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Abstract 
Background: Flexibility is characterized by the ability of a muscle to relax and give a stretch force and 
also by the range of motion available in a joint or group of joints and Stretching reduces muscle stiffness 
(by changing in passive visco-elastic properties), Hamstring and gastrocnemius muscle are muscles 
superficial posterior compartment of the leg and shortening of these muscles are evident.  
Methodology: A comparative type of experimental study design, in which 150 participants was 
participated. Three group was designed; group a received hamstring stretching, group B received 
gastrocnemius stretching and group C received both gastrocnemius and hamstring stretching. Data was 
collected through sit to reach test via sit and reach box. Data was analyzed through SPSS. T-test was used 
for comparing the three intervention group scores. 
Result: Result of the study showed no meaningful differences among hamstring and gastrocnemius 
flexibility. 
Conclusion: Study concluded that there is a difference between flexibility of participants with reference 
of age and gender. The females are more flexible than males group that was younger had more flexibility 
than the older one. Study also highlighted that the flexibility is effected by stretching. It was seen that 
there was increase in the flexibility of hamstring and gastrocnemius muscle after stretching. 
 
Keywords: Flexibility, stretching, hamstring, gastrocnemius and sit–to-reach test 
 
Introduction 
Chapter I 
1. What is flexibility? 
Ability of a muscle to stretch on its maximum level is said to be flexibility. Flexibility is 
characterized by the ability of a muscle to relax, stretch and provide available range of motion 
(ROM) at a joint or group of joints [1]. Flexibility permits the tissues to accommodate stress, 
reduce shock from impact and improve the value of movement, therefore it reduces and avoids 
injuries in addition to improve the joint range of motion (e.g. passive stretch) [1]. Flexibility is 
the ability of a single joint or many joints competency and ease to get pain free ROM [1]. 
Flexibility of a joint is followed by the elasticity of musculotendinous unit that permit a joint 
arthrokinematics i.e. the ability of the joint surfaces to glide or slide while the ability of 
periarticular connective tissues are concern with joint ROM and flexibility [1, 2]. The capability 
of a muscle to extend and ability of a joint to vary ROM [1, 3]. Previously rehabilitation field 
have encouraged the static hamstring muscle stretching which involved in a warm-up to 
enhance athletic performance and decreases chances of injury during heavy physical exercise 
[3]. Muscular flexibility is very important for regular specific function [1, 4]. Muscular tightness 
is early proposed with essential risk factor with the progression of muscle damage [4]. 
 
2. Types of flexibility 
There are two types of flexibility 
 
2.1 Static Flexibility  
It relates to range of motion about joint with regards to no stress on speed, it is also known as 
passive flexibility, passive mobility or PROM [5]. The degree of joint motion through which 
joint can move passively within the available ROM depends upon the extensibility of adjacent 
muscles and connective tissues of the joints [5].
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It is a specific stretching program that enhances flexibility [5]. 
Few researchers suggested that stretches of the 30 seconds, 
with the sets of 3–4 repetition with extreme augmentation of 
flexibility, they have also suggested that the stretching to be 
done 5 times or more than 5 times in a week [6]. Few 
researches have showed that proprioceptive neuromuscular 
facilitation (PNF) and contract-relax (CR) stretches are most 
effective [6]. Ballistic stretching is not more effective and may 
lead to injury while static or passive stretches have few 
benefits but not that much effective than PNF stretches [6]. 
Static flexibility is a key component of warm-ups, stretching 
methods related to static, ballistic and PNF which helps to 
increase flexibility and effective to improve ROM [5, 6]. Static 
stretching has been found to be effective for increasing the 
ROM at a particular joint, some researches indicated that it 
may decline the strength and power production of the 
stretched muscle group [7]. Increase in passivity and decrease 
in rigidity of the musculotendinous unit by the duration and 
strength of the stretching protocols, hence the active muscle 
leads to a rapid enhanced force next to the beginning of 
stretch, results successive muscle performance [8]. 
 
2.2 Dynamic Flexibility 
The effect of dynamic stretching on muscular performance 
has not been clarified, few muscles are contracted actively 
and rhythmically to stretch the target muscle, dynamic 
stretching may differ muscular temperature and improve 
muscular performance therefore dynamic stretching during 
warm-up would be an effective technique for improve the 
muscular performance [9]. 
 
3. Flexibility technique 
There are two important stretching techniques usually used 
for hamstrings flexibility includes static stretching, dynamic 
stretching and before contraction stretching i.e. PNF [10]. The 
most probable used method for hamstrings is static stretching, 
positioned in flexion of the hip joint and extension of the knee 
joint which stretches both the beginning and end part of target 
muscle [10]. 
 
Following are some of the major benefits of flexibility 
training: Reduces stress in the exercising muscles and 
releases tension developed during ADL and helps in 
balancing the tension placed across the joint by the muscles 
that cross it [11]. Proper posture minimizes stress and 
maximizes the strength of all joint movements though it 
decreases the risk of injury during exercise and daily activities 
because of their flexibility thus improve the exercise 
performance and sports activity [10, 11]. 
 
4. Hypertonia 
4.1 Spasticity 
It is a motor disorder characterized by a velocity dependent 
increased muscle tone with increased resistance to stretch, the 
larger and quicker the stretch, the stronger the spastic muscle 
resistance [12]. 
 
4.2 Rigidity 
It is characterized by continuous resistance during range of 
motion that is self-regulating of the velocity movement [12]. 
 
4.3 Dystonia 
It is a protracted involuntary movement disorder categorized 
by twisted or struggling repetitive movement with greater 
muscle tone [12]. 

4.4 Hypotonia 
Hypotonia and flaccidity both are defined as the decreased or 
absent muscular tone resistance during passive movement and 
stretch reflexes are decreased or absent and limb become 
floppy [12]. 
 
5. Stretching protocols 
For pre stretch measurements, subjects in both groups 
performed a total of 6 Active Knee Extensions (AKE) with a 
60-second rest period between repetitions [13]. The first 5 
AKEs act as warm-ups to decrease any effect that may occur 
with repeated measures performed from a cold start and the 
sixth AKE is recorded as the pre stretch measurement [13]. 
When the subject could not elongate his lower leg any farther 
without his thigh moving away from the cross-bar, he informs 
the investigator and held that position for approximately 2 to 
3 seconds until a measurement is taken hence this is more 
appropriate method of assessing hamstring flexibility [13]. 
Stretching reduces muscle stiffness by altering the passive 
visco-elastic properties, speed of contraction may be 
enhanced relatively and decreased stiffness may reduce 
storage of recoil energy, which will require more energy [14]. 
Once performance is improved, the issue of increased risk of 
injury may be doubtful for some persons, though the 
immediate effects of stretching decline visco-elasticity and 
rise stretch capability in 3 to 4 weeks and seems to affect 
stretch tolerance, with no change in visco-elasticity [14]. 
 
6. Hamstring muscle 
Hamstring is major muscle of posterior compartment of thigh 
muscle i.e. from medial to lateral semi-membranosus, 
semitendinosus and bicep femoris whereas bicep femoris long 
head originates from ischial tuberosity and short head from 
linea aspera, lateral supracondylar ridge of shaft of femur and 
inserts on head of fibula. Nerve supply to the long head is 
tibial portion of sciatic nerve and short head is supplied by 
common peroneal portion of sciatic nerve i.e. nerve root is 
L5,S1&2.Action of bicep femoris is to flex and laterally rotate 
the leg at knee joint whereas long head also extends thigh at 
hip joint [15]. Semitendinosus originates from ischial 
tuberosity and inserts to upper part of medial surface of shaft 
of tibia, nerve supply is tibial portion of sciatic nerve with 
nerve root of L5, S1, 2 and action is to flex and medially 
rotate leg at knee joint; extends thigh at hip joint [15, 16]. Semi-
membranosus originates from ischial tuberosity and inserts at 
medial condyle of tibia, nerve supply is tibial portion of 
sciatic nerve, nerve root is same as others and action is to flex 
and medially rotate leg at knee joint, extends thigh at hip joint 
[15, 16]. 
 
6.1 Function of the Hamstring 
The three muscles of the posterior compartment of thigh i.e. 
bicep femoris, semi-tendinous and semi-membranosus, are 
collectively called as Hamstrings and cross both hip and knee 
joints therefore it flex the leg at knee joint and extend the 
thigh at hip joint and are also known as the rotators of both 
joints [15, 16]. 
 
7. Gastrocnemius muscle 
The gastrocnemius muscle is one of the calf muscles in 
the superficial posterior compartment of the leg which sits 
superficial to the larger soleus muscle [17]. It gives the calf its 
unique two-headed appearance and is a primary plantar 
flexor. Its origin is superior to articular surfaces of lateral and 
medial femoral epicondyle and insertion is at mid–posterior 
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calcaneus. Its action is to do plantar flexion at foot and flexion 
at knee [17]. It is innervated by tibial nerve having nerve root 
of S1 and S2 [17]. 
 
8. Sit and reach test 
The sit and reach (SR) test is a field test used to measure 
hamstring and low back flexibility [18]. This test prevent the 
anticipation of acute and chronic musculoskeletal injuries and 
low back problems, postural deviation, gait limitations and 
risk of falling [18]. The SR test was used to access the subject’s 
low back and hip joint flexibility [18]. Patient or participant is 
seated on the floor with knees fully extended and ankles in 
neutral dorsiflexion against the box, three post-test 
measurements are used to estimate differences between 
pretesting and post-testing [18, 19]. 
 
8.1 Equipment Required 
Either a sit and reach box, alternatively a ruler can be used or 
a step or box [20]. This test perquisite along sitting position on 
the floor, with legs stretched out straight ahead with shoes off 
[20]. The soles of the feet are placed flat against the box with 
both knees locked and pressed flat to the floor while the 
examiner assist by holding them down, with the palms facing 
downwards and the hands on top of each other or side by side, 
whereas the subject reaches forward along the measuring line 
as far as possible [20]. Ensure that the hands remain at the same 
level, not one reaching forward than the other [20]. After some 
attempts, the subject reaches out and holds that position for 
one to two seconds while the distance is recorded [20]. Make 
sure there are no jerky movements [20]. The score is recorded 
to the nearest centimeter or half inch as the distance reached 
by the hand [20]. Some test versions use the level of the feet as 
the zero mark, while others have the zero mark 9 inches 
before the feet [20]. There is another modified sit and reach 
test which adjusts the zero mark depending on the arm and leg 
length of the subject [20]. This test only measures the 
flexibility of the lower back and hamstrings and it is reliable 
[20]. The reliability of this test depends on the amount of 
warm-up that is performed prior to test whether the same 
procedure is followed each time when the test is conducted 
[20]. Modified sit and reach test adjusts the zero mark 
depending on the arm and leg length of the subject [20]. 
 
9. What is stretching? 
An agonist frequently becomes actively insufficient, before 
the antagonist becomes passively insufficient i.e. no more 
contraction by agonist, whereas no more stretch in antagonist 
[21]. Some activities require a great compact of flexibility that 
results in stretch and complete the elongation in all situations, 
from the resting length of a muscle [21]. Stretching is 
commonly practiced before athletic activities, though effects 
on subsequent performance and injury prevention are not well 
understood [21, 22]. There is an abundance of literature 
demonstrating that a single bout of stretching acutely impairs 
muscle strength, with a lesser effect on power, these effects 
are apparent when stretching is combined with warm-up, such 
as practice drills and low intensity dynamic exercises, is not 
known [22]. With respect to the effect of pre-participation 
stretching on injury prevention a limited number of studies of 
varying quality have shown mixed results [22].  
 
9.1 Self-Stretching 
Any exercise that is carried out independently by a patient and 
instructed by the therapist, it is stated as self-stretching [23]. 
The term elasticity and self-stretching are used inter 

changeably, as some therapist prefer to limit the definition of 
flexibility exercises to range of motion exercises that are part 
of overall training and fitness program [23]. Active stretching 
is occasionally used to represent self-stretching procedures, 
whereas inhibition or facilitation techniques into stretching 
exercises have also remain denoted as active stretching [23]. 
High-intensity and moderate-intensity stretching increases 
flexibility compared with low-intensity stretching, further 
more high-intensity stretching is superior to moderate-
intensity stretching in terms of maintaining flexibility over 
time [24]. 

  
10. What is extensibility? 
The extensibility is known as the capability of a muscle to 
lengthen with stretch at the endpoint [25]. 
We intend to determine the comparative effects of hamstring 
and gastrocnemius stretching on flexibility of physical 
therapy students. This study helps to understand that the 
gastrocnemius flexibility in university students and short-term 
stretching effect on the hamstring extensibility and to reduce 
backache and other muscular problems in addition to improve 
the flexibility of hamstring and gastrocnemius. 
 
Chapter II 
Material and Methods 
1. Study design 
A comparative experimental study conducted on 150 
volunteered university students, aged between 19 to 25 years. 
The participants had no musculoskeletal limitations and low 
back pain that would hinder their performance in the test and 
were agreed with the informed consent. 
 
2. Setting 
This study was conducted under the supervision of 
physiotherapy and rehabilitation department of district 
Hyderabad on the students from different universities at 
Hyderabad. 
 
3. Study duration 
The duration of the study was 6 months. 
 
4. Sampling technique 
Non probability convenient sampling technique was 
performed at the university in physiotherapy and 
rehabilitation department. 
 
5. Sample size 
The study sample was 150 that includes 75 male and 75 
female students, aged between 19 to 25 years were studied 
within three experimental group. 
 
6. Sample criteria 
6.1 Inclusion Criteria 
 Age between 19 and 24years. 
 Undergraduate students either male or female. 
 
6.2 Exclusion Criteria 
 `Participants with pain. 
 Had previous back and limb surgery or spine/lower 

extremity injuries in the six months prior to data 
collection. 

 Participants with illness such as neurological disease, 
rheumatic disease, muscular disease etc. 

 Participants with musculoskeletal limitation. 
 Participants with low back pain that limits their 
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performance in this test. 

 Participants with knee problem. 
 
7. Data collection instrument 
A wooden box of 30.5cm x 30.5cm with a fixed 23 centimeter 
ruler on top and sit to reach test was used in the study to 
evaluate flexibility. 
 
8. Data collection procedure 
This study determines the exercise period of all students who 
were given a schedule for implementation of the plan along 
with a date for each session while the duration of each 
exercise session was also marked and the students were asked 
to make notes about duration of each session in the given 
form till the end. The average of three test trials was taken. 
All measures were performed on the same day. 
For this study, 150 undergraduate students were recruited, i.e. 
75 boys and 75 girls were divided equally into 3 groups (A, B 
and C) for practical reasoning and nature of the study. The 
intervention focuses on individuals studying at universities, 
signed informed consent prior to participate in this study. 
The sit-and-reach (SR) test was used to estimate participants 
hamstring and gastrocnemius flexibility and extensibility. 
Briefly, at the beginning of the test the participants were 
standing in front of the box, and were asked to sit with their 
hip flex, knees extended and both hands on the top of the 

ruler, from this position the participants had to bend the trunk 
forward slowly and progressively with no swings in order to 
reach the furthest possible distance and remain still for at least 
2 seconds (a score of 16 cm corresponded to the tangent of the 
feet, accuracy+- 0.5cm). The participants were allowed to 
perform the test twice with one minute interval and then the 
average score in cm will retain. 
The stretching intervention program were performed by the 
all three groups along with sit to reach test at the beginning 
and at the end. Group A performed hamstring stretches using 
the static technique, each intervention session had 4 sets of 
stretching exercise with 2 repetitions of 30 seconds of stretch. 
Group B performed gastrocnemius stretches using static 
technique while Group C performed hamstring and 
gastrocnemius combine stretches. In all the stretching 
exercises the students were asked to sit with their hips flexed 
and knees extended. From this position the students flexed 
forward at the hip, tried to maintain the spine in a neutral 
position as much as possible until a gentle stretch was felt in 
the hamstrings. The stretch position was hold gently until the 
end point of range of motion was achieved i.e. stretch to the 
point of feeling the tightness without pain. Once the position 
was achieved, the participants hold it for 30 seconds during 
the first two sessions of the intervention, the physical 
education teacher explain in depth regarding the correct 
manner of the stretching exercises. 

 

 
 

Fig 1: Shows sit to reach box (1), taking pre stretch measurements (2), participate performing active knee stretch (3) and post stretch 
measurement (4), respectively 

 
9. Data analysis procedure 
The Statistical t-test was applied for comparison of the pre 
and post intervention scores. Data was analyzed through 
Statistical Package for Social Sciences 21 (SPSS) descriptive 
statistics. 
 
10. Ethical concern 
The study was approved by the research Ethics Committee 
and all participants signed informed consent forms. 
 
Chapter III 
Results 
This study was conducted for research purpose of finding out 
the flexibility of hamstring versus gastrocnemius in university 
students for which included age group was 19 to 24 with a 
sample size of 150. The results of this study are presented in 
graphs and tables which are given below. 
Group A had pre stretching of Hamstring muscle, the lowest 
frequency was 29 (58.0%) and cumulative percentage was 
58.0. Below average frequency was 8 (16.0%) and cumulative 
percentage was 74.0, average frequency was 5 (10.0%) and 

cumulative percentage was 84.0 and the greater than average 
frequency was 5 (10.0%) and cumulative percentage was 
94.0, while the highest frequency was 3.0(6.0%) and 
cumulative percentage was 100 as shown in table no. 1.1. 
 

Table 1.1: Tabular representation of group A pre stretch results 
 

 Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid 

Low 29 58.0 58.0 58.0 
<Average 8 16.0 16.0 74.0 
Average 5 10.0 10.0 84.0 

>Average 5 10.0 10.0 94.0 
High 3 6.0 6.0 100.0 
Total 50 100.0 100.0  

 
Group A had post stretching lowest frequency is 25 (50.0%) 
and cumulative percentage is 50.0, average frequency was 11 
(22.0%) and cumulative percentage was 82.0 whereas the 
high frequency was 3 (6.0%) and cumulative percentage was 
100, as shown in table no. 1.2. 
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Table 1.2: Tabular representation of Group A post stretch result 

 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

Low 25 50.0 50.0 50.0 
<Average 5 10.0 10.0 60.0 
Average 11 22.0 22.0 82.0 

>Average 6 12.0 12.0 94.0 
High 3 6.0 6.0 100.0 
Total 50 100.0 100.0  

 
Group A had pre stretching of Hamstring muscle, the lowest 
frequency was 30 (60.0%) and cumulative percentage was 
60.0. Below average frequency was 5 (10.0%) and cumulative 
percentage was 70.0, average frequency was 6 (12.0%) and 
cumulative percentage was 82.0 and the greater than average 
frequency was 7 (14.0%) and cumulative percentage was 
96.0, while the highest frequency was 2(4.0%) and 
cumulative percentage was 100.0 as shown in table no. 2.1. 
 

Table 2.1: Tabular representation Group B pre stretch result. 
 

 Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid 

Low 30 60.0 60.0 60.0 
<Average 5 10.0 10.0 70.0 
Average 6 12.0 12.0 82.0 

>Average 7 14.0 14.0 96.0 
High 2 4.0 4.0 100.0 
Total 50 100.0 100.0  

 
Group B had post stretching lowest frequency of 23 (46.0%) 
and cumulative percentage is 46.0, average frequency was 7 

(14.0%) and cumulative percentage was 78.0 whereas the 
high frequency was 2 (4.0%) and cumulative percentage was 
100, as shown in table no. 2.2. 
 

Table 2.2: Tabular representation Group B post stretch result. 
 

 Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid 

Low 23 46.0 46.0 46.0 
<Average 9 18.0 18.0 64.0 
Average 7 14.0 14.0 78.0 

>Average 9 18.0 18.0 96.0 
High 2 4.0 4.0 100.0 
Total 50 100.0 100.0  

 
Group C had pre stretching of Hamstring muscle, the lowest 
frequency was 28 (56.0%) and cumulative percentage was 
56.0. Below average frequency was 7 (14.0%) and cumulative 
percentage was 70.0, average frequency was 12 (24.0%) and 
cumulative percentage was 94.0 while the greater than 
average frequency was 3 (6.0%) and cumulative percentage 
was 100.0, as shown in table no. 3.1. 

 
Table 3.1: Tabular representation Group C pre stretch result 

 

 Frequency Percent Valid Percent Cumulative Percent 

Valid 

Low 28 56.0 56.0 56.0 
<Average 7 14.0 14.0 70.0 
Average 12 24.0 24.0 94.0 

>Average 3 6.0 6.0 100.0 
Total 50 100.0 100.0  

 
Group C had post stretching lowest frequency is 23 (46.0%) 
and cumulative percentage is 46.0, below average frequency 
was 12 (24.0%) and cumulative percentage was 70.0, average 
frequency was 12 (24.0%) and cumulative percentage was 
94.0 while the greater than average frequency was 3 (6.0%) 
and cumulative percentage was 100.0, as shown in table no. 
3.2. 
 

Table 3.2: Tabular representation Group C post stretch result 
 

 Frequency Percent Valid 
Percent 

Cumulative 
Percent 

Valid 

Low 23 46.0 46.0 46.0 
<Average 12 24.0 24.0 70.0 
Average 12 24.0 24.0 94.0 

>Average 3 6.0 6.0 100.0 
Total 50 100.0 100.0  

 
This result showed that the comparison of flexibility and 
extensibility among 3 groups the best outcome had found in 
Group C by a combined gastrocnemius and hamstring stretch 
with a significant value of less than 0.005 and improved 
flexibility in all 50 participants of this group. 
 
Chapter IV 
Discussion 
Participants studied were undergraduate DPT students of 

Hyderabad, between the age range of 19 to 25 years, with no 
pain or any deformity. Sample of 150 participants were 
divided into three groups i.e. A, B and C, they were asked to 
perform hamstring stretch, gastrocnemius stretch and 
combined hamstring and gastrocnemius stretch, respectively. 
The flexibility of subjects were assessed and measured 
initially, followed by a segment of active stretching, it was 
again measured and result showed marked improvement with 
combine stretch of hamstring and gastrocnemius on group C. 
Sit to reach test was used to measure the hamstring flexibility 
in current fitness test as it is commonly used in this field for 
its authenticity whereas this test have limitations for adults 
with low back pain or have difficulty in sitting on a level 
surface with leg extended [17, 34]. Study ensured that static 
stretching improved flexibility and extensibility and it is also 
evident in our research that static stretch with holding time of 
30 seconds enhance the lower limb flexibility in adolescents 
and marked improvement is noted in other age groups such as 
in children, young adults and elderly adult [30, 32, 34, 47]. Female 
extensibility was showed more than male participants and it 
was noted in female students of university of Dammam [33]. 
The purpose of this study was to determine the relation 
between the hamstring and gastrocnemius flexibility among 
adolescents for which the test protocols for the measurments 
were taken from a study in which there reliability and validity 
were demonstrated [34]. However, the results were consistent 
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and showed marked improvement in extensibility and 
flexibility of lower limb with combine hamstring and 
gastrocnemius stretch rather than isolated hamstring or 
gastrocnemius stretch, in addition to this another research 
supports this combine stretch effectiveness [46]. 
The study shows positive results as it proved that there is a 
significant improvements in the flexibility of targeted muscles 
along with warm up and cool down stretch in both of the 
genders and accordingly this age group showed instant 
increase in the flexibility. The population was completely 
healthy and active while this physical education based on 
stretching development and maintenance program of 
hamstring and gastrocnemius also prevents injury rates [49]. 
 
Chapter V 
Conclusion 
This study was conducted to measure flexibility of hamstring 
verse gastrocnemius verses combined hamstring and 
gastrocnemius muscle stretch, in university students, with 
equal distribution of 75 males and 75 female’s participants. In 
the comparison between three groups, we have found 
improved flexibility in group C participant with combined 
hamstring and gastrocnemius stretch. 
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