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ABSTRACT 
 

Background: Children adopting different styles of sitting in class rooms may have an influence over the 
hamstring length which indirectly produces an effect on posture, gait and musculoskeletal problems. 
Hence, physiotherapists play an important role in preventing the problems that are to be developed 
due to the sitting posture adopted at school. Hence, it is important for all the health professionals to 
understand and know about the effect of different sitting styles of children in school over the children 
health.The purpose of this study was to determine the influence of two sitting postures (crossed leg 
sitting and bench sitting) on hamstring flexibility in school going children. Aim of the Study to observe 
the influence of bench sitting and crossed-leg sitting on hamstring flexibility in school going children.  
 

Methods: 200 school children (105 boys and 95 girls) from private schools (those who are bench sitting) 
and 200 school children (109 boys and 91 girls) from government schools (those who are crossed leg 
sitting) aged 6-10 years were included in this study. Active Knee Extension (AKE) test with the aid of a 
simple and economically cheap stabilizing apparatus was used to determine hamstring flexibility. 
Measurements were taken for both right and left knee.  
 

Results:  The mean Active Knee Extension (AKE) score for bench sitting children was 132.4 and for 
crossed leg sitting children was 130.1. The difference observed in knee extension range of motion 
between the groups was statistically significant (p<0.05).  
 

Conclusion:  Hamstring flexibility was greater in bench sitting children as compared to crossed leg sitting 
children. 
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INTRODUCTION 
 

The definition of posture according to the 
American Orthopaedic Association, made in 1947 
says “Good posture is a state of equilibrium of 
muscles and skeleton that protect the body’s 
supporting structures from damage or deformation 
in any state of rest or work. Bad posture is a 
relation of body parts that causes increasing effort 
on the supporting structures, wherein there is less 
efficient body-base equilibrium.” 
 

Children spend about 80% of their school time in 
the classroom performing various activities like 
reading, writing, etc which require them to sit 
continuously for long hours. Thus, the school 
children are at a special risk of adapting poor 
postural habits. The students of the primary school 
in India use bench and desk in the classroom in 
urban setups, however in rural areas the students 
sit on the floor with folded knees in an Indian 
traditional sitting posture1.  
 

In right angled seating, such as in bench or desk, 
the children acquires a ‘slumped’ posture to 
compensate for fatigue and discomfort, resulting in 
posterior rotation of the pelvis, accentuation of 
thoracic kyphosis and cervical lordosis, loss of 
lumbar lordosis of the spine  and increased risk of 
tissue trauma in the sacral area. According to some 
authors the tendency for the pelvis to rotate 
posteriorly may be due to tension in the hamstrings 
and gluteal muscles which promotes flexion of the 
lumbar spine hence inducing posterior rotation of 
the pelvis.2 Moreover faulty posture during 
childhood is an important causal factor for the 
development of degenerative conditions of the 
spinal column, which present in adults in the form 
of back pain, with or without functional 
disturbances.3 
 

The hamstring muscles are located in the posterior 
thigh and are connected to the hips from one side 
and to the knee from the other, so that they can 
flex knee.4 Hamstring is an important antigravity 
muscle of the lower limb and its flexibility is 
important for maintaining normal posture and gait 
in both adults and children.5 The lack of hamstring 
muscle extensibility creates a decrease of pelvic 
mobility that leads to an invariable biomechanical 
change in the pressure distribution in spine. 
Hence, poor hamstring flexibility has been 
associated with postural deviations, gait 
limitations, increased risk of falls, and 
susceptibility to musculoskeletal injuries.6 
 

Active knee extension (AKE) test attempts to 
indicate hamstring musculotendinous length by 
measuring the angle of knee flexion during active 
knee extension while the hip is held at 90º of 

flexion and intratester reliability is high for this 
test7. Polyvinyl chloride (PVC) hollow tubes were 
used as stabilizing apparatus for the performance 
of active knee extension test as it is simple, easy 
and portable to use, light, easily cut, commonly 
available in hardware stores, and inexpensive. 
When used with a universal goniometer, this 
apparatus allows measurement in the active knee 
extension test to be conducted by a single assessor 
without assistance.8 
 

The lordosed seat posture, regularly interspersed 
with movement, is the optimal sitting posture and 
assists in maintaining lumbar postural health and 
preventing low back pain.2 Children adopting 
different styles of sitting in class rooms may have 
an influence over the hamstring length which 
indirectly produces an effect on posture, gait and 
musculoskeletal problems. Hence, 
physiotherapists play an important role in 
preventing the problems that are to be developed 
due to the sitting posture adopted at school. Hence, 
it is important for all the health professionals to 
understand and know about the effect of different 
sitting styles of children in school over the children 
health. So aim of this study is to find the influence 
of bench sitting and crossed-leg sitting on 
hamstring flexibility in school going children.  
 

PROCEDURE 
 

Approval was obtained from the concerned 
authoritative school Headmaster for institutional 
ethical committee clearance. Both male and female 
aged 6-10 years were recruited on the basis of 
inclusion criteria like absence of back pain or hip 
pain that might limit the test performance and 
Subjects willing to participate in the study. 
Informed consent was obtained from parents of all 
the subjects. Subject’s age, gender, height, weight 
and Body Mass Index was noted. The exclusion 
criteria was Impairment of musculoskeletal system 
affecting the spine or lower extremities, Previous 
back and lower limb surgery, spine / lower 
extremity injuries in the last six months, Physically 
challenged children. 
 

A total of 400 students were recruited and the 
subjects were divided into two groups. 200 students 
were selected in Group A, who were sitting on the 
bench and 200 students were selected in Group B, 
who were sitting on floor (in crossed-leg position). 
Active Knee Extension was taken. The students 
were given a demonstration of active knee 
extension according to standardized procedure. 
The student was asked to stop at the point when 
they felt a stretch sensation in posterior thigh. 
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ACTIVE KNEE EXTENSION TEST 
 

The apparatus was based on those used by an 
earlier study.9 it consists of single horizontal bar 
anchored (removable) by two vertical poles on 
either side of the bench. Participants were 
positioned on bench in supine position with both 
lower extremities extended. Both anterior superior 
iliac spines were positioned by aligning them with 
the vertical bars of the apparatus. The one lower 
limb not being tested was secured to the bench with 
Velcro straps across the thigh and another over 
anterior superior iliac spine to stabilize the pelvis. 
The hip of the extremity to be measured was 
maintained at 90º flexion such that the anterior 
thigh will rest against the horizontal bar of PVC 
throughout the procedure. 
 

To ensure right hip position, goniometric 
measurement of hip flexion angle was done. The 
subject then actively extended the knee till he/she 
felt slight pain in posterior thigh. The angle of right 
knee was measured using the goniometer. After 
the measurement, the right hip was maintained at 
90 degree while the subject was told to relax knee 
into a flexed position. Measurement was recorded 
on data sheet. The test was then performed for the 
left leg. 
 

 

 
 

Figure 1: Materials Used 
 

 
 

Figure 2: Measurement of hamstring flexibility 

 

DATA ANALYSIS 
 

The data were analyzed using descriptive (means 
and standard deviation) and inferential statistics.  
Comparison of means value of both Group A and 
Group B was done using one sample t- test. 
Independent t- test was used to compare the 
changes in mean values of Group A and Group B. 
Relationship between age, body mass index, and 
active knee extension in both Group A and Group 
B was also investigated using the Pearson Product 
Moment Coefficient of Correlation. All statistical 
analyses were performed on an IBM compatible 
microcomputer using the Statistical Package for the 
Social Sciences (SPSS) (Windows version 17.0 
Chicago IL, USA). An alpha level of 0.05 or less was 
taken to indicate statistical significance. 
Independent t-test is used to compare difference 
between two groups 
 

RESULTS 
 

Table 1: Physical characteristics and total active 
knee extension score of subjects in both groups 

 
GROUP-A 

(Bench 
sitting) 

GROUP-B 
(Crossed-leg 

sitting) 

Variables Mean ± SD Mean ± SD 

Age (yrs) 
Height(m) 
Weight(kg) 

BMI (kg/m2) 
AKE Total 

7.9± 1.4 
1.2 ± 0.1 
22.9± 5.7 
15.0± 2.7 
132.4± 7.5 

8.0±1.4 
1.2 ± 0.1 
20.7 ±5.0 
14.6±1.6 
130.1±7.4 

 

Table 1 shows the subject’s mean height, weight 
and body mass index (BMI) for Group-A were 1.2 
m, 22.9 kg and 15.0 kgm-2respectively.Mean height, 
weight and body mass index (BMI) for Group-B 
were 1.2 m, 20.7 kg and 14.6 kgm-2respectively. The 
total active knee extensions score for Group-A and 
Group-B were132.4 and 130.1 respectively. 
 

Table 2: Correlation between age, body mass 
index and active knee extension of group a 

(children sitting on bench). 
 

VARIABLES AGE BMI 
AKE 

Total 

AGE 
Pearson Correlation 

p-value 

1 .108 

.129 

.108 

.129 

BMI 
Pearson Correlation 

p-value 

.108 

.129 

1 .096 

.177 
 

Table 2 shows correlation between age, BMI, and 
AKE for Group-A.  The result shows that Age and 
Body mass index were not statistically correlated 
with Active knee extension in Group A (children 
sitting on Bench) (P > 0.05). 
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Table 3: Correlation between age, body mass 
index and active knee extension of group b 

(children sitting on crossed-leg). 

  AGE BMI 
AKE 
Total 

AGE 
Pearson Correlation 
p-value 

1 
 

.100 

.161 
-.048 
.503 

BMI 
Pearson Correlation 
p-value 

.100 

.161 

1 .118 
.095 

 

Table 3 shows correlation between age, BMI, and 
active knee extension (AKE) for Group-B.  The 
result shows those age and body mass indexes were 
not statistically correlated with active knee 
extension in Group B (children sitting on crossed-
leg) (P > 0.05). 
 

Table 4: Comparison with in group-A and group-B 
over mean value of active knee extension test 

 

Groups t-value df P-value 

Group-A 258.575 199 0.000 

Group-B 260.944 199 0.000 
 

Table 4 shows the difference of mean values within 
Group-A and Group-B using one sample t test. The 
result showed significant difference of means 
within the Group-A and Group-B (P < 0.05).  
 

Table 5: Comparison of Mean Values of Active 
Knee Extension Tests Between Group A (Bench 
Sitting) and Group B (Crossed-Leg Sitting) 
 

t df p-value 

3.202 398 0.000 
 

Table 5 above showed comparison of mean values 
between Group-A and Group-B. The result 
indicated that there was significant difference in 
active knee extension between Group-A and 
Group-B (t = 3.202, P = 0.000). 
 

GRAPH -1 
 

 

Graph-1 show there is a difference between 
hamstring flexibility in children sitting on bench 
(group-A) and children sitting with crossed leg 
(group-B). The result infers that children sitting on 
bench have higher hamstring flexibility when 
compared with children sitting with crossed leg. 
 

DISCUSSION 
 

This study focused onto observes the influence of 
desk sitting and crossed-leg sitting on hamstring 
flexibility in school going children. The sample 
frame consists of 400 students 200 students from 
government schools – (crossed-leg sitting) and 200 
students from private schools – (bench sitting). 
Group-A (bench sitting) had 105 boys and 95 girls 
where as Group-B (crossed-leg sitting) included 109 
boys and 91 girls. 11 Kattankulathur block schools 
were covered. Based on the selection criteria, a 
simple random sampling according to the age 
required was conducted. 
 

Several measures are used to test muscle lengths 
around the pelvis10. Both the Straight Leg Raise Test 
and Active Knee Extension Test are used to 
measure the length of the hamstrings. The active 
knee extension test involves less motion in the 
lumbar spine and pelvis and so was chosen for this 
test. It should be noted that the active knee 
extension test relies on the subject’s perception of 
exertion at full range and this is a limitation to the 
test. Active knee extension test has been 
considered by some to be gold standard for 
hamstring flexibility assessment.11 Active knee 
extension test has demonstrated good reliability 
when performed with various stabilizing apparatus 
such as wooden frame apparatus12,13,cross wire.9 

PVC hollow bars has shown excellent inter and 
intra-rater reliability. PVC bars were also used for 
this study. Researchers have suggested conducting 
the study on larger sample size for a preciser 
reliability of PVC hollow bars. 

 

In goniometry, locating the end point is essential 
and must be exact to ensure accurate repeatability 
of measurements. In the active knee extension 
test, locating the end point point of motion was 
reliable because we used strict body stabilization of 
adjacent joints. Because knee extension was active 
and subjects were instructed not to force the leg 
past the point of initial mild resistance, we believe 
motion in the hip of tested extremity, the sacroiliac 
joints was eliminated. 
 

The mean active knee extension score for Group-A 
was 132.4º and for Group B was 130.1º. The 
difference between the means of two groups was 
statistically significant. This study indicates that 
Group A (bench sitting) children exhibit greater 
hamstring flexibility than Group B (crossed-leg 
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sitting) which is not consistent with findings of 
Dutta et al who concluded that Indian traditional 
sitting posture had lesser muscular stress and 
greater stability in posture than sitting on bench 
among primary school children.           
 

Sitting in chair or bench had a statistically and 
clinically better hamstring flexibility than floor 
sitting (crossed leg) children which would provide 
a better, musculoskeletal discomforts free future to 
those children, because as previously discussed 
Hamstring flexibility may indirectly influence 
posture, gait, musculoskeletal problems which 
goes in hand with Kotwicki, et al14,15 stated that 
sitting slight forward bending position provides a 
more stable posture and eliminates the impact of 
lower limb discrepancy, and therefore may be 
considered a recommended position. 
 

Hamstring flexibility was found to be compromised 
in floor sitting children; also discomfort in legs is 
reported by those children while assessment was 
taken. The greater prevalence of discomfort in legs 
and thigh during sitting on the floor with folded 
knees might be due to compression of leg and thigh 
muscles as well as imposing body weight on these 
areas. Extreme flexion of lower limb at knee joints 
probably another associated factor for discomfort. 

 

A normative data score had been established for 
hamstring length for school children using sit and 
reach test. No such data was available for active 
knee extension test to measure the hamstring 
flexibility in school going children. Thus, future 
studies can be done to determine normative data 
scores for school going children using active knee 
extension test. 
 

The limitations of this study were difficulty in 
educating the subjects about the procedure, as the 
procedure was time consuming as it was performed 
by a single therapist, only 11 schools from entire 
Kattankulathur block could be covered due to time 
limitations. Comparison of active knee extension 
scores between boys and girls was not done in this 
study. Normative data scores for school going 
children using Active Knee Extension scores can be 
established in further studies. Active knee 
extension scores for both males and females needs 
to be established. Influence of Physical Education 
(play time) duration should be considered. Future 
studies should determine whether obesity 
influences Active Knee Extension scores. 
 

CONCLUSION 
 

In school going children, crossed leg sitting 
postures reduces the hamstring flexibility. Thus, 
sitting postures influences hamstring flexibility as 
bench sitting children have shown greater 

hamstring flexibility by demonstrating 
greater active knee extension score as compared to 
crossed leg sitting children. Normative data scores 
needs to be established to determine as to which 
extent the sitting postures influence hamstring 
flexibility. 
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