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ABSTRACT

Background: Hamstring injuries are one of the
most common injuries seen in sprinters, leading
to reduction in flexibility and speed in sprinters.
The study aimed at comparing the two most
appropriate methods of hamstring stretching,
i.e., static stretching (SS) and proprioceptive
neuromuscular facilitation stretching (PNFS), in
sprinters for the management of tight hamstrings
and measurement of their effectiveness on
flexibility and speed.

Materials and Methods: After ethical
clearance and informed consent, 80 male
subjects who met inclusion criteria were
recruited and randomised into the SS (n = 40)
and PNFS (n = 40) groups. Baseline data on
age, height, weight, BMI, hamstring flexibility
(knee extension deficit (KED) on active knee
extension test (AKET), and speed parameters
(30-metre sprint test) documented at the
beginning of the study and at the end of the 12-
week study period.

Results and Conclusion: subjects showed
variable results. Flexibility differences within
groups pre- and post-intervention were
statistically significant, but not between groups,
indicating both methods are effective on
flexibility. The differences in speed components
of athletes were statistically significant within
and between groups. The PNFS group has
shown better improvements than the SS group
on speed testing. This may be attributable to the

elongated and tone is stabilised during the
contraction phase of PNF stretching.

Keywords: static stretching, PNF Stretching,
knee extension deficit, active knee extension
test, 30-meter sprint test, Pheezee, Range of
motion tool, Hamstrings flexibility, Hamstrings
tightness.

1. INTRODUCTION

Sprinting is a sport where a person run as
fast as he can over a short distance in a short
amount of time. It depends on the flexibility
of subject’s lower leg muscles, especially
the ones in the hamstrings (1). High-speed
runners need to be able to control their
hamstring muscles both when they are
contracting and when they are relaxing.
Hamstring muscle strain injuries have a high
re-injury rate of 12-31%. Athletes need to
be flexible to do well, and stretching
strategies for flexibility can be either Static
or dynamic. There are two classes of
stretching:  static and  proprioceptive
neuromuscular (PNF) which are commonly
employed (2).

In sports like sprinting, hamstring strains are
common and account for up to 29% of all
injuries. Due to recurrence of hamstrings
tightness, trainers and professionals need to
be actively involved in getting people back

neurological mechanism involved in the  to sports. Flexibility and strength of the
contract-relax  method, where muscle is  hamstrings are controllable risk factors for
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hamstring injuries. Exercises  and
knowledge on the mechanics of the
hamstring muscles during running can help
improve strategies for injury prevention and
recovery. Having flexible hamstrings,
muscles can help players move their hips
and knees to take longer steps. Hamstring
tightness caused by direct injury to muscles,
excessive tissue strain, Musculo tendinous

junctional strain, shortening and not
loosening up enough, and insufficient
training (3).

Different methods, like static and dynamic
Proprioceptive Neuromuscular Facilitation
(PNF) stretching, are popular and often used
in sports and therapies to improve both
active and passive range of motion (ROM)
of Knee and Hip. Static and PNF stretching
is often used as a warm-up before sports or
training and make muscles more flexible
and improve joint range of motion (4) (5).
This study aims to validate the effectiveness
of static and Proprioceptive Neuromuscular
Facilitation (PNF) stretching procedures in
improving flexibility and speed in sprinters.
Hamstrings are common injuries that can
lead to muscle tightness, reducing
performance and speed (6). The optimal
elasticity and length tension of the lower
limb are crucial for speed enhancement.
Despite previous research, there is limited
conclusive evidence on the effects of these
stretching methods on sprinter performance.
The study provides evidence to clinicians
and helps improve outcomes for sprinters by
addressing the uncertainties surrounding the
effects of static and PNF stretching.

Purpose: This study compares the
effectiveness of static stretching (SS) and
Proprioceptive neuromuscular stretching
(PNFS) over tight hamstrings on speed and
flexibility in sprinters. The objectives
include documenting changes in hamstring
flexibility in terms of knee extension deficit

aims to provide valuable insights into the
benefits of stretching for sprinters.

2. METHODS

The research was conducted at the sports
authority of Andhra Pradesh (SAAP),
athletic academy, Acharya Nagarjuna
University, Mangalagiri, Guntur, Andhra
Pradesh, India. The study design is quasi
experimental, with a sample size of 80
subjects, two groups (SS and PNFS) of 40
in each group. The sampling method is
computer generated random numbers. The
study includes subjects aged 16-22 years,
males, sprinting with tight hamstrings (15 or
more than 15 degrees of KED on AKET).
Exclusion criteria include No positive health
risks, No other conditions of lower limbs
causing hamstring tightness, coordination
problems, hyper mobile joints,
uncooperative and disoriented subjects, and
other  conditions affecting  hamstring
function. Subject’s demographic data like
Age, Height, Weight, BMI, Speed and
Flexibility was measured before and after 12
weeks of duration. 30 meters sprint test was
done on an athletic synthetic running track
for the speed testing. Knee extension deficit
(KED) range of motion was measured on
the Active Knee extension test (AKET) as
measure of hamstrings flexibility using
Pheezee device modules and electronic
stopwatch for time measurement.
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Figure 1:Study flow
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2.1 The Active Knee extension test:

The Active Knee extension test (AKET)
measures hamstring muscle flexibility by
assessing knee extension deficit (KED)
range of motion. The test involves a subject
lying on a couch, extending their knee from
90 degrees hip flexion, and measuring the
knee extension deficit using a Pheezee
ROM device. Pheezee is a real-time digital
device that measures range of motion
(ROM) from joints in the human body. The
device has an on-board  ARM
microcontroller and motion sensors for data
acquisition and processing. It is made up of
two modules (7). for knee ROM
measurement modules are placed one above
the knee and one below the knee, and has an
ability of measuring Range of motion at
accuracy of 96% compared to traditional
goniometers. Participants were placed on a
couch with their hip joint aligned at 90
degrees. Two Phezee device modules were
affixed to their knee joints for
experimentation. A zero-reference point was
established before any movement. The
angular displacement of the knee joint was
visually represented on an android mobile
application display. The knee extension
deficit (KED) range of motion was
documented as the hamstrings flexibility on
active knee extension test (AKET) (8). The
subjects performed AKET as trained by the
therapist. The subjects' performance on the
test was recorded for measurement of
hamstrings flexibility (9) (10) (11).

2.2 The 30-meter sprint test

The 30-meter sprint test is a speed test
designed to determine acceleration and
speed metrics. It requires a marked track,
stopwatch, cone markers, and a flat surface
of at least 50 meters. Participants underwent
health risk screening prior to test, obtained
informed consent, and provided necessary
information for test. The test area is
accurately  measured and  outlined.
Participants are instructed to perform a 30-
meter sprint at their maximum velocity on a
designated track, starting from a standstill
posture with one foot in front of the other.

The duration of the sprint is measured in
units of seconds. The investigator offered
suggestions on optimizing speed. The
results are documented with precision to the
nearest two decimal points, starting with the
start-up of a stopwatch and concluding
when the chest region crosses the designated
ending point (12) (13).
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i Figure 2:Active Knee extension test

2.3 Static stretching:

Static stretching is a method where a muscle
is held in a specific position for a
predetermined period. This technique was
performed in lying on the back. subjects
knee was maintained in extended position
while the lower limb is taken into hip
flexion where two ends of the hamstrings
muscle are striched. In this study,
"hamstring  static  stretching™ involves
elongating the hamstring muscle by
applying external stress and maintaining this
posture for 15 to 30 seconds.  Static
stretching aids muscle relaxation and
enhances range of motion (ROM). To
improve the outcome, a moist therapy was
administered to the contracted hamstrings to
induce relaxation and increased flexibility.
The stretching exercise was performed
daily, with three sets of ten repetitions, five
days each week, for twelve weeks. The
patient experienced no discomfort during
the procedure (14) (15).

2.4 Proprioceptive neuromuscular
facilitation stretch (PNFS):

Proprioceptive neuromuscular facilitation
(PNF) is a widely used stretching technique
in physical therapy and exercise science.
The Contract-Relax Technique involves
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passive stretching followed by an isometric
contraction, typically applied by the
therapist's hand. To improve the efficiency
of the hamstring stretch, moist therapy is
applied prior to stretch. The patient is
positioned on a couch, and the therapist is in
a stable position with their back straight and
core muscles engaged. Both hands are
placed on the distal part of the femur to
prevent knee flexion during the stretch. It
involves a sequence of stretches and
contraction of muscle designed to improve
an individual's flexibility. To prevent
excessive strain and potential injury, each
movement is carefully controlled and
incrementally advanced (16). The subject's
limbs are elevated until they experience a
manageable sense of stretching in
hamstrings, then subject is asked to contract
muscle against therapist resistance, and the
subject is progressively lowers the
contraction for the remaining ten seconds.
The PNF stretching method is repeated for
each subject, starting with mild stretches
and gradually progressing to deeper
stretches. The muscle then enters a state of
relaxation, leading to further stretching and
an additional contraction (17).

3. RESULTS

The study involved 80 male sprinters with
tight hamstrings, randomly assigned to
either the SS(n=40) or PNFS(n=40) group.
Data was collected on age, height, weight,
BMI, speed, and hamstring flexibility. The
study investigated the statistical significance
of hamstring flexibility and speed within the
SS and PNF groups using paired for within
group and unpaired t-tests for between
groups. The data was documented,
tabulated, and graphically presented.

3.1 Demographic data:

Static stretch group had 40 subjects with
average age of 18.75+1.94 years, with the
range between 16 to 22 years. Height of
162.9+5.22 ranging between 155 — 170 cm,
weight of 62.62+5.2 Kgs with the range of
56 - 72 cm and BMI of 23.69+2.73 with
range of 19.38 - 29.17.PNF stretch group
had 40 subjects with average age of
18.9+1.91years, with the range between 16
to 22 years. Height of 161.6+5ranging
between 155 — 170 cm, weight of
64.87+5.36 Kgs with the range of 55-72 cm
and BMI of 22.86+2.27 with range of 20.7-
29.57 (Table 1: Demographic data)

Table 1: Demographic data

Static stretch group PNF stretch group

Mean+ SD | Range Mean+ SD | Range
Age 18.75+£1.94 | 16 -22 18.9+1.91 16-22
Height | 162.945.22 | 155 - 170 161.6+5 155-170
weight | 62.62+5.2 56 - 72 64.8745.36 | 55-72
BMI 23.6942.73 | 19.38-29.17 | 22.86+2.27 | 20.7-29.57

3.2 Flexibility:

Hamstring flexibility in static stretching
group showed a knee extension deficit of
27.1+£3.84 degrees (range: 21-33 degrees) at
the start of the research Following the trial,
the average knee extension deficiency range
decreased to 11.67+5.34 degrees (range: 5-
25 degrees), indicating significant findings
(p=<0.05). Hamstring flexibility in the PNF

Table 2: Hamstrings flexibili

stretching group showed a knee extension
deficit of 27.32+4.41 degrees (range: 19-35
degrees) at the start of the trial. After the
study, the average knee extension deficiency
reduced to 10.325+3.331, a significant
reduction (p-<0.05) (range: 5-15 degrees)
(Table 2: hamstrings flexibility in degrees)
(Figure 3)

in degrees

Static stretch group (P Value :P=<0.05)

PNF stretch group (P Value :P=<0.05)

Meanx SD Range Mean+ SD Range
Hams flex pre | 27.1+3.84 21-33 27.32+4.41 19-35
hams flex post | 11.67+5.34 5-25 10.325+3.331 5-15
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Figure 3: Hamstrings flexibility

3.3 30-metre sprint (Speed test):

The athlete's velocity was measured through
a 30-metre sprint. At the start of the trial,
athletes had an average speed of 5.72+ 0.47
seconds, and at the end of study improved to
4.77+ 0.45 seconds. The research showed
statistical ~significance at p < 0.05.
Proprioceptive neuromuscular facilitation

(PNF) stretching group mean speed was
5.76 £ 0.455 seconds. The study found that
athletes' average speed improved, to
3.99+0.26 seconds. Statistical significance
was achieved since the p-value was less
than 0.05 (Table 3: 30-meter sprint test time
in seconds) (figure:4)

Table 3: 30- meter sprint test time in seconds

Static stretch group (P Value :P=<0.05) | PNF stretch group (P Value :P=<0.05)
Mean+ SD Range Mean+ SD Range

30mtr sprint pre 5.7+0.47 5.02 - 6.59 5.76+0.455 5.02-6.56

30mtr sprint post | 4.77+0.45 4.02 -5.52 3.99+0.26 3.55-4.41

Pnf 4

group

Static q

4.5 5.0 55 6.0 6.5 7.0
30 Mtr spr pre

group

. _Jv\

4 5
30 Mir spr post

Figure 4:Thirty-meter sprint test

3.4 AKET test hamstring flexibility
(KED): Group comparison:

The SS and PNF groups' pre- and post-
Hamstrings flexibility (KED) scores were
compared. Static stretching KED decreased
from 27.1+3.84 to 11.67+5.34. The pre- and
post-hamstring flexibility (KED) values of
the PNF group showed a considerable
increase, from 27.3+24.41 to 10.325+3.331.
Although the Knee Extension Device
showed substantial clinical increases in
hamstring flexibility within each group.
AKET test hamstring flexibility (KED). The
statistical analysis showed no significant
difference between the SS and PNF groups.
Both groups improved clinicallyFigure 5:

Hamstrings Flexibility (KED) on AKET test
— between groups(Figure 5: Hamstrings
Flexibility (KED) on AKET test — between

groups).

3.5 30-metre sprint between groups:

The static stretching group showed a speed
improvement from 5.7+0.47 to 4.77+0.45.
Proprioceptive neuromuscular facilitation
(PNF) training sessions led to a speed
increase from 5.76+0.455 to 3.99+0.26 in
the group. Both groups had similar mean
speeds before the intervention. Analysis
showed a statistically significant difference
between SS and PNF (Figure 4:30-meters
sprint results- Between Groups
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30 27.1  27.32

§ 25

= 20

%o 15 11.67 1p.32

o 10 I

£ 5

s 0

8 hams  hams hams hams
flex pre flex pre flex postflex post

SS PNFS SS PNFS

Knee extension deficit (KED) pre and post Between

groups

Figure 5: Hamstrings Flexibility (KED) on AKET test —
between groups

4. DISCUSSION AND CONCLUSION
During the screening process, almost every
participant had some degree of tightness in
their hamstrings, suggesting that sprinters
have the greatest likelihood of hamstring
tightness (18). The study results showed an
overall decrease in flexibility between both
groups at the time of recruiting. This
phenomenon could be attributed to the
inherent diversity observed across the
different components of the hamstrings
muscles, such as the semitendinosus (ST),
semimembranosus (SM), and biceps femoris
(BF) (19). The participants were divided
randomly into two groups after meeting
inclusion criteria. Static stretching involves
engaging in a slow, purposeful activity to
elongate the muscle without discomfort.
Proprioceptive neuromuscular facilitation
(PNF) is a technique that involves
contracting and lengthening targeted
muscles simultaneously, enhancing muscle
tone and facilitating early recovery (20). To
ensure reliable results regarding the impact
of hamstring flexibility on knee extension
deficit (KED), the investigators utilized an
instrument  called Pheezee,  which
demonstrated its accuracy and
reproducibility in  measuring range of
motion (21).

The static stretching group showed
consistent clinical improvements in knee
joint extension range of motion, particularly
hamstrings flexibility similar to PNFS
group. The proprioceptive neuromuscular

30 meters sprint results- Between Groups
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Time In seconds
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sprpre  sprpre spr post spr post
SS PNFS SS PNFS

Figure 4:30-meters sprint results- Between Groups

facilitation (PNF) group showed superior
performance in the 30-meter sprint than SS
group as well as flexibility also. The
contract relax PNF stretch technique
triggers the inverse stretch reflex, aiding
muscle recovery to its optimal position and
preventing injury during the stretching
process. Neurological activation plays a
crucial role in the use of PNF stretching, as
demonstrated in this study. The study also
emphasizes the importance of evaluating
running speed and joint movement in the
lower extremities. Both static stretching and
PNF stretching can improve flexibility and
performance in running a 30-meter sprint
faster. The study found that the PNF group
displayed higher performance in the thirty-
meter sprint.

5. CONCLUSION

The study focused on the benefits of
proprioceptive neuromuscular facilitation
(PNF) stretching and static stretching for
improving hamstring flexibility and speed
of sprinters. The PNF stretching technique,
contract relax, was found to be the most
effective method, triggering the inverse
stretch reflex and aiding in muscle recovery
and preventing injury during the stretching
process. Both static and PNF stretching
improved a person's flexibility and ability to
run a 30-meter sprint faster but The PNF
group had better results in speed tests
compared to the static group. The neural
mechanisms involved in muscle
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contractions in PNF stretch may explain the
PNF group's better results. The study
concluded that PNF stretching is an
effective approach than Static stretch for

rehabilitation and prevention of reinjury
using lengthened state eccentric training: a
new concept. International journal of sports
physiotherapy. 2012; p. 333-341.
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