40% 50% 57.50% 35%

29 356 9.4 70% 100% 100% 60% 60% 62.50% 55% 40%

30 345 9.25 70% 50% 66.66% 80% 52% 62.50% 55% 35%
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MATERCHART STAGE 2 HYPERTENSIVES 

SR age gender occupation no of hospitalizationAHA stage RR PR BP

NO PRE POST PRE POST Diastolic Systolic Diastolic Systolic

1 45 f clerk 2 stage 2 19 25 80 90 90 140 100 145

2 50 m professor 3 stage 2 18 22 83 90 90 140 100 140

3 50 m businessman 2 stage 2 18 22 75 82 100 130 110 145

4 50 m businessman 3 stage 2 14 20 79 85 90 150 110 140

5 50 f housewife 3 stage 2 17 24 80 88 100 140 100 145

6 54 f housewife 2 stage 2 19 25 82 89 90 140 100 145

7 54 m agriculture officer 3 stage 2 20 26 85 89 100 140 110 140

8 54 f housewife 3 stage 2 22 27 78 89 90 140 100 145

9 54 m bank manager 2 stage 2 19 25 80 90 100 140 100 140

10 54 f housewife 2 stage 2 18 22 83 90 100 140 110 145

11 54 f housewife 1 stage 2 18 22 75 82 90 140 110 140

12 54 m Teacher 2 stage 2 14 20 79 85 90 140 100 145

13 54 m Teacher 3 stage 2 17 24 80 88 100 130 100 145

14 57 f housewife 2 stage 2 19 25 82 89 90 150 110 140

15 57 m forest department 3 stage 2 20 26 85 89 100 140 100 145

16 57 m Teacher 3 stage 2 22 27 78 89 90 140 100 140

17 57 m professor 2 stage 2 19 25 80 90 100 140 110 145

18 57 f housewife 3 stage 2 18 22 83 90 90 140 110 140

19 57 f housewife 3 stage 2 18 22 75 82 100 140 100 145

20 58 m Teacher 2 stage 2 14 20 79 85 100 140 100 145

21 58 f Teacher 2 stage 2 17 24 80 88 90 140 110 140

22 58 f Teacher 1 stage 2 19 25 82 89 90 140 100 145

23 58 m Teacher 2 stage 2 20 26 85 89 100 130 100 140

24 60 m professor 3 stage 2 22 27 78 89 90 150 110 145

25 60 f clerk 2 stage 2 19 25 80 90 100 140 110 140

26 60 m warden 3 stage 2 18 22 83 90 90 140 100 145

27 60 m retired 3 stage 2 18 22 75 82 100 140 100 145

28 60 m retired 2 stage 2 14 20 79 85 90 140 110 140

29 60 f retired 3 stage 2 19 24 80 88 100 140 100 145

30 60 f retired 3 stage 2 18 23 80 85 100 140 100 140
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SR 6MWD Vo2 max PC ,3,4,5,6,7 RLDTPH RLDTEP E/F 23,27 EWB 24,25 SF PAIN GH 1,33 34

NO (m) 8,9,10,11,12 13,14,15,16 17,18,19 ,29,31 26,28,30 20,32 21,22 35,36

1 333 9.05 50% 25% 33% 65% 52% 75% 45% 25%

2 370 9.6 45% 50% 0% 50% 48% 50% 45% 45%

3 347 9.2 50% 50% 33% 35% 44% 50% 67% 45%

4 350 9.3 55% 25% 66% 40% 52% 75% 67% 40%

5 400 10.1 55% 50% 33% 60% 52% 25% 45% 30%

6 456 11.1 60% 50% 66% 40% 48% 50% 35% 30%

7 400 10.1 55% 50% 66% 45% 52% 62.50% 67% 45%

8 345 9.25 50% 25% 33% 55% 56% 62.50% 67% 40%

9 400 10.1 45% 50% 33% 80% 48% 62% 55% 30%

10 367 9.61 60% 50% 0% 40% 44% 75% 57% 35%

11 380 9.8 50% 25% 33% 65% 52% 75% 45% 25%

12 400 10.1 45% 50% 0% 50% 48% 50% 45% 45%

13 370 9.6 50% 50% 33% 35% 44% 50% 67% 45%

14 360 9.5 55% 25% 66% 40% 52% 75% 67% 40%

15 300 8.5 55% 50% 33% 60% 52% 25% 45% 30%

16 370 9.6 60% 50% 66% 40% 48% 50% 35% 30%

17 333 9.05 55% 50% 66% 45% 52% 62.50% 67% 45%

18 345 9.25 50% 25% 33% 55% 56% 62.50% 67% 40%

19 450 11 45% 50% 33% 80% 48% 62% 55% 30%

20 338 9.1 60% 50% 0% 40% 44% 75% 57% 35%

21 400 10.1 50% 25% 33% 65% 52% 75% 45% 25%

22 367 9.61 45% 50% 0% 50% 48% 50% 45% 45%

23 356 9.4 50% 50% 33% 35% 44% 50% 67% 45%

24 444 10.9 55% 25% 66% 40% 52% 75% 67% 40%

25 340 9.1 55% 50% 33% 60% 52% 25% 45% 30%

26 378 9.8 60% 50% 66% 40% 48% 50% 35% 30%

27 444 10.9 55% 50% 66% 45% 52% 62.50% 67% 45%

28 378 9.8 50% 25% 33% 55% 56% 62.50% 67% 40%

29 422 10.53 45% 50% 33% 80% 48% 62% 55% 30%

30 350 9.8 60% 50% 0% 40% 44% 75% 57% 35%
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Introduction  

 

In the world stroke is a leading cause of disability and mortality and among men 

and women aged 30–69 years, cardiac and cerebral vascular diseases cause three 

times as many deaths worldwide as infectious and parasitic diseases1. In India, the 

prevalence of stroke has been estimated at 203 per 100,000 population older than 

201. Furthermore, the global burden of stroke is high, stroke remaining the fourth 

leading cause of death worldwide with a particularly large impact in developing 

nations2. Stroke as defined by The World Health Organization (WHO) is: “rapidly 

developing clinical signs of focal (or global) disturbance of cerebral function, with 

symptoms lasting 24 hours or longer or leading to death, with no apparent cause other 

than of vascular origin”. Whereas, transient ischemic attack (TIA), last less than 24 

hours, and patients with stroke symptoms caused by subdural hemorrhage, tumors, 

poisoning, or trauma are excluded3. Stroke survivors were found to be handicapped 

over a wide range of domains and most disadvantage occurred in the domains of 

physical independence and occupation. Disability is the lack of ability to perform any 

activity or task in the range considered normal for a human being while the term 

handicap is likely to be more important to the patient than disability as it increases with 

severity of disability4. Post-stroke complications and severity of disability increase 

when stroke survivors are deprived of appropriate rehabilitation services. The 

disabling nature of stroke epidemic in India expects high demand to the rehabilitation 

needs of stroke survivors with a goal-oriented, time-bound program that aims at 

functional improvement5. In 21st century, stroke remains a disease of immense public 

health significance despite the advances in important areas of the disease such as the 

epidemiology, quality of life, and pathophysiology. Ischemic stroke is the predominant 

stroke subtype in both the developed and developing world. Hypertension remains the 
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leading risk factor of stroke despite the racial differences in the risk factors of stroke in 

both developed and developing countries6. On an average, stroke occurs 15 years 

earlier in – and causes more deaths of – people living in such low- to- middle income 

countries, as compared to those in high-income countries7. Early rehabilitation for 

stroke patients is beneficial and should be performed, although rehab within 24 hours 

should be avoided8. Stroke mainly of ischemic and hemorrhagic types with almost  

80%  of  patients  suffer  ischemic type  stroke  in  India 6,7,8. Stroke, is classified when 

the neurological deficits persist for at least 24 hours and the motor deficits are 

characterized by paralysis (hemiplegia) or weakness (hemiparesis), typically on the 

side of the body opposite the side of the lesion9. An adequate number of skilled staff 

is a pre-requisite of stroke-unit care and various skills are needed to provide 

comprehensive care10. Trunk function has been identified as an important early 

predictor of functional outcome after stroke and following the stroke the trunk 

deteriorates on both contralateral and ipsilateral sides of the body. The primary 

contribution of the trunk muscles is to allow the body to remain upright, adjust weight 

shifts, and control movements against constant pull of gravity and is considered central 

key point of the body. As stroke causes  weakness  of  trunk  flexors,  extensors,  

rotator  muscles  many previous studies have focused on assessing trunk function to 

predict the  functional  status  of  the  stroke  survivor. Sitting  involves  a  stable sitting 

posture and also to reach for variety of objects located around and  within  the  arm’s  

length  of  the  body  as  poor  sitting  ability  is commonly  found  after  stroke  its  

recovery  is  crucial  for  independent living11. Forward  reach  distance  in  sitting  

balance  is  associated  with the  magnitude  of  trunk  and  upper  arm  segmental  

motion  and  the active contribution of lower limbs in healthy persons12 . Reaching 

forward in sitting is a challenge to a person’s postural control; hence, it is suggested 
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to be an indicator of sitting balance for trunk control13. Primary goal of rehabilitation is 

of regaining mobility and sitting balance has been reported to correlate with mobility 

and functional outcomes post stroke14. Unlike hemiplegic limb muscles, following 

stroke the trunk muscles are impaired multi-directionally. The limb asymmetry makes 

it difficult for the patient to achieve trunk control.  In stroke patients the muscle strength 

is impaired and postural control becomes difficult due to asymmetry. Trunk is the 

central key point of the body, proximal trunk control  is a prerequisite for the  movement  

control  for distal  limb  as the   neurodevelopmental   principle   state   the   movement   

control proceeds  from  proximal  to  distal  part  of  the  body. In order to maintain 

postural balance, trunk control and stabilization need to be prioritized. Trunk control 

helps maintain balance by regulating the shifting of body weight during postural 

changes on various surfaces. Weakness   of   trunk   muscles,   inappropriate   motor  

unit recruitment,  loss  of  proprioception  and  excessive  use  of  abnormal 

compensatory  strategies  can  interfere  with  the  balance,  stability, functional   

disability   and   poor   ability   to   control   posture. In  a proprioceptive  position  sense  

test  of  the  trunk,  stroke  patients  had difficulty  in  reposition  from  starting  posture  

in  all  three  planes  of body  than   the   normal   individuals. After  stroke when  the  

sensory  and  motor  impairment  causes  weakness  to  one side of body, limb muscles 

along with trunk muscles are impaired thus affecting functional status of the patient 

post stroke15. Lee  and  Beak  in  2007,  demonstrated  that  core  stability exercise is 

effective for improving ability to achieve stationary posture and  balance16. Trunk 

stability training helps to control trunk movements by synergistically activating the 

postural muscles namely the abdominal and multifidus muscles through pelvic and 

abdominal training17. A  cross  sectional  study  by  Verheyden  et  al,  showed  that 

counter  rotation  between  upper  and  lower  trunk  is  mobility  over stability that is 
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required for functional movements. Rotation of trunk muscles  require  static  holding  

of  contralateral  muscles  to  stabilize central aponeurosis allows antagonist to shorten 

and draws one side of  pelvis  and  thorax  forward 18. Sitting is the first  upright  posture  

to get  restored  after stroke    and    about  93% patients    can    achieve    one    

minute  of independent sitting balance in the first six days after occurrence of stroke. 

The recovery of sitting balance is essential to obtain independence in vital functions 

such as reaching, rising to stand, sitting down, showering, toileting, dressing as it 

involves the ability to reach for a variety of objects located both within and beyond 

arm’s length as personal daily tasks19. The  altered  trunk  movements  post stroke  

affects  body’s  equilibrium  and  hence  rehabilitation  of  trunk post  stroke  is  highly  

required 11,20. Training  with  Swiss  ball  in  post stroke patients provides a challenge 

to trunk control and is proved to be  better  as compared  to  the  conventional  plinth  

exercises  as  the Swiss   ball   gives   a  dynamic   surface  to   influence   the   

anticipatory postural adjustments and activates the trunk musculature to maintain 

desired posture 15,19,20,21. The Trunk Impairment Scale   measures motor impairment 

of trunk after stroke22. This scale evaluates static and dynamic sitting balance and co-

ordination of  trunk movement. Trunk Impairment Scale has sufficient reliability,   

internal consistency  and  validity,  using  the  trunk  impairment  scale  in stroke  

patients  and  healthy  individuals  the  Trunk Impairment Scale scores  showed  a 

significant difference on trunk control 21,22,23. Many   efficient   intervention   regimes   

for   stroke involving dynamic, task-oriented, repetitive training are provided post stroke  

to  achieve  recovery  with  an  idea  of  activating  new  areas  in cerebral cortex24. 

Often times, post stroke patients find the rehabilitation therapy repetitively 

monotonous, boring and tiresome25. In some clinical trials, music supported therapy 

has shown   to   be   effective   in   post   stroke   rehabilitation   of   motor function and 
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has been found to be helpful for post stroke patients as a therapeutic tool 26,27. Music 

is one of the most powerful elicitors of spontaneous motor actions also, it motivates 

people to adhere to exercise and reduces perceived exertion28. Daily music listening 

can improve attention, memory and induce  structural  grey  matter  changes  in  early  

post  stroke  stage in addition auditory-motor coupling has shown to facilitate repetitive 

movements post stroke27,28. According to  Shumway  Cook  et  al,  the  use  of  music  

positively  affect cognition, emotion and motor abilities and music listening activates a 

complex   network   of   brain   areas   related   to   auditory,   cognitive, sensory-motor     

and     emotional     processing. In post stroke rehabilitation, it has been found that 

playing musical instruments can effectively   improve   motor   skill   recovery 24,28. 

Rhythm, a potent neurological stimulus that humans can automatically associate with 

certain physical movements. Rhythm provides a clear form with stable time information 

allows brain to plan and evaluate paretic arm movement and positional change 

throughout entire cycle of motion that provides sense of time and space for 

movement29. Music   is   a   potent stimulus can easily elicit movement, stimulating 

interactions between perception and  action  systems  and  is  effective  to  induce  

plastic changes in motor systems. In the human brain, the powerful sources of  

auditory  stimulation  is  provided  by  music  hence,  more  focus  has been over the 

effectiveness of such non-pharmacological approaches as   its   repeated   exposures   

can   create   new   connections   between neurons  in  the  brain 30,31. Music  is  strong,  

multimodal  stimulus  that transmits auditory, visual and motor information to 

specialized brain network  of fronto-temporo-parietal  regions which  are  also  a  part  

of putative  human  mirror  neuron  system 32. The   auditory   system   has   a   large 

distribution of neural connections to motor center in the spinal cord, brainstem,   sub-

cortical   and   cortical   levels   and   in   the   auditory entrainment,   the   period   of   
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auditory   rhythm  not   only   influences movement  timing  but  also  modulates  

patterns  of  muscle  activation and  control  of  movement.  Music  based  auditory  

cues  is  not  only enjoyable  but  also  can  remediate  impaired  neural  connections  

by engaging and linking brain centers 30,31. Multimodality  is  a great  opportunity  to  

adapt  various  musical  activities  like  playing instrument, listening to music with 

therapeutic purpose and moving in   synchrony   along   a   rhythm 33. This  network  

of  brain  might support  to  couple  the  perceptual  events  (visual  or  auditory)  and 

motor actions (movement of body) triggered  by  auditory  rhythm  to  entrain the firing    

patterns    of    motor    neurons 30,31,33. Various    studies has demonstrated  that  the  

neuro-plastic  changes  occur  due  to    music supported  therapy  in  the  patients  

post  stroke 31,34. Study conducted in year 2020, reviewed growing evidence that 

auditory cues can modulate perception of body movements and environment. The 

implications of auditory influences on movement are significant for clinical 

rehabilitation as it enhances motor learning of a complex motor skill. Hence, pairing 

auditory input with exercise has shown to exert positive effects in motor rehabilitation 

of stroke patients35. Neuro-physiologically in stroke patient the behavioural    

improvements    were    accompanied    by auditory-sensory-motor co-activation in 

level of cortex and by shift of motor  excitability  pattern  of  motor  cortex  of  patients  

examined  by trans-cranial  motor  stimulation.  The  cerebellum  is  active  during  a 

musical   experience   that   involves   timing,   rhythm   processing   and motor 

coordination and researchers suggest that it could be useful to promote  relaxation,  

improve  cognition  and  motor  performance  in post stroke patients and the term 

rhythmic auditory cueing is a medium of repetitive synchronous beats applied to 

synchronize motor execution with a rhythm 26,31,36. Studies demonstrated the effect of 

rhythmic cueing  for  upper  extremity  or  full  body  coordination  in  hemiparesis 
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stroke   patients   to   be  effective   in  rehabilitation     also   combining rhythmic  music  

listening  with  rehabilitation  improves  gait  velocity,   stride   length   and   music   

based   learning   increases   brain   volume facilitating in congenital or acquired 

neurological dysfunctions37. In humans, music listening activates  wide  spread  

bilateral  network  of brain   regions   related   to   attention,   motor   function 38. Music 

based exercises bring massed practice, auditory and tactile feedback thus promotes 

neural reorganization39.  

There have been various studies to support use of music therapy post stroke and 

findings to show that combination therapy is more effective than a pharmaceutical 

approach alone as it leads to regain motor function and improve muscular control and 

rhythmic auditory stimulation uses rhythmic qualities of music to train motor behavior 

patterns in synchronous with the motor movements and tempo of music 26,40,41. There     

is scarcity of research focusing on therapeutic mechanisms by which music supported 

therapy improves motor functions post stroke 39, whereas, many  researchers  

suggests that improvement by music supported therapy is combined effect of intensive 

repetitive practice with musical stimulation, the evidence to support   these studies   

are   unavailable 26,34,37,40,42. However,   no   studies connected the synchronization of   

music  and  movement  with  Swiss ball to improve the trunk control in post stroke 

patients. Therefore, the present study attempts to compare the effectiveness  of Swiss 

ball exercise alone with Swiss ball exercise along with music based auditory cues  to 

improve the trunk control in post stroke patients.  
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Need for study 

    Music is a complex temporally structured sound language which in a music-specific 

way stimulates and integrates brain neuronal pathways with its metro- rhythmic 

parameters in sensorimotor rehabilitation. Incorporation of music with rehabilitation 

program fosters recovery of hand function, dexterity, spatial movement, cognitive 

function, mood, coordination, stride length and memory 31. As its exposure is highly 

rich in human emotional, sensorimotor and cognitive experience known as Apollo’s 

gift, a music enriched environment will improve post stroke motor recovery 38. It is also 

studied that addition of music to standard therapy reduces the disability burden of 

coordinative, emotional or sensorimotor impairment 43. 

    Rhythmic auditory cueing incorporation was strongly recommended and widely 

used in gait and postural rehabilitation post stroke 36,64-68. As auditory feedback 

enables an individual to identify and modify the differences between actual and 

intended movement during motor learning process, gait training with auditory feedback 

was beneficial in improving trunk control and muscle activation in post stroke patients 

44. Music based auditory stimulation uses techniques to initiate, synchronize and direct 

an individual’s movement also has shown effectiveness in stimulating areas in the 

brain to produce synchronized movements such as walking45. 

    Swiss ball training alone to improve trunk control is found to be effective and 

adaptive equipment to develop trunk balance and postural stability51. In order to 

enhance process of functional recovery, multisensory stimulation is advantageous that 

combines enriched environment and task specific exercises rather than single 

interventions to improving stroke recovery. Such multimodal rehab may improve the 

conditions for neuro-plastic changes also in late rehab process and shown a significant 

positive effect on activity levels47.     
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There have been various studies combining rhythmic music listening with 

rehabilitation program to improve gait velocity, symmetry, mood in post-stroke patients 

in comparison to the rehabilitation program alone31,36,40,44,45,48 . Therefore, with this 

study the focus remains on combining more than one intervention that includes music 

and Swiss ball exercises to improve trunk control in post-stroke patients. As this type 

of study combining the effect of music based auditory cues with Swiss ball training to 

improve trunk control in post stroke recovery has not been documented in the 

literature,  an attempt has been made to study the effectiveness of music with Swiss 

ball exercises and only Swiss ball exercises alone to improve the trunk control in 30-

60 years old post-stroke patients.  
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Aim: 

“To study the effectiveness of music with Swiss ball exercises and only Swiss ball 

exercises to improve trunk control on Trunk Impairment Scale in post stroke patients 

of 30-60 years.” 

 

Objectives: 

To compare the effects of Swiss ball exercise versus Swiss ball exercise with music 

based auditory cues in improving trunk control on Trunk Impairment Scale in 30-60 

years old post stroke patients 

 

Null hypothesis: 

There is no significant effect in trunk control with Swiss ball exercise versus Swiss ball 

exercise with music based auditory cues on Trunk Impairment Scale in 30-60 years 

old post stroke patients. 

 

Alternate hypothesis: 

There is significant effect in trunk control with Swiss ball exercise versus Swiss ball 

exercise with music based auditory cues on Trunk Impairment Scale in 30-60 years 

old post stroke patients. 
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Review of Literature:  

1. Jung KS, Bang H et. al (2020) performed a study to investigate the effects of 

gait training with auditory feedback on trunk control, muscle activation and 

dynamic balance in 20 hemi-paretic stroke patients. Experimental group 

received gait training and auditory feedback while the control group received 

conventional gait training both for 30 minutes for four weeks. Activation of 

erector-spinae muscle was measured using surface electromyography. Trunk 

control was evaluated by Trunk Impairment Scale and dynamic balance 

measured using Timed up and go test. The result showed muscle activation 

significantly higher in experimental group. They concluded that gait training with 

auditory feedback was beneficial for improving trunk control49. 

2. McCue P et. al (2020) performed a study with an aim to determine whether 

delivery of a home/community based program of exercise using auditory 

rhythmical cueing to improve gait and physical activity in stroke survivors is 

acceptable and feasible. 30 participants undergone 30 minutes ARC (Auditory 

Rhythmic Cueing) for 6 weeks. Participants were provided with paper or web 

based password protected video based training while control group was given 

basic instruction on exercise but no cues of an auditory nature. Outcome 

measurement used for ambulatory ability was Rivermead mobility assessment 

and mini balance for evaluation of gait and balance also the stroke impact scale. 

After 6 weeks a closed and open question list were given. Also, face to face 

semi structured interviews were taken. They concluded that, the study provided 

valuable feasibility to deliver ARC intervention in real world both in home and 

wider community50. 
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3. Stanton TR (2020) performed a study with an aim of their present review to 

determine whether there are systematic influences on perception that are 

dependent upon the type on non-veridical input that is inaccurate auditory cues 

on the perception of body, movement and the environment. They concluded as 

the literature reviewed growing evidence that auditory cues can substantially 

modulate how we perceive our own body, its movement and the environment. 

Also, the implications of auditory cross modal influence on movement are 

significant for fields such as exercise, athletics and for clinical rehabilitation35.    

4. Ghai, Shashank et. al (2019) performed a systematic review and meta- 

analysis to analyze the effects of auditory cueing on gait and postural stability 

post stroke. The review and meta-analyses revealed beneficial effects of training 

with auditory cueing on gait and postural stability. The author repeated 5 

systematic review and meta-analyses till date that have evaluated effects of 

rhythmic auditory cueing on gait recovery post stroke. They focused on two main 

objectives to analyze the influence of training with rhythmic auditory cueing on 

spatio-temporal gait and post stability and determine appropriate training 

dosages with auditory cueing. All the included studies reported that the stroke 

patients also received conventional physical therapy in addition to auditory 

cueing. RAC (Rhythmic Auditory Cueing) with a training dosage of 20-45 minute 

for 3-5 sessions per week. The result found that spatiotemporal gait parameters 

were considerably enhanced after training with RAC. Dynamic post stability was 

enhanced with RAC as duration of timed up and go test was reduced. They 

concluded that, RAC provides beneficial effects for enhancing gait performance 

and dynamic stability post stroke45. 
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5. Alexander Street, Jufen Zhang et. al (2019) performed a study to assess the 

feasibility and acceptability of a two day per week Neurologic Music Therapy 

service over 24 months of 201 patients, 177 received treatment and data were 

collected on number of referrals session attended and questionnaire were 

collected. The Visual Analogue Mood scale (VAMS) pre and post single session 

mean score. Post sessions showed an increase in Happy VAMS data. They 

concluded that service was feasible and helpful for the patients mood, improving 

engagements in rehabilitation 39. 

6. Bunketorp-Käll L, Pekna M et al (2019) performed a study to investigate 

whether horse riding therapy and rhythm and music based therapy affect 

functional mobility in late phase after stroke. Total 123 participants were 

assigned to HRT (N=41), R-MT (N=41) and control (n=41) studied for twice a 

week for 12 weeks. Assessment included the timed 10 meter walk test, six 

minute walk test and modified motor assessment scale. The result showed RMT 

group performed better with respect to time while HRT showed improvements 

in functional task performance as measured by M-MAS 51. 

7. Leverington, Jake and Bell et. al (2019) performed a study with aim to 

evaluate the effectiveness of combined physical therapy and music therapy 

interventions for strength, balance, gait, and functional activity for person 

following stroke. 12 one hour sessions were performed. The rhythmic cues were 

initially set at a pace of 88 beats/minute, by the end the pace decreased to 58 

beats /minute. They resulted in a significant change in patients progress on berg 

balance scale from a score 33/56. Initially to 45/56 at final evaluation. They 

concluded that the patient enjoyed the combined therapy sessions and was able 

to increase the step length on right leg and consequently stance time on her left 
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leg with less lateral sway during walking. This improved the patients daily 

walking ability and the energy expenditure exerted while walking 47. 

8. Elanchezhian, C. et. al (2019) performed a study with a aim to improve trunk 

control and balance in spastic hemiplegic CP (Cerebral Palsy) children by Swiss 

ball training. Two groups were formed, one received conventional training and 

the other was given Swiss ball training for 30 minutes. GMFM-88 was utilized 

for assessment of trunk balance and pediatric balance scale for functional 

balance. They resulted that Swiss ball training group were significantly improved 

to that of conventional group. They concluded that, Swiss ball training improves 

trunk control and balance52. 

9. Pohl P, Carlsson G et al (2018) performed a study to identify important core 

mechanism to explore how interventions that combine physical, social, sensory 

and cognitively challenging activities are perceived and experienced by the 

participants. After 4 weeks, an interpretive and interactionist perspective, 

explored the experience of stroke survivors who participated in a group based 

multimodal rehab program based on rhythm and music. They concluded that 

positive experiences from many individuals in a late phase after stroke in terms 

of motor, cognitive and emotional enhancements53. 

10.  Gerd Schmitz et. al (2018) performed a study on movement sonification in 

stroke rehabilitation and concluded that significant pre and post changes occur 

in box and block test in patients with music and rehabilitation than compared to 

those without music 54. 

11. Moumdjian, Lousin et. al (2018) in their systematic review, with objective to 

systematically describe the metrics that measures entrainment and 

synchronization to auditory stimuli during walking in healthy and neurological 
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patients. They concluded that, the application of these metrics which measure 

timing aspect of auditory-motor coupling and synchronization of auditory stimuli 

may enhance recovery of the patients
42

.  

12. Shashank Ghai, Gerd Schmitz (2018) performed a study by using rhythmic 

auditory cueing to enhance gait performance in Parkinson patients and 

concluded that with auditory cueing, an overall positive effect on gait velocity, 

stride length with negative effect on cadence was found
36

. 

13. Tushar Dhawale et al (2018) performed a study with aim to study the effects of 

trunk control exercise on gait and balance of trunk in stroke patients from age 

group 40-60 years. Group A were given conventional exercise and group B were 

given trunk control exercise with conventional exercise. They concluded that 

trunk control exercise with conventional exercise found to be very effective than 

conventional exercise in patients post stroke55. 

14. Deshmukh Snehal et al (2018) performed a study to find the effect of trunk 

exercise on Swiss ball and trunk exercise on bed among hemiparesis patients 

and concluded that there is significant improvement in giving trunk exercises 

with Swiss ball than the bed exercises in stroke patients
20

. 

15. Bahrami S, Thomas MA et. al (2017) performed a study combining music with 

virtual reality with standard rehabilitation therapies and concluded that music 

therapy is an inexpensive intervention to help post stroke patients to recover 

faster and incorporating music into rehabilitation program foster recovery of 

hand function, dexterity, spatial movement, cognitive function, mood, 

coordination, stride length and memory of patients post stroke31. 

16. Raglio A, Zaliani A et. al (2017) performed a study to improve motor and 

cognitive function. In this RCT, 38 patients with ischemic and hemorrhagic 
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stroke were recruited and allocated in two groups. Music therapy process was 

also evaluated using specific rating scale. They resulted that, musical therapy 

group showed a decrease of anxiety and depression also an increase in strength 

of non-dominant hand grip. They concluded, music therapy assessment showed 

significant improvement over time56. 

17. Jung S, Lee K et. al (2017)  performed a study to assess the effects of audiovisual 

biofeedback based trunk stabilization training using a pressure biofeedback 

system in stroke patients. 43 chronic stroke patients were randomly allocated in 

two groups. Training done for 5 days a week for 6 weeks. They resulted that 

trunk stabilization training using PBS (Pressure Biofeedback System)  has a 

positive effect on contracted ratio of trunk muscles and balance ability. They 

concluded that, by providing audiovisual feedback the PBS enables accurate 

and effective training of trunk muscles and an effective method for trunk 

stabilization17. 

18. Pyae, Aung (2016) performed a study with aim to design and develop patient 

centered mobile based music listening therapy application for stroke patients. 

They concluded that, using music as a tool for rehab for stroke patients to benefit 

their attention, communication, cognition and emotion. Also, to manage and 

support the intervention to many patients at the same time25. 

19. S. Felix Renald, J. Raja Renald (2016) performed a study with an objective to 

compare the efficacy of trunk exercises performed on Swiss ball versus bed in 

trunk control among hemiparesis patients. They concluded that there was a 

significant improvement in trunk control following trunk exercises on Swiss ball 

than on bed among hemiparesis patients57. 
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20. Chen, Joyce L et al (2016) performed a study to find the use of augmented 

auditory feedback to improve arm reaching in stroke. They resulted amongst 

three of five subjects after the auditory feedback showed increase in elbow 

extension and reduced compensatory trunk flexion. They concluded that 

auditory feedback improves the rehabilitation of patients with stroke44.    

21. Asa Rosin, Margareta Erricson et al (2015) performed a study to estimate the 

effects of a 20 week functional oriented music therapy program on several body 

function in patients with chronic stroke and in Parkinsons patients. Quality of life 

was assessed before and after functional music therapy. They resulted that both 

groups reported a better social life and increase concentration with improved 

self esteem after the therapy. They concluded that, the feasibility of using FMT 

as a rehab method for patients with a chronic stroke58. 

22. François C, Grau-Sánchez et al (2015) study on musical training as an 

alternative and effective method for neuro education and neuro rehabilitation, 

concluded that the results of few studies showing training with musical 

instruments can have positive effect on motor, emotional, cognitive deficits in 

patients with non-communicable disease such as stroke and Parkinson disease 

and this it can play an important role in developing new, creative and cost-

effective intervention programs in future33. 

23. Schaefer RS (2014) performed a study to find the effect of rhythmic auditory 

cueing on movement and concluded that it is difficult to separate out affective, 

motivational effects from pure motor network by influence of music and further 

interventions to increase the efficacy of rhythm based intervention is required 37. 

24. Strzemecka J et al (2013) performed a review study to determine the 

effectiveness of rehab programmes in late phase after stroke. After studying 



18 
 

various articles, they concluded that music therapy is used in the small part of 

rehab after stroke. In view of the proven role of music therapy in improving the 

health of people after stroke, it should be used as one of the permanent 

elements of stroke rehabilitation59. 

25. Bunketorp Käll L, Lundgren-Nilsson et al (2012) performed a study with a 

aim to investigate whether overall health status and functioning can be improved 

in community dwelling individuals in the late phase of stroke through rhythm and 

music based therapy or therapeutic riding. The study showed that the concept 

of brain plasticity gives hope for improvements in rehab that go beyond 

spontaneous recovery of function. They concluded that, the rehab process 

should encompass all dimensions of a stroke survivor’s life and address both 

the social and physical needs of patient46. 

26. Forsblom A, Laitinen S et. al (2012) performed a study on experiences of music 

listening and music therapy in acute stroke rehabilitation. The results showed 

that the patients listening to music show less depressive and confused mood 

than control group. They concluded that music listening was specifically 

associated with better relaxation, increased motor activity and improved mood60. 

27. Kim, Jeong-Hoon (2012) performed a study to examine the effects of rhythmic 

auditory stimulation gait training on dynamic balance and gait ability of stroke 

patients using smartphone metronome app and concluded that rhythmic 

auditory stimulation gait training using smartphone metronome improves 

dynamic balance and gait abilities of post stroke patients69. 

28. Wiley Blackwell et al (2010) performed a study on rhythm and music and its 

potential in stroke rehabilitation. They concluded that listening to live and 
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recorded music improves speech, behaviour and pain in patients with brain 

injury61. 

29. Schneider S, Schönle PW  et al (2007) performed a study with aim to evaluate 

a music supported training program designed to induce auditory- sensorimotor 

co-representation of movement in stroke survivors and concluded that 

innovative therapeutic strategy is effective for motor skills neuro-rehabilitation of 

post stroke patients62. 

30. Verheyden G., Mertin, J et al (2004) performed a study to examine the 

clinimetric characteristic of Trunk Impairment Scale as it aims to score the 

quality of trunk movement after stroke and concluded that analysis of different 

clinimetric parameters support the use of Trunk Impairment Scale in both clinical 

use and future stroke research
63

. 
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Materials and Methods:  

1. Study design - Randomized controlled trial. 

2. Study setting - Physiotherapy OPD. 

3. Study population - Post stroke patients between age 30-60 years 

4. Study duration- March 2019 - May 2020. 

5. Sample size - Required sample size is 40 for the study with 20 subjects in both the 

groups. Only data from 30 subjects was used for final analysis since the remaining 

10 subjects (5 from each group) were lost to follow up due to Covid 19 pandemic 

crisis. 

6. Sampling Technique - Convenient type of sampling for selection and allocation of 

both the groups by block randomization method. 

7. Sample  size   estimation - Sample   size   estimation   based   on   following 

assumptions    from    previously    published    study,   “ Efficacy    of      trunk  

exercises on Swiss ball versus bed exercise in improving trunk control in 

hemiparesis patients” by S. Felix Renald, J. Raja Renald40. 

8. Sample Analysis – EPI info version 7 software was used for statistical analysis. 

Two tailed Paired t Test was used to find out the statistical significance of 

effectiveness within the group. Intergroup Analysis was done using unpaired T test. 

A p value of p < 0.05 was considered significant.   

9. Outcome Measures 

a. Trunk Impairment Scale 17,25 - It is a tool to measure motor impairment of trunk 

after stroke, it evaluates static sitting balance, dynamic sitting balance and 

coordination (Annexure IIIB) 
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METHOD OF MEASUREMENT 

 

ITEM 
 

A. STATIC SITTING BALANCE 

 

I. Starting position (patient falls or cannot maintain starting position for 10 sec 

without arm support) = 0 

• Patient can maintain starting position for 10 seconds = 2 

  [if score =0 than TIS score= 0] 

II. Starting position (Therapist crosses the unaffected leg over the hemiplegic 

leg) 

• Patient falls or cannot maintain sitting position for 10 seconds without arm 

support = 0 

• Patient can maintain sitting position for 10 seconds = 2  

III. Starting position (patient crosses the unaffected leg over the hemiplegic leg) 

• Patient falls = 0 

• Patient cannot cross the legs without arm support on bed or table = 1 

• Patient crosses the legs but displaces the trunk more than 10 cm backwards 

or assist crossing with the hand = 2 

• Patient crosses the legs without trunk displacement or assistance = 3 

Total static sitting balance = _/7 

 

B- DYNAMIC SITTING BALANCE 

  

1) Starting positions (patient instructed to touch the bed or table with hemiplegic 

elbow by shortening or lengthening the unaffected side and return to starting 

position) 
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• Patient falls, need support from upper extremity or elbow does not touch the 

bed or table = 0 

• Patient moves actively without help, elbow touches bed, or table = 1 

[if score = 0, then items 2,3 scores 0] 

2) Repeat item 1 

• Patient demonstrates no or opposite shortening/lengthening = 0 

• Patient demonstrates appropriate shortening/ lengthening =1 

[if score=0 then item 3 scores =0] 

3) Repeat item 1 

• Patient compensates= 0 possible compensations are; 

i. The use of upper extremity 

ii. Contralateral hip abduction 

iii. Hip flexion (if elbow touches bed or table further than proximal half of 

femur) 

iv. Knee flexion 

v. Sliding of feet 

• Patient moves without compensation = 1 

4) Starting position (Patient is instructed to touch the bed or table with the 

unaffected elbow by shortening the unaffected side and lengthening the 

hemiplegic side and return to starting position) 

• Patient falls, need support from an upper extremity or elbow does not touch 

the bed or table = 0 

• Patient moves actively without help, elbow touches bed or table = 1 

[If score = 0, then items 5 and 6 scores 0] 
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5) Repeat item 4 

• Patient demonstrates no or opposite shortening or lengthening = 0 

• Patient demonstrates appropriate shortening or lengthening = 1 

[if score =0 then item 6 scores 0] 

6) Repeat item 4 

• Patient compensates = 0 

i. Use of upper extremity  

ii. Contralateral hip abduction 

iii. Hip flexion(if elbow touches bed or table further than proximal half of 

femur) 

iv. Knee flexion 

v. Sliding of the feet 

• Patient moves without compensation =1 

7) Starting position (patient is instructed to lift the pelvis from bed or table at the 

hemiplegic side by shortening or lengthening the unaffected side and return to 

starting position)  

• Patient demonstrates no or opposite shortening or lengthening = 0 

• Patient demonstrates appropriate shortening or lengthening = 1 

[if score =0, then item 8 scores 0] 

8) Repeat item 7 

• Patient compensates= 0 

i. Use of upper extremity 

ii. Pushing off with the ipsilateral foot(heel loses contact with the floor) 

• Patient moves without compensation = 1 
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9) Starting position (patient is instructed to lift pelvis from bed or table at the 

unaffected side by shortening the unaffected side and lengthening the hemiplegic 

side and return to starting position) 

• Patient demonstrates no or opposite shortening or lengthening = 0 

• Patient demonstrates appropriate shortening or lengthening = 1 

[if score=0, then item 10 scores 0] 

10) Repeat item 9 

• Patient compensates = 0 

• Possible compensations are 

i. Use of upper extremities 

ii. Pushing off with the ipsilateral foot (heel loses contact with the floor) 

• Patient moves without compensation = 1 

TOTAL DYNAMIC SITTING BALANCE = _/10 

C- CO-ORDINATION 

1. Starting position (patient is instructed to rotate upper trunk 6 times every shoulder 

should be moved forward 3 times, first side that moves must be hemiplegic side, head 

should be fixated in starting position) 

• Hemiplegic side is not moved three times = 0 

• Rotation is asymmetrical = 1 

• Rotation is symmetrical = 2 

[if score= 0, then item 2 scores 0] 

2. Repeat item 1 within 6 seconds 

• Rotation is asymmetrical = 0 

• Rotation is symmetrical = 1 
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3. Starting position (patient is instructed to rotate lower trunk 6 times every knee 

should be moved forward 3 times first side that moves must be hemiplegic side, 

upper trunk should be fixated in starting position) 

• Hemiplegic side is not moved three times =0 

• Rotation is asymmetrical = 1 

• Rotation is symmetrical = 2 

[if score=0, then item 4 scores 0] 

4. Repeat item 3 within 6 seconds 

• Rotation is asymmetrical = 0 

•  Rotation is symmetrical = 1 

TOTAL COORDINATION =_/6 

 

TOTAL TRUNK IMPAIRMENT SCALE = _/23 
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10. Inclusion criteria  

a) Ischemic stroke patient confirmed by neurologist on basis of neurological 

examination, CT scan, MRI47. 

b) First incidence of unilateral stroke more than 6 months47. 

c) Able to understand verbal commands and appreciate music. 

d) Diabetes and hypertension under control 

e) Both genders of age between 30-60 years 22. 

f) A score of ≥ 2 in trunk impairment scale. 

g) Consenting patients  

11. Exclusion criteria  

a) Pregnant woman. 

b) Suffered stroke with any other neurological disease affecting balance like Parkinson 

disease, multiple sclerosis, vestibular lesion, motor neuron disease 22. 

c) H/o musculoskeletal deformities of trunk, lower limbs 22. 

d) Subjects with BMI50 ≥ 29kg/m2. 
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e) Visually and hearing impaired patients. 

f) Patients with dementia, psychological disorders. 

12. Withdrawal criteria 

a) Transfer of place 

b) Lack of family support 

Operational Definitions : 

• Stroke - A medical condition in which poor blood flow to the brain results in cell 

death 3,19. 

• Post stroke - A condition after stroke characterized by weakness in one side of 

body 63. 

• Swiss ball - An exercise ball filled with air, made of soft elastic matter, it is widely 

used for recreational and rehabilitation training programs as it provides greater 

challenge for dynamic balance, coordination and trunk control. The trunk 

musculature gets activated and improves core ability. 46,49,57
. 

• Trunk control – The ability of trunk muscles to allow the body to remain upright, 

adjust weight shifts and perform selective movements of trunk so as to maintain the 

center of mass within base of support during static and dynamic postural 

adjustments 19,57,63 

• Auditory cue – Auditory cue are received as vibrations by specialized hair cells in 

the inner ear’s cochlea.37 It can guide movement through their temporal structure to 

which movement can be aligned.34 
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VARIABLES- 

a) Independent variable- Swiss ball exercise, music based auditory cues. 

b) Dependent variable- Trunk Impairment Scale score. 

MATERIALS -   

1 Swiss ball 

 

2 
Plinth 

 

 

3 Bluetooth speaker 

 

4 Watch 
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5 Mat 

 

 

DATA MANAGEMENT AND ANALYSIS PROCEDURE: 
 

a) The data collected was entered into Microsoft excel spreadsheet. In anyway, 

the patient identity and information was not disclosed. The data was used for 

further analysis. 

b) For quantitative data (Trunk Impairment Scale score), mean and  standard 

deviation was calculated. 

c) For informational statistics for pre-post the two tailed paired t test was used. 

d) For group A (trunk exercise on Swiss ball) and group B (trunk exercise on 

Swiss ball with music based auditory cues) the unpaired t test  was used. 

e) Level of significance p = 0.05 

f) Analysis was done by using EPI info software version 7. 

METHOD OF DATA COLLECTION:         

Final data of patients pre-intervention and post-intervention was scored on Trunk 

Impairment Scale after the four weeks of intervention period. 

PROCEDURE:  

Patients   as   diagnosed   by    physician    fulfilling    the    eligibility    criteria  

was included for the study. These  patients  were  recruited  by  randomized  

controlled trial, the criteria for randomization was as follows. 
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1. Enrollment: The patients as diagnosed by the physician for stroke and  referred  from  

the medicine OPD to  the physiotherapy department attached to the tertiary care 

center was assessed for eligibility of the study by Trunk Impairment Scale score. 

The patients was enrolled after fulfilling the inclusion criteria for the study. 

2. Allocation  to intervention: The  eligible participants was  allocated to intervention as 

it is a randomized controlled trial (2 different interventions) Group A – (Swiss ball 

exercise ) and Group B – (Swiss ball exercise     with     music     based     auditory     

cues) and     allocation   was based    on     block     randomization     method     by     

convenient   sampling technique. 

3. Follow up: It was done for the both the groups at the end of four weeks. 

 

General Procedure:  

Permission from the head of institution and approval from the ethics committee was 

taken.  

Subjects had been enrolled based on inclusion and exclusion criteria. 

They had been informed about the study in best language understood by them 

(English/Hindi /Marathi). The written consent was taken from the participants. 

Based on block randomization, allocation of two groups was done. 

Trunk Impairment Scale score was taken before and after the intervention period.  

Participants were thoroughly explained about the protocol and intervention was 

started with three sessions per week continuously for 4 weeks 

Participants was asked to adhere to the exercise program three times per week for 4 

weeks. 

Trunk control was evaluated using following outcome measures: 
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1. Trunk Impairment Scale – Each participant in the study was instructed to be seated 

at the edge of a plinth or treatment table without back and arm support with the 

knee at 90 degrees and feet flat on the floor. The participant were then asked to 

perform 14 items of TIS which consisted of 3 subscales: static sitting balance (3 

items), dynamic sitting balance(7 items) and co-ordination (4 items) and was 

scored from minimum of 2 to a maximum of 23 points. 

Group A performed the trunk exercises with Swiss ball on count of numbers 

whereas, group B performed trunk exercises with Swiss ball and music. A phone 

speaker was used to generate the music attached through Bluetooth. Here, music 

was chosen to be rhythmic instrumental changing tunes.   

At the end of intervention the participants who had adhered to the complete study 

underwent post test and their data collected was then statistically analyzed. 

Working Procedure Algorithm 
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INTERVENTIONS 

 

The participants had underwent equal distribution in group A (trunk exercises 

on Swiss ball) and group B (trunk exercises on Swiss ball and music based auditory 

cues) by block randomization method and convenient sampling technique was done. 

The session lasted for approximately 45 minutes under supervision with short 

rest interval during the exercise. 

The intervention was given to both the groups- For group A- Trunk exercises with 

Swiss ball and for group B - Trunk exercises with Swiss ball and music based auditory 

cues. 

Both the groups (group A and group B) underwent the same trunk exercises with the 

use of Swiss ball as follows- 

➢ Deep breathing exercise- Patient to be instructed to sit on the ball while the 

therapist was in front of the patient. The legs form 90⁰ angle at the knees. They 

were instructed to tighten the abdominal muscles and take deep breaths 

through nose and exhale. 

➢ Lateral trunk flexion exercise- The patient to be instructed to dip left shoulder 

down towards left hip. Then return to an upright position by focusing on using 

the core to pull up to sit while the therapist sat in front of the patient 36,57. 

➢ Trunk rotation exercise – The patient from a seated position was asked to twist 

the trunk towards left while keeping the spine straight and engage core, sustain 

this position for ten seconds. Patient was advised to not twist the body to point 

of pain 57. 

➢ Bridging exercise - Patient was asked to lie down on mat in supine position. 

With hip flexed and knee extended, patient’s legs was kept on Swiss ball. 
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Patient was asked to lift off the pelvis with the Swiss ball placed under knees, 

then slowly and progressively the ball was placed under the foot, the position 

was maintained for 10seconds19. 

➢ Pelvic tilt exercise - Patient was made to sit on the Swiss ball and then asked 

to tilt the pelvis by engaging the abdominals in a front to back manner and then 

from side to side19. 

➢ Unilateral pelvic bridging exercise - Patient was supine with hips flexed and 

one knee extended over the ball so that the calf touches the center of ball. 

Patient was asked to lift pelvis by engaging abdominals and gluteus muscles 

and repeat the same. 
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Tables  

1. Trunk Impairment Scale score statistics of Group A. 

 N Mean Std. Deviation P value 

Static Sitting Balance (A) 
Pre 15 6.47 0.516 0.009 

Post 15 6.87 0.352 

Dynamic Sitting Balance (B) 
Pre 15 3.27 1.100 <0.01 

Post 15 6.13 1.356 

Coordination (C) 
Pre 15 1.60 0.828 0.001 

Post 15 2.60 0.737 

Total TIS score 
Pre 15 11.33 1.952 <0.01 

Post 15 15.60 1.765 

 

Statistical analysis by paired t test, shows significant improvement in post intervention 

TIS score. 

2. Trunk Impairment Scale score statistics of Group B 

 N Mean Std. Deviation P value 

Static Sitting Balance (A) Pre 15 6.53 0.516 <0.01 

 Post 15 6.93 0.258  

Dynamic Sitting Balance (B) Pre 15 4.20 1.082 <0.01 

 Post 15 7.87 1.060  

Coordination (C) Pre 15 1.20 0.862 <0.01 

 Post 15 3.87 0.915  

Total TIS score Pre 15 11.93 2.086 <0.01 

 Post 15 18.60 1.765  

 

Statistical analysis by paired t test, shows significant improvement in post intervention 

TIS score. 
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3. Comparison of Pre Intervention TIS score of group A and Group B 

 Group N Mean Std. Deviation P value 

Static Sitting Balance (A) A 15 6.47 0.516 0.726 

 B 15 6.53 0.516  

Dynamic Sitting Balance (B) A 15 3.27 1.100 0.026 

 B 15 4.20 1.082  

Coordination (C) A 15 1.60 0.828 0.206 

 B 15 1.20 0.862  

Total TIS score A 15 11.33 1.952 0.423 

 B 15 11.93 2.086  

 

On statistical analysis by unpaired t test, no significant difference is seen in the pre-

intervention total TIS score of both groups. 

4. Comparison of Post Intervention TIS score of group A and Group B 

 Group N Mean Std. Deviation P value 

Static Sitting Balance (A) A 15 6.87 0.352 0.559 

 B 15 6.93 0.258  

Dynamic Sitting Balance (B) A 15 6.13 1.356 0.001 

 B 15 7.87 1.060  

Coordination (C) A 15 2.60 0.737 0.000 

 B 15 3.87 0.915  

Total TIS score A 15 15.60 1.765 0.000 

 B 15 18.60 1.765  

 

On statistical analysis by unpaired t test,  significant difference is seen in the post 

intervention TIS score and subscores(A,B,C) in group B as compared to Group A, 

implying that group B intervention was more effective in achieving trunk control.   
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Graphs  

 

1. Mean age (in years) of group A and group B 

 

2. Pre and post intervention mean scores on TIS in group A 
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3. Pre and post intervention mean scores on TIS in group B 

 

 

4. Pre intervention total TIS score in Group A and Group B 

 

 

 

 

 

 

6.53

4.2

1.2

11.93

6.93
7.87

3.87

18.6

0

2

4

6

8

10

12

14

16

18

20

Static Sitting Balance Dynamic Sitting
Balance

Coordination TIS Total Score

Group B

Pre-intervention score Post-intervention score

6.47

3.27

1.6

11.33

6.53

4.2

1.2

11.93

0

2

4

6

8

10

12

14

Static Sitting Balance Dynamic Sitting
Balance

Coordination TIS Total Score

Pre Intervention TIS score in Group A and Group B 

Group A Group B



38 
 

5. Post Intervention Total TIS Score in Group A and Group B 
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RESULTS 

The study included total 30 patients between the age group of 30-60 years 

fulfilling eligibility criteria with an aim to study the effectiveness of music (auditory cues) 

with Swiss ball exercises and only Swiss ball exercises to improve trunk control on 

Trunk Impairment Scale in post stroke patients. The group A was the control group 

where the post stroke patients received Swiss ball exercises for trunk control. While, 

the experimental group B received the Swiss ball exercises for trunk control in addition 

with the music based auditory cues with an intervention period of four weeks. 

Group A analysis : (Table 1,  Graph 1,2) 

The mean age of the patients was 46.73 years (SD +/- 4.472). The mean total 

Trunk Impairment Scale score in pre-intervention was 11.33 as compared to the mean 

total Trunk Impairment Scale score in post-intervention score of 15.6. The paired t test 

showed a p value < 0.01 denoting a significant improvement post intervention in group 

A on Trunk Impairment Scale.  The pre-intervention mean of Trunk Impairment Scale 

subscores for static sitting balance (A), dynamic sitting balance (B) and co-ordination 

(C) was 6.47, 3.27, 1.6 respectively.  Similarly, post intervention mean of Trunk 

Impairment Scale subscores for static sitting balance (A), dynamic sitting balance(B) 

and coordination(C) was 6.87, 6.13 and 2.6 respectively.  The mean change in total 

Trunk Impairment Scale score in pre and post-intervention in group A was 4.27. On 

intragroup A analysis, there was significant post intervention improvement in the Trunk 

Impairment Scale scores (p <0.01) 

Group B analysis : (Table 2, Graph 1,3)  

The mean age of patients included in this group was 45.13 years (SD +/- 4.32).  

The total mean Trunk Impairment Scale score before intervention and after 

intervention was 11.93 and 18.6 respectively. In the pre-intervention analysis, on the 
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Trunk Impairment Scale subscores, in the mean static sitting balance (A), dynamic 

balance (B) and coordination(C) was 6.53, 4.2 and 1.2 respectively. Post intervention 

analysis on Trunk Impairment Scale subscores, the mean static sitting balance (A), 

dynamic sitting balance (B) and coordination (C) was 6.93, 7.87 and 3.87 respectively. 

The total mean change on Trunk Impairment Scale score in the pre intervention and 

post intervention was 6.87. The p value on applying two tailed paired t test was <0.01 

showing a statistically significant improvement post intervention on the Trunk 

impairment scale. Group B intragroup analysis showed  significant post intervention 

improvement on the Trunk Impairment Scale. 

Group A vs Group B Analysis : (Table 3, Table 4, Graph 4,5) 

In intergroup analysis, the pre-intervention scores of both groups were 

compared using independent t test, which showed no statistical significance (p = 

0.423) [except for Trunk Impairment Scale component B  which showed significance 

(p = 0.02). This however did not affect the post intervention statistical significance]. 

The post intervention scores , on comparison showed statistically significant difference  

in the mean scores of group A and Group B (p=0.000) indicating that the use of music 

based auditory cues along with Swiss ball exercises showed a highly statistical 

significant improvement as compared to use of Swiss ball exercises alone for trunk 

control on Trunk Impairment Scale.  
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DISCUSSION 

       The present study was carried out in 30 post stroke patients with an aim to 

observe the effectiveness of music with Swiss ball exercises and only Swiss ball 

exercises to improve trunk control on Trunk Impairment Scale in 30-60 years old post 

stroke patients for four weeks intervention period.  Patients with stroke have difficulties 

in normal performance of motor control due to hyper-reflexia or associated 

movements, and their motor control disabilities tend to persist because of deficiencies 

in the ability to generate the muscle strength needed for movements or improper 

muscle recruitment46. 

The present study showed significant improvement (p <0.01) in one of the most 

common post stroke impairment i.e the trunk control in both the groups (A and B) on 

Trunk Impairment Scale on completion of the intervention period. This improvement 

after performing trunk exercises using the Swiss ball can be attributed to the postural 

perturbation provided to the trunk muscles (by Swiss ball) which respond reactively in 

order to maintain the desired postural stability49. On individual intragroup analysis, 

significant improvement was found in the Trunk Impairment Scale in both the groups.  

( p <0.01) (Table No.1,2 ).  In 2016, S. Felix Renald et.al found similar improvement 

in the coordination sub-score of Trunk Impairment Scale in post stroke patients 

attributing it to improved weight shift ability with Swiss ball training exercises 57. Karthik 

Babu et. al in their study in 201111 documented a similar improvement using the Swiss 

Ball for post stroke rehabilitation in trunk control.  

        On intergroup (Group A vs Group B) analysis, comparison of the pre-

intervention Trunk Impairment Scale score was done for both groups. There was no 

significant difference (p = 0.423) in the total  pre - intervention scores from group A 

and Group B which signified that the post intervention scores could be compared to 
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find out the effectiveness of the interventions on the trunk control post stroke. (Table 

No. 3) On comparing the post intervention scores in both groups using  unpaired T 

test, the improvement in group B was found to be more significant (p = 0.000) as 

compared to group A.(Table No.4 & Graph 5) In accordance to the below mentioned 

studies, it is believed that the phenomenon of audio-motor coupling provided evidence 

that auditory feedback is an essential part of the therapy to enhance activation over 

motor regions. It is found that the rhythmic sound patterns may induce an increase in 

the sensitivity of spinal motor neurons, thereby decreasing the time required to react 

to motor commands through the reticulo-spinal tract. In addition, the regularity of 

rhythmic auditory stimulation results in recruitment of more motor neurons by adjusting 

the activities of motor neurons, leading to patterns of neural activation which are more 

regular and synchronized46. A study observed that goal oriented training believed that 

the subjects who were continuously provided with auditory stimulation resulted in 

improvements in motor abilities required for balance and gait and also performed the 

task in less time. Hence, the effect of Swiss ball exercises along with music auditory 

stimulation is known to stimulate motor neurons in the brainstem and at the spinal 

level46. 

In the study by Clement Francois et.al in 2015 they found their participants 

recovered from their motor deficits and exhibited an increased excitability of 

sensorimotor cortex in affected hemisphere after 4 weeks of music supported therapy. 

Moreover, a lateral shift in motor map of chronic patients was evidenced post training 

with motor gains33. A recent study by Ghai in 2019, concluded that Rhythmic auditory 

cueing provides beneficial effects for enhancing dynamic stability post stroke. Training 

with auditory cueing reduced muscular co-activation on the paretic side further 

resulting in the motor recovery50.  The frontal lobe is involved in integrating auditory 
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and motor information, imitation and empathy. The cerebellum is active during a 

musical experience and involved in timing, rhythmic processing and motor 

coordination. Addition of music, along with positive feedback on motor performance, 

can help to motivate patients. Listening to music is useful method to address 

disabilities related to motor weakness, language deficits, impaired memory, cognitive 

dysfunction and epilepsy31.  
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Limitations of Study:  

1. This study was conducted on a small set of patients because of the Covid-19 

pandemic crisis. 

2. Long term assessment could not be done to study the longevity of the 

documented improvement in trunk control. 
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Conclusion: 

A randomized controlled trial was carried out in 30 post stroke patients of age 

group between 30-60 years to study the effectiveness of music with Swiss ball 

exercises and only Swiss ball exercises to improve trunk control on Trunk Impairment 

Scale in post stroke patients of 30-60 years and with an objective to compare the 

effects of Swiss ball exercise versus Swiss ball exercise with music based auditory 

cues in improving trunk control on Trunk Impairment Scale in 30-60 years old post 

stroke patients 

After an intervention period of 4 weeks, on statistical analysis, the results of the 

study showed that the post intervention Trunk Impairment Scale scores, on 

comparison had statistically significant difference in the total mean scores of group A 

and Group B (p=0.000) indicating that the use of music based auditory cues along with 

Swiss ball exercises proved to be highly significant in improvement of trunk control as 

compared to use of Swiss ball exercises alone in the post stroke patients.  

Therefore, addition of music based auditory cues along with the Swiss ball 

exercises is more effective in improving the trunk control on Trunk Impairment Scale 

score in post stroke patients. Also, achieving improvement in dynamic sitting balance 

and coordination subscore of Trunk Impairment Scale is more effective with music 

based auditory cues along with Swiss ball exercises as compared to only Swiss ball 

exercises alone.  
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Clinical Implications 

1. In post stroke rehabilitation for trunk control use of Swiss Ball exercises 

should be incorporated rather than the conventional plinth exercises for 

improvement of trunk stability. 

2. Use of Music based auditory cues should be used in combination with Swiss 

ball exercises to increase the efficiency of achieving trunk control. 
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Summary 

A randomized controlled trial was performed with an aim to study the 

effectiveness of music with Swiss ball exercises and only Swiss ball exercises to 

improve trunk control on Trunk Impairment Scale in post stroke patients of 30-60years. 

The objective of the study was to compare the effects of Swiss ball exercise versus 

Swiss ball exercise with music based auditory cues in improving trunk control on Trunk 

Impairment Scale in these patients with an intervention period of 4 weeks. Total 30 

patients were divided equally and were evaluated for Trunk Impairment Scale score 

on completion of the intervention period. Group A patients received only Swiss ball 

exercises whereas Group B patients received music based auditory cues along with 

Swiss Ball exercises. On intra-group statistical analysis, significant improvement was 

seen in Group A and Group B, indicating that both methods of intervention were 

effective in improving trunk control. On inter-group analysis (Group A vs Group B), 

post intervention, Group B had a more statistically significant improvement in the Trunk 

Impairment Scale score as compared to the Group A  patients. Hence the study 

concluded that the music based auditory cues with Swiss ball exercises were more 

effective than only Swiss ball exercises alone to improve trunk control on Trunk 

Impairment Scale in 30-60 years old post stroke patients.  
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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 the 

physiotherapy department.  

My research topic is, “Effect of Swiss ball exercise versus Swiss ball exercise 

with music based auditory cues in improving trunk control on Trunk Impairment Scale 

in post stroke patients- A Randomized controlled trial”. 

For this purpose, I would be utilizing the institution and 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 I (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 Swiss ball exercise versus Swiss ball exercise 
with music based auditory cues in improving trunk control on Trunk Impairment 
Scale in post stroke 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:  
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Annexure I (C) 

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 post stroke patients both male and 

female (30-60years) 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 among the hemiplegic stroke 

population. 

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.  
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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 swiss ball exercise versus swiss ball exercise with music based auditory 

cues in improving trunk control on Trunk Impairment Scale in post stroke patients- 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 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) 

रुग्णांची मणहिती पत्रक 

उदे्दशः 

आयसीएमआरच्या नियामक आवश्यकता आनि आयईसीिे मान्यता निलेल्या मानितीिुसार नलखित 

मानिती निली आिे. 

व्याप्ती: 

या मािक ऑपरेशिल पद्धतीत सबसू्यट आनि क्रोनिक िेनमपे्लनिक स्ट्र ोक रूग्ण (वय 30-60 वर्ष) पुरुर् 

आनि मनिलाांचा समावेश आिे आनि ह्या अभ्यासात सिभागी िोण्यास ते से्वचे्छिे इचु्छक असतात. 

िबाबिारी: 

सांशोधक या अभ्यासाचा भागिोण्यासाठी स्वयांसेवा करिायाष सवष सिभागी ांचे लेिी ज्ञात सिमतीप्राप्त 

करतील. 

कायषपद्धती: 

1. सांशोधक  येथे   स्ट्र ोक रूग्ण (वय 30-60 ) निवडेल 

2.तपासिीस आके्षप िूर करण्यासाठी आनि सिभागी ांच्या सवष प्रश्ाांची उत्तरे िेण्यासाठी प्रायोनगक 

प्रोटोकॉलचे स्पष्टीकरि करेल. 

3. सिभागीिे सिभागी िोण्याचा नििषय घेतला तर ते मािक सांचालि प्रनक्रयिुसार सांमती िेईल. 

4. िर सिभागीिे रूची व्यक्त केली परां तु त्यात कािी शांका असतील तर ते सोडवतील. 

5.सिभागी िर स्पष्टीकरि सोयीस्कर असतील तर ते मािक सांचालि प्रनक्रयेिुसार सूनचत सांमती भरतील. 

6. सिभागी ांच्या नचांतेच्या िांतर अभ्यास प्रनक्रया सुरू िोईल. 

7.समानवष्ट आनि बनिष्कार निकर् सत्यानपत करण्यासाठी म्हिूि तपशीलवार वैद्यकीय आनि इतर 

कोित्यािी शारीररक समस्या इनतिास प्राप्त केले िाईल. 
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8.िर सिभाग्यािे आपल्या कुटुांबीयाांिा या मानितीवर चचाष करायची असेल तर त्याांिा सांमती िेण्यापूवी 

असे करण्याचे अनधकार आिेत. 

सिभागी ांिा सांशोधि करण्यासाठी सामान्य मानिती: 

1. िाव: 

   वय: 

   नलांग: 

   तारीि: 

2.आपल्याला परफॉर्म्ाष भरिे आवश्यक आिे आनि सांशोधिाचा िेतू बॉक्स आनि ब्लॉक टेस्ट्चा वापर 

करूि सब अकू्यट आनि क्रॉनिक  िेनमपे्लनिक स्ट्र ोक रुग्णाांमधे्य िस्त निपुितेवर 3 आठवड्ाांसाठी 

निपक्षीय नवरुद्ध एकपक्षीय म क्षमता प्रभाव :एक नविा यादृखच्छक नियांनित चाचिी िा अभ्यासकरिे 

आवश्यक आिे. 

3.िर आपि से्वचे्छिे अभ्यासात सिभागी िोऊ इखच्छत असाल तर चाचिीपूिष िोईपयंत आपि 

कायषप्रिशषि भरण्यापासूिच आपल्याकडूि िोांििी करिे अपेनक्षत आिे. 

4.या काळात तुम्ही अस्वस्थ आिात तर मग कृपया आम्हाला कळूद्या िेिे करूि आम्ही आल्यास मित 

करू आनि आपल्या समसे्यवर कोित्यािी अयोग्य प्रभावानशवाय मात करू शकू. 

5. आपल्याला कोितेिी परतावा आनि िुकसाि भरपाई निली िािार िािी. 

6.कोित्यािी क्षिी िर आपिया सांशोधि अभ्यासातूि थाांबू इखच्छत असालतर आपि तसे करण्यास मुक्त 

आिात आनि आपल्याबािूिे कोितीिी अडथळािसता. 

7. सांमती पि प्राप्त करण्यापूवी अभ्यासाची िोिीम,अस्वस्थता, फायिे आनि तोटे याांचा तपशील 

आपल्याला स्पष्टकेला िाईल. 
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8.या अभ्यासातूि प्राप्त झालेला डेटा गुप्तपिे सांरनक्षत आनि िेिरेिकेला िाईल आनि िर 

छायानचिवापरले असेल तर आपली ओळि प्रगट िोिार िािी. छायानचि प्रकानशत झाल्यास परवािगी 

प्राप्त िोईल. 

9.या अभ्यासासाठी आवश्यक असलेल्या नवनवध चाचिी प्रनक्रयेचे सवष िोडूि आपल्याला 

स्पष्ट केले िाईल आनि त्यािुसार सांमती निली िाईल. 

10.आपि थकल्यासारिे नकां वा आपि पूिष काळिी घेण्यास असमथष वाटत असल्यास आपल्याला 

काळिी करण्याची गरि िािी आनि आवश्यकती पावले उचलता येतील याची आम्हाला मानितीद्या. 

11.आपि कोित्यािी क्षिी समाधािी िसल्यास आपि कोित्यािी पररिामाां नशवाय कधीिी काढू शकता. 

12. सांशोधकाचे िाव: 

    फोििांबर: 

    पत्ता: 

13. मागषिशषकाांचे िाव: 

      फोि िांबर: 

      पत्ता: 

14. सांस्थेचे िाव: 
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Annexure I (E) 

मरीज ां की सूचनण पत्र 

 

उदे्दश्य: 

आईसीएमआर और आईईसी िारा अिुमोनित। 

 

स्कोप: 

इस मािक सांचालि प्रनक्रया में पुरुर् और मनिला स्ट्र ोक के रोगी (उम्र 30-60 वर्ष)  शानमल िै और से्वच्छा 

से इस अध्ययि में भाग लेिे के नलए तैयार िै। 

 

िानयत्व: 

शोधकताष उि सभी प्रनतभानगयोां से नलखित सूनचत सिमनत प्राप्त करेगा िो इस अध्ययि के भाग के नलए 

से्वच्छा से िैं। 

 

प्रनक्रया: 

1. शोधकताष िरानचनकत्सा आबािी के बीच प्रनतभानगयोां का चयि करेगा। 

2. िाांचकताष सभी आशांकाओां के नलए प्रयोगात्मक प्रोटोकॉल की व्याख्या करेगा और प्रनतभागी के सभी 

प्रश्ोां का उत्तर िेगा। 

3. यनि प्रनतभागी भाग लेिे का फैसला करता िै, तो वे मािक सांचालि प्रनक्रया के नलए सिमनत िें गे। 

4. यनि प्रनतभागी रुनच व्यक्त करता िै, लेनकि उस मामले में कुछ सांिेि िैं, तो वे िल िो िाएां गे। 

5. यनि प्रनतभागी स्पष्टीकरि के साथ सिि िैं, तो वे मािक सांचालि प्रनक्रया के अिुसार सूनचत सिमनत 

को भर िेंगे। 
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6. अध्ययि की प्रनक्रया प्रनतभागी की नचांता के बाि शुरू िोगी। 

7. नवसृ्तत नचनकत्सा और नकसी भी अन्य शारीररक समस्या का इनतिास प्रनतभानगयोां से प्राप्त नकया िाएगा 

तानक समावेशि और बनिष्करि माििांडोां को सत्यानपत नकया िा सके। 

8. यनि प्रनतभागी अपिे पररवार के सिस्योां के साथ इस िािकारी पर चचाष करिा चािते िैं तो वे सिमनत 

िेिे से पिले ऐसा करिे के िकिार िैं। 

अिुसांधाि प्रनतभानगयोां को सामान्य िािकारी: 

1. िाम: 

    उम्र: 

    नलांग: 

    नििाांक: 

2. आपको Performa भरिे की आवश्यकता िोगी और अिुसांधाि का उदे्दश्य  बॉक्स और ब्लॉक टेस्ट् 

का उपयोग करते हुए सबसू्यट और क्रोनिक  िेनमपे्लनिक स्ट्र ोक के रोनगयोां (उम्र 45-75 वर्ष) में िाथ की 

निपुिता  3 सप्ताि के नलएपर निपक्षीय बिाम एकतरफा िाथ क्षमता प्रनशक्षि का प्रभाव: एक गैर 

यादृखच्छक नियांनित परीक्षि  अध्यायि  करिा िै 

3. यनि आप अध्ययि में भाग लेिे के इचु्छक िैं तो आपसे उम्मीि की िाती िै नक आप परीक्षि पूरा 

करिे के क्षि से िामाांकि कर सकते िैं। 

4. यनि आप इस अवनध के िौराि असिि िैं, तो कृपया िमें नबिा नकसी अनप्रय प्रभाव के अपिी 

समस्याओां को बताएां  

5. आपको कोई प्रनतपूनतष और मुआविा ििी ां निया िाएगा। 

6. यनि आप इस शोध अध्ययि से िटिा चािते िैं तो आप ऐसा करिे के नलए स्वतांि िैं और िमारी तरफ 

से कोई बाधा ििी ां िोगी। 
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7. पि के िोखिम, असुनवधा, फायिे और िुकसाि का नववरि समझाया िाएगा। 

8. इस अध्ययि से प्राप्त आांकडोां को गोपिीय रूप से सांरनक्षत और बिाए रिा िाएगा और अगर तस्वीर 

का उपयोग नकया िाता िै तो आपकी पिचाि उिागर ििी ां की िाएगी। अगर तस्वीर प्रकानशत हुई थी 

तो अिुमनत नमल िाएगी 

9. नवनभन्न परीक्षि प्रनक्रयाओां के सभी िोखिमोां को समझाया िाएगा। 

10. यनि आप थकावट मिसूस करते िैं या परीक्षि पूरा करिे में असमथष िैं, तो आपको नचांता करिे की 

आवश्यकता ििी ां िै और िमें बताएां  

11. यनि आप नकसी भी क्षि सांतुष्ट ििी ां िैं तो आप नबिा नकसी पररिाम के नकसी भी समय वापस ले 

सकते िैं। 

 12. शोधकताष का िाम: 

      फोि िांबर: 

      पता: 

13. गाइड का िाम: 

      फोि िांबर: 

      पता: 

14. सांस्था का िाम: 
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Annexure II (A) 

LETTER OF CONSENT 

 

I am willing to participate voluntarily as a participant for the dissertation study Effect of 

swiss ball exercise versus swiss ball exercise with music based auditory cues in 

improving trunk control on Trunk Impairment Scale in post stroke patients- A 

Randomized controlled trial. 

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 / Thumb Impression of participant 
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ANNEXURE II (B) 
 

सांमती पत्र 

 

प्रबांध निबांध अभ्यासासाठी मी से्वचे्छिे सिभागी िोण्यासाठी तयार आिे खस्वस बॉल व्यायामाचा 

नवरूद्ध खस्वस बॉल व्यायामाचा पररिाम, पोस्ट् स्ट्र ोकच्या रूग्णाांमधे्य टर ांक इमॅ्पमषमेंट से्कलवर टर ांक नियांिि 

सुधारण्यासाठी सांगीत आधाररत श्रविनवर्यक सांकेताांसि - खस्वस बॉल व्यायामाचा प्रभाव. 

अभ्यासाचे स्वरूप आनि कामाच्या कालावधीबद्दल मला मानिती िेण्यात आली आिे. मला आवश्यक 

प्रनक्रया करण्याची आनि अभ्यासाशी सांबांनधत नवनवध चाचिी प्रनक्रया पार पाडण्यास िरकत िािी. 

सांशोधकािे मला आधीच आश्वासि निले आिे की माझे कोितेिी अिुनचत पररिाम आनि गोपिीयतेचे 

िक्क सांरनक्षत ि ठेवता माझ्याशी चाांगले वागले िाईल. 

 

 

सिभागी ांची स्वाक्षरी /सिभागीचा अांगठा प्रभाव 
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ANNEXURE II (C) 
 

सिमहत – पत्र 

 

मैं सै्वखच्छक रूप से भागीिारी अध्ययि के नलए एक प्रनतभागी के रूप में भाग लेिे के नलए तैयार हां। 

पोस्ट् स्ट्र ोक के रोनगयोां में टर ांक इमे्पमेंट से्कल पर टर ांक नियांिि में सुधार के नलए सांगीत आधाररत श्रवि सांकेतोां 

के साथ खस्वस बॉल एक्सरसाइि बिाम खस्वस बॉल व्यायाम का प्रभाव। 

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

करिे और अध्ययि से सांबांनधत नवनभन्न परीक्षि प्रनक्रयाओां से गुिरिे में कोई आपनत्त ििी ां िै। 

शोधकताष िे मुझे पिले िी आश्वासि निया िै, नक नबिा नकसी अनप्रय प्रभाव के मेरे साथ अच्छा व्यविार 

नकया िाएगा और गोपिीयता के अनधकारोां की रक्षा की िाएगी। 

 

 

 

प्रनतभानगयोां के िस्ताक्षर /प्रनतभानगयोां के अांगूठे का निशाि 
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Annexure III (A) 

Patient Proforma 

1. Date: 

2. Serial no: 

3. Name: 

4. Age: 

5. Gender: 

6. Height: 

7. Weight: 

8. BMI : 

9. Address: 

10. Contact Number: 

11. Occupation: 

12. Diagnosis: 

13. Medical History: 

14. Outcome Measure Pre- intervention (day 1) Post – Intervention (4 weeks) 

15. Trunk Impairment Scale score 

 Pre Intervention Post intervention 

Static Siting Balance   

Dynamic Sitting Balance    

Coordination    

Total TIS Score   
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ANNEXURE III (B):  
 

1. Trunk Impairment Scale 

 

Contd… 
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1. Trunk Impairment Scale ..Contd 
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ABBREVATIONS 

 

 

NPQ- Nordic Pain Questionnaire  

RULA- Rapid Upper Limb Assessment  

WRMD- Work Related Musculoskeletal Disorders 
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INTRODUCTION 

       

 Work related musculoskeletal disorders refers to combination of inflammation and 

degenerative condition which affects muscles, tendons , ligaments, joint , joint surfaces , 

peripheral nerves and localized blood circulation system. The aches and pains numbness 

or discomfort are aggravated or caused by work and by the effects of immediate 

environment in which work is performed. Work related musculoskeletal disorders 

(WRMD) affects all persons irrespective of age and sex. Work related musculoskeletal 

symptoms are present across a wide range of occupation whether it is desk work, labor 

work, IT profession or executive business class even banking sector is not spared from 

this.(1)  Work related musculoskeletal disorders can affect all major areas of the body 

including neck and upper extremities , they can be of muscular origin , tendinous origin 

or nerve origin. Work related musculoskeletal disorders may progress in 3 stages those 

are , Early stage - in which aches in the affected extremity occur during the work and later 

disappears at night and no difficulty is faced in work performance, Intermediate stage- in 

this stage aches occur early in the work shift and persist at night, decrease in the capacity 

of repetitive work is seen,  Late stage – in this stage ache, weakness persist at rest 

inability to sleep at night and perform light duties. Work related musculoskeletal disorders 

are associated with forceful exertion, repetitive work, imbalanced temperature and 

inadequate breaks.  

Force is the mechanical effort that is done to perform a movement, it may be 

exerted against gravity to stabilize body segments which becomes the primary risk factor 
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to develop musculoskeletal disorder, which is seen in the bankers who need to maintain 

a static posture for longer period of time. Repetitive work has become a concern for 

certain occupational groups such as computer users. The joints of upper extremity such 

as shoulder, elbow and wrist are more susceptible to repetitive motion injuries. Bankers 

are at higher risk of developing musculoskeletal disorders because their job involves 

prolong sitting, working in awkward postures, working for longer duration, working in front 

of computers without adequate rest , poor work place design and also lack of knowledge 

for ergonomic intervention.(2) 

       The prevalence of musculoskeletal disorder caused due to work repetition in India is 

very high that is 76% for computer user in the year 2017(3). Vivid work performers show 

wide range of prevalence of musculoskeletal pain among brick carriers – 89% (4) , 

moulders – 88% (4) , health industry professionals like nurses- 60.9% (5) , construction 

workers showed 77% of pain.(6) 

        Perhaps construction site workers carry heavy work activities involving their core 

muscle groups could be the reason for higher rate of prevalence for body pain and 

degenerative symptoms. But when it comes to desk workers, business operators, 

executive class who work in similar kind of environment is expected to be posed for low 

risk of work related musculoskeletal injuries .The injuries and individual suffering may 

pose a considerable financial cost to individual and society at large(1). Evolution of 

technology specially use of visual display terminals for entering electronic data has 

affected workers and working environment the modernization of offices including banking 

sector has led to increased usage of computer related gazettes to complete their task 

within given frame of time has been linked to increased risk of musculoskeletal disorder. 
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Screen based activities, prolong sitting can lead to many health hazard including eye 

strain, muscle fatigue and other musculoskeletal discomfort.  

Computers and related products such as desk and chairs are the focus of 

ergonomic design. The goal of the ergonomics is to design work station in a way to 

prevent and eliminate injuries and disorders associated with overuse of muscles, bad 

postures, desk job workers such as bankers tend to work in a posture deviated from 

neutral position. Mostly they have to work in places where the surfaces are not adjustable. 

Working surfaces that are too high affect the muscles of the upper limb. Working for longer 

hours in the same position make them feel stiff and tired. Prolong sitting cause the 

muscles to hold the neck trunk and shoulder in a fixed position that squeezes the blood 

vessels leading to insufficient blood supply causing fatigue and makes the muscles prone 

to injury. Hence the bankers are more prone to develop work related musculoskeletal 

disorders especially in the upper extremities. (2) 

  A women's work is never done, relationship between health and work is changing 

for both men and women. Greater severity of musculoskeletal symptoms is due to higher 

demand, women tendency or pain perception being different, influenced by work condition 

and work place. Women having higher risk for musculoskeletal pain may be due to sex 

linked biological factors such as hormones or physiology. And today in this era where 

women who have to play a role of diversity, handling two more tasks simultaneously 

hence suffering more musculoskeletal pain (7).   

An increasing risk of musculoskeletal symptoms among women reported in 

working sector on an average was found to be 57.2%(8) , in industrial sector- 34.6%(10) , 

women in farming – 51.6% , female jari workers-88% (11) , computer workers-40.2%(1) . 
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Computer professionals or the ones working on computers are exposed to longer periods 

of sitting and repetitive movements of hands that gives rise to upper extremity pain -

46.43%(3) , 39.7%(12) , 49%(11) . There are evidences that show increasing musculoskeletal 

difficulties and pain in the upper extremities in the working sectors. There also are 

evidences supporting that women are at higher risk of musculoskeletal disorders. There 

is a deficit of literature showing women bankers having upper extremity pain. Thus the 

study focuses on the women in banking sectors for upper extremity discomfort.  

India is developing country because of which worldwide trade and business is 

growing rapidly, ultimately is leading to increased work load on the banking sectors in 

which women population is dominating.  A working woman involved in both household 

activities as well in the working sectors. Working women involved in various working 

postures, repetitive movements sometimes intense work pace, movements increasing the 

overload and constraints on the body can be mentioned as the underlying risk factors 

leading to musculoskeletal disorders. 

Cumulative fatigue may lead to musculoskeletal pain which can be easily noted by 

Nordic pain questionnaire and is also used as a structured interview, it can be used to 

report musculoskeletal issues .It is one of the commonest standardized symptom 

questionnaire developed by Kuorinka in 1987. The questionnaire is used to determine 

occurrence, epidemiology of musculoskeletal disorder in various region of body as a 

result of undesirable working conditions.(14).  

        As the present study involves women in banking sector that has a sedentary work 

form. Rapid upper limb assessment (RULA) is used to evaluate the exposure of 
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ergonomical risk factor of a particular work station specially for those involved in 

sedentary task associated with upper extremity. 

  The RULA includes biomechanical and postural loads requirements of job task on 

neck, trunk and upper extremity. A single page worksheet is used to evaluate required 

body posture, force and repetition. For assessing the particular work station the 

interviewer gain an understanding of job tasks and demands by observing workers 

movements and postures during several working cycles. Postures to be evaluated on the 

basis of-  1- Most difficult postures and work tasks, 2-Posture sustained for longest period 

of time, 3-The posture where highest forces occur. RULA can be performed at work 

station without spending much time in assessment and the assessment can be completed 

and concluded in short time for further treatment plan and industrial health .The scores of 

RULA can be notified between 1-7 that suggest negligible risk to very high risk in terms 

of cumulative trauma disorder in banking sector. Previous studies show intra –rater 

reliability of RULA for action level and grand score around moderate to good (0.83), RULA 

has found to be more reliable when applied to adults. The current study is taken up to find 

out work related upper extremity musculoskeletal pain among banking sector women. (15) 
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                                             NEED FOR THE STUDY  

 

 In the past 2 years due to demonetization, the work load has tremendously increased for 

the people of banking sector leading to more stress and longer working hours.  For neck 

and upper extremities, insufficient relaxation time, improper use of keyboard typing, long 

hours of work, vibration, the persistent use of the extremity without support or extending 

the neck for a long period of time, variations in the temperature, psychosocial factors and 

overexposure to duties requiring effort can be listed as risk factors hence the need of 

study to determine the magnitude of pain using Nordic pain Questionnaire (NPQ) and 

RULA. Thus, the focus of the study to describe work-related upper extremity 

musculoskeletal pain evaluation by Nordic pain questionnaire and Rapid upper limb 

assessment among women in banking sectors ;a descriptive cross sectional study. 
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                                             RESEARCH QUESTION 

 

Is there increased frequency of upper extremity pain in women working at banking 

sector when evaluated by Nordic pain Questionnaire and RULA (Rapid Upper Limb 

Assessment)? 
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REVIEW OF LITREATURE 

 

The current study was taken up to describe work related upper extremity 

musculoskeletal pain when evaluated by Nordic pain questionnaire and RULA among 

women working banking sector. For this purpose literature and research articles were 

reviewed from several data bases such as pub med, google scholar, Medscape. Also 

physiotherapy journals and occupational medicine journals were referred to streamline 

the following review of literature. 

1. The roadmap for data collection is drawn on basis of Glenda L. Key, P.T. ‘Industrial 

therapy’ in the year (1995). Worksite evaluation at banks with help of Nordic pain 

questionnaire and RULA will be proved to be valid and reliable eventful measurements. 

As suggested by Glenda musculoskeletal evaluation and documentation for data 

collection. The consistency of the measurements will be taken care. Ramazinni stated 

that the cause of injury may be the materials those are handled by living machine 

(human) or violent and irregular motion and unnatural posture may cause repetitive 

strain sometimes both causes may constitute in area where physiotherapist will play a 

major role in prevention of industrial musculoskeletal complains.( 31 ) 

2. Lyndall Strazdins et al.in the year 2004 conducted a study on ‘Women, Work and 

musculoskeletal health’ , in which 737 Australian public services employees participated 

out of which 73% were women, they took a 17 item measure assessment later the 

participants were asked to rate the extent of pain . They concluded that women were 

more likely to have  upper body musculoskeletal pain, and also found that women’s 
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were at higher risk of musculoskeletal pain as they go face different demand during 

work and home and lesser time for relaxation.(13) 

3. Heng Leng Chee et al. in the year 2004 conducted a study on ‘Work related 

Musculoskeletal Problems among Women Workers in the Semiconductor Industry in 

Peninsular Malaysia’, on 24 factories in which total 18 participating factories and 75% of 

participation rate , concluded that higher prevalence of pain in lower limbs, 

neck/shoulders, and  upper back.(16) 

 4. Judith E. Gold et al 2010 conducted a study on specific and non specific upper 

extremity musculoskeletal disorder syndromes in automobile manufacturing workers , 

that included 1214 workers an interview included questions about symptoms during past 

years for neck , upper arm , elbow and wrist that concluded with 41% prevalence of 

upper extremity symptoms.(18) 

5. Deepak sharan et al 2012 conducted a study to, “ show the effect of ergonomic and 

work style risk factors on work related musculoskeletal disorder among IT professionals 

in INDIA”, that included 200 participants who were part of ergonomic workplace 

evaluation that consisted of a checklist that was filled by participant and by ergonomist 

and therapist , which concluded MSD in low back and neck more prevalent followed be 

wrist , upper back and shoulder.(21) 

6. Nidhi Sutar et al. conducted a study in the year 2013 on ‘Musculoskeletal Problems 

among Agricultural Female Workers’, on 60 female farm workers in which they 

concluded that farm women suffer from multiple musculoskeletal problems that are 
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caused by overuse or misuse of muscles , bones and nerves and significantly impair 

their activities of daily living.(10) 

7. Stanley M Maduagwu et al 2014 in prevalence and pattern of work related 

musculoskeletal disorders among bankers in Maiduguri , in which 236 bankers were 

included having atleast 1 year experience were asked to fill the closed ended 

questionnaire and standardized Nordic questionnaire , that revealed 76.8% bankers 

suffering from atleast 1 MSD.(28) 

8. Beibei Feng et al 2014 conducted a study on, ‘ prevalence of work  related  

musculoskeletal symptoms of the neck and upper extremity  among dentist in China’, in 

which 52 different hospitals were selected for 304 participants of which 121 were 

females and 151 were males, visual analogue scale was used to record neck and upper 

limb musculoskeletal symptoms on a body chart and a 62 – item questionnaire was 

developed that had 6 sections out of which 5th section included Nordic questionnaire in 

which they concluded neck was the most prevalent MSK symptom with 83.8% and 

about 73.5% shoulder, and 44% for wrist and hand.(29) 

9. Matthew S. Thiese et al 2015 in a study on association between distal upper 

extremities job physical factors and psychosocial measures in pooled study included 

1834 workers 35 diverse facilities representing 25 industries located in Washington and 

Wisconsin , the employees were from food processing, healthcare and office sectors , in 

which they correlated between musculoskeletal disorders and psychosocial aspect they 

concluded that depressive aspect appeared to be strongly related to increasing 

repetition measure , while physical exhaustion appeared to be strongly related to force 

measures.(17) 
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10. Surajo kamailu sulaiman et al  in the year 2015  conducted a study on 

‘musculoskeletal and associated disabilities among bank workers’ in which They carried 

a survey in 17 different banks within Kacheepuram , a sample of 300 participants for 

which modified Nordic musculoskeletal questionnaire and a gold berg 12 item general 

health questionnaire were used and his revealed 33.8% participants reported to suffer 

from at least one musculoskeletal disorder and the GHQ12 revealed 81.1% , 13.4% and 

5.5% from high to moderate to low level respectively.(1) 

11. V B Suman et al in 2015 on psychological and physical wellbeing in working women, 

in which 57 out of 61 participated, it was concluded that physical health problem scores 

were slightly less in housewives when compared to working women , they used SF -36 , 

other 8 scales containing physical conditioning .(20) 

12. Verma Chhaya et al 2015 in a study on musculoskeletal morbidities in class 4 

women employees of a tertiary care hospital , out of 1430 class 4 workers in a hospital 

included 295 women workers in which data collection was done on the basis of semi 

structured questionnaire , it concluded that most of the workers had musculoskeletal 

problems involving knee and backfollowed by neck, shoulder  , feet , elbow and wrist.(7)  

13. Professor Keith Palmer et al. in the year 2015 conducted a study on ‘Ageing, 

musculoskeletal; health and work’, in which they concluded musculoskeletal problems 

are common in older workers and have a substantial impact on their work capacity. 

Factors that influence their job, together with approaches that may extend working life. 

(23) 

14. Sakib et al in year 2015  in his study on ‘ prevalence of self reported 

musculoskeletal symptoms and associated risk factors among the bank workers in 
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some selected banks in Bangladesh’,  he concluded that musculoskeletal symptoms 

were found with high prevalence in bank workers , he also stated that musculoskeletal 

symptoms are commom among workers who use computer for longer period which may 

have a significant effect on their performance and production.(2) 

15. Surendra Babu Darivemula et al in the year 2016 concluded in a study on work 

related neck pain among desk job workers of tertiary care hospital in new Delhi , in 

which 441 desk workers those were involved in administrative work they were screened 

for WRNP by a semi structure questionnaire in which there was a prevalence of 28.3% 

of WRNP.(19)  

16. Emre Baskan et al in the year 2016 conducted a study quality of life depression and 

musuloskeletal pain experience among employed woman in which 50 employed woman 

and 151 housewives were involved in the study in which VAS (visual analogue scale ) , 

beck depression inventory (BDI), and Nottingham health profile was used, in which they 

found musculoskeletal pain among employed woman and unemployed woman to be 

42.5% and 57.5% respectively and they also concluded that there was a lower level of 

depression among employed women whereas moderate level of depression among 

unemployed women.( 8 ) 

17. MD Rahul Amin et al 2016 conducted a study on prevalence of computerrelated 

musculoskeletal disorder among bankers of Dhaka city in which he took 400 

respondents that were asked to fill a three section questionnaire in which section 1 had 

demographic data and section 2 contained computer related task section 3 included 

musculoskeletal disorders , in which both male and female genders were included he 
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concluded that Bangladeshi bankers reported musculoskeletal pain mainly affecting the 

back and the neck region.(12) 

18. Neerja Jaiswal et al. in the year 2016 conducted a study on ‘Work Related 

Musculoskeletal Disorder among Construction Workers of India’, in which the 

researchers related to construction industry in India were collected and 

recommendations based on review were taken.  They concluded that musculoskeletal 

disorders have a direct indirect implication on the health of the worker. The health of the 

worker directly affects the work of the industry. (6) 

19. Kaliniene et.al in the year 2016 , in her study ‘association between musculoskeletal 

pain and work related factors among public service sector computer workers in Kaunas 

County , Lithuania’ , revealed that the prevalence rate of shoulder , elbow, wrist/hand 

were 50.5%, 20.3%, 26.3%respectively . the study was done using rapid upper limb 

assessment and Nordic musculoskeletal questionnaire in 513 office workers.(34) 

20. Ehsanollah Habibi et.al 2016, in their study on ‘Ergonomic assessment of 

musculoskeletal disorders risk among the computer users by Rapid upper limb  

assessment method’, found that computer users according to their type and nature of 

jobs are at high risk of developing work related MSDS . they also stated the high 

prevalence of pain and symptoms may be due to repeated activity, static work, awkward 

postures while using computers.(54) 

21. Singh surabhi et al in the year 2017 conducted a research musculoskeletal 

disorders and discomfort among farm women used RULA and discomfort scale to 

assess the risk of work related musculoskeletal disorder in farm womens in which the 
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author concluded that severe discomfort in lower legs and also in lumbar and wrist 

areas.(24) 

22. Carolina Gomes da Silva Tolentino Goncalves de Almeida et al, in the year 2017 

conducted a study on musculoskeletal disorders in distal upper extremities among 

women and men : results of study in the industry sector , in which there were 577 

participants of a plastic industry in which a previously tested questionnaire and Nordic 

Musculoskeletal questionnaire was used in which he found musculoskeletal disorders in 

distal upper extremities occurrence among women was higher .(9) 

23. PP Mohanty et al in the year 2017 concluded in a study on risk factors responsible 

for musculoskeletal pain among computer operators on 715 computer operators 

working in various sector, those were given self-administered questionnaire having 

demographic data ,working hours, time , environment and physical activity the 

respondents were asked to mark the region of pain  , duration and  psychological stress, 

that showed 76% prevalence of MSK pain of which low back was 59.86%, neck 

47.13%, shoulder 46.43%, wrist 38.04%, upper arm 29.3%.(3) 

24. Jamaal L. Benjamin et al. in the year 2017 conducted a study on ‘ergonomics in the 

development and prevention of musculoskeletal injury in interventional radiologists’, in 

which they stated that work related injuries are common in interventional radiologists , 

often leading to pain while performing procedures or during time away from work.(25)  

25. Jian-Guo Bau et.al, in the year 2017 conducted a study on ‘correlation of neck / 

shoulder perfusion characteristics and pain symptoms of the female office workers with 

sedentary lifestyle’, in which 37 female office workers participated . The researchers 
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stated that impaired microcirculation caused by age effect evoked ischaemic shoulder 

pain. They also found that 81 % of the participants reported neck and shoulder 

symptoms. (52) 

26. Sabreen Asadullah Jamro et al. in the year 2018 concluded in a study ‘Work 

Related Musculoskeletal Disorders Among Tailors’, using standardized Nordic 

questionnaire and other details were taken by face to face interview, 100 participants 

(tailors)  in karachi and sukkur were included, in which the prevalence of moderate to 

severe musculoskeletal pain in neck area, shoulders and wrist/hands, lower back ; 

knees and ankle/feet.(22) 

27. Habir Singh et.al, in the year 2018 their study on ‘assessment of work postures and 

musculoskeletal pain among insurance office employees : a case study’, concluded that 

more shoulder pain problems occurred because of high table used at workstation , the 

score of RULA was found to be between 3-4 among 75.8% of the office employes , 

which showed that the working condition of the employees was conducive for 

developing work related MSD. The study was conducted on 120 office employees both 

gnders were included, the sample consisted of population of more than 25 years of age 

the study was done using a questionnaire and RULA.(49) 

28.  M. Z . Noraziera et.al ,in the year 2018 , in their study on ‘Musculoskeletal 

Disorders Symptoms Assessment among Office Workers of a manufacturing company’, 

via Nordic pain questionnaire , their results showed prevalence of musculoskeletal 

symptoms second  highest in  shouder with 68.6%, they also stated that high exposure 

of computer use in workplace resulted in problem associated with MSD.(48) 
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29. The aim of Nordic was to develop and test a standardized  questionnaire , 

methodology allowing comparison of low back , neck , shoulder and general complains 

for use in epidemiological studies as such tool is not meant for clinical diagnosis. The 

focus of this questionnaire was work factor then the general health examination. The 

reliability of Nordic musculoskeletal questionnaire ranged from 0-23% as such it is a 

screening tool for research purpose the sensitivity found between 60-90% and the 

specificity was between 71-81%. It compares pain in the last 7 days, some studies 

revealed outpatient with range of upper limb disorders participants completed a Nordic 

style questionnaire on two occasion one week apart the studies identified that symptoms 

reporting from pain were highly repeatable and in terms of sensitivity – 0.90 for cervical 

complains, 1.00 for shoulder complain, 0.9 for elbow complain 1 for wrist complain. On 

the basis of these findings it is suggested that Nordic musculoskeletal questionnaire is 

repeatable sensitive and useful as screening and surveillance tool. However medical 

examination and clinical finding are essential to establish clinical. (31) 

30. The RULA ergonomic assessment tool considers biomechanical and postural load 

requirements of job tasks/demands on the neck, trunk and upper extremities. A single 

page worksheet is used to evaluate required body posture, force, and repetition. Based 

on the evaluations, scores are entered for each body region in section A for the arm and 

wrist, and section B for the neck and trunk. After the data for each region is collected and 

scored, tables on the form are then used to compile the risk factor variables, generating a 

single score that represents the level of MSD risk. The RULA was designed for easy use 

without need for an advanced degree in ergonomics or expensive equipment. Using the 

RULA worksheet, the evaluator will assign a score for each of the following body regions: 
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upper arm, lower arm, wrist, neck, trunk, and legs. After the data for each region is 

collected and scored, tables on the form are then used to compile the risk factor 

variables, generating a single score that represents the level of MSD risk. (15) 

31. Sri Widiyawati et.al , in the year 2020 , in their study on ‘investigation of the risk         

of daily officer work posture based on rapid upper limb assessment(RULA) Method’ ,  

found that working postures in service comply showed the value of +4 that meant the 

activities in service compliance had a low level risk. (37) 

On The basis of  above given review of literature it was found out there is a dearth of 

literature on women working in banking sectors in the Indian scenario. Hence, the above 

given 31 articles were utilized to formulate the study on  work related upper extremity 

pain evaluation in banking sector women using Nordic Pain Questionnaire and RULA. 
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                                                                AIM 

  

 

To find out work related upper extremity musculoskeletal pain among women in banking 

sector by Nordic Pain Questionnaire and Rapid Upper Limb Assessment. 
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PRIMARY OBJECTIVE 

• To study work related upper extremity musculoskeletal pain among women in 

banking sector by Nordic pain Questionnaire and Rapid Upper Limb Assessment. 

                                        

 

 

                                            SECONDARY OBJECTIVES 

• To find out various upper extremity musculoskeletal complains among women in 

banking sector by Nordic pain questionnaire. 

• To evaluate the of upper extremity pain among women working in banking sector 

by RULA. 

                                                      

 

 

 

 

 

 



 
 

22 
 

METHODOLOGY 

The aim of the study was to find out work related upper extremity musculoskeletal pain 

among women in banking sector by Nordic Pain Questionnaire and Rapid upper limb 

assessment. For this the following methodology was followed. The current study titled 

suggests quantitative research design as the data was collected subjectively and was 

transformed objectively. The cross sectional study is a ‘snapshot’ of frequency and 

characteristics of any condition in a population at a particular point of time. Such data 

can be used to assess the exposure and status of the condition at the same time. As 

the aim of the study was to find out ‘ work related upper extremity musculoskeletal pain 

by Nordic pain questionnaire and rapid upper limb assessment among banking sector 

women’ thus a research design in the form of descriptive cross sectional study was 

used in the current study to obtain appropriate aims and objectives .(2) 

STUDY DESIGN:  Descriptive cross sectional study.  

The current descriptive study was used to describe characteristics of musculoskeletal 

pain of upper extremity among women working in banking sector by two assessment 

tool that is Nordic pain questionnaire and Rapid upper limb assessment. (30) 

STUDY SETTING: Community field work site evaluation- Nationalized Banks. 

Various bank in the vicinity of 20 kilometers from the Community Physiotherapy OPD. 

STUDY POPULATION: Women working in banking sector ≥ 5 years. 

STUDY DURATION: 18 months 
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• SAMPLE SIZE ESTIMATION: 

Sample size determined considering work related upper extremity       

musculoskeletal symptom in working women as main outcome measure. Following 

assumption are made from study by PP Mohanty et al, (2017).(3) 

• Expected upper extremity musculoskeletal pain among women in banking 

sectors  = 29.3% 

• Relative precision = 15%     (β error =15%) 

• Desired confidence level = 95%     (α error = 5%) 

• REQUIRED SAMPLE SIZE: 

Formula: n= 4PQ/L2,    n =91 

   91 participants met the inclusion criteria. The subjects those were screened and 

evaluated during pandemic were provided all precautionary measures and due 

precaution.  

• TYPE OF SAMPLING: 

           Convenient sample of 91 women involved in the banking work were taken. Norms 

to collect the data were strictly followed by examiner and examinee during pandemic.(30) 
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METHOD OF SELECTION OF STUDY SUBJECTS 

  The eligibility of the participants was based on the following criteria: 

 

INCLUSION CRITERIA: 

     1.  Age 25-55 years 

     2.  Women having experience of minimum 5 years  

     3. Working in bank with operational section using display terminal. 

 

EXCLUSION CRITERIA: 

1. Recent trauma to upper extremity. 

2. Neurological condition. 

3. Those suffering from diabetes. 

4. Those suffering from cervical spondylolisthesis. 

5. Cervical prolapse intervertebral disc. 

6. Pregnant women 

7. History of recent abdominal surgeries within period of 6months. 

8. History of cardiovascular or spinal surgeries within period of 6 months. 

9. Women using walking aids. 

10.  Auxillary staff 

11. Known cases of respiratory system (obstructive and restrictive conditions) due to 

current pandemic. 
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OPERATIONAL DEFINATIONS 

 

Work related musculoskeletal disorders-  

             WHO defines work related musculoskeletal disorders as “an appropriate 

nomenclature for a constellation of disorders that have been shown to have strong 

association with one or more place exposures”. In this study it refers to upper extremity 

musculoskeletal conditions resulting from work related events (6). 

Nordic musculoskeletal questionnaire –  

    Nordic musculoskeletal questionnaire published in 1987.  In this study it refers 

to using a similar format to the original Nordic questionnaire, focusing on upper limb 

disorders. 

RULA(Rapid upper limb assessment)- 

In this study this scale refers to evaluate the exposure of individual worker to 

ergonomic factor associated to upper extremity, it considers biomechanical and postural 

requirement of job demand. (24) 

 

Nationalized bank operational system- 

In this study it refers to systems designed in a manner for processing day to day 

transactions that are performed efficiently and integrity of the data is preserved. 
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DATA COLLECTION TOOLS 

 

• Pen- Pen was used for recording the subject data and also by the subject while 

filling up the Nordic pain questionnaire. (ANNEXURE I(d)) 

 

• Nordic pain questionnaire- (Annexure I(b))- 

The aim of Nordic was to develop and test a standardized questionnaire , 

methodology allowing comparison of low back , neck , shoulder and general 

complains for use in epidemiological studies as such tool is not meant for 

clinical diagnosis. 

The focus of this questionnaire was work factor then the general health 

examination. The questionnaire is used as a questionnaire or as a structured 

interview. It consists of two section. 

Section 1 – general questionnaire of 40 forced choice items identifying areas of 

the body causing musculoskeletal problems. 

Section 2- additional question related to neck, shoulder and lower back. 

 

 

• Rapid upper limb assessment (RULA)- (Annexure I(c))- 

Participant- Female employees of bank fulfilling the criteria of Nordic 

questionnaire and having upper limb pain 
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RULA (rapid upper limb assessment) considers biomechanical and load 

requirements of job tasks / demands on neck trunk and upper extremities. 

It consists of Section A that includes assessment of arm and wrist, Section B 

includes assessment of neck and trunk. 

Scoring of the RULA and the level of musculoskeletal disorder is following 

 

 

SCORE 

      1-2 

 

LEVEL OF MSD RISK 

Negligible risk , no action required 

3-

4 

Low risk, change may be needed 

5-

6 

Medium risk, further investigation, 

change soon 

≥6 Very high risk, implement change now 
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OUTCOME MEASURES 

 

• Pain intensity by numerical pain rating scale 

• Rapid upper limb assessment(RULA) 

• Nordic pain questionnaire(NPQ) 
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                   METHODS OF DATA COLLECTION  

 

Prerequisite permission from head of the institution and approval from institutional 

ethics committee was obtained to carry out the research work titled “Work – related 

upper extremity musculoskeletal pain evaluation by Nordic pain Questionnaire and 

Rapid Upper Limb Assessment (RULA) among banking sector women; a descriptive 

cross sectional study”. It was a cross sectional worksite survey that was conducted by 

collecting convenient sampling after completing administration procedure, like handing 

over the request letter to branch manager of that respective bank. Importance of the 

study was explained to the bank manager and staff members, followed by explanation 

and interactive session the convenient time was finalized in bank itself, the banking 

hours were spared while collecting the data. 

 Nationalized banks were considered for data collection since them having 

standardized set ups. The estimated sample size would require minimum 

25%participation from each organization, on the basis of pilot survey on an average 25 

operational banking servants were working in branches of various nationalized bank 

and the gender equality was observed. Therefore it was decided to interview and 

conduct survey on maximum number of working woman in each and every bank. 

40 branches of various nationalized bank were surveyed to obtain sample. The 

auxillary staff was omitted from the study. As per the policy of the bank rotational 

operational system each and every participant were involved at each and every desk of 
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banking sector were included. The study was explained in detail and written consent 

was obtained from participant willing to participate for the study. Anthropometric data 

and characteristics of the study were notified in the proforma as reported by the 

participants. After that the Nordic pain Questionnaire original version was provided to 

them because everyone was well versed with English language.  

The Nordic pain Questionnaire was the screening factor for further procedure if 

they complain about upper extremity pain then only RULA was performed and score 

was recorded. The pain intensity was considered from  Nordic Pain Questionnaire 

Proforma was include questions like history of upper extremity pain aching , stiffness, 

cramp, soreness, weakness, tingling, numbness while working and it will be coded in 

three categories never , sometime , continuous.  If respondents said yes for above 

factor then they were asked to rate the extent of pain persistence in upper back, neck, 

shoulder, elbow, forearm, wrist and finger. The response categories no pain scored (0), 

pain present but gone next morning scored (1), pain present at work persist to following 

morning but gone after 5 days scored (2), pain present and continuous all the time and 

causes absenteeism in between scored (3). A (0) score indicated no symptom that is 

respondent will not be subjected to Nordic Questionnaire or RULA. If multiple upper 

body area were involved and there pain continuous then score would be (4). One more 

important study factor in this study was workplace using two item the first one ,it was 

comfortable well designed equipment where working condition not stressful and work 

was evenly distributed were scored (1) , the second one extremely physically stressful 

and not well equipped were scored (2) . The other study factor were recorded in the 

form of repetitive work demand poor ergonomic equipment, job control and relaxation 
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exercise time were noted in the terms of YES and NO code. Then respondents were 

subjected as per inclusion criteria for further outcome measures. The above given 

procedure was conducted with all due measures and precaution in regards to SARS-

CoV2 pandemic.  

 Data was collected and spread on master sheet and analyzed.  
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GENERAL PROCEDURE 

         

Permission from the head of institution and approval 

from the ethical committee 

 

Permission from the managers from various banks and explaining the                       

importance of the study 

 

Written consent from the women bankers who were willing to participate in the 

study as per the inclusion criteria. 

 

Anthropometric data and characteristics of the study was collected from the 

proforma 

Nordic Questionnaire was provided to the participants 

 

The participants complaining of upper extremity pain was distributed with the RULA 

(Rapid Upper Limb Assessment) 

 

Data was collected and spread on master sheet and  analyzed 
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PHOTOGRAPHS OF MATERIALS AND INSTRUMENTS 

PHOTOGRAPH NO. 1  PEN 

 

 

 

PHOTOGRAPH NO. 2 NORDIC PAIN QUESTIONNAIRE 
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PHOTOGRAPH NO. 3 RAPID UPPER LIMB ASSESSMENT (RULA) SCALE 
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PHOTOGRAPHS OF THE PROCEDURE 

 

PHOTOGRAPH NO. 4- SUBJECT PERFORMING DAILY TASK 

 

 

 

 

 

 

 

 

PHOTOGRAPH NO. 5 SUBJECT PERFORMING STEP 1. LOCATING UPPER ARM 

POSITION OF RULA 
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PHOTOGRAPH NO.6 SUBJECT PERFORMING STEP2 – LOCATE LOWER ARM 

POSITION OF RULA 
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PHOTOGRAPH NO.7 – SUBJECT PERFORMING STEP 3 AND 4 LOCATE WRIST 

POSITION OF RULA  
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DATA MANAGEMENT AND ANALYSIS 

 

Once the data was collected it was spread in the form of master sheet in Microsoft excel 

2013. 

Data was coded and analyzed in statistical software STATA version10.1, 2011. 

Descriptive statistics like mean and standard deviation were used to summarize 

quantitative variable while frequency and percentage were used to summarize qualitative 

variables. 

Data was divided into two sub group one with upper extremity pain and another without 

pain then characteristics of study subjects was compared between these groups. 

p value <0.05 was considered statistically significant. 
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OBSERVATIONS 

 

• Table no. 1 depicts maximum number of subjects were ranged between 41-45 

years of age and the minimum contribution was observed from 30 years and 

below. 

• Table no.2 shows 58% working female population was representing normal BMI 

group as reported by the subjects. 

• 44 participants were having 5-10 years of working experience in banking sector 

only 4 subjects in the study group were having more than 20 years of experience, 

as depicted in table no. 3. Their experience included manual and computerized 

mode of operation.  

• Surgical history did not contribute to RULA and Nordic Pain work related 

Questionnaire .(table no. 4 and 5) 

• Table no. 6 shows medical history did not interfere with the participant’s working 

performance. 

• Table no. 7 explains various type of medical history among working females. 

Hypertension and diabetes were most common condition to exist. 

• It was co incidental finding that subjects were not facing any of the gynecological 

conditions in the form of menstrual irregularities or menopausal problem. 

• Table no. 8 depicts that 51 participants reported comfortable arrangements at 

work place. 

• 49 volunteers answered poor ergonomic set up in relation to their experience 

about ergonomical perception (table no.9) 
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• All the subjects were getting relaxation breaks at their work station. 

• 78% participant’s experienced aches and pain in their upper extremity while 

working as shown in table no.10. 

• Table no. 11 shows that none of the subjects reported soreness of upper 

extremity. 

• All the subjects never experienced upper extremity weakness while working at 

their workstation (table no.12) 

• Numbness was reported by 24 subjects at work that too sometimes as shown in 

table no. 13. 

• Table no.14 shows tingling in the upper extremity was reported by 18 

participants. 

• 19 participant’s reported radiating pain present at work place. The pain radiation 

score comes to 3 for these subjects. (table no. 15) 

• On the basis of above mentioned tables and the current table the RULA score 

remain constant for both upper extremities that is 3.10 (right) and 3.57 (left). The 

RULA explains all the subjects belong to low risk group in regards to work related 

musculoskeletal disorder as shown in table no.16. RULA score needs work 

modification as per subject’s reporting in terms of poor ergonomics or 

uncomfortable work station. 

• All the participants were right dominating. This finding is explained by the values 

of table no. 17. When the poor ergonomic set up was compared, the p value was 

statistically significant (p=0.024). This can be understood by notifying 45 subjects 
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were working with poor ergonomic set up had experienced pain and other 

WRMSD. 

• Table no. 18 shows that when it comes to comfort level, the left upper extremity 

comparison resulted in statistical significant value that is p=0.028. Although the 

comfortable position may not be ergonomically correct, but the adapted posture 

to work is becoming comfortable for them. 

• Nordic Pain Questionnaire assessment showed maximum number of painful 

shoulder for left side followed by that, right shoulder. Rest of the components 

were present in scattered numbers.(table no. 19) 

• Table no. 20 shows assessment of RULA score and NPQ go hand in hand 

because the table depicts mean score of pain 5 on NPRS and RULA score 3 

ranged between 1-7. Perhaps moderate intensity pain might not have affected 

the rapid movements of upper extremity. Therefore it could be stated that pain 

did not affect the upper extremity component functions when rapid movements 

were executed or performed at the time of the RULA test. 
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                                               RESULT 

  

 Nordic pain questionnaire revealed values for right shoulder – 26.37%, left shoulder – 

38.46% in terms of increased frequency of pain amongst banking sector women. Rapid 

upper limb assessment was interpreted as low risk and was found to be statistically 

significant (p=0.028) (right upper extremity – 3.10, left upper extremity– 3.57) 

musculoskeletal pain for banking sector women. 
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DISCUSSION 

 

The purpose of the study was to find out work related musculoskeletal pain evaluation 

by Nordic pain questionnaire and RULA among banking sector women. According to the 

previous studies it was found that upper extremity musculoskeletal symptoms were 

more prevalent among women.  

The study included total 99 female participants out of which only 91 participants 

were included in the study as per the inclusion criteria.  

As shown in table 1 participants were classified in 6 groups according to age 

<30, 31-35, 36-40, 41-45, 46-50, 51-55 of which maximum number of participants fell in 

the age group of 41-45 with the mean age of 44 . 

Table no.3 shows work experience of which maximum participants were under 5-

10 years. Kalieniene et.al in a study conducted in 2016 in which they had maximum 

women participants with the mean work experience of 10.7±5.5 years in which they 

concluded more than half of the employees complained of shoulder pain with working 

hours/day of more than 4 hours.(34) 

Poor microcirculation may increase the risk of neck and shoulder discomfort. In a 

study there is a moderate correlation with shoulder pain level which was attributed by 

rapid reduction of mean microcirculatory blood flow with increase in pain level.(52). Static 

muscular load is found under condition where muscle are tensed over long period of 

time in order to keep a certain body posture , in addition it also lead to deficiency in 
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blood circulation in muscle. Under normal condition permanent change between 

contraction and relaxation act as a circulatory supporting pump, continuous contraction 

caused in a static load restricts flow of blood. This can be seen in the current study 

where in table no.7 shows 26.37% of the participants suffering from hypertension. This 

can be due to the sitting job of the female bankers in which they have to undergo 

continuous static postures. In a study Coobineh et.al stated that prolong sitting among 

office workers could have effect on exhaustion during a working day and 

musculoskeletal symptoms in shoulders which is significant with the data of the current 

study.(39).Existing evidence suggest a direct influence of changes in body such as 

increase in blood pressure , increased muscle tension , altered postures stated by 

Deepak sharan et.al .(21) 

It is been evident that in a study by Sevin Celik et.al  office workers adopt a 

posture according to their ease and habit such as slouching, crossing the legs, these 

habits in later stages if sustained for longer duration were found to be more comfortable 

for workers which increases chances of work related musculoskeletal disorders which 

can be correlated with the current study in which 56.04% of the people were 

comfortable in their working place seen in table 8 and which also has a significance with 

the RULA score for comfort at work place in table no.18 shows significance for left 

upper extremities with the p = 0.02 that refers to  there is increased risk of left upper 

extremity pain amongst the participants those who have adopted their comfortable 

postures and are at higher risk of developing musculoskeletal disorders.(41) In an article 

2018 stated that ergonomic experts place a major emphasis on shoulder joint since 

awkward position contribute significantly to work related musculoskeletal disorders 
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related to office computer work. Three most common shoulder position revealed are 

elevated, rounded, and abducted the experts explain sustained muscle activity lead to 

spasm. They also stated main problem associated with poor ergonomic in desk workers 

are poor office chair with poor back rest, no or fixed arm rest etc. Most of the 

workstation surveyed in the study had normal office tables and chairs with no ergonomic 

features these deviations contribute to poor ergonomically work related musculoskeletal 

disorders. (45) The above study is in line  with the current study in which table no. 17 

where RULA was compared with poor ergonomic setup for right upper extremity pain 

was significant (p= 0.02), which can be inferred as poor ergonomic set up has a 

relationship with work related upper extremity musculoskeletal pain, which requires 

modification at their respective work station. 

  All the participants had to undergo repetitive activities which is significant with the 

data in a study done by Marcus et.al in which he stated job requiring use of computer 

input device often are exposed to awkward and sustained postures and also repetitive 

activities which were seen to be a cause for shoulder pain. In his study he reported 63% 

incidence of shoulder symptoms among 416 female office workers using computers in 

daily job. The study also stated that musculoskeletal disorder may also result from 

frequently repeated activities even if the forces produced are low, under such condition 

the same parts and fibers of muscle are activated for longer period of time leading to 

fatigue and pain.(51) Worker activity produces internal forces acting upon the tissues of 

the body over time, that causes effect such as increased circulation and various other 

effects. In a previous literature Hagg et.al regarding abnormalities in upper trapezius 

with respect to occupational static load and work related myalgia in shoulder stated that 
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it is a common complain in worker exposed to static repetitive load at shoulder. National 

institute of Occupational Safety and Health have critically reviewed epidemiological 

evidence for work related musculoskeletal disorder for upper extremity in which they 

concluded that intensified workload and monotonous work may be involved in 

development of work related upper extremity disorder. 

Purpose of ergonomics is to fit the task to the individual and not the individual to 

the task. In a study conducted by Shikdar and Al-Kindi among forty employees used 

nonadjustable chairs, 45% of the employees adopted bent and unsupported back 

postures, and 20% used office tables for computers that suggested they lack in 

ergonomically designed furniture for computer work, in addition to that the research also 

shows significance in shoulder pain that could be attributed to ergonomic deficiencies 

.(55) The above study is significant to the current study in which table no.9 showed 

53.85% of participants faced poor ergonomic set up issues. A study conducted in 2016 

on computer workers showed high prevalence in pain in shoulder that was 50%, the 

study stated that there was significant evidence of musculoskeletal pain among the 

computer workers of multifactorial origin that included ergonomic deficiencies, the study 

further states that women were more likely to experience pain, awkward postures and 

movement of computer workers has also been confirmed as significant risk factor for 

musculoskeletal pain in upper extremity. Shoulder was found to be most affected 

anatomical region in computer workers. Poor ergonomically designed set up, increased 

static load and repetitive activities were found to be significant for musculoskeletal pain 

in upper extremities.  
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  All the participants had even relaxation during their working hours. The RULA 

score was depicted to low risk even though Nordic values were high therefore it can be 

inferred that working condition and the setup were well within for ergonomic standards 

provided by nationalized banking authorities 

Table 10 shows upper extremity aches which is 78.02% that can be seen in a 

study in the year 2004 in which they stated upper extremity aches in computer users 

may be due to repetitive movements, awkward posture associated with development of 

shoulder pain ,neck supports the head which makes approximately one seventh of the 

total body weight . In order to keep the static body posture muscles of the shoulder, 

neck and upper extremity become overloaded and finally get injured that may lead to 

aches and further develop weakness.(38).  In a study by Z.Ming et.al he stated computer 

work overloads muscles of the shoulder and upper extremity due to which ischemic 

cumulative injuries start to take place which may cause radiating pain due to developing 

cervical spondylosis, nerve compression leading to numbness, tingling and symptoms 

like paresthesia which is similarly seen in the current study in table no. 13 where 

26.37% of the participants reported numbness and table no.14 where 19.78% of the 

participants reported tingling and table no. 15 where 20% of the study participants 

reported radiating pain. 

Table no.16 shows assessment of work relate upper extremity using rapid upper 

limb assessment in which the current study has the mean value of 3.10 ± 2.18 for right 

shoulder and 3.57±2.63 for left shoulder that shows the score to be around 3-4 for 

RULA which means low risk, change may be needed , which is significant to a study by 

Sri Widyawati et.al in the year 2020 on investigation of the risk of daily office worker 
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posture based on Rapid upper limb assessment (RULA) Method in which they 

concluded RULA assessment results showed a value of +4 that means service 

compliance had low risk.(37) This may be due to less working years spent and also they 

developed a comfortable way for their work. The study reveals that the study 

participants are at higher risk of developing upper extremity musculoskeletal disorders 

could be due to poor ergonomic set up and also they are at the vulnerable age group of 

developing work related musculoskeletal disorders. 

A study by Moussavi Najaorkola SA etal. In the year 2012 concluded that work 

related musculoskeletal disorder using Nordic Musculoskeletal questionnaire revealed 

significant association with upper limb disorders.(14) Which is significant to our current 

study table no. 19 shows 38.46% affection in left shoulder and 26.37 % in right shoulder 

recorded in Nordic musculoskeletal questionnaire and also the second most region 

affected was neck that is 19.78%. A study on work related musculoskeletal disorders 

and associated risk factors among bankers in Ethiopia found that shoulder region was 

the most commonly affected region and also stated that the population of >40 years of 

age group were 5.7 times more likely to develop work related musculoskeletal disorders 

(47). Which is found to be significant with the current study.  

  In Table no.19 and 20 the statistical analysis demonstrated that shoulder pain 

(24%) was dominating the analysis throughout the study observed by both outcome 

measures that is Nordic Pain Questionnaire and RULA. Followed by that the neck 

region was next affected area (18%) whereas RULA score was scaling to mild risk 

zone. Therefore it was considered as mild risk factors related to musculoskeletal 

disorders in banking sector women at work station evaluation.  
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LIMITATION OF THE STUDY 

 

1. The study is gender specific therefore cannot be generalized. 

2. The study was limited to women working in banking sector with executive work , 

thus cannot be implemented to other organization. 
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STRENGTH OF THE STUDY 

 

1. Work station evaluation and ergonomic observations were noticed 

simultaneously. 

2. Working posture and pain at work site were documented then and there. 
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CONCLUSION 

 

     This study addressed a common concern with cross sectional research on work and 

health. The presence of musculoskeletal symptoms systematically alters the perception 

of comfortable environment at work. There was no evidence of work related 

musculoskeletal disorder systematically because the RULA score was found low on risk 

hence tailor made modification in ergonomic set up and working posture is required as 

per individual’s need. One time cross sectional study did find moderate intensity on 

Nordic Pain Questionnaire. Perhaps cross sectional study cannot explain about 

cumulative disorders. WRMSD are likely to evolve over time and intensify during 

particular stages of work. 
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                                         FUTURE SCOPE OF THE STUDY  

 

1. The study can be performed in various sector with the help of Nordic Pain 

Questionnaire and Rapid Upper Limb Assessment. 

2. Longitudinal study is needed to find out cumulative trauma disorder of upper 

extremity. 
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SUMMARY 

 

• BACKGROUND AND PURPOSE 

 Work related musculoskeletal disorders refers to combination of inflammation and 

degenerative condition which affects muscles, tendons , ligaments, joint , joint surfaces , 

peripheral nerves and localized blood circulation system. The aches and pains 

numbness or discomfort are aggravated or caused by work and by the effects of 

immediate environment in which work is performed. Work related musculoskeletal 

disorders (WRMD) affects all persons irrespective of age and sex. Work related 

musculoskeletal symptoms are present across a wide range of occupation whether it is 

desk work, labor work, IT profession or executive business class even banking sector is 

not spared from this.(1)   work related musculoskeletal disorders can affect all major 

areas of the body including neck and upper extremities , they can be of muscular origin , 

tendinous origin or nerve origin. 

Repetitive work has become a concern for certain occupational groups such as 

computer users. The joints of upper extremity such as shoulder, elbow and wrist are 

more susceptible to repetitive motion injuries. Bankers are at higher risk of developing 

musculoskeletal disorders because their job involves prolong sitting, working in 

awkward postures, working for longer duration, working in front of computers without 

adequate rest , poor work place design and also lack of knowledge for ergonomic 

intervention. 
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Women having higher risk for musculoskeletal pain may be due to sex linked 

biological factors such as hormones or physiology. And today in this era where women 

who have to play a role of diversity, handling two more tasks simultaneously hence 

suffering more musculoskeletal pain (6).   

       An increasing risk of musculoskeletal symptoms among women reported in working 

sector on an average was found to be 57.2%(7) , in industrial sector- 34.6%(8) , women in 

farming – 51.6% , female jari workers-88% (10) , computer workers-40.2%(1) 

Thus the focus of the study to describe work-related upper extremity 

musculoskeletal pain evaluation by Nordic pain questionnaire and Rapid upper limb 

assessment among women in banking sectors ;a descriptive cross sectional study. 

• AIM  

To find out work related upper extremity musculoskeletal pain among women in banking 

sector by Nordic Pain Questionnaire and RULA 

• PRIMARY OBJECTIVE 

To study work related upper extremity musculoskeletal pain among women in banking 

sector by Nordic pain Questionnaire and RULA. 

OTHER OBJECTIVES 

• To find out various upper extremity musculoskeletal complains among women in 

banking sector by Nordic pain questionnaire. 

• To evaluate the of upper extremity pain among women working in banking sector 

by RULA. 



 
 

55 
 

• METHOD 

          A descriptive cross sectional study was carried out in 40 nationalized banks on    

banking sector women. The estimated sample size was 99 out of which 91 participants 

were included in the study as per the inclusion criteria. 

• RESULT 

Nordic pain questionnaire revealed values for right shoulder – 26.37%, left shoulder – 

38.46% in terms of increased frequency of pain amongst banking sector women. Rapid 

upper limb assessment was interpreted as low risk and was found to be statistically 

significant (p=0.028) (right upper extremity – 3.10, left upper extremity– 3.57) 

musculoskeletal pain for banking sector women. 

• CONCLUSION 

This study addressed a common concern with cross sectional research on work and 

health. The presence of musculoskeletal symptoms systematically alters the perception 

of comfortable environment at work. There was no evidence of work related 

musculoskeletal disorder systematically because the RULA score was found low on risk 

hence tailor made modification in ergonomic set up and working posture is required as 

per individual’s need. One time cross sectional study did find moderate intensity on 

Nordic Pain Questionnaire. Perhaps cross sectional study cannot explain about 

cumulative disorders. WRMSD are likely to evolve over time and intensify during 

particular stages of work. 
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TABLES AND GRAPHS 

Distribution of participants according to        

age-group (years) 

Age-Group (yrs.) No. % 

≤ 30 2 2.20 

31-35 12 13.19 

36-40 15 16.48 

41-45 24 26.38 

46-50 22 24.18 

51-55 16 17.58 

TOTAL 91 100.00 

 

TABLE 1 and GRAPH 1- Shows age group distribution among study participants in 

which maximum participants was within age group 41-45 and the mean age group came 

out to 44years. 
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according to age-group (years)
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TABLE 2 AND GRAPH 2- Depicts maximum participants were having normal bmi 

(58.24%) 

 

41.76

58.24

Graph 2-Distribution of 
overweight and obesity among 

the participants 
BMI ≥ 25 BMI ≤ 25

Table no 2-Distribution of overweight 

and obesity among the participants  

Overweight/ 

Obese 
No. % 

Yes  

(BMI > 25) 
38 41.76 

No 

(BMI ≤ 25) 
53 58.24 

TOTAL 91 100.00 
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 TABLE 3 AND GRAPH 3 – Shows 48.35% of participants were under 5-10 year of 

work experience 

Table no 3- Distribution of 

participants according to working 

experience (years) 

Experience (yrs.) No. % 

≤ 5 6 6.59 

5.01-10 44 48.35 

10.1-15 25 27.47 

15.01-20 12 13.19 

≥ 20.1 4 4.40 

TOTAL 91 100.00 
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Graph no 3-Distribution of 
participants according to working 

experience (years)
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Table no 4- Distribution of participants 

according to surgical history 

Surgical history No. % 

Yes 6 6.59 

No 85 93.41 

TOTAL 91 100.00 

 

 

TABLE 4 AND GRAPH 4- Shows 6.59 % of participants in the study had a surgical 

history 
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Graph 4- Distribution of participants 
according to surgical history
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Table no 5-Distribution of participants 

according to surgical history 

Surgical history No. % 

ORIF  Ankle fracture 1 1.10 

ORIF Tibia fracture 1 1.10 

TKR 1 1.10 

Hysterectomy 3 3.30 

No fracture 85 93.41 

TOTAL 91 100.00 

 

GRAPH 5 AND TABLE 5- – Showing surgical history of 3.30 % of participants 

underwent hysterectomy and rest had a surgical history of ankle/ tibia ORIF and total 

knee replacement 
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GRAPH 6 AND TABLE 6 – Showing 68.13 % of participants had medical history 

whereas 31.87% had none 

 

 

 

68.13

31.87

Graph 6-Distribution of 
participants according to 

medical history

Yes

No

Table no 6-Distribution of 

participants according to medical 

history 

Medical history No. % 

Yes 62 68.13 

No 29 31.87 

TOTAL 91 100.00 
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Table 7- Distribution of participants 

according to medical history 

Medical history No. % 

Anaemia 5 5.49 

Asthma 1 1.10 

Diabetes Mellitus (DM) 13 14.29 

DM/Hypertension 8 8.79 

Hypertension (HTN) 24 26.37 

HTN/Hypothyroidism 2 2.20 

Hypothyroidism 9 9.89 

None 29 31.87 

TOTAL 91 100.00 

 

TABLE 7 AND GRAPH 7-   Shows various medical history of study participants among 

which 26.37 % of participants had hypertension 
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Table no 8-Distribution of  

participants according to  place of 

work 

Working place No. % 

Comfortable 51 56.04 

Uncomfortable 40 43.96 

TOTAL 91 100.00 

 

TABLE 8 AND GRAPH 8 – Shows comfort of participants at work place of which 

56.04% had comfortable work place 
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Table 9 - Distribution of participants 

according to  

poor ergonomic setup 

Poor ergonomic 

setup 
No. % 

Yes 49 53.85 

No 42 46.15 

TOTAL 91 100.00 

 

TABLE 9 AND GRAPH 9- Shows ergonomic set up of the study participants and their 

responses 
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Table 10- Distribution of participants 

according to  UE 

aches/stiffness/cramps 

  No. % 

Sometimes 71 78.02 

Never 20 21.98 

TOTAL 91 100.00 

 

TABLE 10 AND GRAPH 10- Depicts 78.02% of the study participants complained of 

upper extremities aches/ stiffness/ cramps while working 
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TABLE 11- Shows upper extremity soreness while working 

 

Table 11- Distribution of 

participants according to  UE 

soreness 

  No. % 

Never 91 100.00 

TOTAL 91 100.00 

 

 

 

TABLE 12 – Shows upper extremity weakness among study participants while working  

 

Table 12- Distribution of 

participants according to  UE 

weakness 

  No. % 

Never 91 100.00 

TOTAL 91 100.00 
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Table 13-Distribution of participants 

according to  UE numbness 

UE numbness No. % 

Sometimes 24 26.37 

Never 67 73.63 

TOTAL 91 100.00 

 

TABLE 13 AND GRAPH 13 – Shows 73.63% of the study participants complained of 

upper extremity numbness while working 
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TABLE 14 AND GRAPH 14- Shows that among all the study participants 19.78% of 

participants sometimes experienced upper extremity tingling while working 

 

 

 

 

 

 

 

 

 

Table 14- Distribution of participants 

according to  UE tingling 

UE tingling No. % 

Sometimes 18 19.78 

Never 73 80.22 

TOTAL 91 100.00 

Sometimes, 
19.78

Never, 
80.22

Graph 14- Distribution of 
participants according to  UE 

tingling
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TABLE 15 AND GRAPH 15- Shows pain radiation among which 24.18% showing pain 

radiation score of radiation 1 depicts that pain positive but gone next morning, score 2 

means pain positive at work persist to follow morning but goes after 5 days which is 

54.95%, score 3 showing pain present all the time and cause absenteeism in between . 
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Table 15- Distribution of participants 

according to  pain radiation score 

Pain radiation No. % 

1 22 24.18 

2 50 54.95 

3 19 20.88 

TOTAL 91 100.00 
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Table 16- Assessment of Right and Left Upper extremities by 

RULA 

RULA Upper extremeties 

Right (n=91) 

Upper extremeties 

Left (n=91) 

Item No. % No. % 

1 68 74.73 63 69.23 

1a 34 37.36        41 45.05 

2 46 50.55 51 56.04 

2a 28 30.77 38 41.76 

             3 62 68.13 64 70.33 

3a 26 28.57 23 25.27 

14 9 9.89 17 18.68 

 

Total score 

Out of 9 

(Mean ± SD) 

 

 

3.10  ±  2.18 

 

3.57  ±  2.63 

 

TABLE 16- Showing Assessment of Work-related upper extremity rapid upper limb 

assessment (RULA)  
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Table 17-Comparison of Total score in Right and Left Upper extremities by 

RULA 

by poor ergonomic set up 

Poor 

Ergonomic 

set up 

Upper extremities 

Right (n=91) 

Upper extremities 

Left (n=91) 

n Mean SD n Mean SD 

Yes 
49 3.57 2.12 49 3.94 2.55 

No 
42 2.55 2.14 42 3.14 2.67 

 

p-value 

 

0.0247, 

Significant 

0.1504, 

Not significant 

TABLE 17- Depicts significance of right upper extremity when compared with left 

extremity by assessing with RULA for ergonomic set up   

TABLE 18- Shows significance for left upper extremity when assessed with RULA for 

comfort at workplace  

Table 18-Comparison of Total score in Right and Left Upper extremities by 

RULA 

by workplace  

Workplace 

Upper extremities 

Right (n=91) 

Upper extremities 

Left (n=91) 

n Mean SD N Mean SD 

Uncomfortable 49 3.40 1.50 49 4.25 2.11 

Comfortable 42 2.86 2.58 42 3.04 2.88 

 

p-value 

 

0.2456, 

Not Significant 

0.0282, 

                    Significant 
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TABLE 19- Shows when assessed with Nordic questionnaire maximum participants 

complained of shoulder pain and least for upper back  

 

 

 

 

 

 

Table 19-Assessment of Pain (%) by NORDIC 

NORDIC 
 

Right 
(n=91) 

 
Left 

(n=91) 

Item No. % No. % 

Shoulder pain  24 26.37 35 38.46 

Elbow pain 1 1.10 1 1.10 

Wrist/hand 
pain 

4 4.40 2 2.20 

Neck pain 
 

18  

19.78% 
 

Upper back 
pain 

 
0  

 
0.0% 

 

Lower back 
pain 

 
10  

 
10.99% 

 

Hip pain 
 

4  

 
4.40% 

 

Knees pain                       5 
 

5.49% 
 

Ankle pain 3 
 

3.30% 
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Table 20- Assessment of Pain scores by RULA and NORDIC 
BY NPRS 

NORDIC 
 

Right 
(n=91) 

 
Left 

(n=91) 

Item Mean     SD Mean     SD 

Shoulder pain  5.17 1.13 5.43 0.90 

Elbow pain 5 - 4 - 

Wrist/hand 
pain 

4.5 1.0 5 1.41 

Neck pain Mean= 5.67  
SD= 0.59 

 

      RULA 

Total score 3.10 2.18 3.57 2.63 

 

 

TABLE 20- Shows mean of NPRS in Nordic pain questionnaire and mean of rapid 

upper limb assessment 
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ANNEXURE I (a) 

PROFORMA 

 

Name:  

Age: 

Dominance: 

Height in cm: 

Weight in kg: 

BMI kg/m2:  

Occupational component- 

Working hours/day: 

Working experience in years: 

Surgical history:  

Medical history: 

Menstrual history: 

   Menarche: 

   Menopause: 

1. Did you experience upper extremity aches? 
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• Never 

• Sometimes 

• Continuous  

2. Did you experience upper extremity stiffness? 

• Never 

• Sometimes 

• Continuous 

3. Did you experience upper extremity cramps? 

• Never 

• Sometimes 

• Continuous 

4. Did you experience upper extremity soreness? 

• Never 

• Sometimes 

• Continuous 

5. Did you experience upper extremity weakness? 

• Never 

• Sometimes 

• Continuous 

6. Did you experience upper extremity numbness? 

• Never  

• Sometimes 

• Continuous 
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7. Did you experience upper extremity tingling? 

• Never 

• Sometimes 

• Continuous 

8. Does your pain radiate/transmit to upper back, neck, shoulders, elbow, wrist, 

fingers? 

• No  

• Pain present but gone next morning 

• Pain present at work persists to following morning but gone after 5 days 

• Pain present and continuous all the time and causes absenteeism 

• More than one area affected 

9. How is your workplace? 

• Comfortable , well equipped, not stressful and work being evenly distributed 

• Uncomfortable , not well equipped, extremely physically stressful 

10.  Do you undergo repetitive work demand? 

• Yes 

• No 

11. Does your workplace have a poor ergonomic setup? 

• Yes 

• No 

12. Does your job has proper relaxation and job station exercise time? 

• Yes 

• No 
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ANNEXURE I (b) 

NORDIC MUSCULOSKELETAL QUESTIONNAIRE 

 

The aim of Nordic was to develop and test a standardized questionnaire , 

methodology allowing comparison of low back , neck , shoulder and general 

complains for use in epidemiological studies as such tool is not meant for clinical 

diagnosis. 

The focus of this questionnaire was work factor then the general health 

examination. The questionnaire is used as a questionnaire or as a structured 

interview. It consists of two section. 

Section 1 – general questionnaire of 40 forced choice items identifying areas of 

the body causing musculoskeletal problems. 

Section 2- additional question related to neck, shoulder and lower back. 
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ANNEXURE 1(c) 

(RULA) RAPID UPPER LIMB ASSESSMENT 

 

Participant- Female employees of bank fulfilling the criteria of Nordic 

questionnaire and having upper limb pain 

RULA (rapid upper limb assessment) considers biomechanical and load 

requirements of job tasks / demands on neck trunk and upper extremities. 

It consists of Section A that includes assessment of arm and wrist, Section B 

includes assessment of neck and trunk. 

Scoring of the RULA and the level of musculoskeletal disorder is following 

 

 

SCORE 

      1-2 

 

LEVEL OF MSD RISK 

Negligible risk , no action required 

3-

4 

Low risk, change may be needed 

5-

6 

Medium risk, further investigation, 

change soon 

≥6 Very high risk, implement change now 

  

 

 



 
 

88 
 

 

 

 

 

 

 



 
 

89 
 

                                          

                                                   ANNEXURE I (d) 

                                                              PEN  
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ANNEXURE II(a) 

 

PATIENT INFORMATION SHEET 

 

Purpose: 

To ensure that written informed consent was obtained from participants 

according to the regulatory requirements of ICMR and approved by IEC. 

Scope: 

This standard operational procedure included females who are working in 

nationalized banks and were voluntarily willing to participate in the study. 

Responsibilities: 

The researcher obtained written informed consent from all the participants who 

were volunteering to be the part of the study. 

Procedure: 

1. The researcher selected  the participants who were working in banks. 

2. The investigator explained the protocol to allay apprehension and answered all 

the queries of the participants. 

3. If the participant decided to participate then they consented according to the 

standard operational procedure. 

4. If the participant expressed interest but had some doubts in that case they were 

be solved. 

5. If the participants were comfortable with the explanation then they had fill the 

informed consent according to standard operational procedure. 
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6. Study procedures begun after the participants concern. 

7. Detailed medical and any other physical problem history was obtained from the 

participants so as to verify the inclusion and exclusion criteria. 

8. If participant wanted 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: 

Date: 

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

study, “work-related upper extremity musculoskeletal pain evaluation by Nordic 

pain questionnaire and rapid upper limb assessment among banking sector 

women; a descriptive cross sectional study.” 

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

enroll with us right from the moment of filling problems without any untoward 

effect. 

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

5. If at any moment you want to discontinue from this study then you are free to do 

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

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

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

maintained and your identity would not be revealed. 

8. Name of the researcher: 

Phone number: 

Address: 

9. Name of the guide: 

Phone number: 

Address: 

10. Name of the institution: 
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                                                        ANNEXURE II (b) 

 

                                                     LETTER OF CONSENT 

 

 I am willing to voluntarily participate for the dissertation “Work-Related Upper Extremity 

Musculoskeletal Pain Evaluation by Nordic pain Questionnaire and Rapid Upper Limb 

Assessment among banking sector women; a descriptive cross sectional study” 

conducted by______________. 

                I have been informed regarding the nature of the study and duration of work. I 

have no objection to undertake the required procedure and to undergo them, those 

pertain the study. 

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

effect and the rights of confidentially protected. 

 

 

 

                                                     Signature of participant 

Place: 

Date: 
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ANNEXURE III 

 

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 banks. My 

research topic is ‘Work-Related Upper Extremity Musculoskeletal Pain Evaluation  

by  Nordic pain Questionnaire and Rapid upper limb assessment (RULA) among 

banking sector women; a descriptive 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 III (a) 

 

 

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 ‘Work-Related Upper Extremity Musculoskeletal Pain 

Evaluation by Nordic pain Questionnaire and Rapid upper limb assessment 

among banking sector women; a descriptive 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 
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ANNEXURE III (b) 

 

PERMISSION LETTER 

 

 

To,  

The Bank Manager, 

Subject: Permission to carry out Physiotherapy research work. 

Respected Sir / Madam 

          I, Mr /Miss____________, student of master oh physiotherapy, would 

request you to grant me permission to carry out my research work in your 

esteemed work place. My research topic is ‘Work-related Upper Extremity 

Musculoskeletal Pain Evaluation by Nordic pain Questionnaire and Rapid 

Upper Limb Assessment among Banking Sector Women ; a descriptive 

cross sectional study.’  

           For this purpose, I have to take participants from your work site 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 IV 

                            TIMELINE / GANNT CHART  

 

   

1) September - 

October  2018 

Selection of Topic 

2) October -  

November  2018 

Formulation of research 

question 

3) November – 

December 2018 

Formulation of aims and 

objectives 

4) December 2018- 

January 2019 

Research Protocol 

5) December 2018- 

January 2019 

Research Designing 

6) September 2018- 

January 2019 

Review of Literature 

7) November 2018- 

January 2019 

Methodology formulation 

8) November 2018- 

January 2019 

Study designing 



 
 

98 
 

9) November 2018- 

January 2019 

Study setting 

10) November 2018- 

January 2019 

Sample size estimation 

11) November 2018- 

January 2019 

Selection of study tools 

and instruments 

12) December 2018- 

January 2019 

Method of data collection 

13) December 2018- 

January 2019 

Data management and 

analysis 

14) December 2018- 

January 2019 

Statistical tests 

15) January 2019 Compilation of Synopsis 

16) January 2019 Ethical clearance 

17) January 2019- 

February 2019 

Incorporation of 

suggestions by IEC 

18) February 2019 BORS approval 

19) March 2019 Submission of synopsis  

20) 31st May 2019 Received approval from 

university  

21) June 2019-July 

2020 

-Collection of data 

-Preparation of excel sheet 

-Screening of data 
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-Encryption of data 

-Search for more literature 

 

22) August 2020 -Analysis and 

Management of data 

-Obtaining the final result 

-Preparing the manuscript 

for completion of 

dissertation 

23) September 2020 Submission of dissertation 

to MUHS 
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Sr. No Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20

1 Selection of topic

2 Formulation of research question

3 Formulation of aims and objectives

4 Research Protocol

5 Research Designing

6 Reviewing of literature 

7 Methodology formulation

8 Study designing

9 Study setting

10 Sample size estimation

11 Selection of study tools and instruments

12 Method of data collection 

13 Data management and analysis 

14 Statistical tests 

15 Compilation of synopsis 

16 Ethical clearance 

17 Incorporation of suggestions by IEC

18 BORS approval

19 Online submission of synopsis

20 Approval of synopsis from University

21 Data collection process

22 Data spread in Excel Sheet

23 Data Cleaning

24 Encryption of Data

25 Data Analysis

26 Statistical  analysis and tests 

27 Result and Tables

28 Discussion

29 Conclusion and Summary

30 References

31 Compilation of Dissertation

32 Submission of Dissertation to university

33
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ANNEXURE V 

 

MASTER SHEET 

 

 

 

 

name age dominance height(cm) weight (kg) BMI working hours/day work experience surgical history medical history menarche menopause U.E aches/stiffness/cramps U.E soreness U.E weakness U.E numbness U.E tingling pain radiation workplace repetitive work poor ergonomic setupu proper relaxation and job station ex

trupti mahajan 45 right 170cm 65 22.5 8 10 no htn 14 regular sometimes never never never never 1 comfortable yes yes yes

sakshi tupe 51 right 161cm 61 23.5 8 20 no htn 15 yes sometimes never never sometimes never 1 comfortable yes yes yes

Niyati Bhatt 46 right 164cm 57 21.2 8 15 no htn 14 regular sometimes never never sometimes never 0 comfortable yes yes yes

Sharanya Pankhraj 52 right 159cm 58 22.9 8 21 no dm 14 yes sometimes never never sometimes never 1 comfortable yes yes yes

Riya Dhomne 43 right 155cm 61 25.4 8 19 no dm/htn 14 regular sometimes never never sometimes never 0 comfortable yes yes yes

Vinita Sahu 50 right 160cm 64 25 8 21 no htn 15 regular sometimes never never sometimes never 1 comfortable yes yes yes

Deepali Bose 47 right 161cm 70 27 8 15 no hypothyroidism 15 regular sometimes never never sometimes never 2 uncomfortable yes no yes

Manasvi Joshi 53 right 163cm 75 28.2 8 16 no hypothyroidism/htn 16 yes sometimes never never sometimes never 1 uncomfortable yes no yes

Ritika Sengupta 45 right 159cm 76 30.1 8 18 no dm 15 regular sometimes never never never never 1 uncomfortable yes no yes

Lalita Apte 55 right 158cm 74 29.6 8 14 no htn 14 yes sometimes never never never never 1 comfortable yes yes yes

Prachi Verma 46 right 154cm 68 28.7 8 13 no htn 16 regular sometimes never never never never 1 comfortable yes yes yes

Vidya Shenmare 35 right 155cm 69 28.7 8 5 no no 15 regular sometimes never never never never 1 comfortable yes yes yes

Anita Dongre 31 right 149cm 60 27 8 6 no no 14 regular sometimes never never never never 1 uncomfortable yes no yes

Anushka Chandekar 51 right 151cm 62 27.2 8 11 no htn/dm 15 regular sometimes never never never never 1 comfortable yes yes yes

Anjali Bisht 38 right 156cm 66 27.1 8 8 no no 14 regular sometimes never never never never 1 comfortable yes yes yes

Nikita Agrawal 47 right 158cm 59 23.6 8 9 no hypothyroidism 16 regular sometimes never never never sometimes 1 comfortable yes yes yes

Kirti Gupta 56 right 161cm 54 20.8 8 12 no dm/htn 16 yes sometimes never never sometimes sometimes 1 uncomfortable yes no yes

Bhoomi Chaudhari 49 right 164cm 52 19.3 8 9 no anemia 15 irregular sometimes never never sometimes sometimes 1 uncomfortable yes no yes

Rasika Bobde 33 right 158cm 58 23.2 8 5 no no 15 regular sometimes never never sometimes sometimes 1 comfortable yes yes yes

Seeta Romani 35 right 156cm 71 29.2 8 6 no no 13 regular sometimes never never sometimes sometimes 1 uncomfortable yes no yes

Shafak Ahmed 39 right 162cm 77 29.3 8 7 no no 14 regular sometimes never never sometimes sometimes 1 comfortable yes yes yes

Amrita Saini 40 right 163cm 80 30.1 8 8 no dm 13 regular sometimes never never never sometimes 2 uncomfortable yes no yes

Riddhi Singh 41 right 151cm 81 35.5 8 8 no htn 12 regular sometimes never never never never 2 uncomfortable yes no yes

Padmavati Sen 44 right 155cm 50 20.8 8 8 no htn 15 regular sometimes never never never never 2 uncomfortable yes no yes

Sakshi Agrawal 42 right 163cm 55 20.7 8 9 no no 15 regular sometimes never never never never 2 comfortable yes yes yes

Daisy Denis 51 right 170cm 56 19.4 8 15 no hypothyroidism 16 regular never never never never never 0 uncomfortable yes no yes

Madhur Dave 50 right 170cm 60 20.8 8 13 hysterectomy htn 17 yes sometimes never never never never 2 uncomfortable yes no yes

Preeti Sable 49 right 169cm 58 20.3 8 12 no dm 15 regular never never never never never 0 uncomfortable yes no yes

Shriya Sahu 35 right 168cm 59 20.9 8 7 no no 15 regular sometimes never never never never 2 comfortable yes yes yes

Gayatri Saboo 48 right 164cm 60 22.3 8 10 no dm 15 regular never never never never never 0 comfortable yes yes yes

Sabri Tekchandra 51 right 163cm 62 23.3 8 13 hysterectomy htn/ hypothyroidism 15 yes never never never never never 0 comfortable yes yes yes

Margini Phatke 48 right 168cm 66 23.4 8 7 no htn 15 regular never never never never sometimes 0 comfortable yes yes yes

Srishti Durugkar 50 right 166cm 64 23.2 8 16 no dm/htn 15 regular sometimes never never never never 1 comfortable yes yes yes

Anamika Vyas 45 right 155cm 65 27.1 8 6 no htn 16 regular sometimes never never never never 1 uncomfortable yes no yes

Devaki Kumar 35 right 159cm 70 27.7 8 5 no anemia 14 irregular sometimes never never never never 1 comfortable yes no yes

Nandini Rai 38 right 160cm 75 29.3 8 7 no no 15 regular never never never never sometimes 0 comfortable yes no yes

Aishwarya Vishne 37 right 161cm 74 28.5 8 7 no no 14 regular sometimes never never never never 2 uncomfortable yes yes yes

Chaitali Dhingre 29 right 164cm 76 28.3 8 5 no hypothyroidism 14 regular never never never never never 0 comfortable yes no yes

Stuti Gupta 29 right 170cm 71 24.6 8 5 no dm 15 regular sometimes never never never never 2 uncomfortable yes yes yes

Shilpi Dutt 41 right 171cm 77 26.3 8 10 no no 16 regular never never never never never 0 comfortable yes no yes

Avani Das 53 right 165cm 70 25.7 8 12 no no 12 yes sometimes never never never sometimes 1 uncomfortable yes yes yes

Shivali Raut 55 right 166cm 65 23.6 8 13 no no 13 regular sometimes never never never sometimes 1 uncomfortable yes yes yes

Nisha Jaiswal 52 right 170cm 66 22.8 8 11 no asthama 14 regular sometimes never never never sometimes 1 uncomfortable yes yes yes

Nishika Dhadiwal 34 right 164cm 64 23.8 8 9 (ORIF) ankle fracture no 14 regular sometimes never never never never 2 uncomfortable yes no yes

Rachana Kashine 56 right 159cm 63 24.9 8 17 hysterctomy no 13 yes sometimes never never sometimes never 1 comfortable yes no yes

Radha Gupta 59 right 158cm 62 24.8 8 22 no dm 12 regular sometimes never never sometimes never 1 comfortable yes no yes

Pallavi Thakur 43 right 161cm 61 23.5 8 15 no htn 15 regular never never never sometimes never 0 comfortable yes no yes

Kalyani Damle 48 right 159cm 64 25.3 8 14 no dm 16 regular never never never sometimes never 0 comfortable yes no yes

Archana Gupta 51 right 162cm 55 21 8 9 no no 14 regular never never never never never 0 comfortable yes yes yes

Lakshmi Rai 33 right 170cm 71 24.6 8 5 no no 12 regular never never never sometimes never 0 comfortable yes yes yes

Akansha Gajbiya 36 right 164cm 49 18.2 8 7 no no 14 regular never never never never never 0 comfortable yes yes yes

Naina Jassal 32 right 166cm 50 18.1 8 7 no hypothyroidism 15 regular never never never sometimes never 0 comfortable yes yes yes

Seema Dharwal 39 right 156cm 60 24.7 8 7 no no 16 regular sometimes never never never never 1 comfortable yes no yes

Hardi Patel 45 right 159cm 52 20.6 8 11 (ORIF)tibia fracture no 15 regular sometimes never never never never 2 uncomfortable yes yes yes

Aashi Kothale 56 right 158cm 55 22 8 12 no dm 14 yes sometimes never never never never 2 uncomfortable yes yes yes

Juili Kumar 45 right 155cm 54 22.5 8 15 no htn 16 regular sometimes never never never never 2 uncomfortable yes yes yes

Kiran Chandekar 44 right 154cm 66 27.8 8 9 no hypothyroidism 15 irregular sometimes never never sometimes never 2 uncomfortable yes yes yes

Divyanka Tripathi 43 right 161cm 80 30.9 8 10 no hypothyroidism 13 regular sometimes never never never never 2 uncomfortable yes yes yes

Anjina Duble 40 right 162cm 88 33.5 8 9 no no 15 regular sometimes never never never never 1 comfortable yes no yes

Pooja Dafle 32 right 155cm 78 32.5 8 8 no no 15 regular sometimes never never never never 1 comfortable yes no yes

Sanjeevni Gupta 33 right 154cm 75 31.6 8 6 no no 16 regular sometimes never never never never 1 comfortable yes no yes

Khushi Raut 36 right 161cm 65 25.1 8 8 no anemia 13 irregular sometimes never never never sometimes 1 comfortable yes no yes

Vaishali Nandanwar 37 right 157cm 68 27.6 8 6 no htn 14 regular sometimes never never never sometimes 2 uncomfortable yes yes yes

Akriti Manapure 41 right 148cm 63 28.8 8 7 no dm 16 regular sometimes never never never sometimes 2 uncomfortable yes yes yes

Oas Kothari 42 right 150cm 56 24.9 8 7 no dm/htn 13 regular sometimes never never never sometimes 1 uncomfortable yes yes yes

Karishma Wagh 55 right 155cm 59 24.6 8 16 TKR dm/htn 14 yes never never never never never 0 comfortable yes no yes

Haseena Rubberwala 54 right 158cm 60 24 8 15 no htn 15 regular never never never never never 0 comfortable yes no yes

Nafisa Ali 53 right 165cm 61 22.4 8 14 no hypothyroidism 15 regular never never never never never 0 comfortable yes no yes

Pushpa Sen 54 right 165cm 64 23.5 8 13 no dm/htn 16 regular sometimes never never never never 1 uncomfortable yes yes yes

Amishi Gupte 40 right 166cm 60 21.8 8 12 no no 13 regular sometimes never never never never 1 uncomfortable yes yes yes

Asawari Malhotra 44 right 168cm 60 21.3 8 10 no no 16 regular sometimes never never never never 1 uncomfortable yes yes yes

Fatema Khan 42 right 154cm 61 25.7 8 8 no dm 14 regular sometimes never never never never 1 uncomfortable yes yes yes

Srishti Vyas 46 right 158cm 59 23.6 8 9 no htn 18 regular sometimes never never never never 1 uncomfortable yes yes yes

Sheena Garwale 47 right 170cm 88 30.4 8 8 no htn 15 regular sometimes never never sometimes never 1 comfortable yes no yes

Vaidehi Gotmare 42 right 172cm 71 24 8 7 no no 13 regular sometimes never never sometimes never 1 comfortable yes no yes

Shriya Sontakke 48 right 168cm 67 23.7 8 8 no no 16 regular sometimes never never never never 1 uncomfortable yes yes yes

Utkarsha Thakre 48 right 169cm 66 23.1 8 9 no no 14 regular sometimes never never never never 1 comfortable yes no yes

Vidisha Kumar 35 right 158cm 58 23.2 8 6 no no 14 regular sometimes never never never never 1 uncomfortable yes yes yes

Radha Chitale 36 right 155cm 64 26.6 8 6 no anemia 14 regular sometimes never never never never 1 comfortable yes no yes

Amreen Yewle 37 right 154cm 59 24.9 8 6 no htn 14 regular never never never never never 0 comfortable yes no yes

Revdi Singh 38 right 160cm 58 22.7 8 7 no hypothyroidism 15 regular never never never sometimes never 0 comfortable yes no yes

Anchal Bawne 36 right 158cm 60 24 8 10 no anemia 14 irregular sometimes never never sometimes never 1 uncomfortable yes yes yes

Ritika Bansal 46 right 155cm 61 25.4 8 16 no htn 16 regular sometimes never never never never 1 uncomfortable yes yes yes

Krutika Ashirgade 45 right 154cm 66 27.8 8 15 no htn 17 regular sometimes never never never never 1 uncomfortable yes yes yes

Tulika Nagre 46 right 148cm 60 27.4 8 18 no htn 13 regular sometimes never never never never 1 comfortable yes no yes

Abishree Jichkar 50 right 150cm 59 26.2 8 20 no dm 15 regular sometimes never never never never 1 comfortable yes no yes

Dishita Verma 43 right 156cm 60 24.7 8 18 no htn 13 regular sometimes never never never never 1 uncomfortable yes yes yes

Shaila Kadam 54 right 154cm 64 27 8 21 no dm 14 yes sometimes never never never sometimes 2 comfortable yes no yes

Nidhi Khandelwal 48 right 168cm 69 24.4 8 16 no htn/dm 12 regular sometimes never never never sometimes 2 comfortable yes no yes

Arpita Biskute 48 right 165cm 66 24.2 8 15 no htn 16 regular never never never never never 0 comfortable yes no yes

Masooma Zaveri 46 right 166cm 65 23.6 8 14 no htn 15 regular sometimes never never sometimes never 1 uncomfortable yes yes yes
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INTRODUCTION:- 

 

Developmental Coordination Disorder (DCD) is a multifactorial, neuro-

developmental motor disorder.1 DCD shows delay and difficulty in motor skill 

competence, difficulty in coordinating movements2 observed in children who are 

developing well intellectually.3 DCD is also defined, using the Diagnostic and 

Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), as a condition 

marked by a significant impairment in the development of motor coordination, which 

interferes with academic and classroom performance1, activities of daily living 

(ADL’s)1-3 and also show problems while performing sport.3 

 

Developmental Coordination Disorder (DCD) shows a worldwide prevalence 

of 6% which includes 5-8% population affected in the USA, 1.8% in the UK, 5-9% in 

Canada.3 In a recent study conducted in Spanish classroom children, prevalence of 

suspected DCD came out to be 12.2%1. In Egypt the suspected DCD holds 5.9% of 

the total population in 5 – 15 year old children4 whereas, studies conducted in Brazil, 

the prevalence of probable or suspected DCD was found to be as high as 30%5 and 

19.9%.6 In India, different studies have been conducted in different areas to find out 

the prevalence of DCD. In Dharwad, Karnataka(2014), the prevalence of suspected 

or indicated DCD was found to be 21.33%.7 In Pimpri, Pune (2014) prevalence of 

DCD was found to be 1.36% and in recent study (2018)3 by U. Ganapathysankar 

prevalence of DCD found by door-to-door survey came out to be 3.22%.8 In India 

recent study was carried out by Sujatha B et. al (2020) in Thiruvallur district on 944 

apparently normal school-going children belonging to 8 – 17 years of age – group, 

aiming to find out the prevalence of developmental coordination disorder in school 
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going children. They found that prevalence of suspected DCD is 3.8%, with higher 

prevalence in boys as compare to girls. 9 

 

The International classification of diseases and related health problems (ICD-

10) also included DCD in the specific developmental disorder of motor functions  

Geneva: World Health Organization (WHO).9 Children affected with DCD shows 

deficit in gross motor functions which is evident by difficulty to throw and catch a ball 

or difficulty in carrying objects, these children are clumsy in general and tend to drop 

things very frequently.8-10 These children also show deficit in fine motor skill as they 

experience difficulty in hand activities like tying shoe laces, to fasten and unfasten 

buttons, poor handwriting and drawing skills, poor at jigsaw puzzle, understanding 

maps and using constructional toys. 8,9  

 

Children with DCD also show poor physical fitness, internalising factors11 like 

poor social skills, low self-esteem, anxiety and depression affect their daily 

living.9,12,13 Studies reported that children with DCD have problem in rhythmic 

coordination and timing as well as lack of executive functioning which affects working 

memory and attention.8  Darvik M. et al (2018) stated that children suffering with 

DCD may demonstrate symptoms of neurological “soft signs” which suggest minor 

neurological abnormalities and include dysdiadochokinesia, synkinesia, tactile 

localization deficits, reduced motor speed, mild dysfunction in muscle tone 

regulation, and asymmetric reflexes.14 

 

Identification of probable or suspected DCD can be done through a parent 

administered questionnaire, namely, Developmental Coordination Questionnaire 
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2007 (DCDQ’07)16 used for identification of children showing signs of DCD in 5 – 15 

year old children. In this parents are asked to compare the motor performance of 

their children with their peers and answer using a 5 point Likert scale.16,17 It consists 

of 15 questions regarding child’s every day functional activity. The scoring in each 

question ranges from 1: not at all like my child to 5: extremely like my child. This 

makes total obtainable score by any participant being minimum 15 to maximum 75. 

DCDQ’07 is divided in 3 subtotals for highlighting 3 distinct factors. These are: (1) 

control during movement: describing motor control while child or any object is in 

motion. (2) fine motor and handwriting: describing fine motor activities (3) general 

coordination: relation to coordination and planning activities.5 These subtotal cannot 

identify suspected DCD individually but can be used to know the strength and 

challenges in children showing signs of suspected DCD 16,17 

 

Previous literature has shown many prenatal risk factors associated with 

DCD. Some of these are advanced maternal age (> 35 years)18, prenatal alcohol 

exposure, the threat of miscarriage before the 20th week, male gender19,20, foetal 

distress during delivery20, preterm delivery (<37 weeks of gestation)20, very preterm 

birth (<32 weeks)14,21, low birth weight for gestational age19,20, very low birth weight 

(<1.500 g), chronic lung disease21,22, neonatal pathological jaundice, postpartum 

exposure to steroids15,18, and independent walking after 15 months.18 

 

It is known that neurological motor impairments are common in preterm born 

children as compared to term born children. 14,18-22  In Jenny Bolk’s study (2018) 

37.1% children born extremely preterm (< 27 weeks) showed DCD as compare to 

term born control group (5.5%).21 Children with DCD born preterm shows poor motor 

performance as compared to term born children with DCD. In attempts to find the 
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etiology working behind DCD there are supportive literature suggesting that children 

born with low birth weight (<1800 gm) have higher rates of DCD i.e. 40% - 50%. 23  

 

Recent neuroimaging studies have revealed that there in neural impairement 

present in functional connectivity between sensorimotor network in children with 

DCD.25 Literature has also confirmed that impairments in visuospatial processing and 

occulomotor movement in children with DCD25 and these deficits are reported to 

persist in adulthood also resulting in lesser physical competence and self – esteem 

in adult life.8,9,11-13,26 
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NEED FOR STUDY:- 

 

 

In DCD the involvement of fine and gross motor coordination varies with age and 

from individual to individual.10 Developmental Coordination Disorder (DCD) is found 

to be more prevalent in 8 - 9 years age group.3 and also found that there is gender 

difference present where girls are more affected than boys hence,7,8 it is important to 

identify population at risk of DCD and its association with preterm birth and/or low 

birth weight i.e suspected DCD at an early age. 
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AIM:- 

 

 To find the prevalence of suspected DCD in 5 – 10 years of children and find 

its association with preterm and /or low birth weight. 
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PRIMARY OBJECTIVES:- 

 

1. To evaluate gross motor function score in upper limb in suspected 

developmental coordination disorder. 

2. To evaluate fine motor skills score in suspected developmental coordination 

disorder. 

 

 

OTHER OBJECTIVES:-  

1. To evaluate the association between preterm and/or low birth weight in 

children with suspected developmental coordination disorder. 
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PRIMARY HYPOTHESIS:- 

 

 Not Applicable (NA) 

 

 

 

 

 

OTHER HYPOTHESIS:- 

 

Not Applicable (NA) 
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REVIEW OF LITERATURE:- 

 

1. (2020) Sujatha et. al: conduated a cross – sectional study with objective of 

finding prevalence of developmental coordination disorder (DCD) in school 

going children. 944 children of age – group 9 – 14 years were included in the 

study. Overall prevalence of DCD was found to be 3.8%. gender wise 

distribution showed 5 % prevalence in boys and 2.7% prevalence in girls. 

Children with age 10 to 14 years showed increasing prevalence of DCD.10 

2. (2020) Wenchong DU et. al: conducted a study to explore to prenatal, 

perinatal, neonatal and family environmental risk factors for DCD. The study 

included 2185 children of age – group 3-10 years from urban areas of China. 

The Movement Assessment Battery for Children 2 was used to assess the 

motor functions along with a parent administered questionnaire. 94 participants 

were dropped out and out of 2091 participants 156 participants (7.5%) met 4 

criterions from DSM-V for DCD and score less than 5th percentile of MABC-2. 

These participants were identified as DCD. The results of the study suggested 

that male sex, higher BMI and preterm birth are the factors associated with 

DCD. Amongst family and environmental factors parental education and one-

child status were found to be risk factors for DCD. Prenatal factors like placenta 

previa and placental abruption were also found to be associated with preterm 

birth and DCD. The perinatal factor of low birth weight was not significantly 

different between the DCD and non-DCD group. Hence, the study suggested 

future need to explore the culture-specific difference and contribution of low birth 

weight and preterm birth status in DCD.20 

3. (2020) Gomez A. and Huron C.:  aimed to study numerical cognition using an 

approach that taps very basic numerical processes such as subitizing and 
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counting abilities in DCD. The study involved 20 children with DCD and 20 

typically developing children of age group 7-10 years. Participants with a current 

or past history of neurological or psychiatric disorders, learning disabilities other 

than DCD, a current organic disease, a pharmacologic medication, an 

intellectual disability and prematurity were excluded. Motor coordination 

performance was measured by the French version of the Movement 

Assessment Battery for Children. In enumerating tasks the subtests of 

similarities and digits span of the WISC-IV were administered as indicators of 

verbal intelligence and verbal short-term memory, respectively. To assess visuo-

spatial abilities, the arrows subtest of the NEPSY and the block design sub-test 

of the WISC-IV were used. For subitizing and counting tasks, a screen 

displaying dots was used. The results of the study depected that children with 

DCD were less accurate and slower in two enumeration tasks (with and without 

a time limit). In the counting task, both the decrease in accuracy and the 

increase of reaction times of children with DCD occurred only when the number 

of dots exceeded three.27 

4. (2020) Smith M. et. al: conducted a study aiming to determine current 

knowledge of Australian podiatrists regarding presentation, assessment, and 

management of children with developmental coordination disorder. Total 365 

Australian podiatrists were included in this study. Data was collected through 

single – round survey by Surveymonkey. Participants were asked about their 

familiarity with DCD and depending on their response, were directed via skip 

logic to questions on presentation, assessment and management strategies of 

DCD in children. Results showed that there were 109 (30%) reported familiarity 

with DCD as a diagnosis. While an additional 134 (37%) participants reported 

familiarity with alternate terminology that has previously been used to describe 

DCD like developmental dyspraxia or clumsy child syndrome. The study 
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concluded that participating Australian podiatrists were largely unfamiliar with 

developmental coordination disorder as a diagnosis, although this increased 

with the introduction of previous terminology. Participants frequently reported 

referral to other health professionals rather than performing assessments, while 

recommending common podiatric interventions such as footwear education, 

orthoses and strength training. Most respondents showed interest in receiving 

further education on DCD, and given current lack of evidence, future research 

should focus on determining the role of podiatrists in assessment and 

management of children with DCD as part of an interprofessional team.28 

 

5. (2020) Warlop G. et. al: conducted a study exploring differences and similarities 

in gaze behaviour during walking between typically developing young adults and 

those with DCD. Twenty individuals, aged 20 to 23, of which 10 met the criteria 

for DCD, participated in this study. Eye movements were recorded with the 

SensoMotoric Instruments (SMI) Eye Tracking Glasses 2 Wireless (ETG). 

These mobile eye tracking glasses were connected to a smart recorder running 

the iViewETG software, which was worn in a waist bag. The patricians had to 

complete a walking task in which they had to place their feet on irregularly 

placed targets wearing eye tracking glasses mounted on their heads. The 

results demonstrated that individuals with DCD took approximately 25% more 

time to complete the total walking sequence. The study confirmed that the gaze 

strategy observed in young adults with DCD seems to reflect unstable 

oculomotor control and an increased dependency on on-line foveal visual 

feedback of the walking path.25 
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6. (2020) Rinat S. et. al: conducted a study aiming to compare whole-brain 

resting-state functional connectivity of children with DCD and typically-

developing children. Participants within 8-12 years were included with 35 DCD 

participants were compared to 23 typically developing ones. Children then 

completed an MRI scanning session of approximately 60 min. Children with 

DCD demonstrate altered functional connectivity between the sensorimotor 

network and the posterior cingulated cortex (PCC), precuneus, and the posterior 

middle temporal gyrus (pMTG). Results of this study indicated that there is 

ineffective communication between the sensorimotor network and the PCC 

might play a role in inefficient motor learning seen in DCD. The pMTG acts as 

hub for action-related information and processing, and its involvement could 

explain some of the functional difficulties seen in DCD. This study increases our 

understanding of the neurological differences that characterize this common 

motor disorder.24 

7. (2019) Laura Degado-Lobete et. al: conducted a cross-sectional study aiming 

to find the prevalence of suspected developmental coordination disorder in 

Spanish school children and to its association with socio-demographic factors. 

For this a sample of 460 Spanish school going children of age-group 6-12 years 

were chosen. A dossier including the Developmental Coordination Disorder 

Questionnaire-European Spanish (DCDQ-ES) (to be published) and a socio-

demographic questionnaire was issued to 1002 randomly selected parents of 

children aged from 6 to 12 years. These children were chosen from 6 out of 8 

randomly selected schools that agreed for participation. Parents were also 

asked whether their children had a clinical diagnosis of any developmental 

disorder or learning difficulties. The dossiers were anonymously answered at 

home and then returned to schools and then collected by the researchers. Only 

fully completed DCDQ-ES were considered valid and included in the study. 
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DCDQ is a 15-item parent administered questionnaire and the covariables 

included in socio-demographic questionnaire were gender, age, gestational age 

at birth, participation in out-of-school physical activities and educational and 

occupational family levels. The parents’ educational level was measured using 

the International Standard Classification of Education, while occupational level 

was assessed with the occupational classification proposed by the Spanish 

Society of Epidemiology and the Spanish Society of Family and Community 

Medicine. 56/460 participants (12.17%) were identifies as having suspected 

DCD. Analysis of sample was done under 3 groups- <8, 8-9 and 10 and more. 

Boys in all groups depicted a higher level of suspected DCD population as 

compared to girls. They also found that girls who are engaged in out of school 

physical activities with well educated parents scored good in DCDQ-ES 

indicative of good motor coordination. Finally they concluded that- “Suspected 

DCD and problematic motor coordination ability skills are associated with age, 

sex, limited participation in out-of-school physical activities, low gestational age 

at birth and family educational status.” and suggested scope for future studies 

that could explore the associations of additional socio-demographic and 

contextual factors, alongside those included in their study, to further investigate 

the external variables that may contribute to the development of DCD.1 

 

8. (2018)  Dr.U.GanapathySankar: conducted a cross sectional survey on 898 

subjects of age group 5-10 years in Kattupakkam village of Tamil Nadu to find 

out the prevalence of developmental coordination disorder (DCD). Assessment 

was done with the help of developmental coordination disorder questionnaire 

(DCDQ). Data collection was done by door to door survey in village and DCDQ 

was distributed to concerned parents. DCDQ scores were correlated with 
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Bruininsks Osterkey Test Of Motor Proficiency 2nd edition (BOTMP 2). Results 

indicated 29/898 (3.22%) children met DCD criterion. Also, prevalence was 

highest in 9-9.11 year age group (7.59%) and lowest in 6-6.11 age group 

(1.6%). This study showed an increase in prevalence of DCD as compared to 

previous studies conducted in 2011 and 2017. Study recommends awareness 

programme and screening programme to be conducted periodically for parents 

and teachers for early identification of disorder.8 

 

9. (2017) Susan Allen and Jackie Casey: carried out a retrospective cohort 

aiming to determine whether children with DCD present with sensory processing 

and integration difficulty & comparison of these difficulties with those with co-

occurring conditions. Study included 93 subjects aged between 5 to 12 years 

who met EACD guidelines and DSM-5 criteria for DCD, attending mainstream 

school with MABC-2 standard score of 6 or below and those with comorbid 

developmental disorder (such as ASD) and attention deficit disorder (ADD) 

fulfilling these conditions (n=42). Children with recognised learning disability or 

neurological impairment such as cerebral palsy were excluded. The dependent 

and independent outcomes are: sensory processing and integration measured 

by sensory processing measure (SPM) and motor coordination measured by 

MABC-2 full scores and subsection scores. This study depicted high levels of 

poor body awareness, balance and motion. However, no relationship was found 

between motor skills and sensory processing and integration. Hence, they 

concluded that most of those affected with DCD shows some amount of 

difficulties in sensory processing and integration impacting function and 

participation and should be considered as a barrier.29 
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10.  (2017) N. Sanjivani Dhote et al.: conducted a cross-sectional analytical study 

“Age wise prevalence of developmental coordination disorder in school going 

children in west India” included 516 students of age group 5-15 years. Subjects 

with neurological trauma like spinal fracture or any visual problems or any 

congenital deficit were excluded. The sample was divided in 5 age groups (age 

group 1: 5-7.11, age group 2: 8-9.11, age group 3: 10-11.11, age group 4: 12-

13.11, age group 5: 14-15.11) and was assessed with the help of BOT-2 for 

assessing child’s motor proficiency. Descriptive analysis of scores were done by 

dividing into descriptive categories as WAA-Well above average, AA- Above 

Average, A – Average, BA- Below Average, WBA- Well Below Average. Results 

depicted highest prevalence of DCD in 8-9 years aged subjects.3 

 

11. (2014) Priya Patel and Carl Gabbard: published an article titled- 

“Developmental Coordination Disorder- What PT Needs To Know”. Main aim of 

this article was to increase awareness regarding DCD and includes definition, 

causes, incidence, physical features, impact on daily living, associated co-

morbidities, assessment, approaches and role of parents and educators. They 

have put forward common characteristics of DCD children as- children with 

clumsy & awkward movements who often bump into or knock objects, difficulty 

in gross motor skills, fine motor skills or both, with abilities in other area may be 

unaffected like intellectual and language skills, difficulty in learning new motor 

skills, difficulty with activities that require constant change in body position or 

adapting to new environment, difficulty in activities requiring coordinated use of 

both sides of body (paper cutting, swinging bat etc.), poor postural control & 

poor balance, difficulty in printing and hand writing, difficulty in balancing the 

need for speed with need of accuracy, difficulties in academic subjects like 
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mathematics, spelling, written language, completing work within expected time 

frame, difficulties with activities of daily living & organising things. All these are 

associated internalising factors like lack of interest, low self esteem, lack of 

motivation, low frustration tolerance, avoids socialising, seems dissatisfied. DCD 

is most commonly associated with comorbidities like ADHD, dyslexia, language 

impairment. They have described use of MABC-2, BOTMP-2 and DCD-Q in 

assessment of DCD and have stressed of strong grasp in assessment methods 

by the therapist to assess a child’s level of skill in gross motor, fine motor or 

balance. Interventions in DCD are broadly categorised into bottom-up approach 

and top-down approach and suggests it to be highly specific to condition of 

child. They have quoted in their article that “redemption of DCD should not only 

be limited to clinics but needs to go on at home, schools and community.” 

Finally they concluded that motor difficulties in DCD may worsen with increasing 

age in unattended cases. Timely assessment and early identification and 

intervention can help and prevent secondary complication. And thus they have 

justified the need for bringing awareness of DCD in India.2 

 

12. (2014) Komal K B, Parmar Sanjay: conducted a cross-sectional study to find 

out the prevalence of developmental coordination disorder. For this subjects 

included normal and co-operative boys and girls of age group 5-15 years whose 

parents are able to understand English and Kannada and who are declared as 

typically developing by paediatrician. Children with cerebral palsy, muscular 

dystrophy, muscular impairment, mental retardation or any known psychological 

disorder or whose parents are unwilling were excluded. Sample size was 

calculated to be 246 and 37 subjects were additional so, sample size of 283 

subjects was established and approximately 300 subjects were included. Tool 
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used for assessment was developmental coordination questionnaire (DCDQ’07) 

converted in Kannada with reliability of 0.89. Schools were selected randomly 

and date of birth of children was obtained through office records. A paediatrician 

visiting the school was asked for screening of children. Randomisations of 

students were done on basis of their roll numbers and were divided into 11 

categories according to age (5-5.11, 6-6.11, 7-7.11, 8-8.11, 9-9.11, 10-10.11, 

11-11.11, 12-12.11, 13-13.11, 14-14.11, 15-15.11). Parents of children included 

were called on a prefixed date and prenatal, natal and postnatal history was 

taken. Subjects’ BMI was calculated and parents were provided with DCDQ’07 

English and Kannada. Parents were also asked for the relevance of DCDQ’07. 

Prevalence of suspected DCD was found to be 21.33% (19.31% in boys and 

23.23% in girls). Limitations of the study included informal screening by 

paediatrician, no other test was used for categorisation of DCD, no associated 

problems in activities of daily living were considered. Further research in 

multicentric setting with larger sample size is recommended.7 

 

13. (2013) Lemke D Jelsma et al.: conducted a study with the aim to determine 

whether joint mobility is associated with motor performance in children with DCD 

with contrast to typically developing group. Study was carried out in children 

within 3-16 years and were divided into two groups- DCD-group consisted of 

DCD children referred for physical therapy (n=36) & typically developing group 

consisted of children attending mainstream school (n=352). Children needing 

special care or medication or had limitations due to cardiopulmonary, 

neurologic, rheumatic, metabolic, orthopaedic condition or had IQ<70 were 

excluded. For assessing hypermobility The Beighton Hypermobility score was 

used and to assess motor proficiency MABC 2 scores were used. Study 
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concluded that “although in general population joint hypermobility and motor 

performance is not related, this is the case with children referred to DCD.” & 

prevalence of hypermobility was found to be more frequent in DCD.30 

 

14.  (2012) Jill G. Zwicker et al.: published a review article on Developmental 

coordination disorder (DCD) highlighting the history and definition of DCD, its 

prevalence, possible underlying etiology, associate co-morbidities and their 

impact on daily life and briefs about interventions, neuroimaging and future aims 

of study on DCD. They have described DCD as a heterogeneous disorder in 

which there is difference in affection of either fine motor skills or gross motor 

skills or both in a child and explained the varying levels of impact in body 

structure and function with the help of an example ICF framework depicting 

activity limitation, participation restriction and contextual factors. Prevalence of 

disorder ranges between 1.4%-19% reasons of this variance could be inclusion 

of only motor coordination challenges without assessing intelligence and impact 

on activities of daily living. Also prevalence can be underrated due to lack of 

awareness of this disorder. DCD was earlier referred to as ‘minimal brain 

dysfunction’ which was later replaced to ‘minimal neurological dysfunction’ 

(MND). MND was proposed to highlight strong association with preterm birth 

according to this 12.5% to over 50% have motor impairments consistent with 

DCD and are 6-8 times more likely to develop DCD. Two possible mechanisms 

are hypothesised that could be working behind this disorder: automatization 

deficit hypothesis- children may have difficulty in making motor skills automatic 

and internal modelling deficit hypothesis- a mismatch between an internal model 

which predicts the sensory consequences of motor command which normally 

results in successful motor control. Apart from motor complications children are 
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reported with secondary emotional and mental health concerns such as low self 

worth, self esteem, high rates of anxiety and depression and emotional/ 

behavioural disorders. Children with DCD are at higher risk of obesity and 

coronary vascular diseases. Children with DCD have shown to have lower 

cardio-respiratory and physical fitness as compared to typically developing 

children and the difference increases with increase in age. Interventions for 

DCD are either deficit-oriented or task-specific.14 

 

• Literature on gross motor and fine motor assessment 

 

15. (2018) Alison Griffiths et al.: conducted a systematic review on gross motor 

assessment tools for children. Assessment tools were included if they were 

discriminative, predictive, evaluative of gross motor skills, assessed ≥2 gross 

motor items and able to extract a meaningful gross motor subscore, applicable 

to 2-12 year age group, norm referenced test with standardised assessment 

procedure and instructional manual is published or available commercially in 

English and its validity and reliability is reported. Tools were excluded if they 

were questionnaire or screening tool, applicable only to specific diagnosis, not 

available in English, version were superseded. Seven assessment tools were 

included from 30 studies, these are: Bayley Scale of Infant and Toddler 

Development III (Bayley-III) applicable from 1 month to 3 years, Bruininks-

Oseretsky Test of Motor Proficiency 2 (BOT-2) applicable in 4 years to 21 years, 

Movement Assessment Battery for Children (MABC-2) applicable from 3 years 

to 16 years, McCarron Assessment of Neuromuscular Development (MAND) 

applicable from 3 years to 25 years, Neurological Sensory Motor Developmental 

Assessment (NSMDA) applicable from 1 month to 6 years, Peabody 
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Developmental Motor Scales 2 (PDMS-2) applicable from birth to 5 years and 

Test of Gross Motor Development-2 (TGMD-2) applicable from 3 years to 10 

years. Tools were assessed with a 4-point scale Consensus-based Standards 

for selection of health status Measurement INstrument (COSMIN) checklist and 

were rated as excellent, good, fair, and poor according to descriptive criterion. 

Cost of manual, kit, training requirements, time to administer and ease of 

scoring were the criteria used to describe clinical utility of tools. In this study 

TGMD-2 was the only assessment tool found to be assessing gross motor in 

isolation for the quality of performance rest all tools either assessed gross motor 

in conjunction with fine motor or balance or they are part of developmental 

assessment. PDMS-2 BOT-2 & MAND also assessed strength. TGMD-2 has 

been reported by 2 good quality articles and other 4 fair to poor articles as 

excellent internal consistency and has the shortest assessment time (15-20 

mins) and can be used by teachers, doctors, physiotherapist and occupational 

therapists. TGMD-2 and MABC (first edition) were recommended for 

assessment in Developmental Coordination Disorder. Further revised form of 

MABC (MABC-2) was found to have higher construct validity with ICC range 

0.96-0.99 and for TGMD-2 object control subtest ICC=0.93 and locomotor 

subtest ICC= 0.88.31 

 

16. (2018) Maya Mathesis et al.: published a systematic review on assessment of 

fine and gross motor in children. In this study fifteen assessment measures were 

included on the basis of reliability, validity and popular usage and were 

categorised into 3 categories- those that assess motor skills through 

assessment of performance, those designed to assess developmental 

functioning overall, and those that are based on informant report. Assessment 
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tools included were- 1. PERFORMANCE BASED: Alberta Infant Motor Scale 

(AIMS) assesses subjects between 0-18 months, The Beery-Buktenica 

Developmental Test of Visual-Motor Integration (Beery VMI) assesses subjects 

between 2-99 years Bruininks-Oseretsky Test of Motor Proficiency 2 (BOT-2) 

assesses subjects between 4 years to 21 years, Gross Motor Function Measure 

(GMFM) assesses subjects between 2-12 years, Movement Assessment Battery 

for Children (MABC-2) assesses subjects between 3 years to 16 years, 

Peabody Developmental Motor Scales 2 (PDMS-2) assesses subjects between 

birth to 5 years. 2. DEVELOPMENTAL FUNCTIONING MEASURE: Battelle 

Developmental Inventory-2 (BDI) assesses subjects between 0-7.11 years, 

Bayley Scale of Infant and Toddler Development III (Bayley-III) assesses 

subjects between 1 month to 3 years, Developmental Indicators For 

Assessment of Learing -4 (DIAL-4) assesses subjects between 2.6-5.11 years, 

Early Screening Inventory-Revised (ESI-R) assesses subjects between 3-5.11 

years, Miller Assessment For Preschool (MAP) assesses subjects between 2.9-

5.8 years, Mullen Scale Of Early Earning: American Service Guideline 

(MSEE:ASG) assesses subjects between 0-68 months 3. INFORMAT: 

Developmental Coordination Questionnaire (DCDQ’07) assesses subjects 

between 5-15 years, Vinland adaptive assessment scale-3rd edition (VINLAND) 

assesses subjects between 0-90+ years, Movement Assessment Battery for 

Children checklist (MABC-2) assesses subjects between 5-12 years. This study 

concluded that assessment tool should be selected in accordance with child’s 

characteristics and purpose of evaluation and should be paired with 

parent/caregiver’s interview. 32 
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17. (2009) Wouter Cools et. al.: conducted a systemic review comparing seven 

assessment tools which were often referred to in European or international 

context. Tools included were: Motoriktest für Vier- bis Sechjärige Kinder (MOT 

4-6), Movement Assessment Battery for Children (Movement-ABC), Peabody 

Development Scales (PDMS), Körperkoordinationtest für Kinder (KTK), Test of 

Gross Motor Development (TGMD), the Maastrichtse Motoriek Test (MMT), the 

Bruininks-Oseretsky test of Motor Proficiency (BOTMP). These tools were 

assessed on many criterions including – ages groups, time for administration, 

cost of test, strengths and weaknesses. Considering these criterions MABC was 

defines as tool used for assessing the developmental status of fundamental 

motor skills (FMS); with a focus on detection of delay or deficiency in a child’s 

movement skill development. It includes 4 age bands consisting 3 subcategories 

(manual dexterity, aiming and catching & balance) & 8 items in each age band. 

Scoring is done on a 6-point rating scale, where 5 equates to the weakest 

performance and 0 equals the best performance. Advantages of the test 

mentioned in the study are: its availability in several European countries, its 

cross cultural validity which is based on comparison with local sample data and 

its simple test administration, which facilitates large sample screening over a 

short period. Disadvantages of the test are: large age range (loss of specificity) 

and its unfavourable proportion of test items versus time required for test 

administration (8 items/20-30 min). Movement-ABC is limited to the movement 

skills of a certain age band. Study describes TGMD-2 as a measure of gross 

movement performance based on qualitative aspects of movement skills. It 

consists of 2 subtest- locomotor subtest object control subtest. Each subtest 

consists of 6 test items. Advantage of the TGDM-2 is the incorporation of 

qualitative aspects in the assessment. However the test is lacking in stability 

subtest. According to this study adequate standardized tools include following 
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basic criteria: clear conversion tables in the test manual, an all-inclusive test kit 

and clear descriptions of test.33 

 

• Literature on association of DCD with preterm born and low birth 

weight   

 

18. (2020) Uusitalo K. et. al: conducted a prospective study on 170 very preterm 

born children and followed up till 11 years. The objective of this study was to 

evaluate the rate of developmental coordination disorder (DCD) and its 

correlation to cognition and self-experienced health-related quality of life 

(HRQoL) in children born very preterm. Motor and cognitive outcomes were 

evaluated using the Movement Assessment Battery for Children - Second 

Edition (Movement ABC-2) and the Wechsler Intelligence Scale for Children – 

Fourth Edition, respectively, and HRQoL using the 17-Dimensional Illustrated 

Questionnaire (17D). The Touwen neurological examination was performed to 

exclude other neurological conditions affecting the motor outcome. The study 

concluded that even though more preterm born infants survive without CP, they 

still have an increased risk for DCD. Children born very preterm with DCD 

showed lower cognitive performance than children born very preterm without 

DCD. Children born very preterm with DCD reported lower HRQoL than children 

born very preterm without DCD.19 

19.  (2018) Jenny Bolk et al.: conducted a prospective, population-based cohort 

with aims of determining the prevalence of DCD at 6.5 years 22 to 26 weeks of 

gestation, prevalence of behavioural problems and cognitive problems in 

children born preterm with DCD compared with term born peers and preterm 
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children without DCD. For this children born before 27 gestational weeks or at 

full term without cerebral palsy or cognitive impairment or any visual or hearing 

impairment were included. This constituted 275 extremely preterm born group 

and 359 term born control group. Measures included in this study were- MABC-

2 (score at or less than 15 percentile considered abnormal & score less than 5th 

percentile considered definitely abnormal), Weschler intelligence scale for 

children 4th edition for cognitive function, parts of Five To Fifteen  Questionnaire 

to assess parents perception of child’s gross and fine motor skills, execution 

function social skills and perceptual problems, Strengths And Difficulties 

Questionnaire to identify children with behavioural and emotional difficulties, 

Brown Attention-Deficit Disorder Scale for attentional problems & visuohearing 

assessment and sociodemographic data. Motor assessment was completed for 

229/275 preterm and 344/359 term born subjects. Prevalence of DCD was 

found to be 37.1% in preterm born group and 5.5% in control group. Thus they 

concluded that prevalence of DCD is high in apparently healthy preterm born 

children as compared to term born children.21 

 

20. (2018) Robert Palumbi et al.: conducted an observational descriptive study 

case study aiming to describe the neurodevelopmental and emotional-

behavioral outcome in late preterm individuals (LPI). This study included 68 LPI 

(45 males and 23 females) aged from 2 to 16.3 years, who were affected by one 

or more neurodevelopmental disorder, including Language Disorder, Attention 

Deficit Hyperactivity Disorder, Specific Learning Disorder, Developmental 

Coordination Disorder, Intellectual Disability and Autism Spectrum Disorder. All 

patients went through general assessment including information collection 

regarding socio-demographic characteristics, family history of neuropsychiatric 
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disorders, obstetric history, mode of delivery and preterm delivery causes, 

demographic features of newborn, perinatal complications and psychomotor 

development. All patients also underwent physical and neurological 

assessment, laboratory test and neuropsychiatric assessment done by highly 

trained clinicians. In the study sample 13 out of 68 children diagnosed with DCD 

were included in the study and have reported that late and moderate preterm 

children have a higher risk to develop neuro-motor impairment than in term born 

infants. Study highlights not only the importance of monitoring programs LPI 

from the first years of life, but also the growing need for more large-population-

based and longitudinal studies to identify at an early stage both potential risk 

factors and first signs of neurodevelopment disorders.22 

 

21. (2011) Jessica Edward et. al.: conducted a systematic review with the aim to 

synthesize the literature to document the association between infants born very 

preterm and/or VLBW (without major neurological impairment) and the presence 

of suspected DCD at school age. articles were included if: (1) the sample 

consisted of school-age children ( 5–18 years) born very preterm (<32 weeks) 

and/or very low birth weight (VLBW; <1500 g) or extremely low birth weight 

(ELBW; <1000 g); (2) a standardized measure of motor development or 

impairment was used, and (3) the sample excluded children with cerebral palsy 

(CP) or data analysis of motor scores was conducted separately for non-CP 

children. Articles were excluded if the study (1) did not include an appropriate 

comparison group; (2) did not have separate data for school-age children; (3) 

was focused on children who were small for gestational age and did not have 

separate data for low birth weight or very preterm; (4) was focused on medical 

intervention; (5) was qualitative in nature; (6) was not published in English, and 
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(7) included children diagnosed with another developmental disorder other than 

attention deficit hyperactivity disorder (ADHD). Research has shown a frequent 

co-occurrence of DCD with ADHD, with comorbidity rates up to 50%. Thus, 

children with ADHD were included in this review. Studies were assessed 

qualitatively through Newcastle-Ottawa Quality (NOQ) Assessment Scale. Total 

number of studies included in this review was 16 out of which 7 were cohort 

studies and 9 were case control studies. Assessment tools used in these studies 

were- Movement Assessment Battery for Children (MABC) (7 studies), 

nonstandardized MABC (1 study), 3-item MABC (1 study), Bruininks-Oseretsky 

Test of Motor Proficiency (BOTMP) (3 studies), Peabody Developmental Motor 

Scale (PDMS) (1 study), shortened version Touwen Exam (1 study), Miller 

Assessment for Preschoolers (MAP) (1 study), and Whole Body Coordination 

Test for Children (1 study). All studies showed that children born VLBW and/or 

very preterm performed less efficiently than their normal birth weight or full-term 

peers on motor assessments conducted at school age & a higher prevalence of 

DCD in these children. Finally, the study concludes that children with 

VLBW/very preterm have got significantly greater odds of developing DCD. 

Further they suggest that clinical practice should focus on early identification of 

and intervention for children with DCD, while research should focus on 

determining the mechanisms underlying DCD in the preterm population.33 

 

22. (2003) Christopher Gillberg and Björn Kadesjö: conducted a study “Why 

Bother About Clumsiness? The Implications of Having Developmental 

Coordination Disorder (DCD)” aiming to demonstrate that the link between and 

behavioural problems like ADHD and autism spectrum disorder are very strong 

and must be taken into consideration both in clinical practice and research. 
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They have suggested the root cause of poor motor performance is ‘processing 

deficit’. Such processing deficits could be either generally reduced rates of 

information processing or more specific deficits in handling spatial information 

that is relevant to the control of movement. This is partly supported by findings 

of low birth weight, high rate of difficulty in arithmetic and extremely high rates in 

DCD.23 
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MATERIALS:- 

 

  Developmental Coordination Questionnaire 2007 (DCDQ’07)16 

METHODOLOGY:- 

 

1. STUDY DESIGN: An observational Cross Sectional Study 

2. STUDY SETTING: Schools 

3. STUDY POPULATION: Children of age 5 to 10 years 

4. SAMPLE SIZE: 1500 is the estimated sample size but for equal in each 5 sub 

group distribution of 1500 will be the sample size. 

5. SAMPLING METHOD: Convenient sampling technique.  

As per the Komal K B, Parmar Sanjay7 (2014) anticipated suspected developmental 

coordination disorder is equal to 21.33% 

Sample size is calculated by the formula N = 4PQ/L2  

Where, P = 21.33 

Q = 100 – P = 78.67 

L = 10 % of P  

α = 5 %  β = 10 % 

N = 1500 

Sample size was calculated using EPI info software version  
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METHOD OF SELECTION OF STUDY SUBJECTS 

A. INCLUSION CRITERIA: 

1. Normal children, boys and girls 5-10 years in age, 

attending mainstream school. 7,29 

2. Cooperative boys and girls whose parents are able to understand English and 

Marathi. 7 

 

B. EXCLUSION CRITERIA: 

1. Children with any diagnosed neurological condition like cerebral palsy, 

muscular dystrophy, mental retardation, spinal fracture.3,7,29,30 

2. Children visual problems. 3,30 

3. Children with hearing impairment. 20 

4. Children with recognised cognitive impairment.21,29,30 

5. Children with serious cardiopulmonary, rheumatic, metabolic, orthopaedic 

condition. 30 

6. Children with any psychological disorder. 7 

7. Children whose parents are unwilling.7 
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OPERATIONAL DEFINITION:- 

 

1. Developmental Coordination disorder  

Developmental coordination disorder (DCD) in children refers to a chronic neuro-

developmental condition characterized by a marked impairment in the performance 

of gross and fine motor skills,35,36,37 reading and learning problems 37 with a 

significant negative impact on performance of activities of daily living. 36,38,39  

 

2. Suspected developmental coordination disorder  

According to developmental coordination questionnaire the cut off values of 

suspected DCD in age 5-7 yrs 11 month is 54-46 and 47-75 probably not having 

DCD .Similarly, for children aged 8 yrs-9 yrs 11 month is between is 15-55 having 

suspected DCD and probably not having DCD the score range is 56-75 between 10 

yrs  to 15 yrs the cut off score range between 15-57 shows  suspected DCD  and 

range  above 58-75 is for probably not having DCD. 35 

 

3. GROSS MOTOR SKILL OF UPPER LIMB:  

Gross motor skills of upper limb form the fundamental movement skills which are 

important to move, stabalise and control body and objective, which is important later 

in life.33 Improvement in motor function promotes cognitive and perceptual 

development in children and contributes to their ability to participate in their home, 

school and community environments. 31 
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4. FINE MOTOR SKILLS 

Fine movement skills are necessary for the development of basic self-help skills. 

Also drawing and writing are based on fine movement skill development. 33 

 

5. PRETERM 

Term baby is defined as a birth between 37 and 42 weeks of gestation.40 Infants 

born between 34 + 0 and 36 + 6 weeks of gestation are classified as “Late Preterm 

Infants”(LPI).22  Infants born between 22-26 weeks of gestation are considered as 

extremely preterm.32 

 

6. LOW BIRTH WEIGHT 

The World Health Organisation has defined the term “low birth weight” as birth 

weight less than 2500 gm 41,42 

7. 10 years: 

10 years is applied to all the children between 10 to 10.11 years of age.1,3,5 
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METHOD OF DATA COLLECTION:- 

SCREENING OF THE POPULATION:  

A. DEVELOPMENTAL COORDINATION QUESTIONNAIRE 2007: 17 

 Screening of the population will done by distributing Developmental 

Coordination Questionnaire 2007 (DCDQ’07) English, translated form of Hindi and 

Marathi (Not Published) versions which is to be filled by their parents or guardian. 

DCDQ’07 is a 5-point Likert scale consisting of 15 questions, assessing three factors: 

Control during Movement (30), Fine Motor and Handwriting (20) and General 

Coordination (25) which makes total DCDQ’07 score as 75 

 

 

AGE  SUSPECTED DCD SCORE  

5 years – 7 years 11 month  15 – 46  

8 years – 9 years 11 months  15 – 55  

10 years – 15 years  15 – 57  

 

 B. PARENT/CARE GIVER PROFORMA:32 

  A parent/care-giver proforma will be given to the population which is to be filled 

by their parents or guardian. It includes demographic, prenatal and postnatal 

information. 
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The above given procedure was conducted with all due measures in regard with 

SARS: COV 2 pandemic 

Phase 2 of the study could not be conducted due to pandemic condition. 
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GENERAL PROCEDURE:- 

Study was performed over the 1 year period in the schools. 

 

 

 

 

  

Permission from the Institutional head and ethical committee will be taken. 

Schools were selected randomly through random number table. 

Permission from the school authority will be taken. 

Consent from the Parents and consent form from students was taken. 

Children from 5-10 years age group were taken (both male and female). 

Screening of children was done through parent administered DCDQ’07 English, 

Hindi and Marathi version and parent proforma. 

Scores were recorded in scoring sheets. 

Data was evaluated. 
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DATA ANALYSIS:- 

 

This was performed using statistical software, STATA Version 10.1, 2011 

 

1. Prevalence was calculated by SPS VERSION 10.0 

2. Prevalence was calculated in percentage 
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PROCEDURE: 
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38 

 

RESULT:- 

Table 1: Demographic data of weight, height and BMI in suspected DCD (SUS – 

DCD) and typically developing (TD) children. 

                 Categories 

Age-group 

Weight (in kg) Height (in cm) BMI (in kg/m2) 

Mean  ±SD Mean  ±SD Mean  ±SD 

5- 7.11 SUS-DCD 17.12 3.08 110.55 7.68 13.94 1.7 

TD 17.03 2.89 110.2 7.39 14.0 1.84 

8 – 9.11 SUS-DCD 17.82 3.27 113.87 7.45 13.65 1.5 

TD 17.52 3.36 112.29 6.93 13.81 1.88 

10 – 10.11 

 

SUS-DCD 18.24 3.17 115.02 6.03 13.69 1.58 

TD 18.69 3.29 115.42 5.37 13.96 1.82 

SD = Standard Deviation 

GRAPH 1: 
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Table 1 and Graph 1 shows weight, height and BMI of suspected DCD children and 

typically developing children. Age sub – group 5 – 7.11 shows higher BMI in both TD 

and SUS – DCD group as compared to other two sub – groups.  

In the age sub – groups 5 – 7.11 years, 8 – 9.11 years and 10 – 10.11 years height 

weight and BMI is in accordance with Indian normative data.  
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TABLE 2: Age – group wise distribution of children. 

      Parameter 

 

Age- 

group 

n Girls 

(n) 

Boys 

(n) 

Preterm 

(<37 

weeks 

gestational 

age) 

(n) 

Low Birth 

Weight 

(<2500 g 

birth 

weight) 

(n) 

Preterm 

+ low 

birth 

weight 

(n) 

5 – 5.11 119 49 70 16 31 4 

6 – 6.11 128 56 72 17 37 5 

7 – 7.11 111 55 56 13 30 5 

8 – 8.11 120 61 59 15 36 5 

9 – 9.11 114 51 63 13 31 4 

10 – 10.11 124 61 63 14 34 6 

Total 716 333 383 88 199 29 

N = number of children 
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GRAPH 2: Number of boys and girls in each age group 

GRAPH 3: Age – wise distribution of preterm children, low birth weight 

children and children with both preterm and low birth weight condition. 

 

 

Table 2 and graph 2 and 3 shows age – wise distribution of children in different 

parameters of gender, preterm, low birth weight and children with both the condition.  
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TABLE 3: Number and percentage of children in different age sub – groups 

according to DCDQ’07 cut off values.  

Age sub – groups  DCDQ’07 cut off 

scores 

n % 

5- 7.11 ≤ 46 358 50% 

8 – 9.11 ≤ 54 234 32.68% 

10 – 10.11 ≤ 56 124 17.32% 

n = Number of children. 

GRAPH 4: 

 

Total 716 children of the age – group 5 – 10 years participated in present study. All 

children were assessed through parent administered Developmental Coordination 

Questionnaire 2007 (DCDQ’07) and score was evaluated. For the purpose of data 

analysis, children were divided in three sub – groups, these are: age sub – groups 5 

– 7.11 years, age sub – groups 8 – 9.11 years and age sub – groups 10 – 10.11 
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years. Children were distributed in to these age sub – groups after evaluation of cut 

off score. 
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TABLE 4: Prevalence (%) of suspected DCD and typically developing (children 

with no DCD) in children 5 – 10 years of age  

Age groups 

Categories 

5 – 7.11 8 – 9.11 10 – 10.11 TOTAL 

n % n % n % n % 

Suspected DCD 77 21.5% 56 23.9% 38 30.6% 171 23.9% 

Typically 

developing 
281 78.5% 178 76.1% 86 69.4% 545 76.1% 

Total 358 100% 234 100% 124 100% 716 100% 

 

n = Number of children. 

GRAPH 5:  
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Table 4 and graph 5 shows higher prevalence of suspected DCD in 10 – 10.11 years 

age sub –  group followed by 8 – 9.11 age sub – group and least prevalence in 5 – 

7.11 age sub – group. 

Age sub –  group 10 – 10.11 constitutes 17.32% of the total population, that is, much 

lesser than other two age sub –  groups, still this age sub –  group shows higher 

prevalence of suspected DCD children. This implies that not only prevalence of 

suspected DCD is higher in 10 – 10.11 age – group but the distribution of suspected 

DCD is more frequent as compared to lower age – groups. 
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TABLE 5: Age – wise prevalence of suspected DCD 

 

Age - group 

SUS – DCD 

n 

(%) 

TD 

n 

(%) 

Total 

n 

(%) 

5 – 5.11 
28 

(23.5%) 

91 

(76.5%) 

119 

(100%) 

6 – 6.11 
23 

(18.0%) 

105 

(82.0%) 

128 

(100.0%) 

7 - 7.11 
26 

(23.4%) 

85 

(76.6%) 

111 

(100.0%) 

8 – 8.11 
28 

(23.3%) 

92 

(76.7%) 

120 

(100.0%) 

9 – 9.11 
28 

(24.6%) 

86 

(75.4%) 

114 

(100.0%) 

10 – 10.11 
38 

(30.6%) 

86 

(69.4%) 

124 

(100.0%) 

Total 
171 

(23.9%) 

545 

(76.1%) 

716 

(100.0%) 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 
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GRAPH 6:  

 

 

 

The table 5 and graph 6 shows prevalence of suspected DCD in each age - group. 

The age – group 6 – 6.11 shows lower prevalence of suspected DCD (18%) and age 

– group 10 – 10.11 shows higher prevalence of suspected DCD (30.60%) 

It is observable by the graph 6 that prevalence of suspected DCD is higher in 10 – 

10. 11 age sub group. Prevalence of suspected DCD is seen to rises from age 8 – 

8.11. This confirms that the age – groups 10 – 10.11 are more susceptible for 

showing signs of suspected DCD as compared to lesser ages like 5 – 5.11, 6 – 6.11, 

7 – 7.11.  
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TABLE 6:  COMPARISON OF PREVALENCE OF SUSPECTED DCD BETWEEN 

BOYS AND GIRLS IN 3 AGE SUB – GROUPS. 

Age sub –  

group 
5 – 7.11 8 – 9.11 10 – 10.11 Total 

 

Gender 

Girls Boys Girls Boys Girls Boys Girls Boys 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

Sus-DCD 

45 

(28%) 

32 

(16.2%) 

23 

(20.4%) 

33 

(27.3%) 

16 

(26.2%) 

22 

(34.9%) 

84 

(25.1%) 

87 

(22.8%) 

TD 

116 

(72%) 

165 

(83.8%) 

90 

(79.6%) 

88 

(72.7%) 

45 

(73.8%) 

41 

(65.1%) 

251 

(74.9%) 

294 

(77.2%) 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

GRAPH 7:  
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The table 6 and graph 7 shows that suspected DCD is found to be more prevalent in 

males in 8 – 9.11 and 10 – 10.11 age sub –  groups where as in the age sub –  

group 5 – 7.11 percentage of females identified as suspected DCD exceeds that of 

males. 

In age sub – group 5 – 5.11 percentage of suspected DCD girls exceeds that of boys 

with a great difference but in the later age sub – group 8 – 9.11 the percentage of 

girls showing signs of suspected DCD is reduced and percentage of suspected DCD 

boys increased drastically. Further in the 10 – 10.11 age sub – group again 

percentage prevalence of girls showing signs of suspected DCD rises but the 

percentage of boys in suspected DCD category exceeds with a yet higher difference. 

Finally, when individual prevalence of suspected DCD children was calculated with 

respect to all the girl participants it came out to be 25.10% which is more as 

compared to prevalence of suspected DCD in boy participants. With respect to entire 
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population girls constitute 11.73% of suspected DCD children and boys constitute a 

slightly higher 12.15%.   
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TABLE 7: PREVALENCE OF SUSPECTED DCD IN PRETERM BORN 

PARTICIPANTS COMPARED TO TERM BORN PARTICIPANTS. 

Term Of Birth Preterm Term 

 
n % n % 

SUS- DCD 26 29.54% 145 23.1% 

TD 62 70.45% 483 76.9% 

Total  88 100% 628 100% 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

GRAPH 8:  
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In this study children with history of preterm birth constitutes 12.29%, that is, 88 in 

number and term born children constitutes the rest 87.71%. Graph 7 shows 

prevalence of suspected DCD within children born preterm and within term born 

children and hence compares the two. 

The incidence of suspected DCD in more commonly observed in children born 

preterm (29.54%) but full term born children also shows signs of suspected DCD 

(23.10%). This clearly indicates that children born preterm are at a higher risk of 

showing suspected DCD signs as compared to their term born peers. 
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TABLE 8: PREVALENCE OF SUSPECTED DCD IN PARTICIPANTS WITH LOW 

BIRTH WEIGHT COMPARED TO PARTICIPANTS WITH NORMAL BIRTH 

WEIGHT. 

Birth Weight Low Birth Weight (LBW) Normal Birth Weight (NBW) 

 
n % n % 

SUS- DCD 60 30.15% 111 21.43% 

TD 139 69.85% 406 78.57% 

Total 199 100% 517 100% 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

GRAPH 9: 

 Out of total 716 children, 199 presented history of low birth weight (27.79%) 

and 517 were born with normal birth weight (72.21%). Graph 6 shows comparison 

between prevalence of suspected DCD in these two populations separately. 
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Prevalence of suspected DCD is common in children born with low birth weight 

(30.15%) but the children born with normal birth weight also showed signs of 

suspected DCD (21.43%), which indicated that children born with low birth weight 

are more susceptible to show signs of suspected DCD.   
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TABLE 9: SUSPECTED DCD PREVALENCE IN CHILDREN BORN BOTH 

PRETERM AND WITH LOW BIRTH WEIGHT. 

 SUS-DCD TD TOTAL 

 n % n % n % 

PRETERM + LBW 15 51.72% 14 48.27% 29 100% 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

 

GRAPH 10: 

 

 

Total 29 children in the study population presented with history of both low birth 

weight as well as preterm birth. Graph 8 shows prevalence of suspected DCD 

children within this population. 
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Prevalence of suspected DCD is observed to be 51.72% in children who present the 

history of both preterm and with low birth weight. This is higher than percentage of 

typically developing children with similar birth history. These findings suggests that 

children born preterm and with a low birth weight have higher chances of developing 

signs of suspected DCD as compared children born either preterm or with low birth 

weight or none of both.  
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TABLE 10: Mean and percentage of 3 subtotals of DCDQ’07: Control During 

Movement, Fine Motor (Handwriting) and General Coordination, in suspected 

DCD children. 

Subtotals 

Age-groups 

CDM (30) FM (20) GC (25) TOTAL (75) 

5 – 7.11 

Mean ± SD 
17.56 ± 

3.932 

10.97 ± 

2.487 

14.01 ± 

2.909 

41.90 ± 

3.354 

% 58.53% 54.85% 56.04% 55.87% 

8 – 9.11 

Mean ± SD 19.43 ± 2.55 12.5 ± 2.054 
16.32 ± 

2.855 

48.25 ± 

4.922 

% 64.77% 62.5% 65.28% 64.33% 

10 – 10.11 

Mean ± SD 
19.08 ± 

2.054 
13.5 ± 2.076 17.76 ± 3.2 

50.34 ± 

5.758 

% 63.6% 67.5% 71.04% 67.12% 

TOTAL 

Mean ± SD 
18.51 ± 

3.344 

12.04 ± 

2.476 
15.6 ± 3.317 

45.85 ± 

5.794 

% 61.7% 60.2% 62.4% 61.1.% 

 SD = Standard Deviation, CDM = control during movement, FM = fine motor, GC = 

general coordination 
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GRAPH 11: COMPARISON OF CONTROL DURING MOVEMENT SUBTOTAL 

WITHIN SUSPECTED DCD CHILDREN IN 3 SUB - GROUPS 

 

The graph 11 shows percentage of mean score of control during movement subtotal 

of suspected DCD children in 3 age sub – groups. Control during movement subtotal 

consist of 6 items, these are: throwing ball, catching ball, hitting ball, jump over, run 

and plan activity. Suspected DCD children in age sub – group 8 – 9.11 exceeded the 

score of other two sub groups in this sub – total. 

Suspected DCD children in age sub – group 5 – 7.11 scored much lower as 

compared to other 2 age sub – groups. Improvement in score of control during 

movement is seen with increasing ages. Slight difference between the scores of age 

sub – group 10 – 10.11 years and 8 – 8.11 years is noted.  
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GRAPH 12: COMPARISON OF FINE MOTOR (HANDWRITING) SUBTOTAL 

WITHIN SUSPECTED DCD CHILDREN IN 3 SUB - GROUPS 

 

 

The graph 12 shows comparison between percentage of mean scores in fine motor 

subtotal of suspected DCD children in 3 age sub – groups. It includes 4 items, these 

are: writing fast, writing legibly, effort and pressure and cuts.  It is evident from the 

graph that fine motor score increases with increasing age. 

The age sub – group 5 – 7.11 shows lower score as compared to other age sub – 

groups. This implies that children in initial years of schooling are not very good with 

fine motor activities like writing or holding pen/pencil. But as age advances, children 

are expected to master these motor activities. 
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GRAPH 13: COMPARISON OF GENERAL COORDINATION SUBTOTAL WITHIN 

SUSPECTED DCD CHILDREN IN 3 SUB - GROUPS 

 

The graph 13 shows comparisons between percentage of mean score in general 

coordination subtotal of suspected DCD children in 3 age sub – groups. General 

coordination subtotal includes 5 items of DCDQ’07 these are: likes sports, learning 

new skills, quick and competent, clumsiness and does not fatigue. The general 

coordination score increases with increasing age. 

This suggests that as age increases children are likely to develop competency and 

urge to learn new skills. It is evident from the graph that clumsiness seen in pre – 

schoolers can overcome with growing age.  

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

GENERAL COORDINATION

5 - 7.11

8 - 9.11

10 - 10.11



61 

 

GRAPH 14: COMPARISON BETWEEN 3 SUBTOTAL SCORES OF DCDQ’07 

WITHIN SUSPECTED DCD CHILDREN. 

 

The graph 14 shows comparison between percentage of mean scores of all 

suspected DCD participants in 3 subtotals of DCDQ’07. It is evident from the graph 

that children with suspected DCD score lowest in fine motor subtotal and highest in 

general coordination subtotal. 

This implies that fine motor activities like writing speed or handling scissors is the 

area where suspected DCD children are lacking behind the most. 
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GRAPH 15:  COMPARISON BETWEEN CONTROL DURING MOVEMENT, FINE 

MOTOR (HANDWRITING) AND GENERAL COORDINATION WITHIN 3 AGE SUB 

– GROUPS IN SUSPECTED DCD CHILDREN. 

 

The graph shows that suspected DCD children in age sub – group 5 – 5.11 achieved 

highest percentage of scores in control during movement subtotal. Except 10 – 10.11 

age sub – group, both of the age sub – groups scored lowest in fine motor subtotal of 

DCDQ’07. The age sub – groups 8 – 9.11 and 10 – 10.11 achieved highest 

percentage of score in general coordination subtotal. The age sub – group 10 – 

10.11 years secured lowest score in control during movement subtotal.  

Increase in mean percentage score with increase in age is seen in fine motor and 

general coordination subtotals. But in control during movement subtotal, there is 

slight decrease in percentage in 10 – 10.11 age sub – group as compared to 8 – 

8.11 age sub – group. 
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DISCUSSION:- 

 

The current study was intended to analyze the prevalence of suspected DCD 

in 5 – 10 years of children and to evaluate the association between preterm and/or 

low birth weight in 5 – 10 year old children with suspected DCD. The study also 

aimed to evaluate scores of gross motor function of upper limb and fine motor skill in 

5 – 10 year old children with suspected DCD.  

The current study showed prevalence of suspected DCD in 5 – 10 year school 

going children. Total 716 children were included in the study out of which 171 

(23.9%) children showed sign of suspected DCD and 545 (76.1%) children were 

typically developing (children with no DCD), according to DCDQ’07. In present study 

the prevalence of DCD was found to be 23.9%. Previous study conducted to find the 

prevalence of suspected developmental coordination disorder in 5 – 14 year old 

children in Sao Carlos by Patricia Carla de Souza et al5 (2017) showed prevalence 

of suspected DCD to be 30% which is higher than results of present study. In study 

conducted by Laura D. Lobete et al1 (2019) on 6 – 12 year old school going Spanish 

children showed prevalence of suspected DCD to be 12.2% which is much lesser 

than results of present study. Variation in prevalence of suspected DCD could be 

due to cultural differences, differences in socio – economic status. 

The table 4 and graph 5 showed prevalence of suspected DCD in age sub – 

groups which was highest in 10 – 10.11 sub – groups that is, 30.6%. Rise in 

prevalence of suspected DCD with increasing age was evident from results of 

current study. Laura D. Lobete et al1 (2019) found similar result in study including 6 – 

12 year old children; increase in prevalence of suspected DCD was seen with 

highest prevalence in children with age more than 10 years. Result of current study 

is in accordance with this study. Previous study done in 2017 by Patricia Carla de 
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Souza et al5 showed highest prevalence of children showing signs of DCD in 8 – 9 

year old children that is, 40% and lesser prevalence in children of age 10 – 14 years 

(33.3%). Result of current study differs from previous study done in 2-17 by Patricia 

Carla de Souza. The result of previous study done by Sujatha B. et al9 (2020) 

showed that prevalence of DCD is 3.8% which is higher in 9 to 14 years of age – 

group. This is in accordance with present study. Possible reason for this could be the 

highest cut – off score of DCDQ’07 in 10- 10.11 age group and unaddressed motor 

lacunae in early age.  

The current study shows age – wise prevalence of suspected DCD was in 

table 5 and graph 6. The age-group 10 – 10.11 showed higher prevalence of 

suspected DCD population (30.6%), followed by 9 – 9.11 (24.6%). Age-group 6 – 

6.11 shows lowest prevalence (18%). Cut-off score for suspected DCD in this age-

group is ≤ 46 which is lesser as compared to 8 – 8.11, 9 – 9.11 (≤54) and 10 – 10.11 

(≤56) age-group. Signs of DCD become more evident and easily detectable with 

growing age as the impact of motor coordination difficulties can be seen hindering 

with everyday performance.43 DCD is a chronic disorder which affects the day – to – 

day activities and academic achievements in adolescents as well as adults.1 

 The table 6 and graph 7 in current study compared prevalence of suspected 

DCD between genders. There was higher prevalence of suspected DCD within girls 

(25.10%) as compared to boys (22.80%) when observed within the gender. 

Suspected DCD is found to be more prevalent in boys in 8 – 9.11 and 10 – 10.11 

age sub – groups. In the age sub – group 5 – 7.11 percentage of girls identified as 

suspected DCD exceeds that of boys with a greater difference. The prevalence of 

suspected DCD is increasing with increasing age in boys. Recent study was 

conducted by Sujatha B. et. al9 to find the prevalence of DCD in 8 – 17 year old 

children in district of Tamil Nadu. Results of the study revealed higher prevalence of 



65 

 

DCD in boys (5%) as compared to girls (2.7%). Results of current study differ 

previous literature. Wenchong DU et. al20 in their study conducted in the year 2020 

on Chinese population suggests male gender at higher risk of having DCD. One 

explanation for this could be lesser exposure to girls in physicals activities and sports 

and more encouragement to engage in fine motor activities1 in 5 – 7.11 age, due to 

which it is likely that the parents are not aware of capabilities of child in that area.44  

Current study also aimed to find out prevalence of suspected DCD with 

respect to preterm birth and/or low birth weight shown in. Results of the study 

showed in table 7 and graph 8 found that prevalence of suspected DCD in 

individuals born preterm is higher (29.54%) as compared to prevalence of suspected 

DCD in term born individuals (23.10%). Higher prevalence of suspected DCD in 

preterm individuals is in accordance with results of previous study done by Laura D. 

Lobete et al1. Results of the study revealed 18.8% preterm children were showing 

signs of DCD where as only 9.8% full term children were showing signs of suspected 

DCD. This finding is in accordance with present study. A recent prospective cohort 

on preterm born children conducted by Uusitalo K. et al19 (2020) showed 11.3% DCD 

children were found in children with preterm birth history, in early adolescence age. 

Wenchong DU et al20 (2020) in their study interpreted preterm birth as a significant 

predictor of DCD (p < 0.001) with 18 % of preterm born DCD children. These results 

are parallel to recently reported rising trend of non – CP motor impairments in 

children born preterm.19 They found that placenta previa and placental abruption are 

associated with preterm labour and lead to higher risk of altered brain 

development20. An impaired central nervous system can cause impaired 

psychomotor development.1 This could be the reason for motor impairments in 

preterm children with DCD. 
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A result of current study also compares prevalence of suspected DCD 

between children with low birth weight and normal birth weight (table 8 graph 9). 

Suspected DCD was found more prevalent in children with low birth weight (30.15%) 

as compared to children with normal birth weight (21.43%). These findings differ 

from findings for recent study done by Wenchong DU20. Results of the study found 

no significant relation with low birth weight and DCD (p – value 0.09) with 3.2% of 

DCD children with low birth weight. In children born both preterm and with low birth 

weight, 51.72% (table 9 graph 10) children were identified as suspected DCD 

children. Low birth weight has been identified as a predictor of several adverse 

outcomes in studies pointing to intrauterine growth retardation.19,43 Low birth weight 

and low gestational age have both shown effect on cognitive development, 

neurological development and behavioural outcomes, which may contribute to motor 

coordination difficulties in growing children.18,19,43 

The current study also compared the subtotals of DCDQ’07 that is, control 

during movement (CDM), fine motor (FM) and general coordination (GC), in 

suspected DCD children (table 10). Results of the study showed that children in the 

age sub – group 8 – 9.11 scored highest in CDM subtotal (graph 11). The  age sub – 

group 5 – 7.11 showed much lesser score whereas  age sub – group 10 – 10.11 

showed slightly lesser score of CDM as compared to 8 – 9.11  age sub – group. 

Study conducted by L. Lobete et al1 (2019) has found similar variance in mean 

scores of CDM subtotal in 6 – 10 years old children in Spanish population. The study 

suggested that though older children showed higher prevalence of suspected DCD 

also scored higher in motor coordination subtotals. Another study conducted by 

Barbara C.43 (2019) depicted better results of CDM in older children as compared to 

younger ones which suggest motor development improves with age.  
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Result of this study found that the score of fine motor (handwriting) (graph 12) 

and general coordination (graph 13) sub totals is increasing with increase in age. 

Results of current study are in accordance with previous study conducted by Barbara 

C. et al43 (2019) on suspected DCD children in Italian population. Results of the 

study found increase in subtotals of fine motor and general coordination in from age 

8 – 11 years old children. Result of current study supported by previous study done 

by L. Lobete et al1 (2020) that showed increase in general coordination subtotal 

score with increasing age in 6 – 10 year old children. The children with DCD in pre – 

primary school age (5 – 7.11 years) exhibit difficulty in fine motor activities like 

dressing, buttoning – unbuttoning, holding pen/pencil, 14 using fork or knives or 

scissors.18 In primary school age, (8 – 10.11 years) DCD children show difficulties in 

drawing and writing.14,18 Previous studies have noted tactile processing problems 

and deficit in eye hand coordination associated with fine motor coordination in DCD 

children.45,46 Children with DCD lag in gait development but with maturing age it may 

reach normality with respect to velocity.43 Reason for impairment in general 

coordination and clumsiness could be the flawed sensorimotor coordination and 

motor learning 18-20 

Results of the study also showed that children with DCD scored the lowest in 

fine motor subtotal when the scores of all the three subtotals were compared (graph 

14). Studies conducted on finding neural impairment in DCD children confirms 

predominant neural impairment in sensorimotor network which consists of primary 

motor cortex, supplementary motor area, premotor cortex25, primary somatosensory 

cortex, and somatosensory association cortex. Disruption in functional connectivity of 

this network results in impaired coordination in activation of sensorimotor network.24  

Recent neuro-imaging study conducted by Shie Rinat et al24 (2020) found altered 

functional connectivity between sensorimotor network and posterior cingulate cortex, 
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precuneus and posterior middle temporal gyrus. Posterior cingulated cortex is 

involved in many cognitive functions like visual processing, visuospatial navigation27, 

decision making, working memory involving images, memory retrieval, emotional 

processing and in motor performance.20 Precuneus is hub of self – related processes 

like episodic memory retrieval20. Posterior middle temporal gyrus acts a hub in action 

– related information and processing20,27. Involvement of these structures explains 

the functional difficulties encountered in everyday life by DCD children.  

Hence, current study found prevalence of suspected DCD in school going children 

and which was found to be highest in 10 – 10.11 years age – group. Children with 

history of preterm birth and/or low birth weight are found to be at a higher risk of 

showing signs of suspected DCD. 
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CONCLUSION:- 

 

 Prevalence of suspected DCD is found 23.9% in 5 – 10 years children. The 

age – group 10 – 10.11 years show highest prevalence of suspected DCD, 30.6%. 

Variation in gender wise prevalence was seen in each age sub – group. Higher 

prevalence of suspected DCD within girls (25.10%) as compared to boys (22.80%). 

Higher prevalence of suspected DCD in boys is seen in 10 – 10.11 year and 8 – 9.11 

years age sub – group (34.90% and 27.30% respectively) as compared to girls 

(20.40% and 26.20% respectively). Prevalence of suspected DCD in preterm 

children and children with low birth weight was found to be 29.54% and 30.15% 

respectively. In children with history of both preterm birth and low birth weight, 

prevalence of DCD is found to be highest that is, 51.72%. Percentage of mean score 

of DCDQ’07 subtotal shows suspected DCD children have scored lowest in fine 

motor subtotal (60.20%) and highest in general coordination subtotal (62.40%). 

 

 It can be concluded that in school going children a significant percentage of 

children shows signs of DCD. Children born preterm or with low birth weight are at 

higher risk of developing DCD but the chances of showing signs of DCD increases 

significantly if both conditions are co-existing in  same individual. Children with DCD 

shows only average performance in areas of motor coordination 
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LIMITATION:- 

 

 Further motor evaluation with the help of motor subscales was not done in 

present study and confirmation of suspected DCD was not done in present study 
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CLINICAL IMPLICATION:- 

 

Diagnosis of DCD in early age is important to a identify children at risk of developing 

DCD. Regular screening in school going children and children who are facing 

problem in motor activities in day to day life is of great importance to improve their 

motor performance. Early motor intervention and encouragement for performing in 

physical activities is important in children found to be at risk of DCD is to avoid 

persistence of signs of DCD in adulthood.  
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IMPLICATION FOR FUTURE RESEARCH:- 

 

Further research should be conducted on motor evaluation with the help of suitable 

motor scales in suspected DCD children. 
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SUMMARY:- 

 An analytical cross – sectional study performed with an aim of finding the 

prevalence of suspected developmental coordination disorder (DCD) in 5 – 10 year 

school going children and find its association with preterm and/or low birth weight. 

Total 716 children were assessed through parent administered Developmental 

Coordination Questionnaire 2007 (DCDQ’07). Children were sorted in 3 age sub – 

groups (5 – 7.11 years, 8 – 9.11 years and 9 – 9.11 years) on the basis of cut off 

values of DCDQ’07 in different age – groups. The results of the study showed that 

prevalence of suspected DCD is 23.9% in 5 – 10 years group. Prevalence of 

suspected DCD rises in from 5 – 7.11 to 10 – 10.11 years age sub – group and is the 

highest in 10 – 10.11 age sub – group (30.6%). Preterm born children showed higher 

prevalence of suspected DCD (29.54%) as compared to full term born peers 

(23.10%). Children with low birth weight also showed higher prevalence of suspected 

DCD (30.15%) as compared to children with normal birth weight (21.43%). In 

children with both, preterm and low birth weight history, the prevalence of suspected 

DCD was found to be as high as 51.72%. Percentage of mean scores of three 

subtotals of DCDQ’07 in suspected DCD children showed improvement in scores of 

fine motor and general coordination subtotal with increasing age. Suspected DCD 

children scored average in all the three subtotals but secured slightly less marks in 

fine motor subtotal as compared to other two subtotals. Hence, the study concluded 

that early diagnosis and timely screening for children in school going children for 

suspected DCD is important to avoid motor impairments in adolescent and 

adulthood. 
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Annexure I (a) 

PROFORMA (ENGLISH) 

 

1. Name: 

2. Age: 

3. Gender: 

4. Parents’/Guardian’s name: 

5. Contact No. : 

6. Name of school: 

7. Address: 

8. Height: 

9. Weight: 

10. Percentile: 

11. Was your child born prematurely? If so, at how many weeks gestation? 

12.  Were there any complications during the pregnancy? 

13. How much did your child weigh at birth? 

14. At what age did your child first:  

a) Sit up independently? 

b) Crawl? 
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c) Walk independently? 

15. Do you have any concerns about your child’s motor skills? 

16. Does your child have difficulty with daily tasks, such as dressing, fastening 

buttons, tying shoes, using utensils, or brushing teeth? 

17. Does your child seem overly clumsy? 

18. Does your child have difficulty with handwriting or using scissors? 

19. Does your child have difficulty throwing or kicking a ball? 

20. How does your child’s motor coordination compare to other children his/her 

age? 

21. Has anyone in your family been diagnosed with a developmental, 

neurological, or psychiatric disorder? 
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Annexure I (b) 

PROFORMA (HINDI) 

1. नाम :  

2. आय ु: 

3. ल िंग: 

4. माता-पिता / अलििावक का नाम: 

5.सिंिकक  सिं। 

6. स्कू  का नाम: 

7. िता: 

8. ऊिं चाई: 

9. वजन: 

10. प्रततशतता: 

11. क्या आिका बच्चा समय से िह े िैदा हुआ था? —– यदद हािं, तो ककतने हफ्तों के ल ए? --------

----- 

12. क्या गिाकवस्था के दौरान कोई जदि ताएिं थ िं? ----------------------- 
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13. आिके बच्च ेका जन्म के समय ककतना वजन था? ---------- 

14. आिका बच्चा िह े ककस उम्र में: 

a) स्वतिंत्र रूि से बैठना? ----- 

b) क्रॉ ? ------ 

c) स्वतिंत्र रूि से च ना? ------ 

15. क्या आिको अिने बच्चे के मोिर कौश  के बारे में कोई चचिंता है? ---------------- 

16. क्या आिके बच्च ेको रोज़मराक के कामों में कदठनाई होत  है, जैस ेकक ड्रेलसिंग, बिन बािंधना, जूते 

बािंधना, बतकनों का उियोग करना, या दााँत साफ़ करना? 

      ------------------------------- 

17. क्या आिका बच्चा अत्यचधक अनाड   गता है? 

     ----------- 

18. क्या आिके बच्च ेको ल खावि या कैं च  का उियोग करने में कदठनाई है? 

      ---------------- 

19. क्या आिके बच्च ेको गेंद फें कने या  ात मारने में कदठनाई होत  है? 

      ---------------------- 
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20. आिके बच्च ेका मोिर समन्वय उसकी उम्र के अन्य बच्चों के साथ कैसा है? 

      ------------------------------ 

21. क्या आिके िररवार में ककस  को एक पवकासात्मक, न्यूरो ॉजजक  या मनोरोग पवकार का 

तनदान ककया गया है? 

     -------------------------- 
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Annexure I (c) 

PROFORMA (MARATHI) 

1. नावः 

2. एज: 

3. ल िंगः 

4. िा कािंचे / िा कािंचे नाव: 

5. सिंिकक  क्रमािंक: 

6. शाळेचे नाव: 

7. ित्ाः 

8. हाइि: 

9. व्हीइिः 

10. कें द्रबबिंद ू

11. आिल्या मु ा ा अका ी जन्म झा ा का? - असल्यास,  ककत  आठवड्यात? 

      ------------- 

12. गिकधारणेदरम्यान काही समस्या होत्या का? 



88 

 

        ----------------------- 

 13. आिल्या मु ा ा जन्मास ककत  वजन होते? ---------- 

14. आपल्या मुलाचं खालील अवस्था किती वयात झाली? 

अ) स्वतिंत्रिण ेबसला? ----- 

ब ) क्रॉ ? ------ 

स ) स्वतिंत्रिण ेचा ण?े ------ 

15. आिल्या मु ाच्या मोिर कौशल्यािंबद्द  आिल्या ा काही चचिंता आहेत का? 

     --------------------------- 

16. आिल्या मु ा ा दैनिंददन कायाांसह त्रास होत आहे, जस े की िपडे घालतांना, बटन लावतांना 

,ज्यूतेचीलेश  बांधतांना, बतकन वापरतांना  ककिं वा दात घासताना? 

      ------------------------------- 

17. आिल्या मु ा ा अधूनमधून गोंधळलेला दिसतो िा ? 

     ----------- 

18. आिल्या मु ा ा हस्त ेखन ककिं वा कात्र  वािरण्यास त्रास होतो? 

      ---------------- 
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19. आिल्या मु ास बॉ  फेकण्यात ककिं वा  ाि मारण्यात अडचण येत आहे का? 

      ---------------------- 

20. आिल्या मु ाचा मोिर समन्वय इत मुलांच्या वयासारखे  आहे िा? 

      ------------------------------ 

21. आिल्या कुिुिंबात   कोणासही पवकासात्मक, न्यूरो ॉजजक  ककिं वा मानलसक पवकार असल्याचे 

तनदान झा े आहे का? 

     -------------------------- 
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Annexure I (d) 

DEVELOPMENTAL COORDINATION DISORDER QUESTIONNAIRE 2007 

(DCDQ’07) 

[ENGLISH] 

 

NOT AT 

ALL 

LIKE 

YOUR 

CHILD 

1 

A BIT 

LIKE 

YOUR 

CHILD 

 

2 

MODER-

ATELY 

LIKE 

YOUR 

CHILD 

3 

QUITE 

A BIT 

LIKE 

YOUR 

CHILD 

4 

EXTRE-

MELY 

LIKE 

YOUR 

CHILD 

5 

1. Your child throws a ball in a 

controlled and accurate fashion. 

     

2. Your child catches a small ball (e.g., 

tennis ball size) thrown from a 

distance of 6 to 8 feet (1.8 to 2.4 

meters). 

     

3. Your child hits an approaching ball 

or birdie with a bat or racquet 

accurately. 

     

4. Your child jumps easily over 

obstacles found in garden or play 

environment. 
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5. Your child runs as fast and in a 

similar way to other children of the 

same gender and age. 

     

6. If your child has a plan to do a 

motor activity, he/she can organize 

his/her body to follow the plan and 

effectively complete the task (e.g., 

building a cardboard or cushion "fort," 

moving on playground 

equipment, building a house or a 

structure with blocks, or using craft 

materials). 

     

7. Your child’s printing or writing or 

drawing in class is fast enough to keep 

up with the rest of the children in the 

class. 

     

8. Your child’s printing or writing 

letters, numbers and words is legible, 

precise and accurate or, if your child is 

not yet printing, he or she colors and 

draws in a coordinated way and 

makes pictures that you can 

recognize. 

     

9. Your child uses appropriate effort or 

tension when printing or writing or 
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drawing (no excessive pressure or 

tightness of grasp on the pencil, 

writing is not too heavy or dark, or too 

light). 

10. Your child cuts out pictures and 

shapes accurately and easily. 

     

11. Your child is interested in and likes 

participating in sports or active games 

requiring good motor skills. 

     

12. Your child learns new motor tasks 

(e.g., swimming, rollerblading) easily 

and does not require more practice or 

time than other children to achieve the 

same level of skill. 

     

13. Your child is quick and competent 

in tidying up, putting on shoes, tying 

shoes, dressing, etc. 

     

14. Your child would never be 

described as a “bull in a china shop” 

(that is, appears so clumsy that he or 

she might break fragile things in a 

small room). 
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15. Your child does not fatigue easily 

or appear to slouch and “fall out” of the 

chair if required to sit for long periods. 
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Annexure I (e) 

DEVELOPMENTAL COORDINATION DISORDER QUESTIONNAIRE 2007 

(DCDQ’07) [HINDI] 

 

आिके 

बच्चे िी 

तरह 

बबल्िु 

नही 

१ 

थोडा 

आिके 

बच्चे िी 

तरह 

 

२ 

औसत दज े

िर आिके 

बच्चे िी 

तरह 

 

३ 

कुछ हद 

तक 

आिके 

बच्चे िी 

तरह 

४ 

िूरी तरह से 

आिके बच्च े

िी तरह 

 

 

५ 

1.आिका बच्चा तनयिंत्रण और सिीकत तरीकेस े गेंद 

फें कता है। 

     

2. आिका बच्चा 6 से 8 फीि (1.8 से 2.4 म िर) की 

दरूी सेफें  की गई एक छोिी गेंद (जैस े िेतनस बॉ  का 

आकार) को िकडता है। 

     

3. अिने बच्च ेको एक आल िंगन गेंद या बडी के साथ 

एक बल्  ेको एक रैकेि से सिीक रूि से मारता है। 

     

4. आिका बच्चा बग च ेया खे न ेके वातावरण में िाई      
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जाने वा ी बाधाओिंिर आसान  से कूद जाता है 

5.आिका बच्चा उस  उम्र और ल िंग के अन्य बच्चों के 

समान तेज और समान तरीकेसे िौड़ता  है 

     

6.यदद आिके बच्च ेके िास मोिर गततपवचध करने की 

योजना है, तो वह योजना का िा न करने के ल ए 

अिने शरीर को व्यवजस्थत कर सकता है और कायक को 

प्रिाव  ढिंग से िूरा कर सकता है (उदाहरण के ल ए, एक 

काडकबोडकया कुशन का तनमाकण करना) खे के मदैान के 

उिकरण िर च ना, एक इमारत बनाना घर या ब् ॉकों 

के साथ एक सिंरचना, या लशल्ि सामग्र  का उियोग 

करना)। 

     

7.कक्षा में आिके बच्च ेका मुद्रण या  ेखन या ड्राइिंग 

कक्षा में बाकी बच्चों के साथ रहने के ल ए ियाकप्त तजे़ 

है। 

     

8. आपिा बच्चे िा  छपाई ,अंि ललखना ,शब्ि पढ़ने 

योग्य है और अगर आपिा बच्चा अभी ति छपाई 

िरता या ललखता नहीं है और चचत्र समन्ववत तरीिेस े
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बनाता है  और आप उस चचत्र िो  पहचान सित ेहै | 

9.आिका बच्चा मुद्रण या  ेखन या ड्राइिंग के समय 

उचचत प्रयास या तनावका उियोग करता है (िेंलस  िर 

कोई अत्यचधक दबाव या िकड की जकडन,  ेखन 

बहुत िारी या गहरा या बहुत हल्का नहीिं है) 

     

10.आिका बच्चा सही और आसान  से चचत्रों और 

आकृततयों को काि देता है। 

     

11.आिका बच्चा रुचच रखता है और अच्छे मोिर 

कौश  की आवश्यकता वा े खे  या सकक्रय खे ों में 

िाग  ेना िसिंद करता है 

     

12.आिका बच्चा आसान  से नए मोिर कायक (जैस े

तैराकी, रो र ब् ाडड िंग) स खता है और समान स्तर के 

कौश  को प्राप्त करने के ल ए अन्य बच्चों की 

तु नामें अचधक अभ्यास या समय की आवश्यकता 

नहीिं होत  है। 

     

13. आप िा बच्चा जुते पहने में , िपड़े पहनेम े , और       
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जुते िी लेस बाधनेमें तजे और सक्षम है | 

14.आिके बच्च ेको कि  ि  "च न की दकुान में बै  के 

रूि में वर्णकतन हीिं ककया जाएगा” (यान , इतना िद्दा 

प्रत त होता है कक वह एक छोिे से कमरे में नाजुक 

च जों को तोड सकता है)। 

     

15.आिका बच्चा आसान  से थकता नहीिं है या  िंबे 

समय तक बठैने के ल ए जरूरी है कक वह कुसी से कफस 

 जाए और बाहर चगर जाए। 
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Annexure I (f) 

DEVELOPMENTAL COORDINATION DISORDER QUESTIONNAIRE 2007 (DCDQ’07) 

[MARATHI] 

 

 

तुमचा मुला 

सारखच 

नाही 

१ 

थोडस 

तुमचा 

मुला 

सारख 

२ 

साधारणप-

ण े तुमचा 

मुला 

सारख 

३ 

बरेचश 

तुमचा 

मुलासार-

ख 

४ 

 

अत्यंत 

तुमचा मुला 

सारख 

५ 

 

1. आि ा मु गा एक बॉ  तनयिंत्रण आर्ण अचकू िध्दत ने 

फेकतो. 

     

2. आिल्या मु ा ा 6 ते 8 फूि (1.8 ते 2.4 म िर) 

अिंतरावरून फेक े  े  हानचेंडू (उदा. िेतनसबॉ आकार) 

पिडता येतो. 

     

3. तुमच्या मुलाला बॉल किंवा बडीला ब्याटने किंवा रॅिेटने 

अचूि रीतीने मारता येत.े 

     

4. बागेत आढळणायाक अडथळयािंवरी  आि ा मु गा सहज      
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िणे उड  मारतो ककिं  वावातावरणात खेळतो. 

5.तुमचा मुलगा इतर मुलांप्रमाणे आणण वेगाने धावतो.      

6.जर आिल्या मु ास मोिर कक्रया क ाि करण्याच  

योजना असे  तरतो / ततच्या शरीरा  ा योजनेच ेअनुसरण 

करण्या साठी आर्ण प्रिाव  िणे कायक िूणक करण्यास 

सिंघदित करू शकतो (उदा., काडकबोडक ककिं वा कुशन तयार 

करणे, खेळगहृाच्या उिकरणा वर चा णे, एक इमारत 

तयार करण े घर ककिं वा ब् ॉकसह सिंरचना ककिं वा लशल्ि 

सामग्र  वािरणे). 

     

7.आपला मुलगा छपाई किंवा ललदहण े किंवा चचत्र िाढण े 

इतर मुलांप्रमाण ेवेगाने िाढू शितो िा ? 

     

8.आिल्या मु ाच े मुद्रणककिं  वा  ेखन अंि आर्ण शब्द 

सुस्िष्ि, जर आपल्या मुलाला ललदहता येत नाही तर तो 

किंवा ती चचत्र िाढण ेआणण रंगवण ेसमन्ववत  पद्धतीने 

िरतो आणण आपण ओळख ूशिू अस ंचचत्र बनवतो 

     

9.छिाई ककिं वा  ेखन करताना ककिं वा रेखा चचत्र करताना 

(आि ा िजेन्स  वर जास्त त जास्त दबाव ककिं वा 
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कडकिणा नाही,  ेखन खूि जड ककिं वा गडद नाही ककिं वा 

कििा नसताना) आि ा मु गा योग्य प्रयत्न ककिं वा तणाव 

वािरतो. 

10.आि े मु  चचत्र आर्ण आकार अचूक आर्ण सु ि 

ररतीनी िापू शितो. 

     

11.आपला मुलगा स््यइच्छेने  क्रीडा किंवा खेडंयान मध्ये 

चांगल्या प्रिारच ेमोटर िौशल्य वापरतो 

     

12.आि े मू न व न मोिर कायाां पवषय  (उदा. 

िोहणे,रो रबॉड िंग) सहजरीतीने िरू शितो आर्ण समान 

मु ािंच  कौशल्य प्राप्त करण्या साठी इतर मु ािं िेक्षा 

अचधक सराव ककिं वा वेळ आवश्यक नसते. 

     

13.आपला मूल  िपडे घालणे , ज्यूते घालणे ,आणण 

ज्यूतेचच  लशे  बांधणे  इत्यािी िामात जलि आणण  

सक्ष्म आहे 

     

14.आिल्या मु ा ा कध ही "च नच्या दकुानात ब ै" 

म्हणून वणकन के  े जाणार नाही (म्हणजे, त  इतकी 

गोंधळ े ी आहे की त  हान खो ीतना जकू वस्तू 
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मोडूशकते). 

15.आि  मु  सहज िणे थकत नाही, खा ी मान घा ून 

बसतो, िडतना ही जरतो खुची वर जास्त वेळ ियांत बसतो 
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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:  

This procedure includes children within 5 – 10 years of age group both male and female who 

are voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from parents/guardian of all the 

participants and assent form from the participants who are volunteering to be the part of this 

study.  

 

Procedure:  

1. The researcher will select the participants among school-going population. 

 

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

of the participant. 
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3. If the participants and their respective parent/guardian decides to participate then they 

would be consented according to the standard operational procedure. 

 

4. If the participants and their respective parent/guardian expresses interest but has some 

doubts in that case they would be solved.  

 

5. If the participants and their respective parent/guardian 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 their respective parents’/guardian’s 

consent and assent.  

 

7. 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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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 

“Evaluation of gross motor function of upper limb and fine motor skills in 5 – 10 year old 

children with suspected developmental coordination disorder: An observational, 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 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) 

सहिाग िंच मादहत  ित्रक 

उद्देशः 

आयस एमआरच्या तनयामक आवश्यकता आर्ण आयईस ने मान्यता दद ेल्या मादहत नुसार ल र्खत मादहत  

दद ी आहे. 

व्याप्त : 

या मानक ऑिरेशन  िद्धत त  ५ िो १0 इयसक चा मु े आर्ण मु ी   समावेश आहे आर्ण ह्या अभ्यासात 

सहिाग  होण्यास स्वेच्छेने इच्छुक असतात. 

जबाबदारी: 

सिंशोधक या अभ्यासाचा िागहोण्यासाठी स्वयिंसेवा करणायाक सवक सहिाग िंचे  खे  ज्ञात सहमत प्राप्त करत  . 

कायकिद्धत : 

1. सिंशोधक  येथ ेजररयादिक िॉिु शन अजड ५ िो १0 इयसक  तनवडे  

2.तिासन स आक्षेि दरू करण्यासाठी आर्ण सहिाग िंच्या सवक प्रश्नािंच  उत्रे देण्यासाठी प्रायोचगक प्रोिोकॉ च े

स्िष्िीकरण करे . 

3. सहिाग ने सहिाग  होण्याचा तनणकय घेत ा तर ते मानक सिंचा न प्रकक्रयनुसार सिंमत  देई . 

4. जर सहिाग ने रूच  व्यक्त के ी िरिंतु त्यात काही शिंका असत   तर ते सोडवत  . 
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5.सहिाग  जर स्िष्िीकरण सोय स्कर असत   तर ते मानक सिंचा न प्रकक्रयेनुसार सूचचत सिंमत  िरत  . 

6. सहिाग िंच्या चचिंतेच्या निंतर अभ्यास प्रकक्रया सुरू होई . 

7.समापवष्ि आर्ण बदहष्कार तनकष सत्यापित करण्यासाठी म्हणून तिश  वार वैद्यकीय आर्ण इतर 

कोणत्याही शारीररक समस्या इततहास प्राप्त के  ेजाई . 

8.जर सहिाग्याने आिल्या कुिुिंब यािंना या मादहत वर चचाक करायच  असे  तर त्यािंना सिंमत  देण्यािूवी अस े

करण्याचे अचधकार आहेत. 

सहिाग िंना सिंशोधन करण्यासाठी सामान्य मादहत : 

1. नाव: 

   वय: 

   ल िंग: 

   तारीख: 

2.आिल्या ा िरफॉम्याक िरणे आवश्यक आहे आर्ण सिंशोधनाचा हेतू “५ ते १0 वष ृच्या मु ान मध्ये वचाक अिंग 

मध्ये ग्रॉस मोिर फिं क्शन अण  फ़ाइन मोिर जस्क  च्या मूल्यािंकण ज्या मु ान मध्ये सिंशयास्िद 

डेवे िमेन्ि  कोऑडड कनेशन डडसऑडकर आहे: एक अव ोकन य, अनुवािंलशक अध्ययन” हा अभ्यासकरण े

आवश्यक आहे. 
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3.जर आिण स्वेच्छेने अभ्यासात सहिाग  होऊ इजच्छत असा  तर चाचण िूणक होईियांत आिण कायकप्रदशकन 

िरण्यािासूनच आिल्याकडून नोंदण  करण ेअिेक्षक्षत आहे. 

4.या काळात तुम्ही अस्वस्थ आहात तर मग कृिया आम्हा ा कळूद्या जणे ेकरून आम्ही आल्यास मदत करू 

आर्ण आिल्या समस्येवर कोणत्याही अयोग्य प्रिावालशवाय मात करू शकू. 

5. आिल्या ा कोणतेही िरतावा आर्ण नुकसान िरिाई दद ी जाणार नाही. 

6.कोणत्याही क्षण  जर आिणया सिंशोधन अभ्यासातून थािंबू इजच्छत असा तर आिण तसे करण्यास मुक्त 

आहात आर्ण आिल्याबाजूने कोणत ही अडथळानसता. 

7. सिंमत  ित्र प्राप्त करण्यािूवी अभ्यासाच  जोख म,अस्वस्थता, फायदे आर्ण तोिे यािंचा तिश   आिल्या ा 

स्िष्िके ा जाई . 

8.या अभ्यासातून प्राप्त झा  ेा डेिा गुप्तिण ेसिंरक्षक्षत आर्ण देखरेखके ा जाई  आर्ण जर छायाचचत्रवािर े 

असे  तर आि ी ओळख प्रगि होणार नाही. छायाचचत्र प्रकालशत झाल्यास िरवानग  प्राप्त होई . 

9.या अभ्यासासाठी आवश्यक अस ेल्या पवपवध चाचण  प्रकक्रयेचे सवक जोडून आिल्या ा 

स्िष्ि के  ेजाई  आर्ण त्यानुसार सिंमत  दद ी जाई . 

10.आिण थकल्यासारखे ककिं वा आिण िूणक काळज  घेण्यास असमथक वाित असल्यास आिल्या ा काळज  

करण्याच  गरज नाही आर्ण आवश्यकत  िाव  ेउच ता येत   याच  आम्हा ा मादहत द्या. 

11.आिण कोणत्याही क्षण  समाधान  नसल्यास आिण कोणत्याही िररणामािं लशवाय कध ही काढू शकता. 
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12. सिंशोधकाचे नाव: 

    फोननिंबर: 

    ित्ा: 

13. मागकदशककािंचे नाव: 

      फोन निंबर: 

      ित्ा: 

14. सिंस्थेच ेनाव: 
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Annexure II (c) 

सहिाग  सूचनाित्र 

उद्देश्य: 

आईस एमआर की तनयामक आवश्यकता के अनुसारसुतनजश्चतकरनेकेल एकक ल र्खत सूचचत सहमतत िुरुष 

और मदह ा पवषयों से प्राप्त की गई है और आईईस  द्वारा अनुमोददत ककया गया है। 

 

स्कोि: 

इस मानकिररचा न प्रकक्रया में सि  मरीज़ शालम  हैं जो स्वेच्छा सेअस्िता  से िाग  े रहे हैं। 

जजम्मेदारी: 

शोधकताक इस अध्ययन के िाग के रूि में स्वयिं सेवाकरनेवा े सि  िुरुष और मदह ा से ल र्खत सूचचत 

सहमतत प्राप्त करेगा। 

प्रकक्रया: 

1. अन्वेषक “५ से १0 सा  के बच्चो मे ऊिरी अिंग मे ग्रॉस मोिर फिं क्शन और फ़ाइन मोिर जस्क  का 

मूल्यािंकन करना जजनमे सिंददग्ध डेवे िमेन्ि  कोऑडडकनेशन डडसऑडकर हो: एक अव ोकन य, 

अनुवािंलशक अध्ययन” का चयन करेगा। 

2. अन्वेषक आशिंका दरू करने और प्रततिाग  के सि  प्रश्नों का उत्र देने के ल ए प्रयोगात्मक प्रोिोकॉ  

की व्याख्या करेगा 
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3. यदद सहिाग  अध्ययन में िाग  ेने के ल ए सहमत हैं तो उन्हें मानक िररचा न प्रकक्रया के अनुसार 

सहमतत दी जाएग । 

4. यदद सहिाग  रुचच व्यक्त करता है  ेककन उस माम  ेमें कुछ सिंदेह है तो उन्हें ह  ककया जाएगा। 

5. यदद मरीज़ पववरण के साथ सहज होत ेहैं तो वे मानक िररचा न प्रकक्रया के अनुसार सूचचत सहमतत 

िरेंगे। 

6. सहिाग यों की सहमतत के बाद अध्ययन प्रकक्रया शुरू होग । 

7. पवस्ततृ चचककत्सा और ककस  ि  अन्य शारीररक समस्या का इततहास सहिाग यों से प्राप्त ककया 

जाएगा ताकक शालम  ककए जाने और बदहष्करण मानदिंड को सत्यापित ककया जा सके 

8. अनुसिंधान पवषय की सामान्य जानकारी: 

1 नाम 

2. उम्र 

3. ल िंग 

4. ददनािंक 

9. यदद आि इस अवचध के दौरान असुपवधाजनक हैं तो कृिया हमें यह बताएिं कक हम आिकी मदद कर 

सकते हैं और आिकी समस्या को ककस  ि  अयोग्य प्रिाव के बबना िार कर सकते हैं। 

10. आिको कोई प्रततिूततक और क्षततिूततक नहीिं दी जाएग । 
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11. यदद ककस  ि  समय आि इस शोध अध्ययन से बिंद करना चाहत े हैं तो आि ऐसा करने के ल ए 

स्वतिंत्र हैं और हमारे िक्ष से कोई बाधा नहीिं होग । 

12. सहमतत के ित्र प्राप्त करने से िह  ेिरीक्षण, जोर्खम, असुपवधा, फायदे और नुकसान का पववरण 

आिको समझाया जाएगा। 

13. इस अध्ययन से प्राप्त आिंकडे गोिन य रूि से सिंरक्षक्षत और बनाए रखे जाएिंगे और अगर तस्व र का 

इस्तेमा  ककया जाए तो आिकी िहचान प्रकि नहीिं की जाएग  और यदद तस्व र प्रकालशत की गई तो 

अनुमतत प्राप्त की जाएग । 

14. िरीक्षण प्रकक्रया का सि  जोर्खम आिको समझाया जाएगा और तदनुसार सहमतत  ी जाएग  

15. यदद आि ककस  ि  समय सिंतुष्ि नहीिं हैं तो आि ककस  ि  समय ककस  ि  िररणाम के बबना वािस  े 

सकते हैं 

शोधकताक का नाम: 

फ़ोननिंबर: 

िता: 

गाइड का नाम: 

फ़ोननिंबर: 

िता: 

सिंस्था का नाम: 
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Annexure II (d) 

LETTER OF CONSENT 

 

I am willing to participate voluntarily as a subject for the dissertation entitled “Evaluation of 

gross motor function of upper limb and fine motor skills in 5 – 10 year old children with 

suspected developmental coordination disorder: An observational, cross-sectional study”  

Conducted  by_________________________ 

 

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. 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 participants               Signature/ Thumb impression of parents                     

Date 
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Annexure II  (e) 

इविॉरमेड िॉवसेंट िोम 

मी हक्ि ननवेिनासाठी ववषय म्हणून स्वेच्छेने सहभागी होण्यास इच्छुि आहे “५ ते १0 वष ृच्या मु ान मध्ये 

वचाक अिंग मध्ये ग्रॉस मोिर फिं क्शन अण  फ़ाइन मोिर जस्क  च्या मूल्यािंकण ज्या मु ान मध्ये सिंशयास्िद 

डेवे िमेन्ि  कोऑडड कनेशन डडसऑडकर आहे: एक अव ोकन य, अनुवािंलशक अध्ययन”   

द्वारे आयोन्जत ______________________ 

• उिक्रमाचे स्वरूि,कारण, का ावध  त्याचे िुढी  िररणाम आर्ण उिक्रमाचे धोके तसेच या 

अभ्यासात   माझ  िूलमका म ा समजाव ी गे ी आहे .माझ े सगळे प्रश्न समाधानकारकररत्या 

सोडव े गे े आहे . 

• माझा या उिक्रमात   सहिाग िूणकिण ेऐजच्छक आहे आर्ण म   कोणत्याही वेळ , कोणतेही कारण न 

देता, कुठ ाही दिंड न िरता  आर्ण म ा लमळण्याचा अिेक्षक्षत फायदा यािंमध्ये कुठ ाही बद  न होता 

म  या अभ्यासातून कुठल्याही क्षण  माघार घेऊ शकत े/शकतो . 

• उिक्रमादरम्यान उि ब्ध होणाऱ्या कोणत्याही मादहत मुळे माझ्या उिक्रमात   िाग घेण्यावर 

िररणाम होऊ शकतो हे म ा सािंचगत े जाई  . 

• पवद्या य न सिंलमत मादहत  गोळा करण्यासाठी माझ  आध च  वैद्यकीय ित्रक िाहू शकतात .या 

ित्रकावर सही केल्यावर म  त्यािंना तश  अनुमत  देत े/देतो. 
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• म  हे जाणत/ेजाणतो कक माझ  ओळख कुठल्याही तसेच कोणत्याही मादहत त/प्रकाशनात प्रदलशकत 

के ी जाणार नाही .    

• म  ह्या उिक्रमात सहिाग  होण्यासाठी सिंमत  देत आहे . 

 

 

सहिाग  सदस्याचे नाव                 पेरेंट्स स्वाक्षरी/अिंगठ्याचा ठसा  ददनािंक 
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Annexure II (f) 

इविोमेड िंसेंट िॉमम 

मैं स्वेच्छा से शोध प्रबंध हििार िे ललए एि ववषय िे रूप में भाग लेने िो तैयार हंू “५ से १0 सा  के बच्चो मे 

ऊिरी अिंग मे ग्रॉस मोिर फिं क्शन और फ़ाइन मोिर जस्क  का मूल्यािंकन करना जजनमे सिंददग्ध डेवे िमेन्ि  

कोऑडड कनेशन डडसऑडकर हो: एक अव ोकन य, अनुवािंलशक अध्ययन” 

द्वारा आयोन्जत ______________________ 

• इस अभ्यास का स्वरुि, अवकाश, इससे जुडे सिंिाव्य खतरे, सिंिापवत प्रिाव और मुझ ेजो करना है 

उस के बारे में स्िष्ि जानकारी लम ी है।  

• इस अभ्यास में सहिाग  होने का मेरा खदु का तनणकय है। मैं ककस  समय अभ्यास को छोडकर जा 

सकत /सकता हू। इसके ल ए मैं कोई ि  मानदिंड या िरिाई करने के ल ए बिंध /बिंधा नहीिं हूाँ।   

• अभ्यास के दौरान उि ब्ध अन्य जानकारी जजस से अभ्यासक्रम में िाग  ेने िर असर िडेगा वह 

मुझे बताया जायेगा।  

• मेरी जािंच का जो मूल्यािंकन हुआ है, उस ेसिंस्था के समा ोचक मिंड  के अचधकारी िरख सकते है।इस 

ित्र िर हस्ताक्षर कर के मैं यह अनुमतत देता हूाँ या देत  हूाँ । 

• मेरी िहचान ककस ि  वतृािंत या प्रकाशन में प्रकालशत नहीिं होग । 

• मैं अभ्यासक्रम के ल ए सहमत हूाँ। 

सहिाग  का नाम              परेेंट्स हस्ताक्षर या अिंगूठे का तनशानददनािंक 
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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 “Evaluation of gross motor function of upper limb and fine motor 

skills in 5 – 10 year old children with suspected developmental coordination disorder: An 

observational, cross-sectional study 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.do the needful in this regard. 

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

Thanking you in anticipation. 

Yours sincerely, 

Date: 

Place: 

Guide:                                                Head of institute 
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Annexure III (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, “Evaluation of gross motor function of upper limb and fine motor 

skills in 5 – 10 year old children with suspected developmental coordination disorder: 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 III (c) 

 

PERMISSION LETTER 

 

To, 

The Principal, 

___________________________ 

__________________________ 

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 

“Evaluation of gross motor function of upper limb and fine motor skills in 5 – 10 year old 

children with suspected developmental coordination disorder: An observational, cross-

sectional study”  

      For this purpose, I have to take participants from your school who are aged between 5 -

10 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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MASTER CHART: 

SR. 
NO. 

GEN
DER 

AGE 
WEI
GHT 
(kg) 

HEI
GHT 
(cm) 

BMI 
(kg/
m2) 

PRE
TER
M 

BIRT
H 
WEI
GHT 

CON
TRO
L 
DUR
ING 
MOV
EME
NT 
(30) 

FINE 
MOT
OR 
(20) 

GEN
ERA
L 
COO
RDI
NATI
ON 
(25) 

TOT
AL 
(75) 

1 F 5 18 113 14.1 N 2.6 26 15 22 63 

2 M 5 15 105 
13.6

1 N 2.8 24 18 22 64 

3 M 5 17 117 
12.4

2 Y 2.1 23 17 20 60 

4 M 5 10 92 
11.8

1 N 2.2 26 17 19 62 

5 F 5 17 107 
14.8

5 N 2.6 19 12 13 44 

6 M 5 15 118 
10.7

7 N 2.7 16 15 15 46 

7 M 5 14 103 13.2 N 3.2 28 15 20 63 

8 F 5.1 18 113 14.1 N 3.3 25 16 19 60 

9 F 5.1 12 101 
11.7

6 Y 2.1 16 11 12 39 

10 F 5.1 18 110 
14.8

8 N 2.25 19 13 13 45 

11 F 5.1 16 102 
15.3

8 N 2.3 29 16 23 68 

12 M 5.1 15 105 
13.6

1 N 2.6 14 12 13 39 

13 M 5.1 20 109 
16.8

3 N 2.9 27 17 22 66 

14 F 5.1 18 110 
14.8

8 N 3.2 26 14 22 62 

15 F 5.1 14 104 
12.9

4 N 2.1 26 17 22 65 

16 F 5.1 11 93 
12.7

2 N 3.3 16 9 17 42 

17 M 5.1 10 94 
11.3

2 Y 2.5 27 17 17 61 

18 M 5.1 14 110 
11.5

7 N 2.1 26 17 21 64 

19 M 5.1 15 105 
13.6

1 N 2.3 29 16 22 67 

20 M 5.1 17 108 
14.5

7 N 1.8 13 11 14 38 
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21 M 5.1 16 105 
14.5

1 N 2.9 25 13 20 58 

22 M 5.11 17 110 
14.0

5 N 3.1 26 18 20 64 

23 M 5.11 13 105 
11.7

9 N 3.3 18 10 10 38 

24 M 5.11 13 105 
11.7

9 N 2.7 28 13 23 64 

25 M 5.2 15 109 
12.6

3 Y 2.6 23 18 22 63 

26 F 5.2 19 115 
14.3

7 N 2.1 12 12 12 36 

27 M 5.2 14 109 
11.7

8 N 2.9 29 18 22 69 

28 F 5.2 16 110 
13.2

2 N 2.7 25 16 24 65 

29 F 5.2 14 106 
12.4

6 N 2.1 30 17 22 69 

30 M 5.2 19 107 16.6 Y 2.5 13 11 17 41 

31 F 5.2 12 97 
12.7

5 N 2.6 24 15 23 62 

32 F 5.2 15 105 
13.6

1 N 2.5 16 11 13 40 

33 M 5.2 13 103 
12.2

5 N 2.2 27 18 22 67 

34 M 5.2 18 113 14.1 N 2.6 25 17 21 63 

35 M 5.2 18 105 
16.3

3 N 2.9 28 17 21 66 

36 M 5.2 14 101 
13.7

2 N 2.1 24 17 20 61 

37 F 5.3 17 110 
14.0

5 N 2.7 23 19 18 60 

38 F 5.3 13 107 
11.3

5 N 2.6 16 9 15 40 

39 F 5.3 14 103 13.2 N 3.1 26 18 19 63 

40 F 5.3 13 99 
13.2

6 N 2.1 26 16 22 64 

41 M 5.3 16 116 
11.8

9 N 3.7 28 16 23 67 

42 M 5.3 19 117 
13.8

8 N 3.1 23 16 19 58 

43 M 5.3 18 110 
14.8

8 N 3.6 23 13 18 54 

44 F 5.3 16 109 
13.4

7 N 3.1 23 17 17 57 

45 F 5.3 20 108 
17.1

5 N 1.8 17 15 13 45 

46 F 5.3 15 101 14.7 N 2 24 6 12 42 
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47 M 5.3 14 99 
14.2

8 N 2.8 24 17 18 59 

48 M 5.3 16 110 
13.2

2 N 2.6 25 17 16 58 

49 M 5.3 12 100 12 N 2.9 22 17 22 61 

50 M 5.3 14 101 
13.7

2 N 3.3 26 15 19 60 

51 M 5.3 15 103 
14.1

4 N 3.4 27 18 22 67 

52 M 5.3 15 110 12.4 N 3.1 59 17 19 59 

53 M 5.3 21 117 
15.3

4 N 2.7 19 20 15 54 

54 F 5.4 16 111 
12.9

9 N 2.6 18 12 16 46 

55 F 5.4 17 108 
14.5

7 N 2.4 17 19 15 51 

56 M 5.4 18 109 
15.1

5 N 2.6 18 13 14 45 

57 M 5.4 19 104 
17.5

7 N 2.8 16 15 14 45 

58 M 5.4 20 112 
15.9

4 N 1.9 18 14 22 54 

59 F 5.4 16 109 
13.4

7 N 2.8 19 18 16 53 

60 F 5.4 21 101 
20.5

9 N 2.9 16 11 23 50 

61 F 5.4 22 112 
17.5

4 N 3.1 18 18 16 52 

62 M 5.4 15 114 
11.5

4 Y 2.6 19 14 21 54 

63 M 5.4 15 119 
10.5

9 N 2.7 19 20 15 54 

64 M 5.4 14 112 
11.1

6 Y 2.9 24 18 23 65 

65 M 5.4 15 110 12.4 N 2.6 24 14 21 59 

66 M 5.4 21 117 
15.3

4 N 2.5 25 14 22 61 

67 F 5.5 19 117 
13.8

8 N 2.65 23 16 25 64 

68 M 5.5 27 125 
17.2

8 N 2.9 25 18 20 63 

69 M 5.5 14 112 
11.1

6 N 3.1 27 16 24 67 

70 M 5.5 27 125 
17.2

8 Y 2.1 16 12 17 45 

71 M 5.5 14 96 
15.1

9 Y 2.6 25 18 20 63 

72 M 5.5 15 106 
13.3

5 N 2 22 18 17 57 
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73 F 5.6 14 112 
11.1

6 N 2.9 23 20 20 63 

74 F 5.6 19 112 
15.1

5 Y 2.7 20 9 15 44 

75 F 5.6 20 117 
14.6

1 N 2.1 18 9 15 42 

76 M 5.6 19 117 
13.8

8 N 2.25 19 18 16 53 

77 M 5.6 19 112 
15.1

5 N 2.9 20 14 20 54 

78 M 5.6 18 119 
12.7

1 N 2.1 22 15 17 54 

79 F 5.6 25 119 
17.6

5 N 2.5 19 14 21 54 

80 F 5.6 13 100 13 Y 2.8 14 13 18 45 

81 F 5.6 18 113 14.1 N 3.1 24 18 23 65 

82 F 5.6 16 112 
12.7

6 N 2.7 19 18 21 58 

83 M 5.6 15 104 
13.8

7 N 2.8 26 10 20 56 

84 M 5.6 17 113 
13.3

1 N 2.5 20 18 18 56 

85 M 5.6 18 102 17.3 N 3.5 25 18 20 63 

86 M 5.6 15 99 15.3 N 3.3 22 18 17 57 

87 F 5.7 22 121 
15.0

3 N 3.2 23 20 20 63 

88 F 5.7 21 118 
15.0

8 N 2.6 20 16 25 61 

89 M 5.7 25 116 
18.5

8 Y 2.6 27 18 20 65 

90 M 5.7 13 100 13 N 2.8 28 14 21 63 

91 M 5.7 25 119 
17.6

5 Y 2.1 17 11 15 43 

92 F 5.7 21 126 
13.2

3 N 2.6 25 18 20 63 

93 F 5.7 16 111 
12.9

9 N 2.8 27 16 24 67 

94 F 5.7 19 122 
12.7

7 Y 2.7 16 12 17 45 

95 F 5.7 20 124 
13.0

1 N 2.6 25 18 20 63 

96 M 5.7 17 114 
13.0

8 Y 2.9 36 6 14 36 

97 M 5.7 15 115 
11.3

4 N 2.1 18 12 19 49 

98 F 5.7 16 116 
11.8

9 N 2.4 17 17 16 50 

99 M 5.7 18 103 16.9 N 2.4 17 17 16 50 
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7 

100 M 5.7 16 99 
16.3

2 N 1.5 37 11 14 37 

101 F 5.8 18 117 
13.1

5 N 2.1 5 16 21 64 

102 F 5.8 19 119 
13.4

2 N 2.6 39 10 15 39 

103 M 5.8 20 120 
13.8

9 N 2.7 25 18 20 63 

104 M 5.8 21 121 
14.3

4 N 2.9 27 16 24 67 

105 F 5.8 22 122 
14.7

8 N 3.3 16 12 17 45 

106 F 5.8 18 115 
13.6

1 N 3.4 25 18 20 63 

107 M 5.8 22 115 
16.6

4 N 2.9 22 18 17 57 

108 M 5.8 14 108 12 N 2.6 23 20 20 63 

109 M 5.8 18 117 
13.1

5 N 2.8 20 16 25 61 

110 M 5.8 19 119 
13.4

2 N 2.9 27 18 20 65 

111 F 5.9 16 112 
12.7

6 N 3.1 28 14 21 63 

112 F 5.9 20 121 
13.6

6 N 3.5 25 13 20 58 

113 F 5.9 18 118 
12.9

3 N 2.5 12 9 13 34 

114 M 5.9 14 109 
11.7

8 N 2.5 18 18 16 52 

115 F 5.9 15 108 
12.8

6 N 2.6 19 18 16 53 

116 M 5.9 13 105 
11.7

9 N 2.1 20 14 20 54 

117 M 5.9 19 112 
15.1

5 Y 2.9 62 17 21 62 

118 M 5.9 20 121 
13.6

6 N 2 24 17 20 61 

119 M 5.9 18 118 
12.9

3 N 3.2 28 19 22 69 

120 M 6 10 91 
12.0

8 N 3.2 15 8 18 41 

121 M 6 20 121 
13.6

6 N 2.3 20 19 19 58 

122 M 6 18 118 
12.9

3 N 2.1 22 14 19 55 

123 M 6 14 99 
14.2

8 N 1.81 29 16 25 70 

124 F 6.1 13 94 14.7 N 3.3 25 16 18 59 
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1 

125 F 6.1 13 99 
13.2

6 N 2.1 24 16 22 62 

126 M 6.1 13 98 
13.5

4 N 3.3 24 15 20 59 

127 M 6.1 14 102 
13.4

6 N 3.1 26 15 21 62 

128 M 6.1 16 101 
15.6

8 N 2.9 24 17 20 61 

129 F 6.1 18 105 
16.3

3 Y 2.3 27 17 24 68 

130 F 6.1 14 101 
13.7

2 N 2.7 23 14 20 57 

131 F 6.1 15 105 
13.6

1 N 2.1 16 13 10 39 

132 M 6.1 17 108 
14.5

7 N 2.6 24 18 20 62 

133 M 6.1 16 105 
14.5

1 N 2.7 26 15 23 64 

134 M 6.1 13 101 
12.7

4 N 2.9 24 16 20 60 

135 M 6.1 14 103 13.2 Y 1.9 17 10 17 44 

136 M 6.1 21 112 
16.7

4 N 1.8 27 17 20 64 

137 M 6.1 18 111 
14.6

1 N 2.9 24 15 17 56 

138 M 6.1 20 103 
18.8

5 N 2.4 28 15 20 63 

139 M 6.11 19 120 
13.1

9 N 2.6 22 14 21 57 

140 M 6.11 18 117 
13.1

5 Y 2.9 26 18 21 65 

141 F 6.11 21 120 
14.5

8 N 2.1 25 16 20 61 

142 F 6.11 15 113 
11.7

5 N 2.6 23 13 17 53 

143 M 6.11 20 120 
13.8

9 Y 2.7 27 16 20 63 

144 M 6.11 17 113 
13.3

1 N 3.1 22 17 21 60 

145 M 6.11 15 115 
11.3

4 N 
3.02

5 22 19 19 60 

146 M 6.11 18 112 
14.3

5 N 2.4 23 18 23 64 

147 M 6.11 19 109 
15.9

9 N 2.1 22 14 22 58 

148 F 6.2 13 97 
13.8

2 N 2.9 26 17 23 66 

149 F 6.2 17 107 14.8 N 2.8 30 17 17 64 
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5 

150 F 6.2 17 118 
12.2

1 N 2.6 23 14 20 57 

151 M 6.2 16 117 
11.6

9 N 3.3 24 16 23 63 

152 F 6.2 13 108 
11.1

5 N 3.4 26 15 15 56 

153 F 6.2 13 105 
11.7

9 N 3.2 26 14 25 65 

154 F 6.2 15 110 12.4 N 2.1 23 15 20 58 

155 M 6.2 21 117 
15.3

4 N 2.4 25 17 22 64 

156 F 6.2 16 110 
13.2

2 N 2.8 24 16 21 61 

157 F 6.2 20 118 
14.3

6 N 2.25 25 17 21 63 

158 F 6.2 20 120 
13.8

9 N 2.5 17 6 11 34 

159 M 6.2 19 118 
13.6

5 N 1.8 25 13 17 55 

160 M 6.2 15 118 
10.7

7 N 2.9 23 14 22 59 

161 F 6.2 16 107 
13.9

8 N 2.6 24 13 19 56 

162 F 6.2 13 97 
13.8

2 N 2.7 23 20 23 66 

163 F 6.2 19 110 15.7 N 2.9 23 15 17 55 

164 M 6.2 16 119 11.3 N 2.1 24 18 23 65 

165 M 6.2 15 119 
10.5

9 Y 2 16 13 17 46 

166 F 6.2 15 114 
11.5

4 N 1.6 18 12 13 43 

167 F 6.3 16 101 
15.6

8 N 3.1 26 20 23 69 

168 F 6.3 19 103 
17.9

1 Y 3.4 23 17 22 62 

169 F 6.3 17 99 
17.3

5 N 3.1 22 14 23 59 

170 M 6.3 14 98 
14.5

8 N 3.3 24 17 20 61 

171 M 6.3 14 96 
15.1

9 N 2.3 27 17 23 67 

172 M 6.3 15 106 
13.3

5 N 3.1 19 14 8 41 

173 M 6.3 16 104 
14.7

9 N 3 22 15 20 57 

174 F 6.3 14 101 
13.7

2 N 3.8 27 18 22 67 
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175 F 6.3 16 102 
15.3

8 N 2.8 26 18 22 66 

176 F 6.3 17 100 17 N 2.1 23 17 18 58 

177 F 6.3 15 100 15 N 2.8 19 13 20 52 

178 M 6.3 18 102 17.3 N 2.1 24 14 17 55 

179 M 6.3 20 106 17.8 Y 2.9 23 15 20 58 

180 M 6.3 18 102 17.3 N 3 25 14 19 58 

181 M 6.3 15 99 15.3 N 3.1 24 16 20 60 

182 M 6.3 14 101 
13.7

2 Y 2.6 24 18 18 60 

183 M 6.3 13 97 
13.8

2 N 2.7 22 17 20 59 

184 M 6.3 16 119 11.3 N 3.2 23 13 18 54 

185 M 6.3 15 119 
10.5

9 N 3.1 21 14 19 54 

186 F 6.3 15 114 
11.5

4 N 2.5 23 17 21 61 

187 F 6.4 18 103 
16.9

7 N 2.1 20 14 18 52 

188 F 6.4 16 99 
16.3

2 N 3.2 20 14 18 52 

189 F 6.4 15 109 
12.6

3 N 2.3 22 14 17 53 

190 M 6.4 16 110 
13.2

2 Y 1.5 16 19 10 45 

191 M 6.4 17 111 13.8 N 3.4 17 14 21 52 

192 F 6.4 18 112 
14.3

5 N 2.6 19 14 12 45 

193 F 6.4 19 109 
15.9

9 N 2.7 19 12 19 50 

194 M 6.4 20 112 
15.9

4 N 2.8 20 17 15 52 

195 M 6.4 17 111 13.8 N 1.8 20 10 14 44 

196 M 6.4 18 113 14.1 N 3.3 18 14 18 50 

197 M 6.4 16 112 
12.7

6 N 2.6 20 10 24 54 

198 F 6.4 15 104 
13.8

7 N 2.9 16 15 7 38 

199 F 6.5 15 109 
12.6

3 N 2.9 27 18 21 66 

200 F 6.5 16 110 
13.2

2 N 2.1 22 13 21 56 

201 M 6.5 16 119 11.3 N 2.9 26 15 20 61 

202 M 6.5 15 119 
10.5

9 N 3.4 28 19 23 70 

203 F 6.5 15 114 
11.5

4 Y 3.1 19 9 12 40 
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204 F 6.6 21 112 
16.7

4 Y 3.2 20 13 19 52 

205 M 6.6 18 111 
14.6

1 N 3.1 17 12 12 41 

206 M 6.6 20 103 
18.8

5 Y 3.6 24 15 17 56 

207 M 6.6 16 119 11.3 N 2.6 26 17 20 63 

208 F 6.6 15 119 
10.5

9 N 2.7 27 18 22 67 

209 F 6.6 17 100 17 N 3.6 22 19 21 62 

210 M 6.6 16 113 
12.5

3 Y 3.4 19 10 14 43 

211 M 6.6 18 112 
14.3

5 N 3.2 21 13 17 51 

212 M 6.6 20 104 
18.4

9 N 2.7 19 16 18 53 

213 M 6.6 18 113 14.1 N 2.6 22 14 16 52 

214 M 6.6 16 112 
12.7

6 N 2.8 28 17 23 68 

215 F 6.6 15 104 
13.8

7 N 2.1 16 15 15 46 

216 F 6.7 17 110 
14.0

5 N 3.1 17 8 18 43 

217 F 6.7 16 110 
13.2

2 N 2 23 17 20 60 

218 M 6.7 17 106 
15.1

3 N 2.25 24 15 20 59 

219 M 6.7 20 122 
13.4

4 N 2.5 22 16 17 55 

220 M 6.7 18 118 
12.9

3 N 3.1 20 10 14 44 

221 F 6.7 15 115 
11.3

4 N 2.1 18 10 19 47 

222 F 6.7 21 127 
13.0

2 N 2.25 17 10 11 38 

223 M 6.7 16 113 
12.5

3 N 2.6 27 19 23 69 

224 M 6.7 17 111 13.8 N 2.4 26 12 23 61 

225 M 6.7 18 112 
14.3

5 N 2.9 18 9 15 42 

226 M 6.7 19 112 
15.1

5 N 2.3 22 14 16 52 

227 M 6.7 20 117 
14.6

1 Y 2.1 23 13 17 53 

228 F 6.7 19 117 
13.8

8 N 2.25 19 9 18 46 

229 F 6.8 19 113 
14.8

8 N 2.3 18 19 23 60 
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230 F 6.8 20 114 
15.3

9 Y 2.1 16 14 11 41 

231 M 6.8 21 115 
15.8

8 N 2.5 22 14 21 57 

232 M 6.8 22 116 
16.3

5 N 2.8 28 17 23 68 

233 M 6.8 23 117 16.8 N 3.1 19 15 17 51 

234 F 6.8 24 118 
17.2

4 N 3 26 17 23 66 

235 F 6.8 25 119 
17.6

5 N 2.6 21 12 18 51 

236 F 6.8 23 120 
15.9

7 N 2.1 26 18 23 67 

237 M 6.8 15 113 
11.7

5 N 3.1 24 18 21 63 

238 M 6.8 18 117 
13.1

5 N 3.6 17 7 12 36 

239 M 6.8 15 119 
10.5

9 N 3.4 22 15 20 57 

240 M 6.8 14 112 
11.1

6 N 3.1 19 12 18 49 

241 F 6.8 19 117 
13.8

8 N 3.1 20 15 20 55 

242 F 6.9 21 121 
14.3

4 Y 3.2 28 19 24 71 

243 F 6.9 18 115 
13.6

1 Y 3.2 27 19 23 69 

244 F 6.9 16 114 
12.3

1 N 2.6 26 19 20 65 

245 M 6.9 25 119 
17.6

5 N 3.4 22 12 16 50 

246 M 6.9 13 100 13 N 3.1 17 10 22 49 

247 F 6.9 18 113 14.1 N 3.3 19 9 10 38 

248 F 7 10 91 
12.0

8 Y 2.9 19 14 16 49 

249 M 7 14 104 
12.9

4 N 2.7 20 16 13 49 

250 F 7 12 101 
11.7

6 N 2.9 20 16 18 54 

251 M 7 14 102 
13.4

6 N 1.9 19 8 20 47 

252 M 7 19 122 
12.7

7 N 2.6 19 15 15 49 

253 F 7 20 124 
13.0

1 N 2.7 22 16 21 59 

254 F 7.1 16 105 
14.5

1 N 2.6 25 13 20 58 

255 F 7.1 13 101 
12.7

4 N 2.5 15 9 21 45 
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256 M 7.1 15 105 
13.6

1 N 2.1 22 14 19 55 

257 M 7.1 15 102 
14.4

2 N 3.2 22 14 16 52 

258 M 7.1 12 100 12 Y 2.1 15 12 13 40 

259 M 7.1 14 105 12.7 N 3.3 25 15 17 57 

260 F 7.1 13 100 13 N 2.1 19 14 18 51 

261 F 7.1 14 102 
13.4

6 N 1.9 17 12 13 42 

262 F 7.1 15 103 
14.1

4 N 2.9 29 13 14 56 

263 F 7.1 21 119 
14.8

3 N 3.3 21 12 22 55 

264 M 7.1 15 105 
13.6

1 N 3.1 20 12 14 46 

265 M 7.1 17 113 
13.3

1 N 3.2 24 13 21 58 

266 M 7.1 19 110 15.7 Y 3.3 25 15 17 57 

267 M 7.1 13 110 
10.7

4 N 2.1 21 16 20 57 

268 M 7.1 19 122 
12.7

7 N 3.5 21 15 19 55 

269 F 7.1 20 124 
13.0

1 N 2.1 18 19 17 54 

270 M 7.11 18 115 
13.6

1 N 2 18 15 16 49 

271 F 7.11 16 114 
12.3

1 Y 3.3 25 14 19 58 

272 F 7.11 18 117 
13.1

5 N 3.1 20 14 17 51 

273 M 7.11 13 99 
13.2

6 N 3.6 22 10 18 50 

274 F 7.11 20 120 
13.8

9 N 1.5 16 6 12 34 

275 F 7.2 15 112 
11.9

6 N 3 22 10 17 49 

276 F 7.2 21 123 
13.8

8 Y 3.7 19 11 20 50 

277 M 7.2 17 111 13.8 N 2.3 23 13 16 52 

278 M 7.2 15 109 
12.6

3 N 2.5 16 8 19 43 

279 M 7.2 14 103 13.2 Y 2.3 16 12 19 47 

280 F 7.2 16 109 
13.4

7 N 2.5 18 10 18 46 

281 F 7.2 14 99 
14.2

8 N 2.1 25 15 21 61 

282 F 7.2 13 97 
13.8

2 N 2.8 20 14 14 48 
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283 F 7.2 14 100 14 N 2.9 19 12 18 49 

284 F 7.2 13 101 
12.7

4 N 2.7 19 13 14 46 

285 F 7.2 16 99 
16.3

2 N 2.1 16 13 10 39 

286 M 7.2 18 107 
15.7

2 N 3.4 18 12 12 42 

287 M 7.2 16 105 
14.5

1 N 3.3 22 11 15 48 

288 M 7.2 13 97 
13.8

2 Y 3.1 18 17 18 53 

289 F 7.2 16 100 16 N 3.3 21 15 15 51 

290 F 7.2 18 104 
16.6

4 N 3 23 18 19 60 

291 F 7.2 15 102 
14.4

2 N 2.1 21 15 20 56 

292 M 7.2 20 106 17.8 N 2.7 17 14 11 42 

293 M 7.2 18 110 
14.8

8 N 2.1 18 16 16 50 

294 M 7.2 15 108 
12.8

6 N 2.6 17 16 14 47 

295 M 7.2 21 127 
13.0

2 N 2.8 18 12 10 40 

296 F 7.2 16 113 
12.5

3 N 3.1 20 10 17 47 

297 F 7.3 14 105 12.7 N 
3.02

5 16 12 12 40 

298 M 7.3 19 109 
15.9

9 Y 3.3 20 12 15 47 

299 M 7.3 22 111 
17.8

6 N 3.2 19 12 15 46 

300 F 7.3 16 108 
13.7

2 N 2.8 16 14 10 40 

301 F 7.3 18 110 
14.8

8 N 2.25 16 9 18 43 

302 M 7.3 20 109 
16.8

3 Y 2.1 20 13 18 51 

303 M 7.3 14 106 
12.4

6 N 2.1 20 13 13 46 

304 M 7.3 22 116 
16.3

5 N 3.3 24 13 18 55 

305 F 7.4 15 104 
13.8

7 N 2.9 20 17 19 56 

306 F 7.4 16 108 
13.7

2 N 2.8 22 14 19 55 

307 F 7.4 17 107 
14.8

5 N 3.3 24 14 16 54 

308 F 7.4 17 112 
13.5

5 Y 2.1 16 9 20 45 
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309 M 7.4 16 112 
12.7

6 N 1.3 21 13 17 51 

310 M 7.4 18 112 
14.3

5 N 1.6 24 17 20 61 

311 F 7.4 20 110 
16.5

3 N 4.2 23 15 16 54 

312 F 7.4 19 108 
16.2

9 N 3.3 23 12 21 56 

313 M 7.4 21 105 
19.0

5 N 2.02 20 18 15 53 

314 M 7.4 15 106 
13.3

5 N 2.9 22 14 17 53 

315 M 7.4 20 110 
16.5

3 N 3.1 19 12 17 48 

316 F 7.4 22 112 
17.5

4 N 3.4 20 17 17 54 

317 F 7.4 18 104 
16.6

4 N 2.8 17 14 19 50 

318 M 7.4 22 116 
16.3

5 N 3.6 22 12 20 54 

319 F 7.5 19 107 16.6 N 3.7 21 16 19 56 

320 F 7.5 18 103 
16.9

7 Y 1.9 22 11 17 50 

321 M 7.5 16 110 
13.2

2 N 3.5 23 15 15 53 

322 M 7.5 15 110 12.4 N 2.1 18 14 20 52 

323 M 7.5 17 110 
14.0

5 N 3.1 24 17 20 61 

324 M 7.5 16 106 
14.2

4 N 3.2 20 16 19 55 

325 F 7.5 18 122 
12.0

9 N 2.9 18 13 19 50 

326 F 7.5 20 118 
14.3

6 N 2.1 19 6 16 41 

327 F 7.5 17 115 
12.8

5 N 2.4 19 10 17 46 

328 F 7.5 20 104 
18.4

9 N 2.7 16 9 18 43 

329 M 7.5 17 110 
14.0

5 N 2.3 18 7 17 42 

330 M 7.5 16 110 
13.2

2 N 2.6 19 16 19 54 

331 M 7.5 22 116 
16.3

5 N 3.2 28 20 22 70 

332 M 7.6 17 106 
15.1

3 N 2.9 21 13 16 50 

333 F 7.6 20 122 
13.4

4 N 2.4 29 19 22 70 

334 F 7.6 16 113 12.5 Y 3.3 28 17 23 68 
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335 F 7.6 20 123 
13.2

2 N 3.4 23 15 19 57 

336 M 7.6 16 113 
12.5

3 N 3.1 20 14 17 51 

337 M 7.6 20 116 
14.8

6 N 3.2 22 14 18 54 

338 M 7.6 17 111 13.8 N 2.1 26 16 25 67 

339 M 7.6 18 112 
14.3

5 N 2.6 24 18 22 64 

340 F 7.6 16 115 12.1 N 2.9 17 12 13 42 

341 F 7.6 19 116 
14.1

2 N 2.6 18 9 19 46 

342 M 7.6 20 118 
14.3

6 N 2.25 16 16 18 50 

343 F 7.6 21 119 
14.8

3 N 3.1 20 16 21 57 

344 M 7.6 22 120 
15.2

8 N 3.3 20 10 19 49 

345 M 7.6 23 120 
15.9

7 Y 3.3 18 9 11 38 

346 M 7.6 18 122 
12.0

9 N 2.6 17 17 18 52 

347 M 7.6 21 127 
13.0

2 N 2.6 18 11 12 41 

348 F 7.7 16 113 
12.5

3 N 2.1 22 14 18 54 

349 M 7.8 15 113 
11.7

5 Y 3.6 21 17 24 62 

350 F 7.8 18 115 
13.6

1 N 3.6 23 18 22 63 

351 F 7.8 16 114 
12.3

1 N 2 17 14 17 48 

352 F 7.8 19 120 
13.1

9 N 3.6 24 16 16 56 

353 F 7.8 20 120 
13.8

9 N 3.1 17 16 17 50 

354 F 7.9 18 117 
13.1

5 N 2.5 24 17 22 63 

355 M 7.9 15 113 
11.7

5 N 2.9 24 18 17 59 

356 M 7.9 18 117 
13.1

5 N 2.4 17 17 19 53 

357 M 7.9 21 121 
14.3

4 N 3.1 16 17 14 47 

358 F 7.9 16 113 
12.5

3 N 3.6 20 15 21 56 

359 M 8 15 120 
10.4

2 N 3 25 9 15 49 
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360 M 8 13 119 9.18 N 2.25 23 17 21 61 

361 F 8.1 13 101 
12.7

4 Y 3.5 24 16 16 56 

362 F 8.1 13 101 
12.7

4 N 3.3 20 16 20 56 

363 M 8.1 12 99 
12.2

4 N 2.23 22 15 19 56 

364 M 8.1 12 100 12 N 1.8 20 13 16 49 

365 M 8.1 11 97 
11.6

9 N 3.3 25 16 17 58 

366 F 8.1 13 98 
13.5

4 N 2.3 25 15 19 59 

367 F 8.1 14 99 
14.2

8 N 1.5 18 18 15 51 

368 F 8.1 15 101 14.7 N 2.2 25 15 17 57 

369 M 8.1 12 97 
12.7

5 Y 3.2 14 14 20 48 

370 M 8.1 12 99 
12.2

4 N 3.8 22 16 21 59 

371 M 8.1 11 97 
11.6

9 N 3.4 25 17 15 57 

372 M 8.1 14 110 
11.5

7 N 3.5 20 13 17 50 

373 M 8.1 14 100 14 N 2.2 24 15 18 57 

374 M 8.1 18 113 14.1 N 3.3 27 14 19 60 

375 M 8.1 15 111 
12.1

7 N 3.5 24 15 19 58 

376 M 8.11 16 112 
12.7

6 N 2.5 24 16 22 62 

377 F 8.11 20 121 
13.6

6 N 2.3 22 15 20 57 

378 F 8.11 18 118 
12.9

3 Y 2.1 18 13 17 48 

379 M 8.11 14 109 
11.7

8 N 2.9 17 18 22 57 

380 F 8.2 13 95 14.4 N 2.7 19 11 14 44 

381 F 8.2 15 103 
14.1

4 N 2.5 17 10 7 34 

382 F 8.2 12 95 13.3 N 2.9 20 13 25 58 

383 F 8.2 14 98 
14.5

8 Y 3.2 24 17 24 65 

384 M 8.2 14 117 
10.2

3 N 3 23 17 21 61 

385 F 8.3 20 118 
14.3

6 N 3.25 26 17 24 67 

386 F 8.3 18 117 
13.1

5 N 2.1 20 15 20 55 

387 F 8.3 14 108 12 N 2.2 27 15 22 64 
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388 F 8.3 16 110 
13.2

2 N 3.6 23 13 20 56 

389 F 8.3 13 104 
12.0

2 Y 2.6 26 17 25 68 

390 M 8.3 20 115 
15.1

2 N 2 24 15 19 58 

391 M 8.3 17 109 
14.3

1 N 2.5 21 17 17 55 

392 M 8.3 14 101 
13.7

2 N 1.9 16 12 15 43 

393 M 8.3 15 108 
12.8

6 N 2.3 22 19 18 59 

394 M 8.3 14 106 
12.4

6 N 2.9 24 15 20 59 

395 M 8.3 20 112 
15.9

4 N 2.7 24 16 20 60 

396 M 8.3 17 105 
15.4

2 N 2.6 25 17 21 63 

397 F 8.3 12 99 
12.2

4 N 2.2 28 15 22 65 

398 M 8.3 20 121 
13.6

6 N 3.01 20 12 19 51 

399 F 8.4 13 103 
12.2

5 N 2.6 21 11 21 53 

400 F 8.4 18 110 
14.8

8 Y 2.9 24 16 21 61 

401 F 8.4 16 102 
15.3

8 N 2.2 26 15 20 61 

402 M 8.4 13 101 
12.7

4 N 2.25 24 16 16 56 

403 M 8.4 17 106 
15.1

3 N 2.7 21 17 19 57 

404 M 8.4 18 104 
16.6

4 N 2.8 21 19 22 62 

405 M 8.4 21 109 
17.6

8 N 2.6 22 15 23 60 

406 M 8.4 15 103 
14.1

4 N 3.5 21 17 21 59 

407 F 8.4 12 100 12 N 3.2 19 12 13 44 

408 F 8.4 18 103 
16.9

7 N 3.6 25 17 22 64 

409 F 8.4 14 106 
12.4

6 N 3.8 24 18 17 59 

410 F 8.4 16 105 
14.5

1 N 2.1 25 19 19 63 

411 M 8.4 20 110 
16.5

3 N 3.2 24 15 19 58 

412 M 8.4 16 105 
14.5

1 N 1.5 20 13 18 51 
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413 M 8.4 14 103 13.2 Y 2.6 28 17 23 68 

414 M 8.4 14 109 
11.7

8 Y 2.3 27 15 21 63 

415 F 8.5 15 110 12.4 N 2.6 21 19 19 59 

416 F 8.5 16 112 
12.7

6 N 2.4 29 20 23 72 

417 F 8.5 14 109 
11.7

8 N 2.6 28 19 24 71 

418 M 8.5 15 110 12.4 N 2.9 25 17 21 63 

419 M 8.5 18 100 18 N 3.3 23 15 20 58 

420 M 8.5 19 100 19 N 3 23 18 19 60 

421 M 8.5 20 112 
15.9

4 N 
3.02

5 20 10 13 43 

422 F 8.5 21 109 
17.6

8 N 3.1 25 16 21 62 

423 F 8.5 16 110 
13.2

2 N 3.3 24 14 22 60 

424 F 8.5 15 112 
11.9

6 Y 1.9 20 17 19 56 

425 M 8.5 14 109 
11.7

8 N 2.4 26 15 23 64 

426 M 8.5 16 119 11.3 Y 2.5 23 13 17 53 

427 M 8.5 15 119 
10.5

9 N 2.2 21 19 21 61 

428 M 8.5 17 100 17 N 2.6 24 15 24 63 

429 M 8.5 16 113 
12.5

3 N 2.2 25 19 21 65 

430 F 8.5 18 112 
14.3

5 N 2.8 26 18 20 64 

431 F 8.6 20 104 
18.4

9 N 2.9 25 17 21 63 

432 F 8.6 17 110 
14.0

5 Y 2.6 27 15 18 60 

433 F 8.6 16 110 
13.2

2 N 3.3 24 15 18 57 

434 M 8.6 17 106 
15.1

3 N 3.1 29 17 22 68 

435 F 8.6 20 122 
13.4

4 N 3.6 26 19 20 65 

436 M 8.6 18 118 
12.9

3 N 3.4 23 14 23 60 

437 F 8.6 15 115 
11.3

4 N 2.5 24 16 22 62 

438 F 8.6 20 123 
13.2

2 N 2.6 19 14 21 54 

439 F 8.6 21 115 
15.8

8 N 2.8 26 14 21 61 

440 M 8.6 22 116 16.3 N 2.3 22 19 22 63 
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441 F 8.7 23 118 
16.5

2 Y 2.9 25 19 22 66 

442 F 8.7 24 120 
16.6

7 N 2.1 23 14 20 57 

443 F 8.7 25 125 16 N 1.8 23 14 18 55 

444 F 8.7 20 123 
13.2

2 N 3.6 22 16 19 57 

445 M 8.7 21 115 
15.8

8 N 
2.02

5 22 15 17 54 

446 M 8.7 22 116 
16.3

5 N 3.3 24 16 20 60 

447 F 8.7 24 120 
16.6

7 N 3.4 22 17 21 60 

448 F 8.7 23 118 
16.5

2 N 2.1 26 17 23 66 

449 F 8.7 25 125 16 N 2.6 22 14 17 53 

450 F 8.7 21 125 
13.4

4 N 2.7 27 19 23 69 

451 F 8.8 19 114 
14.6

2 N 2.1 19 13 13 45 

452 M 8.8 16 112 
12.7

6 Y 2.3 23 12 21 56 

453 M 8.8 20 121 
13.6

6 N 1.6 22 16 20 58 

454 M 8.8 18 118 
12.9

3 N 2.5 24 17 22 63 

455 F 8.8 14 109 
11.7

8 N 2.7 27 17 23 67 

456 F 8.8 15 108 
12.8

6 N 2.9 27 17 21 65 

457 M 8.8 13 105 
11.7

9 Y 1.5 21 13 19 53 

458 M 8.8 19 112 
15.1

5 N 3.8 19 17 19 55 

459 F 8.8 21 125 
13.4

4 N 2.5 22 18 18 58 

460 M 8.8 19 114 
14.6

2 N 2.6 24 14 21 59 

461 M 8.8 16 112 
12.7

6 N 2.4 20 14 18 52 

462 M 8.8 18 115 
13.6

1 N 3.6 19 15 17 51 

463 F 8.9 22 115 
16.6

4 N 3.3 23 14 17 54 

464 F 8.9 14 108 12 N 3.4 30 16 20 66 

465 M 8.9 16 112 
12.7

6 N 2.2 25 16 21 62 
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466 M 8.9 20 121 
13.6

6 N 3.8 26 19 23 68 

467 M 8.9 18 118 
12.9

3 N 2.3 28 18 21 67 

468 F 8.9 14 109 
11.7

8 N 2.9 20 12 21 53 

469 F 8.9 15 108 
12.8

6 N 2.8 28 16 22 66 

470 F 8.9 13 105 
11.7

9 N 2.6 21 18 17 56 

471 F 8.9 19 112 
15.1

5 N 2.7 21 13 15 49 

472 F 8.9 17 110 
14.0

5 N 3.3 23 15 16 54 

473 M 8.9 13 105 
11.7

9 N 3.1 26 14 16 56 

474 F 8.9 21 121 
14.3

4 N 3 21 14 15 50 

475 F 8.9 18 115 
13.6

1 N 3.6 24 18 21 63 

476 F 8.9 16 114 
12.3

1 N 3.1 12 13 18 43 

477 M 8.9 19 120 
13.1

9 N 2.5 23 17 17 57 

478 F 8.9 18 117 
13.1

5 Y 2.6 26 18 24 68 

479 M 9 21 120 
14.5

8 Y 3.3 26 18 24 68 

480 M 9 15 113 
11.7

5 N 1.8 22 15 17 54 

481 M 9 20 120 
13.8

9 N 2.1 23 16 20 59 

482 M 9 17 113 
13.3

1 N 2.5 22 13 16 51 

483 M 9 15 115 
11.3

4 Y 3.6 25 14 21 60 

484 M 9 21 120 
14.5

8 N 3.8 25 15 22 62 

485 M 9 18 115 
13.6

1 N 3.3 21 11 12 44 

486 F 9 22 115 
16.6

4 N 3.2 21 16 25 62 

487 F 9 14 108 12 N 1.9 19 14 16 49 

488 F 9 16 112 
12.7

6 N 2.8 24 20 25 69 

489 F 9 20 121 
13.6

6 N 2.6 26 17 22 65 

490 M 9.1 18 118 
12.9

3 Y 2.5 29 18 23 70 
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491 M 9.1 14 109 
11.7

8 N 3.3 24 14 18 56 

492 M 9.1 15 108 
12.8

6 Y 3.2 28 18 22 68 

493 M 9.1 13 105 
11.7

9 N 3.2 25 16 20 61 

494 M 9.1 19 112 
15.1

5 N 2.9 26 17 23 66 

495 M 9.1 17 110 
14.0

5 N 2.8 23 13 18 54 

496 M 9.1 13 105 
11.7

9 N 2.2 30 14 20 64 

497 M 9.1 16 114 
12.3

1 N 3.8 25 14 19 58 

498 M 9.1 20 120 
13.8

9 N 2.1 20 15 18 53 

499 M 9.1 18 113 14.1 N 3.4 24 13 21 58 

500 F 9.1 16 112 
12.7

6 N 3.2 26 17 19 62 

501 F 9.1 15 104 
13.8

7 N 3 26 20 25 71 

502 F 9.1 17 113 
13.3

1 N 2.2 24 16 19 59 

503 F 9.1 22 121 
15.0

3 N 2.7 21 15 21 57 

504 F 9.1 21 118 
15.0

8 N 2.8 22 14 25 61 

505 F 9.1 25 116 
18.5

8 N 2.7 24 13 14 51 

506 F 9.1 13 100 13 N 2.6 20 19 23 62 

507 F 9.1 25 119 
17.6

5 N 2.1 21 14 21 56 

508 M 9.11 21 126 
13.2

3 N 2.8 17 10 19 46 

509 M 9.11 16 111 
12.9

9 N 2.9 25 12 19 56 

510 M 9.11 19 122 
12.7

7 N 3.2 23 16 23 62 

511 M 9.11 20 124 
13.0

1 N 2.2 16 10 19 45 

512 M 9.11 17 114 
13.0

8 Y 3.8 20 13 16 49 

513 F 9.11 15 115 
11.3

4 N 3.3 27 19 23 69 

514 F 9.11 16 116 
11.8

9 N 2.2 25 17 19 61 

515 F 9.11 18 117 
13.1

5 N 1.9 19 11 14 44 

516 M 9.2 19 119 13.4 N 2.9 23 15 19 57 
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517 M 9.2 20 120 
13.8

9 Y 1.5 17 13 21 51 

518 M 9.2 21 121 
14.3

4 N 2.9 20 13 16 49 

519 M 9.2 22 122 
14.7

8 N 2.8 30 19 20 69 

520 F 9.2 18 117 
13.1

5 N 3.3 16 10 11 37 

521 M 9.2 17 113 
13.3

1 N 3.7 27 19 23 69 

522 M 9.2 20 122 
13.4

4 N 3.2 25 17 19 61 

523 F 9.2 18 118 
12.9

3 N 3.8 28 18 22 68 

524 F 9.2 15 115 
11.3

4 N 2.2 26 18 22 66 

525 F 9.2 21 127 
13.0

2 N 2.5 26 18 23 67 

526 F 9.2 16 113 
12.5

3 Y 2.4 24 17 24 65 

527 M 9.3 17 111 13.8 N 2.3 17 10 16 43 

528 M 9.3 18 112 
14.3

5 Y 2.8 29 19 24 72 

529 M 9.3 19 113 
14.8

8 N 2.7 16 10 13 39 

530 M 9.3 20 114 
15.3

9 N 2.1 21 17 19 57 

531 M 9.3 21 115 
15.8

8 N 2.8 26 15 17 58 

532 F 9.3 22 116 
16.3

5 N 3.2 26 16 17 59 

533 F 9.3 23 117 16.8 N 3.8 26 13 17 56 

534 F 9.3 24 118 
17.2

4 N 3.3 25 13 23 61 

535 F 9.3 25 119 
17.6

5 N 2.9 28 17 21 66 

536 F 9.3 23 120 
15.9

7 N 2.6 19 16 20 55 

537 M 9.4 15 113 
11.7

5 Y 2.8 23 17 22 62 

538 M 9.4 18 117 
13.1

5 N 2.2 28 17 19 64 

539 M 9.4 21 121 
14.3

4 Y 2.4 19 14 21 54 

540 M 9.4 18 115 
13.6

1 N 2.7 20 16 21 57 

541 M 9.4 16 114 
12.3

1 N 2.4 22 14 20 56 
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542 F 9.4 19 120 
13.1

9 N 3.2 17 9 14 40 

543 F 9.4 18 117 
13.1

5 N 2.1 23 17 22 62 

544 F 9.4 21 120 
14.5

8 N 3.2 28 17 19 64 

545 F 9.4 15 113 
11.7

5 N 2.7 23 17 17 57 

546 F 9.4 20 120 
13.8

9 N 2.6 22 13 22 57 

547 M 9.5 17 113 
13.3

1 N 2.9 22 14 20 56 

548 M 9.5 15 115 
11.3

4 N 2.6 25 15 20 60 

549 M 9.5 18 113 14.1 N 3.3 22 13 14 49 

550 M 9.5 16 112 
12.7

6 N 2.3 20 17 20 57 

551 M 9.5 15 104 
13.8

7 N 4.5 25 18 19 62 

552 F 9.5 17 113 
13.3

1 N 3.8 27 15 21 63 

553 F 9.5 22 121 
15.0

3 N 2.8 24 15 17 56 

554 F 9.5 21 118 
15.0

8 N 2.6 19 17 18 54 

555 F 9.5 25 116 
18.5

8 N 2.5 23 17 19 59 

556 F 9.5 13 100 13 N 1.8 25 15 18 58 

557 M 9.6 25 119 
17.6

5 N 3.2 21 16 22 59 

558 M 9.6 21 126 
13.2

3 Y 2.2 20 10 12 42 

559 M 9.6 16 111 
12.9

9 N 2.3 22 14 20 56 

560 M 9.6 19 122 
12.7

7 N 2.5 25 15 20 60 

561 M 9.6 20 124 
13.0

1 N 2.7 22 13 14 49 

562 F 9.6 17 114 
13.0

8 N 2.8 28 17 21 66 

563 F 9.6 15 115 
11.3

4 N 1.7 19 16 20 55 

564 F 9.6 16 116 
11.8

9 N 2.9 23 17 22 62 

565 F 9.6 18 117 
13.1

5 N 2.6 29 20 23 72 

566 M 9.7 19 119 
13.4

2 N 2.8 17 12 16 45 

567 M 9.7 20 120 13.8 N 2.5 28 19 18 65 
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9 

568 M 9.7 21 121 
14.3

4 N 2.5 24 17 20 61 

569 M 9.7 22 122 
14.7

8 N 2.7 17 12 19 48 

570 M 9.7 18 115 
13.6

1 N 2.8 22 14 20 56 

571 F 9.7 22 115 
16.6

4 N 2.3 24 14 20 58 

572 F 9.7 14 108 12 N 2 24 16 17 57 

573 F 9.7 16 112 
12.7

6 N 3 21 15 20 56 

574 F 9.7 20 121 
13.6

6 N 2.9 22 18 17 57 

575 M 9.8 18 118 
12.9

3 Y 2.8 24 15 17 56 

576 M 9.8 14 109 
11.7

8 N 2.5 21 12 21 54 

577 M 9.8 15 108 
12.8

6 N 2.2 17 12 16 45 

578 M 9.8 13 105 
11.7

9 N 2.1 25 15 18 58 

579 M 9.8 19 112 
15.1

5 N 3.3 21 16 22 59 

580 F 9.8 17 110 
14.0

5 Y 3.5 23 16 21 60 

581 F 9.8 13 105 
11.7

9 N 2.7 23 16 18 57 

582 F 9.8 21 115 
15.8

8 N 2.5 16 13 18 47 

583 F 9.8 22 116 
16.3

5 N 2.9 26 15 17 58 

584 M 9.9 23 117 16.8 N 1.9 26 16 17 59 

585 M 9.9 24 118 
17.2

4 N 2.8 26 13 17 56 

586 M 9.9 25 119 
17.6

5 N 2.5 25 13 23 61 

587 M 9.9 23 120 
15.9

7 N 2.8 28 17 21 66 

588 F 9.9 15 113 
11.7

5 N 2.7 19 16 20 55 

589 F 9.9 18 117 
13.1

5 N 2.4 20 6 14 40 

590 F 9.9 21 121 
14.3

4 N 3.2 26 18 23 67 

591 F 9.9 18 115 
13.6

1 N 2.2 24 17 24 65 

592 F 9.9 16 114 
12.3

1 N 2.5 29 17 23 69 
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593 M 10 19 120 
13.1

9 N 2.6 25 17 21 63 

594 F 10 18 117 
13.1

5 N 2.1 28 18 24 70 

595 F 10 21 121 
14.3

4 N 3.8 24 20 25 69 

596 M 10 17 113 
13.3

1 N 3.2 15 13 18 46 

597 M 10 15 104 
13.8

7 N 2.4 27 19 23 69 

598 M 10 17 110 
14.0

5 N 2.5 16 13 18 47 

599 F 10 15 115 
11.3

4 N 3 24 17 20 61 

600 M 10 18 118 
12.9

3 Y 3.3 15 13 18 46 

601 M 10 14 109 
11.7

8 N 3.1 16 19 17 52 

602 F 10 25 119 
17.6

5 N 2.7 28 19 18 65 

603 M 10 21 118 
15.0

8 N 2.9 26 18 22 66 

604 F 10 22 116 
16.3

5 Y 2.2 26 16 17 59 

605 F 10 18 117 
13.1

5 N 2.6 28 19 18 65 

606 M 10 19 112 
15.1

5 N 2.1 20 14 18 52 

607 M 10 16 112 
12.7

6 N 2.8 30 19 20 69 

608 M 10 21 121 
14.3

4 N 2.7 19 17 18 54 

609 F 10 18 117 
13.1

5 N 3.3 24 17 22 63 

610 F 10 21 115 
15.8

8 N 2.4 26 15 17 58 

611 F 10 16 116 
11.8

9 N 3.2 27 15 21 63 

612 F 10 20 120 
13.8

9 N 2.1 28 19 24 71 

613 M 10 18 117 
13.1

5 N 2.3 19 14 18 51 

614 F 10 21 126 
13.2

3 N 2.1 24 17 20 61 

615 M 10 20 121 
13.6

6 N 3.1 25 16 21 62 

616 F 10 19 122 
12.7

7 Y 2.2 16 10 16 42 

617 M 10 13 100 13 N 3.5 22 13 22 57 
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618 M 10 18 121 
12.2

9 N 2.5 26 20 20 66 

619 M 10 21 115 
15.8

8 N 3.4 25 17 21 63 

620 M 10 20 124 
13.0

1 Y 2.8 17 12 20 49 

621 F 10 18 118 
12.9

3 N 2.6 25 17 19 61 

622 M 10 22 115 
16.6

4 N 2.7 21 16 22 59 

623 M 10 17 113 
13.3

1 N 2.5 25 17 19 61 

624 M 10 20 114 
15.3

9 Y 1.8 17 12 18 47 

625 F 10 20 124 
13.0

1 N 3.3 25 16 21 62 

626 M 10 18 117 
13.1

5 N 2.5 28 18 24 70 

627 M 10 20 120 
13.8

9 N 2.9 29 20 23 72 

628 F 10 18 115 
13.6

1 Y 2.1 30 19 20 69 

629 F 10 17 113 
13.3

1 N 3.1 20 16 21 57 

630 F 10 18 113 14.1 N 2.2 24 18 22 64 

631 F 10 20 120 
13.8

9 N 2.4 28 18 24 70 

632 M 10 16 112 
12.7

6 N 1.9 16 10 16 42 

633 F 10 24 118 
17.2

4 N 2.7 29 17 23 69 

634 M 10 25 119 
17.6

5 Y 2.9 25 17 21 63 

635 F 10 23 120 
15.9

7 N 2.2 29 19 24 72 

636 F 10 15 113 
11.7

5 N 3.1 24 17 20 61 

637 F 10 18 117 
13.1

5 N 3.5 21 16 22 59 

638 F 10 25 119 
17.6

5 Y 2.1 22 16 25 63 

639 M 10 18 112 
14.3

5 N 1.9 20 15 19 54 

640 M 10 18 118 
12.9

3 N 3.3 22 16 25 63 

641 F 10 16 111 
12.9

9 N 2.8 24 18 22 64 

642 F 10 18 117 
13.1

5 Y 2.7 23 12 22 57 
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643 F 10 17 113 
13.3

1 N 2.9 26 20 25 71 

644 F 10 21 120 
14.5

8 N 2.6 25 16 20 61 

645 M 10 21 120 
14.5

8 N 2.3 20 15 19 54 

646 M 10 21 126 
13.2

3 N 3.5 23 16 21 60 

647 F 10 16 114 
12.3

1 N 2.1 29 18 23 70 

648 M 10 16 113 
12.5

3 N 3.3 17 11 11 39 

649 F 10 18 115 
13.6

1 Y 2.8 26 17 22 65 

650 F 10 23 120 
15.9

7 N 2.4 28 17 19 64 

651 F 10 22 122 
14.7

8 N 3.1 21 14 16 51 

652 M 10 14 108 12 N 2.9 16 13 18 47 

653 F 10 24 118 
17.2

4 N 2.1 19 16 20 55 

654 F 10 20 120 
13.8

9 Y 2.6 24 12 22 58 

655 F 10 16 114 
12.3

1 N 3 27 19 23 69 

656 F 10 13 95 14.4 N 2.5 26 18 22 66 

657 F 10 14 109 
11.7

8 N 2.7 28 18 22 68 

658 M 10 21 127 
13.0

2 N 2.2 25 14 22 61 

659 M 10 18 115 
13.6

1 N 2.1 25 15 18 58 

660 M 10 13 105 
11.7

9 N 3.3 25 16 21 62 

661 M 10 25 116 
18.5

8 N 3.1 26 18 23 67 

662 M 10 15 115 
11.3

4 N 2.9 21 14 19 54 

663 M 10 18 115 
13.6

1 Y 2.7 25 15 20 60 

664 M 10 19 112 
15.1

5 N 2.5 21 16 22 59 

665 M 10 19 119 
13.4

2 N 2.6 24 20 25 69 

666 F 10 16 112 
12.7

6 N 2.5 29 20 23 72 

667 M 10 25 119 
17.6

5 Y 2.8 25 16 21 62 

668 M 10 22 122 14.7 N 3.2 23 17 19 59 
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669 M 10 17 114 
13.0

8 N 3.3 24 20 25 69 

670 M 10 18 113 14.1 N 2.2 17 13 7 37 

671 F 10 23 117 16.8 N 3.3 28 17 21 66 

672 F 10 19 119 
13.4

2 N 3.6 24 17 20 61 

673 F 10 25 116 
18.5

8 N 2.1 17 11 11 39 

674 F 10 17 113 
13.3

1 N 3.1 25 17 21 63 

675 F 10 15 113 
11.7
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676 M 10 20 122 
13.4

4 N 3.2 22 13 22 57 

677 M 10 15 108 
12.8

6 N 3.5 24 17 20 61 

678 F 10 19 120 
13.1

9 N 3.3 21 14 19 54 

679 M 10 15 113 
11.7

5 N 2.8 29 20 23 72 

680 M 10 15 115 
11.3

4 N 2.1 24 15 20 59 

681 F 10 23 120 
15.9

7 N 2.6 24 15 20 59 

682 M 10 13 105 
11.7

9 N 2.2 25 15 18 58 

683 F 10 17 114 
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8 N 1.7 15 13 18 46 
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5 N 2.8 23 17 22 62 
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4 N 2.2 20 14 18 52 
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3 N 2.9 28 18 22 68 

689 M 10 18 118 
12.9
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690 F 10 23 117 16.8 N 3.3 24 17 24 65 

691 M 10 16 112 
12.7

6 N 2.6 25 13 23 61 

692 F 10 16 111 
12.9

9 N 2.3 23 12 22 57 

693 F 10 24 118 
17.2

4 N 3.2 23 16 18 57 
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12.8

6 N 3.1 23 17 19 59 
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703 F 10 13 105 
11.7
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11.3

4 N 3.4 25 18 19 62 
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INTRODUCTION: 

            Cerebral palsy describes an “umbrella term 1 covering  a group of 

persisting 2 permanent disorders of movement development and posture, 

1,3,4 leads to activities limitation2 that are attributed to static5 or non-

progressive disturbances ,1,5,4,6  but often changing , secondary to lesions 

that occurred in the developing fetal or infant brain 3,4 usually at less than 

two years of age”.3,6 The motor disorder of cerebral palsy lead to 

secondary musculoskeletal problems2 and often accompanied by 

disturbances of sensation, perception, cognition, communication, and 

behavior.5  

 

According to World Health Organization (WHO) estimation, in India, 

it is 3.8% of the population7, 8   i.e. estimated incidence is around 3/1000 

live births. 8 Nearly 15-20% of the total physically differently abled children 

suffer from Cerebral Palsy (CP).7 The worldwide incidence being 2 to 2.5 

per 1000 live births.1,4  Although in cerebral palsy brain lesion is static, 

there are secondary musculoskeletal impairments such as muscle/tendon 

contractures, bony torsion, hip displacement, spinal deformity, knee 
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contracture, torsional malalignments of the femur and tibia.4  It often 

contribute to activity limitations 3 including effortful gait patterns, difficulty 

assuming and sustaining seated positioning, and difficulty performing self-

care activities such as toileting, bathing, dressing, and self-feeding.4  

Factors that contribute to secondary impairments include physical growth, 

muscle spasticity, 3, 9 dyskinesia, ataxia, hypotonia 9 , weakness, and the 

cumulative effect of biomechanical forces through joints.1 Spasticity is the 

most common muscle tonus problem lead to loss of performance and 

retardation of motor functional capacity development.9 

 

The child with CP, typically with spastic diplegia or quadriplegia, 

commonly has tightness in the hip flexors (psoas), Hamstrings4, 10, 11, calf 

muscles, 10 adductors, and internal rotators with resultant limitation in hip 

extension, abduction, and external rotation4, leading to flexed/ crouch 

posture.10 This standing posture has generally been seen in children with 

spastic CP who have hamstrings and plantar flexor tightness.11 Mild cases 

may present with toe walking due to impaired dorsiflexion of the feet with 

increased tone of calf in the ankles.1 Children with spastic diaplegic 

cerebral palsy use excessive mechanical work of muscles and joints than 

typical developing children during standing, sit to stand, walking etc, 
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plausible reason would come from their poor sitting position at the 

beginning of movement of sit to stand caused by hamstring tightness and 

consequence of compensatory movement. 11 The progressive nature of 

hamstring contractures in patients with moderate and severe deformity, 

during growth period, can lead to disabling low-back and knee pain with 

loss of walking ability. 12 Consistent monitoring of hamstring flexibility, 

weight, strength, and passive knee extension during this period of growth 

is necessary to prevent rapid worsening of crouch and subsequent 

impairments and functional limitations.4 

 

Flexibility is a key component for injury prevention, rehabilitation 

and its measurement for fitness testing and training.13,14 Stretching 

technique is an important component for reducing injury and improving 

performance in sports and for overall physical fitness.13 Stretching 

exercises are commonly used in clinical and athletic settings as part of a 

warm-up regime to increase joint range of motion (ROM). 15 Stretching 

exercises can be classified into static stretching (SS), dynamic 

stretching,15 ballistic stretching, proprioceptive neuromuscular facilitation 

stretching.16and Pre-contraction stretches.15 Commonest type is static 

stretching, where a specific position is held with the muscle on tension to a 
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point of a stretching sensation and repeated.15  This can be active or 

passive,15 but passive static stretching is widely used for rehabilitation17 by 

physical therapists in treatment of spastic cerebral palsy condition. 

Passive static stretching is currently used technique in the physical 

therapy management for spasticity18 because of its unique lengthening 

effect on soft tissues (muscles), it’s an important technique despite other 

available lengthening alternatives.19 Modified Ashworth scale (MAS) and 

modified Tardieu scale (MTS) are the reliable tools to evaluate spasticity 

objectively in case of spastic cerebral palsy.4 Understanding the effect of 

stretching on the spastic muscle, fascicles and its tendon have important 

implications for the practice of stretching in spastic CP.17 Stretching has 

been shown to cause a short-term decrease in spasticity, but changes are 

minor and not sustained.3 

 

Muscles whose influence is exerted across two joints should be examined 

and elongated over both joints when measurements are taken for 

tightness4 because muscles that crossed two joints were particularly prone 

to development of spasticity and contracture in spastic cerebral palsy. 20 

McIntyre E, proved isolated knee flexion caused all three hamstring 

Muscle Tendon Units to shorten but, because lever arms are larger at the 
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hip than knee, isolated hip flexion (knee to chest position) caused all three 

MTUs to lengthen to a greater degree.21,22 

 

Deshmukh AA et al. (2018)22  conducted a study on comparison of 

90-90 passive hamstring stretching plus knee to chest position with 90-90 

passive hamstring stretching alone in normal healthy individuals of age 

18-25 years. Hamstring tightness was evaluated by calculating knee 

extension deficit (KED) measured by half circle universal goniometer.22 It 

was found that hamstring stretching is more effective if both the ends of 

hamstring muscle are stretched at both the joints i.e. knee to chest 

position causes the proximal part to get stretched and 90-90 passive 

hamstring stretching causes the distal end to get stretched. It was also 

concluded that 60 second was effective for static stretching.22The 

temporary improvement in hamstring flexibility may be attributed to 

changes in the elastic region caused by a single session of hold-relax 

stretching, this temporary benefit of increasing hamstring flexibility has 

been previously reported. 13 As Kirsch et.al examined the effect of a 

maintained stretch on ankle ROM in healthy subjects and concluded that 

there is a small and transient increase in ROM with 60 seconds of 

sustained stretching.19 
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Kay A.D found that acute increases in ROM following a single static 

(passive) muscle stretching session with concomitant reductions in 

muscle–tendon complex (MTC) stiffness, reduced neuromuscular reflex 

response, and increased stretch tolerance.23 Feland et al. carried out a 

study on the chronic effects of static stretching on the hamstring muscles 

of elderly people dividing  the subjects into 3 groups with different stretch 

times (15s, 30s and 60s, 5 days per week for 6 weeks) where they 

concluded that 60sec static stretching was more effective in increasing 

knee extension ROM than 15s or 30s static stretching, within this elderly 

group.16 

. 

 

 

 

 

 

 



11 
 

NEED FOR THE STUDY: 

 In spastic cerebral palsy, when hamstring tightness is excessive, 

the child may be unable to sit on the ischium with 90-degree flexion of the 

hip, show difficulty in ADL’s, and stride length may be limited during 

ambulation.3,4 According to previous studies (Erin and Deshmukh AA) in 

hamstring flexibility the addition of knee to chest position stretches the 

proximal part of hamstrings and showed significant increase in hamstrings 

flexibility in normal healthy individuals of age 18 to 25 yrs. 21,22 

In clinical settings common method of hamstring stretching in 

spastic cerebral palsy is 90-90 passive hamstring stretch17 but there is 

scarcity of published literature available on comparison of knee to chest 

position plus 90-90 passive hamstring stretching i.e. stretching both ends 

of hamstring muscle versus 90-90 passive hamstring stretching in 5 -15 

years spastic cerebral palsy. 

. 
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AIM:- 

The aim of the present study was to evaluate the short term effect of 

hamstring flexibility using knee to chest position plus 90-90 passive 

hamstring stretching versus 90-90 passive hamstring stretching alone in 5-

15 years children with spastic cerebral palsy.   
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OBJECTIVES: 

•  To compare effectiveness of knee to chest position plus 90-90 

passive hamstring stretching with 90-90 passive hamstring 

stretching. 

• To find out the effect of hamstring stretching on spasticity with the 

help of modified Tardieu scale. 

 

 

 

 

 

 

 

 

 

 



14 
 

NULL HYPOTHESIS: 

There is no significant short term effect of hamstring flexibility using knee 

to chest position plus 90-90 passive hamstring stretching versus 90-90 

passive hamstring stretching in 5-15 years spastic cerebral palsy. 

. 

ALTERNATE HYPOTHESIS: 

There is significant short term effect of hamstring flexibility using knee to 

chest position plus 90-90 passive hamstring stretching versus 90-90 

passive hamstring stretching in 5-15 years spastic cerebral palsy. 

.  
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RESEARCH QUESTION: 

Is there a short term effect of hamstring flexibility using knee to chest 

position plus 90-90 passive hamstring stretching versus 90-90 passive 

hamstring stretching in 5-15 years spastic cerebral palsy? 
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  REVIEW OF LITERATURE: 

 

1. Merete Aarsland Fosdahi et al conducted a study in 2020 on ‘change 

in popliteal angle and hamstrings spasticity during childhood in 

ambulant children with spastic bilateral cerebral palsy. A register- 

based cohort study.’ They included 419 children of age group 1-15. 

With spastic diplegia, GMFCS level I – III included in Norwegian CP 

follow up program. From 2006 to 2018 they performed total 2193 

tests. The children were assessed by a trained physiotherapists 

yearly or every second year based on their GMFCS level and age. 

The PA and hamstring spasticity (modified Ashworth scale) were 

measured at every time. Spasticity was measured by MAS both legs 

were included in analysis. The results showed that there was an 

increase in popliteal angle with age for all three GMFCS levels with 

significant difference between the levels from 1 to 8 years of age. At 

10 years there was no significant difference between the groups. At 

the age of 14 years all three GMFCS levels had a mean PA above 40 

degree and there were no significant difference between the groups. 

The spasticity increased the first four years in all three GMFCS 

levels, there after the level I and II slightly increased, and level III 
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slightly decreased, until the age of 15 years.24 

 

2. In 2020 Noppachart Limpaphayoma et al conducted a study on 

‘Functional outcomes after selective dorsal rhizotomy followed by 

minimally invasive tendon lengthening procedures in children with 

spastic cerebral palsy’. The aim of the study was to evaluate the 

results of selective rhizotomy followed by minimally invasive tendon 

lengthening allowing immediate return to ambulation. They included 

255 spastic CP patients and they reviewed retrospectively. The 

subjects were divided by GMFCS 1-3 and 4-5. There were 19 children 

who returned for surgeries again.16 children with limbs needed an 

additional percutaneous Tendoachilles tenotomy to correct residual 

tendoacilles shortening. The Kaplan- Meier analysis showed 81% 

success rate. They concluded that their approach of SDR/ tendon 

lengthening showed improved joint angles as well as stable or 

improved GMFCS.25 

 

3. Deshmukh AA et al. in 2018 conducted a study on comparison of 90-

90 passive hamstring stretching plus knee to chest position with 90-90 

passive hamstring stretching alone in normal healthy individuals of 

age 18-25 years. It was a comparative experimental study carried out 
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in 200 normal healthy individuals of 18-25 years. They performed 90-

90 passive hamstring stretching on left leg for 60 seconds and on right 

leg they performed knee to chest for 30 seconds plus 90-90 passive 

hamstring stretching for 30 seconds and after 1 minute post stretch 

hamstring flexibility was measured by AKET. With the help of 

Universal Goniometer. They found that there is mean increase in knee 

extension ROM with 90-90 passive hamstring stretching was 7.9±2.43 

and with knee to chest plus 90-90 passive hamstring stretching was 

9.05±3.15.They concluded that hamstring stretching is more effective 

if both proximal and distal ends are stretched in full range at both the 

joints i.e knee to chest plus 90-90 passive hamstring stretching. 22 

 

4. In 2018 prashant jauhari, et al conducted a study on ‘A comparison of 

spastic diplegia in term and preterm- Born children’. The aim of the 

study was to compare the risk factors and clinical and radiologic 

profile of children with spastic diplegic cerebral palsy born at term(≥37 

weeks) with those born preterm. The study was conducted over 1 

year in tertiary care and neurorehabilitation center. The children were 

of age group 2-14 years with diagnosed cerebral palsy were 

screened. 93 childrens met the study were significantly more common 

in term born children, whereas Periventricular white matter injury was 
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less common in term born children. They conclude that term spastic 

diplegia is clinicopathologically different from preterm spastic- 

diplegia. Their neuroradiologic pattern also differs with ore frequent 

involvement of cortical/ sub cortical areas.26 

 

5. CS  Cayco, , AV Labro,  EJR Gorgon conducted a systematic review 

with meta analysis in 2018 to find the evidence on effects of hold relax 

and contract relax stretching on hamstring flexibility compared to non 

stretching group or receiving other stretching technique .Randomized 

control trials studies were selected. The study included adults of 18 or 

more than 18 with hamstring tightness of at least 10-20 degrees. The 

searched literatures were from 31march 2014 to updated article till 31 

may 2017. The study included only hold relax or contract relax for 

improving hamstring flexibility compared with other stretching. The 

study included 39 trials and n= 1770 healthy adults .Study concluded 

that the immediate effects of hold relax and contract relax were better 

than the control group.27 

 

6. In 2018, Helga Haberfehlner et.al conducted a biomechanical and 

morphological observational study on outcome of medial hamstring 

lengthening in children with spastic paresis. Aims were to assess the 
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effect of medial hamstring lengthening on knee joint mechanics 

(popliteal angle, knee moment angle characteristics), Semitendinosus 

morphology and gait kinematics. The study was an observational 

cohort study in which they were scheduled for orthopedic surgical 

lengthening of muscle tendon unit of medial hamstrings. 

Measurements were taken before 1st surgery and twelve months after 

surgery and muscle morphology, knee moment angle were assessed 

after surgery at 6 weeks, 6 months and 24 months after 1st surgery. 

Hamstring lengthening was performed by lengthening the 

semitendinosus and gracillis tendons distally by Z-plasty and 

semimembranosus muscle lengthening by aponeurotomy. The study 

included 9 children (5 females and 4 males) with a mean age of 

14.1±2.7. Three children were excluded. The measurements were 

taken by GMFCS and anthropometrics, knee joint characteristics were 

determined by popliteal angle and muscle morphology was 

determined by three dimensional ultrasound, Gait kinematics was 

determined by gait analysis. Data analysis was done by using paired t 

test ,two way ANOVA, Pearson’s r and Shapiro -Wilk test. The study 

concluded that medial hamstrings lengthening increase the length of 

semitendinosus tendon but decreased muscle belly and this leads to 

reduced knee flexion in mid stance and terminal swing during gait.28 
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7. Hill KJ, Robinson KP, Cuchna JW, Hoch MC in 2016 conducted a 

systematic review. critically appraised topic (CAT). The studies 

selected all randomized control trials and were of grade 2 level of 

evidence or greater than that and randomized control trials. The 

objective was to find out that is PNF stretching programs are more 

effective compared to static stretching programs in improving 

hamstring flexibility immediately in healthy individuals (PNF or 

Contract relax or MET with Static stretching or passive stretch or self 

stretch) .Out of 329 articles searched, 5 studies met the inclusion 

criteria. PEDro scale was used to assess the quality of each study.  

Healthy individuals of age group 18 to 60 were selected for this study 

and were published from 2005 to 2015. It includes comparison 

between multiple bouts of treatment with immediate post intervention. 

The outcome measure was hamstring flexibility or range of motion. 

The study excluded in which there was a single bout treatment and if 

there was comparison only between PNF with static stretching. The 

results of the study showed that there is equal effect of PNF and other 

static stretching technique, both techniques improves hamstring 

flexibility.29  
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8. In 2015 Nicola Theis, Thomas Korff,  Amir A. Mohagheghi conducted 

a study on does long term passive stretching alter muscle tendon unit 

mechanics in children with spastic cerebral palsy.13 children were 

included in this study of age group 8 to 14 years in which 7 children 

were diplegic and 6 were quadriplegic. There were two groups one 

was experimental and the other was a control group.  The participants 

were distributed randomly into experimental group (n=7; diplegic 

CP=4, quadriplegic CP= 3) and in control group (n=6; diplegic CP=3, 

quadriplegic CP= 3).participants were of GMFCS level III and IV. 

Experimental group consisted of 7 children and control group consist 

of 6 children. The experimental group received additional 6 weeks of 

passive ankle dorsiflexion for 15 minutes to each leg for 60 sec 

repetition followed by 30 sec rest and control group continued normal 

routine. Both the groups were receiving normal routines which 

consisted of dynamic movement activities and standing frame. The 

data analysis was done by mixed design ANOVAs. There was 3% 

improvement in ankle dorsiflexion 13% reduction muscle stiffness of 

triceps surae. The study concluded that stretching can reduce muscle 

stiffness.17 
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9. In 2015,Babina Rani and P P Mohanty conducted a experimental 

study. The objectives were to compare the effectiveness of both 

active stretching techniques i.e modified hold relax of PNF and neural 

mobilization by Buttler for hamstring flexibility. 60 asymptomatic male 

participants were selected of age group 23 to 27. Inclusion criteria 

was having age group 20-30 years, AKE ≥20° on right side lower limb, 

quadriceps strength should be 5 on both legs. AKE was measured 

with hip in 90 degrees by half  circle goniometer. They were divided 

randomly into two groups, one received modified hold relax ( passive 

stretch was given till the subject felt mild sensation and was given a 

hold for 7 sec followed by isometric contraction against resistance for 

7 sec  and then 5 sec rest was given , this was performed 5 

times/session for 4 weeks and the other group received neural 

mobilization(hip in adduction and internal rotation and passive neck 

flexion and the subject was asked to pumping activity by dorsiflexion 

and plantar flexion of foot for 30 times for 3 sets/session. Both groups 

received stretching for 5 days per week for 4 weeks. Total 6 AKE was 

performed with 1 min rest between in which first 5 AKE was 

considered as warm up and the 6th one was taken for measurement. 

After 4 weeks of treatment post stretch measurement was done. Data 

analysis was done by 2×2 ANOVA .The results showed significant 
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increase in hamstring flexibility with both techniques. Conclusion was 

both stretching technique was equally effective.30 

 

10. In 2014, Mohamed Ali Elshafey, Adel Abd-Elaziem, and Rana 

Elmarzouki Gouda conducted a randomized control study to see the 

Functional stretching exercise for spastic diplegic children. They 

performed the study on 32 ambulant spastic diplegic children with 

crouch gait pattern having grades I and II GMFCS and spasticity of 

grade I and II of age group 5-8 years old. Children were assigned into 

two groups, the control group received physical therapy program and 

passive stretching; the study group received physical therapy program 

with functional stretching exercises. Control group received passive 

stretching for hip flexors, hamstrings, hip adductors, calf muscles, and 

the duration of stretch was for 30 sec with 30 sec of rest for 3-5 times 

for individual muscles. Along with stretching there were function 

training, balance exercise, trunk control. Study group received the 

same program including functional stretching exercises in which the 

child has to maintain walk standing, stride standing positions and 

gradually the distance was increased between both legs. Both groups 

received the treatment for two hours three times weekly for three 

successive months. For spasticity they used H-reflex and popliteal 
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angle for measuring tightness. Data analysis was done by SPSS 

version 20.They concluded that functional stretching exercises are 

effective in rehabilitation of spastic diplegic children, it reduced H/M 

ratio, increased popliteal angle and improved gait.10 

 

11. In 2012, Mallory Groppe, Katrin Baxter, Todd E. Davenport conducted 

a systematic review on passive stretching and its effect on spasticity 

and range of motion in cerebral palsy children.13 articles were found 

from 1990 to 2011.There were two studies on manual stretching 

intervention and the remaining nine articles were on positional stretch 

intervention and two were systematic review in that last two decades 

which showed the effect of stretching in spastic CP children; stretch; 

manual stretch was for 30-60 seconds of age group 11-14 years in 

which one leg received manual stretching and the experimental group 

received passive hamstring stretch for 30 sec after electrical 

stimulation for quadriceps for 30 min 3 times a week. The 

measurement was done by goniometry and Ashworth scale. 

Positional stretch was greater than 15 minutes using tilt table and 

serial casting. The strength and weakness of these studies were 

assessed from Physiotherapy Evidence Database (PEDro) scale. The 

study concluded that positional stretching and randomized control trial 
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using electrical stimulation with manual stretching were better than 

manual stretching alone for spasticity and range of motion.31 

 

12. In 2012, Ayfle Numanoglu, Mintaze Kerem Gunel, conducted a study 

to analyze the intraobserver reliability of the Modified Ashworth Scale 

(MAS) and Modified Tardieu Scale (MTS) in the assessment of 

spasticity in children with cerebral palsy (CP). 37 children (20 female, 

17 male) between 2 to 18 with spastic CP were included (hemiparetic, 

diparetic, quadriplegic). Children having other types of CP like ataxic, 

dyskinetic and mixed type of CP, had gone for surgery, receiving 

Botox application during 6 months were excluded. The outcome 

measures were measured by using MAS and MTS. Elbow flexor 

muscles, wrist flexor muscles, hip adductors, hamstrings, 

gastrocnemius and Soleus muscles. Children were emotionally stable 

and first MAS then MTS was checked, there was a 10 min rest 

between two assessments. They found that the intraobserver 

reliability of MAS ranged from low to average and of MTS it was from 

‘average’, ‘good’, ‘excellent’.9 

 

13. In 2011 Lucas R.Smith et al conducted a study on hamstring 

contractures in children with spastic cerebral palsy results from a 
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stiffer extracellular matrix and increased in vivo sarcomere length. 

Total 52 children were selected in which there was a control group of 

19 children and paediatric cerebral palsy children 33. In this study 

investigations were taken out about the mechanical properties at 

cellular, protein, tissue and architectural level.  For  this they have 

collected muscle biopsy, in vivo sarcomere lengths, muscle 

mechanical testing, mechanical data analysis, 

immunohistochemistry,protein gel,hydroxiproline content were seen. 

They found that muscle tissue is stiffer in cerebral palsy compared to 

normal developing children, and in vivo sarcomere length of hamstring 

muscle in cerebral palsy was significantly longer compared to normal 

ones. Thus they concluded that the increase in passive tension of 

hamstring muscle contracture is due to the ECM stiffness with 

increased collagen content.32 

 

14. In 2010 A.A Adel et.al conducted a study on evaluation of spasticity in 

cerebral palsy with Ashworth Scale and Tardieu scale compared with 

laboratory measures. The study included 27 children of GMFCS level 

I and II 17 males and 10 females of age group 5 to 9 years. The study 

investigated 26 out of 27 having spasticity according to Ashworth 

scale and 18 out of 27 by Tardieu scale. There was 5 false 



28 
 

investigation by Ashworth Scale and 3 by Tardieu scale. Laboratory 

measure was done by using a constructed ankle measurement 

device. There were similar results for laboratory measures and 

Tardieu scale and had good significance in identifying presence or 

absence of spasticity. Conclusion of the study was Tardieu scale is 

more preferable to differentiate spasticity from contractures.33 

 

15. Maria Vlachou, Rosemary Pierce, Rita Miranda Davis, Michael 

Sussman in 2009 conducted a retrospective study on does tendon 

lengthening surgery affect muscle tone in children with cerebral palsy. 

Total 135 ambulatory children were taken of age group 3 to 20 years 

i.e. mean age was 13± 4 years. In that there were two groups in which 

the first group consist of 103 children who gone for hamstring 

lengthening (medial and lateral hamstring) surgery and the second 

group consisting of 32 children underwent for gastrocnemius/Achilles 

tendon lengthening. The study excluded the children having history of 

previous hamstring or triceps surae surgery and selective dorsal 

rhizotomy. Spastic diplegia (n=90), spastic hemiplegic (n=27), spastic 

quadriplegia (n=14),spastic triplegia (n=4),and spastic monoplegia 

(n=1).The study found that in hamstring group  there is 18degree 

improvement at the end range of motion of popliteal angle and 32 
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degree in quick stretch was seen postoperatively. In the triceps surae 

14 degree ankle dorsiflexion was improved at end range of motion 

and 18 degree in quick stretch postoperatively. There was also effect 

on Ashworth scale by at least one grade in hamstring muscle group 

and in triceps surae. The study concluded that there is significant 

decrease in spasticity after tendon lengthening and also affect static 

and dynamic components of muscle tightness.34 

16. In 2009 Kieran O’Sullivan, Elaine Murray and David Sainsbury 

conducted a study on effect of warm up, static stretching and dynamic 

stretching on hamstring flexibility in previously injured individuals. 

Warm up included jogging for 5 min,Static stretching ( participant 

placed their leg on elevated surface  and do dorsiflexion and lean 

forward  with hold of 30 sec of 3 repetitions. Dynamic stretch( subject 

swung the limb actively into hip flexion and ankle in plantarflexion for 

30 sec hold of 3 repititions. All subjects were involved in competitive 

sports. The study was randomized control study in which hamstring 

flexibility was assessed by passive knee extension range of motion. 

PKE ROM was assessed at 4 time interval each day. Total 36 

individuals were taken in which 18 were having a history of hamstring 

strain injury within last year but not in last one month and 18 uninjured 

individuals participated. There should be 5 degree of difference 
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between the injured and normal limb of same individual. The 

participant were excluded if they were receiving any treatment and not 

returned for playing. Age group included was 18-40years. In controls 

the right leg was measured. The study was done for two days and in 

both days they received the same protocol except the different 

stretching. Data analysis was done by using SPSSS version 15.0 

They found that the increase in flexibility reduced after 15 minutes but 

remained greater than normal values. The study concluded that after 

warm up static stretching increased hamstring flexibility while dynamic 

stretching decreased flexibility and suggested that if the aim is to 

increase flexibility then static stretching was better.35 

 

17. In 2008Thamar J Bovend’Eerdt, Meredith Newman, Karen Barker, 

Helen Dawes et al. conducted a systematic review on effect of 

stretching in spasticity. There were 10 Randomized control trials ad 

11 clinical trials were included. The studies included adults with 

spasticity receiving a stretching technique, stretching methods that 

were manual or mechanical, static or dynamic, and excluding pediatric 

subjects and subjects having Parkinson’s disease, stretching 

modalities with splinting casting and orthotic techniques were also 

excluded because of sustained stretch .Stretching protocols were of 
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inadequate description and poorly standardized. The study concluded 

there is some positive evidence supporting that  the immediate effects 

of 1 stretching session is there, but it remains unclear how long these 

effects are  and its long-term consequences.18 

 

18. Rowland, Phyllis O.; Hlapang  in 2006 conducted a study on 

effectiveness of long sitting on hamstring muscle stretching in young 

children with spastic diplegia. The study included 4 children, 3 girls 

and 1 boy, of age group 4 years 2 months to 5 years 1 month. Two 

methods of stretch, repetitive and prolonged were implemented using 

ABAC or ACAB stretching sequence. They measured popliteal angle 

using electronic digital inclinometer, pedograph for time/distance  gait 

parameters and GMFM-66 for motor skills. They concluded that both 

repetitive and prolonged stretch for hamstring muscle were effective in 

increasing  hypoextensibility and both methods at short time has no 

difference in  muscle length and gait.36 

 

19. In 2006 Winnie Ka Ling yam, Milan So Mei Leung conducted a study 

on interrater reliability of Modified Ashworth scale and Modified 

Tardieu scale on spastic cerebral palsy (Hemiplegia , monoplegia, 

diplegia, triplegia, quadriplegia) . The participants were coming for 
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physical therapy sessions and in that period they have assessed. 

There was a rest period of 5 min between both assessments. The 

order and sequence of the assessment was random. The tone was 

assessed when the child was emotionally stable. They checked tone 

only in hip adductors with knee extended, hip adductors with knee 

flexed, ankle plantar flexors with knee extended, ankle plantarflexors 

with knee flexed.17 children of age group range from 3 years 6 

months to 15 years 11 months) and 9 children of level 1GMFCS ,5 of 

level II and 3 of level III and two children were rated twice ,second 

rating was done after 1 week after the first and after botulinum toxin. 

The study shows low interrater reliability.20 

 

20. In 2006 T Pin, P Dyke and M Chan conducted a study on 

effectiveness of passive stretching in children with cerebral palsy. The 

children taken for this study were between 3 to 20 years of age. This 

included seven studies(n-109) in which there were 3 randomized 

control trial (RCTs, n=55),1 cross over RCT(n=13),1 before after study 

(n=30), and 2 multiple single subject studies(n=11). There were 5 

studies on effect of passive stretching in which 2 studies showed 

increase 1 ROM and in that one study also showed significant 

reduction in knee contracture. Two studies of manual stretching 
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showed an increase range of motion after stretching, two studies 

showed no difference in range of motion associated with passive 

stretching. All the 4 studies showed that there is a reduction in the 

spasticity post treatment. There was 1 study showing no significant 

change found in the gait, and in comparison with manual or passive 

stretching 3 studies were there in which 2 studies showed significant 

decrease in spasticity associated with passive stretching, and third 

study says that there is no clinical significant treatment effect. The 

study concluded that there are fewer studies for the evidence that 

manual stretching can increase range of motion, reduce spasticity, 

and improve walking.37 

 

21. In 2004 Russell T. Nelson et.al carried a study on eccentric training 

and static stretching improve hamstring flexibility of high school 

males.69 individuals were selected with a mean age of 16.45±0.96 

years with hamstring tightness more than 20 degrees of hip flexion. 

The study was of 6 week .In this study hamstring flexibility was 

measured using a doubled- armed goniometer by passive 90/90 test 

before after 6 week. The control group performed no stretching or 

eccentric training; the eccentric group performed the full range of 

motion for hamstring with black theraband for 5 seconds. The static 
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group performed stretching statically for 30 seconds 3 days per week. 

The study concluded that there were same results for both eccentric 

training and static stretching.38 

 

22. In 2004 Laura C. Decoster et.al conducted a randomized control study 

to evaluate the relative effectiveness of standing and supine 

hamstring stretching in increasing hamstring flexibility. Standing 

stretching was performed by subjects facing the table with their hips 

square, maintained an erect posture with arms on their hips, and 

flexed forward at the waist until a hamstring stretch was perceived. 

Supine stretch was performed by subjects lying supine on the floor 

with the stretching leg on the wall and the other leg flat on the floor, 

with distance from the wall adjusted so the hamstring stretch was 

perceived. 29 healthy individuals (22 women and 7 men) of 18 to 43 

years who have limited hamstring flexibility of at least 25 degrees of 

AKE in 90 degree hip flexion in both limbs were included. The 

participants were excluded if they had any lower limb or back injury. 

The measurement was done by using 45.72 cm standard goniometer. 

Participants were assigned with stretching technique for 30 sec, 3 

times per week for 3 weeks with 15 sec rest. Data analysis was done 

by SPSS version 10.1. The study concluded that there was equal 



35 
 

effect between standing and supine stretching in hamstring 

flexibility.39 

 

23. In 2003 Fosang AL, Galea PM, et.al conducted a study to determine 

the reliability and magnitude of error of Modified Ashworth 

Scale(MAS), Modified Tardieu Scale(MTS), Passive range of motion 

lower limb clinical measures for children  with cerebral palsy.18 

children:11 females and 7 males with mean age group of 2 to 10 

years and diagnosed cases of mild moderate and severe spastic CP 

and of all GMFCS level twice over 6 days .Time interval between each 

measurements was from 0 to 3 days. Children with fixed contractures 

and undergone surgery before 12 months, taking botulinum toxin 

injection before 6 months and children taking medications for 

spasticity. PROM, MAS and MTS were measured for popliteal angle, 

ankle dorsiflexion with knee extension and hip abduction in hip 

extension. They tested knee flexors, calf (gastrocnemius),hip adductor 

muscles. For PROM, MTS interrater reliability was acceptable with an 

intraclass correlation coefficient of 0.7, but results for MAS were 

lower.40 
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24. In 2002, L Harvey, R Herbert, and J Crosbie conducted a systematic 

review on ‘does stretching induce lasting increase in joint range of 

motion’. Two studies were included that too only randomized control 

trials. In that study stretching was of different types like manual by 

therapist, self administered or by external device such as splint and 

the study that were selected were interventions done for more than 

one day of any frequency, intensity, duration. This included stretching 

for 3 to 20 minutes per day. The studies included were 13 (n=504).  

The study concluded that trials indicated that stretching produces 

increased joint ROM that was evident one or more days after the 

cessation of treatment in people without clinically significant 

contractures.41 
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METHODOLOGY: 

1) Type of study design: Non-Randomized controlled study       

(experimental study) 

2) Study Setting: Tertiary Care Hospitals 

3)  Study population: Spastic cerebral palsy Children of age 5 -15 

years 

4)  Duration: March 2019 - May 2020. 

5) Sample size: n=36 The sample size was calculated by using EPI 

info version 7 

As per the reference article titled- ‘Comparison Of 90-90 Passive 

Hamstring Stretching Technique Plus Knee To Chest Position 

With 90-90 Passive Hamstring Stretching Alone In Normal 

Healthy Individuals Of Age 18to25 Years.’ Paneacea Journal of 

Medical Sciences, September-December DOI:10.18231/2348-

7682.2018.0025 

 

The study reported the mean increase in knee extension range of 

motion after 90-90 passive hamstring stretch and 90-90 passive 

hamstring stretch plus knee to chest position was 7.9±2.43 degrees 

and 9.05±3.15 degrees respectively. 

The formula for sample size calculation: - 4 SD2/ L2 
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Where SD= Standard Deviation, L= 10% of mean  

α= 5%  

 β= 20% 

Required Sample size was 36 but 19 samples were collected due 

to current ongoing pandemic – SARS- Cov 2 

 

6)  Sampling Technique: Convenient sampling technique was selected 

to recruit the participants who were diagnosed case of spastic 

cerebral palsy of 5- 15 years in which participants fulfilling the 

inclusion criteria were included. Norms to collect the data were 

strictly followed by examiner and examinee during pandemic.  

 

7) Method of selection of study participants : 

 

• INCLUSION CRITERIA:  

• Individual Spastic cerebral palsy children of 5-15 

years     (both boys and girls).17,31 

• Cooperative participants having hamstring tightness of 

at least >20 degrees. 22,27,30 

• Diagnosed with spastic cerebral palsy children with 
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bilateral lower limb involvement. 

• Gross Motor Function Classification System level:- 

I,II,III,IV 

 

• EXCLUSION CRITERIA : 

• Participants having contractures (grade 4 of modified 

Ashworth scale) 

• Hemiplegic, hypotonic, monoplegia ,ataxic, athetoid, 

choroid Cerebral Palsy children. 

• Any participant who had received Botulinum toxin 

injection in hamstrings in last four months.4,17 

• Participants who have undergone recent hamstrings 

surgery prior six months.4 

 

 

Variables: 

Independent Variables: 

• Gender. 

• Age. 
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Dependent Variables: 

• Hamstring flexibility 

• Spasticity 

 

 

  

8) OPERATIONAL DEFINITIONS: 

 

a)Tone : 

Tone is a clinical term used to describe the neural and mechanical 

properties of muscle. Muscle tone is defined as normal resting 

tension or resistance of muscle to passive movement or muscle 

lengthening.3 

 

b) Spasticity: 

“Hypertonia in which resistance to passive movement increases 

with increasing velocity of movement”3 
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c) Knee extension deficit (KED) 22, 42 

It is deficit in angle of hamstring flexibility and determined by active 

and or passive knee extension which is used to determine 

hamstring tightness angle by using universal goniometer. 

 

d) Goniometry: 

Goniometry refers to the measurement of angles, in particular the 

measurement of angles created at human joints by the bones of the 

body. The examiner obtains these measurements by placing the 

parts of the measuring instruments, called a Goniometer.43 
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MATERIALS: 

- Measuring tape for height 

- Pen. 

- Paper. 

- Electronic weighing machine. 

- Universal Goniometer 

- Stabilizing belt 

- Stop watch  

- Modified Tardieu Scale sheet 
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PROCEDURE:  

Permission from the head of institution and approval from the 

ethical committee was obtained. Diagnosed case of spastic 

cerebral palsy children were selected. Participants who met the 

inclusion criteria and their parents were briefed about the study in 

the language best understood by them and informed written 

consent were taken. Demographic data were documented. 

Participants hamstring flexibility of both the sides were measured 

by using Universal goniometer. Also spasticity angle of both the 

sides were measured using Modified Tardieu scale. The data was 

documented and analyzed. Results were obtained. The above 

given procedure was conducted with all due measures and 

precaution in regards to SARS Cov 2 pandemic.  

   

A. Data management & analysis procedure: 

The participants identity was kept confidential. The Data collected 

was entered in excel sheet, the backup of data was maintained. In 

any way the participant’s identity and information was disclosed. 

        The data was utilised for further analysis.  

       Sample size was calculated by using EPI info version 7. 
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       The mean, standard deviation and percentage was calculated. 

       Statistical tests: paired and unpaired t test was used if data was 

normal. If not Mann Whitney U test and Wilcoxon signed-rank test 

and correlation coefficient were used. 

• Outcome measures: 

                      

               Universal goniometer 

               Modified tardieu scale 
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MATERIALS: 

 

                                         

 

                 

PHOTO1. UNIVERSAL GONIOMETER 
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PHOTO 2: STABILIZING BELT 

 

 

PHOTO 3: STOP WATCH 
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Photograph of the procedure:                               

 

 

PHOTO 1: MEASURMENT OF HAMSTRING TIGHTNESS ANGLE  
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   PHOTO 2: 90-90 PASSIVE HAMSTRING STRETCHING 
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        Universal Goniometer 

 

 

 

                   Stabilizing belt 

 

 

 

  

   PHOTO 3 : KNEE TO CHEST PLUS 90-90 PASSIVE HAMSTRING 

STRETCHING 

 

 

1. Pre-intervention    

measurement of 

hamstring 

tightness  

 

2. Knee-to-chest 

position  

 

3. 90-90 passive 

hamstring stretch 
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GENERAL PROCEDURE:- 

Study was performed over the 1 year period in the tertiary care Hospitals. 

Permission from the Institutional head and ethical committee was taken. 

Consent from the parents and subjects were taken. 

Children from 5-15years of age group (both genders) were taken. 

Pre stretch hamstring tightness on both the legs was recorded with the 

help of Universal goniometer in degrees. 

Spasticity was recorded by Modified Tardieu Scale and angles were be 

measured of both the legs by using universal goniometer. 

On left leg 90-90 passive hamstring stretching (for 60 seconds) technique 

was given with right leg stabilized. 

On right leg  knee to chest position (30 sec) plus 90-90 passive hamstring. 

Stretching (30 sec) was given with left leg stabilized. 

After stretching post stretch hamstring flexibility was measured. 

Data was collected, compared, encrypted and analyzed. 
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INTERVENTION: 

The study was conducted monitoring the short term effect of hamstring 

flexibility using knee to chest position plus 90-90 passive hamstring 

stretching versus 90-90 passive hamstring stretching in 5-15 years spastic 

cerebral palsy and spasticity was assessed using modified Tardieu scale. 

Participant were  in supine position, head of the participant were 

maintained in neutral to avoid eliciting asymmetric tonic neck reflex.9 Bony 

landmarks was determined for standardization of goniometric 

measurements. Pre stretch hamstring flexibility was measured by using 

universal goniometer, at the same time in same position angle of spasticity 

was recorded by using Modified Tardieu Scale (MTS) with Universal 

goniometer. On every individual participant, application of   90-90 passive 

hamstring stretching was applied for 60 seconds to the left leg stabilizing 

right thigh using stabilization belt ,whereas knee to chest position (for 30 

seconds) plus 90-90 passive hamstring stretching (30 seconds) to the 

right leg was performed stabilizing left leg, and there was no rest between 

the right leg stretch.22 For standardization of stretching speed passive 

movements were made in one second as recommended by Bohannon 

and Smith. A stop watch was used to determine the time. A two minutes 

rest was given between stretching on each side. The MTS is a 6-point 

rating scale which was to assess spasticity. The MTS includes two 
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parameters, X and Y. For the MTS, two angles (R1 and R2) were 

determined. The angle of muscle reaction (R1) is defined as the point in 

the joint range in which a velocity-dependent ‘catch’ or clonus was felt 

during a quick stretch of the muscle and measured the point of resistance 

to a rapid velocity stretch. The R1 angle was measured by moving the 

limb with the velocity V2 or V3.This gives an indication of muscle length at 

rest. The R2 angle was measured by moving the limb with the velocity 

V1.9 Stabilization was done by using stabilizing belt. Post interventional 

hamstring range and spasticity angle were measured and recorded. Data 

was collected and analyzed. 
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OBSERVATIONS: 

    TABLE1. The Distribution of cerebral palsy children according to age 

subgroup, gender and preterm 

n = total number of children  

Age sub group 

 

                 

               categories                                       

                          

   

 

         5-7 

YEARS 

  

 

      8-12 

YEARS 

 

 

    13-15 

YEARS 

 

 

Total 

N 2 10 7 19 

Boys 1 8 5 14 

Girls 1 2 2 5 

Preterm  2 7 5        14 
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From table 1 it can be seen that boys were 73.68%, girls were 26.32% 

whereas preterm children were 73.68%. The above pie chart shows the 

age wise distribution of males and females, participants in the age group 

of 5-7 years were 10% of the total population, in 8-12 years age groups 

there were 53 % of the total population, in 13-15 years 37% of the total 

population. There are total 14 male children and 5 female children out of 

total 19 children. 

 

 

 

 

 

5-7 
YEARS
10%

8-12 YEARS
53%

13-15 YEARS
37%
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TABLE 2 .Mean and standard deviation of height, weight and BMI in 

children with cerebral palsy of age 5-15years  

 

This table shows mean and standard deviation of demographic data under 

the following age groups i.e. (5 to 15 years). As age advances height and 

weight of the children increases.  

 

categories 

                  

              

                      Age group 

 

 

Height (in cm) 

 

 

Weight (in kg) 

 

 

 

 

BMI(kg/m2) 

 

 

Mean 

 

 

±SD 

 

 

Mean 

 

 

±SD 

 

 

Mean 

 

 

±SD 

5-7 YEARS 106.75 

 

5.02 

 

16.35 

 

2.61 

 

14.3 

 

0.98 

 

8-12 YEARS 123.02 

 

11.78 

 

33.5 

 

11.77 

 

21.53 

 

3.60 

 

13-15 YEARS 148.98 

 

9.76 

 

47.28 

 

11.88 

 

21.44 

 

 5.77 
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Graph 1.The distribution of children with cerebral palsy according to 

normal weight ( BMI from 5th percentile to below 85th percentile), 

overweight (BMI above 85th percentile to below the  95th percentile) and 

underweight (BMI of less than 5th the percentile.)  
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TABLE3. According to age group distribution of children in the GMFCS 

level  

 

AGE GROUP 

                            

                 GMFCS LEVELS 

 

 

5-7 YEARS 

 

 

8- 12YEARS 

 

 

13-15YEARS 

 

 

Total 

 

LEVEL I 

 

0 

 

2 

 

3 

 

5 

 

LEVEL II 

 

0 

 

3 

 

1 

 

4 

 

LEVEL III 

 

0 

 

1 

 

0 

 

1 

 

LEVEL IV 

 

1 

 

4 

 

3 

 

8 

 

LEVEL V 

 

1 

 

0 

 

0 

 

1 

 

GMFCS- Gross motor function classification 
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Table 3 shows the functional level of cerebral palsy children in which Level 

I and level II shows the independent walker i.e. 47.36% of total children 

and level III, IV, V shows the dependent children i.e. 52.63%  
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GRAPH 2.Comparisons between pre and post hamstring tightness angles 

in degrees in right side (experimental group) i.e. knee to chest plus 90-90 

passive hamstring stretching 

 

 

 

 

 

 

 

 The mean value of pre hamstring stretching tightness angle was 38.95 

degrees whereas post stretching tightness angle was 20.53 degrees. The 

difference between pre and post hamstring stretching tightness angle was 

statistically significant (< 0.01).  
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GRAPH3. Comparisons between pre and post hamstring strtching 

tightness angles in left side (control group) 

 

 

The mean value of pre hamstring stretching tightness angle was 38.95 

degrees whereas post stretching tightness angle was reduced to 27.89 

which was statistically significant (< 0.01)  

  

 

 

 

 

38.95

27.89

0

5

10

15

20

25

30

35

40

45

Pre Hamstring tightness angle in
degrees(Left)

Post Hamstring tightness angle in
degrees(Left)

M
e

an
 T

ig
h

tn
e

ss
 in

 d
e

gr
e

e
s



61 
 

GRAPH4. Comparisons between pre hamstring stretching on right and left 

side (experimental and control group) 

 

 

This chart shows the tightness angle on bilateral side i.e. left and right side 

was symmetrical i.e. 38.95 degrees 
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GRAPH5. Comparisons between post hamstring stretching in right and left 

side (experimental and control group) 

 

In right side the mean before stretching was 38.95 degrees which reduced 

to 20.53 degrees and left side the mean before stretching was 38.95 

degrees which reduced to 27.89 degrees. At both the sides the mean 

tightness angle decreased and was significant. This indicates that 

traditional stretching is also effective as compared to knee to chest plus 

90-90 passive hamstring stretching. But knee to chest plus 90-90 passive 

hamstring stretching is more effective as p value (<0.032). 
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TABLE4. Descriptive statistics of two groups i.e. experimental and control 

group 

Paired Samples Statistics 

 Hamstring tightness 

angle in degrees 

n Mean ±SD Std. Error 

Mean 

T 

value 

p 

Value 

Right 
Pre  19 38.95 9.513 2.182 

21.43 <0.01 
Post  19 20.53 10.394 2.385 

Left 
Pre  19 38.95 9.366 2.149 

15.28 <0.01 
Post  19 27.89 9.905 2.272 

N= total   

 This table 2 shows descriptive statistics of two groups, which tells that 

both control group and experimental group was significantly effective as p 

value is < 0.01 in both. But at same duration, after a single session the 

experimental group has better results on muscle length, because the 

mean difference in degrees of right side pre versus post (38.95 – 20.53) is 

18.42 (47.24%) whereas in left side the mean difference of pre versus 

post (38.95 – 27.89) is 11.06 (28.39%).  

It can be concluded that knee to chest plus 90-90 passive hamstring 

stretching is more effective and proved to be better and faster way to 

achieve hamstring flexibility. 

 



64 
 

TABLE 5:  Group statistics of pre hamstring tightness angle in degrees of 

(experimental group and control group) right and left, post hamstring 

tightness angle in degrees of right and left  

 

Group Statistics 

 
Group N Mean ± SD Std. Error 

Mean 

T value P Value 

Pre Hamstring 

tightness angle 

in degrees 

Right 19 38.95 9.513 2.182 0.000 1.000 

Left 19 38.95 9.366 2.149 

Post Hamstring 

tightness angle 

in degrees 

Right 19 20.53 10.394 2.385 -2.237 0.032 

Left 19 27.89 9.905 2.272 

N= total 

The table3 shows that group statistics of pre hamstring tightness angle in 

degrees in right and left, post hamstring tightness angle in degrees of right 

and left. 

 Before intervention the hamstring tightness angle in right and left side 

was stastically insignificant (p value= 1.000). Post intervention values of 

right and left side were found to be significant i.e. the p value is 0.032. 
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TABLE6. Group statistics of Modified Tardieu scale 

Group Statistics 

Modified 

Tardieu scale 

Group N Mean ± SD Std. Error 

Mean 

T value P Value 

R2(b)-R1(a) 
Right 19 30.00 6.667 1.529 3.314 0.002 

Left 19 23.68 4.956 1.137 

 

R2- Moving the limb slowly into a lengthened position or muscle length at 

rest i.e. passive ROM   and R1 – the point of resistance or “catch” to a 

rapid velocity stretch, the dynamic neural component of tone or the 

overactive stretch reflex  

In Table 6 the mean value of right side was 30 degrees and left side 23.68 

degrees which suggests that the effect of stretching on spasticity was 

more in right side than left side with p< 0.002  
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GRAPH6. Modified Tardieu scale in degrees 

 

After stretching intervention there was a significant effect on spasticity on 

both right side and left side with p value 0.002. The mean of right side is 

30 whereas left side mean is 23.68 suggestive of right is more significant 

than left side.  

This implies that in a single session of 60 sec stretching by adding a knee 

to chest component to the traditional 90-90 passive hamstring stretching 

showed better results on spasticity along with the increase in length of 

muscle.   
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RESULT:  

Both the control group and experimental group were found to be 

significant with the p value of (<0.01), but within the single session of knee 

to chest position the experimental group gave better results than control 

group, The experimental group was also found to be significant for spastic 

hamstring muscle.(p value(< 0.032) 
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DISCUSSION: 

The aim of the present study was to evaluate the short term effect of 

hamstring flexibility using knee to chest position plus 90-90 passive 

hamstring stretching versus 90-90 passive hamstring stretching alone in 5-

15 years children with spastic cerebral palsy.  The objective was to see 

the effect of stretching on spasticity of hamstrings. 

The current study revealed that there is significant effect on right side 

(experimental group) after intervention i.e. before intervention the 

hamstring tightness angle mean was 38.95 and after stretching the mean 

of tightness angle reduced to 20.53 shown in  Graph 1.The right side in 

which the limb was held for knee to chest position which stretch the 

proximal end of muscle at the hip with a hold of 30 sec and then the distal 

end of hamstring muscle was stretched by extending the knee keeping the 

hip flexed at 90 degrees and was held for 30 sec. . 

In 2018 similar results were found by Deshmukh  AA22 et al in normal 

healthy individuals of age group 18-25 years, stating that if hamstring 

muscles are stretched at both the ends i.e. proximally and distally in full 

range then it is more effective. 

As proved by McIntyre E21 that isolated hip flexion contributes to 

lengthening of all three muscle tendon units to lengthen at hip.  In the 
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knee to chest position the hip is flexed fully which causes the proximal 

muscle fibers of hamstring to get lengthened.  

In present study the control group also showed significant improvement 

after traditional stretching technique i.e. the limb was taken into hip and 

knee in 90 degrees and then the knee was extended and the position was 

maintained for 60 sec. The hamstring tightness angle mean before 

intervention was 38.95 and after stretching the mean of tightness angle 

reduced to27.89 as shown in graph 2.It implies that traditional passive 

hamstring stretching has also been proven to be effective in reducing 

hamstring tightness.  

The 2019 Deshmukh AA22 study also found the same results that 

traditional stretching technique is also effective in reducing tightness.  

Chumanov ES (2011) and Wan X (2017) 21quoted that, during the late 

swing phase there is hip flexion and knee extension and this both 

movement’s leads to hamstring stretch. The traditional hamstring 

stretching technique i.e. the hip is flexed to 90 degrees and then knee is 

extended leads to hamstring stretching. 21 These findings were also found 

by Deshmukh AA (2019).22 

The current study compared the mean of hamstring tightness angle in 

control group (left side) and experimental group (right side) and suggests 
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that right side (20. 53) was more effective than left side (27.89) in same 

duration of time i.e. 60seconds. This suggests that adding a component of 

knee to chest position to the traditional stretching technique without 

changing the duration of stretching intervention results in better length of 

muscle. 

The present study also found the effectiveness of stretching on spasticity. 

The spasticity was recorded through Modified Tardieu Scale. The 

intervention group (right side ) dynamic component mean was 30 degrees 

and the control group ( left side) dynamic component mean was 23.68, 

dynamic component here means the total available range in which the 

change was observed i.e R2(b) – R1(a) where R2 means the passive 

ROM and R1 means the first catch during a fast passive ROM. This 

implies that as the muscle length increases there is reduction in spasticity 

as well.  

In support to current article thamar j boverdt18 also found that there is 

effectiveness of stretching on spasticity. They found that there is decrease 

in amplitude of EMG, decrease in motor neuron excitability, decreased 

stiffness, increase in maximal voluntary contraction and increase in 

ROM.18 
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In 2019 study by Zareen Shaikh44found that eccentric training on 

hamstrings spasticity has a better effect on MTS than active stretching in 

the age group of 4-18 years spastic cerebral palsy children.  Fosang et al 

and  A B Haugh40  stated that MTS is reliable scale for measuring 

spasticity in cerebral palsy of age group 2-10 years, in hamstring, 

gastrocnemius, hip adductors. Aditi hari (2020)45 stated that for 

management of spasticity there are three ways i.e. pharmaceutical, 

surgical, and physical. In the physical therapy the most common practical 

form of approach to reduce spasticity is stretching. Some studies45 stated 

that there was reduction in spasticity after stretching intervention; Modified 

Ashworth Scale was the outcome measure in their studies. In MAS there 

was significant change and there was reduction in viscoelastic properties45 

The patients of neurological condition after receiving ecentric stretching 

intervention showed significant and increase in Hoffman reflex in normal 

healthy individual and in mean of amplitude H reflex there was no 

significant change.45 Therefore they concluded that after stretching with 

eccentric contraction there is decrease in motor neuron excitability leading 

to reduction in spasticity.45 

The current study revealed that adding knee to chest component to 

traditional technique gave a significant p value of (0.032) even though the 
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duration of the stretch was kept constant which infers that knee to chest 

position was found to be more effective for spastic or tight hamstring in 

children with spastic cerebral palsy.  

In present study all GMFCS level were included and hamstring tightness 

were evaluated and the effect of stretching on spasticity was evaluated. 

In present study total 19 children were included of age group 5-15 years. 

Children were evaluated for height, weight, BMI, hamstring tightness and 

spasticity. Children were divided into three subgroups on the basis of their 

age i.e. 5-7, 8-12, 13-15. A study done by Hagglund and Wagner46 that 

depicted spasticity measured in Plantarflexors with the help Of Modified 

Ashworth scale increased from the age of 4 years and then decreased 

from the age of 12 years in various types of cerebral palsy, and also said 

that there were limitations because of reliability of MAS46The above study 

is not in findings with the present study as it has measured hamstrings 

spasticity with modified Tardieu Scale. 

Esther liyanage47 in study carried out in 2020 stated that in normal 

subjects, the hamstring flexibility was found to be more in subjects with 

high physical activity compared to low physical activity in malasyian 

population.  
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Tanochni Mohanty et al48 had his research work on affection in cardio 

respiratory endurance, flexibility, muscle strength, in lower extremities in 

cerebral palsy children. They found that Cerebral palsy children 

demonstrate low physical fitness compared to age matched group. i.e. 

typically developing children. Above literature supports the findings of the 

current study in which children with cerebral palsy are predominantly 

affected by reduced physical activity that affect their physical health in 

terms of flexibility, muscle strength etc. 

Samuel R Pierce46 in 2010 said that interventions in spastic diplegic CP, 

like stretching and serial casting made a meaningful change in passive 

stiffness, they also stated that children with spastic CP may show 

limitation in passive ranges by age. They found that passive stiffness have 

a role in spasticity rather than reflex activity as children grows. 46 

In present study it was found that there were 2 underweight children out of 

19 children.   Virginia49 concluded that malnutrition is common in spastic 

quadriplegic CP, diplegic and hemiplegics too.49  

Static stretching results into increased flexibility because of viscoelastic 

properties of muscle fibers. This stretching also adjust positional sensitivity 

of Golgi tendon organs by influencing the series elastic component of the 
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muscle.22 It was believed that static stretching promote the Golgi tendon 

which leads to autogenic inhibition of muscle that is being stretched.22 

Due to the prolonged stretching period in static stretching allows the 

muscle spindle to adapt over time and cease firing. This adaptation and 

relaxation phenomenon leads to lengthening of the muscle fiber. 22 

. 

Although stretching may be beneficial to prevent worsening of muscle 

contractures (Wiart et al., 2008),50 as isolated treatments, they do not 

promote muscle length growth or improve function in children with CP. 

Alternative approaches to enhance the effectiveness of stretching 

exercises are needed.50 

Without change in the traditional technique but adding a knee to chest 

component can give better results in same duration. This proves that this 

technique can be used in clinical settings to get a faster recovery for 

lengthening of muscle as well as to reduce spasticity in cerebral palsy 

children.  
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CONCLUSION: 

The non randomized controlled study found that the passive hamstring 

stretching of both proximal and distal ends is more effective than 

stretching distal end alone in neurological condition like cerebral palsy in 

order to achieve better flexibility and reduction of spasticity too. So, it can 

concluded that addition of knee to chest component to 90-90 passive 

hamstring stretching technique with 60 seconds hold duration is more 

effective than 90-90 passive hamstring stretching alone in neurological 

conditions like cerebral palsy.  
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SCOPE FOR FUTURE RESEARCH: 

Long term effect of knee to chest plus 90-90 passive hamstring stretching 

intervention can be evaluated.  

The efficiency of this method can be evaluated in other conditions like 

stroke and other neurological conditions with spasticity and tightness.  

The effect of knee to chest plus 90-90 passive hamstring stretching can be 

compared in adult spastic cerebral palsy children with young spastic 

cerebral palsy children.  

It also can be studied that is this stretching intervention effective in 

showing changes in immediate gait functions like crouching, step length, 

stride length and other gait parameters.  
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LIMITATION OF THE STUDY:  

Sample size of study was small. Study performed in larger sample size 

can help to generalize the results of present study. 
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CLINICAL IMPLICATIONS: 

Without change in the traditional technique but adding a knee to chest 

component can give better results in same duration. This proves that this 

technique can be used in clinical settings to get a faster recovery for 

lengthening of muscle as well as to reduce spasticity in cerebral palsy 

children.  
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SUMMARY: 

Background:- Cerebral palsy describes an “umbrella term  covering  a 

group of persisting permanent disorders of movement development and 

posture, leads to activities limitation  that are attributed to static or non-

progressive disturbances but often changing , secondary to lesions that 

occurred in the developing fetal or infant brain   usually at less than two 

years of age. According to World Health Organization (WHO) estimation, 

in India, it is 3.8% of the population. Stretching exercises are classified 

into static stretching (SS), dynamic stretching, ballistic stretching, 

proprioceptive neuromuscular facilitation stretching. Commonest type is 

static stretching.  

Aim: The aim of the study was to find out “Short term effect of hamstring 

flexibility using knee to chest position plus 90-90 passive hamstring 

stretching versus 90-90 passive hamstring stretching in 5-15 years of 

spastic cerebral palsy: Non-Randomized controlled study.  

Hypothesis: The Null hypothesis of the study was there is no significant 

short term effect of hamstring flexibility using knee to chest position plus 

90-90 passive hamstring stretching versus 90-90 passive hamstring 

stretching in 5-15 years spastic cerebral palsy. The Alternative hypothesis 

of the study was there is significant short term effect of hamstring flexibility 
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using knee to chest position plus 90-90 passive hamstring stretching 

versus 90-90 passive hamstring stretching in 5-15 years spastic cerebral 

palsy. 

Objective: The objective of the study was to find out the effect of 

hamstring stretching on spasticity with the help of modified Tardieu scale. 

Method: A non randomized control study was carried out among 19 

children as per the inclusion criteria.  

Sample size: The sample size was collected was19 collected.  

Results: Both the control group and experimental group were found to be 

significant with the p value of (<0.01), but within the single session of knee 

to chest position the experimental group gave better results than control 

group, The experimental group was also found to be significant for spastic 

hamstring muscle.(p value(< 0.032) 

Conclusion: The non randomized controlled study found that the passive 

hamstring stretching of both proximal and distal ends is more effective 

than stretching distal end alone in neurological condition like cerebral 

palsy in order to achieve better flexibility and reduction of spasticity too. 

So, it can concluded that addition of knee to chest component to 90-90 

passive hamstring stretching technique with 60 seconds hold duration is 
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more effective than 90-90 passive hamstring stretching alone in 

neurological conditions like cerebral palsy.  
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ABBREVIATIONS:- 

1. WHO-World health organization 

2. CP-Cerebral palsy 

3. ROM-Range of motion 

4. SS-Static stretching 

5. MTS-Modified Tardieu Scale 

6. MAS-Modified Ashworth scale 

7. MTU-Muscle tendon unit 

8. KED-Knee extension deficit 

9. MTC-muscle tendon complex 

10. ADL’s-Activities of daily living 

11. AKET-Active knee extension test 

12. GMFCS-Gross Motor Function Classification System level 
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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, “Short 

term effect of Hamstring flexibility using knee to chest position plus 90-90 

passive hamstring stretching versus 90-90 passive hamstring stretching in 

5-15 years of Spastic Cerebral Palsy: Non-Randomized Controlled Study.” 

 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 and private clinics.  

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

Thanking you in anticipation.  

Yours sincerely,  
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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, “Short term effect of Hamstring flexibility using knee 

to chest position plus 90-90 passive hamstring stretching versus 90-90 

passive hamstring stretching in 5-15 years of Spastic Cerebral Palsy: Non-

Randomized Controlled 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:  
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Place: 
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                                                 ANNEXURE I (C) 

                                             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:  

These standard procedures include spastic cerebral palsy children, both 

boys and girls who will be voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from all the 

participants and their parents who are volunteering to be the part of this 

study.  

 

Procedure:  

1. . The researcher selected the participants of Spastic cerebral palsy 

children of 5-15 years (both male and female) 
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2. The investigator 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 

consented according to the standard procedure. 

 

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 filled the informed consent according to standard operational 

procedure. 

 

6. Study procedures began after the participant’s and parents concern.  

 

7. Detailed medical and any other physical problem history were obtained 

from the participants and parents so as to verify the inclusion and 

exclusion criteria.  
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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 “Short term effect of Hamstring flexibility using knee to 

chest position plus 90-90 passive hamstring stretching versus 90-90 

passive hamstring stretching in 5-15 years of Spastic Cerebral Palsy: Non 

Randomized Controlled 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.  
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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.  

 

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 Institution: 

 

 

 

 

 

 

 

 

 

 

 

 

 



101 
 

ANNEXURE I (D) 

सहभाग ींचे माहहत  पत्रक 

उदे्दशः 

आयस एमआरच्या हियामक आवश्यकता आहि आयईस िे मान्यता हिलेल्या 

माहहत िुसार हलखित माहहत  हिल  आहे. 

व्याप्त : 

या मािक पद्धत त  5-15 च्या  स्पाखिक सेरेब्रल पाल्स   मुले आहि मुली 

 आहि त्ाींचे माता-हपता समावेश आहे आहि ह्या अभ्यासात सहभाग  होण्यास से्वचे्छिे 

इचु्छक असतात. 

जबाबिार : 

सींशोधक या अभ्यासाचा भागहोण्यासाठ  स्वयींसेवा करिायाा सवा सहभाग ींचे लेि  ज्ञात 

सहमत प्राप्त करत ल. 

कायापद्धत : 

1. सींशोधक  येथे स्पाखिक सेरेब्रल पाल्स   मुले आहि मुली 5-15 वरे्ष च्या 

 

 हिवडेल 

2.तपासि स आके्षप िूर करण्यासाठ  आहि सहभाग ींच्या आहि त्ाींचे माता-हपता ला 

 सवा प्रश्िाींच  उत्तरे िेण्यासाठ  प्रायोहगक प्रोटोकॉलचे स्पष्ट करि करेल. 
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3. सहभाग िे आहि त्ाींचे माता-हपता सहभाग  होण्याचा हििाय घेतला तर ते मािक 

सींचालि प्रहियिुसार सींमत  िेईल. 

4. जर सहभाग िे आहि त्ाींचे माता-हपता रूच  व्यक्त केल  परीं तु त्ात काह  शींका 

असत ल तर ते सोडवत ल. 

5.सहभाग  आहि त्ाींचे माता-हपता जर स्पष्ट करि सोय स्कर असत ल तर ते मािक 

सींचालि प्रहियेिुसार सूहचत सींमत  भरत ल. 

6. सहभाग ींच्या हचींतेच्या िींतर अभ्यास प्रहिया सुरू होईल. 

7.समाहवष्ट आहि बहहष्कार हिकर्ष सत्ाहपत करण्यासाठ  म्हिूि तपश लवार वैद्यक य 

आहि इतर कोित्ाह  शार ररक समस्या इहतहास प्राप्त केले जाईल. 

8.जर सहभाग्यािे आपल्या कुटुींब याींिा या माहहत वर चचाा करायच  असेल तर त्ाींिा 

सींमत  िेण्यापूवी असे करण्याचे अहधकार आहेत. 

सहभाग ींिा सींशोधि करण्यासाठ  सामान्य माहहत : 

1. िाव: 

   वय: 

   हलीं ग: 

   तार ि: 

2.आपल्याला परफॉर्म्ाा भरिे आवश्यक आहे आहि सींशोधिाचा हेतू “गुडघा आहि 

छात च्या खथथत सह 9 0-9 0 चे हिखिय हॅमखिर ींग िर ेहचींग हवरुद्ध 9 0-9 0 चे हिखिय 
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हॅमखिर ींग िर ेहचींग, 5-15 वरे्ष सॅ्पखिक सेरेब्रल पाल्स मधे्य उींचावूि हॅमखिर ींग लवहचकताचा 

शॉटा टमा प्रभाव: िॉि-यादृखच्छक हियींहत्रत अभ्यास: िॉि रींडमाइझड कीं टर ोल्ड िड ” हा 

अभ्यासकरिे आवश्यक आहे. 

 

3.जर आपि से्वचे्छिे अभ्यासात सहभाग  होऊ इखच्छत असाल तर चाचि पूिा होईपयंत 

आपि कायाप्रिशाि भरण्यापासूिच आपल्याकडूि िोींिि  करिे अपेहक्षत आहे. 

 

4.या काळात तुम्ह  अस्वथथ आहात तर मग कृपया आम्हाला कळूद्या जेिे करूि आम्ह  

आल्यास मित करू आहि आपल्या समसे्यवर कोित्ाह  अयोग्य प्रभावाहशवाय मात 

करू शकू. 

 

5. आपल्याला कोितेह  परतावा आहि िुकसाि भरपाई हिल  जािार िाह . 

 

6.कोित्ाह  क्षि  जर आपिया सींशोधि अभ्यासातूि थाींबू इखच्छत असालतर आपि तसे 

करण्यास मुक्त आहात आहि आपल्याबाजूिे कोित ह  अडथळािसता. 

 

7. सींमत  पत्र प्राप्त करण्यापूवी अभ्यासाच  जोि म,अस्वथथता,फायिे आहि तोटे याींचा 

तपश ल आपल्याला स्पष्टकेला जाईल. 
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8. या अभ्यासातूि हमळालेला डेटा गोपि यपिे सींरहक्षत आहि सींरहक्षत केला जाईल आहि 

जर फोटो वापरला गेला तर त्ाींच  ओळि उघड केल  जािार िाह . फोटो प्रकाहशत 

झाला तर परवािग  हमळेल. 

 

9. या अभ्यासासाठ  आवश्यक असलेल्या हवहवध चाचि  प्रहियेचे सवा जोडूि आपल्याला 

स्पष्ट केले जाईल आहि त्ािुसार सींमत  हिल  जाईल. 

 

10. आपि थकल्यासारिे हकीं वा आपि पूिा काळज  घेण्यास असमथा वाटत असल्यास 

आपल्याला काळज  करण्याच  गरज िाह  आहि आवश्यकत  पावले उचलता येत ल 

याच  आम्हाला माहहत द्या. 

 

11.आपि कोित्ाह  क्षि  समाधाि  िसल्यास आपि कोित्ाह  पररिामाीं हशवाय 

कध ह  काढू शकता. 

12. सींशोधकाचे िाव: 

    फोििींबर: 

    पत्ता: 

13. मागािशाकाींचे िाव: 

      फोि िींबर: 
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      पत्ता: 

14. सींथथेचे िाव: 
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ANNEXURE I (E) 

                                         प्रहतभाहगयोीं  क   सूचनापत्र : 

 

उदे्दश्य: 

आईस एमआर क  हियामक आवश्यकता के अिुसारसुहिहितकरिेकेहलएहक हलखित 

सूहचत सहमहत पुरुर्ष और महहला हवर्षयोीं से प्राप्त क  गई है और आईईस  द्वारा 

अिुमोहित हकया गया है। 

 

 

स्कोप: 

इस मािक प्रहिया में  5-15 साल के स्पि  सेरेब्रल पाल्स  बचे्च शाहमल हैं, उिके माता-

हपता को अध्ययि के बारे में जािकार  ि  जाएग  और जो लोग से्वच्छा से भाग लेिे के 

इचु्छक हैं उन्हें इस अध्ययि में शाहमल हकया जाएगा।  

 

हजमे्मिार : 

शोधकताा इस अध्ययि के भाग के रूप में स्वयीं सेवाकरिेवाले बच्चोीं और उिके माता-

हपता 

 से हलखित सूहचत सहमहत प्राप्त करेगा। 
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प्रहिया: 

1.  शोधकताा 5-15 वर्षा के स्पि  सेरेब्रल पाल्स  बच्चोीं (लड़के औरलड़हकयााँ) 

प्रहतभाहगयोीं का चयि करें गे का चयि करेगा। 

2. अने्वर्षक आशींका िूर करिे और प्रहतभाहगयोीं और उिके माता-हपता 

 के सभ  प्रश्ोीं का उत्तर िेिे के हलए प्रयोगात्मक प्रोटोकॉल क  व्याख्या करेगा 

3. यहि प्रहतभाग  और उिके माता-हपता भाग लेिे का हििाय लेते हैं तो उन्हें मािक 

प्रहिया के अिुसार सहमहत ि  जाएग  

4. यहि प्रहतभाग  और उिके माता-हपता रुहच व्यक्त करता है लेहकि उस मामले में 

कुछ सींिेह है तो उन्हें हल हकया जाएगा। 

5. यहि प्रहतभाग  और उिके माता-हपता हववरि के साथ सहज होते हैं तो वे मािक 

पररचालि प्रहिया के अिुसार सूहचत सहमहत भरें गे। 

6. प्रहतभाग  और उिके माता-हपता क  सहमहत के बाि अध्ययि प्रहिया शुरू होग । 

7. हवसृ्तत हचहकत्सा और हकस  भ  अन्य शार ररक समस्या का इहतहास रोहगयोीं से 

प्राप्त हकया जाएगा ताहक शाहमल हकए जािे और बहहष्करि माििींड को 

सत्ाहपत हकया जा सके। 
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8. यहि प्रहतभाग  और माता-हपता इस जािकार  पर अपिे पररवार के सिस्योीं से 

चचाा करिा चाहते हैं तो वे सहमहत िेिे से पहले ऐसा करिे के हकिार हैं। 

1. अिुसींधाि हवर्षय क  सामान्य जािकार : 

िाम 

उम्र 

हलींग 

हििाींक 

2. आपको परफॉमाा भरिे क  आवश्यकता होग  और अिुसींधाि का उदे्दश्य 

अध्ययि करिा है "हैमखिर ींग लच लेपि का अल्पकाहलक प्रभाव घुटिे से छात  

क  खथथहत के साथ-साथ 90-90 हिखिय हैमखिर ींग िर ेहचींग बिाम 90-90 

हिखिय हैमखिर ींग िर ेहचींग 5-15 वर्षा के सेरेब्रल पाल्स  में: गैर यादृखच्छक 

हियींहत्रत अध्ययि। " 

3.  यहि आप से्वच्छा से अध्ययि में भाग लेिे के इचु्छक हैं तो आपसे यह अपेक्षा 

क  जात  है हक परफॉमाा भरिे के क्षि से लेकर पर क्षि पूरा होिे तक हमारे 

साथ िामाींकि करें। 

4. यहि आप इस अवहध के िौराि असुहवधाजिक हैं तो कृपया हमें यह बताएीं  हक 

हम आपक  मिि कर सकते हैं और आपक  समस्या को हकस  भ  अयोग्य 

प्रभाव के हबिा पार कर सकते हैं। 
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5. आपको कोई प्रहतपूहता और क्षहतपूहता िह ीं ि  जाएग । 

6. यहि हकस  भ  समय आप इस शोध अध्ययि से बींि करिा चाहते हैं तो आप 

ऐसा करिे के हलए स्वतींत्र हैं और हमारे पक्ष से कोई बाधा िह ीं होग । 

7. सहमहत के पत्र प्राप्त करिे से पहले पर क्षि, जोखिम, असुहवधा, फायिे और 

िुकसाि का हववरि आपको समझाया जाएगा। 

8. इस अध्ययि से प्राप्त आींकड़ोीं को गोपि य रूप से सींरहक्षत और बिाए रिा 

जाएगा और यहि तस्व र का उपयोग हकया जाता है तो उिक  पहचाि 

उजागर िह ीं क  जाएग । अगर तस्व र प्रकाहशत होत  है तो अिुमहत ल  

जाएग । 

9. पर क्षि प्रहिया का सभ  जोखिम आपको समझाया जाएगा और तििुसार 

सहमहत ल  जाएग । 

10. यहि आप थकावट महसूस करते हैं या पर क्षि पूरा करिे में असमथा हैं तो 

आपको हचींता करिे क  आवश्यकता िह ीं है और हमें बताएीं  ताहक आवश्यक 

किम उठाए जा सकें । 

 

11. यहि आप हकस  भ  समय सींतुष्ट िह ीं हैं तो आप हकस  भ  समय हकस  भ  

पररिाम के हबिा वापस ले सकते हैं। 

 

12. शोधकताा का िाम: 
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                 फोििींबर: 

                    पता: 

            13.गाइड का िाम: 

                  फोििींबर: 

                   पता: 

            14. सींथथा का िाम: 
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                                              ANNEXURE II (A) 

       

     LETTER OF CONSENT 

“Short term effect of Hamstring flexibility using knee to chest position plus 

90-90 passive hamstring stretching versus 90-90 passive hamstring 

stretching in 5-15 years of Spastic Cerebral Palsy: Non -Randomized 

Controlled Study.” 

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. 

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. 

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. 
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I understand that my child’s identity will not be revealed in any report or 

publication. 

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) 

सींमत  

“गुडघा आहि छात च्या खथथत सह 9 0-9 0 चे हिखिय हॅमखिर ींग िर ेहचींग हवरुद्ध 9 0-9 0 

चे हिखिय हॅमखिर ींग िर ेहचींग, 5-15 वरे्ष सॅ्पखिक सेरेब्रल पाल्स मधे्य उींचावूि हॅमखिर ींग 

लवहचकताचा शॉटा टमा प्रभाव: िॉि-यादृखच्छक हियींहत्रत अभ्यास: िॉि रींडमाइझड कीं टर ोल्ड 

िड ” 

 

• उपिमाचे स्वरूप,कारि, कालावध  त्ाचे पुढ ल पररिाम आहि उपिमाचे धोके 

तसेच या अभ्यासात ल माझ  भूहमका मला समजावल  गेल  आहे .माझे सगळे प्रश् 

समाधािकारकररत्ा सोडवले गेले आहे . 

• माझा या उपिमात ल सहभाग पूिापिे ऐखच्छक आहे आहि म   कोित्ाह  वेळ , 

कोितेह  कारि ि िेता, कुठलाह  िींड ि भरता  आहि मला हमळण्याचा अपेहक्षत 

फायिा याींमधे्य कुठलाह  बिल ि होता म  या अभ्यासातूि कुठल्याह  क्षि  माघार 

घेऊ शकते /शकतो . 

• उपिमािरर्म्ाि उपलब्ध होिाऱ्या कोित्ाह  माहहत मुळे माझ्या उपिमात ल 

भाग घेण्यावर पररिाम होऊ शकतो हे मला साींहगतले जाईल . 

• हवद्यालय ि सींहमत माहहत  गोळा करण्यासाठ  माझ  आध च  वैद्यक य पत्रक पाहू 
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शकतात .या पत्रकावर सह  केल्यावर म  त्ाींिा तश  अिुमत  िेते /िेतो. 

• म  हे जािते/जाितो हक माझ  ओळि कुठल्याह  तसेच कोित्ाह  

माहहत त/प्रकाशिात प्रिहशात केल  जािार िाह  .    

• म  ह्या उपिमात सहभाग  होण्यासाठ  सींमत  िेत आहे 

________________          _______________        ________ 

सहभाग  सिस्याचे िाव          स्वाक्षर  /अींगठ्याचा ठसा           हििाींक  
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ANNEXURE II(C) 

सहमहत - पत्र 

“हैमखिर ींग लच लेपि का अल्पकाहलक प्रभाव घुटिे से छात  क  खथथहत के साथ-साथ 90-

90 हिखिय हैमखिर ींग िर ेहचींग बिाम 90-90 हिखिय हैमखिर ींग िर ेहचींग 5-15 वर्षा के 

सेरेब्रल पाल्स  में: गैर यादृखच्छक हियींहत्रत अध्ययि।” 

• इस अभ्यास का स्वरुप, अवकाश, इससे जुडे़ सींभाव्य ितरे, सींभाहवत प्रभाव और 

मुझे जो करिा है उस के बारे में स्पष्ट जािकार  हमल  है।  

• इस अभ्यास में सहभाग  होिे का मेरा िुि का हििाय है.मैं हकस  समय अभ्यास 

को छोड़कर जा सकत /सकताहू। इसके हलए मैं कोई भ  माििींड या भरपाई 

करिे के हलए बींध /बींधा िह ीं हूाँ।   

• अभ्यास के िौराि उपलब्ध अन्य जािकार  हजस से अभ्यासिम में भाग लेिे पर 

असर पडे़गा वह मुझे बताया जायेगा।  

• मेर  जाींच का जो मूल्याींकि हुआ है, उसे सींथथा के समालोचक मींडल के अहधकार  

परि सकते है।इस पत्र पर हस्ताक्षर कर के मैं यह अिुमहत िेता हूाँ या िेत  हूाँ । 

• मेर  पहचाि हकस भ  वृताींत या प्रकाशि में प्रकाहशत िह ीं होग । 

• मैं अभ्यासिम के हलए सहमत हूाँ। 

____________         _________________             _______                  
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सहभाग  का िाम          हस्ताक्षर या अींगूठे का हिशाि              हििाींक                                                  
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ANNEXURE III (A) 

                PARAMETERS FOR ASSESSMENT OF OUTCOME 

MEASURES 

METHODS OF DATA COLLECTION: 

• Procedure: Participants demographic data was evaluated, age in 

years/months, height in centimeter with a measuring tape   and 

weight in kilogram on weighing machine was taken. 

 

          Goniometry measurements for Hamstring flexibility: 22, 36, 40 

• Therapist position: Side of the plinth 

• Position of subject: supine lying, with the hip on the side being 

tested in 90 degrees of flexion 40 and knee flexed at 90 degrees.36 

• Fulcrum- lateral Epicondyle of the femur. 

• Proximal arm: lateral Midline of the femur, using greater trochanter 

for a reference. 

• Distal arm: lateral Midline of fibula, using lateral Malleolus and 

fibular head for reference. 

• Stabilization: stabilizing belt will be used to stabilize the other leg. 

• Angle will be evaluated using knee extension deficit (KED) 22 and if 

comes > 20 degrees then they will be included in the study. 
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• After the intervention post stretch angle will be measured by 

Universal goniometer and change will be recorded. 

 

Goniometry Measurement for Spasticity 

• Therapist position: side of the plinth 

• Position of subject: supine lying. 

• Fulcrum- lateral Epicondyle of femur. 

• Proximal arm: lateral Midline of femur. Greater trochanter as a 

reference. 

• Distal arm: lateral Midline of fibula. Lateral Malleolus of fibula as a 

reference. 

• Stabilization: stabilizing belt 

• Angle of muscle reaction (Y) should be measured by universal 

goniometry.9 

• Post stretch the angle will be measured and change will be 

recorded.  

 

Reliability and validity: MTS interrater reliability was acceptable with an 

intraclass correlation coefficient of 0.7.40 
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ANNEXURE III (B) 

CASE RECORD FORM 

DATE:______________________________________________________ 

NAME: _____________________________________________________ 

AGE:_______________________________________________________ 

GENDER:___________________________________________________ 

ADDRESS:__________________________________________________________

___________________________________________________ 

PHONE NO.:________________________________________________ 

WEIGHT (kilogram):________________ 

HEIGHT (centimeter):________________ 

POPLITEAL ANGLE (90-90 test):(Degrees) 

  Pre Test               Left                            Right 

  Post Test              Left                            Right 

Difference in Angles _______   ________ 
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GMFCS LEVEL: I / II / III / IV 

TONE ASSESSMENT: Modified Tardieu scale (degrees) 

Pre Test             Left                                      Right 

 Post Test           Left                                      Right 

Difference in Angles _______   ________ 
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ANNEXURE IV 

TIME LINE / GANTT CHART 

 

   

1) September - 
 

October 2018 

Selection of Topic 

2) October - 
 

November 2018 

Formulation of research 
 

question 

3) November – 
 

December 2018 

Formulation of aims and 
 

objectives 

4) December 2018- 
 

January 2019 

Hypothesis and null 
 

hypothesis 

5) December 2018- 
 

January 2019 

Research Protocol 

6) December 2018- 
 

January 2019 

Research Designing 

7) September 2018- 
 

January 2019 

Review of Literature 

8) November 2018- 
 

January 2019 

Methodology formulation 
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9) November 2018- 
 

January 2019 

Study designing 

10) November 2018- 
 

January 2019 

Study setting 

11) November 2018- 
 

January 2019 

Sample size estimation 

12) November 2018- 
 

January 2019 

Selection of study tools 
 

and instruments 

13) December 2018- 
 

January 2019 

Method of data collection 

14) December 2018- 
 

January 2019 

Data management and 
 

analysis 

15) December 2018- 
 

January 2019 

Statistical tests 

16) January 2019 Compilation of Synopsis 
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Annexure V 

Master sheet 

 

 

 

Age gender Height ( In cm) Weight (in kg)           BMI( kg/m2) preterm GMFCS

       Right side tightness      left side tightness              Right side        Right side tightness      left side tightness

            R1 (a)           R2  (a) (R2-R1)          R1(a)           R2(a)   (R2-R1)           R1(b)            R2(b) (R2-R1)        R1(b)        R2(b)  (R2-R1)

10 years M 119.5 30.4 21.3 healthy weight yes level  II 30 30 140 150 10 140 150 10 15 20 150 165 15 150 160 10

10 years M 125.9 40.4 25.5 overweight yes level  IV 45 40 125 135 10 120 140 20 25 30 150 165 15 140 150 10

10 years M 115.2 23.2 17.5 healthy weight no level  II 50 50 120 130 10 120 130 10 35 40 135 145 10 130 140 10

11 years M 132 41.1 23.6 overweight yes level  III 40 40 130 140 10 130 140 10 20 30 150 160 10 140 150 10

11 years F 123.2 35.3 23.3 healthy weight yes level  IV 40 40 130 140 10 130 140 10 20 25 150 160 10 145 155 10

12 years M 125.2 32.4 20.7 healthy weight no level  IV 40 40 130 140 10 130 140 10 15 20 155 165 10 150 160 10

12 years M 150.2 60.5 26.8 overweight nyes level IV 30 30 140 150 10 140 150 10 15 20 150 165 15 150 160 10

13 years M 138.3 45.1 23.6 healthy weight yes level  IV 30 30 140 150 10 140 150 10 10 20 155 170 15 150 160 10

13 years M 135.3 35.4 19.3 healthy weight no level  IV 45 45 125 135 10 125 135 10 25 35 150 165 15 135 145 10

15 years F 158.4 46.3 18.5 healthy weight yes level  II 25 25 130 155 25 135 155 20 5 15 150 175 25 150 165 15

15 years M 155.4 36.2 15 underweight no level  I 35 35 130 145 15 130 145 15 15 20 150 165 15 145 160 15

15 years M 160.2 55 21.4 healthy weight yes level  I 50 50 120 130 10 120 130 10 30 40 140 150 10 130 140 10

15 years F 150.1 43.3 19.2 healthy weight yes level  IV 30 30 140 150 10 140 150 10 5 20 150 160 10 155 175 20

15years M 145.2 69.7 33.1 overweight yes level  I 60 60 110 120 10 110 120 10 45 50 120 135 15 120 130 10

6 years F 110.3 18.2 15 healthy weight yes level  IV 50 50 120 130 10 120 130 10 30 40 140 150 10 130 140 10

7 years M 103.2 14.5 13.6 underweight yes level  V 40 40 130 140 10 130 140 10 20 25 140 160 20 140 155 15

7.5 years M 110.5 25.3 20.7 overweight yes level  I 40 40 130 140 10 125 140 15 30 35 140 150 10 130 145 15

8 years M 110.2 25.9 21.3 overweight yes level  I 35 40 135 145 10 130 140 10 20 30 150 160 10 140 150 10

8 years F 118.3 20.5 14.6 healthy weight no level  II 25 25 140 155 15 140 155 15 10 15 150 170 20 150 165 15

130.8736842 36.77368421 20.73684211 38.94736842 38.94736842 129.7368421 141.052632 11.316 129.210526 141.0526316 11.8421 20.52631579 27.89473684 146.0526316 159.7368421 13.68421 141.0526 152.8947 11.84211

18.14175179 14.56406697 4.77647133

Hamstring tightness angle in degrees

PRE-STRETCH

Left side Right side Left side

POST STRETCH 

Hamstring tightness angle in degrees modified tardieu scale in degreesmodified tardieu scale in degrees
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INTRODUCTION 

 

 Foot is an osseous structure which comprises of 26 bones, more than 30 

articulations, enabling three fundamental functions: supporting, shock 

absorbing, weight bearing and can be divided into a forefoot and a rearfoot 

section. Sub-talar joint and talo-crural joints are of great clinical importance in 

the rearfoot; the forefoot comprises of mid-tarsal joint.(1) The foot also has 

three arches; the medial longitudinal arch which is the highest and most 

important out of all three, the lateral longitudinal arch which is lower and flatter 

than the medial arch and the transverse arch is composed of the cuneiforms, 

the cuboid and the five metatarsals.(2) 

        Many factors regulate the structure and functioning of the foot, one of 

them is body weight. Additional stress load applies to the foot. Undue 

amounts of weight are strained upon the feet, the muscles, the tendons and 

ligaments that maintain the arch, become weaker. They become more 

stretched and weaker due to the excess weight that is forced upon these 

structures. In time, if these structures are not saved, bones and joints of the 

feet shifts and collapses, causing the arch to become flat and more painful. 

This will lead to pain not only in the feet and ankles but also to pain in the 

shins, knees and lower back. (3)  

       Since the foot is the nearly distal part of a complex closed kinematic 
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chain during weight-bearing, any deformities such as a flat arch may induce 

instability, altered muscle activity, consequential gait deviations which may 

lead to lower extremity manifestations in the future. Foot, as is the body’s 

base of support, continually endures high ground reaction forces generated 

during activities of daily living. The primary component responsible for 

absorption and dissipation of the forces in the longitudinal arch.(4) 

         The contended reasons for pain in individuals with flat feet are explained 

hereunder. Excessive pronation in flat feet causes shock absorption to be 

lowered. Normally a foot experiences a pressure 1.5 times the body weight 

when in contact with the ground. People with flat feet experience expectedly 

more fatigue because of lowered shock absorption. Some of the Cadaveric 

studies have related foot pain among individuals having flat feet to increased 

plantar fascia strain, talo-navicular joint hypermobility, increased dorsal 

compressive forces in the midfoot, and reduced gliding of the tibialis posterior 

tendon.(11)  Inordinate stress on metatarso-phalangeal joints, tibialis posterior 

muscle and tendon and plantar fascia are also related to foot pain(29). The 

tibialis posterior muscle is an important dynamic support of the medial arch. It 

controls pronation through eccentric motion and supinates the foot by 

contracting concentrically during gait . Tibialis posterior dysfunction is a 

substantial problem linked with flat foot(5). Intrinsic muscles inclined to be used 

extensively in a flat foot as it may bank more on the active contraction of the 

intrinsic muscles to stabilize the arches as of loss of passive support from 

ligaments as it is in a normal or high-arched foot, ensueing in foot fatigue and 

pain at the end of the day(9). 

         Flat foot is otherwise called as pes planus in which the longitudinal and 
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or medial arches of the foot collapse; excessive pronation at the subtalar joint 

occurs.(1,5) The entire foot sole comes into complete or near-complete contact 

with the floor or ground surface during all weight-bearing activities.(6) The 

alterations in foot posture leads to concentration of the pressure onto one side 

of the foot, hence causing greater pressure. (7) In individuals with a flatfoot 

deformity, the heel is in increased valgus and the midfoot is overly abducted 

on the hindfoot which creates an increased load on the posteromedial 

structures including the posterior tibial tendon which can lead to an emerging 

bad musculoskeletal health.(8)   

         Several risk factors play significant roles in causing such harms. These 

risks can be divided into physical risk factors, including poor posture, awkward 

long standing, lifting and carrying heavy loads, repetitive movements, obesity, 

as well as psychological, organizational, and individual activities. Once flatfoot 

deformities progress , pain and disability increase and can leave an impact 

upon daily activities, sports and work directing to significant problems and 

economic load(9,10)   

 In terms of global load of disease, more than one-third of all adults are 

currently overweight or obese. (11)  Obesity is considered a forecaster of 

postural stability, and a high BMI is an important risk factor for geriatric 

falling.(12) Additionally, the negative consequences of a higher BMI widen well 

beyond physiological aspects; obese individuals are less effectual and at 

higher risk for injury than normal-weight individuals in a huge number of work-

related tasks and daily activities that involve upright standing positions.(13)  

Overweight and obesity happen due to the imbalance between uptake and 

expenditure of energy. It can also be a outcome of surplus adipose tissue 
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which may promote pathological storage of fat. Obesity and overweight during 

the developmental years are related to definite dimorphisms of the foot, in 

pecular with the flat foot.(5) 

           Increased loading of the feet may be categorized according to 

timeframe and are termed as temporary, short-term or long-term. A temporary 

loading effect comes about, for example, when carrying a backpack or 

wearing a weighted belt that temporarily increases body mass. In contrast, a 

long-term loading effect occurs over a prolonged period, such as in obesity, 

where the increase in mass is continuous. Working in hard and displeasing 

condition evidences temporary discomfort in the whole body and in case of 

proceeding such circumstances, a lasting un-wellness and discomfort will 

evolve in musculoskeletal or nervous system. As a result, it will direct to lack 

of ability to work. Also, the main complaint of those who invariably work in 

standing position would be pain in feet and lower parts of the body.  (19) 

            One of the jobs which causes musculoskeletal disorder is the job of a 

traffic policemen. This job involves either standing or sitting position for a long 

time under extreme conditions. In the former case, the whole weight is 

dispensed on the legs and feet, causing disorders in this area. However, the 

latter leads to pain in back and waist. In case of traffic policemen, due to 

prolonged working in standing or even wrong positions and postures may 

cause musculoskeletal disorders. (15) 
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NEED FOR STUDY: 

The foot structure performs a key role in maintaining gait posture and balance. 

Therefore, most common variations in foot structure result in orthopaedic 

conditions. Sub-talar joint, talo-crural joints and mid-tarsal joint are of great 

clinical importance for foot. Risk factors affecting the foot morphology are faulty 

foot mechanics, high level of stress activities, obesity, prolonged standing and 

improper shoes. 

An alteration in the normal mechanics of the lower extremity occurs with 

excessive pronation at the sub-talar joint. This pronation during the push off 

portion of gait causes the foot to be unstable at a time when the foot needs to be 

rigid lever. If unstable, the foot is unable to transmit the forces encountered 

during push off. This inability to transmit forces may lead to tissue break down 

within the foot leading to disruption of the normal transverse rotatory cycle of the 

lower extremity, possibly causing pathology at the knee and hip joint. There are 

majority of studies on prevalence of flat foot conducted on obese children but 

there is dearth in literature on obese adults, in spite of that we can say that there 

is dearth of published literature available on flat foot in obese traffic policemen. 

The work environment of a traffic policemen demands working for long hours, 

long-standing under extreme conditions, static awkward postures which may lead 

to a bad musculoskeletal health.(29) 

       There are variety of musculoskeletal problems faced by them including low 

back pain, ankle and heel pain, neck pain, knee pain, stress fractures, calluses. 

In order to combat these arena of disorders, there is an urge to assess the cross-

sectional relationship of standing foot morphology to the prevalence of obesity. 
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AIM:  

To find out the prevalence of flat feet in overweight traffic policemen 
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OBJECTIVES: 

 

1. To find out the prevalence of flat feet in overweight traffic policemen 

2. To correlate the flat feet in overweight traffic policemen with age, height, 

weight and body mass index. 
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RESEARCH QUESTION: 

What is the prevalence of flat foot in overweight traffic policemen? 
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REVIEW OF LITERATURE: 

1. A study entitled as ‘Differentiating sitting, standing, walking through 

regional plantar pressure characteristics’ was done by author Kohle Merry 

in the year 2020. The study bought into concern that, prolonged weight 

bearing is thought to aggravate plantar heel pain and is common in the 

workplace, which puts the working employees at higher risk of developing 

plantar heel pain.  Plantar pressure data during periods of sitting, standing, 

walking were measured in ten healthy participants using the F-scan in-

shoe measurement system (Tekscan Inc, Boston, MA). Peak and average 

pressure, peak and average contact area, and average pressure 

differential were analysed in ten different regions of the foot. Out of these, 

standing came to be at the highest risk for developing plantar heel pain.(30) 

2. Chris Yuk Kwan Tang et al conducted a study entitled as, Adult flatfoot in 

the year 2020. The study used clinical experience, gathered from clinical 

practice with literature review in PubMed and bought into concern that 

Flatfoot is a deformity associated with the collapse of the medial 

longitudinal foot arch, valgus deformity of the heel, and abduction of the 

forefoot. Patients with symptomatic flatfoot usually present with pain in the 

medial sided foot arch and ankle. Untreated symptomatic flatfoot in the 

long term can become a rigid deformity, which will further affect the 

patient’s quality of life.(31) 

3. Eduardo Frio et al, conducted a systematic review study entitled, 

‘Frequency of musculoskeletal symptoms among police officers’ in the year 

2020. Ten studies found were included, which reported different types of 

musculoskeletal symptoms frequency in different body regions and 
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periods. The frequency of musculoskeletal symptoms within 12 months 

ranged from 42-52% for the lower back, 34-43% for the ankle/foot, 7-32% 

for the shoulders, 7-27% for the wrists/hands/fingers, 29-42% for the neck, 

18-28% for knees, 8-10% for elbow, 22-45% for upper back and 12- 18% 

for hip/thigh. They concluded that the frequency of musculoskeletal 

symptoms in police officers was high, especially in the lumbar, dorsal, 

ankle/foot, knee, neck, and shoulder regions.(32) 

4. Adamu Ahmad Rufai, et al conducted a cross-sectional study, entitled 

as,‘Work‑related Musculoskeletal Disorders among Nigerian Police Force’ 

in the year 2019. In this study, a total of 253 police officers participated in 

this cross-sectional study. Modified Nordic Questionnaire was 

administered to assess the WMSDs of the participants. Descriptive 

statistics of mean, standard deviation, frequency, and percentages were 

used to describe the data, while the differences in the prevalence of 

WMSDs by sociodemographic characteristics and occupational factors 

were tested with Chi square statistics. The prevalence of WMSDs was 

associated with higher age, higher working experience, and longer working 

hours/day. (33) 

5. In the year 2019, a study entitled as, ‘Risk factors analysis: Work-related 

musculoskeletal disorders among male traffic policemen’ was conducted 

by M.Y. Athirah  Diyana et al. This study was a cross-sectional study and 

was conducted using 137 traffic police-men. A set of questionnaires 

including the Standardised Nordic Questionnaire (SNQ) and human 

vibration meter was used. The purpose of this research was to identify the 

factors that contribute to the health effects in developing work-related 
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musculoskeletal disorders (WMSDS) among male traffic policemen. 

Standing duration, rank, years of service, and postural habits were found 

to be the most important risk factors for WMSDS. The majority of the 

policemen experienced pain and discomfort in the low back, heel and neck 

region respectively.(34) 

6. A study was conducted by Arthi Ganapathy et al. in the year 2018 entitled 

as ‘Effect of height, weight and body mass index on foot postures of young 

adult individuals’. Foot posture using Staheli’s arch index and Body mass 

index were recorded. The author concluded that there was a significant 

relationship between height, weight and body mass index of young adult 

individuals with the type of foot. (16) 

7. Niyati N Mistri et al. conducted a study in the year 2018, entitled as 

‘Occurrence of flat foot in grade-1 obese teachers’ among 30 teachers and 

aimed to find out occurrence flat foot in grade-1 obese teachers. The study 

concluded with foot structure is affected by overweight and obesity as 

early as they work in a long-term standing position. (17) 

8. B. Kathirgamanathan et al. conducted a study in the year 2018, entitled 

as ‘Implication of obesity on motion, posture and internal stress of the foot.’ 

among 20 individuals. The aim of the study was to investigate the effects 

of obesity on foot biomechanics using experimental and computational 

methods and concluded a greater number of obese subjects have 

alterations in foot posture, which suggests that additional loading in obese 

subjects lead to altered foot structure. (18) 

9. Shyamala Shree et al. conducted a study in the year 2018, entitled as 

‘Does Obesity Cause Flat Foot?’ among students where they aimed to 
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determine the effect of obesity on foot structure and function and the 

prevalence of flat foot among college students. They concluded that there 

has been strong correlation between overweight or obese and flat foot 

presence, which indicates that there exists significant association.(19) 

10. Xintao XIE et al in the year 2018 conducted a study entitled ‘on the 

relationship between foot pressure distribution and sole hardness during 

long standing’ on 200 individuals and concluded that foot has the poorest 

ability to adjust themselves and footwear is the main buffer for foot 

pressure.(30) 

11. Siti Syazni Zulkifli et al conducted a study entitled as, ‘A state-of-the-art 

review of foot pressure’ in the year 2018 . The foot pressure plays the role 

of accessing the understandable information hidden beneath the foot 

interaction with the surface in contact. They synthesized that activities 

perturbation including friction, wind, and ground vibration give impact on 

the foot pressure distribution. The time duration also contributes another 

crucial factor that should be taken into consideration. For instance, a 

lengthy standing at work or prolong marching exercises could lead to 

fatigue and instability foot pressure. Factors such as external load, forces, 

and time duration result in different static or dynamic postures leading to 

body imbalance and difficulties to maintain the normal foot pressure.(35) 

  

12. A study was conducted by Satheesha Nambiar Periya et al , in the year 

2017 entitled as ‘Prevalence and incidence of flat foot among Middle East 

and Asian Population :An Overview’. The Article reviewed the prevalence 

of flatfoot among the Asian and Arab population. It also bought into 
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concern that the degree of standing and walking, level and type of 

activities believed to have an impact on the symptoms associated with flat 

foot. In adult population, pes planus foot type exists about 25% and has 

been related to musculoskeletal symptoms like back and knee joint pain. 

The cause of pes planus depends on the direct effect between external 

and internal forces at the articular surfaces, supporting ligaments, joint 

capsules, extrinsic and intrinsic muscles. The study showed the 

prevalence of flatfoot is high in overweight adult in Asian population.(36) 

13. Tahere Rezaeian et al. in the year 2015 conducted a study on ‘the 

prevalence of foot structural deformities in female hair dressers working in 

SHIRAZ’ , on 239 hairdressers in which they came with a conclusion that 

standing for long period affect the foot posture ( flat foot). They also found 

grade-I obese hair dresser had pronated foot arch with 40%.(20) 

14. A study done by Hylton B. Menz et al in the year 2015 on ‘Foot pain and 

pronated foot type are associated with self-reported mobility limitations in 

older adults’ among 1860 members concluded that compared to those with 

normal foot posture and function, participants with planus foot posture and 

pronated foot function were more likely to report difficulty in performing 

common weight-bearing tasks. (21) 

15. Ashwini Chougala et al. conducted a study in the year 2015, entitled 

‘Screening of Body mass index and Functional flatfoot in adults’ among 

228 individuals. The authors concluded that increased body mass results 

in increased static and dynamic plantar pressures, and flattens the medial 

longitudinal arch. (22) 
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16. Naohiro Shibuya et al conducted a study enititled as,’ Demographic, 

Physical, and Radiographic Factors Associated with Functional Flatfoot 

Deformity’ in the year 2014. They identified the risk factors associated with 

flatfeet using objectively and more accurately measured data. A total of 94 

patients were enrolled in the present study. The demographic data and 

physical and radiographic examination results were recorded by the 

investigators in the clinic. The data were then analyzed to identify the 

factors unique to flatfoot, measured and defined using a plantar pressure 

measurement system during natural gait. They observed that a painful 

tibialis posterior tendon was associated with flatfoot. The calcaneal 

inclination angle was also decreased in the flatfoot group. The talar 

declination, intermetatarsal, hallux abductus, and calcaneal cuboid angles, 

and static calcaneal stance eversion were elevated in the flatfoot group 

compared with the non-flatfoot group.(37) 

17. Shay Tenenbaum et al conducted a study in the year 2013 on ‘Flexible 

pes planus in adolescents’ among 825 individuals and concluded that 

there was a greater prevalence of flexible pes planus among males 

compared to females. There was a significant association of increased 

Body mass index and flexible pes planus severity. (23) 

18.  Ganu SS and Panhale V et al in the year 2012 conducted an 

experimental study entitled “Effect of Obesity on Arch Index in Young 

Adults” which included 60 subjects. The objective of the study was to 

investigate the effect of obesity on medial longitudinal arch of foot in young 

adults (mean age 22 years). Thirty obese and thirty non obese were 

assessed for weight and height. For calculating the arch they used 
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radiographic images under static condition. They concluded that obesity 

lowers the medial longitudinal arch of foot.(24) 

19. A study done by Aurichio R et al in the year 2010 on “The relationship 

between BMI and foot posture in elderly” aimed to evaluate postural 

characteristics of the feet of older people and their relationship with BMI. 

227 older women and 172 older men were evaluated with respect to arch 

index and Foot Posture Index. They concluded that obese women 

presented flatter feet while obese men presented more pronated feet, 

indicating a relationship between high BMI values and postural 

characteristics of the feet. (25) 

20. Robert A. Werner et al 2010 in a study on ‘ risk factors for plantar fasciitis 

among assembly plant workers’ concluded that high BMI and prolonged 

standing and high physical workload may be associated with 

musculoskeletal symptoms of ankle/ foot and plantarfascitis. Study was 

conducted on 666 assembly workers, and they also found that significance 

of fore foot pronation was associated with fourfold increase in the 

prevalence of plantarfascitis. (26) 

21. Guven G, et al. conducted a study in the year 2003 entitled ‘Comparative 

evaluation of the foot measurements of women who presented to the 

obesity outpatient clinic in Eskisehir Osmangazi University’ of 184 women 

(100 obese and 84 non-obese) found that those who were obese 

demonstrated lower arch height, greater Arch Index and greater forefoot 

width than controls, and that BMI was significantly correlated with 

measures of foot posture in the obese group.(27) 
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22. Alcantara et al. conducted a study in the year 2002 entitled ‘Influence of 

age, gender, and obesity on the mechanical properties of the heel pad 

under walking impact conditions’. The author examined the impact of body 

mass on heel pad mechanics in 54 participants and found that impact 

forces were lower, and time to peak force was longer in obese older 

people.(28) 

23.  Kenton R. Kaufman et al in the year 1999 conducted a study entitled 

‘The effect of foot structure and range of motion on musculoskeletal 

overuse injuries’ on 559 trainees concluded that there is a significant 

relationship between foot arch type and increased risk of developing a 

lower limb stress fracture.(29) 

24. A study was conducted by Mark S. Myerson, et al in the year 1996 

entitled as , ‘Adult Acquired Flatfoot Deformity’. He stated that ,As the flat 

foot deformity progresses in adults, it eventually causes contracture of the 

Achilles tendon, dysfunction of the posterior tibial tendon, valgus deformity 

of the tibiotalar joint, a more horizontal orientation of the subtalar joint, and 

valgus angulation of the heel. It is likely that most of these ruptures are 

due to an intrinsic abnormality or a failure of the tendon rather than to 

extrinsic trauma.(38) 

25. V. Sachithanandam et al conducted a survey on 1846 skeletally mature 

persons in the year 1994. The study was entitled as, ‘The influence of 

footwear on the prevalence of flat foot.’ The type of footwear used, the 

duration of wearing shoes each day and whether the shoes were worn 

outdoors or indoors only were noted accordingly. The length of time for 

which the subjects stood during the course of their work had bearing on 
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the prevalence of flat foot suggesting that prolonged weight bearing on 

improper shoes might lead to flat foot among overweight population. (39) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

21 

 

METHODOLOGY: 

1. Type of study design: An observational  cross-sectional study 

2. Setting: Police headquarters 

3. Study Population: Overweight Traffic police men 

4. Sample size: 

SAMPLE SIZE ESTIMATION: 

As per the study by Niyati N Mistri et al. anticipated flat foot is equal to 44% 

SAMPLE SIZE FORMULA n = 4PQ/L2  

Where, P = 44% 

Q = 100 – P = 56% 

L = ±10  

α = 5 % β = 20 % 

n = 100 

According to the sample size calculation by the formula, the required sample size 

is 100. 

Sample size was calculated using EPI info software version 7 

REQUIRED SAMPLE SIZE: 100 

 

5. Sampling Technique: Convenient Sampling 

        Sampling frame comprised of all overweight traffic policemen from the traffic 

police department. Overweight traffic policemen population aged between 25 to 50 

years were selected based on the inclusion criteria for the purpose of the study. 
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6. Duration of study: 12 months 

7.  Outcome measures:  

1. Body Mass Index 

2. Denis plantar footprint method 

 

8) Method of selection of study participants 

Inclusion Criteria: 

- Overweight traffic policemen aged between 25 to 50 years. 

- BMI : >25.0 

- Work experience: >5years 

- Individuals who are willing to participate. 

 

Exclusion Criteria: 

- Presence of congenital deformities of the lower limb and spine, 

acquired/postural deformities of the spine/pelvis/knee. 

- Leg length discrepancy.  

- History of injury to the lower limb.  

- History of Surgical treatment in the lower limb.  
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Variables: 

• Independent variables –  

1. Age 

2. Gender 

3. BMI 

• Dependent variables –  

1. Denis plantar foot-print 

 

a. Operational Definitions: 

1. Overweight and obesity: In this study it refers to abnormal or excessive fat 

accumulation that may impair health. (27)  

2. Body Mass Index (BMI): In this study it refers as an indicator of obesity and is 

defined as the body weight divided by the square of the body height, and is 

universally expressed in units of kg/m2, resulting from weight in kilograms and 

height in meters. Overweight is classified as a BMI ≥ 25.00 (28)  

 

3. The Denis plantar footprint: In this study it refers to the plantar footprint 

classified according to Denis into three grades of flatfoot. Second or third-

degree plantar footprint was considered as flatfooted. Subjects with first 

degree plantar footprints have evolutionary foot problems without pathologic 

significance. The interpretation of this method is by following scoring criteria. 

Normal – Lateral edge of the foot is supported by 4th and 5th metatarsal, 
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Grade-1-Lateral edge of the foot is half of the metatarsal support, Grade-2-

support of the central zone and forefoot are equal and Grade-3-support of the 

central zone of the foot is greater than the width of the metatarsal support. (19) 

 

4. Flat foot (pes planus) : In this study it refers to flat feet or pes planus is a 

postural deformity in which the arches of the foot collapses, with the entire 

sole of the foot coming into complete or near-complete contact with the 

ground. (19) 

 

 

 

Methods of measurements: 

1. Weight  

Parameter: Weight in kg 

Instrument: Electronic weighing machine [Annexure I (d)] 

2. Height 

Parameter: Height in meters 

Instrument: Measuring tape : [Annexure I (c)] 

3. Plantar footprint 

Parameter: Denis plantar footprint 

Instrument: Foot ink pad [Annexure I (g)] 

4. Body Mass Index 

Parameter: Standard Body mass index  

Instrument: (weight/height2) [Annexure I (e)] 
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9) PROCEDURE: 

Permission from the head of institution and approval from the ethical committee 

was obtained. Participants were selected on the basis of overweight under BMI. 

The participants willing to participate in the study were informed the need and 

importance of the study and written consent from them was taken. The 

participants were asked to wash their foot which was properly dried after. Their 

feet were impregnated with the stamp ink and the impression was taken using 

the white paper with barefoot relaxed in the anatomical position, their foot 

measurements were taken and scored according to Denis method. 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: 

Foot print using Denis plantar footprint method 

Weight using electronic weighing machine. 

Height using measuring tape. 
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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 taken. Body Mass Index was 

calculated. 

a. Denis plantar footprint method to assess Flat Feet Grade: It is a 

method in which plantar footprints are classified into flat feet grading. 

• Participant’s position: Participants were standing in a normal relaxed 

standing position with their arms by their side and thumbs facing forward while 

looking forward at a mark on the wall fixed at eye level. 

• Therapist position: Sitting/standing and Facing towards the patient. 

• Testing procedure: The participants were asked to wash their foot which was 

properly dried after. Their foot was impregnated with the stamp ink and the 

impression was taken using the white paper with barefoot relaxed in the 

anatomical position, their foot measurements were taken and scored 

according to Denis method. The interpretation of this method is by following 

scoring criteria. Normal – Lateral edge of the foot is supported by 4th and 5th 

metatarsal, Grade-1-Lateral edge of the foot is half of the metatarsal support, 

Grade-2-support of the central zone and forefoot are equal and Grade-3-

support of the central zone of the foot is greater than the width of the 

metatarsal support. (19) 
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GENERAL PROCEDURE 

(FLOWCHART) 

 

 

Permission from the head of institution was taken 

↓ 

Ethical clearance was taken 

↓ 

 Procedure was explained 

↓ 

Written consent from the participants was obtained 

↓ 

Subjects fulfilling criteria was included 

↓ 

Demographic data was obtained 

↓ 

Denis plantar footprint was graded 

↓  
Data was collected and statistically analyzed  
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MATERIALS: 

The materials used in the study were as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   PHOTO 1: MEASURING TAPE 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
PHOTO 2: MARKER PEN 
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PHOTO 3: WEIGHING MACHINE 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

 
 

 

 

 

 

 
PHOTO 4: STAMP INK PAD 
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PHOTO 5: PARTICIPANT PROFORMA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

PHOTO 6: BLANK SHEETS 
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PHOTO 7: PEN 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PHOTO 8: MEASUREMENT OF HEIGHT 
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  PHOTO 9: MEASUREMENT OF WEIGHT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PHOTO 9: IMPRIGNATED FOOT PRINT 
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PHOTO 10: IMPRIGNATED FOOT PRINT 
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DATA ANALYSIS 

Statistical software STATA. Version 10.1,2011 was used for data analysis. 

Tests used for statistical analysis were: 

- Chi squared test 

- Pearson correlation value 

 

Chi squared test: 

- To explore distribution of age group from 25-50 years in population 

- To see association between age and Denis plantar footprint grade  

- To see association between weight and Denis plantar footprint grade 

- To see association between height and Denis plantar footprint grade  

- To see association between BMI and Denis plantar footprint grade 

Pearson correlation value: 

- To see correlation of weight, height and BMI with Denis plantar footprint grade 

Level of significance: 

- p-value<0.05 was considered to be statistically significant. 
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VARIABLES 

• DEPENDENT VARIABLES: 

a) Denis plantar foot-print 

 

 

• INDEPENDENT VARIABLES: 

a) Age. 

b) Gender 

c) BMI 
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RESULTS 

Total number of participants included in this study were 100 traffic policemen. They 

were included on basis of BMI, age, working hours and job duration. Participants 

having BMI >25.0 were included in the study on the basis of BMI range. 

Denis plantar footprint method was used to find out the prevalence of flat foot. 

 

1. AGE: 

Total 100 participants were included on the basis of their BMI. Maximum number of 

participants were found in age group of 25-30 (32.0 %) and minimum number of 

participants in age group of 46-50 years(13%). In the group 31-35 (16 %), group 36-

40(19.0%) and group 41-45(20.0%) frequency and percentage was calculated 

respectively (Graph 1) and (Table 1) 

 

2. WEIGHT 

According to weight of the participants, they were grouped as 75-100 and >100. 

Maximum number of participants were found to be categorized under group 75-100 

ie. 64 (64.0%). Minimum number of participants were found to be categorized under 

>100 ie. 36 (36.0%).  

(Graph 2) and (Table 2) 

 

 

3. HEIGHT 

According to height of the participants, they were categorized into 3 groups ie 155-
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164, 165-174 and 175-186 accordingly. Maximum number of participants were found 

to be categorized under group 165-174  ie. 42 (42.0%). Equal number of participants 

were found in the rest of groups ie  29 (29%).(Graph 3) and (Table 3) 

 

 

4. WORKING HOURS 

It was found that participants worked on average 6.2 hours, ranging from 6-8 hours. 

Minimum no of participant were found to be working for 8 hours and maximum 

number of them worked for 6 hours respectively. 

(Table 4)   

 

5. JOB DURATION 

It was found that participants had a working experience on average of 5.97 years, 

ranging from 5-10 years. Minimum no of participant were found to be working since 

8-9 years and maximum number of them worked since 6 years respectively. 

(Table 5)   

 

6. BMI 

According to BMI of the participants, they were categorized into 2 groups ie 25-

34(Overweight) and 35-44(Obese) accordingly. Maximum number of participants 

were found to be categorized under group 25-34  ie. 59 (59.0%). Minimum number of 

participants were found in the remaining group ie 41 (41%). (Graph 4) and (Table 6) 
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7. Denis grade 

According to Denis grade of the participants, they were categorized into 4 groups. 

The frequency of the participants according to the Denis grades were Grade 0 

(66%), Grade 1 (23%), Grade 2 (7%) and Grade 3 (4). 

(Table 7) 

 

 

 

Association of Age, Weight, Height, BMI, Working hours and job duration with 

DENIS GRADE 

 

1. Age  

It has been found that there is a negative association between age and Denis 

plantar footprint grade.  with a Chi Square value of 2.75  and a non-significant 

P value of p=0.599 

(Table 8, Graph 5) 

 

 

2. Weight 

It has been found that there is a positive association between weight and 

Denis plantar footprint grade with a Chi Square value of 8.84 and a significant 

P value of p=0.003 

(Table 9, Graph 6) 
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3. Height 

It has been found that there is a negative association between height and 

Denis plantar footprint grade with a pearson Chi Square=25.84  and a P value 

of 0.000. 

(Graph 7 and Table 10) 

 

4. BMI 

It has been found that there is a positive association between BMI and Denis 

plantar footprint grade with a Chi Square value =41.78 and a significant P 

value of p=0.000 

(Table 11, Graph 8 ) 

 

• Correlation of Denis grade with age, weight, height, BMI, working hours 

and job duration. 

Significant correlation was seen between Denis grade and BMI (Pearson 

Correlation= 0.602** and P value=0.000), Denis grade and weight (Pearson 

Correlation=0.382** and P value=0.000), Denis grade and height ( Pearson 

Correlation=-0.438** and P value=0.000), Denis grade and job duration 

(Pearson Correlation=0.092** and P value=0.362) and Denis grade and 

working hours (Pearson Correlation=0.275 ** and P value=0.005)  

(Table 12) 
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OBSERVATIONS 

Following are the observations and results of the study: 

TABLES AND GRAPHS 

GRAPH 1: Distribution of sample population according to age: 

 

 

Table 1: Distribution of sample population according to age: 

Age (years) 

 Frequency Percent 

 

25-30 32 32.0 

31-35 16 16.0 

36-40 19 19.0 

41-45 20 20.0 
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46-50 13 13.0 

Total 100 100.0 

 

Total 100 participants were included on the basis of their BMI. Maximum number of 

participants were found in age group of 25-30 (32.0 %) and minimum number of 

participants in age group of 46-50 years(13%). In the group 31-35 (16 %), group 36-

40(19.0%) and group 41-45(20.0%) frequency and percentage was calculated 

respectively (Graph 1) and (Table 1) 

 

Graph 2: Distribution of sample population according to weight 

 

 

 
 

 

 

Table 2: Distribution of sample population according to weight 

 

WEIGHT (kg) 

 Frequency Percent 

 

75-100 64 64.0 

>100 36 36.0 

Total 100 100.0 

 

 

According to weight of the participants, they were grouped as 75-100 and >100. 

64%

36%

Weight In Kg

75-100

>100
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Maximum number of participants were found to be categorized under group 75-100 

ie. 64 (64.0%). Minimum number of participants were found to be categorized under 

>100 ie. 36 (36.0%).  

(Graph 2) and (Table 2) 

 

 

 

 

 

 

 

 
Graph 3 : Distribution of sample population according to height 

 

 

 
 

 

 

 

Table 3: Distribution of sample population according to height 
 

 

HEIGHT(cm) 

 Frequency Percent 

 

155-164 29 29.0 

165-174 42 42.0 

175-186 29 29.0 

Total 100 100.0 

 

 

According to height of the participants, they were categorized into 3 groups ie 155-

29%

42%

29%

Height in cm

155-164

165-174

175-186
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164, 165-174 and 175-186 accordingly. Maximum number of participants were found 

to be categorized under group 165-174  ie. 42 (42.0%). Equal number of participants 

were found in the rest of groups ie  29 (29%).(Graph 3) and (Table 3) 

 

 

 

 

 

 

 

 

 

 

Table 4 : Distribution of sample population according to working hours 
 

 

WORKING HOURS 

No of hours Frequency Percent 

 

5 18 18.0 

6 50 50.0 

7 27 27.0 

8 8 8.0 

Total 100 100.0 

 

 

It was found that participants worked on average 6.2 hours, ranging from 6-8 hours. 

Minimum no of participant were found to be working for 8 hours and maximum 

number of them worked for 6 hours respectively. 

(Table 4)   

 

 

 

Table 5 : Distribution of sample population according to job duration 
 

 

JOB DURATION 

No of years Frequency Percent 

 

4 2 2.0 

5 36 36.0 

6 38 38.0 
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7 23 23.0 

8 01 1.0 

9 01 1.0 

10 02 2.0 

 Total 100 100 

 

 

It was found that participants had a working experience on average of 5.97 years, 

ranging from 5-10 years. Minimum no of participant were found to be working since 

8-9 years and maximum number of them worked since 6 years respectively. 

(Table 5)  

Table 6 : Distribution of sample population according to BMI 

 

BMI 

 Frequency Percent 

 

25-34 59 59.0 

35-44 41 41.0 

Total 100 100.0 

 

 

Graph 4 : Distribution of sample population according to BMI 
 

 
 

 

According to BMI of the participants, they were categorized into 2 groups ie 25-

34(Overweight) and 35-44(Obese) accordingly. Maximum number of participants 

were found to be categorized under group 25-34  ie. 59 (59.0%). Minimum number of 

59%

41%

BMI

25-34

35-44
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participants were found in the remaining group ie 41 (41%). (Graph 4) and (Table 6) 

 

Table 7:  Distribution of sample population according to Denis Grade 

 

DENIS GRADE 

 Frequency Percent 

 

0 66 66.0 

1 23 23.0 

2 7 7.0 

3 4 4.0 

Total 100 100.0 

 

According to Denis grade of the participants, they were categorized into 4 groups. 

The frequency of the participants according to the Denis grades were Grade 0 

(66%), Grade 1 (23%), Grade 2 (7%) and Grade 3 (4). 

(Table 7) 

 

Table 8: Association of AGE With DENIS GRADE 
 

Age 1 * DENIS GRADE  Crosstabulation 

 DENIS GRADE Total 

No Yes 

Age  

25-30 
Count 21 11 32 

% within Age 1 65.6% 34.4% 100.0% 

31-35 
Count 9 7 16 

% within Age 1 56.2% 43.8% 100.0% 

36-40 
Count 14 5 19 

% within Age 1 73.7% 26.3% 100.0% 

41-45 
Count 15 5 20 

% within Age 1 75.0% 25.0% 100.0% 

46-50 
Count 7 6 13 

% within Age 1 53.8% 46.2% 100.0% 

Total 
Count 66 34 100 

% within Age 1 66.0% 34.0% 100.0% 

 

Chi Square=2.75  p=0.599 
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Graph 5: Association of AGE With DENIS GRADE 
 

 
 

 

It has been found that there is a negative association between age and Denis 

plantar footprint grade.  with a Chi Square value of 2.75  and a non-significant 

P value of p=0.599 

(Table 8, Graph 5) 

 

 

 

Table 9: Association of WEIGHT With DENIS GRADE 
 

WEIGHT (kg)  * DENIS GRADE  Crosstabulation 

 DENIS GRADE Total 

No Yes 

WEIGHT (kg) 

>100 
Count 17 19 36 

% within WEIGHT (kg) 47.2% 52.8% 100.0% 

75-100 
Count 49 15 64 

% within WEIGHT (kg) 76.6% 23.4% 100.0% 

Total 
Count 66 34 100 

% within WEIGHT (kg) 66.0% 34.0% 100.0% 

 

Chi Square=8.84     p=0.003 
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Graph 6: Association of WEIGHT With DENIS GRADE 
 

 
 

 

It has been found that there is a positive association between weight and 

Denis plantar footprint grade with a Chi Square value of 8.84 and a significant 

P value of p=0.003 

(Table 9, Graph 6) 

 

 

 

 

Table 10 : Association of HEIGHT With DENIS GRADE 
 

HEIGHT(cm) * DENIS GRADE  Crosstabulation 

 DENIS GRADE Total 

No Yes 

HEIGHT(cm) 

155-164 
Count 9 20 29 

% within HEIGHT(cm) 31.0% 69.0% 100.0% 

165-174 
Count 30 12 42 

% within HEIGHT(cm) 71.4% 28.6% 100.0% 

175-186 
Count 27 2 29 

% within HEIGHT(cm) 93.1% 6.9% 100.0% 

Total 
Count 66 34 100 

% within HEIGHT(cm) 66.0% 34.0% 100.0% 

 

Chi Square=25.84     p=0.000 
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Graph 7 Association of HEIGHT With DENIS GRADE 

 

 

 
 

 

It has been found that there is a negative association between height and 

Denis plantar footprint grade with a pearson Chi Square=25.84  and a P value 

of 0.000. 

(Graph 7 and Table 10) 

 

 

Table 11: Association of BMI With DENIS GRADE 

BMI * DENIS GRADE  Crosstabulation 

 DENIS GRADE Total 

No Yes 

BMI 

25-34 
Count 54 5 59 

% within BMI 91.5% 8.5% 100.0% 

35-44 
Count 12 29 41 

% within BMI 29.3% 70.7% 100.0% 

Total 
Count 66 34 100 

% within BMI 66.0% 34.0% 100.0% 

Chi Square=41.78     p=0.000 
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Graph 8: Association of BMI With DENIS GRADE 
 

 

 
 

 

It has been found that there is a positive association between BMI and Denis 

plantar footprint grade with a Chi Square value =41.78 and a significant P 

value of p=0.000 (Table 11, Graph 8) 
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Table 12: Correlation of Denis grade with age, weight, height, BMI, working 
hours and job duration 
 

Correlations 

 DENIS GRADE 

WEIGHT (kg) 
Pearson Correlation 0.382** 

P value 0.000 

HEIGHT(cm) 
Pearson Correlation -0.438** 

P value 0.000 

BMI 
Pearson Correlation 0.602** 

P value 0.000 

WORKING 

HOURS 

Pearson Correlation 0.275 

P value 0.005 

JOB DURATION 
(yrs) 

Pearson Correlation 0.092 

P value 0.362 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Significant correlation was seen between Denis grade and BMI (Pearson 

Correlation= 0.602** and P value=0.000), Denis grade and weight (Pearson 

Correlation=0.382** and P value=0.000), Denis grade and height (Pearson 

Correlation=-0.438** and P value=0.000), Denis grade and job duration 

(Pearson Correlation=0.092** and P value=0.362) and Denis grade and 

working hours (Pearson Correlation=0.275 ** and P value=0.005)  

(Table 12) 
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  DISCUSSION 

       An observational cross sectional study in Overweight Traffic Policemen between 

age group of 25 to 50 years was carried out to find out the prevalence of flat feet in 

overweight traffic policemen and to correlate the flat feet with age, height, weight and 

body mass index. Participants were selected on the basis of overweight under BMI. 

Their foot were impregnated with the stamp ink and the impression was taken using 

the white paper with barefoot relaxed in the anatomical position, their foot 

measurements was taken and scored according to Denis plantar footprint method. 

The data was documented and analyzed accordingly. 

      In present study, prevalence of flat foot among overweight traffic policemen found 

out to be significantly noteworthy. BMI was significantly correlatable with presence of 

flat foot collectively as weight had an impact on plantar footprint grading but height 

was negatively correlatable with the same. The study also depicted that long working 

hours also has noticeable correlation with flat foot. However, when correlated with 

job duration results obtained were statistically non-significant. 

      As per current study, the prevalence of flat feet in overweight traffic policemen 

turned out to be statistically significant (34%). The work environment of a traffic 

policemen demands working for long hours, long-standing under extreme conditions, 

static awkward postures which may lead to a bad musculoskeletal health. Risk 

factors affecting the foot morphology are faulty foot mechanics, high level of stress 

activities, obesity, prolonged standing and improper shoes. Similar to the study, an 
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article by Arnaaz Rusi et al (2017) showed similar results with our study. The high 

BMI has an adverse effect on the medial arch of foot in the traffic policemen. Due to 

long standing static on duty hours with gadgets there is excessive pressure on the 

foot which can be the reason for the reduced medial arch. Another study done by 

Obina Chinedu et.al (2019), they demonstrated that flat foot was more prevalent in 

the higher BMI statuses, especially among the obese participants. This can be 

associated with excessive belly fat causing weak abdominals and in turn causing 

excessive lordotic posture. As a result the weight bearing areas are changed. Along 

with this decreased muscle strength which also causes collapsed arches. They also 

stated that superfluous fat deposition causes pressure over foot arches and that 

obesity affects the foot via excessive mechanical loading during walking and long 

standing. (51) 

 

      Our study showed a highly significant result of correlation between BMI and flat 

feet. BMI has a noticeable impact over development of flatten medial arch of foot. 

59% was under overweight category and 41% was under obese participants. The 

obesity contributes to a predisposition to foot pronation and exerts an influence on 

the structural changes. It also indicates that an increase in body mass is associated 

with the weakness of other structures and are responsible for the maintenance of the 

medial arch, collaborate with its drop. A study by Thais Rabiatti (2010)  

demonstrated that there’s a statistically significant relationship between the body 

mass index and foot posture deviations. A study done by the author K Vijayakumar 

et al (2016) also depicts that raised BMI level is associated with flat foot and 

increases the plantar pressure during walking. Contrarily, a study by author Pabitra 

Kumar (2020)  found out that factors like age, sex and joint morphology did not find 
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to be related to flatfeet. They supported, only ligament laxity to be a possible 

etiological factor for the flatfeet.(52,53) 

 

    In current study, it is proven that there has been an association with obese or 

overweight individuals with flat feet. By performing pearson correlation, the strength 

of the association is measured by the weight and grades of the flat foot as measured 

by the Denis method. There has been strong association between weight and flat 

foot grade variable. The lower plantar arch height in overweight and obese 

individuals put forward that the flat feet would be the characteristic of the overweight 

or obese individual which may be caused by the structural changes in their foot 

anatomy. The functional capacity of the medial longitudinal arch may be affected by 

these structural changes that occur in the individuals who are in the obese or 

overweight individuals which were seen during the changes from childhood to 

adulthood. Contrarily, a study conducted by Satheesha Nambiar et al (2017) the 

body weight alone did not have any impact on the occurrence of flat foot but it was 

noted that the quality and model of foot wear used also had a noticeable impact. A 

study conducted by Shyamala Shree et al (2018)  concluded a supportive literature 

indicating that there is a strong correlation between overweight or obese and flat foot 

presence, which indicates that there exists association.(19,53) 

 

       

 

 

   The present study found that according to age of the participants there is no impact 

of age on the Denis plantar footprint method assessed for finding out the prevalence 
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of flat feet.  A similar finding was depicted by where they found no association 

between age and foot pronation. Mickle and Steele(2005) found out that obese 

participants only over 60 years of age  discovered changes in the foot structure and 

functioning which lead to a disturbed gait pattern. (4) 

 

     Additionally, our study also showed higher number of working hours ie. average 

6.2 hours  for a long-standing occupation has a marked effect on development of flat 

feet as the force generatingcapacity of the foot flexor muscles is augmented by 

bodyweight bearing in upright standing as well as dynamic function of the foot arch in 

conjunction with the stretching of the muscle–tendon complex of the foot. Similarly , 

a study conducted the author  J. Anat (2019) concluded that in human upright 

standing, the foot arch structure functions not only as a shock absorber but also as a 

force amplifier of the foot muscles, the force-generating capacity of the foot and the 

dynamic functions of the foot arch were influenced by both external and internal 

factors. (54) 

     It is observed that traffic police officers who are on the streets everyday are prone 

to developing varicose veins of lower limbs due to damage of valves. This leads to 

swelling and lot of discomfort. They are also prone to joint problems and 

photosensitivity due to long hour exposure in sun. The unhealthy diet and irregular 

eating time and lack of exercise make them obese and the long static standing hours 

makes their body stiff. Improper footwear they use also causes foot posture related 

problems especially as they require to stand for long hours. Therefore, the current 

study was conducted to find out the prevalence of flat feet among them. A noticeable 

prevalence of flat feet was observed among them.  
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CONCLUSION 

An observational cross sectional study in Overweight Traffic Policemen between age 

group of 25 to 50 years was carried out to find out the prevalence of flat feet in 

overweight traffic policemen and to correlate the flat feet with age, height, weight and 

body mass index. Results of this study demonstrated that there is a strong 

correlation between BMI and Denis plantar footprint grade. Among demographic 

factors, weight turned out to have the strongest implement over flat feet as compared 

to age and height of the participant. A significant result also happened to be 

associated between long working hours and flat feet among overweight traffic 

policemen.  

Thus the study concludes that prevalence of flat feet among overweight traffic 

policemen can be the alarming sign and can have a large impact on their physical 

health.  
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STRENGTH: 

Strength of this study are: 

- Denis plantar footprint method used in the study for measurement of flat 

foot offers affordable and accurate measurements. 

- As it is a one-time study, participants 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 setup.  

- Most participants of this study were educated and cooperative. 
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LIMITATIONS:  

 

- Only overweight participants were included in the study according to BMI. 

- The study is gender specific, therefore cannot be generalised. 

-The study was limited to overweight traffic policemen.  
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CLINICAL IMPLICATIONS: 

 

This study’s findings draws attention to the need for careful road traffic 

personnel screening, as well as keeping accurate records, to detect flat feet 

and identify relevant data associated with its prevalence among them. 

Overweight/obese officials displayed a higher risk of this disorder; hence they 

should be given special attention. Constant monitoring to limit strain at 

occupational tasks and ensuring proper fit of work boots are recommended, 

as these might help prevent and manage flat foot among this population. 

Appropriate nutritional, exercise and enlightenment programmes are relevant 

for holistic management. This study also suggests that proper foot evaluation 

and consideration be given to obese officials, as a primary step towards 

tackling indigenous adult flat foot prevalence. 
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SUMMARY: 

An observational cross-sectional study was carried out among 100 overweight 

traffic policemen between age group of 25 to 50 years to find out the 

prevalence of flat feet and to correlate the flat feet in overweight traffic 

policemen with age, height, weight and body mass index. 

Participants were selected on the basis of overweight under BMI. The 

participants willing to participate in the study were informed the need and 

importance of the study and written consent from them was taken. Their foot 

was impregnated with the stamp ink and the impression was taken, their foot 

measurements were taken and scored according to Denis method. The data 

was documented and analyzed. Results were obtained. Out of 100 

participants, 34 among them were diagnosed as flat feet.  

   The study concludes that prevalence of flat feet among overweight traffic 

policemen can be the alarming sign and can have a large impact on their 

physical health.  

     The study also suggests that proper foot evaluation and consideration be 

given to obese officials, as a primary step towards tackling indigenous adult 

flat foot prevalence. 
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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, is 

“PREVALENCE OF FLAT FEET IN OVERWEIGHT TRAFFIC POLICEMEN: 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 I (B) 

PERMISSION LETTER 

 

To,  

The Chairman,  

Ethical Committee 

Subject: Permission to carry out research work.  

I, Miss  , student of Master of Physiotherapy, would request you to grant me 

permission to carry out my research work.  

My research topic is,“PREVALENCE OF FLAT FEET IN OVERWEIGHT TRAFFIC 

POLICEMEN: AN OBSERVATIONAL 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 I (C) 

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:  

These standard procedures include Overweight traffic policemen who will be 

voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher was obtain written informed consent from all the participants who are 

volunteering to be the part of this study.  

 

Procedure:  

1. The researcher selected the Overweight traffic policemen 

2. The investigator explained 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. 
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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 filled the 

informed consent according to standard operational procedure. 

 

6. Study procedures began after the participant’s concern.  

 

7. Detailed medical and any other physical problem history 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 “PREVALENCE OF FLAT FEET IN OVERWEIGHT TRAFFIC POLICEMEN: 

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.  
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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 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. 
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 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) 

विषय माविती पत्रक 

उदे्दशः 

आयसीएमआरच्या नियामक आवश्यकताांिुसार आनि आयईसीद्वारे मांजूर झालेल्या सहभागी ांकडूि 

लेखी सूनित सांमती नमळनवली जाते हे सुनिनित करण्यासाठी. 

 

व्याप्ती: 

या मािक प्रनियेत जादा वजि रहदारी पोनलस समानवष्ट आहेत जे या अभ्यासामधे्य भाग घेण्यासाठी 

से्वचे्छिे इचु्छक असतील. 

 

जबाबदा :  ् या: 

या अभ्यासािा भाग होण्यासाठी स्वयांसेवा करिा all  ् या सवव सहभागी ांकडूि सांशोधकाांिा लेखी मानहती 

नदली जाईल. 

 

प्रनियाः 

1. सांशोधक जादा वजि वाहतूक पोनलसाांिी निवड करेल 

२. अने्वषि दूर करण्यासाठी आनि सहभागीच्या सवव प्रश्ाांिी उत्तरे शोधूि काढण्यासाठी वेधशाळेच्या 

प्रोटोकॉलिे स्पष्टीकरि देईल. 

 

 जर सहभागीिे भाग घेण्यािा नििवय घेतला असेल तर त्ाांिा मािक प्रनियेिुसार सांमती नदली जाईल. 
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जर सहभागीिे रस दशवनवला परां तु त्ा बाबतीत काही शांका असतील तर त्ाांिे निराकरि होईल. 

 

जर सहभागी स्पष्टीकरिास आरामदायक असतील तर ते प्रमानित ऑपरेशि प्रनियेिुसार मानहतीिी 

सांमती भरतील. 

 

6. सहभागीच्या निांतेिांतर अभ्यासािी प्रनिया सुरू होईल. 

 

समावेश आनि वगळण्याच्या निकषाांिी पडताळिी करण्यासाठी सहभागी ांकडूि तपशीलवार वैद्यकीय 

आनि इतर कोित्ाही शारीररक समसे्यिा इनतहास प्राप्त केला जाईल. 

 

जर सहभागीला त्ाांच्या कुटुांबातील सदस्याांसह या मानहतीवर ििाव करायिी असेल तर सांमती देण्यापूवी 

त्ाांिा तसे करण्यािा हक्क आहे. 

 

सांशोधि करिारय्ाांिा सामान्य मानहती: 

1. िाव: 

वय: 

नलांग: 

तारीख: 

२. आपिास प्रोफामाव भरिे आवश्यक आहे आनि सांशोधिािा हेतू आहे “प्रवाशाांच्या वाहतुकीच्या 

धोरिामधील फॅ्लट फीटिी पूतवता: एक ऑपरेशिल िॉस सेक्शिल स्टडी’ ’ 

 

 जर आपि से्वचे्छिे अभ्यासामधे्य भाग घेऊ इच्छच्छत असाल तर आपि परीके्षिी पूतवता होईपयंत 
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प्रोफामाव भरण्याच्या क्षिापासूि आमच्यासह आमच्याकडे िोांदिी करिे आवश्यक आहे. 

 

या कालावधीत आपिास अस्वस्थ वाटत असल्यास कृपया दयापूववक आम्हाला कळवा जेिेकरूि 

आम्ही कोितीही अनप्रय पररिाम ि करता आम्ही आपल्याला मदत करू आनि आपल्या अडििी ांवर 

मात करू. 

 

तुम्हाला कोितीही भरपाई आनि िुकसािभरपाई नदली जािार िाही. 

 

कोित्ाही क्षिी आपल्याला या सांशोधि अभ्यासापासूि दूर ठेवायिे असेल तर आपि तसे करण्यास 

मोकळे आहात आनि आमच्या बाजूिे कोिताही अडथळा येिार िाही. 

 

7. अभ्यासािे जोखीम, अस्वस्थता, फायदे आनि तोटे याांिे तपशील आपल्याला सांमतीपत्र प्राप्त 

करण्यापूवी स्पष्ट केले जाईल. 

 

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. 

 

या अभ्यासासाठी आवश्यक असलेल्या नवनवध िािण्या प्रनियेिा सवव धोका आपल्याला समजावूि 

साांनगतला जाईल आनि त्ािुसार सांमती घेतली जाईल. 

 

१०. 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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११. आपि कोित्ाही क्षिी समाधािी िसल्यास आपि कोित्ाही पररिामानशवाय कधीही माघार घेऊ 

शकता. 

 

१२. सांशोधकािे िाव: 

फोि िांबर: 

पत्ता: 

 

१.. मागवदशवकािे िाव: 

फोि िांबर: 

पत्ता: 

 

 सांस्थेिे िाव: 
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Annexure I (E) 

                                                                रोगीसूचनापत्र : 

 

                                               

उदे्दश्य: 

यह सुनिनित करिे के नलए नक नलच्छखत सूनित सहमनत आईसीएमआर की नियामक 

आवश्यकताओां के अिुसार प्रनतभानगयोां से प्राप्त की जाती है और आईईसी द्वारा अिुमोनदत है। 

 

स्कोप: 

इि मािक प्रनियाओां में ओवरवेट टर ैनफक पुनलसकमी शानमल हैं जो से्वच्छा से इस अध्ययि में भाग 

लेिे के नलए तैयार होांगे। 

 

दानयत्व: 

शोधकताव उि सभी प्रनतभानगयोां से नलच्छखत सूनित सहमनत प्राप्त करें गे जो इस अध्ययि का नहस्सा 

बििे के नलए से्वच्छा से हैं। 

 

प्रनिया: 

1. शोधकताव ओवरवेट टर ैनफक पुनलसकनमवयोां का ियि करेगा 

2. अने्वषक अवलोकि प्रोटोकॉल को सभी आशांकाओां को समझाएगा और प्रनतभागी के सभी प्रश्ोां 

का उत्तर देगा। 
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3. यनद प्रनतभागी भाग लेिे का फैसला करता है तो मािक प्रनिया के अिुसार उिकी सहमनत 

होगी। 

 

4. यनद प्रनतभागी रुनि व्यक्त 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 निांता के बाद शुरू होगी। 

 

7. नवसृ्तत निनकत्सा और नकसी भी अन्य शारीररक समस्या का इनतहास प्रनतभानगयोां से प्राप्त नकया 

जाएगा तानक समावेशि और बनहष्करि मािदांडोां को सत्ानपत नकया जा सके। 

 

8. यनद प्रनतभागी अपिे पररवार के सदस्योां से इस जािकारी पर ििाव करिा िाहते हैं तो वे सहमनत 

देिे से पहले ऐसा करिे के हकदार हैं। 

 

अिुसांधाि प्रनतभानगयोां को सामान्य जािकारी: 

1. िाम: 

उम्र: 

नलांग: 

तारीख: 

2. आपको प्रोफामाव भरिा होगा और शोध का उदे्दश्य "प्रवासी यातायात िीनत में पूवव नदशा का 
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अध्ययि: एक राष्टर ीय शैनक्षक के्षत्र अध्ययि सांस्थाि" का अध्ययि करिा है। 

 

3. यनद आप से्वच्छा से अध्ययि में भाग लेिे के इचु्छक हैं तो आपसे अपेक्षा की जाती है नक आप 

प्रोफामाव 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 जोच्छखम, 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। अगर तस्वीर 

प्रकानशत होती है तो अिुमनत नमल जाएगी। 

 

9. इस अध्ययि के नलए आवश्यक नवनभन्न परीक्षि प्रनियाओां के सभी जोच्छखमोां को आपको 

समझाया जाएगा और तदिुसार सहमनत ली जाएगी। 
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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. सांस्था का िाम: 
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Annexure II (A) 

       

LETTER OF CONSENT 

PREVALENCE OF FLAT FEET IN OVERWEIGHT TRAFFIC POLICEMEN: 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 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) 

संमती 

 

ओव्हरवेट टर ॅनफक पॉनलसीमधे्य फॅ्लट फीट सिी पूतवताः एक परदेशी िॉस सेक्शिल स्टडी 

 

• उपक्रमाचे स्वरूप,कारण, कालावधी त्याचे पुढील पररणाम आणण उपक्रमाचे धोके तसेच या 

अभ्यासातील माझी भूणमका मला समजावली गेली आहे .माझे सगळे प्रश्न समाधानकारकररत्या 

सोडवले गेले आहे . 

• माझा या उपक्रमातील सहभाग पूणणपणे ऐच्छिक आहे आणण मी  कोणत्याही वेळी, कोणतेही 

कारण न देता, कुठलाही दंड न भरता  आणण मला णमळण्याचा अपेणित फायदा यांमधे्य 

कुठलाही बदल न होता मी या अभ्यासातून कुठल्याही िणी माघार घेऊ शकते /शकतो . 

• उपक्रमादरम्यान उपलब्ध होणाऱ्या कोणत्याही माणहतीमुळे माझ्या उपक्रमातील भाग घेण्यावर 

पररणाम होऊ शकतो हे मला सांणगतले जाईल . 

• णवद्यालयीन संणमतीमाणहती गोळा करण्यासाठी माझी आधीची वैद्यकीय पत्रक पाहू शकतात .या 

पत्रकावर सही केल्यावर मी त्यांना तशी अनुमती देते /देतो. 

• मी हे जाणते/जाणतो णक माझी ओळख कुठल्याही तसेच कोणत्याही माणहतीत/प्रकाशनात 

प्रदणशणत केली जाणार नाही .    

• मी ह्या उपक्रमात सहभागी होण्यासाठी संमती देत आहे 

सहभागी सदस्याचे नाव          स्वािरी /अंगठ्याचा ठसा           णदनांक : 
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ANNEXURE II(C) 

सहमणत – पत्र 

ओवरवेट टर ैनफक पोनलिेशि में फ़्लैट की तैयारी: एक राष्टर ीय शैनक्षक अिुभागीय अध्ययि 

• 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 का णनशान              णदनांक 
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ANNEXURE III (A)  

           PARAMETERS FOR ASSESSMENT OF OUTCOME MEASURES 

a. Denis plantar footprint method to assess Flat Feet Grade: It is a 

method in which plantar footprints are classified into flat feet grading. 

• Participant’s position: Participants will be standing in a normal relaxed 

standing position with their arms by their side and thumbs facing forward while 

looking forward at a mark on the wall fixed at eye level. 

• Therapist position: Sitting/standing and Facing towards the patient. 

• Testing procedure: The participants will be asked to wash their foot which 

will be properly dried after. Their foot will impregnated with the stamp ink and 

the impression will be taken using the white paper with barefoot relaxed in the 

anatomical position, their foot measurements will be taken and scored 

according to Denis method. The interpretation of this method is by following 

scoring criteria. Normal – Lateral edge of the foot is supported by 4th and 5th 

metatarsal, Grade-1-Lateral edge of the foot is half of the metatarsal support, 

Grade-2-support of the central zone and forefoot are equal and Grade-3-

support of the central zone of the foot is greater than the width of the 

metatarsal support. (19) 
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CASE RECORD FORM 

 

DATE: 

NAME:  

AGE: 

ADDRESS: 

WEIGHT (kilogram): 

HEIGHT (centimeter): 

BMI: 

HOURS OF WORKING: 

DURATION OF JOB: 

MEDICAL HISTORY: 

SURGICAL HISTORY: 

 

 

DENIS PLANTAR FOOTPRINT 

LEFT FOOT                               RIGHT FOOT 
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ANNEXURE III (C) 

DATA COLLECTION TOOLS: 

1. 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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2. 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.  
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3. BODY MASS INDEX: 

  

It is an indicator of obesity and is defined as the body weight divided by the square of 

the body height, and is universally expressed in units of kg/m2, resulting from weight 

in kilograms and height in metres. Overweight is classified as a BMI ≥ 25.00 
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4. INK PAD 

 

Product description: Blue Ink pad  

Specifications: Foot prints  

 

 

  



 

 

91 

 

5. Blank sheets 

Product description: White blank sheets 

Specifications: To impregment foot prints 
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6. The Denis plantar footprint:  

 

 The plantar footprint is classified according to Denis into three grades of flatfoot. 

Second or third-degree plantar footprint was considered as flatfooted. Subjects with 

first degree plantar footprints have evolutionary foot problems without pathologic 

significance. The interpretation of this method is by following scoring criteria. Normal 

– Lateral edge of the foot is supported by 4th and 5th metatarsal, Grade-1-Lateral 

edge of the foot is half of the metatarsal support, Grade-2-support of the central zone 

and forefoot are equal and Grade-3-support of the central zone of the foot is greater 

than the width of the metatarsal support 
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ANNEXURE III (E) 

PROFORMA 

DATE: 

NAME:  

AGE: 

ADDRESS: 

WEIGHT (kilogram): 

HEIGHT (centimeter): 

BMI: 

HOURS OF WORKING: 

DURATION OF JOB: 

MEDICAL HISTORY: 

SURGICAL HISTORY: 

 

 

DENIS PLANTAR FOOTPRINT 

LEFT FOOT                               RIGHT FOOT 
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ABBREVATIONS 

 

IEC – Institutional Ethical Committee 

 

ICMR – Indian Council of Medical Research 

 

%- Percentage  

 

BMI- Body mass index 

 

Kg- Kilogram 

 

SD- Standard deviation 

 

m- Meter 

  



 

 

95 

 

  



 

 

96 

 

ANNEXURE IV 

                 TIMELINE / GANNT CHART  

 

  

Sr. No Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 Jan-20 Feb-20 Mar-20 Apr-20 May-20 Jun-20 Jul-20 Aug-20 Sep-20

1 Selection of topic

2 Formulation of research question

3 Formulation of aims and objectives

4 Research Protocol

5 Research Designing

6 Reviewing of literature 

7 Methodology formulation

8 Study designing

9 Study setting

10 Sample size estimation

11 Selection of study tools and instruments

12 Method of data collection 

13 Data management and analysis 

14 Statistical tests 

15 Compilation of synopsis 

16 Ethical clearance 

17 Incorporation of suggestions by IEC

18 BORS approval

19 Online submission of synopsis

20 Approval of synopsis from University

21 Data collection process

22 Data spread in Excel Sheet

23 Data Cleaning

24 Encryption of Data

25 Data Analysis

26 Statistical  analysis and tests 

27 Result and Tables

28 Discussion

29 Conclusion and Summary

30 References

31 Compilation of Dissertation

32 Submission of Dissertation to university

33
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1) September - 

October  2018 

Selection of Topic 

2) October -  

November  2018 

Formulation of research 

question 

3) November – 

December 2018 

Formulation of aims and 

objectives 

4) December 2018- 

January 2019 

Research Protocol 

5) December 2018- 

January 2019 

Research Designing 

6) September 2018- 

January 2019 

Review of Literature 

7) November 2018- 

January 2019 

Methodology formulation 

8) November 2018- 

January 2019 

Study designing 

9) November 2018- 

January 2019 

Study setting 
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10) November 2018- 

January 2019 

Sample size estimation 

11) November 2018- 

January 2019 

Selection of study tools 

and instruments 

12) December 2018- 

January 2019 

Method of data collection 

13) December 2018- 

January 2019 

Data management and 

analysis 

14) December 2018- 

January 2019 

Statistical tests 

15) January 2019 Compilation of Synopsis 

16) January 2019 Ethical clearance 

17) January 2019- 

February 2019 

Incorporation of 

suggestions by IEC 

18) February 2019 BORS approval 

19) March 2019 Submission of synopsis  

20) 31st May 2019 Received approval from 

university  

21) June 2019-July 

2020 

-Collection of data 

-Preparation of excel sheet 

-Screening of data 

-Encryption of data 

-Search for more literature 

 

22) August 2020 -Analysis and 
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Management of data 

-Obtaining the final result 

-Preparing the manuscript 

for completion of 

dissertation 

23) September  2020 Submission of dissertation 

to MUHS 
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ANNEXURE 5: MASTERSHEET 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A G E W E I G H T  ( k g )  H E I G H T ( c m ) B M I O v e r w e i g h t C l a s s  1  o b e s i t y C l a s s  2  o b e s i t y C l a s s  3  o b e s i t y W O R K I N G  H O U R S J O B  D U R A T I O N  ( y r s ) D E N I S  G R A D E  

2 5 9 4 1 6 2 3 5 . 8 1 7 7 1 0 7 1 0 0 1 0 6 5 2

3 0 8 0 1 6 1 3 0 . 8 6 3 0 0 6 8 3 0 1 0 0 6 6 1

2 9 8 8 1 6 8 3 1 . 1 7 9 1 3 8 3 2 0 1 0 0 6 5 1

2 7 7 5 1 6 3 2 8 . 2 2 8 3 8 6 4 7 1 0 0 0 5 5 0

4 4 9 9 1 6 9 3 4 . 6 6 2 6 5 1 8 7 0 1 0 0 5 7 2

4 3 1 0 2 1 6 4 3 7 . 9 2 3 8 5 4 8 5 0 0 1 0 8 9 3

3 0 1 0 3 1 8 5 3 0 . 0 9 4 9 5 9 8 2 0 1 0 0 6 5 0

2 5 7 6 1 7 3 2 5 . 3 9 3 4 3 1 1 2 1 0 0 0 5 5 0

4 3 9 9 1 5 7 4 0 . 1 6 3 9 0 1 1 7 0 0 0 1 8 1 0 3

3 2 9 2 1 7 6 2 9 . 7 0 0 4 1 3 2 2 1 0 0 0 6 6 0

4 6 9 4 1 7 1 3 2 . 1 4 6 6 4 3 4 1 0 1 0 0 5 7 1

3 5 1 0 3 1 6 6 3 7 . 3 7 8 4 2 9 3 8 0 0 1 0 6 7 1

2 8 1 0 5 1 6 6 3 8 . 1 0 4 2 2 4 1 3 0 0 1 0 7 5 1

3 8 1 0 5 1 6 8 3 7 . 2 0 2 3 8 0 9 5 0 0 1 0 7 6 2

4 9 1 0 7 1 7 4 3 5 . 3 4 1 5 2 4 6 4 0 0 1 0 6 7 1

4 4 9 5 1 8 5 2 7 . 7 5 7 4 8 7 2 2 1 0 0 0 6 5 0

2 8 9 7 1 6 6 3 5 . 2 0 1 0 4 5 1 4 0 0 1 0 7 4 0

2 5 9 2 1 6 5 3 3 . 7 9 2 4 7 0 1 6 0 1 0 0 6 6 0

4 2 8 6 1 7 6 2 7 . 7 6 3 4 2 9 7 5 1 0 0 0 6 6 0

3 3 1 0 8 1 6 2 4 1 . 1 5 2 2 6 3 3 7 0 0 0 1 5 7 2

2 9 7 7 1 6 0 3 0 . 0 7 8 1 2 5 0 1 0 0 6 5 0

3 0 9 0 1 7 7 2 8 . 7 2 7 3 7 7 1 9 1 0 0 0 7 5 0

3 7 8 4 1 8 3 2 5 . 0 8 2 8 6 3 0 3 1 0 0 0 6 6 0

3 6 9 0 1 7 2 3 0 . 4 2 1 8 4 9 6 5 0 1 0 0 6 5 0

4 5 1 0 7 1 8 5 3 1 . 2 6 3 6 9 6 1 3 0 1 0 0 6 6 0

2 6 8 3 1 6 6 3 0 . 1 2 0 4 8 1 9 3 0 1 0 0 5 5 0

2 9 1 0 9 1 6 2 4 1 . 5 3 3 3 0 2 8 5 0 0 0 1 7 6 1

3 9 1 0 3 1 8 2 3 1 . 0 9 5 2 7 8 3 5 0 1 0 0 7 5 0

4 0 1 0 2 1 6 0 3 9 . 8 4 3 7 5 0 0 1 0 7 6 0

4 6 1 0 9 1 5 8 4 3 . 6 6 2 8 7 4 5 4 0 0 0 1 6 7 1

2 6 1 0 5 1 6 0 4 1 . 0 1 5 6 2 5 0 0 0 1 7 7 1

3 1 1 0 7 1 7 4 3 5 . 3 4 1 5 2 4 6 4 0 0 1 0 5 7 1

2 9 1 0 0 1 8 3 2 9 . 8 6 0 5 5 1 2 3 1 0 0 0 6 5 0

3 9 8 3 1 6 6 3 0 . 1 2 0 4 8 1 9 3 0 1 0 0 6 5 0
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INTRODUCTION:- 

 

Developmental Coordination Disorder (DCD) is a multifactorial, neuro-

developmental motor disorder.1 DCD shows delay and difficulty in motor skill 

competence, difficulty in coordinating movements2 observed in children who are 

developing well intellectually.3 DCD is also defined, using the Diagnostic and 

Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), as a condition 

marked by a significant impairment in the development of motor coordination, which 

interferes with academic and classroom performance1, activities of daily living 

(ADL’s)1-3 and also show problems while performing sport.3 

 

Developmental Coordination Disorder (DCD) shows a worldwide prevalence 

of 6% which includes 5-8% population affected in the USA, 1.8% in the UK, 5-9% in 

Canada.3 In a recent study conducted in Spanish classroom children, prevalence of 

suspected DCD came out to be 12.2%1. In Egypt the suspected DCD holds 5.9% of 

the total population in 5 – 15 year old children4 whereas, studies conducted in Brazil, 

the prevalence of probable or suspected DCD was found to be as high as 30%5 and 

19.9%.6 In India, different studies have been conducted in different areas to find out 

the prevalence of DCD. In Dharwad, Karnataka(2014), the prevalence of suspected 

or indicated DCD was found to be 21.33%.7 In Pimpri, Pune (2014) prevalence of 

DCD was found to be 1.36% and in recent study (2018)3 by U. Ganapathysankar 

prevalence of DCD found by door-to-door survey came out to be 3.22%.8 In India 

recent study was carried out by Sujatha B et. al (2020) in Thiruvallur district on 944 

apparently normal school-going children belonging to 8 – 17 years of age – group, 

aiming to find out the prevalence of developmental coordination disorder in school 
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going children. They found that prevalence of suspected DCD is 3.8%, with higher 

prevalence in boys as compare to girls. 9 

 

The International classification of diseases and related health problems (ICD-

10) also included DCD in the specific developmental disorder of motor functions  

Geneva: World Health Organization (WHO).9 Children affected with DCD shows 

deficit in gross motor functions which is evident by difficulty to throw and catch a ball 

or difficulty in carrying objects, these children are clumsy in general and tend to drop 

things very frequently.8-10 These children also show deficit in fine motor skill as they 

experience difficulty in hand activities like tying shoe laces, to fasten and unfasten 

buttons, poor handwriting and drawing skills, poor at jigsaw puzzle, understanding 

maps and using constructional toys. 8,9  

 

Children with DCD also show poor physical fitness, internalising factors11 like 

poor social skills, low self-esteem, anxiety and depression affect their daily 

living.9,12,13 Studies reported that children with DCD have problem in rhythmic 

coordination and timing as well as lack of executive functioning which affects working 

memory and attention.8  Darvik M. et al (2018) stated that children suffering with 

DCD may demonstrate symptoms of neurological “soft signs” which suggest minor 

neurological abnormalities and include dysdiadochokinesia, synkinesia, tactile 

localization deficits, reduced motor speed, mild dysfunction in muscle tone 

regulation, and asymmetric reflexes.14 

 

Identification of probable or suspected DCD can be done through a parent 

administered questionnaire, namely, Developmental Coordination Questionnaire 
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2007 (DCDQ’07)16 used for identification of children showing signs of DCD in 5 – 15 

year old children. In this parents are asked to compare the motor performance of 

their children with their peers and answer using a 5 point Likert scale.16,17 It consists 

of 15 questions regarding child’s every day functional activity. The scoring in each 

question ranges from 1: not at all like my child to 5: extremely like my child. This 

makes total obtainable score by any participant being minimum 15 to maximum 75. 

DCDQ’07 is divided in 3 subtotals for highlighting 3 distinct factors. These are: (1) 

control during movement: describing motor control while child or any object is in 

motion. (2) fine motor and handwriting: describing fine motor activities (3) general 

coordination: relation to coordination and planning activities.5 These subtotal cannot 

identify suspected DCD individually but can be used to know the strength and 

challenges in children showing signs of suspected DCD 16,17 

 

Previous literature has shown many prenatal risk factors associated with 

DCD. Some of these are advanced maternal age (> 35 years)18, prenatal alcohol 

exposure, the threat of miscarriage before the 20th week, male gender19,20, foetal 

distress during delivery20, preterm delivery (<37 weeks of gestation)20, very preterm 

birth (<32 weeks)14,21, low birth weight for gestational age19,20, very low birth weight 

(<1.500 g), chronic lung disease21,22, neonatal pathological jaundice, postpartum 

exposure to steroids15,18, and independent walking after 15 months.18 

 

It is known that neurological motor impairments are common in preterm born 

children as compared to term born children. 14,18-22  In Jenny Bolk’s study (2018) 

37.1% children born extremely preterm (< 27 weeks) showed DCD as compare to 

term born control group (5.5%).21 Children with DCD born preterm shows poor motor 

performance as compared to term born children with DCD. In attempts to find the 
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etiology working behind DCD there are supportive literature suggesting that children 

born with low birth weight (<1800 gm) have higher rates of DCD i.e. 40% - 50%. 23  

 

Recent neuroimaging studies have revealed that there in neural impairement 

present in functional connectivity between sensorimotor network in children with 

DCD.25 Literature has also confirmed that impairments in visuospatial processing and 

occulomotor movement in children with DCD25 and these deficits are reported to 

persist in adulthood also resulting in lesser physical competence and self – esteem 

in adult life.8,9,11-13,26 
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NEED FOR STUDY:- 

 

 

In DCD the involvement of fine and gross motor coordination varies with age and 

from individual to individual.10 Developmental Coordination Disorder (DCD) is found 

to be more prevalent in 8 - 9 years age group.3 and also found that there is gender 

difference present where girls are more affected than boys hence,7,8 it is important to 

identify population at risk of DCD and its association with preterm birth and/or low 

birth weight i.e suspected DCD at an early age. 
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AIM:- 

 

 To find the prevalence of suspected DCD in 5 – 10 years of children and find 

its association with preterm and /or low birth weight. 
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PRIMARY OBJECTIVES:- 

 

1. To evaluate gross motor function score in upper limb in suspected 

developmental coordination disorder. 

2. To evaluate fine motor skills score in suspected developmental coordination 

disorder. 

 

 

OTHER OBJECTIVES:-  

1. To evaluate the association between preterm and/or low birth weight in 

children with suspected developmental coordination disorder. 
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PRIMARY HYPOTHESIS:- 

 

 Not Applicable (NA) 

 

 

 

 

 

OTHER HYPOTHESIS:- 

 

Not Applicable (NA) 
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REVIEW OF LITERATURE:- 

 

1. (2020) Sujatha et. al: conduated a cross – sectional study with objective of 

finding prevalence of developmental coordination disorder (DCD) in school 

going children. 944 children of age – group 9 – 14 years were included in the 

study. Overall prevalence of DCD was found to be 3.8%. gender wise 

distribution showed 5 % prevalence in boys and 2.7% prevalence in girls. 

Children with age 10 to 14 years showed increasing prevalence of DCD.10 

2. (2020) Wenchong DU et. al: conducted a study to explore to prenatal, 

perinatal, neonatal and family environmental risk factors for DCD. The study 

included 2185 children of age – group 3-10 years from urban areas of China. 

The Movement Assessment Battery for Children 2 was used to assess the 

motor functions along with a parent administered questionnaire. 94 participants 

were dropped out and out of 2091 participants 156 participants (7.5%) met 4 

criterions from DSM-V for DCD and score less than 5th percentile of MABC-2. 

These participants were identified as DCD. The results of the study suggested 

that male sex, higher BMI and preterm birth are the factors associated with 

DCD. Amongst family and environmental factors parental education and one-

child status were found to be risk factors for DCD. Prenatal factors like placenta 

previa and placental abruption were also found to be associated with preterm 

birth and DCD. The perinatal factor of low birth weight was not significantly 

different between the DCD and non-DCD group. Hence, the study suggested 

future need to explore the culture-specific difference and contribution of low birth 

weight and preterm birth status in DCD.20 

3. (2020) Gomez A. and Huron C.:  aimed to study numerical cognition using an 

approach that taps very basic numerical processes such as subitizing and 
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counting abilities in DCD. The study involved 20 children with DCD and 20 

typically developing children of age group 7-10 years. Participants with a current 

or past history of neurological or psychiatric disorders, learning disabilities other 

than DCD, a current organic disease, a pharmacologic medication, an 

intellectual disability and prematurity were excluded. Motor coordination 

performance was measured by the French version of the Movement 

Assessment Battery for Children. In enumerating tasks the subtests of 

similarities and digits span of the WISC-IV were administered as indicators of 

verbal intelligence and verbal short-term memory, respectively. To assess visuo-

spatial abilities, the arrows subtest of the NEPSY and the block design sub-test 

of the WISC-IV were used. For subitizing and counting tasks, a screen 

displaying dots was used. The results of the study depected that children with 

DCD were less accurate and slower in two enumeration tasks (with and without 

a time limit). In the counting task, both the decrease in accuracy and the 

increase of reaction times of children with DCD occurred only when the number 

of dots exceeded three.27 

4. (2020) Smith M. et. al: conducted a study aiming to determine current 

knowledge of Australian podiatrists regarding presentation, assessment, and 

management of children with developmental coordination disorder. Total 365 

Australian podiatrists were included in this study. Data was collected through 

single – round survey by Surveymonkey. Participants were asked about their 

familiarity with DCD and depending on their response, were directed via skip 

logic to questions on presentation, assessment and management strategies of 

DCD in children. Results showed that there were 109 (30%) reported familiarity 

with DCD as a diagnosis. While an additional 134 (37%) participants reported 

familiarity with alternate terminology that has previously been used to describe 

DCD like developmental dyspraxia or clumsy child syndrome. The study 
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concluded that participating Australian podiatrists were largely unfamiliar with 

developmental coordination disorder as a diagnosis, although this increased 

with the introduction of previous terminology. Participants frequently reported 

referral to other health professionals rather than performing assessments, while 

recommending common podiatric interventions such as footwear education, 

orthoses and strength training. Most respondents showed interest in receiving 

further education on DCD, and given current lack of evidence, future research 

should focus on determining the role of podiatrists in assessment and 

management of children with DCD as part of an interprofessional team.28 

 

5. (2020) Warlop G. et. al: conducted a study exploring differences and similarities 

in gaze behaviour during walking between typically developing young adults and 

those with DCD. Twenty individuals, aged 20 to 23, of which 10 met the criteria 

for DCD, participated in this study. Eye movements were recorded with the 

SensoMotoric Instruments (SMI) Eye Tracking Glasses 2 Wireless (ETG). 

These mobile eye tracking glasses were connected to a smart recorder running 

the iViewETG software, which was worn in a waist bag. The patricians had to 

complete a walking task in which they had to place their feet on irregularly 

placed targets wearing eye tracking glasses mounted on their heads. The 

results demonstrated that individuals with DCD took approximately 25% more 

time to complete the total walking sequence. The study confirmed that the gaze 

strategy observed in young adults with DCD seems to reflect unstable 

oculomotor control and an increased dependency on on-line foveal visual 

feedback of the walking path.25 

 



12 

 

6. (2020) Rinat S. et. al: conducted a study aiming to compare whole-brain 

resting-state functional connectivity of children with DCD and typically-

developing children. Participants within 8-12 years were included with 35 DCD 

participants were compared to 23 typically developing ones. Children then 

completed an MRI scanning session of approximately 60 min. Children with 

DCD demonstrate altered functional connectivity between the sensorimotor 

network and the posterior cingulated cortex (PCC), precuneus, and the posterior 

middle temporal gyrus (pMTG). Results of this study indicated that there is 

ineffective communication between the sensorimotor network and the PCC 

might play a role in inefficient motor learning seen in DCD. The pMTG acts as 

hub for action-related information and processing, and its involvement could 

explain some of the functional difficulties seen in DCD. This study increases our 

understanding of the neurological differences that characterize this common 

motor disorder.24 

7. (2019) Laura Degado-Lobete et. al: conducted a cross-sectional study aiming 

to find the prevalence of suspected developmental coordination disorder in 

Spanish school children and to its association with socio-demographic factors. 

For this a sample of 460 Spanish school going children of age-group 6-12 years 

were chosen. A dossier including the Developmental Coordination Disorder 

Questionnaire-European Spanish (DCDQ-ES) (to be published) and a socio-

demographic questionnaire was issued to 1002 randomly selected parents of 

children aged from 6 to 12 years. These children were chosen from 6 out of 8 

randomly selected schools that agreed for participation. Parents were also 

asked whether their children had a clinical diagnosis of any developmental 

disorder or learning difficulties. The dossiers were anonymously answered at 

home and then returned to schools and then collected by the researchers. Only 

fully completed DCDQ-ES were considered valid and included in the study. 
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DCDQ is a 15-item parent administered questionnaire and the covariables 

included in socio-demographic questionnaire were gender, age, gestational age 

at birth, participation in out-of-school physical activities and educational and 

occupational family levels. The parents’ educational level was measured using 

the International Standard Classification of Education, while occupational level 

was assessed with the occupational classification proposed by the Spanish 

Society of Epidemiology and the Spanish Society of Family and Community 

Medicine. 56/460 participants (12.17%) were identifies as having suspected 

DCD. Analysis of sample was done under 3 groups- <8, 8-9 and 10 and more. 

Boys in all groups depicted a higher level of suspected DCD population as 

compared to girls. They also found that girls who are engaged in out of school 

physical activities with well educated parents scored good in DCDQ-ES 

indicative of good motor coordination. Finally they concluded that- “Suspected 

DCD and problematic motor coordination ability skills are associated with age, 

sex, limited participation in out-of-school physical activities, low gestational age 

at birth and family educational status.” and suggested scope for future studies 

that could explore the associations of additional socio-demographic and 

contextual factors, alongside those included in their study, to further investigate 

the external variables that may contribute to the development of DCD.1 

 

8. (2018)  Dr.U.GanapathySankar: conducted a cross sectional survey on 898 

subjects of age group 5-10 years in Kattupakkam village of Tamil Nadu to find 

out the prevalence of developmental coordination disorder (DCD). Assessment 

was done with the help of developmental coordination disorder questionnaire 

(DCDQ). Data collection was done by door to door survey in village and DCDQ 

was distributed to concerned parents. DCDQ scores were correlated with 
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Bruininsks Osterkey Test Of Motor Proficiency 2nd edition (BOTMP 2). Results 

indicated 29/898 (3.22%) children met DCD criterion. Also, prevalence was 

highest in 9-9.11 year age group (7.59%) and lowest in 6-6.11 age group 

(1.6%). This study showed an increase in prevalence of DCD as compared to 

previous studies conducted in 2011 and 2017. Study recommends awareness 

programme and screening programme to be conducted periodically for parents 

and teachers for early identification of disorder.8 

 

9. (2017) Susan Allen and Jackie Casey: carried out a retrospective cohort 

aiming to determine whether children with DCD present with sensory processing 

and integration difficulty & comparison of these difficulties with those with co-

occurring conditions. Study included 93 subjects aged between 5 to 12 years 

who met EACD guidelines and DSM-5 criteria for DCD, attending mainstream 

school with MABC-2 standard score of 6 or below and those with comorbid 

developmental disorder (such as ASD) and attention deficit disorder (ADD) 

fulfilling these conditions (n=42). Children with recognised learning disability or 

neurological impairment such as cerebral palsy were excluded. The dependent 

and independent outcomes are: sensory processing and integration measured 

by sensory processing measure (SPM) and motor coordination measured by 

MABC-2 full scores and subsection scores. This study depicted high levels of 

poor body awareness, balance and motion. However, no relationship was found 

between motor skills and sensory processing and integration. Hence, they 

concluded that most of those affected with DCD shows some amount of 

difficulties in sensory processing and integration impacting function and 

participation and should be considered as a barrier.29 
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10.  (2017) N. Sanjivani Dhote et al.: conducted a cross-sectional analytical study 

“Age wise prevalence of developmental coordination disorder in school going 

children in west India” included 516 students of age group 5-15 years. Subjects 

with neurological trauma like spinal fracture or any visual problems or any 

congenital deficit were excluded. The sample was divided in 5 age groups (age 

group 1: 5-7.11, age group 2: 8-9.11, age group 3: 10-11.11, age group 4: 12-

13.11, age group 5: 14-15.11) and was assessed with the help of BOT-2 for 

assessing child’s motor proficiency. Descriptive analysis of scores were done by 

dividing into descriptive categories as WAA-Well above average, AA- Above 

Average, A – Average, BA- Below Average, WBA- Well Below Average. Results 

depicted highest prevalence of DCD in 8-9 years aged subjects.3 

 

11. (2014) Priya Patel and Carl Gabbard: published an article titled- 

“Developmental Coordination Disorder- What PT Needs To Know”. Main aim of 

this article was to increase awareness regarding DCD and includes definition, 

causes, incidence, physical features, impact on daily living, associated co-

morbidities, assessment, approaches and role of parents and educators. They 

have put forward common characteristics of DCD children as- children with 

clumsy & awkward movements who often bump into or knock objects, difficulty 

in gross motor skills, fine motor skills or both, with abilities in other area may be 

unaffected like intellectual and language skills, difficulty in learning new motor 

skills, difficulty with activities that require constant change in body position or 

adapting to new environment, difficulty in activities requiring coordinated use of 

both sides of body (paper cutting, swinging bat etc.), poor postural control & 

poor balance, difficulty in printing and hand writing, difficulty in balancing the 

need for speed with need of accuracy, difficulties in academic subjects like 
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mathematics, spelling, written language, completing work within expected time 

frame, difficulties with activities of daily living & organising things. All these are 

associated internalising factors like lack of interest, low self esteem, lack of 

motivation, low frustration tolerance, avoids socialising, seems dissatisfied. DCD 

is most commonly associated with comorbidities like ADHD, dyslexia, language 

impairment. They have described use of MABC-2, BOTMP-2 and DCD-Q in 

assessment of DCD and have stressed of strong grasp in assessment methods 

by the therapist to assess a child’s level of skill in gross motor, fine motor or 

balance. Interventions in DCD are broadly categorised into bottom-up approach 

and top-down approach and suggests it to be highly specific to condition of 

child. They have quoted in their article that “redemption of DCD should not only 

be limited to clinics but needs to go on at home, schools and community.” 

Finally they concluded that motor difficulties in DCD may worsen with increasing 

age in unattended cases. Timely assessment and early identification and 

intervention can help and prevent secondary complication. And thus they have 

justified the need for bringing awareness of DCD in India.2 

 

12. (2014) Komal K B, Parmar Sanjay: conducted a cross-sectional study to find 

out the prevalence of developmental coordination disorder. For this subjects 

included normal and co-operative boys and girls of age group 5-15 years whose 

parents are able to understand English and Kannada and who are declared as 

typically developing by paediatrician. Children with cerebral palsy, muscular 

dystrophy, muscular impairment, mental retardation or any known psychological 

disorder or whose parents are unwilling were excluded. Sample size was 

calculated to be 246 and 37 subjects were additional so, sample size of 283 

subjects was established and approximately 300 subjects were included. Tool 
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used for assessment was developmental coordination questionnaire (DCDQ’07) 

converted in Kannada with reliability of 0.89. Schools were selected randomly 

and date of birth of children was obtained through office records. A paediatrician 

visiting the school was asked for screening of children. Randomisations of 

students were done on basis of their roll numbers and were divided into 11 

categories according to age (5-5.11, 6-6.11, 7-7.11, 8-8.11, 9-9.11, 10-10.11, 

11-11.11, 12-12.11, 13-13.11, 14-14.11, 15-15.11). Parents of children included 

were called on a prefixed date and prenatal, natal and postnatal history was 

taken. Subjects’ BMI was calculated and parents were provided with DCDQ’07 

English and Kannada. Parents were also asked for the relevance of DCDQ’07. 

Prevalence of suspected DCD was found to be 21.33% (19.31% in boys and 

23.23% in girls). Limitations of the study included informal screening by 

paediatrician, no other test was used for categorisation of DCD, no associated 

problems in activities of daily living were considered. Further research in 

multicentric setting with larger sample size is recommended.7 

 

13. (2013) Lemke D Jelsma et al.: conducted a study with the aim to determine 

whether joint mobility is associated with motor performance in children with DCD 

with contrast to typically developing group. Study was carried out in children 

within 3-16 years and were divided into two groups- DCD-group consisted of 

DCD children referred for physical therapy (n=36) & typically developing group 

consisted of children attending mainstream school (n=352). Children needing 

special care or medication or had limitations due to cardiopulmonary, 

neurologic, rheumatic, metabolic, orthopaedic condition or had IQ<70 were 

excluded. For assessing hypermobility The Beighton Hypermobility score was 

used and to assess motor proficiency MABC 2 scores were used. Study 
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concluded that “although in general population joint hypermobility and motor 

performance is not related, this is the case with children referred to DCD.” & 

prevalence of hypermobility was found to be more frequent in DCD.30 

 

14.  (2012) Jill G. Zwicker et al.: published a review article on Developmental 

coordination disorder (DCD) highlighting the history and definition of DCD, its 

prevalence, possible underlying etiology, associate co-morbidities and their 

impact on daily life and briefs about interventions, neuroimaging and future aims 

of study on DCD. They have described DCD as a heterogeneous disorder in 

which there is difference in affection of either fine motor skills or gross motor 

skills or both in a child and explained the varying levels of impact in body 

structure and function with the help of an example ICF framework depicting 

activity limitation, participation restriction and contextual factors. Prevalence of 

disorder ranges between 1.4%-19% reasons of this variance could be inclusion 

of only motor coordination challenges without assessing intelligence and impact 

on activities of daily living. Also prevalence can be underrated due to lack of 

awareness of this disorder. DCD was earlier referred to as ‘minimal brain 

dysfunction’ which was later replaced to ‘minimal neurological dysfunction’ 

(MND). MND was proposed to highlight strong association with preterm birth 

according to this 12.5% to over 50% have motor impairments consistent with 

DCD and are 6-8 times more likely to develop DCD. Two possible mechanisms 

are hypothesised that could be working behind this disorder: automatization 

deficit hypothesis- children may have difficulty in making motor skills automatic 

and internal modelling deficit hypothesis- a mismatch between an internal model 

which predicts the sensory consequences of motor command which normally 

results in successful motor control. Apart from motor complications children are 
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reported with secondary emotional and mental health concerns such as low self 

worth, self esteem, high rates of anxiety and depression and emotional/ 

behavioural disorders. Children with DCD are at higher risk of obesity and 

coronary vascular diseases. Children with DCD have shown to have lower 

cardio-respiratory and physical fitness as compared to typically developing 

children and the difference increases with increase in age. Interventions for 

DCD are either deficit-oriented or task-specific.14 

 

• Literature on gross motor and fine motor assessment 

 

15. (2018) Alison Griffiths et al.: conducted a systematic review on gross motor 

assessment tools for children. Assessment tools were included if they were 

discriminative, predictive, evaluative of gross motor skills, assessed ≥2 gross 

motor items and able to extract a meaningful gross motor subscore, applicable 

to 2-12 year age group, norm referenced test with standardised assessment 

procedure and instructional manual is published or available commercially in 

English and its validity and reliability is reported. Tools were excluded if they 

were questionnaire or screening tool, applicable only to specific diagnosis, not 

available in English, version were superseded. Seven assessment tools were 

included from 30 studies, these are: Bayley Scale of Infant and Toddler 

Development III (Bayley-III) applicable from 1 month to 3 years, Bruininks-

Oseretsky Test of Motor Proficiency 2 (BOT-2) applicable in 4 years to 21 years, 

Movement Assessment Battery for Children (MABC-2) applicable from 3 years 

to 16 years, McCarron Assessment of Neuromuscular Development (MAND) 

applicable from 3 years to 25 years, Neurological Sensory Motor Developmental 

Assessment (NSMDA) applicable from 1 month to 6 years, Peabody 
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Developmental Motor Scales 2 (PDMS-2) applicable from birth to 5 years and 

Test of Gross Motor Development-2 (TGMD-2) applicable from 3 years to 10 

years. Tools were assessed with a 4-point scale Consensus-based Standards 

for selection of health status Measurement INstrument (COSMIN) checklist and 

were rated as excellent, good, fair, and poor according to descriptive criterion. 

Cost of manual, kit, training requirements, time to administer and ease of 

scoring were the criteria used to describe clinical utility of tools. In this study 

TGMD-2 was the only assessment tool found to be assessing gross motor in 

isolation for the quality of performance rest all tools either assessed gross motor 

in conjunction with fine motor or balance or they are part of developmental 

assessment. PDMS-2 BOT-2 & MAND also assessed strength. TGMD-2 has 

been reported by 2 good quality articles and other 4 fair to poor articles as 

excellent internal consistency and has the shortest assessment time (15-20 

mins) and can be used by teachers, doctors, physiotherapist and occupational 

therapists. TGMD-2 and MABC (first edition) were recommended for 

assessment in Developmental Coordination Disorder. Further revised form of 

MABC (MABC-2) was found to have higher construct validity with ICC range 

0.96-0.99 and for TGMD-2 object control subtest ICC=0.93 and locomotor 

subtest ICC= 0.88.31 

 

16. (2018) Maya Mathesis et al.: published a systematic review on assessment of 

fine and gross motor in children. In this study fifteen assessment measures were 

included on the basis of reliability, validity and popular usage and were 

categorised into 3 categories- those that assess motor skills through 

assessment of performance, those designed to assess developmental 

functioning overall, and those that are based on informant report. Assessment 
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tools included were- 1. PERFORMANCE BASED: Alberta Infant Motor Scale 

(AIMS) assesses subjects between 0-18 months, The Beery-Buktenica 

Developmental Test of Visual-Motor Integration (Beery VMI) assesses subjects 

between 2-99 years Bruininks-Oseretsky Test of Motor Proficiency 2 (BOT-2) 

assesses subjects between 4 years to 21 years, Gross Motor Function Measure 

(GMFM) assesses subjects between 2-12 years, Movement Assessment Battery 

for Children (MABC-2) assesses subjects between 3 years to 16 years, 

Peabody Developmental Motor Scales 2 (PDMS-2) assesses subjects between 

birth to 5 years. 2. DEVELOPMENTAL FUNCTIONING MEASURE: Battelle 

Developmental Inventory-2 (BDI) assesses subjects between 0-7.11 years, 

Bayley Scale of Infant and Toddler Development III (Bayley-III) assesses 

subjects between 1 month to 3 years, Developmental Indicators For 

Assessment of Learing -4 (DIAL-4) assesses subjects between 2.6-5.11 years, 

Early Screening Inventory-Revised (ESI-R) assesses subjects between 3-5.11 

years, Miller Assessment For Preschool (MAP) assesses subjects between 2.9-

5.8 years, Mullen Scale Of Early Earning: American Service Guideline 

(MSEE:ASG) assesses subjects between 0-68 months 3. INFORMAT: 

Developmental Coordination Questionnaire (DCDQ’07) assesses subjects 

between 5-15 years, Vinland adaptive assessment scale-3rd edition (VINLAND) 

assesses subjects between 0-90+ years, Movement Assessment Battery for 

Children checklist (MABC-2) assesses subjects between 5-12 years. This study 

concluded that assessment tool should be selected in accordance with child’s 

characteristics and purpose of evaluation and should be paired with 

parent/caregiver’s interview. 32 
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17. (2009) Wouter Cools et. al.: conducted a systemic review comparing seven 

assessment tools which were often referred to in European or international 

context. Tools included were: Motoriktest für Vier- bis Sechjärige Kinder (MOT 

4-6), Movement Assessment Battery for Children (Movement-ABC), Peabody 

Development Scales (PDMS), Körperkoordinationtest für Kinder (KTK), Test of 

Gross Motor Development (TGMD), the Maastrichtse Motoriek Test (MMT), the 

Bruininks-Oseretsky test of Motor Proficiency (BOTMP). These tools were 

assessed on many criterions including – ages groups, time for administration, 

cost of test, strengths and weaknesses. Considering these criterions MABC was 

defines as tool used for assessing the developmental status of fundamental 

motor skills (FMS); with a focus on detection of delay or deficiency in a child’s 

movement skill development. It includes 4 age bands consisting 3 subcategories 

(manual dexterity, aiming and catching & balance) & 8 items in each age band. 

Scoring is done on a 6-point rating scale, where 5 equates to the weakest 

performance and 0 equals the best performance. Advantages of the test 

mentioned in the study are: its availability in several European countries, its 

cross cultural validity which is based on comparison with local sample data and 

its simple test administration, which facilitates large sample screening over a 

short period. Disadvantages of the test are: large age range (loss of specificity) 

and its unfavourable proportion of test items versus time required for test 

administration (8 items/20-30 min). Movement-ABC is limited to the movement 

skills of a certain age band. Study describes TGMD-2 as a measure of gross 

movement performance based on qualitative aspects of movement skills. It 

consists of 2 subtest- locomotor subtest object control subtest. Each subtest 

consists of 6 test items. Advantage of the TGDM-2 is the incorporation of 

qualitative aspects in the assessment. However the test is lacking in stability 

subtest. According to this study adequate standardized tools include following 
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basic criteria: clear conversion tables in the test manual, an all-inclusive test kit 

and clear descriptions of test.33 

 

• Literature on association of DCD with preterm born and low birth 

weight   

 

18. (2020) Uusitalo K. et. al: conducted a prospective study on 170 very preterm 

born children and followed up till 11 years. The objective of this study was to 

evaluate the rate of developmental coordination disorder (DCD) and its 

correlation to cognition and self-experienced health-related quality of life 

(HRQoL) in children born very preterm. Motor and cognitive outcomes were 

evaluated using the Movement Assessment Battery for Children - Second 

Edition (Movement ABC-2) and the Wechsler Intelligence Scale for Children – 

Fourth Edition, respectively, and HRQoL using the 17-Dimensional Illustrated 

Questionnaire (17D). The Touwen neurological examination was performed to 

exclude other neurological conditions affecting the motor outcome. The study 

concluded that even though more preterm born infants survive without CP, they 

still have an increased risk for DCD. Children born very preterm with DCD 

showed lower cognitive performance than children born very preterm without 

DCD. Children born very preterm with DCD reported lower HRQoL than children 

born very preterm without DCD.19 

19.  (2018) Jenny Bolk et al.: conducted a prospective, population-based cohort 

with aims of determining the prevalence of DCD at 6.5 years 22 to 26 weeks of 

gestation, prevalence of behavioural problems and cognitive problems in 

children born preterm with DCD compared with term born peers and preterm 
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children without DCD. For this children born before 27 gestational weeks or at 

full term without cerebral palsy or cognitive impairment or any visual or hearing 

impairment were included. This constituted 275 extremely preterm born group 

and 359 term born control group. Measures included in this study were- MABC-

2 (score at or less than 15 percentile considered abnormal & score less than 5th 

percentile considered definitely abnormal), Weschler intelligence scale for 

children 4th edition for cognitive function, parts of Five To Fifteen  Questionnaire 

to assess parents perception of child’s gross and fine motor skills, execution 

function social skills and perceptual problems, Strengths And Difficulties 

Questionnaire to identify children with behavioural and emotional difficulties, 

Brown Attention-Deficit Disorder Scale for attentional problems & visuohearing 

assessment and sociodemographic data. Motor assessment was completed for 

229/275 preterm and 344/359 term born subjects. Prevalence of DCD was 

found to be 37.1% in preterm born group and 5.5% in control group. Thus they 

concluded that prevalence of DCD is high in apparently healthy preterm born 

children as compared to term born children.21 

 

20. (2018) Robert Palumbi et al.: conducted an observational descriptive study 

case study aiming to describe the neurodevelopmental and emotional-

behavioral outcome in late preterm individuals (LPI). This study included 68 LPI 

(45 males and 23 females) aged from 2 to 16.3 years, who were affected by one 

or more neurodevelopmental disorder, including Language Disorder, Attention 

Deficit Hyperactivity Disorder, Specific Learning Disorder, Developmental 

Coordination Disorder, Intellectual Disability and Autism Spectrum Disorder. All 

patients went through general assessment including information collection 

regarding socio-demographic characteristics, family history of neuropsychiatric 
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disorders, obstetric history, mode of delivery and preterm delivery causes, 

demographic features of newborn, perinatal complications and psychomotor 

development. All patients also underwent physical and neurological 

assessment, laboratory test and neuropsychiatric assessment done by highly 

trained clinicians. In the study sample 13 out of 68 children diagnosed with DCD 

were included in the study and have reported that late and moderate preterm 

children have a higher risk to develop neuro-motor impairment than in term born 

infants. Study highlights not only the importance of monitoring programs LPI 

from the first years of life, but also the growing need for more large-population-

based and longitudinal studies to identify at an early stage both potential risk 

factors and first signs of neurodevelopment disorders.22 

 

21. (2011) Jessica Edward et. al.: conducted a systematic review with the aim to 

synthesize the literature to document the association between infants born very 

preterm and/or VLBW (without major neurological impairment) and the presence 

of suspected DCD at school age. articles were included if: (1) the sample 

consisted of school-age children ( 5–18 years) born very preterm (<32 weeks) 

and/or very low birth weight (VLBW; <1500 g) or extremely low birth weight 

(ELBW; <1000 g); (2) a standardized measure of motor development or 

impairment was used, and (3) the sample excluded children with cerebral palsy 

(CP) or data analysis of motor scores was conducted separately for non-CP 

children. Articles were excluded if the study (1) did not include an appropriate 

comparison group; (2) did not have separate data for school-age children; (3) 

was focused on children who were small for gestational age and did not have 

separate data for low birth weight or very preterm; (4) was focused on medical 

intervention; (5) was qualitative in nature; (6) was not published in English, and 
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(7) included children diagnosed with another developmental disorder other than 

attention deficit hyperactivity disorder (ADHD). Research has shown a frequent 

co-occurrence of DCD with ADHD, with comorbidity rates up to 50%. Thus, 

children with ADHD were included in this review. Studies were assessed 

qualitatively through Newcastle-Ottawa Quality (NOQ) Assessment Scale. Total 

number of studies included in this review was 16 out of which 7 were cohort 

studies and 9 were case control studies. Assessment tools used in these studies 

were- Movement Assessment Battery for Children (MABC) (7 studies), 

nonstandardized MABC (1 study), 3-item MABC (1 study), Bruininks-Oseretsky 

Test of Motor Proficiency (BOTMP) (3 studies), Peabody Developmental Motor 

Scale (PDMS) (1 study), shortened version Touwen Exam (1 study), Miller 

Assessment for Preschoolers (MAP) (1 study), and Whole Body Coordination 

Test for Children (1 study). All studies showed that children born VLBW and/or 

very preterm performed less efficiently than their normal birth weight or full-term 

peers on motor assessments conducted at school age & a higher prevalence of 

DCD in these children. Finally, the study concludes that children with 

VLBW/very preterm have got significantly greater odds of developing DCD. 

Further they suggest that clinical practice should focus on early identification of 

and intervention for children with DCD, while research should focus on 

determining the mechanisms underlying DCD in the preterm population.33 

 

22. (2003) Christopher Gillberg and Björn Kadesjö: conducted a study “Why 

Bother About Clumsiness? The Implications of Having Developmental 

Coordination Disorder (DCD)” aiming to demonstrate that the link between and 

behavioural problems like ADHD and autism spectrum disorder are very strong 

and must be taken into consideration both in clinical practice and research. 
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They have suggested the root cause of poor motor performance is ‘processing 

deficit’. Such processing deficits could be either generally reduced rates of 

information processing or more specific deficits in handling spatial information 

that is relevant to the control of movement. This is partly supported by findings 

of low birth weight, high rate of difficulty in arithmetic and extremely high rates in 

DCD.23 
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MATERIALS:- 

  Developmental Coordination Questionnaire 2007 (DCDQ’07)16 in 

English, Hindi and Marathi languages 

  (Annexure Id, Ie, If) 

METHODOLOGY:- 

1. STUDY DESIGN: An observational Cross Sectional Study 

2. STUDY SETTING: Schools 

3. STUDY POPULATION: Children of age 5 to 10 years 

4. SAMPLE SIZE: 600 was the estimated sample size, 716 children included the the 

study 

5. SAMPLING METHOD: Convenient sampling technique.  

As per the Komal K B, Parmar Sanjay7 (2014) anticipated suspected developmental 

coordination disorder is equal to 21.33% 

Sample size is calculated by the formula N = 4PQ/L2  

Where, P = 21.33 

Q = 100 – P = 78.67 

L = 10 % of P  

α = 5 %  β = 10 % 

N = 600 

Sample size was calculated using EPI info software version  
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METHOD OF SELECTION OF STUDY SUBJECTS 

A. INCLUSION CRITERIA: 

1. Normal children, boys and girls 5-10 years in age, attending mainstream 

school. 7,29 

2. Cooperative boys and girls whose parents are able to understand English and 

Marathi. 7 

 

B. EXCLUSION CRITERIA: 

1. Children with any diagnosed neurological condition like cerebral palsy, 

muscular dystrophy, mental retardation, spinal fracture.3,7,29,30 

2. Children visual problems. 3,30 

3. Children with hearing impairment. 20 

4. Children with recognised cognitive impairment.21,29,30 

5. Children with serious cardiopulmonary, rheumatic, metabolic, orthopaedic 

condition. 30 

6. Children with any psychological disorder. 7 

7. Children whose parents are unwilling.7 
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OPERATIONAL DEFINITION:- 

 

1. Developmental Coordination disorder  

Developmental coordination disorder (DCD) in children refers to a chronic neuro-

developmental condition characterized by a marked impairment in the performance 

of gross and fine motor skills,35,36,37 reading and learning problems 37 with a 

significant negative impact on performance of activities of daily living. 36,38,39  

 

2. Suspected developmental coordination disorder  

According to developmental coordination questionnaire the cut off values of 

suspected DCD in age 5-7 yrs 11 month is 54-46 and 47-75 probably not having 

DCD .Similarly, for children aged 8 yrs-9 yrs 11 month is between is 15-55 having 

suspected DCD and probably not having DCD the score range is 56-75 between 10 

yrs  to 15 yrs the cut off score range between 15-57 shows  suspected DCD  and 

range  above 58-75 is for probably not having DCD. 35 

 

3. GROSS MOTOR SKILL OF UPPER LIMB:  

Gross motor skills of upper limb form the fundamental movement skills which are 

important to move, stabalise and control body and objective, which is important later 

in life.33 Improvement in motor function promotes cognitive and perceptual 

development in children and contributes to their ability to participate in their home, 

school and community environments. 31 
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4. FINE MOTOR SKILLS 

Fine movement skills are necessary for the development of basic self-help skills. 

Also drawing and writing are based on fine movement skill development. 33 

 

5. PRETERM 

Term baby is defined as a birth between 37 and 42 weeks of gestation.40 Infants 

born between 34 + 0 and 36 + 6 weeks of gestation are classified as “Late Preterm 

Infants”(LPI).22  Infants born between 22-26 weeks of gestation are considered as 

extremely preterm.32 

 

6. LOW BIRTH WEIGHT 

The World Health Organisation has defined the term “low birth weight” as birth 

weight less than 2500 gm 41,42 

7. 10 years: 

10 years is applied to all the children between 10 to 10.11 years of age.1,3,5 
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METHOD OF DATA COLLECTION:- 

SCREENING OF THE POPULATION:  

A. DEVELOPMENTAL COORDINATION QUESTIONNAIRE 2007: 17 

 Screening of the population was done by distributing Developmental 

Coordination Questionnaire 2007 (DCDQ’07) English, translated form of Hindi and 

Marathi (Not Published) versions which was to be filled by their parents or guardian. 

DCDQ’07 is a 5-point Likert scale consisting of 15 questions, assessing three factors: 

Control during Movement (30), Fine Motor and Handwriting (20) and General 

Coordination (25) which makes total DCDQ’07 score as 75 

 

AGE  SUSPECTED DCD SCORE  

5 years – 7 years 11 month  15 – 46  

8 years – 9 years 11 months  15 – 55  

10 years – 15 years  15 – 57  

 

 B. PARENT/CARE GIVER PROFORMA:32 

  A parent/care-giver proforma was given to the population which was to be filled 

by their parents or guardian. It includes demographic, prenatal and postnatal 

information. 
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The above given procedure was conducted with all due measures in regard with 

SARS: COV 2 pandemic 

Phase 2 of the study could not be conducted due to pandemic condition. 
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GENERAL PROCEDURE:- 

Study was performed over the 1 year period in the schools. 

 

 

 

 

  

Permission from the Institutional head and ethical committee was taken. 

Schools were selected randomly through random number table. 

Permission from the school authority was taken. 

Consent from the Parents and consent form from students was taken. 

Children from 5-10 years age group were taken (both male and female). 

Screening of children was done through parent administered DCDQ’07 English, 

Hindi and Marathi version and parent proforma. 

Scores were recorded in scoring sheets. 

Data was evaluated. 
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DATA ANALYSIS:- 

 

This was performed using statistical software, STATA Version 10.1, 2011 

 

1. Prevalence was calculated by SPS VERSION 10.0 

2. Prevalence was calculated in percentage 

3. Mean and standard deviation of  DCDQ’07 subtotals were calculated by SPS 

VERSION 10.0 

4. EPI info software version 7 
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PROCEDURE: 
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RESULT AND OBSERVATION:- 

Table 1: Demographic data of weight, height and BMI in suspected DCD (SUS – 

DCD) and typically developing (TD) children. 

                 Categories 

Age-group 

Weight (in kg) Height (in cm) BMI (in kg/m2) 

Mean  ±SD Mean  ±SD Mean  ±SD 

5- 7.11 SUS-DCD 17.12 3.08 110.55 7.68 13.94 1.7 

TD 17.03 2.89 110.2 7.39 14.0 1.84 

8 – 9.11 SUS-DCD 17.82 3.27 113.87 7.45 13.65 1.5 

TD 17.52 3.36 112.29 6.93 13.81 1.88 

10 – 10.11 

 

SUS-DCD 18.24 3.17 115.02 6.03 13.69 1.58 

TD 18.69 3.29 115.42 5.37 13.96 1.82 

SD = Standard Deviation 

GRAPH 1: 

 

17.12

17.03

17.82

17.52

18.24

18.69

110.55

110.2

113.87

112.29

115.02

115.42

13.94

14

13.65

13.81

13.69

13.96

0 20 40 60 80 100 120 140

SUS-DCD

TD

SUS-DCD

TD

SUS-DCD

TD

5
- 

7
.1

1
8

 –
9

.1
1

1
0

 –
1

0
.1

1

BMI HEIGHT WEIGHT

COMPARISON BETWEEN WEIGHT, HEIGHT AND BMI IN TYPICALLY 

DEVELOPING CHILDREN VS SUSPECTED DCD CHILDREN IN EACH SUB 

- GROUP 



39 

 

 

 

 

Table 1 and Graph 1 shows weight, height and BMI of suspected DCD children and 

typically developing children. Age sub – group 5 – 7.11 shows higher BMI in both TD 

and SUS – DCD group as compared to other two sub – groups.  

In the age sub – groups 5 – 7.11 years, 8 – 9.11 years and 10 – 10.11 years height 

weight and BMI is in accordance with Indian normative data.  
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TABLE 2: Age – group wise distribution of children. 

      Parameter 

 

Age- 

group 

n Girls 

(n) 

Boys 

(n) 

Preterm 

(<37 

weeks 

gestational 

age) 

(n) 

Low Birth 

Weight 

(<2500 g 

birth 

weight) 

(n) 

Preterm 

+ low 

birth 

weight 

(n) 

5 – 5.11 119 49 70 16 31 4 

6 – 6.11 128 56 72 17 37 5 

7 – 7.11 111 55 56 13 30 5 

8 – 8.11 120 61 59 15 36 5 

9 – 9.11 114 51 63 13 31 4 

10 – 10.11 124 61 63 14 34 6 

Total 716 333 383 88 199 29 

N = number of children 
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GRAPH 2: Number of boys and girls in each age group 

GRAPH 3: Age – wise distribution of preterm children, low birth weight 

children and children with both preterm and low birth weight condition. 

 

 

Table 2 and graph 2 and 3 shows age – wise distribution of children in different 

parameters of gender, preterm, low birth weight and children with both the condition.  
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TABLE 3: Number and percentage of children in different age sub – groups 

according to DCDQ’07 cut off values.  

Age sub – groups  DCDQ’07 cut off 

scores 

n % 

5- 7.11 ≤ 46 358 50% 

8 – 9.11 ≤ 54 234 32.68% 

10 – 10.11 ≤ 56 124 17.32% 

n = Number of children. 

GRAPH 4: 

 

Total 716 children of the age – group 5 – 10 years participated in present study. All 

children were assessed through parent administered Developmental Coordination 

Questionnaire 2007 (DCDQ’07) and score was evaluated. For the purpose of data 

analysis, children were divided in three sub – groups, these are: age sub – groups 5 

– 7.11 years, age sub – groups 8 – 9.11 years and age sub – groups 10 – 10.11 

5- 7.11
50%

8 – 9.11
32.68%

10 – 10.11
17.32%

PERCENTAGE COMPOSITION OF 3 SUB -
GROUPS IN TOTAL POPULATION



43 

 

years. Children were distributed in to these age sub – groups after evaluation of cut 

off score. 
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TABLE 4: Prevalence (%) of suspected DCD and typically developing (children 

with no DCD) in children 5 – 10 years of age  

Age groups 

Categories 

5 – 7.11 8 – 9.11 10 – 10.11 TOTAL 

n % n % n % n % 

Suspected DCD 77 21.5% 56 23.9% 38 30.6% 171 23.9% 

Typically 

developing 
281 78.5% 178 76.1% 86 69.4% 545 76.1% 

Total 358 100% 234 100% 124 100% 716 100% 

 

n = Number of children. 

GRAPH 5:  
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Table 4 and graph 5 shows higher prevalence of suspected DCD in 10 – 10.11 years 

age sub –  group followed by 8 – 9.11 age sub – group and least prevalence in 5 – 

7.11 age sub – group. 

Age sub –  group 10 – 10.11 constitutes 17.32% of the total population, that is, much 

lesser than other two age sub –  groups, still this age sub –  group shows higher 

prevalence of suspected DCD children. This implies that not only prevalence of 

suspected DCD is higher in 10 – 10.11 age – group but the distribution of suspected 

DCD is more frequent as compared to lower age – groups. 
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TABLE 5: Age – wise prevalence of suspected DCD 

 

Age - group 

SUS – DCD 

n 

(%) 

TD 

n 

(%) 

Total 

n 

(%) 

5 – 5.11 
28 

(23.5%) 

91 

(76.5%) 

119 

(100%) 

6 – 6.11 
23 

(18.0%) 

105 

(82.0%) 

128 

(100.0%) 

7 - 7.11 
26 

(23.4%) 

85 

(76.6%) 

111 

(100.0%) 

8 – 8.11 
28 

(23.3%) 

92 

(76.7%) 

120 

(100.0%) 

9 – 9.11 
28 

(24.6%) 

86 

(75.4%) 

114 

(100.0%) 

10 – 10.11 
38 

(30.6%) 

86 

(69.4%) 

124 

(100.0%) 

Total 
171 

(23.9%) 

545 

(76.1%) 

716 

(100.0%) 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

 

 

 

 



47 

 

GRAPH 6:  

 

 

 

The table 5 and graph 6 shows prevalence of suspected DCD in each age - group. 

The age – group 6 – 6.11 shows lower prevalence of suspected DCD (18%) and age 

– group 10 – 10.11 shows higher prevalence of suspected DCD (30.60%) 

It is observable by the graph 6 that prevalence of suspected DCD is higher in 10 – 

10. 11 age sub group. Prevalence of suspected DCD is seen to rises from age 8 – 

8.11. This confirms that the age – groups 10 – 10.11 are more susceptible for 

showing signs of suspected DCD as compared to lesser ages like 5 – 5.11, 6 – 6.11, 

7 – 7.11.  
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TABLE 6:  COMPARISON OF PREVALENCE OF SUSPECTED DCD BETWEEN 

BOYS AND GIRLS IN 3 AGE SUB – GROUPS. 

Age sub –  

group 
5 – 7.11 8 – 9.11 10 – 10.11 Total 

 

Gender 

Girls Boys Girls Boys Girls Boys Girls Boys 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

n 

(%) 

Sus-DCD 

45 

(28%) 

32 

(16.2%) 

23 

(20.4%) 

33 

(27.3%) 

16 

(26.2%) 

22 

(34.9%) 

84 

(25.1%) 

87 

(22.8%) 

TD 

116 

(72%) 

165 

(83.8%) 

90 

(79.6%) 

88 

(72.7%) 

45 

(73.8%) 

41 

(65.1%) 

251 

(74.9%) 

294 

(77.2%) 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

GRAPH 7:  
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The table 6 and graph 7 shows that suspected DCD is found to be more prevalent in 

males in 8 – 9.11 and 10 – 10.11 age sub –  groups where as in the age sub –  

group 5 – 7.11 percentage of females identified as suspected DCD exceeds that of 

males. 

In age sub – group 5 – 5.11 percentage of suspected DCD girls exceeds that of boys 

with a great difference but in the later age sub – group 8 – 9.11 the percentage of 

girls showing signs of suspected DCD is reduced and percentage of suspected DCD 

boys increased drastically. Further in the 10 – 10.11 age sub – group again 

percentage prevalence of girls showing signs of suspected DCD rises but the 

percentage of boys in suspected DCD category exceeds with a yet higher difference. 

Finally, when individual prevalence of suspected DCD children was calculated with 

respect to all the girl participants it came out to be 25.10% which is more as 

compared to prevalence of suspected DCD in boy participants. With respect to entire 

28.00%
16.20% 20.40% 27.30% 26.20%

34.90%
25.10% 22.80%

72.00%
83.80% 79.60% 72.70% 73.80%

65.10%
74.90% 77.20%

0.00%

20.00%

40.00%

60.00%

80.00%

100.00%

120.00%

FEMALE MALE FEMALE MALE FEMALE MALE FEMALE MALE

5-7.11 8-9.11 >10 TOTAL

PREVALENCE OF SUSPECTED DCD BETWEEN BOYS AND 
GIRLS IN DIFFERENT AGE - GROUPS

SUS-DCD TD
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population girls constitute 11.73% of suspected DCD children and boys constitute a 

slightly higher 12.15%.   
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TABLE 7: PREVALENCE OF SUSPECTED DCD IN PRETERM BORN 

PARTICIPANTS COMPARED TO TERM BORN PARTICIPANTS. 

Term Of Birth Preterm Term 

 
n % n % 

SUS- DCD 26 29.54% 145 23.1% 

TD 62 70.45% 483 76.9% 

Total  88 100% 628 100% 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

GRAPH 8:  
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In this study children with history of preterm birth constitutes 12.29%, that is, 88 in 

number and term born children constitutes the rest 87.71%. Graph 7 shows 

prevalence of suspected DCD within children born preterm and within term born 

children and hence compares the two. 

The incidence of suspected DCD in more commonly observed in children born 

preterm (29.54%) but full term born children also shows signs of suspected DCD 

(23.10%). This clearly indicates that children born preterm are at a higher risk of 

showing suspected DCD signs as compared to their term born peers. 
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TABLE 8: PREVALENCE OF SUSPECTED DCD IN PARTICIPANTS WITH LOW 

BIRTH WEIGHT COMPARED TO PARTICIPANTS WITH NORMAL BIRTH 

WEIGHT. 

Birth Weight Low Birth Weight (LBW) Normal Birth Weight (NBW) 

 
n % n % 

SUS- DCD 60 30.15% 111 21.43% 

TD 139 69.85% 406 78.57% 

Total 199 100% 517 100% 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

GRAPH 9: 

 Out of total 716 children, 199 presented history of low birth weight (27.79%) 

and 517 were born with normal birth weight (72.21%). Graph 6 shows comparison 

between prevalence of suspected DCD in these two populations separately. 
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Prevalence of suspected DCD is common in children born with low birth weight 

(30.15%) but the children born with normal birth weight also showed signs of 

suspected DCD (21.43%), which indicated that children born with low birth weight 

are more susceptible to show signs of suspected DCD.   
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TABLE 9: SUSPECTED DCD PREVALENCE IN CHILDREN BORN BOTH 

PRETERM AND WITH LOW BIRTH WEIGHT. 

 SUS-DCD TD TOTAL 

 n % n % n % 

PRETERM + LBW 15 51.72% 14 48.27% 29 100% 

n = Number of children, SUS – DCD = suspected DCD, TD = typically developing 

(children with no DCD) 

 

GRAPH 10: 

 

 

Total 29 children in the study population presented with history of both low birth 

weight as well as preterm birth. Graph 8 shows prevalence of suspected DCD 

children within this population. 

51.72%
48.27%
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Prevalence of suspected DCD is observed to be 51.72% in children who present the 

history of both preterm and with low birth weight. This is higher than percentage of 

typically developing children with similar birth history. These findings suggests that 

children born preterm and with a low birth weight have higher chances of developing 

signs of suspected DCD as compared children born either preterm or with low birth 

weight or none of both.  
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TABLE 10: Mean and percentage of 3 subtotals of DCDQ’07: Control During 

Movement, Fine Motor (Handwriting) and General Coordination, in suspected 

DCD children. 

Subtotals 

Age-groups 

CDM (30) FM (20) GC (25) TOTAL (75) 

5 – 7.11 

Mean ± SD 
17.56 ± 

3.932 

10.97 ± 

2.487 

14.01 ± 

2.909 

41.90 ± 

3.354 

% 58.53% 54.85% 56.04% 55.87% 

8 – 9.11 

Mean ± SD 19.43 ± 2.55 12.5 ± 2.054 
16.32 ± 

2.855 

48.25 ± 

4.922 

% 64.77% 62.5% 65.28% 64.33% 

10 – 10.11 

Mean ± SD 
19.08 ± 

2.054 
13.5 ± 2.076 17.76 ± 3.2 

50.34 ± 

5.758 

% 63.6% 67.5% 71.04% 67.12% 

TOTAL 

Mean ± SD 
18.51 ± 

3.344 

12.04 ± 

2.476 
15.6 ± 3.317 

45.85 ± 

5.794 

% 61.7% 60.2% 62.4% 61.1.% 

 SD = Standard Deviation, CDM = control during movement, FM = fine motor, GC = 

general coordination 
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GRAPH 11: COMPARISON OF CONTROL DURING MOVEMENT SUBTOTAL 

WITHIN SUSPECTED DCD CHILDREN IN 3 SUB - GROUPS 

 

The graph 11 shows percentage of mean score of control during movement subtotal 

of suspected DCD children in 3 age sub – groups. Control during movement subtotal 

consist of 6 items, these are: throwing ball, catching ball, hitting ball, jump over, run 

and plan activity. Suspected DCD children in age sub – group 8 – 9.11 exceeded the 

score of other two sub groups in this sub – total. 

Suspected DCD children in age sub – group 5 – 7.11 scored much lower as 

compared to other 2 age sub – groups. Improvement in score of control during 

movement is seen with increasing ages. Slight difference between the scores of age 

sub – group 10 – 10.11 years and 8 – 8.11 years is noted.  
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GRAPH 12: COMPARISON OF FINE MOTOR (HANDWRITING) SUBTOTAL 

WITHIN SUSPECTED DCD CHILDREN IN 3 SUB - GROUPS 

 

 

The graph 12 shows comparison between percentage of mean scores in fine motor 

subtotal of suspected DCD children in 3 age sub – groups. It includes 4 items, these 

are: writing fast, writing legibly, effort and pressure and cuts.  It is evident from the 

graph that fine motor score increases with increasing age. 

The age sub – group 5 – 7.11 shows lower score as compared to other age sub – 

groups. This implies that children in initial years of schooling are not very good with 

fine motor activities like writing or holding pen/pencil. But as age advances, children 

are expected to master these motor activities. 
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GRAPH 13: COMPARISON OF GENERAL COORDINATION SUBTOTAL WITHIN 

SUSPECTED DCD CHILDREN IN 3 SUB - GROUPS 

 

The graph 13 shows comparisons between percentage of mean score in general 

coordination subtotal of suspected DCD children in 3 age sub – groups. General 

coordination subtotal includes 5 items of DCDQ’07 these are: likes sports, learning 

new skills, quick and competent, clumsiness and does not fatigue. The general 

coordination score increases with increasing age. 

This suggests that as age increases children are likely to develop competency and 

urge to learn new skills. It is evident from the graph that clumsiness seen in pre – 

schoolers can overcome with growing age.  
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GRAPH 14: COMPARISON BETWEEN 3 SUBTOTAL SCORES OF DCDQ’07 

WITHIN SUSPECTED DCD CHILDREN. 

 

The graph 14 shows comparison between percentage of mean scores of all 

suspected DCD participants in 3 subtotals of DCDQ’07. It is evident from the graph 

that children with suspected DCD score lowest in fine motor subtotal and highest in 

general coordination subtotal. 

This implies that fine motor activities like writing speed or handling scissors is the 

area where suspected DCD children are lacking behind the most. 
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GRAPH 15:  COMPARISON BETWEEN CONTROL DURING MOVEMENT, FINE 

MOTOR (HANDWRITING) AND GENERAL COORDINATION WITHIN 3 AGE SUB 

– GROUPS IN SUSPECTED DCD CHILDREN. 

 

The graph shows that suspected DCD children in age sub – group 5 – 5.11 achieved 

highest percentage of scores in control during movement subtotal. Except 10 – 10.11 

age sub – group, both of the age sub – groups scored lowest in fine motor subtotal of 

DCDQ’07. The age sub – groups 8 – 9.11 and 10 – 10.11 achieved highest 

percentage of score in general coordination subtotal. The age sub – group 10 – 

10.11 years secured lowest score in control during movement subtotal.  

Increase in mean percentage score with increase in age is seen in fine motor and 

general coordination subtotals. But in control during movement subtotal, there is 

slight decrease in percentage in 10 – 10.11 age sub – group as compared to 8 – 

8.11 age sub – group. 
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DISCUSSION:- 

 

The current study was intended to analyze the prevalence of suspected DCD 

in 5 – 10 years of children and to evaluate the association between preterm and/or 

low birth weight in 5 – 10 year old children with suspected DCD. The study also 

aimed to evaluate scores of gross motor function of upper limb and fine motor skill in 

5 – 10 year old children with suspected DCD.  

The current study showed prevalence of suspected DCD in 5 – 10 year school 

going children. Total 716 children were included in the study out of which 171 

(23.9%) children showed sign of suspected DCD and 545 (76.1%) children were 

typically developing (children with no DCD), according to DCDQ’07. In present study 

the prevalence of DCD was found to be 23.9%. Previous study conducted to find the 

prevalence of suspected developmental coordination disorder in 5 – 14 year old 

children in Sao Carlos by Patricia Carla de Souza et al5 (2017) showed prevalence 

of suspected DCD to be 30% which is higher than results of present study. In study 

conducted by Laura D. Lobete et al1 (2019) on 6 – 12 year old school going Spanish 

children showed prevalence of suspected DCD to be 12.2% which is much lesser 

than results of present study. Variation in prevalence of suspected DCD could be 

due to cultural differences, differences in socio – economic status. 

The table 4 and graph 5 showed prevalence of suspected DCD in age sub – 

groups which was highest in 10 – 10.11 sub – groups that is, 30.6%. Rise in 

prevalence of suspected DCD with increasing age was evident from results of 

current study. Laura D. Lobete et al1 (2019) found similar result in study including 6 – 

12 year old children; increase in prevalence of suspected DCD was seen with 

highest prevalence in children with age more than 10 years. Result of current study 

is in accordance with this study. Previous study done in 2017 by Patricia Carla de 
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Souza et al5 showed highest prevalence of children showing signs of DCD in 8 – 9 

year old children that is, 40% and lesser prevalence in children of age 10 – 14 years 

(33.3%). Result of current study differs from previous study done in 2-17 by Patricia 

Carla de Souza. The result of previous study done by Sujatha B. et al9 (2020) 

showed that prevalence of DCD is 3.8% which is higher in 9 to 14 years of age – 

group. This is in accordance with present study. Possible reason for this could be the 

highest cut – off score of DCDQ’07 in 10- 10.11 age group and unaddressed motor 

lacunae in early age.  

The current study shows age – wise prevalence of suspected DCD was in 

table 5 and graph 6. The age-group 10 – 10.11 showed higher prevalence of 

suspected DCD population (30.6%), followed by 9 – 9.11 (24.6%). Age-group 6 – 

6.11 shows lowest prevalence (18%). Cut-off score for suspected DCD in this age-

group is ≤ 46 which is lesser as compared to 8 – 8.11, 9 – 9.11 (≤54) and 10 – 10.11 

(≤56) age-group. Signs of DCD become more evident and easily detectable with 

growing age as the impact of motor coordination difficulties can be seen hindering 

with everyday performance.43 DCD is a chronic disorder which affects the day – to – 

day activities and academic achievements in adolescents as well as adults.1 

 The table 6 and graph 7 in current study compared prevalence of suspected 

DCD between genders. There was higher prevalence of suspected DCD within girls 

(25.10%) as compared to boys (22.80%) when observed within the gender. 

Suspected DCD is found to be more prevalent in boys in 8 – 9.11 and 10 – 10.11 

age sub – groups. In the age sub – group 5 – 7.11 percentage of girls identified as 

suspected DCD exceeds that of boys with a greater difference. The prevalence of 

suspected DCD is increasing with increasing age in boys. Recent study was 

conducted by Sujatha B. et. al9 to find the prevalence of DCD in 8 – 17 year old 

children in district of Tamil Nadu. Results of the study revealed higher prevalence of 
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DCD in boys (5%) as compared to girls (2.7%). Results of current study differ 

previous literature. Wenchong DU et. al20 in their study conducted in the year 2020 

on Chinese population suggests male gender at higher risk of having DCD. One 

explanation for this could be lesser exposure to girls in physicals activities and sports 

and more encouragement to engage in fine motor activities1 in 5 – 7.11 age, due to 

which it is likely that the parents are not aware of capabilities of child in that area.44  

Current study also aimed to find out prevalence of suspected DCD with 

respect to preterm birth and/or low birth weight shown in. Results of the study 

showed in table 7 and graph 8 found that prevalence of suspected DCD in 

individuals born preterm is higher (29.54%) as compared to prevalence of suspected 

DCD in term born individuals (23.10%). Higher prevalence of suspected DCD in 

preterm individuals is in accordance with results of previous study done by Laura D. 

Lobete et al1. Results of the study revealed 18.8% preterm children were showing 

signs of DCD where as only 9.8% full term children were showing signs of suspected 

DCD. This finding is in accordance with present study. A recent prospective cohort 

on preterm born children conducted by Uusitalo K. et al19 (2020) showed 11.3% DCD 

children were found in children with preterm birth history, in early adolescence age. 

Wenchong DU et al20 (2020) in their study interpreted preterm birth as a significant 

predictor of DCD (p < 0.001) with 18 % of preterm born DCD children. These results 

are parallel to recently reported rising trend of non – CP motor impairments in 

children born preterm.19 They found that placenta previa and placental abruption are 

associated with preterm labour and lead to higher risk of altered brain 

development20. An impaired central nervous system can cause impaired 

psychomotor development.1 This could be the reason for motor impairments in 

preterm children with DCD. 
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A result of current study also compares prevalence of suspected DCD 

between children with low birth weight and normal birth weight (table 8 graph 9). 

Suspected DCD was found more prevalent in children with low birth weight (30.15%) 

as compared to children with normal birth weight (21.43%). These findings differ 

from findings for recent study done by Wenchong DU20. Results of the study found 

no significant relation with low birth weight and DCD (p – value 0.09) with 3.2% of 

DCD children with low birth weight. In children born both preterm and with low birth 

weight, 51.72% (table 9 graph 10) children were identified as suspected DCD 

children. Low birth weight has been identified as a predictor of several adverse 

outcomes in studies pointing to intrauterine growth retardation.19,43 Low birth weight 

and low gestational age have both shown effect on cognitive development, 

neurological development and behavioural outcomes, which may contribute to motor 

coordination difficulties in growing children.18,19,43 

The current study also compared the subtotals of DCDQ’07 that is, control 

during movement (CDM), fine motor (FM) and general coordination (GC), in 

suspected DCD children (table 10). Results of the study showed that children in the 

age sub – group 8 – 9.11 scored highest in CDM subtotal (graph 11). The  age sub – 

group 5 – 7.11 showed much lesser score whereas  age sub – group 10 – 10.11 

showed slightly lesser score of CDM as compared to 8 – 9.11  age sub – group. 

Study conducted by L. Lobete et al1 (2019) has found similar variance in mean 

scores of CDM subtotal in 6 – 10 years old children in Spanish population. The study 

suggested that though older children showed higher prevalence of suspected DCD 

also scored higher in motor coordination subtotals. Another study conducted by 

Barbara C.43 (2019) depicted better results of CDM in older children as compared to 

younger ones which suggest motor development improves with age.  
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Result of this study found that the score of fine motor (handwriting) (graph 12) 

and general coordination (graph 13) sub totals is increasing with increase in age. 

Results of current study are in accordance with previous study conducted by Barbara 

C. et al43 (2019) on suspected DCD children in Italian population. Results of the 

study found increase in subtotals of fine motor and general coordination in from age 

8 – 11 years old children. Result of current study supported by previous study done 

by L. Lobete et al1 (2020) that showed increase in general coordination subtotal 

score with increasing age in 6 – 10 year old children. The children with DCD in pre – 

primary school age (5 – 7.11 years) exhibit difficulty in fine motor activities like 

dressing, buttoning – unbuttoning, holding pen/pencil, 14 using fork or knives or 

scissors.18 In primary school age, (8 – 10.11 years) DCD children show difficulties in 

drawing and writing.14,18 Previous studies have noted tactile processing problems 

and deficit in eye hand coordination associated with fine motor coordination in DCD 

children.45,46 Children with DCD lag in gait development but with maturing age it may 

reach normality with respect to velocity.43 Reason for impairment in general 

coordination and clumsiness could be the flawed sensorimotor coordination and 

motor learning 18-20 

Results of the study also showed that children with DCD scored the lowest in 

fine motor subtotal when the scores of all the three subtotals were compared (graph 

14). Studies conducted on finding neural impairment in DCD children confirms 

predominant neural impairment in sensorimotor network which consists of primary 

motor cortex, supplementary motor area, premotor cortex25, primary somatosensory 

cortex, and somatosensory association cortex. Disruption in functional connectivity of 

this network results in impaired coordination in activation of sensorimotor network.24  

Recent neuro-imaging study conducted by Shie Rinat et al24 (2020) found altered 

functional connectivity between sensorimotor network and posterior cingulate cortex, 
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precuneus and posterior middle temporal gyrus. Posterior cingulated cortex is 

involved in many cognitive functions like visual processing, visuospatial navigation27, 

decision making, working memory involving images, memory retrieval, emotional 

processing and in motor performance.20 Precuneus is hub of self – related processes 

like episodic memory retrieval20. Posterior middle temporal gyrus acts a hub in action 

– related information and processing20,27. Involvement of these structures explains 

the functional difficulties encountered in everyday life by DCD children.  

Hence, current study found prevalence of suspected DCD in school going children 

and which was found to be highest in 10 – 10.11 years age – group. Children with 

history of preterm birth and/or low birth weight are found to be at a higher risk of 

showing signs of suspected DCD. 
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CONCLUSION:- 

 

 Prevalence of suspected DCD is found 23.9% in 5 – 10 years children. The 

age – group 10 – 10.11 years show highest prevalence of suspected DCD, 30.6%. 

Variation in gender wise prevalence was seen in each age sub – group. Higher 

prevalence of suspected DCD within girls (25.10%) as compared to boys (22.80%). 

Higher prevalence of suspected DCD in boys is seen in 10 – 10.11 year and 8 – 9.11 

years age sub – group (34.90% and 27.30% respectively) as compared to girls 

(20.40% and 26.20% respectively). Prevalence of suspected DCD in preterm 

children and children with low birth weight was found to be 29.54% and 30.15% 

respectively. In children with history of both preterm birth and low birth weight, 

prevalence of DCD is found to be highest that is, 51.72%. Percentage of mean score 

of DCDQ’07 subtotal shows suspected DCD children have scored lowest in fine 

motor subtotal (60.20%) and highest in general coordination subtotal (62.40%). 

 

 It can be concluded that in school going children a significant percentage of 

children shows signs of DCD. Children born preterm or with low birth weight are at 

higher risk of developing DCD but the chances of showing signs of DCD increases 

significantly if both conditions are co-existing in  same individual. Children with DCD 

shows only average performance in areas of motor coordination 
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LIMITATION:- 

 

 Further motor evaluation with the help of motor subscales was not done in 

present study and confirmation of suspected DCD was not done in present study 
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CLINICAL IMPLICATION:- 

 

Diagnosis of DCD in early age is important to a identify children at risk of developing 

DCD. Regular screening in school going children and children who are facing 

problem in motor activities in day to day life is of great importance to improve their 

motor performance. Early motor intervention and encouragement for performing in 

physical activities is important in children found to be at risk of DCD is to avoid 

persistence of signs of DCD in adulthood.  
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IMPLICATION FOR FUTURE RESEARCH:- 

 

Further research should be conducted on motor evaluation with the help of suitable 

motor scales in suspected DCD children. 
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SUMMARY:- 

 An observational cross – sectional study performed with an aim of finding the 

prevalence of suspected developmental coordination disorder (DCD) in 5 – 10 year 

school going children and find its association with preterm and/or low birth weight. 

Total 716 children were assessed through parent administered Developmental 

Coordination Questionnaire 2007 (DCDQ’07). Children were sorted in 3 age sub – 

groups (5 – 7.11 years, 8 – 9.11 years and 9 – 9.11 years) on the basis of cut off 

values of DCDQ’07 in different age – groups. The results of the study showed that 

prevalence of suspected DCD is 23.9% in 5 – 10 years group. Prevalence of 

suspected DCD rises in from 5 – 7.11 to 10 – 10.11 years age sub – group and is the 

highest in 10 – 10.11 age sub – group (30.6%). Preterm born children showed higher 

prevalence of suspected DCD (29.54%) as compared to full term born peers 

(23.10%). Children with low birth weight also showed higher prevalence of suspected 

DCD (30.15%) as compared to children with normal birth weight (21.43%). In 

children with both, preterm and low birth weight history, the prevalence of suspected 

DCD was found to be as high as 51.72%. Percentage of mean scores of three 

subtotals of DCDQ’07 in suspected DCD children showed improvement in scores of 

fine motor and general coordination subtotal with increasing age. Suspected DCD 

children scored average in all the three subtotals but secured slightly less marks in 

fine motor subtotal as compared to other two subtotals. Hence, the study concluded 

that early diagnosis and timely screening for children in school going children for 

suspected DCD is important to avoid motor impairments in adolescent and 

adulthood. 
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Annexure I (a) 

PROFORMA (ENGLISH) 

 

1. Name: 

2. Age: 

3. Gender: 

4. Parents’/Guardian’s name: 

5. Contact No. : 

6. Name of school: 

7. Address: 

8. Height: 

9. Weight: 

10. Percentile: 

11. Was your child born prematurely? If so, at how many weeks gestation? 

12.  Were there any complications during the pregnancy? 

13. How much did your child weigh at birth? 

14. At what age did your child first:  

a) Sit up independently? 

b) Crawl? 
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c) Walk independently? 

15. Do you have any concerns about your child’s motor skills? 

16. Does your child have difficulty with daily tasks, such as dressing, fastening 

buttons, tying shoes, using utensils, or brushing teeth? 

17. Does your child seem overly clumsy? 

18. Does your child have difficulty with handwriting or using scissors? 

19. Does your child have difficulty throwing or kicking a ball? 

20. How does your child’s motor coordination compare to other children his/her 

age? 

21. Has anyone in your family been diagnosed with a developmental, 

neurological, or psychiatric disorder? 
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Annexure I (b) 

PROFORMA (HINDI) 

1. नाम :  

2. आय ु: 

3. ल िंग: 

4. माता-पिता / अलििावक का नाम: 

5.सिंिकक  सिं। 

6. स्कू  का नाम: 

7. िता: 

8. ऊिं चाई: 

9. वजन: 

10. प्रततशतता: 

11. क्या आिका बच्चा समय से िह े िैदा हुआ था? —– यदद हािं, तो ककतने हफ्तों के ल ए? --------

----- 

12. क्या गिाकवस्था के दौरान कोई जदि ताएिं थ िं? ----------------------- 
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13. आिके बच्च ेका जन्म के समय ककतना वजन था? ---------- 

14. आिका बच्चा िह े ककस उम्र में: 

a) स्वतिंत्र रूि से बैठना? ----- 

b) क्रॉ ? ------ 

c) स्वतिंत्र रूि से च ना? ------ 

15. क्या आिको अिने बच्चे के मोिर कौश  के बारे में कोई चचिंता है? ---------------- 

16. क्या आिके बच्च ेको रोज़मराक के कामों में कदठनाई होत  है, जैस ेकक ड्रेलसिंग, बिन बािंधना, जूते 

बािंधना, बतकनों का उियोग करना, या दााँत साफ़ करना? 

      ------------------------------- 

17. क्या आिका बच्चा अत्यचधक अनाड   गता है? 

     ----------- 

18. क्या आिके बच्च ेको ल खावि या कैं च  का उियोग करने में कदठनाई है? 

      ---------------- 

19. क्या आिके बच्च ेको गेंद फें कने या  ात मारने में कदठनाई होत  है? 

      ---------------------- 
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20. आिके बच्च ेका मोिर समन्वय उसकी उम्र के अन्य बच्चों के साथ कैसा है? 

      ------------------------------ 

21. क्या आिके िररवार में ककस  को एक पवकासात्मक, न्यूरो ॉजजक  या मनोरोग पवकार का 

तनदान ककया गया है? 

     -------------------------- 
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Annexure I (c) 

PROFORMA (MARATHI) 

1. नावः 

2. एज: 

3. ल िंगः 

4. िा कािंचे / िा कािंचे नाव: 

5. सिंिकक  क्रमािंक: 

6. शाळेचे नाव: 

7. ित्ाः 

8. हाइि: 

9. व्हीइिः 

10. कें द्रबबिंद ू

11. आिल्या मु ा ा अका ी जन्म झा ा का? - असल्यास,  ककत  आठवड्यात? 

      ------------- 

12. गिकधारणेदरम्यान काही समस्या होत्या का? 
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        ----------------------- 

 13. आिल्या मु ा ा जन्मास ककत  वजन होते? ---------- 

14. आपल्या मुलाचं खालील अवस्था किती वयात झाली? 

अ) स्वतिंत्रिण ेबसला? ----- 

ब ) क्रॉ ? ------ 

स ) स्वतिंत्रिण ेचा ण?े ------ 

15. आिल्या मु ाच्या मोिर कौशल्यािंबद्द  आिल्या ा काही चचिंता आहेत का? 

     --------------------------- 

16. आिल्या मु ा ा दैनिंददन कायाांसह त्रास होत आहे, जस े की िपडे घालतांना, बटन लावतांना 

,ज्यूतेचीलेश  बांधतांना, बतकन वापरतांना  ककिं वा दात घासताना? 

      ------------------------------- 

17. आिल्या मु ा ा अधूनमधून गोंधळलेला दिसतो िा ? 

     ----------- 

18. आिल्या मु ा ा हस्त ेखन ककिं वा कात्र  वािरण्यास त्रास होतो? 

      ---------------- 
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19. आिल्या मु ास बॉ  फेकण्यात ककिं वा  ाि मारण्यात अडचण येत आहे का? 

      ---------------------- 

20. आिल्या मु ाचा मोिर समन्वय इत मुलांच्या वयासारखे  आहे िा? 

      ------------------------------ 

21. आिल्या कुिुिंबात   कोणासही पवकासात्मक, न्यूरो ॉजजक  ककिं वा मानलसक पवकार असल्याचे 

तनदान झा े आहे का? 

     -------------------------- 
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Annexure I (d) 

DEVELOPMENTAL COORDINATION DISORDER QUESTIONNAIRE 2007 

(DCDQ’07) 

[ENGLISH] 

 

NOT AT 

ALL 

LIKE 

YOUR 

CHILD 

1 

A BIT 

LIKE 

YOUR 

CHILD 

 

2 

MODER-

ATELY 

LIKE 

YOUR 

CHILD 

3 

QUITE 

A BIT 

LIKE 

YOUR 

CHILD 

4 

EXTRE-

MELY 

LIKE 

YOUR 

CHILD 

5 

1. Your child throws a ball in a 

controlled and accurate fashion. 

     

2. Your child catches a small ball (e.g., 

tennis ball size) thrown from a 

distance of 6 to 8 feet (1.8 to 2.4 

meters). 

     

3. Your child hits an approaching ball 

or birdie with a bat or racquet 

accurately. 

     

4. Your child jumps easily over 

obstacles found in garden or play 

environment. 
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5. Your child runs as fast and in a 

similar way to other children of the 

same gender and age. 

     

6. If your child has a plan to do a 

motor activity, he/she can organize 

his/her body to follow the plan and 

effectively complete the task (e.g., 

building a cardboard or cushion "fort," 

moving on playground 

equipment, building a house or a 

structure with blocks, or using craft 

materials). 

     

7. Your child’s printing or writing or 

drawing in class is fast enough to keep 

up with the rest of the children in the 

class. 

     

8. Your child’s printing or writing 

letters, numbers and words is legible, 

precise and accurate or, if your child is 

not yet printing, he or she colors and 

draws in a coordinated way and 

makes pictures that you can 

recognize. 

     

9. Your child uses appropriate effort or 

tension when printing or writing or 
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drawing (no excessive pressure or 

tightness of grasp on the pencil, 

writing is not too heavy or dark, or too 

light). 

10. Your child cuts out pictures and 

shapes accurately and easily. 

     

11. Your child is interested in and likes 

participating in sports or active games 

requiring good motor skills. 

     

12. Your child learns new motor tasks 

(e.g., swimming, rollerblading) easily 

and does not require more practice or 

time than other children to achieve the 

same level of skill. 

     

13. Your child is quick and competent 

in tidying up, putting on shoes, tying 

shoes, dressing, etc. 

     

14. Your child would never be 

described as a “bull in a china shop” 

(that is, appears so clumsy that he or 

she might break fragile things in a 

small room). 
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15. Your child does not fatigue easily 

or appear to slouch and “fall out” of the 

chair if required to sit for long periods. 
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Annexure I (e) 

DEVELOPMENTAL COORDINATION DISORDER QUESTIONNAIRE 2007 

(DCDQ’07) [HINDI] 

 

आिके 

बच्चे िी 

तरह 

बबल्िु 

नही 

१ 

थोडा 

आिके 

बच्चे िी 

तरह 

 

२ 

औसत दज े

िर आिके 

बच्चे िी 

तरह 

 

३ 

कुछ हद 

तक 

आिके 

बच्चे िी 

तरह 

४ 

िूरी तरह से 

आिके बच्च े

िी तरह 

 

 

५ 

1.आिका बच्चा तनयिंत्रण और सिीकत तरीकेस े गेंद 

फें कता है। 

     

2. आिका बच्चा 6 से 8 फीि (1.8 से 2.4 म िर) की 

दरूी सेफें  की गई एक छोिी गेंद (जैस े िेतनस बॉ  का 

आकार) को िकडता है। 

     

3. अिने बच्च ेको एक आल िंगन गेंद या बडी के साथ 

एक बल्  ेको एक रैकेि से सिीक रूि से मारता है। 

     

4. आिका बच्चा बग च ेया खे न ेके वातावरण में िाई      
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जाने वा ी बाधाओिंिर आसान  से कूद जाता है 

5.आिका बच्चा उस  उम्र और ल िंग के अन्य बच्चों के 

समान तेज और समान तरीकेसे िौड़ता  है 

     

6.यदद आिके बच्च ेके िास मोिर गततपवचध करने की 

योजना है, तो वह योजना का िा न करने के ल ए 

अिने शरीर को व्यवजस्थत कर सकता है और कायक को 

प्रिाव  ढिंग से िूरा कर सकता है (उदाहरण के ल ए, एक 

काडकबोडकया कुशन का तनमाकण करना) खे के मदैान के 

उिकरण िर च ना, एक इमारत बनाना घर या ब् ॉकों 

के साथ एक सिंरचना, या लशल्ि सामग्र  का उियोग 

करना)। 

     

7.कक्षा में आिके बच्च ेका मुद्रण या  ेखन या ड्राइिंग 

कक्षा में बाकी बच्चों के साथ रहने के ल ए ियाकप्त तजे़ 

है। 

     

8. आपिा बच्चे िा  छपाई ,अंि ललखना ,शब्ि पढ़ने 

योग्य है और अगर आपिा बच्चा अभी ति छपाई 

िरता या ललखता नहीं है और चचत्र समन्ववत तरीिेस े
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बनाता है  और आप उस चचत्र िो  पहचान सित ेहै | 

9.आिका बच्चा मुद्रण या  ेखन या ड्राइिंग के समय 

उचचत प्रयास या तनावका उियोग करता है (िेंलस  िर 

कोई अत्यचधक दबाव या िकड की जकडन,  ेखन 

बहुत िारी या गहरा या बहुत हल्का नहीिं है) 

     

10.आिका बच्चा सही और आसान  से चचत्रों और 

आकृततयों को काि देता है। 

     

11.आिका बच्चा रुचच रखता है और अच्छे मोिर 

कौश  की आवश्यकता वा े खे  या सकक्रय खे ों में 

िाग  ेना िसिंद करता है 

     

12.आिका बच्चा आसान  से नए मोिर कायक (जैस े

तैराकी, रो र ब् ाडड िंग) स खता है और समान स्तर के 

कौश  को प्राप्त करने के ल ए अन्य बच्चों की 

तु नामें अचधक अभ्यास या समय की आवश्यकता 

नहीिं होत  है। 

     

13. आप िा बच्चा जुते पहने में , िपड़े पहनेम े , और       
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जुते िी लेस बाधनेमें तजे और सक्षम है | 

14.आिके बच्च ेको कि  ि  "च न की दकुान में बै  के 

रूि में वर्णकतन हीिं ककया जाएगा” (यान , इतना िद्दा 

प्रत त होता है कक वह एक छोिे से कमरे में नाजुक 

च जों को तोड सकता है)। 

     

15.आिका बच्चा आसान  से थकता नहीिं है या  िंबे 

समय तक बठैने के ल ए जरूरी है कक वह कुसी से कफस 

 जाए और बाहर चगर जाए। 
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Annexure I (f) 

DEVELOPMENTAL COORDINATION DISORDER QUESTIONNAIRE 2007 (DCDQ’07) 

[MARATHI] 

 

 

तुमचा मुला 

सारखच 

नाही 

१ 

थोडस 

तुमचा 

मुला 

सारख 

२ 

साधारणप-

ण े तुमचा 

मुला 

सारख 

३ 

बरेचश 

तुमचा 

मुलासार-

ख 

४ 

 

अत्यंत 

तुमचा मुला 

सारख 

५ 

 

1. आि ा मु गा एक बॉ  तनयिंत्रण आर्ण अचकू िध्दत ने 

फेकतो. 

     

2. आिल्या मु ा ा 6 ते 8 फूि (1.8 ते 2.4 म िर) 

अिंतरावरून फेक े  े  हानचेंडू (उदा. िेतनसबॉ आकार) 

पिडता येतो. 

     

3. तुमच्या मुलाला बॉल किंवा बडीला ब्याटने किंवा रॅिेटने 

अचूि रीतीने मारता येत.े 

     

4. बागेत आढळणायाक अडथळयािंवरी  आि ा मु गा सहज      
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िणे उड  मारतो ककिं  वावातावरणात खेळतो. 

5.तुमचा मुलगा इतर मुलांप्रमाणे आणण वेगाने धावतो.      

6.जर आिल्या मु ास मोिर कक्रया क ाि करण्याच  

योजना असे  तरतो / ततच्या शरीरा  ा योजनेच ेअनुसरण 

करण्या साठी आर्ण प्रिाव  िणे कायक िूणक करण्यास 

सिंघदित करू शकतो (उदा., काडकबोडक ककिं वा कुशन तयार 

करणे, खेळगहृाच्या उिकरणा वर चा णे, एक इमारत 

तयार करण े घर ककिं वा ब् ॉकसह सिंरचना ककिं वा लशल्ि 

सामग्र  वािरणे). 

     

7.आपला मुलगा छपाई किंवा ललदहण े किंवा चचत्र िाढण े 

इतर मुलांप्रमाण ेवेगाने िाढू शितो िा ? 

     

8.आिल्या मु ाच े मुद्रणककिं  वा  ेखन अंि आर्ण शब्द 

सुस्िष्ि, जर आपल्या मुलाला ललदहता येत नाही तर तो 

किंवा ती चचत्र िाढण ेआणण रंगवण ेसमन्ववत  पद्धतीने 

िरतो आणण आपण ओळख ूशिू अस ंचचत्र बनवतो 

     

9.छिाई ककिं वा  ेखन करताना ककिं वा रेखा चचत्र करताना 

(आि ा िजेन्स  वर जास्त त जास्त दबाव ककिं वा 
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कडकिणा नाही,  ेखन खूि जड ककिं वा गडद नाही ककिं वा 

कििा नसताना) आि ा मु गा योग्य प्रयत्न ककिं वा तणाव 

वािरतो. 

10.आि े मु  चचत्र आर्ण आकार अचूक आर्ण सु ि 

ररतीनी िापू शितो. 

     

11.आपला मुलगा स््यइच्छेने  क्रीडा किंवा खेडंयान मध्ये 

चांगल्या प्रिारच ेमोटर िौशल्य वापरतो 

     

12.आि े मू न व न मोिर कायाां पवषय  (उदा. 

िोहणे,रो रबॉड िंग) सहजरीतीने िरू शितो आर्ण समान 

मु ािंच  कौशल्य प्राप्त करण्या साठी इतर मु ािं िेक्षा 

अचधक सराव ककिं वा वेळ आवश्यक नसते. 

     

13.आपला मूल  िपडे घालणे , ज्यूते घालणे ,आणण 

ज्यूतेचच  लशे  बांधणे  इत्यािी िामात जलि आणण  

सक्ष्म आहे 

     

14.आिल्या मु ा ा कध ही "च नच्या दकुानात ब ै" 

म्हणून वणकन के  े जाणार नाही (म्हणजे, त  इतकी 

गोंधळ े ी आहे की त  हान खो ीतना जकू वस्तू 
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मोडूशकते). 

15.आि  मु  सहज िणे थकत नाही, खा ी मान घा ून 

बसतो, िडतना ही जरतो खुची वर जास्त वेळ ियांत बसतो 
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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:  

This procedure includes children within 5 – 10 years of age group both male and female who 

are voluntarily willing to participate in this study.  

 

Responsibilities:  

The researcher will obtain written informed consent from parents/guardian of all the 

participants and assent form from the participants who are volunteering to be the part of this 

study.  

 

Procedure:  

1. The researcher will select the participants among school-going population. 

 

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

of the participant. 
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3. If the participants and their respective parent/guardian decides to participate then they 

would be consented according to the standard operational procedure. 

 

4. If the participants and their respective parent/guardian expresses interest but has some 

doubts in that case they would be solved.  

 

5. If the participants and their respective parent/guardian 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 their respective parents’/guardian’s 

consent and assent.  

 

7. 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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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 

“Evaluation of gross motor function of upper limb and fine motor skills in 5 – 10 year old 

children with suspected developmental coordination disorder: An observational, 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 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) 

सहिाग िंच मादहत  ित्रक 

उद्देशः 

आयस एमआरच्या तनयामक आवश्यकता आर्ण आयईस ने मान्यता दद ेल्या मादहत नुसार ल र्खत मादहत  

दद ी आहे. 

व्याप्त : 

या मानक ऑिरेशन  िद्धत त  ५ िो १0 इयसक चा मु े आर्ण मु ी   समावेश आहे आर्ण ह्या अभ्यासात 

सहिाग  होण्यास स्वेच्छेने इच्छुक असतात. 

जबाबदारी: 

सिंशोधक या अभ्यासाचा िागहोण्यासाठी स्वयिंसेवा करणायाक सवक सहिाग िंचे  खे  ज्ञात सहमत प्राप्त करत  . 

कायकिद्धत : 

1. सिंशोधक  येथ ेजररयादिक िॉिु शन अजड ५ िो १0 इयसक  तनवडे  

2.तिासन स आक्षेि दरू करण्यासाठी आर्ण सहिाग िंच्या सवक प्रश्नािंच  उत्रे देण्यासाठी प्रायोचगक प्रोिोकॉ च े

स्िष्िीकरण करे . 

3. सहिाग ने सहिाग  होण्याचा तनणकय घेत ा तर ते मानक सिंचा न प्रकक्रयनुसार सिंमत  देई . 

4. जर सहिाग ने रूच  व्यक्त के ी िरिंतु त्यात काही शिंका असत   तर ते सोडवत  . 
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5.सहिाग  जर स्िष्िीकरण सोय स्कर असत   तर ते मानक सिंचा न प्रकक्रयेनुसार सूचचत सिंमत  िरत  . 

6. सहिाग िंच्या चचिंतेच्या निंतर अभ्यास प्रकक्रया सुरू होई . 

7.समापवष्ि आर्ण बदहष्कार तनकष सत्यापित करण्यासाठी म्हणून तिश  वार वैद्यकीय आर्ण इतर 

कोणत्याही शारीररक समस्या इततहास प्राप्त के  ेजाई . 

8.जर सहिाग्याने आिल्या कुिुिंब यािंना या मादहत वर चचाक करायच  असे  तर त्यािंना सिंमत  देण्यािूवी अस े

करण्याचे अचधकार आहेत. 

सहिाग िंना सिंशोधन करण्यासाठी सामान्य मादहत : 

1. नाव: 

   वय: 

   ल िंग: 

   तारीख: 

2.आिल्या ा िरफॉम्याक िरणे आवश्यक आहे आर्ण सिंशोधनाचा हेतू “५ ते १0 वष ृच्या मु ान मध्ये वचाक अिंग 

मध्ये ग्रॉस मोिर फिं क्शन अण  फ़ाइन मोिर जस्क  च्या मूल्यािंकण ज्या मु ान मध्ये सिंशयास्िद 

डेवे िमेन्ि  कोऑडड कनेशन डडसऑडकर आहे: एक अव ोकन य, अनुवािंलशक अध्ययन” हा अभ्यासकरण े

आवश्यक आहे. 
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3.जर आिण स्वेच्छेने अभ्यासात सहिाग  होऊ इजच्छत असा  तर चाचण िूणक होईियांत आिण कायकप्रदशकन 

िरण्यािासूनच आिल्याकडून नोंदण  करण ेअिेक्षक्षत आहे. 

4.या काळात तुम्ही अस्वस्थ आहात तर मग कृिया आम्हा ा कळूद्या जणे ेकरून आम्ही आल्यास मदत करू 

आर्ण आिल्या समस्येवर कोणत्याही अयोग्य प्रिावालशवाय मात करू शकू. 

5. आिल्या ा कोणतेही िरतावा आर्ण नुकसान िरिाई दद ी जाणार नाही. 

6.कोणत्याही क्षण  जर आिणया सिंशोधन अभ्यासातून थािंबू इजच्छत असा तर आिण तसे करण्यास मुक्त 

आहात आर्ण आिल्याबाजूने कोणत ही अडथळानसता. 

7. सिंमत  ित्र प्राप्त करण्यािूवी अभ्यासाच  जोख म,अस्वस्थता, फायदे आर्ण तोिे यािंचा तिश   आिल्या ा 

स्िष्िके ा जाई . 

8.या अभ्यासातून प्राप्त झा  ेा डेिा गुप्तिण ेसिंरक्षक्षत आर्ण देखरेखके ा जाई  आर्ण जर छायाचचत्रवािर े 

असे  तर आि ी ओळख प्रगि होणार नाही. छायाचचत्र प्रकालशत झाल्यास िरवानग  प्राप्त होई . 

9.या अभ्यासासाठी आवश्यक अस ेल्या पवपवध चाचण  प्रकक्रयेचे सवक जोडून आिल्या ा 

स्िष्ि के  ेजाई  आर्ण त्यानुसार सिंमत  दद ी जाई . 

10.आिण थकल्यासारखे ककिं वा आिण िूणक काळज  घेण्यास असमथक वाित असल्यास आिल्या ा काळज  

करण्याच  गरज नाही आर्ण आवश्यकत  िाव  ेउच ता येत   याच  आम्हा ा मादहत द्या. 

11.आिण कोणत्याही क्षण  समाधान  नसल्यास आिण कोणत्याही िररणामािं लशवाय कध ही काढू शकता. 
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12. सिंशोधकाचे नाव: 

    फोननिंबर: 

    ित्ा: 

13. मागकदशककािंचे नाव: 

      फोन निंबर: 

      ित्ा: 

14. सिंस्थेच ेनाव: 
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Annexure II (c) 

सहिाग  सूचनाित्र 

उद्देश्य: 

आईस एमआर की तनयामक आवश्यकता के अनुसारसुतनजश्चतकरनेकेल एकक ल र्खत सूचचत सहमतत िुरुष 

और मदह ा पवषयों से प्राप्त की गई है और आईईस  द्वारा अनुमोददत ककया गया है। 

 

स्कोि: 

इस मानकिररचा न प्रकक्रया में सि  मरीज़ शालम  हैं जो स्वेच्छा सेअस्िता  से िाग  े रहे हैं। 

जजम्मेदारी: 

शोधकताक इस अध्ययन के िाग के रूि में स्वयिं सेवाकरनेवा े सि  िुरुष और मदह ा से ल र्खत सूचचत 

सहमतत प्राप्त करेगा। 

प्रकक्रया: 

1. अन्वेषक “५ से १0 सा  के बच्चो मे ऊिरी अिंग मे ग्रॉस मोिर फिं क्शन और फ़ाइन मोिर जस्क  का 

मूल्यािंकन करना जजनमे सिंददग्ध डेवे िमेन्ि  कोऑडडकनेशन डडसऑडकर हो: एक अव ोकन य, 

अनुवािंलशक अध्ययन” का चयन करेगा। 

2. अन्वेषक आशिंका दरू करने और प्रततिाग  के सि  प्रश्नों का उत्र देने के ल ए प्रयोगात्मक प्रोिोकॉ  

की व्याख्या करेगा 
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3. यदद सहिाग  अध्ययन में िाग  ेने के ल ए सहमत हैं तो उन्हें मानक िररचा न प्रकक्रया के अनुसार 

सहमतत दी जाएग । 

4. यदद सहिाग  रुचच व्यक्त करता है  ेककन उस माम  ेमें कुछ सिंदेह है तो उन्हें ह  ककया जाएगा। 

5. यदद मरीज़ पववरण के साथ सहज होत ेहैं तो वे मानक िररचा न प्रकक्रया के अनुसार सूचचत सहमतत 

िरेंगे। 

6. सहिाग यों की सहमतत के बाद अध्ययन प्रकक्रया शुरू होग । 

7. पवस्ततृ चचककत्सा और ककस  ि  अन्य शारीररक समस्या का इततहास सहिाग यों से प्राप्त ककया 

जाएगा ताकक शालम  ककए जाने और बदहष्करण मानदिंड को सत्यापित ककया जा सके 

8. अनुसिंधान पवषय की सामान्य जानकारी: 

1 नाम 

2. उम्र 

3. ल िंग 

4. ददनािंक 

9. यदद आि इस अवचध के दौरान असुपवधाजनक हैं तो कृिया हमें यह बताएिं कक हम आिकी मदद कर 

सकते हैं और आिकी समस्या को ककस  ि  अयोग्य प्रिाव के बबना िार कर सकते हैं। 

10. आिको कोई प्रततिूततक और क्षततिूततक नहीिं दी जाएग । 
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11. यदद ककस  ि  समय आि इस शोध अध्ययन से बिंद करना चाहत े हैं तो आि ऐसा करने के ल ए 

स्वतिंत्र हैं और हमारे िक्ष से कोई बाधा नहीिं होग । 

12. सहमतत के ित्र प्राप्त करने से िह  ेिरीक्षण, जोर्खम, असुपवधा, फायदे और नुकसान का पववरण 

आिको समझाया जाएगा। 

13. इस अध्ययन से प्राप्त आिंकडे गोिन य रूि से सिंरक्षक्षत और बनाए रखे जाएिंगे और अगर तस्व र का 

इस्तेमा  ककया जाए तो आिकी िहचान प्रकि नहीिं की जाएग  और यदद तस्व र प्रकालशत की गई तो 

अनुमतत प्राप्त की जाएग । 

14. िरीक्षण प्रकक्रया का सि  जोर्खम आिको समझाया जाएगा और तदनुसार सहमतत  ी जाएग  

15. यदद आि ककस  ि  समय सिंतुष्ि नहीिं हैं तो आि ककस  ि  समय ककस  ि  िररणाम के बबना वािस  े 

सकते हैं 

शोधकताक का नाम: 

फ़ोननिंबर: 

िता: 

गाइड का नाम: 

फ़ोननिंबर: 

िता: 

सिंस्था का नाम: 
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Annexure II (d) 

LETTER OF CONSENT 

 

I am willing to participate voluntarily as a subject for the dissertation entitled “Evaluation of 

gross motor function of upper limb and fine motor skills in 5 – 10 year old children with 

suspected developmental coordination disorder: An observational, cross-sectional study”  

Conducted  by_________________________ 

 

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. 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 participants               Signature/ Thumb impression of parents                     

Date 
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Annexure II  (e) 

इविॉरमेड िॉवसेंट िोम 

मी हक्ि ननवेिनासाठी ववषय म्हणून स्वेच्छेने सहभागी होण्यास इच्छुि आहे “५ ते १0 वष ृच्या मु ान मध्ये 

वचाक अिंग मध्ये ग्रॉस मोिर फिं क्शन अण  फ़ाइन मोिर जस्क  च्या मूल्यािंकण ज्या मु ान मध्ये सिंशयास्िद 

डेवे िमेन्ि  कोऑडड कनेशन डडसऑडकर आहे: एक अव ोकन य, अनुवािंलशक अध्ययन”   

द्वारे आयोन्जत ______________________ 

• उिक्रमाचे स्वरूि,कारण, का ावध  त्याचे िुढी  िररणाम आर्ण उिक्रमाचे धोके तसेच या 

अभ्यासात   माझ  िूलमका म ा समजाव ी गे ी आहे .माझ े सगळे प्रश्न समाधानकारकररत्या 

सोडव े गे े आहे . 

• माझा या उिक्रमात   सहिाग िूणकिण ेऐजच्छक आहे आर्ण म   कोणत्याही वेळ , कोणतेही कारण न 

देता, कुठ ाही दिंड न िरता  आर्ण म ा लमळण्याचा अिेक्षक्षत फायदा यािंमध्ये कुठ ाही बद  न होता 

म  या अभ्यासातून कुठल्याही क्षण  माघार घेऊ शकत े/शकतो . 

• उिक्रमादरम्यान उि ब्ध होणाऱ्या कोणत्याही मादहत मुळे माझ्या उिक्रमात   िाग घेण्यावर 

िररणाम होऊ शकतो हे म ा सािंचगत े जाई  . 

• पवद्या य न सिंलमत मादहत  गोळा करण्यासाठी माझ  आध च  वैद्यकीय ित्रक िाहू शकतात .या 

ित्रकावर सही केल्यावर म  त्यािंना तश  अनुमत  देत े/देतो. 
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• म  हे जाणत/ेजाणतो कक माझ  ओळख कुठल्याही तसेच कोणत्याही मादहत त/प्रकाशनात प्रदलशकत 

के ी जाणार नाही .    

• म  ह्या उिक्रमात सहिाग  होण्यासाठी सिंमत  देत आहे . 

 

 

सहिाग  सदस्याचे नाव                 पेरेंट्स स्वाक्षरी/अिंगठ्याचा ठसा  ददनािंक 
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Annexure II (f) 

इविोमेड िंसेंट िॉमम 

मैं स्वेच्छा से शोध प्रबंध हििार िे ललए एि ववषय िे रूप में भाग लेने िो तैयार हंू “५ से १0 सा  के बच्चो मे 

ऊिरी अिंग मे ग्रॉस मोिर फिं क्शन और फ़ाइन मोिर जस्क  का मूल्यािंकन करना जजनमे सिंददग्ध डेवे िमेन्ि  

कोऑडड कनेशन डडसऑडकर हो: एक अव ोकन य, अनुवािंलशक अध्ययन” 

द्वारा आयोन्जत ______________________ 

• इस अभ्यास का स्वरुि, अवकाश, इससे जुडे सिंिाव्य खतरे, सिंिापवत प्रिाव और मुझ ेजो करना है 

उस के बारे में स्िष्ि जानकारी लम ी है।  

• इस अभ्यास में सहिाग  होने का मेरा खदु का तनणकय है। मैं ककस  समय अभ्यास को छोडकर जा 

सकत /सकता हू। इसके ल ए मैं कोई ि  मानदिंड या िरिाई करने के ल ए बिंध /बिंधा नहीिं हूाँ।   

• अभ्यास के दौरान उि ब्ध अन्य जानकारी जजस से अभ्यासक्रम में िाग  ेने िर असर िडेगा वह 

मुझे बताया जायेगा।  

• मेरी जािंच का जो मूल्यािंकन हुआ है, उस ेसिंस्था के समा ोचक मिंड  के अचधकारी िरख सकते है।इस 

ित्र िर हस्ताक्षर कर के मैं यह अनुमतत देता हूाँ या देत  हूाँ । 

• मेरी िहचान ककस ि  वतृािंत या प्रकाशन में प्रकालशत नहीिं होग । 

• मैं अभ्यासक्रम के ल ए सहमत हूाँ। 

सहिाग  का नाम              परेेंट्स हस्ताक्षर या अिंगूठे का तनशानददनािंक 
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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 “Evaluation of gross motor function of upper limb and fine motor 

skills in 5 – 10 year old children with suspected developmental coordination disorder: An 

observational, cross-sectional study 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.do the needful in this regard. 

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

Thanking you in anticipation. 

Yours sincerely, 

Date: 

Place: 

Guide:                                                Head of institute 
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Annexure III (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, “Evaluation of gross motor function of upper limb and fine motor 

skills in 5 – 10 year old children with suspected developmental coordination disorder: 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 III (c) 

 

PERMISSION LETTER 

 

To, 

The Principal, 

___________________________ 

__________________________ 

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 

“Evaluation of gross motor function of upper limb and fine motor skills in 5 – 10 year old 

children with suspected developmental coordination disorder: An observational, cross-

sectional study”  

      For this purpose, I have to take participants from your school who are aged between 5 -

10 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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MASTER CHART: 

SR. 
NO. 

GEN
DER 

AGE 
WEI
GHT 
(kg) 

HEI
GHT 
(cm) 

BMI 
(kg/
m2) 

PRE
TER
M 

BIRT
H 
WEI
GHT 

CON
TRO
L 
DUR
ING 
MOV
EME
NT 
(30) 

FINE 
MOT
OR 
(20) 

GEN
ERA
L 
COO
RDI
NATI
ON 
(25) 

TOT
AL 
(75) 

1 F 5 18 113 14.1 N 2.6 26 15 22 63 

2 M 5 15 105 
13.6

1 N 2.8 24 18 22 64 

3 M 5 17 117 
12.4

2 Y 2.1 23 17 20 60 

4 M 5 10 92 
11.8

1 N 2.2 26 17 19 62 

5 F 5 17 107 
14.8

5 N 2.6 19 12 13 44 

6 M 5 15 118 
10.7

7 N 2.7 16 15 15 46 

7 M 5 14 103 13.2 N 3.2 28 15 20 63 

8 F 5.1 18 113 14.1 N 3.3 25 16 19 60 

9 F 5.1 12 101 
11.7

6 Y 2.1 16 11 12 39 

10 F 5.1 18 110 
14.8

8 N 2.25 19 13 13 45 

11 F 5.1 16 102 
15.3

8 N 2.3 29 16 23 68 

12 M 5.1 15 105 
13.6

1 N 2.6 14 12 13 39 

13 M 5.1 20 109 
16.8

3 N 2.9 27 17 22 66 

14 F 5.1 18 110 
14.8

8 N 3.2 26 14 22 62 

15 F 5.1 14 104 
12.9

4 N 2.1 26 17 22 65 

16 F 5.1 11 93 
12.7

2 N 3.3 16 9 17 42 

17 M 5.1 10 94 
11.3

2 Y 2.5 27 17 17 61 

18 M 5.1 14 110 
11.5

7 N 2.1 26 17 21 64 

19 M 5.1 15 105 
13.6

1 N 2.3 29 16 22 67 

20 M 5.1 17 108 
14.5

7 N 1.8 13 11 14 38 
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21 M 5.1 16 105 
14.5

1 N 2.9 25 13 20 58 

22 M 5.11 17 110 
14.0

5 N 3.1 26 18 20 64 

23 M 5.11 13 105 
11.7

9 N 3.3 18 10 10 38 

24 M 5.11 13 105 
11.7

9 N 2.7 28 13 23 64 

25 M 5.2 15 109 
12.6

3 Y 2.6 23 18 22 63 

26 F 5.2 19 115 
14.3

7 N 2.1 12 12 12 36 

27 M 5.2 14 109 
11.7

8 N 2.9 29 18 22 69 

28 F 5.2 16 110 
13.2

2 N 2.7 25 16 24 65 

29 F 5.2 14 106 
12.4

6 N 2.1 30 17 22 69 

30 M 5.2 19 107 16.6 Y 2.5 13 11 17 41 

31 F 5.2 12 97 
12.7

5 N 2.6 24 15 23 62 

32 F 5.2 15 105 
13.6

1 N 2.5 16 11 13 40 

33 M 5.2 13 103 
12.2

5 N 2.2 27 18 22 67 

34 M 5.2 18 113 14.1 N 2.6 25 17 21 63 

35 M 5.2 18 105 
16.3

3 N 2.9 28 17 21 66 

36 M 5.2 14 101 
13.7

2 N 2.1 24 17 20 61 

37 F 5.3 17 110 
14.0

5 N 2.7 23 19 18 60 

38 F 5.3 13 107 
11.3

5 N 2.6 16 9 15 40 

39 F 5.3 14 103 13.2 N 3.1 26 18 19 63 

40 F 5.3 13 99 
13.2

6 N 2.1 26 16 22 64 

41 M 5.3 16 116 
11.8

9 N 3.7 28 16 23 67 

42 M 5.3 19 117 
13.8

8 N 3.1 23 16 19 58 

43 M 5.3 18 110 
14.8

8 N 3.6 23 13 18 54 

44 F 5.3 16 109 
13.4

7 N 3.1 23 17 17 57 

45 F 5.3 20 108 
17.1

5 N 1.8 17 15 13 45 

46 F 5.3 15 101 14.7 N 2 24 6 12 42 
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47 M 5.3 14 99 
14.2

8 N 2.8 24 17 18 59 

48 M 5.3 16 110 
13.2

2 N 2.6 25 17 16 58 

49 M 5.3 12 100 12 N 2.9 22 17 22 61 

50 M 5.3 14 101 
13.7

2 N 3.3 26 15 19 60 

51 M 5.3 15 103 
14.1

4 N 3.4 27 18 22 67 

52 M 5.3 15 110 12.4 N 3.1 59 17 19 59 

53 M 5.3 21 117 
15.3

4 N 2.7 19 20 15 54 

54 F 5.4 16 111 
12.9

9 N 2.6 18 12 16 46 

55 F 5.4 17 108 
14.5

7 N 2.4 17 19 15 51 

56 M 5.4 18 109 
15.1

5 N 2.6 18 13 14 45 

57 M 5.4 19 104 
17.5

7 N 2.8 16 15 14 45 

58 M 5.4 20 112 
15.9

4 N 1.9 18 14 22 54 

59 F 5.4 16 109 
13.4

7 N 2.8 19 18 16 53 

60 F 5.4 21 101 
20.5

9 N 2.9 16 11 23 50 

61 F 5.4 22 112 
17.5

4 N 3.1 18 18 16 52 

62 M 5.4 15 114 
11.5

4 Y 2.6 19 14 21 54 

63 M 5.4 15 119 
10.5

9 N 2.7 19 20 15 54 

64 M 5.4 14 112 
11.1

6 Y 2.9 24 18 23 65 

65 M 5.4 15 110 12.4 N 2.6 24 14 21 59 

66 M 5.4 21 117 
15.3

4 N 2.5 25 14 22 61 

67 F 5.5 19 117 
13.8

8 N 2.65 23 16 25 64 

68 M 5.5 27 125 
17.2

8 N 2.9 25 18 20 63 

69 M 5.5 14 112 
11.1

6 N 3.1 27 16 24 67 

70 M 5.5 27 125 
17.2

8 Y 2.1 16 12 17 45 

71 M 5.5 14 96 
15.1

9 Y 2.6 25 18 20 63 

72 M 5.5 15 106 
13.3

5 N 2 22 18 17 57 
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73 F 5.6 14 112 
11.1

6 N 2.9 23 20 20 63 

74 F 5.6 19 112 
15.1

5 Y 2.7 20 9 15 44 

75 F 5.6 20 117 
14.6

1 N 2.1 18 9 15 42 

76 M 5.6 19 117 
13.8

8 N 2.25 19 18 16 53 

77 M 5.6 19 112 
15.1

5 N 2.9 20 14 20 54 

78 M 5.6 18 119 
12.7

1 N 2.1 22 15 17 54 

79 F 5.6 25 119 
17.6

5 N 2.5 19 14 21 54 

80 F 5.6 13 100 13 Y 2.8 14 13 18 45 

81 F 5.6 18 113 14.1 N 3.1 24 18 23 65 

82 F 5.6 16 112 
12.7

6 N 2.7 19 18 21 58 

83 M 5.6 15 104 
13.8

7 N 2.8 26 10 20 56 

84 M 5.6 17 113 
13.3

1 N 2.5 20 18 18 56 

85 M 5.6 18 102 17.3 N 3.5 25 18 20 63 

86 M 5.6 15 99 15.3 N 3.3 22 18 17 57 

87 F 5.7 22 121 
15.0

3 N 3.2 23 20 20 63 

88 F 5.7 21 118 
15.0

8 N 2.6 20 16 25 61 

89 M 5.7 25 116 
18.5

8 Y 2.6 27 18 20 65 

90 M 5.7 13 100 13 N 2.8 28 14 21 63 

91 M 5.7 25 119 
17.6

5 Y 2.1 17 11 15 43 

92 F 5.7 21 126 
13.2

3 N 2.6 25 18 20 63 

93 F 5.7 16 111 
12.9

9 N 2.8 27 16 24 67 

94 F 5.7 19 122 
12.7

7 Y 2.7 16 12 17 45 

95 F 5.7 20 124 
13.0

1 N 2.6 25 18 20 63 

96 M 5.7 17 114 
13.0

8 Y 2.9 36 6 14 36 

97 M 5.7 15 115 
11.3

4 N 2.1 18 12 19 49 

98 F 5.7 16 116 
11.8

9 N 2.4 17 17 16 50 

99 M 5.7 18 103 16.9 N 2.4 17 17 16 50 
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7 

100 M 5.7 16 99 
16.3

2 N 1.5 37 11 14 37 

101 F 5.8 18 117 
13.1

5 N 2.1 5 16 21 64 

102 F 5.8 19 119 
13.4

2 N 2.6 39 10 15 39 

103 M 5.8 20 120 
13.8

9 N 2.7 25 18 20 63 

104 M 5.8 21 121 
14.3

4 N 2.9 27 16 24 67 

105 F 5.8 22 122 
14.7

8 N 3.3 16 12 17 45 

106 F 5.8 18 115 
13.6

1 N 3.4 25 18 20 63 

107 M 5.8 22 115 
16.6

4 N 2.9 22 18 17 57 

108 M 5.8 14 108 12 N 2.6 23 20 20 63 

109 M 5.8 18 117 
13.1

5 N 2.8 20 16 25 61 

110 M 5.8 19 119 
13.4

2 N 2.9 27 18 20 65 

111 F 5.9 16 112 
12.7

6 N 3.1 28 14 21 63 

112 F 5.9 20 121 
13.6

6 N 3.5 25 13 20 58 

113 F 5.9 18 118 
12.9

3 N 2.5 12 9 13 34 

114 M 5.9 14 109 
11.7

8 N 2.5 18 18 16 52 

115 F 5.9 15 108 
12.8

6 N 2.6 19 18 16 53 

116 M 5.9 13 105 
11.7

9 N 2.1 20 14 20 54 

117 M 5.9 19 112 
15.1

5 Y 2.9 62 17 21 62 

118 M 5.9 20 121 
13.6

6 N 2 24 17 20 61 

119 M 5.9 18 118 
12.9

3 N 3.2 28 19 22 69 

120 M 6 10 91 
12.0

8 N 3.2 15 8 18 41 

121 M 6 20 121 
13.6

6 N 2.3 20 19 19 58 

122 M 6 18 118 
12.9

3 N 2.1 22 14 19 55 

123 M 6 14 99 
14.2

8 N 1.81 29 16 25 70 

124 F 6.1 13 94 14.7 N 3.3 25 16 18 59 
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1 

125 F 6.1 13 99 
13.2

6 N 2.1 24 16 22 62 

126 M 6.1 13 98 
13.5

4 N 3.3 24 15 20 59 

127 M 6.1 14 102 
13.4

6 N 3.1 26 15 21 62 

128 M 6.1 16 101 
15.6

8 N 2.9 24 17 20 61 

129 F 6.1 18 105 
16.3

3 Y 2.3 27 17 24 68 

130 F 6.1 14 101 
13.7

2 N 2.7 23 14 20 57 

131 F 6.1 15 105 
13.6

1 N 2.1 16 13 10 39 

132 M 6.1 17 108 
14.5

7 N 2.6 24 18 20 62 

133 M 6.1 16 105 
14.5

1 N 2.7 26 15 23 64 

134 M 6.1 13 101 
12.7

4 N 2.9 24 16 20 60 

135 M 6.1 14 103 13.2 Y 1.9 17 10 17 44 

136 M 6.1 21 112 
16.7

4 N 1.8 27 17 20 64 

137 M 6.1 18 111 
14.6

1 N 2.9 24 15 17 56 

138 M 6.1 20 103 
18.8

5 N 2.4 28 15 20 63 

139 M 6.11 19 120 
13.1

9 N 2.6 22 14 21 57 

140 M 6.11 18 117 
13.1

5 Y 2.9 26 18 21 65 

141 F 6.11 21 120 
14.5

8 N 2.1 25 16 20 61 

142 F 6.11 15 113 
11.7

5 N 2.6 23 13 17 53 

143 M 6.11 20 120 
13.8

9 Y 2.7 27 16 20 63 

144 M 6.11 17 113 
13.3

1 N 3.1 22 17 21 60 

145 M 6.11 15 115 
11.3

4 N 
3.02

5 22 19 19 60 

146 M 6.11 18 112 
14.3

5 N 2.4 23 18 23 64 

147 M 6.11 19 109 
15.9

9 N 2.1 22 14 22 58 

148 F 6.2 13 97 
13.8

2 N 2.9 26 17 23 66 

149 F 6.2 17 107 14.8 N 2.8 30 17 17 64 
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5 

150 F 6.2 17 118 
12.2

1 N 2.6 23 14 20 57 

151 M 6.2 16 117 
11.6

9 N 3.3 24 16 23 63 

152 F 6.2 13 108 
11.1

5 N 3.4 26 15 15 56 

153 F 6.2 13 105 
11.7

9 N 3.2 26 14 25 65 

154 F 6.2 15 110 12.4 N 2.1 23 15 20 58 

155 M 6.2 21 117 
15.3

4 N 2.4 25 17 22 64 

156 F 6.2 16 110 
13.2

2 N 2.8 24 16 21 61 

157 F 6.2 20 118 
14.3

6 N 2.25 25 17 21 63 

158 F 6.2 20 120 
13.8

9 N 2.5 17 6 11 34 

159 M 6.2 19 118 
13.6

5 N 1.8 25 13 17 55 

160 M 6.2 15 118 
10.7

7 N 2.9 23 14 22 59 

161 F 6.2 16 107 
13.9

8 N 2.6 24 13 19 56 

162 F 6.2 13 97 
13.8

2 N 2.7 23 20 23 66 

163 F 6.2 19 110 15.7 N 2.9 23 15 17 55 

164 M 6.2 16 119 11.3 N 2.1 24 18 23 65 

165 M 6.2 15 119 
10.5

9 Y 2 16 13 17 46 

166 F 6.2 15 114 
11.5

4 N 1.6 18 12 13 43 

167 F 6.3 16 101 
15.6

8 N 3.1 26 20 23 69 

168 F 6.3 19 103 
17.9

1 Y 3.4 23 17 22 62 

169 F 6.3 17 99 
17.3

5 N 3.1 22 14 23 59 

170 M 6.3 14 98 
14.5

8 N 3.3 24 17 20 61 

171 M 6.3 14 96 
15.1

9 N 2.3 27 17 23 67 

172 M 6.3 15 106 
13.3

5 N 3.1 19 14 8 41 

173 M 6.3 16 104 
14.7

9 N 3 22 15 20 57 

174 F 6.3 14 101 
13.7

2 N 3.8 27 18 22 67 



127 

 

175 F 6.3 16 102 
15.3

8 N 2.8 26 18 22 66 

176 F 6.3 17 100 17 N 2.1 23 17 18 58 

177 F 6.3 15 100 15 N 2.8 19 13 20 52 

178 M 6.3 18 102 17.3 N 2.1 24 14 17 55 

179 M 6.3 20 106 17.8 Y 2.9 23 15 20 58 

180 M 6.3 18 102 17.3 N 3 25 14 19 58 

181 M 6.3 15 99 15.3 N 3.1 24 16 20 60 

182 M 6.3 14 101 
13.7

2 Y 2.6 24 18 18 60 

183 M 6.3 13 97 
13.8

2 N 2.7 22 17 20 59 

184 M 6.3 16 119 11.3 N 3.2 23 13 18 54 

185 M 6.3 15 119 
10.5

9 N 3.1 21 14 19 54 

186 F 6.3 15 114 
11.5

4 N 2.5 23 17 21 61 

187 F 6.4 18 103 
16.9

7 N 2.1 20 14 18 52 

188 F 6.4 16 99 
16.3

2 N 3.2 20 14 18 52 

189 F 6.4 15 109 
12.6

3 N 2.3 22 14 17 53 

190 M 6.4 16 110 
13.2

2 Y 1.5 16 19 10 45 

191 M 6.4 17 111 13.8 N 3.4 17 14 21 52 

192 F 6.4 18 112 
14.3

5 N 2.6 19 14 12 45 

193 F 6.4 19 109 
15.9

9 N 2.7 19 12 19 50 

194 M 6.4 20 112 
15.9

4 N 2.8 20 17 15 52 

195 M 6.4 17 111 13.8 N 1.8 20 10 14 44 

196 M 6.4 18 113 14.1 N 3.3 18 14 18 50 

197 M 6.4 16 112 
12.7

6 N 2.6 20 10 24 54 

198 F 6.4 15 104 
13.8

7 N 2.9 16 15 7 38 

199 F 6.5 15 109 
12.6

3 N 2.9 27 18 21 66 

200 F 6.5 16 110 
13.2

2 N 2.1 22 13 21 56 

201 M 6.5 16 119 11.3 N 2.9 26 15 20 61 

202 M 6.5 15 119 
10.5

9 N 3.4 28 19 23 70 

203 F 6.5 15 114 
11.5

4 Y 3.1 19 9 12 40 



128 

 

204 F 6.6 21 112 
16.7

4 Y 3.2 20 13 19 52 

205 M 6.6 18 111 
14.6

1 N 3.1 17 12 12 41 

206 M 6.6 20 103 
18.8

5 Y 3.6 24 15 17 56 

207 M 6.6 16 119 11.3 N 2.6 26 17 20 63 

208 F 6.6 15 119 
10.5

9 N 2.7 27 18 22 67 

209 F 6.6 17 100 17 N 3.6 22 19 21 62 

210 M 6.6 16 113 
12.5

3 Y 3.4 19 10 14 43 

211 M 6.6 18 112 
14.3

5 N 3.2 21 13 17 51 

212 M 6.6 20 104 
18.4

9 N 2.7 19 16 18 53 

213 M 6.6 18 113 14.1 N 2.6 22 14 16 52 

214 M 6.6 16 112 
12.7

6 N 2.8 28 17 23 68 

215 F 6.6 15 104 
13.8

7 N 2.1 16 15 15 46 

216 F 6.7 17 110 
14.0

5 N 3.1 17 8 18 43 

217 F 6.7 16 110 
13.2

2 N 2 23 17 20 60 

218 M 6.7 17 106 
15.1

3 N 2.25 24 15 20 59 

219 M 6.7 20 122 
13.4

4 N 2.5 22 16 17 55 

220 M 6.7 18 118 
12.9

3 N 3.1 20 10 14 44 

221 F 6.7 15 115 
11.3

4 N 2.1 18 10 19 47 

222 F 6.7 21 127 
13.0

2 N 2.25 17 10 11 38 

223 M 6.7 16 113 
12.5

3 N 2.6 27 19 23 69 

224 M 6.7 17 111 13.8 N 2.4 26 12 23 61 

225 M 6.7 18 112 
14.3

5 N 2.9 18 9 15 42 

226 M 6.7 19 112 
15.1

5 N 2.3 22 14 16 52 

227 M 6.7 20 117 
14.6

1 Y 2.1 23 13 17 53 

228 F 6.7 19 117 
13.8

8 N 2.25 19 9 18 46 

229 F 6.8 19 113 
14.8

8 N 2.3 18 19 23 60 
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230 F 6.8 20 114 
15.3

9 Y 2.1 16 14 11 41 

231 M 6.8 21 115 
15.8

8 N 2.5 22 14 21 57 

232 M 6.8 22 116 
16.3

5 N 2.8 28 17 23 68 

233 M 6.8 23 117 16.8 N 3.1 19 15 17 51 

234 F 6.8 24 118 
17.2

4 N 3 26 17 23 66 

235 F 6.8 25 119 
17.6

5 N 2.6 21 12 18 51 

236 F 6.8 23 120 
15.9

7 N 2.1 26 18 23 67 

237 M 6.8 15 113 
11.7

5 N 3.1 24 18 21 63 

238 M 6.8 18 117 
13.1

5 N 3.6 17 7 12 36 

239 M 6.8 15 119 
10.5

9 N 3.4 22 15 20 57 

240 M 6.8 14 112 
11.1

6 N 3.1 19 12 18 49 

241 F 6.8 19 117 
13.8

8 N 3.1 20 15 20 55 

242 F 6.9 21 121 
14.3

4 Y 3.2 28 19 24 71 

243 F 6.9 18 115 
13.6

1 Y 3.2 27 19 23 69 

244 F 6.9 16 114 
12.3

1 N 2.6 26 19 20 65 

245 M 6.9 25 119 
17.6

5 N 3.4 22 12 16 50 

246 M 6.9 13 100 13 N 3.1 17 10 22 49 

247 F 6.9 18 113 14.1 N 3.3 19 9 10 38 

248 F 7 10 91 
12.0

8 Y 2.9 19 14 16 49 

249 M 7 14 104 
12.9

4 N 2.7 20 16 13 49 

250 F 7 12 101 
11.7

6 N 2.9 20 16 18 54 

251 M 7 14 102 
13.4

6 N 1.9 19 8 20 47 

252 M 7 19 122 
12.7

7 N 2.6 19 15 15 49 

253 F 7 20 124 
13.0

1 N 2.7 22 16 21 59 

254 F 7.1 16 105 
14.5

1 N 2.6 25 13 20 58 

255 F 7.1 13 101 
12.7

4 N 2.5 15 9 21 45 
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256 M 7.1 15 105 
13.6

1 N 2.1 22 14 19 55 

257 M 7.1 15 102 
14.4

2 N 3.2 22 14 16 52 

258 M 7.1 12 100 12 Y 2.1 15 12 13 40 

259 M 7.1 14 105 12.7 N 3.3 25 15 17 57 

260 F 7.1 13 100 13 N 2.1 19 14 18 51 

261 F 7.1 14 102 
13.4

6 N 1.9 17 12 13 42 

262 F 7.1 15 103 
14.1

4 N 2.9 29 13 14 56 

263 F 7.1 21 119 
14.8

3 N 3.3 21 12 22 55 

264 M 7.1 15 105 
13.6

1 N 3.1 20 12 14 46 

265 M 7.1 17 113 
13.3

1 N 3.2 24 13 21 58 

266 M 7.1 19 110 15.7 Y 3.3 25 15 17 57 

267 M 7.1 13 110 
10.7

4 N 2.1 21 16 20 57 

268 M 7.1 19 122 
12.7

7 N 3.5 21 15 19 55 

269 F 7.1 20 124 
13.0

1 N 2.1 18 19 17 54 

270 M 7.11 18 115 
13.6

1 N 2 18 15 16 49 

271 F 7.11 16 114 
12.3

1 Y 3.3 25 14 19 58 

272 F 7.11 18 117 
13.1

5 N 3.1 20 14 17 51 

273 M 7.11 13 99 
13.2

6 N 3.6 22 10 18 50 

274 F 7.11 20 120 
13.8

9 N 1.5 16 6 12 34 

275 F 7.2 15 112 
11.9

6 N 3 22 10 17 49 

276 F 7.2 21 123 
13.8

8 Y 3.7 19 11 20 50 

277 M 7.2 17 111 13.8 N 2.3 23 13 16 52 

278 M 7.2 15 109 
12.6

3 N 2.5 16 8 19 43 

279 M 7.2 14 103 13.2 Y 2.3 16 12 19 47 

280 F 7.2 16 109 
13.4

7 N 2.5 18 10 18 46 

281 F 7.2 14 99 
14.2

8 N 2.1 25 15 21 61 

282 F 7.2 13 97 
13.8

2 N 2.8 20 14 14 48 
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283 F 7.2 14 100 14 N 2.9 19 12 18 49 

284 F 7.2 13 101 
12.7

4 N 2.7 19 13 14 46 

285 F 7.2 16 99 
16.3

2 N 2.1 16 13 10 39 

286 M 7.2 18 107 
15.7

2 N 3.4 18 12 12 42 

287 M 7.2 16 105 
14.5

1 N 3.3 22 11 15 48 

288 M 7.2 13 97 
13.8

2 Y 3.1 18 17 18 53 

289 F 7.2 16 100 16 N 3.3 21 15 15 51 

290 F 7.2 18 104 
16.6

4 N 3 23 18 19 60 

291 F 7.2 15 102 
14.4

2 N 2.1 21 15 20 56 

292 M 7.2 20 106 17.8 N 2.7 17 14 11 42 

293 M 7.2 18 110 
14.8

8 N 2.1 18 16 16 50 

294 M 7.2 15 108 
12.8

6 N 2.6 17 16 14 47 

295 M 7.2 21 127 
13.0

2 N 2.8 18 12 10 40 

296 F 7.2 16 113 
12.5

3 N 3.1 20 10 17 47 

297 F 7.3 14 105 12.7 N 
3.02

5 16 12 12 40 

298 M 7.3 19 109 
15.9

9 Y 3.3 20 12 15 47 

299 M 7.3 22 111 
17.8

6 N 3.2 19 12 15 46 

300 F 7.3 16 108 
13.7

2 N 2.8 16 14 10 40 

301 F 7.3 18 110 
14.8

8 N 2.25 16 9 18 43 

302 M 7.3 20 109 
16.8

3 Y 2.1 20 13 18 51 

303 M 7.3 14 106 
12.4

6 N 2.1 20 13 13 46 

304 M 7.3 22 116 
16.3

5 N 3.3 24 13 18 55 

305 F 7.4 15 104 
13.8

7 N 2.9 20 17 19 56 

306 F 7.4 16 108 
13.7

2 N 2.8 22 14 19 55 

307 F 7.4 17 107 
14.8

5 N 3.3 24 14 16 54 

308 F 7.4 17 112 
13.5

5 Y 2.1 16 9 20 45 
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309 M 7.4 16 112 
12.7

6 N 1.3 21 13 17 51 

310 M 7.4 18 112 
14.3

5 N 1.6 24 17 20 61 

311 F 7.4 20 110 
16.5

3 N 4.2 23 15 16 54 

312 F 7.4 19 108 
16.2

9 N 3.3 23 12 21 56 

313 M 7.4 21 105 
19.0

5 N 2.02 20 18 15 53 

314 M 7.4 15 106 
13.3

5 N 2.9 22 14 17 53 

315 M 7.4 20 110 
16.5

3 N 3.1 19 12 17 48 

316 F 7.4 22 112 
17.5

4 N 3.4 20 17 17 54 

317 F 7.4 18 104 
16.6

4 N 2.8 17 14 19 50 

318 M 7.4 22 116 
16.3

5 N 3.6 22 12 20 54 

319 F 7.5 19 107 16.6 N 3.7 21 16 19 56 

320 F 7.5 18 103 
16.9

7 Y 1.9 22 11 17 50 

321 M 7.5 16 110 
13.2

2 N 3.5 23 15 15 53 

322 M 7.5 15 110 12.4 N 2.1 18 14 20 52 

323 M 7.5 17 110 
14.0

5 N 3.1 24 17 20 61 

324 M 7.5 16 106 
14.2

4 N 3.2 20 16 19 55 

325 F 7.5 18 122 
12.0

9 N 2.9 18 13 19 50 

326 F 7.5 20 118 
14.3

6 N 2.1 19 6 16 41 

327 F 7.5 17 115 
12.8

5 N 2.4 19 10 17 46 

328 F 7.5 20 104 
18.4

9 N 2.7 16 9 18 43 

329 M 7.5 17 110 
14.0

5 N 2.3 18 7 17 42 

330 M 7.5 16 110 
13.2

2 N 2.6 19 16 19 54 

331 M 7.5 22 116 
16.3

5 N 3.2 28 20 22 70 

332 M 7.6 17 106 
15.1

3 N 2.9 21 13 16 50 

333 F 7.6 20 122 
13.4

4 N 2.4 29 19 22 70 

334 F 7.6 16 113 12.5 Y 3.3 28 17 23 68 
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3 

335 F 7.6 20 123 
13.2

2 N 3.4 23 15 19 57 

336 M 7.6 16 113 
12.5

3 N 3.1 20 14 17 51 

337 M 7.6 20 116 
14.8

6 N 3.2 22 14 18 54 

338 M 7.6 17 111 13.8 N 2.1 26 16 25 67 

339 M 7.6 18 112 
14.3

5 N 2.6 24 18 22 64 

340 F 7.6 16 115 12.1 N 2.9 17 12 13 42 

341 F 7.6 19 116 
14.1

2 N 2.6 18 9 19 46 

342 M 7.6 20 118 
14.3

6 N 2.25 16 16 18 50 

343 F 7.6 21 119 
14.8

3 N 3.1 20 16 21 57 

344 M 7.6 22 120 
15.2

8 N 3.3 20 10 19 49 

345 M 7.6 23 120 
15.9

7 Y 3.3 18 9 11 38 

346 M 7.6 18 122 
12.0

9 N 2.6 17 17 18 52 

347 M 7.6 21 127 
13.0

2 N 2.6 18 11 12 41 

348 F 7.7 16 113 
12.5

3 N 2.1 22 14 18 54 

349 M 7.8 15 113 
11.7

5 Y 3.6 21 17 24 62 

350 F 7.8 18 115 
13.6

1 N 3.6 23 18 22 63 

351 F 7.8 16 114 
12.3

1 N 2 17 14 17 48 

352 F 7.8 19 120 
13.1

9 N 3.6 24 16 16 56 

353 F 7.8 20 120 
13.8

9 N 3.1 17 16 17 50 

354 F 7.9 18 117 
13.1

5 N 2.5 24 17 22 63 

355 M 7.9 15 113 
11.7

5 N 2.9 24 18 17 59 

356 M 7.9 18 117 
13.1

5 N 2.4 17 17 19 53 

357 M 7.9 21 121 
14.3

4 N 3.1 16 17 14 47 

358 F 7.9 16 113 
12.5

3 N 3.6 20 15 21 56 

359 M 8 15 120 
10.4

2 N 3 25 9 15 49 
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360 M 8 13 119 9.18 N 2.25 23 17 21 61 

361 F 8.1 13 101 
12.7

4 Y 3.5 24 16 16 56 

362 F 8.1 13 101 
12.7

4 N 3.3 20 16 20 56 

363 M 8.1 12 99 
12.2

4 N 2.23 22 15 19 56 

364 M 8.1 12 100 12 N 1.8 20 13 16 49 

365 M 8.1 11 97 
11.6

9 N 3.3 25 16 17 58 

366 F 8.1 13 98 
13.5

4 N 2.3 25 15 19 59 

367 F 8.1 14 99 
14.2

8 N 1.5 18 18 15 51 

368 F 8.1 15 101 14.7 N 2.2 25 15 17 57 

369 M 8.1 12 97 
12.7

5 Y 3.2 14 14 20 48 

370 M 8.1 12 99 
12.2

4 N 3.8 22 16 21 59 

371 M 8.1 11 97 
11.6

9 N 3.4 25 17 15 57 

372 M 8.1 14 110 
11.5

7 N 3.5 20 13 17 50 

373 M 8.1 14 100 14 N 2.2 24 15 18 57 

374 M 8.1 18 113 14.1 N 3.3 27 14 19 60 

375 M 8.1 15 111 
12.1

7 N 3.5 24 15 19 58 

376 M 8.11 16 112 
12.7

6 N 2.5 24 16 22 62 

377 F 8.11 20 121 
13.6

6 N 2.3 22 15 20 57 

378 F 8.11 18 118 
12.9

3 Y 2.1 18 13 17 48 

379 M 8.11 14 109 
11.7

8 N 2.9 17 18 22 57 

380 F 8.2 13 95 14.4 N 2.7 19 11 14 44 

381 F 8.2 15 103 
14.1

4 N 2.5 17 10 7 34 

382 F 8.2 12 95 13.3 N 2.9 20 13 25 58 

383 F 8.2 14 98 
14.5

8 Y 3.2 24 17 24 65 

384 M 8.2 14 117 
10.2

3 N 3 23 17 21 61 

385 F 8.3 20 118 
14.3

6 N 3.25 26 17 24 67 

386 F 8.3 18 117 
13.1

5 N 2.1 20 15 20 55 

387 F 8.3 14 108 12 N 2.2 27 15 22 64 
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388 F 8.3 16 110 
13.2

2 N 3.6 23 13 20 56 

389 F 8.3 13 104 
12.0

2 Y 2.6 26 17 25 68 

390 M 8.3 20 115 
15.1

2 N 2 24 15 19 58 

391 M 8.3 17 109 
14.3

1 N 2.5 21 17 17 55 

392 M 8.3 14 101 
13.7

2 N 1.9 16 12 15 43 

393 M 8.3 15 108 
12.8

6 N 2.3 22 19 18 59 

394 M 8.3 14 106 
12.4

6 N 2.9 24 15 20 59 

395 M 8.3 20 112 
15.9

4 N 2.7 24 16 20 60 

396 M 8.3 17 105 
15.4

2 N 2.6 25 17 21 63 

397 F 8.3 12 99 
12.2

4 N 2.2 28 15 22 65 

398 M 8.3 20 121 
13.6

6 N 3.01 20 12 19 51 

399 F 8.4 13 103 
12.2

5 N 2.6 21 11 21 53 

400 F 8.4 18 110 
14.8

8 Y 2.9 24 16 21 61 

401 F 8.4 16 102 
15.3

8 N 2.2 26 15 20 61 

402 M 8.4 13 101 
12.7

4 N 2.25 24 16 16 56 

403 M 8.4 17 106 
15.1

3 N 2.7 21 17 19 57 

404 M 8.4 18 104 
16.6

4 N 2.8 21 19 22 62 

405 M 8.4 21 109 
17.6

8 N 2.6 22 15 23 60 

406 M 8.4 15 103 
14.1

4 N 3.5 21 17 21 59 

407 F 8.4 12 100 12 N 3.2 19 12 13 44 

408 F 8.4 18 103 
16.9

7 N 3.6 25 17 22 64 

409 F 8.4 14 106 
12.4

6 N 3.8 24 18 17 59 

410 F 8.4 16 105 
14.5

1 N 2.1 25 19 19 63 

411 M 8.4 20 110 
16.5

3 N 3.2 24 15 19 58 

412 M 8.4 16 105 
14.5

1 N 1.5 20 13 18 51 
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413 M 8.4 14 103 13.2 Y 2.6 28 17 23 68 

414 M 8.4 14 109 
11.7

8 Y 2.3 27 15 21 63 

415 F 8.5 15 110 12.4 N 2.6 21 19 19 59 

416 F 8.5 16 112 
12.7

6 N 2.4 29 20 23 72 

417 F 8.5 14 109 
11.7

8 N 2.6 28 19 24 71 

418 M 8.5 15 110 12.4 N 2.9 25 17 21 63 

419 M 8.5 18 100 18 N 3.3 23 15 20 58 

420 M 8.5 19 100 19 N 3 23 18 19 60 

421 M 8.5 20 112 
15.9

4 N 
3.02

5 20 10 13 43 

422 F 8.5 21 109 
17.6

8 N 3.1 25 16 21 62 

423 F 8.5 16 110 
13.2

2 N 3.3 24 14 22 60 

424 F 8.5 15 112 
11.9

6 Y 1.9 20 17 19 56 

425 M 8.5 14 109 
11.7

8 N 2.4 26 15 23 64 

426 M 8.5 16 119 11.3 Y 2.5 23 13 17 53 

427 M 8.5 15 119 
10.5

9 N 2.2 21 19 21 61 

428 M 8.5 17 100 17 N 2.6 24 15 24 63 

429 M 8.5 16 113 
12.5

3 N 2.2 25 19 21 65 

430 F 8.5 18 112 
14.3

5 N 2.8 26 18 20 64 

431 F 8.6 20 104 
18.4

9 N 2.9 25 17 21 63 

432 F 8.6 17 110 
14.0

5 Y 2.6 27 15 18 60 

433 F 8.6 16 110 
13.2

2 N 3.3 24 15 18 57 

434 M 8.6 17 106 
15.1

3 N 3.1 29 17 22 68 

435 F 8.6 20 122 
13.4

4 N 3.6 26 19 20 65 

436 M 8.6 18 118 
12.9

3 N 3.4 23 14 23 60 

437 F 8.6 15 115 
11.3

4 N 2.5 24 16 22 62 

438 F 8.6 20 123 
13.2

2 N 2.6 19 14 21 54 

439 F 8.6 21 115 
15.8

8 N 2.8 26 14 21 61 

440 M 8.6 22 116 16.3 N 2.3 22 19 22 63 
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5 

441 F 8.7 23 118 
16.5

2 Y 2.9 25 19 22 66 

442 F 8.7 24 120 
16.6

7 N 2.1 23 14 20 57 

443 F 8.7 25 125 16 N 1.8 23 14 18 55 

444 F 8.7 20 123 
13.2

2 N 3.6 22 16 19 57 

445 M 8.7 21 115 
15.8

8 N 
2.02

5 22 15 17 54 

446 M 8.7 22 116 
16.3

5 N 3.3 24 16 20 60 

447 F 8.7 24 120 
16.6

7 N 3.4 22 17 21 60 

448 F 8.7 23 118 
16.5

2 N 2.1 26 17 23 66 

449 F 8.7 25 125 16 N 2.6 22 14 17 53 

450 F 8.7 21 125 
13.4

4 N 2.7 27 19 23 69 

451 F 8.8 19 114 
14.6

2 N 2.1 19 13 13 45 

452 M 8.8 16 112 
12.7

6 Y 2.3 23 12 21 56 

453 M 8.8 20 121 
13.6

6 N 1.6 22 16 20 58 

454 M 8.8 18 118 
12.9

3 N 2.5 24 17 22 63 

455 F 8.8 14 109 
11.7

8 N 2.7 27 17 23 67 

456 F 8.8 15 108 
12.8

6 N 2.9 27 17 21 65 

457 M 8.8 13 105 
11.7

9 Y 1.5 21 13 19 53 

458 M 8.8 19 112 
15.1

5 N 3.8 19 17 19 55 

459 F 8.8 21 125 
13.4

4 N 2.5 22 18 18 58 

460 M 8.8 19 114 
14.6

2 N 2.6 24 14 21 59 

461 M 8.8 16 112 
12.7

6 N 2.4 20 14 18 52 

462 M 8.8 18 115 
13.6

1 N 3.6 19 15 17 51 

463 F 8.9 22 115 
16.6

4 N 3.3 23 14 17 54 

464 F 8.9 14 108 12 N 3.4 30 16 20 66 

465 M 8.9 16 112 
12.7

6 N 2.2 25 16 21 62 
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466 M 8.9 20 121 
13.6

6 N 3.8 26 19 23 68 

467 M 8.9 18 118 
12.9

3 N 2.3 28 18 21 67 

468 F 8.9 14 109 
11.7

8 N 2.9 20 12 21 53 

469 F 8.9 15 108 
12.8

6 N 2.8 28 16 22 66 

470 F 8.9 13 105 
11.7

9 N 2.6 21 18 17 56 

471 F 8.9 19 112 
15.1

5 N 2.7 21 13 15 49 

472 F 8.9 17 110 
14.0

5 N 3.3 23 15 16 54 

473 M 8.9 13 105 
11.7

9 N 3.1 26 14 16 56 

474 F 8.9 21 121 
14.3

4 N 3 21 14 15 50 

475 F 8.9 18 115 
13.6

1 N 3.6 24 18 21 63 

476 F 8.9 16 114 
12.3

1 N 3.1 12 13 18 43 

477 M 8.9 19 120 
13.1

9 N 2.5 23 17 17 57 

478 F 8.9 18 117 
13.1

5 Y 2.6 26 18 24 68 

479 M 9 21 120 
14.5

8 Y 3.3 26 18 24 68 

480 M 9 15 113 
11.7

5 N 1.8 22 15 17 54 

481 M 9 20 120 
13.8

9 N 2.1 23 16 20 59 

482 M 9 17 113 
13.3

1 N 2.5 22 13 16 51 

483 M 9 15 115 
11.3

4 Y 3.6 25 14 21 60 

484 M 9 21 120 
14.5

8 N 3.8 25 15 22 62 

485 M 9 18 115 
13.6

1 N 3.3 21 11 12 44 

486 F 9 22 115 
16.6

4 N 3.2 21 16 25 62 

487 F 9 14 108 12 N 1.9 19 14 16 49 

488 F 9 16 112 
12.7

6 N 2.8 24 20 25 69 

489 F 9 20 121 
13.6

6 N 2.6 26 17 22 65 

490 M 9.1 18 118 
12.9

3 Y 2.5 29 18 23 70 
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491 M 9.1 14 109 
11.7

8 N 3.3 24 14 18 56 

492 M 9.1 15 108 
12.8

6 Y 3.2 28 18 22 68 

493 M 9.1 13 105 
11.7

9 N 3.2 25 16 20 61 

494 M 9.1 19 112 
15.1

5 N 2.9 26 17 23 66 

495 M 9.1 17 110 
14.0

5 N 2.8 23 13 18 54 

496 M 9.1 13 105 
11.7

9 N 2.2 30 14 20 64 

497 M 9.1 16 114 
12.3

1 N 3.8 25 14 19 58 

498 M 9.1 20 120 
13.8

9 N 2.1 20 15 18 53 

499 M 9.1 18 113 14.1 N 3.4 24 13 21 58 

500 F 9.1 16 112 
12.7

6 N 3.2 26 17 19 62 

501 F 9.1 15 104 
13.8

7 N 3 26 20 25 71 

502 F 9.1 17 113 
13.3

1 N 2.2 24 16 19 59 

503 F 9.1 22 121 
15.0

3 N 2.7 21 15 21 57 

504 F 9.1 21 118 
15.0

8 N 2.8 22 14 25 61 

505 F 9.1 25 116 
18.5

8 N 2.7 24 13 14 51 

506 F 9.1 13 100 13 N 2.6 20 19 23 62 

507 F 9.1 25 119 
17.6

5 N 2.1 21 14 21 56 

508 M 9.11 21 126 
13.2

3 N 2.8 17 10 19 46 

509 M 9.11 16 111 
12.9

9 N 2.9 25 12 19 56 

510 M 9.11 19 122 
12.7

7 N 3.2 23 16 23 62 

511 M 9.11 20 124 
13.0

1 N 2.2 16 10 19 45 

512 M 9.11 17 114 
13.0

8 Y 3.8 20 13 16 49 

513 F 9.11 15 115 
11.3

4 N 3.3 27 19 23 69 

514 F 9.11 16 116 
11.8

9 N 2.2 25 17 19 61 

515 F 9.11 18 117 
13.1

5 N 1.9 19 11 14 44 

516 M 9.2 19 119 13.4 N 2.9 23 15 19 57 
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2 

517 M 9.2 20 120 
13.8

9 Y 1.5 17 13 21 51 

518 M 9.2 21 121 
14.3

4 N 2.9 20 13 16 49 

519 M 9.2 22 122 
14.7

8 N 2.8 30 19 20 69 

520 F 9.2 18 117 
13.1

5 N 3.3 16 10 11 37 

521 M 9.2 17 113 
13.3

1 N 3.7 27 19 23 69 

522 M 9.2 20 122 
13.4

4 N 3.2 25 17 19 61 

523 F 9.2 18 118 
12.9

3 N 3.8 28 18 22 68 

524 F 9.2 15 115 
11.3

4 N 2.2 26 18 22 66 

525 F 9.2 21 127 
13.0

2 N 2.5 26 18 23 67 

526 F 9.2 16 113 
12.5

3 Y 2.4 24 17 24 65 

527 M 9.3 17 111 13.8 N 2.3 17 10 16 43 

528 M 9.3 18 112 
14.3

5 Y 2.8 29 19 24 72 

529 M 9.3 19 113 
14.8

8 N 2.7 16 10 13 39 

530 M 9.3 20 114 
15.3

9 N 2.1 21 17 19 57 

531 M 9.3 21 115 
15.8

8 N 2.8 26 15 17 58 

532 F 9.3 22 116 
16.3

5 N 3.2 26 16 17 59 

533 F 9.3 23 117 16.8 N 3.8 26 13 17 56 

534 F 9.3 24 118 
17.2

4 N 3.3 25 13 23 61 

535 F 9.3 25 119 
17.6

5 N 2.9 28 17 21 66 

536 F 9.3 23 120 
15.9

7 N 2.6 19 16 20 55 

537 M 9.4 15 113 
11.7

5 Y 2.8 23 17 22 62 

538 M 9.4 18 117 
13.1

5 N 2.2 28 17 19 64 

539 M 9.4 21 121 
14.3

4 Y 2.4 19 14 21 54 

540 M 9.4 18 115 
13.6

1 N 2.7 20 16 21 57 

541 M 9.4 16 114 
12.3

1 N 2.4 22 14 20 56 
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542 F 9.4 19 120 
13.1

9 N 3.2 17 9 14 40 

543 F 9.4 18 117 
13.1

5 N 2.1 23 17 22 62 

544 F 9.4 21 120 
14.5

8 N 3.2 28 17 19 64 

545 F 9.4 15 113 
11.7

5 N 2.7 23 17 17 57 

546 F 9.4 20 120 
13.8

9 N 2.6 22 13 22 57 

547 M 9.5 17 113 
13.3

1 N 2.9 22 14 20 56 

548 M 9.5 15 115 
11.3

4 N 2.6 25 15 20 60 

549 M 9.5 18 113 14.1 N 3.3 22 13 14 49 

550 M 9.5 16 112 
12.7

6 N 2.3 20 17 20 57 

551 M 9.5 15 104 
13.8

7 N 4.5 25 18 19 62 

552 F 9.5 17 113 
13.3

1 N 3.8 27 15 21 63 

553 F 9.5 22 121 
15.0

3 N 2.8 24 15 17 56 

554 F 9.5 21 118 
15.0

8 N 2.6 19 17 18 54 

555 F 9.5 25 116 
18.5

8 N 2.5 23 17 19 59 

556 F 9.5 13 100 13 N 1.8 25 15 18 58 

557 M 9.6 25 119 
17.6

5 N 3.2 21 16 22 59 

558 M 9.6 21 126 
13.2

3 Y 2.2 20 10 12 42 

559 M 9.6 16 111 
12.9

9 N 2.3 22 14 20 56 

560 M 9.6 19 122 
12.7

7 N 2.5 25 15 20 60 

561 M 9.6 20 124 
13.0

1 N 2.7 22 13 14 49 

562 F 9.6 17 114 
13.0

8 N 2.8 28 17 21 66 

563 F 9.6 15 115 
11.3

4 N 1.7 19 16 20 55 

564 F 9.6 16 116 
11.8

9 N 2.9 23 17 22 62 

565 F 9.6 18 117 
13.1

5 N 2.6 29 20 23 72 

566 M 9.7 19 119 
13.4

2 N 2.8 17 12 16 45 

567 M 9.7 20 120 13.8 N 2.5 28 19 18 65 
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9 

568 M 9.7 21 121 
14.3

4 N 2.5 24 17 20 61 

569 M 9.7 22 122 
14.7

8 N 2.7 17 12 19 48 

570 M 9.7 18 115 
13.6

1 N 2.8 22 14 20 56 

571 F 9.7 22 115 
16.6

4 N 2.3 24 14 20 58 

572 F 9.7 14 108 12 N 2 24 16 17 57 

573 F 9.7 16 112 
12.7

6 N 3 21 15 20 56 

574 F 9.7 20 121 
13.6

6 N 2.9 22 18 17 57 

575 M 9.8 18 118 
12.9

3 Y 2.8 24 15 17 56 

576 M 9.8 14 109 
11.7

8 N 2.5 21 12 21 54 

577 M 9.8 15 108 
12.8

6 N 2.2 17 12 16 45 

578 M 9.8 13 105 
11.7

9 N 2.1 25 15 18 58 

579 M 9.8 19 112 
15.1

5 N 3.3 21 16 22 59 

580 F 9.8 17 110 
14.0

5 Y 3.5 23 16 21 60 

581 F 9.8 13 105 
11.7

9 N 2.7 23 16 18 57 

582 F 9.8 21 115 
15.8

8 N 2.5 16 13 18 47 

583 F 9.8 22 116 
16.3

5 N 2.9 26 15 17 58 

584 M 9.9 23 117 16.8 N 1.9 26 16 17 59 

585 M 9.9 24 118 
17.2

4 N 2.8 26 13 17 56 

586 M 9.9 25 119 
17.6

5 N 2.5 25 13 23 61 

587 M 9.9 23 120 
15.9

7 N 2.8 28 17 21 66 

588 F 9.9 15 113 
11.7

5 N 2.7 19 16 20 55 

589 F 9.9 18 117 
13.1

5 N 2.4 20 6 14 40 

590 F 9.9 21 121 
14.3

4 N 3.2 26 18 23 67 

591 F 9.9 18 115 
13.6

1 N 2.2 24 17 24 65 

592 F 9.9 16 114 
12.3

1 N 2.5 29 17 23 69 
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593 M 10 19 120 
13.1

9 N 2.6 25 17 21 63 

594 F 10 18 117 
13.1

5 N 2.1 28 18 24 70 

595 F 10 21 121 
14.3

4 N 3.8 24 20 25 69 

596 M 10 17 113 
13.3

1 N 3.2 15 13 18 46 

597 M 10 15 104 
13.8

7 N 2.4 27 19 23 69 

598 M 10 17 110 
14.0

5 N 2.5 16 13 18 47 

599 F 10 15 115 
11.3

4 N 3 24 17 20 61 

600 M 10 18 118 
12.9

3 Y 3.3 15 13 18 46 

601 M 10 14 109 
11.7

8 N 3.1 16 19 17 52 

602 F 10 25 119 
17.6

5 N 2.7 28 19 18 65 

603 M 10 21 118 
15.0

8 N 2.9 26 18 22 66 

604 F 10 22 116 
16.3

5 Y 2.2 26 16 17 59 

605 F 10 18 117 
13.1

5 N 2.6 28 19 18 65 

606 M 10 19 112 
15.1

5 N 2.1 20 14 18 52 

607 M 10 16 112 
12.7

6 N 2.8 30 19 20 69 

608 M 10 21 121 
14.3

4 N 2.7 19 17 18 54 

609 F 10 18 117 
13.1

5 N 3.3 24 17 22 63 

610 F 10 21 115 
15.8

8 N 2.4 26 15 17 58 

611 F 10 16 116 
11.8

9 N 3.2 27 15 21 63 

612 F 10 20 120 
13.8

9 N 2.1 28 19 24 71 

613 M 10 18 117 
13.1

5 N 2.3 19 14 18 51 

614 F 10 21 126 
13.2

3 N 2.1 24 17 20 61 

615 M 10 20 121 
13.6

6 N 3.1 25 16 21 62 

616 F 10 19 122 
12.7

7 Y 2.2 16 10 16 42 

617 M 10 13 100 13 N 3.5 22 13 22 57 
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618 M 10 18 121 
12.2

9 N 2.5 26 20 20 66 

619 M 10 21 115 
15.8

8 N 3.4 25 17 21 63 

620 M 10 20 124 
13.0

1 Y 2.8 17 12 20 49 

621 F 10 18 118 
12.9

3 N 2.6 25 17 19 61 

622 M 10 22 115 
16.6

4 N 2.7 21 16 22 59 

623 M 10 17 113 
13.3

1 N 2.5 25 17 19 61 

624 M 10 20 114 
15.3

9 Y 1.8 17 12 18 47 

625 F 10 20 124 
13.0

1 N 3.3 25 16 21 62 

626 M 10 18 117 
13.1

5 N 2.5 28 18 24 70 

627 M 10 20 120 
13.8

9 N 2.9 29 20 23 72 

628 F 10 18 115 
13.6

1 Y 2.1 30 19 20 69 

629 F 10 17 113 
13.3

1 N 3.1 20 16 21 57 

630 F 10 18 113 14.1 N 2.2 24 18 22 64 

631 F 10 20 120 
13.8

9 N 2.4 28 18 24 70 

632 M 10 16 112 
12.7

6 N 1.9 16 10 16 42 

633 F 10 24 118 
17.2

4 N 2.7 29 17 23 69 

634 M 10 25 119 
17.6

5 Y 2.9 25 17 21 63 

635 F 10 23 120 
15.9

7 N 2.2 29 19 24 72 

636 F 10 15 113 
11.7

5 N 3.1 24 17 20 61 

637 F 10 18 117 
13.1

5 N 3.5 21 16 22 59 

638 F 10 25 119 
17.6

5 Y 2.1 22 16 25 63 

639 M 10 18 112 
14.3

5 N 1.9 20 15 19 54 

640 M 10 18 118 
12.9

3 N 3.3 22 16 25 63 

641 F 10 16 111 
12.9

9 N 2.8 24 18 22 64 

642 F 10 18 117 
13.1

5 Y 2.7 23 12 22 57 
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643 F 10 17 113 
13.3

1 N 2.9 26 20 25 71 

644 F 10 21 120 
14.5

8 N 2.6 25 16 20 61 

645 M 10 21 120 
14.5

8 N 2.3 20 15 19 54 

646 M 10 21 126 
13.2

3 N 3.5 23 16 21 60 

647 F 10 16 114 
12.3

1 N 2.1 29 18 23 70 

648 M 10 16 113 
12.5

3 N 3.3 17 11 11 39 

649 F 10 18 115 
13.6

1 Y 2.8 26 17 22 65 

650 F 10 23 120 
15.9

7 N 2.4 28 17 19 64 

651 F 10 22 122 
14.7

8 N 3.1 21 14 16 51 

652 M 10 14 108 12 N 2.9 16 13 18 47 

653 F 10 24 118 
17.2

4 N 2.1 19 16 20 55 

654 F 10 20 120 
13.8

9 Y 2.6 24 12 22 58 

655 F 10 16 114 
12.3

1 N 3 27 19 23 69 

656 F 10 13 95 14.4 N 2.5 26 18 22 66 

657 F 10 14 109 
11.7

8 N 2.7 28 18 22 68 

658 M 10 21 127 
13.0

2 N 2.2 25 14 22 61 

659 M 10 18 115 
13.6

1 N 2.1 25 15 18 58 

660 M 10 13 105 
11.7

9 N 3.3 25 16 21 62 

661 M 10 25 116 
18.5

8 N 3.1 26 18 23 67 

662 M 10 15 115 
11.3

4 N 2.9 21 14 19 54 

663 M 10 18 115 
13.6

1 Y 2.7 25 15 20 60 

664 M 10 19 112 
15.1

5 N 2.5 21 16 22 59 

665 M 10 19 119 
13.4

2 N 2.6 24 20 25 69 

666 F 10 16 112 
12.7

6 N 2.5 29 20 23 72 

667 M 10 25 119 
17.6

5 Y 2.8 25 16 21 62 

668 M 10 22 122 14.7 N 3.2 23 17 19 59 
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8 

669 M 10 17 114 
13.0

8 N 3.3 24 20 25 69 

670 M 10 18 113 14.1 N 2.2 17 13 7 37 

671 F 10 23 117 16.8 N 3.3 28 17 21 66 

672 F 10 19 119 
13.4

2 N 3.6 24 17 20 61 

673 F 10 25 116 
18.5

8 N 2.1 17 11 11 39 

674 F 10 17 113 
13.3

1 N 3.1 25 17 21 63 

675 F 10 15 113 
11.7

5 N 3 26 17 23 66 

676 M 10 20 122 
13.4

4 N 3.2 22 13 22 57 

677 M 10 15 108 
12.8

6 N 3.5 24 17 20 61 

678 F 10 19 120 
13.1

9 N 3.3 21 14 19 54 

679 M 10 15 113 
11.7

5 N 2.8 29 20 23 72 

680 M 10 15 115 
11.3

4 N 2.1 24 15 20 59 

681 F 10 23 120 
15.9

7 N 2.6 24 15 20 59 

682 M 10 13 105 
11.7

9 N 2.2 25 15 18 58 

683 F 10 17 114 
13.0

8 N 1.7 15 13 18 46 

684 M 10 19 122 
12.7

7 N 2.8 19 14 12 45 

685 F 10 22 121 
15.0

3 N 2.5 17 8 18 43 

686 F 10 25 119 
17.6

5 N 2.8 23 17 22 62 

687 F 10 21 121 
14.3

4 N 2.2 20 14 18 52 

688 M 10 22 121 
15.0

3 N 2.9 28 18 22 68 

689 M 10 18 118 
12.9

3 N 3.4 20 14 15 49 

690 F 10 23 117 16.8 N 3.3 24 17 24 65 

691 M 10 16 112 
12.7

6 N 2.6 25 13 23 61 

692 F 10 16 111 
12.9

9 N 2.3 23 12 22 57 

693 F 10 24 118 
17.2

4 N 3.2 23 16 18 57 
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694 M 10 22 115 
16.6

4 N 2.6 26 15 17 58 

695 F 10 15 103 
14.1

4 N 2.8 26 18 23 67 

696 F 10 15 104 
13.8

7 N 2.7 28 19 24 71 

697 F 10 15 113 
11.7

5 N 2.9 25 14 22 61 

698 M 10 13 105 
11.7

9 N 2.6 23 12 22 57 

699 M 10 20 120 
13.8

9 N 2.4 26 17 22 65 

700 M 10 14 108 12 N 3.2 26 16 17 59 

701 M 10 15 108 
12.8

6 N 3.1 23 17 19 59 

702 F 10 13 100 13 N 3.3 20 15 19 54 

703 F 10 13 105 
11.7

9 N 3.8 23 16 18 57 

704 F 10 15 115 
11.3

4 N 3.4 25 18 19 62 

705 F 10 15 115 
11.3

4 N 2.6 29 19 24 72 

706 M 10 16 114 
12.3

1 N 2.9 24 18 22 64 

707 M 10 20 121 
13.6

6 N 2.7 28 17 21 66 

708 M 10 17 111 13.8 N 2.8 25 16 20 61 

709 M 10 16 116 
11.8

9 N 2.1 21 15 17 53 

710 F 10 23 117 16.8 N 3.3 23 16 21 60 

711 F 10 21 121 
14.3

4 N 3.7 20 14 18 52 

712 M 10 19 113 
14.8

8 N 3.6 25 17 21 63 

713 M 10 17 110 
14.0

5 N 2.6 23 16 21 60 

714 M 10 14 109 
11.7

8 N 2.7 28 19 18 65 

715 M 10 22 116 
16.3

5 N 2.5 29 19 24 72 

716 F 10 21 118 
15.0

8 Y 2.1 19 13 19 51 
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