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Abstract 

 
Objective: Aim of the present study was to determine the 
prevalence of hypertension and identify factors (sex, age, 
BMI, smoking, alcohol consumption, diet (veg vs non-veg), 
sweet use, ghee use, family history of hypertension, type of 
work (teaching vs non-teaching)) that determine 
hypertension among university employees. Methodology: 
The present study was a cross sectional survey done on a 
random sample of 100 out of 671 employees (male 71, 
females 29) aged 18 or above. Determinants data was 
collected on a standard performa by a trained 
physiotherapist who also recorded the bp on each subject 
through recommended procedure. Set point bp for 
hypertension was 130/85 mmhg for sbp and dbp 
respectively. Data was analysed by ibm spss (21.0 version) 
software. Results: Males had higher prevalence than 
females. Prevalence ofhypertension increased with age and 
bmi.  Smoking, alcohol consumption, family history of 
hypertension, type of work, qualification significantly 
influenced the occurrence of hypertension among 
employees. Multiple regression analysis identified 
qualification, smoking, bmi factors along with constant 
predicts 79% variability in SBP hypertension. Sex, smoking, 
bmi factors along with constant predicts 72% variability in 
DBP hypertension. Conclusion: Prevalence of hypertension 
among university employees was 37%, 41% for sbp, dbp 
cut-off respectively.higher prevalence is associated with 
advancing age, higher bmi and lower education. Analysis 
also showed smoking, alcohol consumption, family history 
and type of work are risk factors for hypertension in 
university employees. Finally smoking, BMI along with 
either qualification or sex explains more than 70% 
variability in both sbp and dbp hypertension. 
 

http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302282020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302282020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302282020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302282020.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302282020.pdf
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Introduction:  

Hypertension, defined as elevated 
blood pressure, is rapidly increasing world 
wide. It is reported to be a leading cause 
for mortality, accounting 13% of global 
death (Lawes et al., 2008) and 17% of 
death in middle income countries, in which 
India is a part (WHO, 2009). It is second 
only to alcohol use in the middle income 
countries that causes greater loss of 
disability adjusted life years (DALYs), 
accounting 5.4% of total DALYs (WHO, 
2009).   Once considered as disease 
of developed and industrialized nations, 
hypertension is rapidly increasing in 
developing countries now (Pereira et al., 
2009) and is one of the leading causes of 
death and disability in developing 
countries (Deepa et al., 2003). Most recent 
review of hypertension prevalence rates in 
India (Gupta, 2004) reports a significant 
rise in the prevalence of hypertension. The 
current prevalence rate of hypertension in 
India is now equal to that of USA (WHO, 
2011). 

 Previous studies indicate that the 
prevalence of hypertension varies 
considerably from one region of India to 
another. This fact emphasis the need of 
prevalence studies in different parts of 
India as our country is multi cultural, multi 
lingual, multi ethnic society.  However, 
there are only very few studies available 
from Haryana state- that is too using old 
WHO classification of 160/90 mm of Hg 
as hypertension reference value (Gupta et 
al., 1978).  

 India is the third largest country 
in higher education only after China and 
America. Since the Indian government 
considers higher education as one of main 
source for future economic growth, it 
allocated considerable percentage of its 
budget into higher education in11thfive 
year plan.  Its objective is to improve the 
student gross enrollment index from 
current 15% to 22% at end of 12thfive year 
plan which is equal to world’s average. To 

achieve this objective, number of 
universities has increased to 431 with 5.05 
lakh total number of teachers apart from 
non-teaching academic and administrative 
supporting staffs (Gupta, 2010). The 
people working in these universities are 
coming from diverse socioeconomic 
backgrounds.Their working style also 
differs both physically and 
psychologically. This may lead to the 
development of hypertension among the 
university population. 

 Age, sex, smoking, family 
history of hypertension, obesity (increased 
BMI or waist circumference), physical 
inactivity are considered as some of the 
risk factors for primary hypertension. 
Thus, primary objective of the present 
study was to see the prevalence of 
hypertension among university employees 
in Haryana according to their 
qualifications, type of work, age, sex, BMI 
and other personal traits such as smoking, 
alcohol use, and type of food intake. The 
preview of the aim is thus to see whether 
these factors along with fast food intake, 
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weekly salad, fruit, ghee and sweet use 
ingestion, self-reported hypertension (self 
HTN) determine the hypertension presence 
or not in the university employees. 

Materials & Methods: 

 Present study was a cross 
sectional study that was carried out at a 
university in Haryana with a total eligible 
population of 671 (both teaching and non-
teaching staffs). Sample size was 
determined using online sample size 
calculator, confidence interval 95% with 
10% margin of error for 671 subjects 
yielded 101 as sample size, for practical 
reason study was carried out on 100 
subjects. The subjects were selected using 
systematic random sampling method from 
university employees list- every sixth 
employee from any one of first 71 serial 
numbers. There was 0% refusal rate as the 
study was a part of university health 
programme. There were a total of 100  (71 
males and 29 females) subjects with mean 
± SD age, height, weight of 34.33 ± 8.80 
yrs, 171.24 ± 8.20 cm, 67.12 ± 12.24 kg 
respectively. 

 Prior to BP measurement, 
subjects were asked to sit and following 
details were recorded from each subject for 
risk stratification and subsequent analysis: 
age, sex, height, weight, work profile 
(teaching, non-teaching), educational 
qualification, food preference (vegetarian, 
non-vegetarian), usage of salad, fruit, 
sweets and ghee (per week), consumption 
of fast foods, smoking history, alcohol 
usage, self HTN. 

 The Physiotherapist measured 
height with a stadiometer. Patients stood 
on a firm surface in their bare feet to have 
their height measured. Body mass was 
measured at the end of examination with a 
calibrated bathroom-type digital scale, on 
a firm surface. Patients were weighed in 
the standing position, wearing light indoor 
clothes, but no shoes, jewellery or heavy 
clothing. Body mass index was calculated 
by weight (in kg) divided by height (in m2), 
and all subjects were divided into low 
weight (BMI ≤18.5), normal weight (BMI 

18.5-22.9), overweight (BMI 23.0-24.9), 
mild obese (BMI 25.0-26.9), moderate 
obese (BMI 27.0-29.9) and morbid obese 
(≥30.0) groups based on recent Indian 

Health Ministry Guidelines based on Singh 
et al., (2008) and Misra etal., (2009). 

Blood pressure Measurement: 
 Bloodpressure was measured through 
standard procedure using mercury 
sphygmomanometer and stethoscope 
(Frese et al., 2011).In simple, subjects 
were seated quietly in a chair with back 
support, with both feet flat on the floor and 
arms at heart level, for at least 5 minutes 
prior to obtaining a measurement.They 
were instructed to relax as much as 
possible and to not talk during the 
measurement procedure. The blood 
pressure cuff placed on the patient’s bare 

arm and inflated 30 mmHg above 
disappearance of brachial pulse. Then cuff 
was deflated at recommended rate of 2 mm 
Hg per second. Systolic blood pressure 
was recorded at the point in which 
auscultatory pulsations (Korotkoff phase 
I) appeared and the disappearance of the 
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auscultatory pulsations (Korotkoff phase 
V) was recorded as diastolic pressure. The 
whole procedure was repeated again. If the 
difference between the two readings is 
more than 5 mm Hg, one more readings 
was obtained, and the average of the three 
readings was used for analysis.The cut-off 
point for hypertension was ≥130 and ≥85 

mmHg for SBP hypertension and DBP 
hypertension respectively.  

Hypertension Classification: 
Hypertension was classified based on ESH 
(European society of hypertension)/ESC 
(European society of cardiology) criteria 
(Mancia et al., 2007). This states < 
120/<80 mmHg of SBP/DBP as optimal, 
120-129/80-84 mmHg as normal, 130-
139/85-89 mmHg as high normal, 140-
159/90-99 mmHg as grade I hypertension, 
160-179/100-109 mmHg as grade II 
hypertension and ≥180/≥110 mmHg as 

grade III hypertension. In the present 
investigation, high normal was included 
into hypertension risk classification for 
two reasons. First, ATP (adult treatment 
panel) for metabolic syndrome include 
≥130/≥85 mmHg as hypertension. 

Secondly, risk for cardiovascular disease 
double by every 20/10 mmHg rise that 
starts from 115/75 mmHg. This means 
even high normal group faces danger of 
cardiovascular disease (Lewington et al., 
2002; IOM, 2010).  Statistics:  The 
Chi-square test (multinominal) was carried 
out to detect factors that may determine the 
hypertension. Only factors that were 
significant in chi-square test were entered 
into binary logistic regression analysis. All 
three types (enter, forward and backward) 

with two modes (with or without constant) 
was used for regression analysis and the 
best prediction model was used for 
presentation. Above said analysis were 
carried out for both SBP and DBP 
separately. All statistical analyses were 
performed using the ‘IBM SPSS (21.0 

version)’ software. A p-value less than 
0.05 were used to define statistical 
significance. 

Results: 
The overall prevalence of SBP and 

DBP hypertension based on educational 
qualifications, age, sex, BMI, smoking, 
alcohol use, work type and different stages 
of hypertension was found out and 
presented in Table 1. In general 
hypertension prevalence was observed to 
increase with increase in age and BMI and 
decrease as the education level increased. 
Smoking and alcohol use was observed to 
increase the hypertension prevalence. 
Male and non-teaching staffs were more 
commonly affected by hypertension than 
their counterparts. High normal 
hypertension was most prevalent and 
subsequently hypertension rate decreased. 

Table 2 shows the significant factors 
decided by multinominal chi-square test 
with odds ratio (OR) for dichotomous 
variables using binary chi-square test. BMI 
and self HTN are the most significant 
factors followed by smoking for SBP 
hypertension. BMI followed by sex are 
observed to be the most significant factors 
for DBP hypertension. Binary chi-square 
test showed smoking and self HTN as 
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highest two OR values for both SBP and 
DBP hypertension amongst five variables. 

Table 1: Prevalence of SBP and DBP hypertension 
based on qualification, age, BMI, sex, smoking, alcohol 

use, work type and ESH classification 

Factor 
Sub factor 

(n) 

Prevalence (%) 

SBP (37%) 
DBP 

(41%) 

Educational 
Qualifications 

Doctrate 
(n=17) 

29.40 29.40 

Post 
Graduates 

(n=42) 
21.40 33.30 

Post Matric 
& Graduates 

(n=33) 
57.60 51.50 

Matric & 
Below (n=8) 

50.00 62.50 

Age, yrs 

<30(n=39) 30.80 33.30 
30-39(n=34) 35.30 44.10 
40-49(n=21) 42.90 47.60 

>49(n=6) 66.70 50.00 

BMI (Kg.m-2) 

Low weight 
(n=8) 

12.50 12.50 

Normal 
weight (n=45) 

37.80 40.00 

Over weight 
(n=22) 

 
22.70 36.40 

Mild obese 
(n=10) 

30.00 30.00 

Moderate 
obese (n=13) 

69.20 69.20 

Morbid obese 
(n=2) 

100.00 100.00 

Sex 
Males (n=71) 43.70 50.70 

Females 
(n=29) 

20.70 17.20 

Smoking 
Yes (n=15) 80.00 73.30 
No (n=85) 29.40 35.30 

Alcohol Use 
Yes (n=15) 58.30 58.30 
No (n=76) 30.30 35.50 

Work Type 

Teaching 
(n=45) 

24.40 26.70 

Non 
Teaching 

(n=55) 
47.30 52.70 

ESH Category 

High Normal 23.00 16.00 
Grade 1 13.00 08.00 
Grade II 01.00 11.00 
Grade III 00.00 06.00 

 
Table 2: significant factors along with OR (95% CI) 
for hypertension in University employees (n=100). 

Variable (DF) 
X2 OR (95% CI) 

SBP DBP SBP DBP 

Sex (n=4) 08.188* 13.285** 
2.97 

(1.08-
8.19) 

4.94 
(1.69-
14.39) 

Work Profile 
(n=4) 

10.198* 09.746* 
2.77 

(1.17-
6.56) 

3.07 
(1.32-
7.15) 

Qualification 
(n=12) 

18.565* 17.574NS   

Smoking (n=4) 

14.951** 

 

09.361* 

 

9.60 
(2.49-
36.97) 

5.04 
(1.48-
17.21) 

Alcohol use 
(n=4) 

09.468* 07.649NS 
3.23 

(1.25-
8.32) 

 

Self HTN 
(n=4) 

16.237*** 

 

11.379* 

 

7.08 
(2.08-
24.09) 

5.69 
(1.68-
19.23) 

BMI (n=20) 39.983*** 56.719***   

*, **, *** are p less than 0.05, 0.01, 0.001 respectively. NS means 
non-significant value. OR values represents males in sex, non-
teaching in work profile, yes in smoking, alcohol use, and self HTN. 
Table 3: Determinants of SBP in university employees 

(n=100) 
Model: Backward (conditional) method (4 steps)- x2= 

35.482-0.045-0.282-0.705= 34.450 

VARIABLE β SE OR 
95% 
CI OF 
OR 

P 

Qualificatio
n 

-
0.75
7 

 

0.31
6 

0.469 
0.252-
0.871 

0.01
7 

Smoking 
2.56
4 

0.81
8 

12.98
9 

2.615-
64.52
3 

0.00
2 

Self HTN 
1.22
7 

0.73
5 

3.411 
0.808-
14.40
0 

0.09
5 

BMI 
0.64
4 

0.23
7 

1.904 
1.198-
3.027 

0.00
6 

Constant 

-
4.76
4 

1.48
3 

0.009  
0.00
1 

Table 3 shows determinants for SBP 
after entering all the seven variables in 
Table 2 into a binary logistic regression 
analysis. Backward step conditional 
logistic regression with constant was the 
best model that could explain the SBP in 
our population. Qualification, smoking, 
self HTN and BMI were collectively able 
to explain 79% of variability in SBP in our 
population. 
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Table 4 shows determinants for 
DBP after entering all the five variables in 
Table 2 into a binary logistic regression 
analysis. Enter method logistic regression 
with constant was the best model that 
could explain the DBP in our population. 
Sex, smoking and BMI were collectively 
able to explain 74% of variability in DBP 
in our population. 
Table 4: Determinants of DBP in university employees 

(n=100) 
Model: Enter method with constant- x2= 27.217 

SNo Variable β SE OR 
95% 
CI of 
OR 

p 

1. 

2. 

3. 

Sex 

Smoking 

BMI 

Constant 

1.385 

1.490 

0.448 

-
7.518 

0.668 

0.806 

0.217 

1.736 

3.993 

4.436 

1.565 

0.001 

1.079-
14.778 

0.914-
21.533 

1.023-
2.394 

0.038 

0.065 

0.039 

0.000 

OR (95% CI) values represents males in sex, 
morbid obese in BMI, yes in smoking. 
 
Discussion: 

The overall prevalence of 
hypertension of 48%, observed in the 
present study is in agreement with recent 
study reported on larger sample size in 
India (Gupta et al 2004) and WHO report 
(2011). There was 37% SBP hypertension 
and 41% DBP hypertension in university 
employees.Hypertension is a major public 
health problem in India and the world. 
Various studies conducted across the 
country have estimated the prevalence of 
hypertension ranging from 0.76% in 1994 
to 79.8% in 2011. However, the study 
results were not consistent, due to 
variations in the cut off values and also 
differing age groups constituting the study.
  

Epidemiologicalstudies to assess 
the prevalence of hypertension are 
essential as these can be used as baseline 
value for future research to see the risk 
factor trends. These studies also help to 
implement preventive strategies in high 
risk areas or population. Currently 
available hypertension preventive 
strategies include promoting health 
through reducing weight, increasing 
physical activity, decreasing salt intake 
amongst target population. These efforts 
have the potential to reduce the emergence 
or minimize the prevalence of pre-
hypertension and hypertension in different 
regions of India. 

 To our knowledge this is the first 
of this kind and there is no study that is 
related to the prevalence of hypertension in 
university employees either within India or 
outside. This limits the discussion so we 
tried to compare our results with latest 
Indian hypertension epidemiological 
studies that are similar to our objectives. 
 Recently published article by Gupta 
et al. (2013) on middle class urban subjects 
reported that hypertension prevalence 
increase as the age, educational 
qualification and BMI increase which 
supports our findings. However, their 
study results indicate low socio-economic 
status linkage with less prevalence of 
hypertension. They also reported fat 
intake, fruits and salad usage as other risk 
factors for hypertension. 

 Hypertension prevalence has 
been reported to decrease with an icrease 
in the education level in the present 
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investigation; this observation is in 
agreement with the similar findings 
reported by Kumar et al. (2011) &; 
Meshram et al. (2012). Further the results 
of the present study demonstrate a gradual 
increase in the prevalence rate with 
increase in the age of the subjects. The 
previous studies have also shown an 
overall increase in prevalence of 
hypertension with age (Hajjar et al. 2006; 
Agrawal et al. 2008; Kannan and 
Satyamoorthy, 2009; Todkar et al, 2009; 
Jonas et al., 2010; Srinivasan et al, 2010; 
Kumar et al., 2011; Parikh et al., 2011; 
Bharati et al., 2012; Meshram et al., 2012; 
Rajasekar et al., 2012). Thus the 
prevalence is least in the >29 years age 
group and highest 50 years and above age 
groups.The finding of increase in the 
prevalence of hypertension with increase 
in the body mass index of the subjects 
agrees with similar results of association of 
BMI/obesity with hypertension reported 
by many researchers(Deshmukh et al, 
2006; Hajjar et al. 2006; Gupta et al, 
2007; Mohan et al, 2007; Radhika et al, 
2007; Agrawal et al. 2008; Yadav et al, 
2008; Tiwari et al, 2009; Todkarei al, 
2009; Jonas et al., 2010; Bharati et al., 
2012; Meshram et al., 2012; Rajasekar et 
al., 2012). Landsberg et al., (2013) in their 
study proposed various patho mechanisms 
for higher incidence of hypertension in 
obese population. 

 The present study results show 
that prevalence of hypertension is 
significantly higher in men compared to 
women. Hajjar et al. (2006) reported 
steeper increase in blood pressure among 

men with the advancement in age than 
women before menopause. Bhat et al. 
(2010) observed double the number of 
hypertension cases among men which is 
similar to our findings. Similar 
findingshave been observed by Tiwari et 
al., (2009); Bharati et al.(2012); 
Rajasekar et al. (2012).Hypertension was 
more prevalent in subjects who take 
smoking and alcohol. The findings of 
present study were observed to be similar 
to other authors (Hajjar et al. 2006; Mohan 
et al, 2007; Agrawal et al. 2008; Yadav et 
al, 2008; Kannan and Satyamoorthy, 
2009; Todkar et al, 2009; Parikh et al., 
2011; Bharati et al., 2012; Meshram et al., 
2012; Rajasekar et al., 2012). In fact 
recent meta-analysis done by Briasoulis et 
al., (2012) showed increased alcohol 
consumption has progressively increased 
the incidence of hypertension. 

 The prevalence of hypertension 
was more among non-teaching staff than 
the teaching staff. The relation was highly 
significant. The most probable reason 
assigned to this high prevalence may be 
related to their day to day engagements, 
sedentary habits, lower education (Kumar 
et al., 2011; Meshram et al., 2012), lower 
socioeconomic status (Kumar et al., 2011; 
Meshram et al., 2012; Rajasekar et al., 
2012), lower occupational class (Lynch et 
al., 1998), no exercise and stress and strain 
of office work (Markovitz et al., 2004) and 
present day society including indulgence 
in alcohol and smoking. 

 The sample size of the present 
study was small and localized to one 
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university in a small state of India. 
Generalization of these results into a larger 
section need warranted. This is the main 
limitation of the present study. However, 
main purpose of this study was to identify 
the problem in the said population so that 
future extra mural projects could be 
implemented in the high risk population 
(i.e) based on the results we could say male 
non-teaching staffs with smoking and or 
alcohol habits need intervention. 

Conclusion: The prevalence of 
hypertension in university employees was 
similar to that of national average. So this 
population should be considered as high 
risk population and preventive measure 
should be taken to control them. Male sex, 
non-teaching staffs (lower qualification), 
obesity (high BMI), smoking are factors 
that could determine the blood pressure in 
this population  
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Abstract 

 
Objective: The purpose of this study was to observe 
speed, power and fatigue index of under 19 year cricket 
players. The design of this study required participants to 
perform six sprints each of 35 meter. Thirty one (N=31) 
trained male cricketers between the ages of 15 and 19 
years volunteered for this study. The mean age, height 
and weight of cricketers were 16.81±1.13years, 
172.23±6.85cm and 61.33±8.93Kg. The mean sprint time 
of -1st, 2nd, 3rd, 4th, 5th and 6th of cricketers were 
5.39±0.34 seconds, 5.53±0.31 seconds, 5.61±0.36 
seconds, 5.85±0.26 seconds, 5.94±0.25seconds and 
6.07±0.17 seconds respectively. The mean power of -1st, 
2nd, 3rd, 4th, 5th and 6th sprints of cricketers was 
491.00±105.90 watts, 454.90±94.81watts, 435.23±90.49 
watts, 382.84±78.54watts, 364.68±78.62watts and 
339.94±58.96watts respectively. The maximum power, 
minimum power and average power of cricketers was 
511.55±94.97watts, 333.71±65.83watts, and 
411.42±73.59 watts respectively. It was concluded from 
the results of this study that sprint time and power decline 
in cricketers may be due to the reduced energy production 
via anaerobic glycolysis and muscle acidosis. 
 
 

Introduction 
Due to the nature of cricket that 

nesessitates intermittent activities such as 
batting, bowling, fielding in cricket, 
anaerobic power and capacity is of great 

interest to those involved with them, as 
most rely heavily on players’ ability to 

move quickly and powerfully. Noakes & 
Durandt (2000) estimated that during a 
one-day game, a hypothetical player 

http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302292020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302292020.1.pdf
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scoring 100 runs, made up of 50 singles, 20 
twos, 10 threes and 20 fours, would cover 
a distance of 3.2 km in an activity time of 
8 minutes. Average running speed would 
be 24 km.h-1 with at least 110 
deccelerations required (Noakes & 
Durandt, 2000). From this, it can be 
deduced that the physiological demands of 
batting in a one-day game are substantial. 
Noakes & Durandt (2000) speculate that 
the main cause of stress for cricket players 
is the stop-start nature of both sprinting 
between the wickets and fast bowling 
(during the ‘run up’ and delivery of the 

ball), contributes to early-onset fatigue 
indicators which, over time, results in a 
specific type of fatigue which negatively 
impacts performance and increases the risk 
of injury (Christie et al., 2011b). Sprint 
running times have been shown to be well 
correlated to peak and mean power output 
(Tharp et al., 1985; Patton & Duggan, 
1987). The purpose of this study was to 
observe a relationship among speed, power 
and fatigue index of under 19 year cricket 
players.  

Materials & Methods 

Thirty one (N=31) trained male 
cricketers between the ages of 15 and 19 
years of Punjab Cricket Academy 
volunteered for this study. The design of 
this study required participants to perform 
six sprints each of 35 meter. A rest of 10 
second was given to the participants 
between each sprint. The power and 
fatigue index was calculated using the 
equations of Draper and Whyte (1997). 

Statistical Analysis:Statistical analysis was 
performed with SPSS version 16.0 (free 
trial, SPSS Inc, Chicago). Mean, Standard 
Deviation and Linear correlation 
(Pearson’s) was run between speed, power 

and fatigue index. The alpha level for the 
data analysis was determined at 0.05 
levels. 

Results & Discussion 

Table 1. Descriptive Statistics of male cricketers 

Variables Mean Std. Deviation 

Age, year 16.81 1.13 

Height, cm 172.23 6.85 

Weight, kg 61.38 8.93 

Sprint time-1,seconds 5.39 0.34 

Sprint time-2,seconds 5.53 0.31 

Sprint time-3,seconds 5.61 0.36 

Sprint time-4,seconds 5.85 0.26 

Sprint time-5,seconds 5.94 0.25 

Sprint time-6,seconds 6.07 0.17 

Power-1,watts 491.00 105.90 

Power-2,watts 454.90 94.81 

Power-3,watts 435.23 90.49 

Power-4,watts 382.84 78.54 

Power-5,watts 364.68 78.62 

Power-6,watts 339.94 58.96 

Maximum power, 
watts 511.55 94.97 

Minimum power, 
watts 

333.71 65.83 

Average power, watts 411.42 73.59 

Fatigue index 5.20 1.92 

The mean age, height and weight of 
the cricketers were 16.81±1.13year, 
172.23±6.85 cm and 61.33±8.93Kg 
respectively. The mean sprint time of 1st, 

2nd, 3rd, 4th, 5th and 6th of cricketers was 
5.39±0.34 seconds, 5.53±0.31 seconds, 
5.61±0.36 seconds, 5.85±0.26 seconds, 
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5.94±0.25seconds and 6.07±0.17 seconds 
respectively (Table 1). The mean power of 
1st, 2nd, 3rd, 4th, 5th and 6th sprints of cricketers 
was 491.00±105.90 watts, 
454.90±94.81watts, 435.23±90.49 watts, 
382.84±78.54watts, 364.68±78.62watts 
and 339.94±58.96watts respectively. In 
addition, the maximum power, minimum 
power and average power of cricketer were 
511.55±94.97 watts, 333.71±65.83 watts, 
and 411.42±73.59 watts respectively. The 
mean fatigue index of cricketer was 5.20 ± 
1.92 (Table 1).  

Table 2 shows the relationship 
among sprint times, powers & fatigue 
index. There was a significant negative 
correlation observed between different 
sprint times and power. There was a 

significant negative correlation between 
fatigue index and sprint time-1st & 2nd (r = -
0.75 p<.01), sprint time-1st (r = -0.75 
p<.01) and sprint time-3rd (r = -0.57 
p<.01). A similar trend of significant 
negative correlation was found between 
average power and sprinttime-1st (r = -0.47 
p<.01), sprinttime-2nd (r = -0.50 p<.01), 
sprinttime-3rd (r = -0.48 p<.01), sprinttime-
4th (r = -0.58 p<.01), sprinttime-5th (r = -
.054 p<.01), and sprinttime-6th (r = -0.45 
p<.01). A significant negative correlation 
was also found between maximum power 
and sprinttime-1st (r = -0.64 p<.01), 
sprinttime-2nd (r = -0.63 p<.01), 
sprinttime-3rd (r = -0.57 p<.01), sprinttime-
4th (r = -0.44 p<.01) and sprinttime-5th (r = 
-0.38 p<.05). 

Table 2. Correlations among sprint time, power & fatigue index  

Variable(s) Power-
1 

Power-
2 

Power-
3 

Power-
4 

Power-
5 

Power-
6 

Maximum 
power 

Minimum 
power 

Average 
power 

Fatigue 
index 

Sprint time-
1 

-.79** -.49** -.41* -.28 -.11 -.13 -.64** -.23 -.47** -.75** 

Sprint time-
2 

-.57** -.77** -.56** -.31 -.11 -.10 -.63** -.21 -.50** -.75** 

Sprint time-
3 

-.46** -.49** -.78** -.36* -.17 -.11 -.57** -.32 -.48** -.57** 

Sprint time-
4 

-.45* -.38* -.51** -.75** -.53** -.45* -.44* -.53** -.58** -.17 

Sprint time-
5 

-.34 -.25 -.39* -.65** -.75** -.53** -.38* -.55** -.54** -.06 

Sprint time-
6 

-.34 -.18 -.25 -.57** -.51** -.62** -.33 -.53** -.45** .01 

** significant at p<0.01, * significant at p<0.05

Table 3 shows the relationship 
among power & fatigue index. A 
significant positive correlation was found 
between fatigue index and power-1st (r = 
0.67; p<.01), power-2nd (r = 0.63; p<.01) 
and power-3rd (r = 0.52; p<.01). A 
significant positive correlation was also 

found between maximum power and 
power-1st (r = 0.91 p<.01), power-2nd (r = 
0.87; p<.01), power-3rd (r = 0.84; p<.01), 
power-4th (r = 0.71; p<.01), power-5th (r = 
0.65; p<.01) and power-6th (r = 0.69; 
p<.01). A similar trend of significant 
positive correlation was also found 
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between minimum power and power-1st (r 
= 0.69; p<.01), power-2nd (r = 0.67; p<.01), 
power-3rd (r = 0.74; p<.01), power-4th (r = 
0.92; p<.01), power-5th (r = 0.88; p<.01) 
and power-6th (r = 0.95p<.01). A 
significant positive correlation was also 

found between average power and power-
1st (r = 0.86; p<.01), power-2nd (r = 0.87; 
p<.01), power-3rd (r = 0.85; p<.01), power-
4th (r = 0.91; p<.01), power-5th (r = 0.84; 
p<.01) and power-6th (r = 0.86;p<.01). 

Table 3. Correlations among power & fatigue index 

Variable(s) Maximum power Minimum power Average power Fatigue index 

Power-1 .91** .69** .86** .67** 

Power-2 .87** .67** .87** .63** 

Power-3 .84** .74** .85** .52** 

Power-4 .71** .92** .91** .16 

Power-5 .65** .88** .84** .08 

Power-6 .69** .95** .86** .07 

** significant at p<0.01, * significant at p<0.05 

Table 4 shows the relationship 
among the various powers during different 
sprint run. A significant positive 
correlation was found between power-6th 
and power-1st (r = 0.64; p<.01), power-2 (r 
= 0.62; p<.01), power-3 (r = 0.62; p<.01), 

power-4(r = .88 p<.01) and power-5(r = 
.89; p<.01). A similar trend of significant 
positive correlation was also found 
between power-1 and power-2 (r = .72; 
p<.01), power-3 (r = 0.68; p<.01), power-
4(r = 0.968; p<.01) and power-5(r = 0.58; 
p<.01) (Table 4). 

Table 4. Correlations among various powers during different sprint run 

Variable(s) Power-2 Power-3 Power-4 Power-5 Power-6 

Power-1 .78** .68** .68** .58** .64** 

Power-2 - .77** .69** .57** .62** 

Power-3  - .72** .61** .62** 

Power-4   - .88** .88** 

Power-5    - .89** 

** significant at p<0.01, * significant at p<0.05 

Results of this study show a trend of 
increase in time of sprint from sprint-1st to 
sprint-6th. However, there was a trend of 
decrease in power during the different 
sprints from power -1st to power-6th and 
this may be due to the production and 
subsequent accumulation of lactic acid 
during the six sprints. It was also observed 
that higher sprint time (sprinttime-1st vs. 
sprinttime-6th) is associated with lower 

power (power-1st vs. power-6th) response 
as sprint time showed mean relative 
increase as compared to mean relative 
decrease of power. It can be seen that there 
is a significant difference in relative sprint 
time increase between sprint-1 to sprint-
6.There was a significant positive 
correlation between fatigue index and 
various powers. However, there was a 
significant negative correlation between 
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various sprint times and different powers. 
Similarly, there was a significant negative 
correlation between fatigue index and 
various sprint times. 

Discussion: The principal findings of the 
present study were, first, the best 35 m 
sprint time was related to the maximum 
power ( r = -0.64,p<.01) and power during 
the first sprint test ( r = -0.79,p<.01)  
involving 6x35 m sprints. Second, the best 
35 m sprint time was related to the fatigue 
index that occurs during the 6x35 m test. 
Dawson et al., (1993) also found sprinting 
time to be significantly correlated with 
three measures of anaerobic power. A 
strong correlation was also found between 
the best 35 m sprint time and maximum 
power (r = -0.64, p<.01), average power (r 
= -0.47, p<.01) and fatigue index ( r = -
0.45,p<.01), indicating that subjects with 
better sprint times had higher levels of 
fatigue. Hirvonenet al. (1987) found 
runners of higher sprinting ability were 
able to deplete a greater proportion of CP 
stores when compared with runners of 
lower sprinting ability. Kumar & Kathayat 
(2014) reported that a repeated sprint 
protocol of crickter playersproducing the 
highest peak power output during repeated 
sprinting efforts had the greatest decreases 
in mean power output. A similar result was 
also reported on football players (Kumar & 
Singh, 2014).Holmyard et al. (1988) found 
individuals producing the highest peak 
power output during repeated 6s sprinting 
efforts on a non-motorised treadmill had 
the greatest decreases in mean power 
output. Therefore, subjects who can 
produce higher peak power outputs and 

better sprint times are probably able to do 
so due to their ability to utilise a greater 
proportion of their CP stores. With short 
recovery periods, these subjects would 
have lower CP stores prior to the next 
sprint and are therefore likely to fatigue 
more over a series of repeated sprints. The 
present study also involves shorter 
recovery periods which are less than the 
half life of CP resynthesis (Harris et al., 
1976). The CP stores will not be 
adequately replenished during the RSA 
test and a progressive decline in CP stores 
and a slowing of the 35 m sprint times will 
ensue. Even though anaerobic glycolysis 
provides a significant contribution to the 
initial stages of the sprint test, its 
contribution appears to diminish over the 
latter stages of a repeated sprint test. 
Gaitanos et al. (1993) measured the 
change in muscle CP, ATP, lactate and 
pyruvate during 10×6 s maximal sprints on 
a cycle ergometer. They estimated that 
during the first sprint, anaerobic glycolysis 
was contributing approximatel 50% to 
anaerobic ATP However, by the last sprint, 
anaerobic glycolysis was only contributing 
approximately 20 % to anaerobic ATP 
production. Based on these findings, 
Gaitanos et al. (1993) also suggested that 
it was likely aerobic metabolism increased 
its contribution during these last sprints. 
These studies suggest that the phosphagen 
system is the major anaerobic energy 
system during 3 - 5s of maximal sprinting 
and its importance appears to increase over 
the latter stages of a series of repeated 
sprinting efforts. 
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Conclusion: A significant negative 
correlation was found between different 
sprint times (speed) and power and fatigue 
index. Results, of this study suggested that 
the phosphagen (CP) system may be the 
major anaerobic energy system during the 
first sprint of repeated sprint test and in the 
last sprints aerobic metabolism may likely 
increased its contribution. Thus, it was 
concluded that cricketer had run a good 
sprint (i.e. taken less sprint time)as they 
had generated more power during the 
sprint running and this may be due to their 
training programme.Further, the sprint 
time (i.e. speed) and power decline in 
repeated sprint tests of cricketer may be 
due to reduced energy production via 
anaerobic glycolysis and muscle acidosis. 
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Abstract 

 
 
Introduction: Many athletes who perform well during 
training or practice can suffer from performance anxiety 
on game day. Purpose of the Study: The purpose of the 
study was to find out the correlation between Anxiety 
and Mental skill among University male volleyball 
players.  
Methodology: A total of 15 university Volleyball male 
players were selected as subjects from different colleges 
affiliated to Karnatak University, Dharwad St: 
Karnataka, The ages of players were between 20 to 25 
years. All the subjects completed Ottawa and SCAT 
questionnaire for measuring their mental skill and 
competitive anxiety. Results:‘t’ -test was employed to 
evaluate the SCAT questionnaire and Pearson 
correlations method was used to assess the correlation 
between anxiety and mental skill. The results showed 
that there was a significant correlation between mental 
skill and competitive anxiety in university volleyball 
male players (p<0.05). Conclusion:  The present study 
findings shows that it is important that sportsmen are 
classified according to the type of sport & type of event 
in order to judge the differences between different games 
and to identify methods by which they can achieve high 
levels of performance in their sports. The psychological 
training needs to be provided by the coaches along with 
the physical training and under psychological training, it 
is imperative that players are trained how to face stressful 
situations occurring during the competitions. 
 

 

Introduction 
  Many athletes who perform well 

during training or practice can suffer from 
performance anxiety on game day. If 
feelings of nervousness, anxiety or fear 
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interfere with the sports performance, 
learning to use a few tips from sports 
psychology may help them get their 
anxiety under control and reduce game day 
nerves. Competition in games put 
extremely high expectations on the 
competing athletes regardless of 
competitors’ capacities, reasons for 
participation and skill levels. An inherent 
aspect of athletics is the need for players to 
meet the demands of the competition and 
to perform well under pressure (Craft et al, 
2003).  Some of the researchers have 
explored the roles that situational factors 
play in mediating the state anxiety of 
athletes prior to competitions. (Jones, et al, 
1991;Matheson and Mathes, 1991). 

Anxiety is defined as feelings of 
nervousness and tension caused by the 
environment or surrounding expectation 
that is related to ‘arousal’. Those demands 

are usually stressful and thus may cause an 
imbalance between the demands and the 
athlete’s ability to fulfill the expectations. 
These sorts of conditions place high stress 
loads on the individuals who are 
competing. The stress presented in 
competition usually elicits anxiety in 
athletes, supplying an additional element 
for them to manage. When anxiety is not 
directed or construed correctly, athletes 
lose control and performance levels 
(Aufenanger, 2005; Bridgesand Knight, 
2005). All these years, an increase in 
performance has been the foundation need 
of what dreamed by all athletes to stand out 
in their respective sports. Athletes train 
hard to help their skills and faculty's 
regardless of the time they take to fulfill 

this (Parnabaset al, 2009). When anxiety 
is not managed or explained correctly, 
athletes lose control and their performance 
levels decrease (Weinberg & Gould, 2010).  
It is not possible that fatigue and anxiety 
are synonym with sport across different 
cultures with the kind of stress present in 
each society. Although there is a lot of 
information on subjects of fatigue and 
anxiety, it is only recently that the 
researchers have initiated performing 
studies on the correlation between fatigue 
and perception on anxiety. Anxiety has 
been one of the most thoroughly inspected 
topics in sport psychology literature 
(Khodayari et al, 2011). Among the 
popular coping strategies used by athletes 
to deal with anxiety are goal-setting, breath 
control, imagery, positive self-talk, focus 
on the present, progressive relaxation, 
biofeedback, autogenic training, 
meditation and thought stopping 
(Parnabas, et al 2009). Therefore, there 
need to be a positive thinking and better 
mental skills to solve the problems that 
may arise because of anxiety. If it is not 
handled well or misinterpreted, athletes 
will lose control and their performance will 
decrease (Gualberto, and Wiggins, 2008). 
Materials & Methods 
 Subjects: A total of 15 university male 
volleyball players were selected as subjects 
from different colleges affiliated to 
Karnatak University, Dharwad St: 
Karnataka, The ages of players were 
between 20 to 25 years.  

Administration of Questionnaire & 
Procedures: All the subjects completed 
questionnaires of Ottawa (OMSAT3) and 
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Rainer and Martin's Sports Competition 
Anxiety Test (SCAT) for measuring their 
anxiety a day and 30 minutes before 
competition. 

Sports Competition Anxiety Test-
(SCAT): This test measures the anxiety of 
athletes (Marten et al, 1990). This test was 
used to evaluate the anxiety level of 
university male volleyball players. The test 
includes fifteen items which involve 5 
spurious items, 8 positive items and 2 
negative items. Trait anxiety was measured 
by Martens' 9 Sport Competition Anxiety 
Test (SCAT). The SCAT is a 15-item 
inventory with scores ranging from 10 
(low) to 30 (high).  

Ottawa Mental Skill Assessment 
Tool-3 (OMSAT-3): OMSAT-3 is used to 
measure a wander of mental skills. The 
OMSAT-3 involves 48 items and 12 
mental skill groups, which are grouped 
under three main general idea components. 
They are 1) Goal Setting 2) Self 
Confidence 3) Commitment 4) Stress 
Reactions 5) Fear Control 6) Activation 7) 
Relaxation 8) Imagery 9) Mental Practice 
10) Focusing 11) Refocusing and 12) 
Competition planning. A 7-point Likert 
scale is used, ranging from strongly agree 
to strongly disagree with a neutral option 
available. 

Statistical Analysis: Values are 
presented as mean values and SD. T-test 
was employed to evaluate the SCAT 
questionnaire and Pearson correlations 
method were used to assess the correlation 
between anxiety and mental skill. The 
significance level was determined as 

p<0.05. Data was analyzed using SPSS 
Version 16.0 (Statistical Package for the 
Social Sciences, version 16.0, SSPS Inc, 
Chicago, IL, USA). 

 
Table 1: Results from descriptive statistic and 
correlation between mental skills and anxiety 

Mental skills and their subscale Mean ± SD 

Activation 0.57 ±6.25 

Cognitive Skills 0.39 ±3.55 

Commitment 0.89 ±4.62 

Competition Planning 1.09 ±7.52 

Fear Control 1.02 ±3.82 

Focusing 1.07 ±3.63 

Foundation Skills 0.65 ±7.10 

Goal Setting 0.62 ±5.08 

Imagery 1.21 ±6.86 

Mental Practice 0.78 ±6.11 

Mental Skills 0.34 ±3.67 

Psychosomatic Skills 0.48 ±3.25 

Refocusing 0.88 ±4.81 

Relaxation 0.79 ±6.71 

Self Confidence 0.61 ±6.96 

Stress Reactions 0.92 ±3.26 

 
Results 

 The results show that there is a 
significant correlation between mental 
skills and anxiety (p<0.05). There were 
significant correlation between anxiety and 
subscales of mental skills, mental practice, 
refocusing, fear control, goal setting, 
focusing, self confidence, psychosomatic 
skill, cognitive skills and mental skill 
(p<0.05).  There was no significant 
correlation between anxiety and subscales 
of mental skills, stress reactions, 
Commitment, relaxation, activation, 
imagery, competition planning, foundation 
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skills (p>0.05). High level correlation was 
found between self-confidence and anxiety 
(r=0.519) and low correlation was found 
between commitment and anxiety 
(r=0.121). Higher level of correlation, 
among psychosomatic skills subscales was 
found between stress control and anxiety 
(r=0.529) and low correlation was found 
between activation and anxiety (r=0.179).  
Higher level of correlation of cognitive 
skills subscales was found between 
focusing and anxiety (r=0.673) and a low 
level correlation was found between image 
and anxiety (r=0.316). Higher level of 
correlation mental skills subscales 
(psychosomatic skill, cognitive skills and 
foundation skills) was between cognitive 
skills and mental skills (r=0.612) and a low 
level correlation was found between 
foundation skills and mental skills 
(r=0.289).This cross sectional study 
examined the correlation between mental 
skills and anxiety in university male 
volleyball players. As a corollary analysis, 
the correlation between mental skills and 
the intensity of anxiety was measured by 
the SCAT and OMSAT-3. As a major 
finding in this study, there were 
correlations between the mental skills and 
anxiety of female athletes. Because all 
athletes were examined together in this 
phase to see how different mental skills 
might affect the ways in which athletes 
interpret their feelings of anxiety. Because 
of the small sample size, the three types of 
mental skills that measured by the OMSAT 
were examined partly in relation to the 
SCAT subscales representing anxiety 
[Filino et al, 2009]. It is found that a 

significant correlation exists between 
mental skills and anxiety (p<0.05). The 
main finding of this study was consistent to 
research results from Filino et al. (2009). 
Aufenanger (2005), in their study showed 
that a correlation exists between mental 
skills and anxiety were predictive athletes' 
interpretation of anxiety and self-
confidence as facilitator to their 
performance  

Conclusion and Suggestions: It is 
confirmed that there is a correlation 
between mental skills and anxiety of 
university male volleyball players. Further 
studies in this respective field & other 
games should be performed in deeper and 
wider contexts that will consider athletes 
from other organizations. It is important 
that researchers categorize athletes based 
on the type of sport, in order to determine 
differences between different sports and to 
identify methods by which they can 
achieve high levels of performance. The 
psychological training has to be provided 
by the coaches along with the physical 
training and under psychological training, 
it is imperative that players are trained how 
to face stressful situations occurring during 
the competitions. 
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Abstract 

 
 
Objective: To study the relationship between 
balance impairments and changes in ankle range 
of motion (ROM) in older women who have fear 
of fall. Method: Correlation study was carried out 
with 100 female subjects aged 60 to 80 years. Fear 
of fall was measured using short falls efficacy 
scale (FES), balance using Tinetti Performance 
Oriented Mobility Assessment (POMA) (balance 
and gait) test and functional reach test (FRT). 
Goniometry was used to determine active and 
passive ROM of ankle joint. Result: High 
significant correlation value was observed for 
balance measure (FRT & POMA gait subtest) with 
ankle range of motion (ROM). Significant 
correlation value was recorded for sagital plane 
motion rather than frontal plane motion for FRT 
(r: 0.55). Correlation value for frontal plane 
motion was however observed to be significant for 
POMA gait subtest (r: 0.49). Conclusion: Balance 
impairments can be predicted using ankle ROM 
impairments in community dwelling women. 
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Introduction  
Aging is a result of slow and 

progressive decline in multiple body 
systems. Impairment in any component of 
postural control system can lead to 
instability and falls in older people. 25-
35% of elderly people from community 
fall each year and these rates are rising 
with age (Soo-Kyung et al, 2013). It is one 
of the major health problems in aging 
adults. Falls and fall-related injuries are a 
major cause of morbidity and mortality in 
the elderly. Fall related mortality rate 
increases spectacularly with advancing 
age, especially in populations older than 
age 70 years (Laurence & Karen, 2006). 

Fear of fall is one of the major 
negative consequences of balance 
impairment. One survey has reported that 
between 30% and 73% of older persons 
who have fallen admit fear of falling (King 
&Tinetti, 1995, Vellas et al, 1997). Fear of 
falling can limit physical and social 
activities; automatically, lowering quality 
of life (Soo-Kyung et al, 2013). Most falls 
in elderly people are associated with 
multiple risk factors, including both 
extrinsic (environmental hazards, housing 
characteristics, poor footwear) and 
intrinsic factors (weakness of muscles, 
reducing balance control, gait disorder, 
limited vision, cognitive impairment, 
advance age, medical illness, dizziness) 
(Shehab & El-Kader, 2004, Laurence & 
Karen, 2006). 

The maintenance of balance is also 
one of the major factors that lead to fall in 
elderly people. Maintaining balance is the 

ability to maintain an upright position 
during quiet standing, and it is necessary 
for successful performance of daily life 
tasks (Lord et al, 1996). Balance 
maintenance is a complex phenomenon 
that is influenced by multiple neural and 
musculoskeletal factors. Balance is 
maintained through a complex process 
which involves sensory detection of body 
motions, integration of sensorimotor 
information within the central nervous 
system, and execution of appropriate mus-
culoskeletal responses (Soo-Kyung et al, 
2013). The postural control ability is 
decline according to aging. Adequate 
postural control depends on the integration 
of vestibular, visual, and somatosensory 
information of the body motion. As the age 
advance, generalized reduction of the 
vision and vestibular function take place. 
Impairment in any component of postural 
control system can lead to instability and 
falls in older people (Soo-Kyung et al, 
2013).  Lord et al. (1996) reported that 
deterioration of postural stability related to 
aging is associated with reduced sensation 
in the lower limbs as measured by joint 
position, tactile, and vibration sensitivities. 
It not only affects sensorimotor functions, 
but also affects the muscle strength and 
joint movement which decline with 
increasing age (Grimston et al, 1993). 

Bennell and Goldie (1994) 
demonstrated that range of motion (ROM) 
of the ankle is an important risk factor of 
reducing postural stability. Thereby, 
decreased ankle range may alter the 
movement patterns and these altered 
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movement patterns may compromise 
balance, and ultimately limit the functional 
activities (Mecagni & O’Sullivan, 2000). 
Vandervoort et al. (1992) reported that an 
average decrement of ankle joint ROM 
was greater in females than males with 
aging. 

Tinetti Performance Oriented 
Mobility Assessment (POMA) measures 
subject’s gait and balance. It has two 

subtests. Scores on this assessment 
categorize individuals as having a “low 

risk for falling,” “greater chance of 

falling,” or “high risk for falling. 
The Functional Reach Test is a 

single item test developed as a quick 
screen for balance problems in older adults 
(Duncan et al, 1990). The FRT evaluates 
the maximal distance that a person can 
reach forward while maintaining a fixed 
base of support (Mecagni & O’Sullivan, 
2000). A score of 15 cm or less indicates a 
significant increased risk for falls. A score 
between 15-25 cm inches indicates a 
moderate risk for falls (Duncan et al, 
1990). The Short FES-I is a good and 
feasible measure to assess fear of falling in 
older persons. It is either self-administered 
or administered through interview, which 
asks respondents to rate their level of 
concerns in performing common activities. 
Short fall efficacy scale is comprised of 7 
components with 1 indicating “not at all 
concerned” and 4 indicating “very 

concerned”. 
The purpose of this study was to 

examine the relationship between balance 
and ankle ROM in community-dwelling, 

elderly women. These results may serve in 
clarifying specific components to 
incorporate into future intervention studies 
for reducing falls in elderly people. 

Materials &Methods 

Subjects: Subjects were recruited from the 
dwelling community through personal 
contact. It consisted of 100 women with 
mean age 65.43 years (range= 60-80year). 
About 81% women were highly concerned 
of fall and 19% women were moderately 
concerned about fall.  
Instrumentation: The function reach test 
(FRT) and Tinetti performance-oriented 
Mobility assessment (POMA) were used to 
measure balance. Measurement of ankle 
ROM was done by 360º goniometer. 
Reliability: A pilot study was done to find 
out intrarater reliability for FRT, POMA 
and goniometric measurements on 2 
consecutive days in 15 subjects. The 
following ICC value POMA (r: 0.98), FRT 
(r: 0.98), FES (r: 0.98), goniometry 
(Dorsiflexion-r: 0.98, Planterflexion-r: 
0.86) indicative high intrarater reliability. 
Procedure: Subjects were recruited from 
the community through personal contact. 
Prior to testing the purpose and procedure 
of the study were explained to the subjects. 
After analyzing the inclusion and 
exclusion criteria, each subject was asked 
to sign an informed consent form. After 
taking informed consent short fall efficacy 
scale measurement was administered. Next 
functional reach test was performed for 
three trials, and average of second and 
third trials were taken as a final reading. 
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After that POMA balance and gait score 
were administered by reading instructions 
from a script. Bilateral ankle range of 
motion was performed in two positions (1) 
knee in flexion (2) knee in extension as per 
Norkin and White(1995) with the subjects 
barefoot to exclude the influence of 
footwear.  

Data collection tools:  
 Tinetti Performance Oriented Mobility 

Assessment (POMA) 
 Functional Reach Test (FRT) 

(Measuring tape) 
 Goniometry (360º goniometer) 
 Short Falls efficacy scale  

Data analysis: Descriptive statistics for each 
ankle ROM was done using excel 2007. The 
Spearman’s correlation coefficient was used to 

calculate correlations. Three levels were taken 
in consideration. 

1. Unilateral sagital plane motion (DF, 
PF) and frontal motion (EV, INV)  with  
FRT 

2. Unilateral sagital plane motion (DF, 
PF) and frontal motion (EV, INV) & 
POMA balance test 

3. Unilateral sagital plane motion (DF, 
PF) and frontal motion (EV, INV) & 
POMA gait test 

Results & Discussion 
 

The means and standard deviation for 
each motion are summarized in table 1. 
 

Table1: Means and Standard deviation for each motion 
Ankle range   With Knee flexion   With Knee extension  

Active Passive  Active   Passive  
 Mean   SD   Mean   SD   Mean   SD   Mean   SD  

 Dorsiflexion      17.16        3.59      21.10        1.96      12.13        3.33      20.05        1.89  

 Planterflexion      26.59        5.82      37.86        5.23      32.35        4.72      39.96        3.82  

 Eversion      5.50        0.92        7.32  0.89       4.83        0.83        7.16        0.85  

 Inversion      8.51        1.03      11.30        1.21        7.77        1.25      11.32        1.26  

Since there were no differences 
between the right and left side ankle range 
of motion, therefore only left side ranges 
were taken into consideration for data 
analysis. 
Short fall efficacy scale: The mean short 
FES score was 16.17(SD 3.028). Nineteen 
subjects had score from 9 to 13, which 

indicate moderate concern for fall.  Eighty 
one subjects had scored more than 14, 
which is considered to be indicative of 
high concern for fall. 
Functional Reach: The mean FRT score 
for our sample was 25.2 cm (SD 5.58). 
Three subjects had an FRT score below 
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15.2 cm (6 inches), which is considered to 
be indicative of a greater fall risk. 
Tinetti Performance Oriented Mobility 
Assessment: The mean scores of POMA 
were 14.15 (SD 3.16). Ninety four subjects 
had total scores below 19, indicating that 
they were at “high risk of falls”, six had 

scores between 19-24 indicating that they 
were at “moderate risk of falls” and no one 

had scores above 24 indicating “low risk of 

falls”. 
Correlation between balance 

measurements and goniometry are 
summarized in figs 1 to 3. 
 

 
             Fig. 1: Correlation between ROM and FRT in 
Knee Extended & knee flexion (DF-dorsiflexion; PF-

Plantarflexion; EV-Eversion; INV-Inversion) 

 
Fig. 2: Correlation between ROM and POMA balance 

 
Fig 3: Correlation between ROM and POMA Gait 

with knee extended and knee flexed [(DF: 
Dorsiflexion, PF: Planterflexion, EV: eversion, INV: 

inversion)] 

 
Discussion 

As there are no normative data for 
ROM measurements for women in this age 
group, we cannot make comparisons. This 
may show the fact that our measurements 
were active and not active assisted which 
represents maximal possible range. Where 
active motion is dependent on subjects 
force generating capacity, lifestyle and 
footwear difference between populations 
studied may also have contribute to 
differences (Mecagni & O’Sullivan, 
2000). 

In the present study, the ROM of 
subjects was assessed in both knee flexed 
and extended positions in order to remove 
the influence of gastrocnemius muscle 
length. It has been proved in the study by 
Mecagni & O’Sullivan, (2000) that 
restricted ankle ROM in knee extended 
position is due to non contractile tissue 
such as capsule, ligament and bone rather 
than gastrocnemius muscle. 

This study shows a greater 
correlation of ankle ROM with functional 
reach test (FRT) and POMA gait subtest 
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than the POMA balance subtest which 
indicate that ankle ROM may be more 
associated with balance during ambulation 
and forward reaching task of everyday life. 

POMA gait subtest has moderate 
correlation with inversion (knee extension, 
r:0.49 & knee flexion, r:0.45) and mild 
correlation with dorsiflexion (knee 
extension, r:0.39 & knee flexion, r: 0.47), 
Planterflexion (knee extension, r: 0.35) & 
knee flexion, r: 0.46), Eversion (knee 
extension, r: 0.33 & knee flexion, r: 0.46). 
This indicate that all ankle motions 
contribute to maintain balance during gait. 

There is a greater degree of 
correlation between FRT and Dorsiflexion 
(r: 0.55), which is indicative of ankle 
strategy. Higher correlation between 
POMA gait subtest and inversion (r: 0.44) 
is suggestive of importance of frontal 
motion in gait. A study by Hylton et al 
(2005) stated that ankle flexibility and 
strength of toe planter flexiors were 
associated with leaning tests and 
functional measure. 

In this study a negative correlation 
between FES and FRT (r:-0.18) has been 
observed. A high score of FES indicate the 
high risk of fall while in FRT high values 
indicate more flexibility of ankle. Thus a 
negative correlation between them in our 
study supports that fact. 
Conclusion: It was found that a 
relationship exists between ankle ROM 
and performance on balance tests in 
community-dwelling elderly women who 
have fear of fall. Decline in ankle ROM 
may result in decline in function and 

balance control. This is an important 
finding which can be helpful to improve 
balance, postural stability and function by 
training balance strategies which can lower 
the fall incidence in the elderly population. 
A frontal plane ROM (inversion, eversion) 
is considerably important in balance 
during dynamic activities like walking. 
And sagital plane ROM (Dorsiflexion, 
Planterflexion) which may be more 
important for balance with voluntary 
control. There is negative correlation of 
FES with FRT and POMA. Thus our result 
suggests that ROM can be used as 
screening tool to determine balance 
impairments and fall risk in older elders. 
References 
Mecagni, S., O’ Sullivan, Roberts. 2000. Balance 

and ankle range of motion in 
communitydwellingwomen aged 64 to 87 
years: A Correlational study. Phys. Ther., 
80:1004-1011. 

Hylton, B.; Menz, Meg E. Morris, and Stephen, R. 
Lord. 2005. Foot and Ankle Characteristics 
Associated With Impaired Balance and 
Functional Ability in Older People: J. 
Gerontol., 60: 1546-1552. 

Shehab, M.; El-Kader, Abd. & Awny, F. Rahmy 
2004. Balance Performance and Ankle 
Dorsiflexors Muscles Force in Elderly,Bull. 
Fac. Ph. Th. Cairo Univ.,Vol. 9(1): 1-9. 

Nitz, J, Low, Choy, N. 2004. The relationship 
between ankle dorsiflexion range, falls and 
activity level in women aged 40 to 80 years. 
New Zealand Journal of Physiotherapy, 
32(3):121-125 

Soo-Kyung Bok, Tae Heon, Lee, Sang Sook, Lee, 
2013. The Effects of Changes of Ankle 
Strength and Range of Motion According to 
Aging on Balance. Ann. Rehabil. Med.., 37(1): 
10–16. 

Lord, S.R., Clark, R.D., Webster, I.W. 1991. 
Postural stability and associated physiological 



ISSN 0973-2020 

Correlation between Balance and Ankle Range of Motion in Community Dwelling Women Having Fear 
of Fall Aged 60 to 80 Years 

Journal of Exercise Science & Physiotherapy  

JESP Vol. 11, No. 1, 2015: 22-28         Published by 

Exercise Fitness & Health Alliance 

Article no. 231; UAIC: 97302312020 

 

Journal of Exercise Science & Physiotherapy is indexed with Citefactor, Researchbible, Medind, Hinari, Innospace, Informit, Google Scholar, Academic Keys, 
worldCat, J-Gate, Jour Informatics, GIF, Directory of Science (Impact Value 19.79), Indianscience.in, ICMJE, Infobase Index (IBI factor 3.4). Electronic 

Journals Library, University Library of Regensburg, International Scientific Indexing (ISI), SIS, International Impact Factor Service, MIAR, DRJI, Advanced 
Sciences Inerdex (ASI) Germany (Impact factor 0.8), Jifactor (Impact Factor 0.5), Open Academic Journals Index, Sjournals Index, Index Copnicus, 

http://www.sherpa.ac.uk/romeo/ as Romeo blue journal. Digital archiving finalised with Portico. 
28 

factors in a population of aged persons. J 
Gerontol, 46: M69-76. 

Bennell, K.L., Goldie, P.A. 1994. The differential 
effects of external ankle support on postural 
control. J. Orthop. Sports Phys.Ther., 20: 287-
95. 

Vandervoort, A.A., Chesworth, B.M., Cunningham, 
D.A., Paterson, D.H., Rechnitzer, P.A., Koval, 
J.J. 1992. Age and sex effects on mobility of the 
human ankle. J. Gerontol, 47: M17-21. 

Grimston, S.K., Nigg, B.M., Hanley, D.A., 
Engsberg, J.R 1993. Differences in ankle joint 
complex range of motion as a function of age. 
Foot Ankle, 14: 215-22. 

King, M.B., Tinetti, M.E. 1995. Falls in community-
dwelling older persons. J. Am. Geriatr. Soc., 
43:1146–54. 

Vellas, B.J, Wayne, S.H., Romero, L.J, 
Baumgartner, R.N., & Garry, P.J. 1997. Fear of 
falling and restriction of mobility in elderly 
fallers. Age Ageing, 26: 189–93. 

Laurence, Z. Rubenstein, Karen, R. Josephson 2006. 
Falls and Their Prevention in Elderly People: 
What Does the Evidence Show? Med. Clin. N. 
Am., 90: 807–824 

Gertrudis, I.J., Kempen, Lucy Yardley, Jolanda C. 
M. Van haastregt et al. 2007. The Short FES-I: 
a shortened version of the falls efficacy scale-

international to assess fear of falling. age 
ageing. J. Am. Geriat. Soc., 53: 501–510. 

Duncan, P.W., Weiner, D.K., Chadler, J., Studenske, 
S. 1990. Functional reach:  A new clinical 
measure of balance. J. Gerontol.,45: M192-
197. 

Tinetti, M.E. 1986. Performance-oriented 
assessment of mobility problems in elderly 
patients. JAGS, 34: 119-126. Scoring 
description: PT Bulletin Feb. 10, 1993 

Norkin CC, White DJ. 1995.  Measurement of Joint 
Motion: A Guide to Goniometry. 2nd ed. 
Philadephia, Pa: FA Davis Co, 154–161. 

Masanobu Uchiyama, Shinichi Demura, Sohee Shin 
2011. Is There a Relationship between the 
Functional Reach Test and Flexibility? 
Scientific research, Vol.1, No.2, 11-15. 

Suraj Kumar et al. 2008.  Relationship Between Fear 
of Falling, Balance Impairment and Functional 
Mobility in Community Dwelling Elderly. 
IJPMR, 19 (2): 48-52. 

Anne Shumway-Cook et al. 1997. The Effect of 
Multidimensional Exercises on Balance, 
Mobility, and Fall Risk in Community-
Dwelling Older Adults. Physical Therapy, 
77:46-57. 

 

 

 

 

Conflict of Interest: None Declared 



ISSN 0973-2020 

Prevalence of Metabolic Syndrome in Rural Premenopausal and Postmenopausal females of Amritsar 
(Punjab) using three International definitions: ATP-III, IDF and mATP-III 

Journal of Exercise Science & Physiotherapy  

JESP Vol. 11, No. 1, 2015: 29-41         Published by 

Exercise Fitness & Health Alliance 

Article no. 232; UAIC: 97302322020 

 

Journal of Exercise Science & Physiotherapy is indexed with Citefactor, Researchbible, Medind, Hinari, Innospace, Informit, Google Scholar, Academic Keys, 
wordCat, J-Gate, Jour Informatics, GIF, Directory of Science (Impact Value 19.79), Indianscience.in, ICMJE, Infobase Index (IBI factor 3.4). Electronic 

Journals Library, University Library of Regensburg, International Scientific Indexing (ISI), SIS, International Impact Factor Service, MIAR, DRJI, Advanced 
Sciences Inerdex (ASI) Germany (Impact factor 0.8), Jifactor (Impact Factor 0.5), Open Academic Journals Index, Sjournals Index, Index Copnicus, 

http://www.sherpa.ac.uk/romeo/ as Romeo blue journal. Digital archiving finalised with Portico. 

22 
 

Prevalence of Metabolic Syndrome in Rural Premenopausal  and 
Postmenopausal females of Amritsar (Punjab) using 

threeInternational definitions: ATP-III, IDF and mATP-III 
 
Randhawa1, Ramanpreet & Sidhu2, Sharda 

Article Authorship & Affiliation 
Details 

Communication Date: Dec. 18, 2014 
Acceptance Date: Jan. 15, 2015 
UAIC: 97302322020 
Randhawa, Ramanpreet 1Research 
Fellow, Department of Human 
Genetics, Guru Nanak Dev University 
(Punjab) India Email: 
raman.randhawa19@gmail.com 
Sidhu, Sharda 
2Professor, Department of Human 
Genetics, Guru Nanak Dev University 
(Punjab) India Email: 
shardasidhu@hotmail.com 
 

Key Words: Key words: Metabolic 
syndrome, Rural, Amritsar, 

Prevalence, Females 
To cite this article:Randhawa, 
Ramanpreet and Sidhu, Sharda 
Prevalence of Metabolic Syndrome in 
Rural Premenopausal  and Post-
menopausal females of Amritsar 
(Punjab) using three International 
definitions: ATP-III, IDF and mATP-
III. [online]. Journal of Exercise 
Science and Physiotherapy, Vol. 11, 
No. 1, June 2015: 29-41.  
Availability:  
Abstract: http://www.efha.in/wp-
content/uploads/2015/01/ABSTRACT-UAIC-97302322020.1.pdf 

 
Full Text: http://www.efha.in/wp-content/uploads/2015/01/FULL-
TEXT-UAIC-97302322020.pdf 
 

Abstract 
 
Background: Metabolic Syndrome (MS) is one of the major cause 
of morbidity and mortality across the globe. Therefore, this study 
was aimed to assess the prevalence of MS and its components 
using three international diagnostic criteria in the pre- and 
postmenopausal rural females of Amritsar (Punjab). Methods: 
This cross-sectional study was conducted among 300 rural females 
(186 premenopausal and 114 postmenopausal) of Amritsar 
(Punjab) during the period from June 2013 to June 2014. The age 
range of females was 25-55 years. WC and blood pressure of each 
participant was also measured. Fasting blood samples were 
analysed to estimate TC, TGL, HDL-C and FBG.  LDL-C and 
VLDL-C were also calculated. The prevalence of MS was assessed 
using three international criteria ATP-III, IDF and mATP-III, 
respectively. For data analysis mean and standard deviation were 
calculated. Further Student’s t-test, chi-square test and kappa 
statistic were also applied. Results: The postmenopausal women 
had significantly higher values of WC, SBP and DBP. In context 
to lipid profile variables, the values were again significantly higher 
among postmenopausal females except LDL-C. The prevalence of 
MS was 21.66 %, 24.33% and 25.66 % using ATP-III, IDF and 
mATP-III criterion, respectively. The postmenopausal females 
were observed to have significantly higher prevalence of MS. The 
degree of agreement (kappa statistic) was more (0.87) between 
mATP-III and IDF criteria as compared to between ATP-III and 
IDF (0.85)  and between mATP-III and ATP-III (0.76)  which 
shows that mATP-III has more concordance with IDF and less  
with ATP-III . Among 300 rural females, 18.3% (55) females were 
screened positive for MS by all the three criteria. The most 
prevalent component of MS was reduced levels of HDL-C 
whereas the least common was elevated levels of FBG. 
Conclusion:  MS is quite prevalent in rural women of Amritsar 
using all the three criteria. 
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Introduction 

The Metabolic Syndrome (MS) is a 
major, widely prevalent and escalating 
public health challenge in both developed 
and developing countries (Ford, 2004; 
Kraja et al, 2005; Allal-Elasmi et al, 2010; 
Sidorenkov et al, 2010; Mozumdar & 
Liguori, 2011; Okafor, 2012; Shen et al, 
2012; Kaur, 2014). The term MS is a web 
of interconnected physiological, 
biochemical, clinical and metabolic risk 
factors like abdominal obesity, insulin 
resistance, elevated levels of triglycerides 
(TGL), reduced levels of High Density 
Lipoproteins-Cholesterol (HDL-C) and 
hypertension. Stern et al. (2004); Enas et 
al.(2010), Sidorenkov et al. (2010) 
reported that individuals with MS have 
two-fold risk of  developing 
Cardiovascular Diseases (CVDs), three-
fold risk of heart attack and five-fold risk 
of developing Type-2 Diabetes Mellitus 
(T2DM).  

MS was first observed and 
described by the anatomist Morgagniin 
1765 (Enzi et al, 2003). He manifested the 
link of abdominal obesity to the metabolic 
factors like hypertension, atherosclerosis, 
dyslipidemia, sleep apnea-hyponea and 
hyperuricemia. Later in 1920, Kylin 
(1923), a Swedish physician described the 
clustering of hypertension, hyperglycemia 
and gout. Some decades later, Vague 
(1947) found that abdominal obesity was a 
determinant factor in predisposing 
individuals to diabetes, atherosclerosis, 

gout and uric calculi. Following this, in 
1965, an abstract was presented at the 
European Association for the Study of 
Diabetes (Avogaro & Crepaldi, 1965) 
which again described this syndrome 
comprising of hypertension, 
hyperglycemia and obesity. In 1988, 
Reaven (1988) reintroduced the concept of 
syndrome ‘X’ for the clustering of 

cardiovascular risk factors like 
hypertension, glucose intolerance, and 
high TGL and LDL-C concentration. His 
main contribution was an introduction of 
the concept of the insulin resistance. 
Unfortunately, he missed abdominal 
obesity from the definition which was 
added later as a crucial abnormality. Later 
on, Kaplan (1989) introduced the term 
“The Deadly Quartet” to describe the joint 

presence of upper body obesity, 
hypertriglyceridemia, glucose intolerance 
and hypertension. Over the years, the 
syndrome has been given several names 
including Insulin Resistance Syndrome X, 
Reaven Syndrome X, Metabolic 
Cardiovascular Syndrome and 
Dysmetabolic Syndrome.  

Different diagnostic criteria have 
been proposed by various agencies for the 
assessment of MS during the past three 
decades. For the first time, in the year 
1998, World Health Organisation (Alberti 
& Zimmet, 1998) provided a criterion for 
the assessment of MS. Then European 
Group for the Study of Insulin Resistance 
(EGIR) (Balkau and Charles, 1999) 
countered with a modification of the WHO 



ISSN 0973-2020 

Prevalence of Metabolic Syndrome in Rural Premenopausal and Postmenopausal females of Amritsar 
(Punjab) using three International definitions: ATP-III, IDF and mATP-III 

Journal of Exercise Science & Physiotherapy  

JESP Vol. 11, No. 1, 2015: 29-41         Published by 

Exercise Fitness & Health Alliance 

Article no. 232; UAIC: 97302322020 

 

Journal of Exercise Science & Physiotherapy is indexed with Citefactor, Researchbible, Medind, Hinari, Innospace, Informit, Google Scholar, Academic Keys, 
wordCat, J-Gate, Jour Informatics, GIF, Directory of Science (Impact Value 19.79), Indianscience.in, ICMJE, Infobase Index (IBI factor 3.4). Electronic 

Journals Library, University Library of Regensburg, International Scientific Indexing (ISI), SIS, International Impact Factor Service, MIAR, DRJI, Advanced 
Sciences Inerdex (ASI) Germany (Impact factor 0.8), Jifactor (Impact Factor 0.5), Open Academic Journals Index, Sjournals Index, Index Copnicus, 

http://www.sherpa.ac.uk/romeo/ as Romeo blue journal. Digital archiving finalised with Portico. 
 

 
31 

criterion in 1999. In 2001, the National 
Cholesterol Education Program Adult 
Treatment Panel-III (NCEP-ATP III) 
introduced an alternative clinical criterion 
for defining the MS with the aim to 
identify people at long term risk for 
ischemic heart disease. The ATP-III 
criterion did not mandate the requirement 
of any single risk factor for diagnosis. With 
the formulation of these guidelines, some 
uniformity and standardization has 
occurred in the definition and criterion of 
MS which has been very useful for 
epidemiological purposes.  Then, later on, 
International Diabetes Federation (IDF, 
2005), proposed a new criterion in April, 
2005 suggesting that abdominal obesity 
assessed with the help of waist 
circumference (WC) is mandatory for the 
diagnosis of MS. Once this essential 
condition was present, at least two 
additional risk factors out of four were 
necessary for the diagnosis. Later on, in the 
year 2005, NCEP ATP-III (Grundy et al, 
2005) proposed a modified criterion for the 
assessment of MS with modification in the 
cut-off values of WC. 

Table: Diagnostic criteria for the assessment of Metabolic Syndrome among females 

Many studies from developed 
countries (Kawamoto et al, 2011; Arthur et 
al, 2012; Marjani et al, 2012; Liu et al, 
2013; Shahbazian et al, 2013; Ali et al, 
2014;  Xu et al, 2014) have reported that 
MS  and CVDs are more common in 
postmenopausal women when compared 
with premenopausal women, which may 
be related to hormonal changes during 
menopausal transition. There is a paucity 
of studies on MS and menopausal status in 
the developing countries especially in 
India using different definitions. 
Therefore, in the present study, an attempt 
has been made to assess the prevalence of 
MS among the rural premenopausal and 
postmenopausal women of Amritsar 
(Punjab). 

Materials &Methods 

The data for the present cross-sectional 
study was collected from various rural 
areas of Amritsar during the period from 
June 2013 to June 2014. The study group 
included 300 rural females, of which 186 
were premenopausal women (those who 
were regularly menstruating and non-
pregnant) and 114 postmenopausal women 
(those who had reached natural menopause 
and had their last menstrual bleeding at 
least 12 months previously) ranging in age 
between 25 to 55 years. Those women who 
experienced cessation of menstruation due 
to hysterectomy or any other surgical cause 
were excluded from the study. Ethical 
clearance from the Institutional Ethical 
Review Committee of Guru Nanak Dev 

Variables 
NCEP 

ATP-III 
(2001) 

IDF 
(2005) 

mNCEP 
ATP-III 
(2005) 

WC (cm) ≥ 88 ≥ 80 ≥ 80 
BP (mm 

Hg) 
≥ 130/85 ≥ 130/85 ≥ 130/85 

TGL 
(mg/dl) 

≥ 150 ≥ 150 ≥ 150 

HDL-C 
(mg/dl) 

<50 <50 <50 

FBG 
(mg/dl) 

≥ 110 ≥ 100 ≥ 110 
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University was obtained prior to carrying 
out the study. After fully explaining the 
nature, procedures, aims and objectives of 
the study to all the females in a language 
they understood, verbal as well as written 
informed consent was obtained. The 
participation of women was voluntary. 
First of all, the women were taken into 
confidence. All the females were 
interviewed in person at their homes to 
collect information regarding age, 
menopausal status, reproductive history as 
well as family history using a well 
designed and structured proforma. The 
WC is the best tool for the assessment of 
abdominal obesity, it was measured with 
the help of a non-stretch fibre glass 
measuring tape at a point midway between 
the inferior margin of the ribs and the 
superior border of the iliac crest on each 
subject single handedly by the investigator 
herself (Weiner and Lourie, 1981). Blood 
pressure of each participant was measured 
using auscultatory method with the 
mercury sphygmomanometer and a 
stethoscope after rest of 15 minutes as per 
recommendation of the American Heart 
Association (Ataman et al, 2005). Three 
readings each of Systolic Blood pressure 
(SBP) and Diastolic Blood Pressure  
(DBP) were recorded at an interval of 5 
minutes at least and the mean values were 
used in the data for analysis. A certified 
technician assisted in the withdrawl of 2 ml 
venous blood from all the subjects in the 
morning after a twelve hour overnight fast. 
The blood samples were centrifuged for 10 

minutes at 3000 rpm. Lipid levels were 
determined using commercially available 
Erba kits and levels of Total Serum 
Cholesterol (TC), Triglycerides (TGL), 
High Density Lipoproteins-Cholesterol 
(HDL-C) and Fasting Blood Glucose 
(FBG) were estimated from the absorbance 
values obtained on semi-automated 
biochemical analyser. Very Low Density 
Lipoproteins-Cholesterol (VLDL-C) was 
calculated by indirect method as VLDL-C 
is one fifth of TGL. Low Density 
Lipoproteins-Cholesterol (LDL-C) was 
calculated by subtracting VLDL-C and 
HDL-C from TC. Following three 
diagnostic criteria were utilized for the 
assessment of MS. 

Data was analysed using the 
Statistical Package for Social Sciences 
(SPSS inc, Chicago, IL, USA; version 15). 
The mean and standard deviation were 
calculated for continuous variables and 
percentage for categorical variables. The 
baseline characteristics were compared 
between premenopausal and 
postmenopausal women by Student’s t-
test. The chi- square (χ²) test was applied 

to compare differences between 
proportions. All analyses were two-tailed 
and a p-value <0.05 was considered 
statistically significant. The prevalence of 
MS was assessed among premenopausal 
and postmenopausal females. For 
estimation of agreement between different 
definitions kappa statistic was also used. 

Results 
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The baseline characteristics of the 
studied females stratified with respect to 
the menopausal status are presented in 
Table 1. Out of the 300 rural females, 186 
were premenopausal and 114 were 
postmenopausal. The mean age of 
postmenopausal (52.66±7.45 years) 
women was significantly higher (p<0.01) 
than the mean age of premenopausal 
(32.68±5.86 years) women. In the pooled 

sample, the mean values of WC, SBP and 
DBP were significantly (p<0.05) higher 
among postmenopausal women than 
premenopausal women. Similarly, the 
postmenopausal women had significantly 
(p<0.05) higher values of all the 
biochemical parameters as compared to 
their premenopausal counterparts except 
LDL-C. 

 

Table 1. Baseline Characteristics of Premenopausal and Postmenopausal Women 

VARIABLES 

Premenopausal 
Women 
(N=186) 

Postmenopausal 
Women 
(N=114) 

Total Number Of 
Women 
(N=300) ‘t’ 

value  
MEAN 

 
SD MEAN SD MEAN SD 

Age (years) 32.68 5.86 55.66 7.45 41.41 12.92 28.038*** 
WC (cm) 78.64 10.78 81.68 12.02 79.80 11.34 3.667*** 
SBP (mm Hg) 122.28 13.94 140.64 20.51 129.26 18.94 8.436*** 
DBP (mm Hg) 81.15 11.05 87.68 12.36 83.63 11.98 4.626*** 
TC (mg/dl) 143.37 42.69 158.08 60.00 148.96 50.39 2.287* 
TGL (mg/dl) 103.49 45.84 160.97 68.05 125.33 61.90 7.978*** 
HDL-C (mg/dl) 41.70 16.89 47.56 17.36 45.33 17.39 2.888** 
LDL-C (mg/dl) 83.93 54.65 75.11 41.59 78.46 47.10 1.524 
VLDL (mg/dl) 20.70 9.17 32.19 13.61 25.02 12.38 7.978*** 
FBG (mg/dl) 83.25 7.93 89.45 13.86 85.61 10.98 4.356*** 

*Significant at p<0.05; **Significant at p<0.01, ***Significant at p<0.001

Table 2 shows the prevalence of MS 
and metabolic risk factors in the 
premenopausal women, postmenopausal 
women and pooled sample. The prevalence 
of MS was 21.66%, 24.33% and 25.66% 
according to ATP-III, IDF and mATP-III 
criteria, respectively. The postmenopausal 
women were found to have significantly 
(p<0.05) higher prevalence of MS as 
compared to premenopausal women using 
all the three criteria. The prevalence of 
metabolic risk factors like high WC, raised 

blood pressure, reduced levels of HDL-C, 
elevated levels of TGL and FBG was also  
significantly (p<0.05) higher in 
postmenopausal women than their 
premenopausal counterparts. In the pooled 
sample, according to ATP-III criterion, the 
most prevalent component was reduced 
levels of HDL-C followed by raised blood 
pressure, high WC, elevated levels of TGL 
and elevated levels of FBG. Based on IDF 
and mATP-III criteria, the most frequent 
component was reduced levels of HDL-C 
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followed by high WC, raised blood 
pressure, elevated levels of TGL and 
elevated levels of FBG. It is apparent from 
this table that the most prevalent 
component of MS among both 

premenopausal and postmenopausal rural 
females was reduced levels of HDL-C and 
the least prevalent was elevated levels of 
FBG.  

Table 2.  Prevalence of Components of Metabolic Syndrome among Participants 

Figures in parenthesis indicate the number of subjects  
NCEP ATP-III (National Cholesterol Education Program Adult Treatment Panel- III) 
mNCEP ATP-III (modified National Cholesterol Education Program Adult Treatment Panel- III) 
IDF (International Diabetes Federation) 
Waist Circumference (WC); Blood Pressure (BP);Triglycerides (TGL); High Density Llipoprotein-Cholesterol (HDL-C); 
Fasting Blood Glucose (FBG) 

NCEP ATP-III 
(2001) Total(N=300) Premenopausal(N=186) Postmenopausal(N=114) 

WC (cm) 28.33(85) 25.80(48) 32.45(37) 

BP (mm Hg) 34.33(103) 21.50(40) 55.26(63) 

TGL (mg/dl) 28.00(84) 15.05(28) 49.12(56) 

HDL-C (mg/dl) 59.66(179) 56.98(106) 64.03(73) 

FBG (mg/dl) 4.00(12) ----- 10.52(12) 

Metabolic 
Syndrome 

21.33(65) 
6.98 
(14) 

44.73(51) 

IDF (2005) Total(N=300) Premenopausal(N=186) Postmenopausal(N=114) 

WC (cm) 49.00(147) 43.54(81) 57.89(66) 

BP (mm Hg) 34.33(103) 21.50(40) 55.26(63) 

TGL (mg/dl) 28.00(84) 15.05(28) 49.12(56) 

HDL-C (mg/dl) 59.66(179) 56.98(106) 64.03(73) 

FBG (mg/dl) 16.33(49) 15.05(28) 18.42(21) 

Metabolic 
Syndrome 

24.33(73) 11.82(22) 44.73(51) 

mNCEP ATP-III 
(2005) 

Total(N=300) Premenopausal(N=186) Postmenopausal(N=114) 

WC (cm) 49.00(147) 43.54(81) 57.89(66) 

BP (mm Hg) 34.33(103) 21.50(40) 55.26(63) 

TGL (mg/dl) 28.00(84) 15.05(28) 49.12(56) 

HDL-C (mg/dl) 59.66(179) 56.98(106) 64.03(73) 

FBG (mg/dl) 4.00(12) ----- 10.52(12) 

Metabolic 
Syndrome 

25.66(77) 10.75(20) 50.00(57) 
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Table 3. Clustering Of Components of Metabolic Syndrome among Studied Participants 
    

Components of Metabolic 
Syndrome 

NCEP ATP-III (2001) 

 Premenopausal 
(N=186) 

Postmenopausal 
(N=114) 

Total 
(N=300) 

0 21.50(40) 13.15(15) 18.3(55) 
1 45.69(85) 22.80(26) 36.66(110) 
2 25.80(48) 19.29(22) 23.33(70) 
3 6.98(13) 26.31(30) 14.33(43) 
4 0.53(1) 17.54(20) 7.0(21) 
5 00 0.88(1) 0.3(1) 

Components of Metabolic 
Syndrome 

mNCEP ATP-III (2005) 

 Premenopausal 
(N=186) 

Postmenopausal 
(N=114) 

Total 
(N=300) 

0 16.66(31) 9.64(11) 14(42) 

1 40.32(75) 20.17(23) 32.66(98) 
2 32.25(60) 19.29(22) 27.33(82) 

3 9.67(18) 24.56(28) 15.33(46)) 

4 1.07(2) 21.92(25) 9.0(27) 
5 00 3.50(4) 1.3(4) 

Components of Metabolic 
Syndrome 

IDF (2005) 

 
Premenopausal 

(N=186) 
Postmenopausal 

(N=114) 
Total 

(N=300) 
0 19.89(37) 12.28(14) 17(51) 
1 43.01(80) 21.92(25) 35(105) 
2 23.65(44) 14.91(17) 20.33(61) 
3 10.75(20) 20.17(23) 14.3(43) 
4 1.07(2) 17.54(20) 7.3(22) 
5 00 7.01(8) 2.7(8) 

Figures in parenthesis indicate the number of subjects 
NCEP ATP-III (National Cholesterol Education Program Adult Treatment Panel- III) 
mNCEP ATP-III (modified National Cholesterol Education Program Adult Treatment Panel- 
III) 
IDF (International Diabetes Federation) 
 

Table 3 manifests the clustering of the 
number of components of MS in the 
studied females. According to ATP-III 
criterion, 45.69% of premenopausal and 
22.80% of postmenopausal women had at 
least one risk factor, 25.80% of 

premenopausal and 19.29% of 
postmenopausal had atleast two risk 
factors, 6.98% of premenopausal and 
26.31% of postmenopausal had at least 
three risk factors, 0.53% of premenopausal 
and 17.54% of postmenopausal had any 
four risk factors. None of the 
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premenopausal had all the five risk factors 
whereas 0.88% of postmenopausal women 
had all the five risk factors of MS. This 
shows that about half of the 
postmenopausal females had two and three 
risk factors. Almost similar results were 
observed while applying IDF and mATP-
III criteria. 

Discussion 

In developed and developing 
countries, now these days, CVD is the 
leading cause of mortality in the 
postmenopausal women (Matthews et al, 
1989; Carr, 2003, Mesch et al, 2006; 
Lejskova et al, 2011). Various scientists 
(Kannel, et al, 1976; Kannel, 1987; Carr, 
2003, Cameron et al, 2004, Eshtiaghi et al, 
2010) observed that menopause is a risk 
factor for CVD which may be due to 
estrogen hormone deficiency. According 
to Gohlke-Barwolf (2009) and 
Spadafranca et al. (2013) estrogen 
deficiency play an important role as a 
determinant of MS in postmenopausal 
women which makes these females 
susceptible to CVD. Estrogen has 
protective effects on the cardiovascular 
system due to which there is an increase in 
the prevalence of CVDs in the 
postmenopausal women. In India, few 
studies (Pandey et al, 2010, Tandon et al, 
2010, Chhabra et al, 2014) have 
investigated the prevalence of MS in 
premenopausal and postmenopausal 
women but not much information is 
available regarding MS among rural 

women from Punjab. Therefore, in the 
present study, the prevalence of MS was 
estimated in rural premenopausal and 
postmenopausal women of Amritsar 
(Punjab). 

 The overall prevalence of MS in 
the pooled sample was 21.66%, 24.33% 
and 25.66% using ATP-III, IDF and 
mATP-III criteria, respectively. The 
postmenopausal females were observed to 
have significantly higher prevalence of MS 
than premenopausal females (Table 1). 
Slightly higher prevalence of MS by using 
mATP-III and IDF criteria can be 
explained by lower cut-off points of WC 
than used by original ATP-III criterion. It 
is also observed that the difference in the 
percentage prevalence estimated by these 
three criteria was small and statistically 
non-significant. Further kappa statistics 
was applied for finding agreement between 
the three definitions. The degree of 
agreement between mATP-III and IDF was 
0.87, between IDF and ATP-III was 0.85 
while it was 0.76 between mATP-III and 
ATP-III which shows that mATP-III has 
more concordance with IDF and less 
concordance with ATP-III criterion. It can 
be concluded from the present results that 
we can use mATP-III or IDF criterion in 
future studies for detection of MS even 
though all these criteria have significant 
agreement but the maximum agreement 
was observed between mATP-III and IDF 
criteria. It is interesting to observe that out 
of 300 rural females, (18.3%) 55 females 
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were screened positive for MS by using all 
these three criteria despite the fact that 
these three criteria share most of the 

components but still misclassify a number 
of subjects as having MS.  

Table 4: Percentage Prevalence of Metabolic Syndrome among Rural Indian Females 

Area Age 
Number of 

females 
Criteria 

used 
Percentage 
prevalence 

Investigator 

Mandur /Goa >25 176 ATP-III 39.80 Peixoto and Shah 
(2014) 

North Indian 
population 

Pre-M=25-40 
Post-M=45-60 

200 ATP-III 
Pre-M=20.00 
Post-M=41.00 

Chhabra et al. (2014) 

Tumkur/Karnataka ≥18 433 mATP-III 55.19 Shalini et al. (2013) 
Ambala/Haryana ≥20 627 IDF 11.64 Pathania et al. (2013) 
Thiruvallur 
/TamilNadu 

30-50 150 
ATP-III 

mATP-III 
30.70 
36.00 Selvaraj et al. (2012) 

Jammu & Kashmir 

Mean 
age=49.35 
(Post-M 
women) 

500 ATP-III 13.00 Tandon et al. (2010) 

Chandigarh ≥18 315 
ATP-III 

IDF 
34.90 
41.30 Mangat et al. (2010) 

Wardha/Mumbai ≥18 131 ATP-III 7.60 Kamble et al. (2010) 

 Amritsar females 25-55 
300 

Pre-M=186 
Post-M=114 

ATP-III 
IDF 

mATP-III 

21.66 
24.33 
25.66 

Present study 

 

The magnitude of the MS in rural 
females of Punjab can be best judged via 
comparison with the prevalence of MS in 
other rural populations of India. The data 
on the prevalence of MS in some rural 
Indian populations is shown in Table 4. It 
is evident from this table that most of the 
studies have used ATP-III criterion for 
screening of MS whereas very few studies 
have used IDF and mATP-III criteria. The 
prevalence rate of MS among rural Indian 
females varies considerably from one 
region to another region. The present study 
presents one of the first report on the 
comparison of the prevalence of MS 
among rural premenopausal and 

postmenopausal Punjabi females using 
three international criteria namely ATP, 
IDF and mATP-III. No study from Punjab 
is available till date in literature which has 
compared these three criteria to assess the 
prevalence of MS. While Deepa et al. 
(2007) compared the prevalence of MS in 
South Indian population by using three 
criteria in which again mATP-III was not 
used for screening of MS. The results of 
the premenopausal and postmenopausal 
women of the present study regarding the 
prevalence of MS were compared with 
general women population studies 
conducted in India because only one study 
is available in literature on premenopausal 
and postmenopausal women. 
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 Chhabra et al. (2014) studied North 
Indian premenopausal and 
postmenopausal females and reported 
higher prevalence of MS using ATP-III 
criterion as compared to the rural females 
of Amritsar.  This study highlights the high 
prevalence of MS among rural women 
which could increase the burden of 
diabetes and CVDs in near present future 
in Punjabi population. If the present trend 
continues, the situation can get worse even 
within a decade and MS and its associated 

diseases can emerge as important public 
health problem in rural adults of Punjab. 

The economic cost attributable to MS is so 
high that country like India can ill-afford to 
spend its meagre resources on the co-
morbidities which are strongly influenced 
by MS. There is an urgent need to establish 
magnitude of the problem and the risk 
estimates for various NCDs and 
incorporate management prevention 
strategies within the existing health 
infrastructure. 
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Abstract 

 
Background and purpose: Postural impairments and 
functional limitations are linked to osteoarthritis knee 
adults. The purpose of this study was to identify the 
balance & postural impairments in osteoarthritis adults 
and compare the efficacy of two treatment strategies, 
Structured Neuromuscular Postural Training (SNPT) 
with conventional treatment (CT). Methods: In a 
prospective study design, Fifty-seven osteoarthritis knee 
subjects were evaluated and analyzed for balance 
variables such as viz. Timed up and go test (TUG), Berg 
balance test (BBT), Modified WOMAC (MW) and its 
subgroups pain (WP), stiffness (WS) and physical 
function (WPF) at the baseline and after 6-weeks of 
treatment. Data were analyzed to determine treatment 
efficacy. Results: The application of SNPT had statistical 
significance for the balance variable TUG, at baseline 
and 6 weeks follow up for both pre elderly and elderly 
subjects. Further, SNPT shows non- statistically 
significant higher scores for other qualitative balance 
variables in pre elderly osteoarthritis knee. However, 
conventional groups demonstrated better efficacy for the 
qualitative parameters MS, WS and WPF than SNPT in 
elderly group. Conclusion: SNPT treatment intervention 
has better efficacy for pre elderly and conventional for 
elderly in osteoarthritis knee subjects. Hence present 
study concludes that one should use treatment strategy 
depending upon the age i.e. SNPT intervention in pre 
elderly and conventional in elderly subjects. Further, 
blending strength training (CT) with balance training 
(SNPT) may have better functional outcome for 
individuals >40 years of age. 

Introduction 

mailto:iac2k10@gmail.com
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302332020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302332020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302332020.pdf
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Fundamentally the ‘Balance’ is a skill 

often compromised with advancing age. 
The loss of confidence or fear of fall 
frequently results in reduced physical 
activity that in turn, may affect & further 
deteriorate the postural stability & quality 
of life. The standard clinical balance 
assessment can help to assess fall risk and 
determine the underlying reasons for 
balance disorders. Mancini & Horak 
(2010) narrated that the controlled balance 
involves maintaining posture, facilitating 
movement & recouping equilibrium.  An 
assessment of the postural control 
performance reveals indirectly the 
character of the postural control capacity 
(Hoffer et al, 1996; Raju, 2012), and in the 
assessment of postural control capacity, 
the character of the environment and the 
task are highly relevant (Shum way-Cook 
et al, 2000; Roger et al, 2003).  The 
environmental factors are influenced by 
the proprioceptive & somatosensory 
information, which is necessary for the 
neuromuscular control of the dynamic 
restraints (Riemann et al, 2009). Braun 
(1998) and Shimada et al (2003) found that 
the balance demands during the 
locomotive activities are different from the 
demands when standing still.  Further, 
Winter et al (1990) noticed that the 
responses to postural perturbations are 
task- and perturbation specific. Currently, 
postural balance is studied using motion 
analysis and the techniques of biodynamic. 
Sutherland (2002) stated that neither 
kinematics nor electromyography is stand-

alone components of clinical gait analysis. 
Cordo and Nashner(1982) and  Horak et 
al (1997) researches on postural responses 
to surface translations has shown that 
balance is not based on a fixed set of 
equilibrium reflexes but on a flexible, 
automatic postural adjustments and 
functional motor skill, that can adapt with 
training and experience. A growing 
research indicates that the learning 
adaptation have an important influence on 
balance responses based on motor 
learning. It occurs due to the repetitions of 
the platform perturbation, prior 
experience; feed forward anticipatory 
control and accommodation of 
biomechanical constraints.  (Horak et 
al,1997; Tang et al, 1998; Park et al, 
2004; Kisner & Colby, 2007). 

 
Brach & Van-Swearingen (2002) & 

Shubert et al (2010) research describe, 
participation in a multi-component 
exercise program or an intervention that 
primarily focus on strength and balance 
skills can have a positive impact on 
cognitive as well as physical outcomes. 
Much of the previous researches provide 
various forms of interventions.  Tinetti et 
al (1994) described multifactorial 
interventions while Campbell et al (2007) 
narrated single factor component 
intervention. Gillespie et al (2009) & 
Cameron et al (2010) provoked   multi-
component exercise program, while 
Sherrington et al (2008) emphasized on 
moderate/high challenge balance exercise 

http://www.ncbi.nlm.nih.gov/pubmed?term=Cordo%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=7062101
http://www.ncbi.nlm.nih.gov/pubmed?term=Nashner%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=7062101
http://www.ncbi.nlm.nih.gov/pubmed?term=Tang%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=9535563
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programs. The most effective fall risk 
research interventions Otago exercise 
program (Campbell & Robertson, 2007) 
and modular obstacle program (Rogers et 
al, 2013) provides safe challenges to fall 
risk. 

The Structured Neuromuscular 
Postural Training (SNPT) is a specially 
designed strategy aimed to modify 
neurophysiology and biomechanical 
changes. The approach incorporates mass 
to individual moment technique of 
proprioceptive neuromuscular facilitation 
by changing graded functional tasks. 
According to Hurley et al (1998), both 
neurophysiologic and biomechanical 
techniques affect the musculoskeletal 
system in functional context. The goal of 
SNPT strategy is to optimize postural 
stability, performance enhancement and 
balance modulation. It uses sensorimotor 
training intervention to improve both static 
and dynamic mechanism of balance as well 
as the huge number of postural control 
balance strategies used by Rogers and 
Page (2013). Hurley et al (1998) specified 
the component of technique involved are 
sensorimotor experience (manual contact), 
selective stretch to augment dynamic 
motor response and concept of synergy to 
strengthen specific muscles. 

 The SNPT intervention strategy in 
context to knee osteoarthritis is known to 
consist oftwo phases viz: Phase 1Adaptive 
phase:In the primary phase; co-contraction 
of agonist and antagonist along with 
distraction and manual glide help to 

manage recurrent pain and swelling. 
Isometric and isotonic exercises without 
resistance is preceded. This incorporates 
basic neurophysiologic principles of 
Sherrington and Kabath of proprioceptive 
neuromuscular facilitation viz. joint 
traction, irradiation and co-contraction.   

Further, resistive exercise regimen 
emphasis on, focused muscle training of 
Hip, knee and ankle joints viz. vastus 
medialis oblique, ankle dorsi flexors, 
peronias,  gastrocnemius-soleus,  gluteus 
medius, gluteus maximus, hip ext. rotators  
and  lateral compartment knee. (Vincent 
and Vincent, 2012)The goal is to achieve 
joint stability, which in turn can improvise 
proprioceptive and kinesthetic 
sensation.Active stretch of hamstring 
muscle along with posterior capsule was 
performed in functional positions. 
Synergistic coupling movement along with 
proprioceptive re-education during mass 
moment of hip, knee and ankle is targeted 
to enhance neuromuscular control i.e. 
medicine ball / gym ball activity. (Hurley 
et al, 1998). 

Subsequently, sensorimotor training 
adaptations improves rate of force 
development during voluntary isometric 
contraction performed to improve 
functional joint or postural stability. 
(Bruhn et al, 2004). 

Phase 2: Dynamic task phase: In 
secondary phase; Get Up and Go test (3 
metre walk) along with balance training is 
planned to restore neuromuscular control 
and coordination. This regimen 
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emphasizes joint loading and unloading, 
planter weight distribution, weight shift, 
postural accommodation during various 
ADL task within functional context under 
dynamic conditions (viz. balance board, 
trampoline activities,  Frankel’s Exercise 

and Get-up-and-go test). This phase is 
aimed to modify neuromuscular control 
and coordination improvising functional 
joint stability, proprioception and 
kinesthetic awareness. 

The purpose of this study was to 
identify the balance & postural 
impairments in osteoarthritis adults 
andcompare the efficacy of two treatment 
strategies viz. Structured Neuromuscular 
Postural Training (SNPT) with 
conventional treatment (CT). 
Material and Method:  

Symptomatic osteoarthritis knee 
patients visiting university hospital 
outpatient services of the Institute of 
Medical Sciences, BHU were recruited for 
the study. The individuals with 
radiographic confirmed knee osteoarthritis 
ranging between 41 to 80 years and having 
a risk/fear of fall gave their written consent 
and participated in full data collection. 
Exclusion criteria of study were sport 
injury/traumatic knee, inflammatory 
arthritis and metabolic disorders; along 
with specific vestibular, proprioceptive or 
visual impairment. 

After checking inclusion/exclusion 
criteria's and ethical consent at entry level, 
sixty-two male subjects randomized from 

Sept’ 2011 up to March’ 2013, according 
to random number table in two groups i.e. 
Conventional and Structured 
Neuromuscular postural training (SNPT) 
groups by fiveyears age interval match.  
The subjects were divided into pre elderly 
(40-60 Years) & elderly (>61 years) 
groups age wise. However, 5 subjects in 
SNPT group did not complete follow-up 
hence were excluded from the analysis. 
Main reasons given for not completing the 
trial included health (n=2), family (n=2) 
and transport (n=1) problems. Thus, study 
is presented for 57 male subjects. 

Subjects were evaluated for the 
balance variables such as viz. Timed up 
and go test (TUG), Berg balance test 
(BBT), Modified WOMAC (MW) and its 
subgroups pain (WP), stiffness(WS) and 
physical function(WPF)  at entry level. 

Control group subjects have 
undergone conventional approach 
(quadriceps strengthening & hamstring 
stretching) while, the study Group was 
subjected to Structured Neuromuscular 
Postural Training (SNPT) approach 
(strengthening focused muscle, knee joint 
distraction and dynamic balance training) 
for a week in OPD as per their allocation 
and  training program to each group and 
latter for 5 weeks at home. Further, SNPT 
Patientswere instructed to carry out 
Frankel’s exercise, proprioceptive 
reeducation & TUG at home, except 
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balance board, trampoline training carried 
out as outpatient.  

They were again measured for all the 
balance variables after 6 weeks.                     
 
Observations and results:    

Basic characteristics of the subjects 
were assessed at baseline to see the 
correlation among the study groups. Pre 
elderly conventional subjects (n=19) mean 
demographics are as (age 49.79±5.73 yrs.; 
height 170.42±5.32 cm.; weight 
71.11±8.84 kg. and BMI 24.61±2.02)  
while that of SNPT group (n=14) are as 
(age 52.57 ± 5.23 yrs; height 171.57 ± 4.80 
cm.; weight 76.21 ± 8.61 kg. and BMI 
26.04 ± 2.61). Similarly, elderly 
conventional subjects (n=12) mean 
demographics are as (age 67. 50 ± 4.58 
yrs.; height 169.92 ± 5.05 cm; weight  
71.67 ± 4.81 kg. and BMI  24.96 ± 2.02)  
while that of SNPT group (n=12) are as 
(age 67.92 ± 5.07 yrs.; height 166.50 ± 
6.33 cm.; weight 70.17 ± 7.08 kg. and BMI 
25.68 ± 3.32). There was no statistically 
significant difference at baseline in both 
pre elderly and elderly groups. It shows  
even  distribution  of  age,  height,  weight  
and BMI of  subjects  within  the treatment  
groups.   

The difference of balance parameters 
in osteoarthritis knee subjects between 
groups is presented in Figure 1-1 in pre 
elderly and elderly subjects. 

 
 

Fig. 1: Comparison of balance, &TUG variables in pre 
elderly & elderly subjects 

Fig. 1 shows the intergroup 
comparison of difference of quantitative 
balance TUG variables between baselines 
to 6 weeks follow up among pre elderly 
(PE) and elderly (E) group subjects. The 
difference was found to be statistically 
significant (t=3.81, p=0.001) for TUG in 
pre elderly SNPT treatment groups. Mean 
difference from baseline to follow up for 
TUG in SNPT was 0.71 sec. and 0.49 sec. 
in the convention group. This difference of 
mean was observed to be statistically 
highly significant (t=3.81, p<0.001) for 
SNPT treatment group compared to the 
conventional group.  Similarly, in elderly 
subjects, mean difference (post treatment – 
baseline) for TUG in SNPT group was 
found to be 0.72 sec. compared to 0.44 sec. 
in conventional group showing better 
efficacy of SNPT treatment. High 
statistically significant difference (t=5.54, 
p<0.001) was observed for SNPT 
treatment.  
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The percent change of speed from 
initial to 6 weeks follow up was observed 
as 6.28±1.69 for the conventional group as 
compared to 8.63±2.60 in SNPT pre 
elderly subjects (t=3.14, p=0.004). 
Similarly % change of speed was observed 
as 5.21±0.60 for the conventional group as 
compared to 7.56±2.00 in SNPT elderly 
subjects (t=3.89, p=0.001). This shows 
greater rate of speed improvement in 
SNPT intervention group compared to the 
conventional treatment group in both pre 
elderly and elderly subjects.  

 
Fig. 2:  Comparison of balance variable BBT in pre 

elderly & elderly subjects 

Fig. 2 shows that the validity of BBT 
could not be seen in studied qualitative 
scale BBT (Berg balance test) as it was 
statistically insignificant in both pre 
elderly and elderly group subjects. Non- 
statistically significant high scores in 
SNPT treatment group (2.57) was seen 
compared to the conventional group (2.27) 
in pre elderly subjects. Similarly non- 

statistically significant high scores in 
conventional treatment (8.0) was seen 
compared to SNPT (7.17) in elderly 
subjects. 

Fig. 3 shows that in the pre elderly 
subjects though  statistical significance 
(p<0.05) was visible comparing initial and 
6 weeks follow up for modified WOMAC 
subgroup pain (WP), other parameters 
were  insignificant. Further, at pre elderly 
level SNPT maneuver shows higher scores 
for all the balance variables and its impact 
is reliable and encouraging in pre elderly 
osteoarthritis knee.  

 

 
Fig. 3: Comparison of Balance and Functional 

variables at baseline and 6 weeks followup in pre 
elderly group 

The intergroup comparison of 
difference of balance assessment variable 
between baselines to 6 weeks follow up 
among elderly group is depicted in Fig. 4. 
It shows statistically high significant 
difference for balance assessment 
variables MW (modified WOMAC test) and 
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it’s subgroups WS (stiffness) and WPF 
(physical function) test. 

 
Fig 4: Comparison of subgroups of balance 

variable Mod. WOMAC (WP, WS and WPF) in 
elderly subjects 

 

 
Figure 5: Comparison of balance variables among 

groups 

The mean difference for balance 
parameters overall MW was statistically 
significant (t=2.55, p=0.018).  However, 
mean difference of subgroups of MW for 
balance parameters WS and WPF was 
statistically significant (t=2.55, p=0.018, 
t=2.16, p=0.042 respectively) showing 
conventional group to be better in efficacy 
compared to the SNPT group in elderly 
subjects.   

On the whole, quantitative balance 
parameter TUG has better efficacy in both 
the pre elderly and elderly subjects. At pre 
elderly level SNPT maneuver shows 
higher scores for all the balance variables 
and its impact is reliable and encouraging 
in pre elderly osteoarthritis knee. 
However, conventional groups shows 
better efficacy for the qualitative 
parameters MS, WS and WPF than SNPT 
in elderly group. Thus, SNPT was better in 
efficacy for pre elderly and conventional 
for elderly in osteoarthritis knee subjects. 

 
Discussion:  
The objective of the study was to 

assess the impact of balance variables in 
age related study groups. The intergroup 
comparison of difference of balance 
assessment showed that there was 
statistically high significant differences 
among elderly groups for variables TUG, 
MW, WS and WPF.  Pre elderly group 
showed higher significance for TUG 
variable and significant for MW and WP. 

In the present study, TUG average 
mean time score was 8.47 seconds at 58.02 
years age and has been statistically 
significant in both pre elderly and elderly 
age groups. This finding is consistent with 
prior research that has shown the mean 
time score in TUG calculated as 9.4 
seconds by Bohannon, (2006);and 
Pondaland Del ser, (2008). 

However, significance and validity of 
BBT could not be seen in any of the 
treatment groups in our study subjects i.e. 
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both were equally effective. This is in 
agreement with similar findings reported 
by Bogle Thorbahn et al (1996) study who 
also found no relationship between 
increasing age and decreasing 
performance. Decreased scores did not 
predict increased frequency of falls. 
Studies by Thorp e al (2010) and Juhl et al 
(2012) were also consistent with our 
results which have similar effect of 
WOMAC and its subscales. Juhl et al 
(2012) meta-analyses in knee osteoarthritis 
scaled   WOMAC “pain” and “function” 

subscales were the most responsive 
composite scores.  In our study WOMAC 
pain subscale was responsive in pre elderly 
and stiffness and physical function were 
responsive in elderly group subjects. 

It could be argued that the kinematic 
differences in TUG may be indicative of 
characteristic gait adaptations due to knee 
OA rather than joint instability. Individuals 
with OA exhibit reduced walking 
speed/cadence (Broströmet al, 2012) likely 
due to alterations in the neuromuscular 
strategy of the lower extremity kinetic 
chain in response to joint pain or muscle 
weakness. (Zeni and Higginson, 2011). 
Further, Gok et al (2002) reported an 
increased dynamic varus malalignment 
during the loading response phase of gait 
in medial knee OA subjects. Thus, the 
exact contribution of either knee OA or 
joint instability to the reported alterations 
in knee joint kinematics cannot be readily 
elucidated. 

Fall-prevention research interventions 
(Shumway-Cook et al, 1997; Robitaille et 
al, 2005 and Shubert, 2011) suggest that 
for best possible results, the exercise 
program needs to be structured, 
progressed, and must accomplish the 
minimum dose of exercise over a definite 
period of time (Cameron et al, 2010). The 
program designed has to be progressive 
and challenging as individual master’s 

different strength, balance and 
coordination skills (Thorp et al, 2010). 

The postural stability and balance has 
impact of feed-forward anticipatory 
control, in the form of SNPT approach 
based on motor learning. The strength 
training by way of high resistance 
improves the mechanical efficacy of the 
efferent drive on the motoneurons, while 
sensorimotor training alters the afferent 
input on the CNS. (Bruhn et al, 2004). 

Summary & Conclusions: When focus 
is placed merely on the balance assessment 
in healthy and active elderly, it becomes 
difficult to find good suggestions for a 
valid test battery for fall risk assessment. 
Present study concludes that one should 
use treatment strategy depending upon the 
age i.e. SNPT in pre elderly and 
conventional in elderly subjects. The 
compared treatment strategies strength vs 
balance training were found to be equally 
effective and superior to each other at few 
balance parameters, indicates the need to 
blending of strength training with balance 
training for better outcome. 
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Abstract 

 
Aim: To study the audio and visual response time of type 2 
diabetics and non-diabetics. Materials & Method: Thirty 
type 2 diabetics (age 49±7 years) and thirty non- diabetics 
(45±5 years) males volunteered to participate in this study as 
subjects. Response Analyzer was used to measure the audio 
and visual response times. Result: Audio-1 (0.960 ± 0.34ms), 
Audio-2 (1.043±0.79ms), Audio-3 (1.082±0.86ms), Audio-
4 (0.986±0.46ms) and combined auditory response time 
(1.048±0.57ms) of type 2 diabetics. Audio-1, Audio-2, 
Audio-3, Audio-4 and combined auditory response time of 
non-diabetics was 0.841±0.23ms, 0.782±0.35ms, 
0.762±0.40ms, 0.793±0.25ms and 0.797±0.17ms 
respectively. Visual-1 (0.736±0.28ms), Visual-2 (0.653± 
0.27ms), Visual-3 (0.649 ± 0.34ms), Visual-4 (0.654± 
0.21ms) and combined visual response times (0.679± 
0.25ms) of type 2 diabetics and Visual-1, Visual- 2, Visual-
3, Visual-4 and combined visual response time of non-
diabetics was 0.618 ± 0.14ms, 0.571 ± 0.07ms, 0.604 ± 
0.10ms, 0.631 ± 0.14ms, and 0.604 ± 0.07ms respectively. 
The absolute and percent difference between various audio 
and visual response time of type 2 diabetic and non-diabetics 
were statistical significant. Conclusion: It was concluded 
that type 2 diabetics respond slowly to the various audio and 
visual stimuli as compared to non-diabetics. Thus, auditory 
and visual response time can be considered as an ideal tool 
for measuring audio-visual sensory motor association in type 
2 diabetics and to highlight the importance of auditory and 
visual response time testing in routine examination of type 2 
diabetics. We can manage the complications of neuropathy 
in type 2 diabetics which may lead to morbidity in them. 

  
 

52

http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302342020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302342020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302342020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302342020.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302342020.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302342020.pdf


ISSN 0973-2020 

Audio and Visual Response Time of Type 2 Diabetics and Non-Diabetics 

Journal of Exercise Science & Physiotherapy  

JESP Vol. 11, No. 1, 2015: 52-57         Published by 

Exercise Fitness & Health Alliance 

Article no. 234; UAIC: 97302342020 

 

Journal of Exercise Science & Physiotherapy is indexed with Citefactor, Researchbible, Medind, Hinari, Innospace, Informit, Google Scholar, Academic Keys, 
wordCat, J-Gate, Jour Informatics, GIF, Directory of Science (Impact Value 19.79), Indianscience.in, ICMJE, Infobase Index (IBI factor 3.4). Electronic 

Journals Library, University Library of Regensburg, International Scientific Indexing (ISI), SIS, International Impact Factor Service, MIAR, DRJI, Advanced 
Sciences Inerdex (ASI) Germany (Impact factor 0.8), Jifactor (Impact Factor 0.5), Open Academic Journals Index, Sjournals Index, Index Copnicus, 

http://www.sherpa.ac.uk/romeo/ as Romeo blue journal. Digital archiving finalised with Portico. 
 

 
53 

Introduction 

The Diabetes mellitus is becoming 
more and more prevalent in Indian society. 
In India, it is estimated that approximately 
2% of the population, 15 million people 
have diabetes (Swami, 1984). The number 
of cases is said to be rising by 5%-6% each 
year and an estimated 300,000 people die 
from diabetes and its complication 
(Herman et al., 1984). There are about 
3.5crore diabetics in India and the figure 
will rise to about 5.2 crore by 2025. Every 
5th patient visiting a consulting physician is 
a diabetic, and, every 7th patient visiting a 
family physician is a diabetic. Keeping in 
view the alarming increase in the incidence 
and prevalence of diabetics in India, WHO 
has declared India as the “Diabetic Capital 
of the World” (Vijay, 2002). The most 
common neuropathy affecting individuals 
with diabetes is diffuse neuropathy of the 
distal symmetric sensor motor type (Brown 
& Asbury 1984). Diabetic retinopathy, a 
secondary microvascular complication of 
diabetes mellitus is the leading cause of 
blindness in the United State amongst 
individuals age 20 to 64 (National 
Institutes of Health 2007 and World Health 
Organization 2007). Diabetes retinopathy 
is most concerning since it poses the 
greatest threat of vision loss (International 
Diabetes Federation 2005). All persons 
with diabetes are at risk of developing 
retinal complication. Diabetes mellitus is 
responsible for abnormality in various 
organs, as well as hearing system and 
sudden deafness (Fukiui et al., 2004). The 

sense organ of hearing- the organ of corti 
has complex components and arrangement 
which makes it a potential target for 
hyperglycemic damage. Damage of any 
part of the hearing mechanism can lead to 
hearing loss. Studies have shown positive 
correlation between hearing loss and 
Diabetes Mellitus (U.S Department of 
Health and Human Services 2010). Rosen 
and Davis, who sought a possible 
correlation between sensor-neural hearing 
loss and microangiopathy in diabetic 
patients, conclude that hearing loss is 
definitely common in diabetes patients 
(Rosen & Devis 1971). Vascular changes 
in the inner ear are regarded as the most 
important changes in diabetes 
(Schuknecht, 1993; Tomisawa, 2000). 
Several authors reported a higher 
incidence of hearing loss in diabetic patient 
in comparison to the general population 
(Tomisawa, 2000; Kasemsuwan at al, 
2001). Auditory and visual response time 
is considered as an ideal tool for measuring 
sensory motor association (Shenvi & 
Balasubramanian 1994; Griard & 
Peronnet 1999; Ashok et al., 2014). There 
is paucity of data relating to the auditory 
and visual response time among Punjabi 
type 2 diabetics, therefore the study was 
undertaken to highlight the importance of 
auditory and visual response time in 
routine examination of type 2 diabetic 
subjects and to reduce the neuropathy 
related morbidity (Porciatti et al., 1999; 
Perryman & Fitten 1996; Lewis and 
Brown 1994; Brooke et al., 1989). The aim 
of the present study was to observe and 
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compare the audio-visually response time 
of type 2 diabetics and non diabetics. 

Material and Methods 

Sixty males voluntarily participated 
in this study as subjects. Out of sixty 
subjects, thirty were type 2 diabetic and 
thirty non-diabetics and their age ranged 
from 40 to 60 years. All the subjects were 
right handed, non-smokers and non-
alcoholic. The audio-visual response time 
in milliseconds was measured with help of 
digital response analyzer. The audio 
response time was recorded for very high 
frequency (Audio-1), high (Audio-2), 
medium (Audio-3) and low (Audio-4) 
sound stimuli. The visual response time 
was recorded for red (Visual -1), green 
(Visual -2), blue/indigo (Visual -3) and 
yellow/amber light stimuli (Visual -4). The 
subject was required to respond to the 
stimulus by pressing an appropriate button. 
The display screen of digital response 
analyzer indicated the response time in 
milliseconds. All subjects were given 
practice trials and instructed to respond as 
quickly as possible. The average of the 
three readings was taken as the value for 
audio and visual response times. 
Statistical Analysis: Data were statistically 
analyzed with an appropriate tests by using 
the SPSS Software (SPSS 16.0 free trial 
version for Windows, SPSS Inc., Chicago, 
IL, USA). Results were represented as 
mean and standard deviation. 
Result and Discussion  

Table 1 shows mean of audio 
response times for different frequency 

sounds in Type 2 diabetics and Non-
diabetics.  
Table 1. Audio Response Time of Type 2 diabetics & 

Non-diabetics 
Variable Group Mean SD Difference % 
Audio 1 
(Very high 
Freq. 
Sound), 
msec 

T2D 0.960* 0.34 
-0.119 

-
12.39 

ND 0.841* 0.23 

Audio 2 
(high Freq. 
Sound),  
msec 

T2D 0.986* 0.46 
-0.203 

-
20.68 ND 0.782* 0.35 

Audio 3 
(Medium 
Freq. 
Sound),  
msec 

T2D 1.043* 0.79 
-0.281 

-
26.84 

ND 0.762 0.40 

Audio 4 
(Low Freq. 
Sound),  
msec 

T2D 1.082* 0.86 
-0.289 

-
26.70 

ND 0.794* 0.83 

Combined 
(Audio 
1,2,3 & 4)),  
msec 

T2D 1.048* 0.57 
-0.251 

-
23.95 ND 1.097* 0.17 

T2D: Type 2 Diabetics, ND: Non Diabetic, * significant at the 0.05 level 

The mean audio response time of 
type 2 diabetics for audio 1-very high 
frequency sound, audio 2-high frequency 
sound, audio 3- medium frequency sound, 
audio 4-low frequency sound and 
combined audio response times were 
0.960±0.34msec, 0.986±0.46, 1.043±0.79, 
1.082±0.86msec and 1.048±0.57msec 
respectively. The mean audio response 
time of non-diabetics for audio 1 sound, 
audio 2 sound, audio 3 sound, audio 4 
sound and combined audio response times 
were 0.841±0.23msec, 0.782±0.35msec,  
0.762±0.40 msec, 0.793±0.24 msec and  
0.797±0.17msec respectively. The 
absolute (and percent)  mean difference 
between  Type 2 diabetics and Non-
diabetics for  audio 1, audio 2, audio 3, 
audio 4 and combined audio response time 
were -0.119 msec (-12.39%),  -0.203msec  
(-20.68%), - 0.281msec (-26.94%), -
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0.289msec (-26.70%) and -0.251msec (-
23.95%) respectively. The differences in 
various audio response times between type 
2 diabetics and non-diabetics were 
statistically significant with diabetics 
taking significantly greater time to respond 
to different frequency of audio stimuli. 

Table 2 shows mean of visual 
response times for different colour lights in 
Type 2 diabetics and Non-diabetics. The 
mean visual response time of type 2 
diabetics for visual 1-red light, visual 2-
blue/indigo light, visual 3- green light, 
visual 4-yellow/amber light and combined 
visual response time were 
0.736±0.28msec, 0.653±0.27, 0.649±0.34, 
0.654±0.21 and 0.679±0.25msec 
respectively. The mean visual response 
time of non-diabetics for visual 1 light, 
visual 2 light, visual 3 light, visual 4 light 
and combined visual response time were 
0.618±0.13msec, 0.571±0.07msec, 
0.604±0.10 msec, 0.631±0.14 msec and 
0.604± 0.07msec respectively. The 
absolute (and percent) mean difference 
between Type 2 diabetics and Non-
diabetics for visual 1-red light, visual 2-
blue/indigo light, visual 3-green light, 
visual 4-yellow/amber light and combined 
visual were -0.117msec (-16.03%), -
0.082msec (-14.36%), -0.045msec (-
6.93%), -0.022msec (-3.51%) and -
0.075msec (-11.04%) respectively. The 
differences in various visual response 
times between type 2 diabetics and non-
diabetics were statistically significant with 
diabetics taking significantly longer time 

to respond to different colours of light 
stimuli. 

Table 2. Visual Response Time of Type 2 diabetics & 
Non-diabetics 

Variable Group Mean SD Difference % 
Visual 1 
(Red Light), msec 

T2D 0.736* 0.28 
-0.117 

-
16.03 ND 0.618* 0.13 

Visual 2 
(Blue/Indigo), 
msec 

T2D 0.653* 0.27 
-0.082 

-
14.36 ND 0.571* 0.07 

Visual 3 
(GreenLight), 
msec 

T2D 0.649* 0.34 
-0.045 -6.93 

ND 0.604 0.10 

Visual 4 
(Yellow/Amber), 
msec 

T2D 0.654* 0.21 
-0.022 -3.51 

ND 0.631* 0.14 

Combined 
(Visual 1,2,3 & 
4)),  
msec 

T2D 0.679* 0.25 

-0.075 
-

11.04 ND 0.604* 0.07 

T2D: Type 2 Diabetics, ND: Non Diabetic, * significant at the 0.05 level 

Table 3 shows comparison of audio 
and visual response time for different 
sound and colour light stimulus of Type 2 
diabetics. The absolute (and percent) mean 
difference for audio 1- very high frequency 
sound vs. visual 1-red light, audio 2- high 
frequency sound vs. visual 2-blue/indigo 
light, audio 3- medium frequency sound 
vs. visual 3-green light, audio 4- low 
frequency sound vs. visual 4-yellow/amber 
light and combined audio vs. combined 
visual were -0.224msec (-23.33%), -
0.333msec (-33.77%), -0.394msec (-
37.77%), -0.428msec (-39.55%) and -
0.369msec ( -35.20%) respectively. The 
differences in various audio and visual 
response times of type 2 diabetics were 
statistically significan with diabetics 
taking significantly greater time to respond 
to different frequency of audio stimuli & 
different colours of light stimuli. 

Table 4 shows comparison of audio 
and visual response time for different 
sound and colour light stimuli in non-
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diabetics. The absolute (and percent) mean 
difference for audio 1- very high frequency 
sound vs. visual 1-red light, audio 2- high 
frequency sound vs. visual 2-blue/indigo 
light, audio 3- medium frequency sound 
vs. visual 3-green light, audio 4- low 
frequency sound vs. visual 4-yellow/amber 
light and combined audio vs. combined 
visual was -0.223msec (--26.51%), -
0.211msec (-26.98%), -0.158msec (-
20.73%), -0.162msec (-20.42%) and -
0.193msec  (-24.21%) respectively. The 
differences in various audio and visual 
response times of non- diabetics were 
statistically significant. 

Table 3. Comparison of Audio and Visual Response 
Time of Type 2 diabetics  

Variables  Mean SD Absolute 

difference 

Difference 

%  

Audio 1 (very high frequency 

sound) (msec)  
0.960* 0.34 

-0.224 -23.33 

Visual 1 (red light) (msec) 0.736* 0.28 

Audio 2 (high frequency 

sound) (msec) 
0.986* 0.46 

-0.333 -33.77 
Visual 2 (blue/indigo light) 

(msec) 
0.653* 0.27 

Audio 3 (medium frequency 

sound) (msec) 
1.043* 0.79 

-0.394 -37.77 

Visual 3 (green light) (msec) 0.649* 0.34 

Audio 4 (low frequency sound) 

(msec) 
1.082* 0.86 

-0.428 -39.55 
Visual 4 (yellow/amber light) 

msec) 
0.654* 0.21 

Combined Audio (1+2+3+4) 

msec 
1.048* 0.57 

-0.369 -35.20 
Combined Visual(1+2+3+4) 

(msec) 
0.679* 0.25 

*significant at the 0.05 level 
Table 4. Comparison of Audio and Visual Response 

Time of Non- diabetics 
Variables  Mean Std. 

Deviation 

Absolute 

difference 

%Percent 

Difference 

Audio 1 (very high 

frequency sound) (msec)  
0.841* 0.23 

-0.223 -26.51 

Visual 1 (red light) (msec) 0.618* 0.13 

Audio 2 (high frequency 

sound) (msec) 
0.782* 0.35 

-0.211 -26.98 
Visual 2 (blue/indigo 

light) (msec) 
0.571* 0.07 

Audio 3 (medium 

frequency sound) (msec) 
0.762* 0.40 

-0.158 -20.73 
Visual 3 (green light) 

(msec) 
0.604* 0.10 

Audio 4 (low frequency 

sound) (msec) 
0.793* 0.24 

-0.162 -20.42 
Visual 4 (yellow/amber 

light) msec) 
0.631* 0.14 

Combined Audio 

(1+2+3+4) msec 
0.797* 0.17 

-0.193 -24.21 
Combined 

Visual(1+2+3+4) (msec) 
0.604* 0.07 

*significant at the 0.05 level 

Delayed audio-visual response time 
in Type 2 diabetics without clinical 
neuropathy symptom can be taken as a 
sensitive indicator of early nerve damage 
without clinical signs or symptoms. 
Diabetes mellitus is responsible for 
abnormality in various organs, as well as 
hearing system and sudden deafness 
(Fukiui et al., 2004). The sense organ of 
hearing- the organ of corti has complex 
components and arrangement which 
makes it a potential target for 
hyperglycemic damage. Damage of any 
part of the hearing mechanism can lead to 
hearing loss. Studies have shown positive 
correlation between hearing loss and 
Diabetes Mellitus (U.S Department of 
Health and Human Services 2010). 
Vascular changes in the inner ear are 
regarded as the most important changes in 
diabetes (Tomisawa, 2000; Schuknecht, 
1993). Several authors reported a higher 
incidence of hearing loss in diabetic patient 
in comparison to the general population 
(Kumar et al., 2014; Kasemsuwan at al, 
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2001; Tomisawa, 2000). Conclusion: It 
was concluded that type 2 diabetics 
respond slowly to the various audio and 
visual stimuli as compared to non-
diabetics that is audio-visual response time 
of type 2 diabetics were more than non-
diabetics. Thus, auditory and visual 
response times can be considered as an 
alternative tools for measuring audio-
visual sensory motor association in type 2 
diabetics and to highlight the importance 
of auditory and visual response time 
testing in routine examination of type 2 
diabetics. We can manage the 
complications of neuropathy in type 2 
diabetics which may lead to morbidity in 
them. 
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Abstract 

 
Objectives: The objective of the present 
study was to identify the gait changes in 
T2DM subjects without PN (Peripheral 
Neuropathy). Methods: 36 T2DM 
subjects without PN and 32 age matched 
non-diabetic subjects (NDM) were 
recruited.  Gait characteristics were 
analyzed using Win-track dynamic foot 
scanner. Data were analyzed using 
independent ‘t’ test. Level of 

significance was kept at P<0.05. 
Results: Analysis showed no significant 
differences in gait characteristics in 
T2DM subjects without PN as compared 
to NDM subjects. Conclusions: T2DM 
subjects without PN presents with a gait 
same as subjects without T2DM. Gait 
changes in T2DM are dependent on loss 
of protective sensation of the foot and 
intrinsic foot muscle atrophy. Therefore, 
dynamic foot analysis should be 
incorporated in routine diabetic foot 
evaluation to understand the gait in 
T2DM and hence many complications 
can be prevented. 
 

 
 

Introduction 

58

http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302352020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/ABSTRACT-UAIC-97302352020.1.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302342020.pdf
http://www.efha.in/wp-content/uploads/2015/01/FULL-TEXT-UAIC-97302342020.pdf


ISSN 0973-2020 

Analysis of Gait Characteristics Using a Dynamic Foot Scanner in Type 2 Diabetes Mellitus without 
Peripheral Neuropathy  

Journal of Exercise Science & Physiotherapy  

JESP Vol. 11, No. 1, 2015: 58-64         Published by 

Exercise Fitness & Health Alliance 

Article no. 235; UAIC: 97302352020 

 

Journal of Exercise Science & Physiotherapy is indexed with Citefactor, Researchbible, Medind, Hinari, Innospace, Informit, Google Scholar, Academic Keys, 
wordCat, J-Gate, Jour Informatics, GIF, Directory of Science (Impact Value 19.79), Indianscience.in, ICMJE, Infobase Index (IBI factor 3.4). Electronic 

Journals Library, University Library of Regensburg, International Scientific Indexing (ISI), SIS, International Impact Factor Service, MIAR, DRJI, Advanced 
Sciences Inerdex (ASI) Germany (Impact factor 0.8), Jifactor (Impact Factor 0.5), Open Academic Journals Index, Sjournals Index, Index Copnicus, 

http://www.sherpa.ac.uk/romeo/ as Romeo blue journal. Digital archiving finalised with Portico. 
59 

Type 2 diabetes mellitus (T2DM) is a 
multi-system, metabolic disease 
characterized by increased blood glucose 
and has become one of the major health 
troubles in the world (Wyatt & Ferrance, 
2006). According to the International 
Diabetes Federation (IDF, 2013), the total 
number of people with diabetes in all age-
groups worldwide was estimated to be 382 
million in 2013 and expected to grow to 
592 million by 2035. In India alone, it was 
anticipated to be about 65.1 million in 
2013, and likely to rise to 109.0 million by 
2035 (IDF, 2013). 

In normal everyday life activities, 
lower limbs readily accommodate even 
and uneven surfaces. Efficiency to 
overcome all these daily activities depends 
on structural and operational ability of the 
lower limbs during walking (Baker, 2006). 
Normal walking consists of two phases, 
stance and swing. Stance phase is 
subdivided into three intervals (initial 
double stance, single limb support and 
terminal double support (Atkinson et al, 
2005). 

Peripheral neuropathy (PN) is the 
well-known diabetic complication 
attributed to chronic hyperglycemia 
(Bansal et al, 2014). Studies reported that 
T2DM subjects with PN are 15 times more 
prone to report injuries due to altered gait 
than T2DM subjects without PN (Bansal et 
al, 2014). Altered gait changes may 
contribute to various complications like 
callus formation, toe deformities and 
plantar ulcers where most of these users 
developed during walking (Richardson et 

al, 1992). Studies reported that gait 
changes and falls are dependent of PN and 
this gait change does not usually occur 
until late diabetes and long duration after 
balance impairments seen (Muelleret al, 
1989; Dingwell et al, 2000; Richardson, 
2002). A study conducted by Petroskey et 
al (2005) reported that whatever the 
mechanism, subjects with diabetes 
presents deficits in gait before the 
objective loss of protective sensation in the 
feet (Brach et al, 2008). These 
contradictory studies underscore the fact 
that the movements of gait abnormalities in 
T2DM are not light and under debate. 

Gait analysis plays a major role in 
diagnosis of functional locomotion 
impairments. Studies have utilized several 
methods like 3D gait analysis in a gait lab 
with high definition cameras and reflective 
markers, power plates, accelerometers to 
study the biomechanical characteristics of 
the gait in diabetic subjects (Katoulis et al, 
1997; Richardson et al, 2004; Petrofsky et 
al, 2005). These methods involve a special 
gait lab, which is expensive and this 
process is time consuming and difficult to 
perform in routine clinical foot assessment. 
Looking at all these factors, the objective 
of the present work is to examine the gait 
characteristics using a dynamic foot 
scanner in T2DM with no PN.                

Materials & Methods 

The present study was approved by 
the Institutional Ethical Committee (IEC). 
Thirty six type 2 diabetes mellitus subjects 
without peripheral neuropathy and 32 age 
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matched healthy subjects were screened 
and recruited. A written informed consent 
was obtained from all the subjects and 
detailed baseline clinical evaluations were 
done. Subjects without peripheral 
neuropathy, no foot deformities, foot 
ulcers and who were able to walk 
independently were included in the study. 
Subjects with hypothyroidism, 
retinopathy, musculoskeletal disorder and 
other neurological disease were excluded. 
Absence of peripheral neuropathy was 
confirmed by doing following clinical 
evaluations: 

10g monofilament (5.07) testing: The 
sensory test was performed with the 
subject in supine lying and the result was 
recorded as absent, reduced or present 
depending on the subject’s response. 

Vibration perception threshold (VPT): The 
vibration threshold was examined using 
Biothesiometer with the subject in supine 
lying and the result was recorded and 5mv-
14mv is considered absence of peripheral 
neuropathy and 15mv-24mv is considered 
risk for developing peripheral neuropathy 
and above 25mv is considered presence of 
peripheral neuropathy.  

Michigan Neuropathy screening 
instrument:  During the examination, 
subject’s foot was inspected for 

abnormalities in the foot. Each foot with 
any abnormality received a mark of 1. 
Each foot was also examined for ulcers and 
each foot with an ulcer received a score of 
1. The ankle reflexes were elicited. If the 
reflex was present and it’s scored as 0, the 

reflex designated as present with 

reinforcement and was scored as 0.5. If the 
reflex was absent and it was scored as 1. 
Vibration sensation tested same as above 
mention in VPT. Vibration was scored as 
present if the subject was able to feel 
within 8Mv and scored as 0, if the subject 
was able to sense from 15mv- 24mv, he 
was given score of 0.5 and if the subject 
was not able to feel or feel in within an 
above 25mv he was given score of 1. The 
total potential score is 8 and, in the 
published score algorithm, a score ≤ 2.5 is 

considered absence of peripheral 
neuropathy, score of 2.5-4 is considered 
risk for developing peripheral neuropathy 
and above 4 is considered presence of 
peripheral neuropathy. 

Dynamic gait analysis: Gait characteristics 
analysis was performed using Win-Track 
(MEDICAPTEURS Technology France) – 
Dynamic foot scanner.  The win - track 
consisted of a 4m long walkway and a data 
processing system that checked the 
dynamic scanner through software. Test 
procedures were demonstrated and made 
familiar to all the subjects. Subjects were 
instructed to look ahead and walk on the 
platform at a comfortable speed. The data 
were transmitted to the computer through 
win-track software for analysis. SPSS 
version 16.0 for windows was used for data 
analysis. Normality test was held out and 
independent ‘t’ test was employed to 

determine the difference between the 
groups. Level of significance was kept at 
P<0.05. 

Results 
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In the present study, a total of 68 
subjects (47 males and 21 females) were 
included. 36 type 2 diabetes mellitus 
subjects without peripheral neuropathy 
had a mean age of (48.22 ± 8.163yrs), 
mean BMI (24.15 ± 2.49) and Mean 
duration of type 2 diabetes mellitus was 

9.39 ± 5.05 yrs. 32 non diabetic subjects 
had a mean age of (48.59 ±12.33yrs), mean 
Body Mass Index (24.07 ± 3.80) as 
presented in Table 1. 

     

Table 1. Descriptive characteristics of T2DM subjects with no PN and NDM subjects. 
 

Group N Mean ± SD 

Gender Males 
females 

47 
21 

 

Age (years) T2DM with no PN 
NDM 

36 
32 

48.22 ± 8.163 
48.59 ±12.33 

BMI T2DM with no PN 
NDM 

36 
32 

24.15 ± 2.49 
24.07 ± 3.80 

Duration of Diabetes 
 

T2DM with no PN 
 

36 9.39 ± 5.05  

T2DM: Type 2 diabetes mellitus, PN: peripheral neuropathy, NDM: Non diabetes mellitus, BMI: Body mass index 

Table 2. Comparison of gait parameters between T2DM subjects without PN and NDM subjects. 
 
Parameters 

T2DM with no PN 
(mean ± SD) 

NDM subjects 
(mean ± SD) 

95% Confidence 
Interval  

(lower, upper) 

 
p-value 

Step duration Right 600.28 ± 164.95 646.22 ± 224.36 -140.59, 48.70 0.336 

Step duration Left 636.89 ± 199.88 694.69 ± 221.50 -159.81, 44.22 0.262 

Step length Right 498.47 ± 198.45 528.88 ± 114.53 -110.17, 49.37 0.449 

Step length Left 498.58 ± 210.80 502.94 ± 147.56 -93.52, 84.81 0.923 

Gait cycle length Right 866.58 ± 241.43 947.75 ± 194.37 -186.83, 24.49 0.130 

Gait cycle length Light 906.28 ± 196.23 980.78 ± 165.20 -162.05, 13.04 0.094 

Gait cycle duration 1220.00 ± 265.51 1253.59 ± 237.69 -156.23, 89.04 0.586 

Stride duration 1774.72 ± 240.24 1680.94 ± 327.60 -44.28, 234.80 0.180 

T2DM: Type 2 diabetes mellitus, PN: peripheral neuropathy, NDM: Non diabetes mellitus. 

Gait characteristics of T2DM 
subjects without PN and NDM subjects are 
summarized in Table 2.  During walking, 
T2DM without PN group showed no 
difference in all the gait characteristics 
compared to NDM subjects, step duration 
(right p=0.336, left p=0.262), gait cycle 
length (right p=0.449, left p=0.923), gait 

cycle duration (p=0.586), stride duration 
(p=0.180) compared to NDM subjects. 

Discussion 

In the present study, gait 
characteristics were analyzed in T2DM 
subjects without PN. Result analysis 
showed no change in the gait 
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characteristics in T2DM subjects without 
PN as compared to NDM subjects. 

Several studies have documented that 
subjects with type 2 diabetes mellitus with 
peripheral neuropathy report altered gait 
characteristics (Richardson et al, 1992; 
Muelleret al, 1989; Dingwell et al, 2000). 
The possible mechanism for altered gait 
characteristics with peripheral neuropathy 
could be due to several causes. The loss of 
proprioception, sensory loss and intrinsic 
foot muscle weakness occurs in later 
phases of diabetes mellitus that lead to 
changes in gait characteristics (Brach et al, 
2008; Katoulis et al, 1997; Richardson et 
al, 2004). 

Very few studies documented that 
type 2 diabetes mellitus subjects without 
peripheral neuropathy report altered gait. 
A survey led by Petrofsky et al (2005) 
found a reduction in gait characteristics 
like step duration and step length walking 
on a floor surface. But the limitation of this 
work was, their study was conducted on 
older age group. The gait changes 
observed can be immediately linked to 
ageing. Sawacha et al (2009) conducted a 
survey to investigate gait changes in 
T2DM without PN and reported that these 
gait changes can be due to somatic motor 
and vestibular changes associated with 
T2DM. The mechanism of impairment to 
the vestibular, autonomic and somatic 
system has been considered to be due to 
compromised microcirculation associated 
with poor glycemic control in T2DM. 
Vestibular system in the internal ear is 
highly vascularized but in diabetes 

mellitus due to altered microcirculation an 
oxygen and nutrient supply is decreased, 
which affects somatic and autonomic 
reflexes leading to altered gait in T2DM 
without PN. Damage to the vestibule, 
somatic and autonomic system occurs over 
a period of time, which is dependent on 
duration of diabetes mellitus and it is 
proved that longer the duration of diabetes 
and uncontrolled diabetes higher the 
chance of presenting with peripheral 
neuropathy and altered gait. However, in 
the present study, we didn’t find any 
alteration in the gait in T2DM subjects 
without PN. This can be due to gait 
alterations are independent of the loss of 
protective sensation in the feet, atrophy of 
the intrinsic foot muscles, damage to 
vestibular, somatic and autonomic system 
occurs over a period of time and depends 
upon how the diabetes mellitus controlled 
and managed. Gait alteration can be seen 
in T2DM subjects with uncontrolled blood 
sugar levels, which diminishes the 
microcirculation by a damaging peripheral 
nervous system which includes somatic 
and autonomic and vestibular system 
leading to altered gait. 

All the studies which reported on gait 
characteristics have used sophisticated gait 
labs which consists of 3D cameras and 
sensors on the body at the joint levels and 
electromyography to record the muscle 
activity. This may not be possible in 
routine clinical diabetic gait evaluation 
because it is expensive and time 
consuming. Hence, in our study, we 
employed a simple, cost effective and easy 
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to perform tool Win-track 
(MEDICAPTEURS Technology France) –
Dynamic foot scanner to analyze gait 
characteristics and can be performed in 
routine clinical diabetic gait analysis.  

Conclusion: Gait changes observed in 
diabetes mellitus subjects are dependent on 
loss of proprioception, loss of protective 
sensation in the feet and weakness of the 
intrinsic foot muscles which occurs in later 
phases of diabetes mellitus depends upon 
duration of diabetes and how blood sugar 
levels are controlled. In regular clinical 
foot assessment dynamic foot scanner can 
be employed to evaluate gait, as it is not 
time consuming and doesn’t need a 
separate clinical lab for the valuation. 
Therefore, we recommend using a foot 
scanner as one of the tools in the 
comprehensive clinical foot evaluation for 
screening patients with diabetes mellitus. 
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Instructions to Contributors 
Journal of Exercise Science and Physiotherapy 

(JESP) is a scientific peer reviewed journal, publishing 
research studies and review articles in the field of sports 
injuries, physiotherapy, exercise physiology, sports 
rehabilitation, diseases and exercise, sports psychology, 
nutrition, physical education, sports biomechanics, kinesiology 
and sports education. 

JESP is published annually in June but is planned 
to be published biannually in the near future. Articles written 
in English should be sent to the editor of JESP. The research 
paper for publication in the journal could be sent not only in 
typed manuscript form but also through the Internet using 
email attachment. Keeping in view the postal delays, authors, 
therefore, are encouraged to submit their research 
material/articles as email directly to satishsk1@rediffmail.com  
 
Mission 

JESP aims to present easy access to the scientific 
knowledge for health & sport conscious individuals. The 
purpose is to minimise the problems like the delays in 
publishing process of the articles by drawing advantage from 
electronic medium. 

Instructions to Authors 

The articles may be submitted to the Editor, 
JESP (email: satishsk1@rediffmail.com OR editor@efha-
in.org). Manuscripts are considered if they are submitted only 
to JESP and therefore should not be under consideration for 
publication elsewhere, either in part or in whole. Authors are 
responsible for the scientific context and legal aspects of the 
articles. Editors may make necessary changes to articles in 
accordance with “Instructions to Authors”. Normally the 

complete research paper should not exceed 15 typed pages 
including tables and figures; however under exceptional 
circumstances this limit can be relaxed. There is no page and 
reference limitation for the review articles. All files related to 
manuscripts should be submitted electronically. Internet 
transmission and e-mail attachments are preferred; CD-ROM 
is acceptable for large files. Text files should be in Microsoft 
Word 6.O and later versions. Each figure, table, photograph or 
other image should be submitted electronically. The 
manuscripts should be submitted in Times New Roman font, 
12-point type, double-spaced with 3 cm margins on all sides. 
The reference style used by the Journal is the Harvard System 
of referencing. 

Format for Research Article 

Include the following sections in research articles 
without page space: 
Title:Capital letters. 
Authors:Surname followed by initials and institution(s) where 
the study was conducted. 

AbstractInclude an abstract of not more than 150 words that 
includes objectives, methods, results and conclusions. 
KEY WORDS: To assist in indexing the journal, list up to 6 
key words (not from title), which your article could be indexed.  

INTRODUCTION 

METHODS 

RESULTS 

DISCUSSION 

CONCLUSION 

ACKNOWLEDGMENTS: Provide information sufficient to 
identify sources of support, technical assistance, and 
intellectual contributions not associated with authorship. 
REFERENCES:Each citation in the text must be noted by 
surname and year in parentheses and must appear in the 
reference section as an alphabetic order. Example for citation 
in the text; a) for single author (Gür, 1999), b) for two authors 
(Gür and Akova, 2001), c) more than two authors (Gür et al., 
2000). 

Journal Article: 

Akova, B., Sürmen-Gür, E., Gür, H., Dirican, M., 
Sarandöl, E. and Kücükoglu, S. 2001. Exercise-induced 
oxidative stress and muscular performance in healthy women: 
role of vitamin E supplementation and endogenous estradiol. 
European Journal of Applied Physiology, 84: 141-147. 

Journal Article, Article not in English: 

Seker-Aygül, Z., Akova, B. and Gür, H. 2001. The 
relationship of stress and stress management factors with injury 
in soccer players. Turkish Journal of Sports Medicine, 36: 71-
80. (In Turkish: English abstract). 

Journal Article in press: 

Gür, H., Cakin, N., Akova, B., Okay, E. and 
Kücükoglu, S 2002. Concentric versus combined concentric- 
eccentric isokinetic training: Effects on functional capacity and 
symptoms in patients with osteoarthrosis of the knee. Archives 
of Physical Medicine and Rehabilitation, in press.  

Journal Article in electronic format: 

Weigand, D.A., Carr, S., Petherick, C. and Taylor, 
A. 2001. Motivational climate in Sport and Physical Education: 
The role of significant others. European Journal of Sports 
Science (serial online) 1(4), (13 screens/inclusive page), 
October. Available from URL: 
http://www.humankinetics.com/ejss 

Book: 

Guyton, A.C. and Hall, J.E. 1996. Textbook of 
medical physiology. 9th edition. W. B. Saunders Company, 
London. 

Chapter in edited book: 

Wilson, C.H. 1984. Exercise for arthritis. In: 
Therapeutic exercise. Ed: Basmajian, J.V. 4th edition. 
Baltimore: Williams and Wilkins. 529-545. 
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Thesis: 

Özyener, F. 2000. Effects of work intensity on 
dynamics of pulmonary gas exchange during exercise in 
humans. Doctoral thesis, University of London, London. 79. 

Thesis not in English: 
Özer, Ö. 2001. The effect of muscle exercise to 

oxygen kinetics in chronic smokers. Doctoral thesis, University 
of Uludag, Bursa. 1-54. (In Turkish: English abstract). 
 
LEGENDS 

AUTHOR BIOGRAPHY:Please include a brief 
biography, approximately 50 words per author, for each author 
including (1) academic title/degrees, (2) institution affiliation, 
(3) research focus, (4) post and e-mail addresses. 

TABLES, FIGURES, etc.:The location within 
the article where e.g. figures and tables appear should be 
indicated in the text. These materials (e.g. table, figure) should 
be submitted separately from the text document. Each item 
should be produced in Microsoft Office (Word, Excel, or 
PowerPoint), GIF or JPEG format. Submit each item separately 
and number sequentially as (main author) Figure 1.jpg, (main 
author) Figure2.jpg, and so on, for example, GurFigure1.jpg 
and GurTable1.doc.  

FORMAT FOR REVIEW ARTICLE 

Include the following sections in research articles without page 
space: 

TITLE:Capital letters. 

AUTHORS:Surname followed by initials and institution(s) 
where the study was conducted. 

ABSTRACTInclude an abstract of not more than 300 words. 

KEY WORDS:To assist in indexing the journal, list up to 6 
key words (not from title), which your article could be indexed 

MAIN TEXT 

CONCLUSION 

ACKNOWLEDGMENT 

REFERENCES: Each citation in the text must be noted by 
surname and year in parentheses and must appear in the 
reference section as an alphabetic order. Example for citation 
in the text; a) for single author (Gür, 1999), b) for two authors 
(Gür and Akova, 2001), c) more than two authors (Gür et al., 
2000). See the reference section of research article for detail. 

LEGENDS 

AUTHOR BIOGRAPHY:For detail see the author biography 
section of research article. 

TABLES, FIGURES, etc.:For details see the tables, figures, 
section of research article. 

 
REVIEW AND PUBLISHING POLICY 

Upon receipt of a manuscript the editor will notify 
the main author that the submission has been received. The 
manuscript will undergo a blinded review process. Under this 
process the editor will forward (electronically) the manuscript 
to two independent reviewers. Normally the review process 
will take approximately 4 weeks. After the review process has 
been completed the main author will be notified via E-mail 
either of acceptance, revision or rejection of the manuscript. If 
the main author has not been informed of the results of the 
review process after 8 weeks from the date of confirmation of 
receipt of the manuscript (by the editor), the author should 
notify the editor-in-chief directly. If revision was 
recommended, this should be completed and returned to the 
editor within 4 weeks; failure to return the revised manuscript 
within the allotted time span will lead to rejection of the 
manuscript. When a manuscript has been accepted for 
publication it will be forwarded to the editor-in-chief for final 
approval. The editor-in-chief will work with the main author to 
make necessary revisions in order for the manuscript to appear 
in the Journal of Exercise Science and Physiotherapy. The final 
proof of the manuscript will be sent to the main author as an E-
mail attachment. If the main author requires any minor changes 
to the finished work, these should be submitted electronically 
to the editor-in-chief within one week. Manuscript accepted in 
the first half of the year will be published not later than the 
second half of the year. 

Checklist for Authors 
 Double-space manuscript text and use 3cm 

margins on all sides, and Times New Roman, 12-
point type, English and SI units. 

 Include with text a title, abstract, key words, figure 
and table lists, figure and table legends. 

 Submit all materials electronically. 
 Include complete author names, addresses, e-mail, 

phone and fax numbers. 
 Include a short (~50 words) author biography for 

each author. 
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