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ABSTRACT
Objectives: The objectives of the study were to find the effective techniques out of post isometric relaxation,
Maximum voluntary isometric contraction and PNF hold relax in increasing the flexibility of hamstring muscles.
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Materials and Methods: An observational study on 90 subjects (both sexes; between 18 and 30 years) was given
one of three interventions – PIR, 10 Sec MVIC, and PNF HR and assigned into three groups – Group A, B, and
C (each group with 30 subjects). Three repetitions of the protocol were given to each subject for regular 2 days.
Active knee extension ROM was measured by the AKE test (90–90 test) before and after the treatment session
both days. The data were collected, and percentage analysis was used to interpret the results.
Results: All the groups showed a significant increase in active knee extension ROM. However, the results
were more significant for Group B than Group A than Group C with mean differences 5.53, 4.97, and 3.83,
respectively.
Conclusion: Hence, it is concluded that 10 s, MVIC was the most effective among the three manual techniques.
Keywords: Hamstring, Flexibility, Active knee extension, Post-isometric relaxation, Maximum voluntary
isometric contraction, PNF hold relax

INTRODUCTION
Flexibility is not only for players, gymnasts, and runners, but it is an important component for
good physical fitness in daily life also.[1] The ability of an individual to move smoothly depends
on flexibility, and it enhances the physical activity and reduces the risk of injury.[2,3]
The therapists commonly examine the tightness or shortness of muscle to assess flexibility.
The shortening and tightness of a muscle cause decreased flexibility and reduced joint range of
motion which ultimately leads to muscle imbalance.[4-6]
Lower limb flexibility involves various muscles such as hamstrings, quadriceps, and calf muscles,
of which the hamstring muscles are most common to get affected.[7]
The reduced flexibility of hamstring muscles alters the mechanics of lower extremity and
lumbopelvic region. The tight hamstring muscles have an effect on gait pattern, patella-femoral
joint, planter fascia, pelvic tilt, and lumbopelvic rhythm.[8]
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There are various techniques which are used to increase
muscle flexibility and joint range of motions that such
techniques include static stretching, PNF stretch, and
massage therapy.[9-12] Muscle energy technique and maximum
voluntary isometric contraction are the techniques that can
also be used to improve the flexibility of muscles.[13,14]
Thus, the present study has included post-isometric relaxation
technique of muscle energy technique, maximum voluntary
isometric contraction, and hold-relax for the purpose to find
out the effective way to increase the hamstring flexibility.

a significant improvement in hamstring flexibility with postisometric relaxation. It shows the mean difference in preand post-values of range of motion of 4.97° with P = 0.0001.
Group B shows a statistically significant improvement in
hamstring flexibility with maximum voluntary isometric
contraction with the mean value of 5.53° of range of
motion with P = 0.0001, whereas Group C shows significant
improvement with PNF hold-relax with a mean difference of
3.83° with P = 0.0001.

MATERIALS AND METHODS
The ethical clearance for the study was taken from the ethical
committee of Adesh University. The 90 healthy subjects with tight
hamstring muscles of age between 18 and 30 years were selected
from Adesh University according to the selection criteria.
Volunteer subjects of both sexes were included in the study.
Subjects with an inflammatory condition of hip joint and knees,
a congenital deformity of the lower limb, any musculoskeletal or
neurological injury of the lower limb, history of back, knee pain,
and the subjects who were taking corticosteroids from the past
6 months were excluded from the study. The verbal and written
consent were taken from the subjects. The flexibility of hamstring
muscles was measured using 90–90 active knee extension test
for all the subjects before interventions. After pre-interventional
measurement of hamstring flexibility, the randomized
concealment was done with a sealed envelope to divide the
subjects into three groups Group A, Group B, and Group C.
Ten minutes of hot pack were given to all the three groups
before interventions; then, post-isometric relaxation was given
to Group A. The maximum isometric contraction was given to
Group B and PNF hold-relax was given to Group C. The postinterventional flexibility of hamstring muscles was measured to
compare the effectiveness of all three techniques.
Interventions
Group A was given post-isometric relaxation technique with 5
s of isometric contraction at approx. About 75% of the maximal
effort of hamstring muscle followed by 3 s of relaxation for
a total three repetitions. The Group B was given maximum
voluntary isometric contraction of 10 s at the end of available
ROM with a mild feeling of stretch for total three repetitions
and the Group C was given PNF hold-relax technique with 7 s
of stretch and hold of 3 s of isometric contraction followed by
5 s relaxation for a total of three repetitions. The intervention
for each group was given for regular 2 days.

RESULTS
One-way ANOVA test was used to analyze the collected data
of all the groups for statistical significance. Group A shows

Graph showing mean improvement in AKE range of motion
after post-isometric contraction, maximum voluntary
isometric contraction, and PNF hold-relax.

DISCUSSION
The prime motive of the current study was to find out the
best effective way to increase muscle flexibility out of three
manual therapy techniques.
The purpose of the study was to compare the efficacy of postisometric relaxation exercise 10 s of maximum voluntary
isometric contraction and PNF hold-relax on hamstring
tightness and three techniques show significant improvement
in AKE range of motion, but the results were more significant
for Group B, i.e., maximum voluntary isometric contraction
with a mean improvement of 5.53° with P = 0.0001 and
SD 1.2° followed by post-isometric technique with mean
improvement of 4.97° with P = 0.0001 and SD 1.35° and the
results were least significant for PNF-hold-relax with the
mean improvement of 3.83° with P = 0.0001 and SD 0.87°.
A maximal static contraction of muscle stimulates autogenic
inhibition. The force generated by viscous material to resist
the stretch force of muscle gradually decreases over time with
causes stress relaxation of muscle, and ultimately, it results in
elongation of muscle,[15-18]
Whereas in both PNF hold-relax and post-isometric
relaxation static stretch component are included, so the
finding of PNF hold-relax and post-isometric relaxation
resembles the sum finding of static stretching. The authors
suggest that due to prolonged stretch, the number of
sarcomere increases and as a result of this muscle elongation
happens,[16,19] whereas the PNF hold-relax uses the effect of
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a stretch at maximum tolerance of stretch. MVIC/PNF HR
technique on the hamstring muscle group, PIR, and PNF
CR uses similar protocols, but differences can mostly be
attributed to variability in contraction durations, force, and
the number of repetitions used.[20-22] The PNF hold-relax
technique shows effective in elongation of muscle due to
neural inhibition of muscle being stretched, which reduces
reflex activity and enhances relaxation.[18]
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CONCLUSION
Based on the result of the study, all the three techniques
post-isometric relaxation, maximum voluntary isometric
contraction, and PNF hold-relax are significantly effective
in increasing active knee flexion range of motion, but the
10 s, maximum voluntary isometric contraction is the most
effective technique in increasing the active knee extension
range of motion followed by post-isometric relaxation and
the PNF hold-relax technique is the least effective technique
of these techniques.
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