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Abstract: In the literature, the terms “flexibility” and “muscle length” are often used synonymously when referring to the ability of muscles to
be lengthened to their end range. The flexibility of the hamstring muscle is important in the prevention of injury, muscular and postural
imbalance and maintenance of a full range of joint movement optimal musculoskeletal function and enhanced performance in day-to-day
activities. To evaluate the comparative effectiveness of modified hold-relax technique and ballistic stretching for increasing hamstring flexibility
in football players. To evaluate the comparative effectiveness of modified hold-relax technique and ballistic stretching for increasing hamstring
flexibility in football players. This study includes (N=50) subjects with hamstring tightness within the age group of 18-28 years. They were
randomly assigned into 2 groups (Group A and B). Group A had 25 (N=25) subjects who are treated with Modified hold- relax stretching,
Group B had 25 (N=25) who are treated with ballistic stretching. The subjects were given intervention 3 sessions per week for 4 weeks.
ANOVA one way classification was used to compare between and within the groups. Test within the subject of effect is highly significant for
both the groups. Each group has p=0.000. Test between the subjects were used to compare between the groups, it showed highly significant
p=0.000. But clinically modified hold- relax is superior to ballistic stretching. The findings suggest that modified hold- relax and ballistic
stretching both was statistically significant in improving hamstring flexibility. But modified hold- relax technique showed better results
compared to ballistic stretching.
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I.  INTRODUCTION

In this study the term Flexibility and Muscle length are often
used and both these terms have the meaning i.e it is the
capacity of muscles to be lengthened to their end rang.' The
flexibility of the hamstring muscle is important in the
prevention of injury, muscular and postural imbalance and
maintenance of full range of joint movement optimal
musculoskeletal function and enhanced performance in day-
to-day activities.’The hamstring strain is a condition well
recognised by medical personnel, coaches, and athletes.***
Such injuries are a major cause of time lost from sport.®
Hamstring strains are among the most common injuries in
sport and are most often observed in sports that involve
sprinting and jumping.”Hamstring muscles are the muscles at
the back of the thigh comprising the long head of the bicep
femoris, the semitendinosus and the semimembranosus
muscles.®  Hamstring muscles arises from ischial tuberosity
act across both hip and knee joints and are innervated by the
tibial nerve® Hamstring muscle injuries are one of the most
common musculotendinous injuries in lower extremity.'
Decreased hamstring flexibility is a risk factor for
development of patella tendinopathy and patella-femoral pain,
hamstring strain injury.!" Recurrent hamstring injuries
develop in more than 30% of athletes, with most occurring
during the ensuing sporting season.'” The initial Football
Association Audit of Injuries study found that 12% of all
injuries reported over two seasons were hamstring strains,
this being the most prevalent injury.”® Players were 2.5 times
more likely to sustain a hamstring strain than a quadriceps
strain during a game.""The causes of a hamstring strain are
complicated and multifactorial, involving muscle strength
imbalance, inadequate warm-up, lack of flexibility, muscle
fatigue, and previous strain/inadequate rehabilitation."”” The
hamstrings are an example of the muscle groups that has a
tendency to shorten . Lack of hamstring flexibility was the
single most important characteristic of hamstring injuries in
athletes.'® Increasing hamstring flexibility can play an
important role in preventing lower extremity overuse
injuries. 7 Inadequate muscular flexibility has been cited as
one possible cause of hamstring injury. Other contributing
factors for hamstring injury include lack of hamstring
strength, inadequate warm-up, and muscle fatigue.'>'"'®
Athletes with a history of hamstring injury have significantly
less hamstring flexibility than their uninjured counterparts
and are prone to recurrence of hamstring injuries."”
Therefore, the identification of simple therapeutic regimens
capable of increasing hamstring flexibility may reduce the
chance for injury of athletes with low levels of hamstring
flexibility or a history of a hamstring injury.® Flexibility is an
intrinsic property of the body tissues that determines the
range of motion achievable without injury at a joint or group
of joints.”'Flexibility can be enhanced by simple, non-surgical
procedures like stretching the shortened muscles.”? It has
been suggested that stretching may acutely improve flexibility
by reducing musculotendinous stiffness. Flexibility exercises
are designed to increase tissue elasticity, thereby increasing
the range of motion (ROM) of specific joints."*'® Increased
ROM is believed to both enhance athletic performance and
decrease the severity and frequency of injuries® To evaluate
the comparative effectiveness of modified hold-relax
technique and ballistic stretching for increasing hamstring
flexibility in football players. Modified Hold Relax technique
is hold relax is a technique of facilitating normal muscle
sensation and muscle awareness. It is often applied when
there is muscle tightness. It is a relaxation technique to
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obtain a lengthening reaction of muscle whose action is an
antagonist to movement limited in range, it means an
increasing range of movement in joints, it is effective, simple
and pain-free.? ballistic stretching is characterized by the use
of vigorous and rhythmic movement of a body segment
throughout this range of motion in order to lengthen a
muscle or muscle group.” Movements produced to perform
the ballistic stretching can lead to a warming up of the body
musculature. The increase of muscle temperature during
strain can produce a decrease in viscosity of tissues and
rectify the undulations of collagen.”* Various studies have
been done using a modified hold-relax stretching techniques
for increasing hamstring flexibility and have concluded
modified hold-relax as an effective stretching technique for
increasing hamstring flexibility. Studies have also been done
using a ballistic stretching technique for increasing hamstring
flexibility in football players and have shown significant
improvement with ballistic stretching. So far, there are
limited studies done on comparison between both
techniques. So, this comparative study is needed to see which
technique give better results with greater sample size, with
male subjects and increased stretching time for improving
hamstring flexibility in football players.

2 METHODOLOGY
2.1  Subject

e Sample size: 50 subjects were included in this study.

e Source of sample: a subject with hamstring tightness from
college football players of Assam Downtown University.

e Study population: cases of hamstring tightness.

e Sampling design: convenient sampling

2.2  Study Area

Department of physiotherapy, ADTU, Panikhaiti, Guwahati-
26, Assam, India.

2.3  Study Design
Comparative study design with pre-and post- treatment.
2.4  Inclusion Criteria

I. Age group 18-28 years.

2. Gender-male.

3. Subject with hamstring tightness (20-40 degrees active
knee extension loss with hip in 90-degree flexion).”>?

4. Subjects who stop hamstring stretching for two months.

Irregular players.

6. Subjects who are able to comprehend comments and
willing to participate in the study.

u

2.5 Exclusion Criteria

Subjects involving in any other physical fitness program in the
last six months.”’

. Neuromuscular disorders.

2. Cardiovascular disorders.

2.6 Regular players

2.6.1 Study Variables

Independent variables:

L-1



ijlpr 2020; doi 10.22376/ijpbs/pr.2021.11.3.L1-11

Modified hold relax stretching
Ballistic stretching

Dependent variables:

Sit and reach test
Active knee extension test

2.7 Materials Used

Sheets of paper
Towels

Pen

Stopwatch

Universal goniometer
Sit and reach box
Strapper

Mat

Plinth/couch

2.8 Outcome Measures

e Active knee extension test (AKET)
e Sit and reach test (SRT)

2.9 Protocol

50 subjects were assigned into two groups 25 in each group
and subjects were selected by convenient sampling method
on the basis of inclusion criteria. Group A- Subjects received
modified hold- relax technique. Group B- Subjects received
ballistic stretching. The post-intervention measurement for
the same was taken after the completion of 4 weeks of
treatment, that is, at the end of the study.

2.10 Conventional Therapy

Slow jogging as warm-up for both the groups for 3 minutes.
Each subject was measured for flexibility by using sit and
reach test using sit and reach the box and active extension
test by using a universal goniometer. Day O - i.e before the

exercise started. Day 28 — that is, at the end of the
treatment.

2.11 Duration of The Treatment

10 minutes ideal for the stretch without injuring and making
the muscle fatigue

2.12 Maodified Hold - Relax Technique

4. RESULTS
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5 cycles of 20 repetitions of modified hold- relax stretching
was given: 3 times a week for 4 weeks.

2.13 Ballistic Stretching

5 cycles of 20 repetitions of ballistic stretching was given: 3
times a week for 4 weeks.

2.14 Procedure
2.14.1 Modified Hold Relax Techniques

Position of the subject- Supine lying position Therapist
position- Stand by the side of the subject With hip and knee,
90 degrees flexion and a therapist then stretch the hamstring
passively until the subjects felt and reported a mild stretch
sensation in that position the subject was then asked to
contract for 20 seconds and then relax for 10 seconds. After
| set the subject was given rest for 30 seconds. 5 sets of 20
repetitions were performed.

2.14.2 Ballistic Stretching

Subject position- Supine lying position Therapist position -
Stand by the side of the subject Flexion extension
movements of the hip with knee kept in full extension, the
movements were performed by the therapist with the fastest
speed as possible, respecting the limit of each volunteer.5
cycles of 20 repetitions with 30 seconds interval between
them.

2.14.3 Conventional Therapy

3 minutes of slow jogging for both the group as warm-up
exercise.

3. STATISTICAL ANALYSIS

Statistical analysis was done using statistical software namely,
SPSS 22.00 version, Microsoft Word and Excel have been
used to generate graphs tables, etc. A total no. of 50 (n=50)
subjects were taken for the study. Improvements in the
hamstring flexibility using Active Knee Extension test
(Goniometer) and Sit and Reach Test (sit and reach box)
from baseline to the last follow-up were measured by
computing change scores for each group and taking the
group mean, as well as by computing change in each outcome
variable between groups. Repeated Measures of ANOVA
with one-way classification using multivariate tests were used
to assess the statistical significance of the change score. A
.05% of probability was adopted as the level for the statistical
significance. Degrees of Freedom Df = n

Table-1. Age Wise Distribution Among The Group
Group | N | Mean Std. Deviation | Minimum | Maximum
Group-l | 25 | 22.76 22.61 2291
Group-2 | 25 | 22.68 22.49 22.88

According to the data analysis, the mean age in group | was 22.76 years with a standard deviation of 1.94 and in group 2 mean ages were 22.68
years with a standard deviation of 2.43.
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Table - 2intragroup comparison of pre treatment and post treatment for AKET for group-1|

Group N value Mean Standard error mean Standard deviation P value
PRE- TESTRIGHT LEG 25 19.44 0.26475556 6.62
POST- TEST RIGHT LEG 25 53.99 0.16123369 4.03 <0.001
PRE- TEST LEFT LEG 25 19.69 0.29501828 7.37
POST- TEST LEFT LEG 25 54.14 0.167696467 4.19 <0.001

The result proves that there is highly significant improvement in hamstring flexibility from the pre- treatment to the post treatment value for AKET
when patients were treated with modified hold-relax technique

Table - 3 intragroup comparison of pre and post treatment for AKET for group-2

Groups N value Mean Standard error mean Std. Deviation P value

PRE- RT LEG 25 23.89 0.280158 7.0039 <0.001
POST —RT LEG 25 34.702 0.153841 3.846

PRE- LT LEG 25 23.9296 0.287804 7.1950 <0.001
POST- LT LEG 25 34.7032 0.152362 3.809

The result proves that there is highly significant improvement in hamstring flexibility from the pre- treatment to the post treatment value for AKET
when patients were treated with ballistic stretching technique

Table- 4.intragroup comparison of pre treatment and post treatment for SRT for group-|

Groups N value Mean Standard error mean Std. Deviation P value
PRE- RT LEG 25 18.596 0.156458514 3.91146
POST- RT LEG 25 41.0624 0.088288639 2.2072 <0.001
PRE- LT LEG 25 18.596 0.156458514 3.91146
POST- LT LEG 25 41.0624 0.088288639 2.20721 <0.001

The result proves that there is highly significant improvement in hamstring flexibility from the pre- treatment to the post treatment value for SRT
when patients were treated with modified hold- relax technique.

Table - S5intragroup comparison of pre treatment and post treatment for SRT for group- 2

Groups N value Mean Standard error mean  Standard deviation P value
PRE- RT LEG 25 20.7692 0.154807 3.87017

POST- RT LEG 25 27.0804 0.102039 2.5509 <0.001
PRE- LT LEG 25 20.7692 0.154807 3.8701

POST- LT LEG 25 27.0884 0.102039 2.5509 <0.001

The result proves that there is highly significant improvement in hamstring flexibility from the pre- treatment to the post treatment value for SRT
when patients were treated with modified hold- relax technique.

Table- 6 inter-group comparison of post treatment values for AKET between group-1 and group- 2

Groups N value Mean  Standard error mean Standard deviation P value
GROUP-1 POST-RT LEG 25 53.9832 0.161234 4.03084226

POST- LT LEG 25 54.1436 0.167696 4.192411677 <0.001
GROUP-  POST- RT LEG 25 34.702  0.15384| 3.846035838
2 POST- LT LEG 25 34.7032 0.152362 3.809055789 <0.001

The result proves that in both the groups there is a significant improvement in hamstring flexibility from the post-treatment value in-between group
I and group 2 when measured by AKET but when compared between the post mean values and standard deviation values Group | shows more
highly significant as compared to Group 2. That is a group who received modified hold- relax stretching shows highly significant as compared to

Group-2 who received ballistic stretching.

Table - 7 Inter-Group Comparison of Post Treatment For SRT Between Group-1 And Group- 2

Groups N value Mean Standard mean error Standard deviation P value
GROUP-I POST- RT LEG 25 41.0624 0.088289 2.207215969

POST- LT LEG 25 41.0624 0.088289 2.207215969 <0.001
GROUP-2 POST- RT LEG 25 27.0884 0.102039 2.55096988|

POST- LT LEG 25 27.0884 0.102039 2.55096988| <0.001

The result proves that in both the groups there is significant improvement in hamstring flexibility from the post treatment value in between group |
and group 2 when measured by AKET but when compared between the post mean values and standard deviation values Group | shows more highly

significant as compared to Group 2.
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5. DISCUSSION

Comparing the mean values and the standard deviation values
for both the groups, group A which is modified hold-relax
grouphad initial mean and standard deviation values for AKET
was 19436 + 6.618889 for the right leg and 19.6892 +
7.375457 for left leg and has improved to 53.9832 *
4.030842 for right leg and to 54.1436 *+ 4.192412 for left leg,
and for SRT initial values was 18.596 + 3.911462855 for both
right and left leg and has improved to 41.0624 + 2.207215969
after 4 weeks of treatment. The result for group B, which is
ballistic stretching, initial mean values for AKET are 23.89 *
7.003941152 for left leg and 23.9296 + 7.195088881 for the
right leg and has improved to 34.702 + 3.846035838 for left
leg and 34.7032 + 3.809055789 for right leg after 4 weeks of
stretching, the initial values for SRT was 20.7692 *
3.870173252 for both right and left leg and has improved to
27.0884 12550969881 after 4 weeks of stretching. These
findings go along with the previous results of Davis, Ashby,
McCale, McQuain, and Wine which concluded that there is a
significant increase in hamstring flexibility after 4 weeks of
modified hold relax but not with static stretching
intervention.”® Gauri Shankaret al, in their comparative study,
found that modified hold relaxation is more effective because
the isometric muscle action completed immediately before
the passive stretch which help to achieve autogenic
inhibition - a reflex relaxation that occurs in muscle where
the Golgi tendon organ is stimulated. Modified hold-relax
stretching improves flexibility through relaxation of the
contractile component of the muscles. Scott Spernoga et al,
found that the sequence of 5 modified hold relaxes stretching
produced significant increase in hamstring flexibility.”” In this
study, modified hold relax protocol has been used for Group
| subjects and shows that modified hold relax increases in
hamstring flexibility in football players'', this is consistent
with Sharman Malanie who found that proprioceptive
neuromuscular facilitation produces superior ROM.* The
immediate flexibility gain can be explained by the viscoelastic
properties of the muscle. This property is a response of the
muscle-tendon unit to stretching with a fixed length, which
generates a decrease in stress over time.”**® This reduced
length of the muscle-tendon unit is known as stress
relaxation and allows a deformed muscle-tendon unit more
easily in the next repetition, thus providing greater
flexibility.”* Another explanation found is based on the
increased tolerance of the muscle-tendon unit to elongation,
although this mechanism is still unknown.?* Previous studies
have compared various forms of PNF to interventions to
increased hamstring flexibility using stretching interventions
performed over multiple weeks. Prentice j. et alshowed
significant increases in hip flexibility for 10 weeks of slow-
reversal-hold PNF techniques over an SS intervention.'®
House RW et aldid a comparative study of ART versus
modified hold relax PNF to find out the difference in
hamstrings flexibility in 34 healthy subjects treated two times
per week for 2 weeks.”® They concluded that modified hold
relax PNF demonstrated greater improvement in hamstring
flexibility than ART at 10 days follow-up.'®® In this study the
other subjects in Group 2, ballistic stretching was given for
increasing hamstring flexibility and from the data analysis, the
result showed that ballistic stretching produced a significant
increase in hamstring flexibility. This may offer some support
to the findings of Mary Hellen Morcelliet al, who found that
after applying ballistic and contract-relax stretching
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techniques there was an increased in the flexibility of the
hamstring muscles. The data corroborate the findings of
other studies on the implementation of stretching protocols
to increase the flexibility of the hamstring muscles.* Nelson
and Kokkonen have reported a 9% improvement in the sit-
and-reach test after passive ballistic stretching.” SRT also
shows good reliability to assess the flexibility of hamstring
muscles.”’ Concerning to gains of flexibility that were
observed after the application of ballistic stretching, the
literature reports that movements produced to perform the
ballistic stretching can lead to a warming up of the body
musculature.***' The increase of muscle temperature during
strain can produce a decrease in viscosity of tissues and
rectify the undulations of collagen.* Very few studies have
been done on ballistic stretching for hamstring muscles. This
type of stretching may be beneficial for athletes, it carries a
risk of injury.' Ballistic stretching is generally not
recommended for normal people who are not active in
sports.®' Florida-based physician assistant Stephanie Mazal
explains that this is because there is a risk of straining or
pulling a muscle.*' According to Chaoj, stretching movements
that are too forceful can damage the soft tissues around the
joints, such as ligaments.*® This can develop into tendonitis,
Over time, even small muscle tears can lead to reduced
flexibility and movement.’'*? However, ballistic stretching
may be helpful to some people as long as it's done
correctly.?*?'32 A study in the British Journal of sports
medicine found that ballistic stretching was better than static
stretching at improving hamstring flexibility in people with
tight hamstrings.®' In this study, slow jogging was advised to
the subjects before the stretching technique was given as
warm-up exercised. Warm-up before stretching for athletic
activity often includes both stretching and warm-up, making it
difficult to assess their independent effects on
injuryprevention.’*?** Sharma et al. reported stretching along
with warming up is an effective way to improve hamstring
flexibility."' A summary of 22 clinical studies in the 1950s and
1960s found that flexibility and performance(especially
strength and speed) in a number of sporting activities
improved after warm-up, especially when stretching was
vigorous, sustained, and related to the activity to be
undertaken, and subsequent studies found similar results.*>**

6. CONCLUSION

On the basis of the results, it can be concluded that the
present study provided evidence to support the use of a
physical therapy regimen for hamstring tightness in the form
of stretching for improvement of hamstring flexibility in
terms of AKET (Goniometer), SRT (sit and reach box) for
measuring of hamstring flexibility respectively. In addition,
results support that both modified hold- relax stretching and
ballistic stretching showed improvement statistically after 4
weeks of stretching. But, when compared with each other,
modified hold- relax stretching showed more improvement
in hamstring flexibility as compared to ballistic stretching.
Hence, both modified hold- relax technique and ballistic
stretching can be used effectively for increasing hamstring
flexibility.

6.1 LIMITATIONS OF THE STUDY
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The study did not include follow up. Thus results can’t tell us
about the effectiveness of both the intervention in long term.
Small sample size.
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