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Introduction 

Stretching is traditionally used as part 

of a warm-up to increase flexibility or 

pain-free range of motion (ROM) about a 

joint in an attempt to promote better 

performances and/or reduce the risk of 

injury (Shellock and Prentice, 1985; 

Smith, 1994; Fowles et al., 2000).
 
Athletic 

trainers and other rehabilitation 

professionals also recommend that their 

athletes or patients stretch before 

performing strengthening exercises or 

strength assessment tests (Bixler and 

Jonese, 1992). However, authors of recent 

systematic reviews and many original 

studies have suggested that pre exercise 

stretching may temporarily compromise a 

muscle's ability to produce force (Behm, 

2001; Young and Elliott, 2001; Thacker 

et al., 2004; Shrier, 2004). It is possible 

that this short-term effect of stretching on 

muscle force production may affect the 

performance of various rehabilitation 

strengthening exercises. More importantly, 

pre exercise stretching may adversely 

affect the results obtained by muscle 

strength assessments and, in turn, 

influence a clinician's decisions regarding 

rehabilitation progression or return to play 

(McHugh and Nesse, 2007; Herda et al., 

2009). Fowles et al (2000) reported that 

30 minute of passive stretching reduces 

Abstract 

Objective: To compare the stretching induced strength changes between the proximal and distal 

groups of muscles. Methods: Twenty-eight recreationally active male individuals participated in 

this study. They were assigned into Group A for proximal muscle (hamstring) and group B for 

distal muscle (calf) with 14 subjects in each group. This study is an experimental trial of self-

stretching for 2 minutes (SS2). This stretch duration involved a 30 second stretch and a 20 second 

relaxation period, intermittently. Maximum Isometric Voluntary Contraction Force (MIVCF) was 

measured in both groups before (pretest) and immediately after (posttest) stretching. Change in 

pre-stretching and immediately post-stretching MIVCF was compared between the two groups. 

Results: Maximum Isometric Voluntary Contraction Force increased with SS2 in the hamstring by 

1.31% and in calf muscle, it increased by 2.92%. However, these changes were statistically 

insignificant between the two groups (p>0.05).  Conclusion: Shorter stretching (2 minute) 

increases maximum isometric voluntary contraction force in both muscles but relatively more in 

the calf.  
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isometric torque by 28% and a 9% force 

deficit was still present at 1 hour post 

stretching. The reason for this reduction in 

muscle strength was thought to be mainly 

due to changes (decrease) in 

musculotendinous stiffness and altered 

motor control strategies (decreases in 

muscle activation) (Behm, 2001; Knudson 

et al., 2001). 

In a study by Ryan et al (2008) it 

was suggested that shorter durations of 

stretching may not diminish muscle 

activation in the plantar flexors. In 

contrast, larger muscle groups such as the 

leg extensors have demonstrated 

reductions in muscle activation after 8 

minute of stretching. Therefore, it is 

possible that the stretching induced 

decreases in muscle activation may be 

muscle specific, such that the suboptimal 

activation of the larger, proximal muscles 

may be amplified after stretching, whereas 

the near fully activated, distal muscles 

require longer durations of stretch to 

diminish muscle activation. Since then, no 

study has been done to test this hypothesis.  

The present study involved the 

comparison of a proximal muscle and 

distal muscles regarding strength loss after 

stretching. It is hypothesized that self-

stretching would result in transient acute 

reduction in muscle strength and stretch 

induced strength loss would be greater for 

proximal muscle (Hamstring muscle) as 

compared to distal muscle (Calf muscles). 

Materials & Methods 

Subjects: A total of 28 male subjects 

with mean age 24.89 years were studied. 

Fourteen in group A participated in 

stretching and strength measurement of the 

proximal muscle (hamstring) and 14 in 

group B participated in stretching and 

strength measurement of distal muscle 

(calf). Inclusion criteria were; 20-30 years 

age group, subjects lacking at least 20
 -

degrees of active knee extension with the 

hip in 90 degrees
 
of flexion during active 

knee extension test for group A and for 

group B subjects having not more than 20
 

degrees of active dorsi-flexion in long 

sitting position with back supported 

against wall (Worrell, 1994). All the 

subjects were recreationally active 

(engaging in 1 to 5 hours of regular 

physical activity, not involving stretching 

exercises, per week). No one reported any 

current or ongoing neuromuscular diseases 

or musculoskeletal injuries specific to 

ankle, knee, or hip joints. None of the 

participants were competitive athletes. The 

study has the approval of Institutional 

Ethical Committee, Jamia Hamdard, New 

Delhi and written consent was obtained 

from all the participants. All subjects were 

recruited from Majeedia Hospital, New 

Delhi.  

Study design: This was a pretest 

posttest experimental group designed to 

evaluate the effect of stretching on 

reduction of muscle strength and the 

comparison of a proximal muscle and 

distal muscles regarding strength loss after 

stretching. This study includes pre 

intervention assessment, Intervention and 

post intervention assessment. 

Pre intervention assessment: Active 

range of motion and MIVCF were 

measured. All the procedures were 

explained to the subjects prior to 

assessment. 

(A). AROM measurement: Active range of 

motion (AROM) was measured using 

Universal Goniometer. 
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1. For Hamstring muscle: Active knee 

extension test was performed (Sullivan et 

al., 1992; Worrell et al., 1992). Subjects 

were made to lie supine. Hip joint was 

kept at 90
 
degrees of flexion. Immovable 

arm was placed parallel to long axis of the 

thigh. Fulcrum was placed at the lateral 

condyle of the femur. Movable arm was 

placed parallel to long axis of the leg. 

Subjects were asked to actively extend the 

leg up to maximum range. Lack in full 

extension at knee was noted.  

2. For calf muscle: Subjects were 

made to lie in the supine position. Fulcrum 

of the goniometer was placed over the 

lateral malleolus. Immovable arm was 

placed parallel to the fibula. Movable arm 

was placed parallel to the lateral border of 

the foot. Subjects were asked to actively 

dorsiflex the foot from neutral ankle 

position (i.e. 90
 
degrees angle between foot 

and leg). The range, through which foot 

moved, was noted. 

(B). Isometric strength measurement: The 

MIVCF was measured using electronic 

strain gauge device (Gold tech-model 

GTH, ENF Act 1985). It is a reliable and 

valid tool to measure muscle strength 

(Kennedy, 1965; Tiainen et al., 2004; 

Vivodtzev et al., 2006). 

1. For Hamstring muscle: Subjects were 

made to sit on quadriceps table with arms 

resting on thighs. Thighs were tied to 

quadriceps table with the help of a strap.  

Hip joint was kept at 90
 
degrees of flexion 

and knee joint at 60
 
degrees

 
of flexion. 

Strain gauge was attached to subject‘s leg. 

Then he was asked to flex the knee with 

maximum effort and hold it for 5 seconds
 

(Fig 1). 

2. For Calf muscle: Subjects were made to 

lie supine on a metallic couch. One roll of 

bed sheet was kept below the knee to put it 

in 20
 
degrees of flexion. Strain gauge was 

attached to subject‘s foot. Ankle was kept 

at neutral position, having 90
 

degrees 

angle between foot and leg. 

Figure 1: Measurement of isometric contraction of 

Hamstring muscle 

Subjects were asked to plantar flex 

the foot with maximum effort and hold it 

for 5 seconds (Fig 2). 

 
Figure 2: Measurement of isometric contraction of 

Calf muscle 

Figure 3:  Subject doing self stretching of hamstring 

muscl 

Same procedure was used to measure post 

intervention assessment for isometric 

strength. Assessment was done 

immediately after the stretching. 

Intervention 
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(A). For Hamstring stretching: Subjects 

were asked to stand facing the wall or 

quadriceps table, depending on their 

height. They were asked to do anterior 

pelvic tilt and then place the heel of the leg 

to be stretched on the table, and further 

instructed to keep their hands on their hips, 

hold their head in a neutral position, look 

forward, keep the stretched leg fully 

extended, extend their cervical and 

thoracic spine and retract their scapulae 

while maintaining an anterior pelvic tilt. 

Then they were asked to move their trunks 

forward at the pelvis until they perceived a 

hamstring stretching sensation without 

pain (Fig 3). 

(B). For calf stretching: Subjects were 

made to stand in walk standing position 

with right lower limb behind the left. Knee 

of the right lower limb was kept extended; 

subjects leaned forward over a couch, with 

foot completely in contact with the ground. 

They were asked to lean forward till they 

felt the stretch in calf region but not pain 

(Fig 4). 

Figure 4:  Subject doing self stretching of calf muscle 

(Runners’ stretch) 

Protocol of stretching: The subject 

was asked to stretch the muscle till subject 

felt the stretch but not pain. This position 

was instructed to be maintained for 30 

seconds and then release it for 20 seconds 

for a total of 2 minute of time under 

stretch (Safran, 1989). 

Data Analysis 

Statistical analysis was done using 

SPSS 15.0 Software (SPSS Inc., Chicago, 

USA). ―Paired t-test‖ was used to find 

difference in strength before and after 

stretching in each group. For between 

group analyses an independent t-test was 

used. A statically significant difference 

was defined as p< 0.05.  

Results & Discussion 

There was a significant difference (p< 

0.05) in the means of Pre stretching 

MIVCF values between Group A and 

Group B. On the other hand, there was no 

significant difference (p> 0.05) observed 

in the changes in MIVCF after 2 minute of 

stretching in Group A and Group B. 

However, 2 minute stretching of 

Hamstrings demonstrated an increase 

(insignificant) in MIVCF by 1.31%, and in 

calf muscle and MIVCF was found to 

increase (insignificant) by 2.92%. Between 

the groups analysis revealed insignificant 

difference (p > 0.05) in the changes in 

MIVCF after 2 minute of stretching in 

between Group A and Group B (Table 1). 
Table 1: Comparison of mean changes of 

Maximum Isometric Voluntary Contraction Force 

(MIVCF) after 2 minute of stretching between group A 

and group B 

  
GROUP 

A 

GROUP 

B 

t-test 

t p 

Mean changes 

in MIVCF 

(Kg.) 

0.15 0.95 
0.2

8 

0.47

8 

 

This study was designed to 

investigate the effect of stretching on 

reduction of muscle strength and the 

comparison of a proximal muscle and 

distal muscles regarding strength loss after 

stretching. The hypothesis stated that the 

self-stretching would result in transient 
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acute reduction in muscle strength and 

stretch induced strength loss would be 

greater for proximal muscle (Hamstring 

muscle) as compared to distal muscle 

(Calf muscles). Results of the present 

study found that shorter stretching (2-

minute) of hamstring muscle does not have 

any statistically significant effect on 

MIVCF although it was found to increase 

clinically. Therefore, if an athlete stretches 

his hamstrings prior to sporting event for 

short duration (2-minute), it will not 

deteriorate his performance rather it could 

be beneficial. Shorter stretching (2-minute) 

of calf muscle resulted in statistically 

significant increase in MIVCF (11%); 

therefore shorter stretching (2-minute) of 

calf muscle could be beneficial prior to 

sporting event. By comparing the two 

results it is concluded that calf muscle 

seems to be relatively more responsive to 

stretching than the hamstrings.  

In present study stretching of 

hamstring muscle resulted in increase in 

MIVCF, which is contrary to most of the 

previous studies, which have shown acute 

reductions in muscle strength, but their 

stretching durations were different from 

our study (Worrell et al., 1994; Fowles et 

al., 2000; Herda et al., 2009;). Studies 

by Fowles et al. (2000), Herda et al. 

(2009) and Worell et al. (1994) 

demonstrated significant decreases in 

strength after 30, 20, 10 minutes of 

stretching, respectively. Thirty minutes 

stretching protocol of Fowles
 
et al. (2000) 

caused greatest decrease in strength (28% 

decrease), followed by 20-min protocol of 

Herda et al. (2000) that  resulted in 10% 

decrease and a 10 min protocol of Worell 

et al. (1994) resulted in 7% decrease.  

However, Reyan et al. (2008) found no 

changes in voluntary activation (VA) in 

the plantar flexors when examining the 

acute effects of only 10-min of stretching, 

but longer durations of stretching have 

elicited decreases in VA in the plantar 

flexors 
 
and leg extensors. The findings of 

the present study are consistent with the 

findings of Reyan et al (2008) and 

suggest that shorter durations of 

stretching do not diminish muscle 

activation in plantar flexors. No study has 

compared the acute effects of stretching 

on proximal and distal muscles. 

Proximal/larger muscles are sub optimally 

activated whereas the distal/smaller 

groups of muscles are fully activated 

(Kent-Braun and Le Blanc, 1996). Motor 

unit number is different for proximal and 

distal muscles. This may be the reason of 

geting different response from proximal 

and distal muscles. 

Future scope of research  

1. EMG could be used in the same study 

to evaluate action potentials so as to find 

out the reasons for increase in the strength 

with 2-min stretching.  

2. Since response of stretching may vary 

with different joint angles and muscle 

lengths, therefore further studies are 

needed to compare proximal and distal 

muscle at different joint angles.  

3. More studies are needed to examine 

athletes under controlled conditions and 

with sophisticated equipment like 

dynamometer.  

4. Further studies can be done in which 

the subjects can be recruited with precise 

amount of muscle tightness, same body 

stature, and body weight etc.  

Conclusion: Shorter stretching (2 minute) 

increases maximum isometric voluntary 

contraction force in both muscles but more 
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in the calf. This stretching has beneficial 

effects on muscle performance.   
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