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led trunk movement, walking, and jumping [2] . So,
hamstrings flexibility have been successfully prescribed for relief of low back pain which was found
to be increased in subjects' with hamstring tightness.

Abstract
Background: Decreased flexibility of Hamstrings has a
negative impact on the posture of lumbo-pelvic region and
may serve as a cause of low back pain. It is also a major
contributing factor for lumbar spine disorders, hamstring
strains and other sports related injuries.

Any alterations in muscular flexibility could
directly influence the function of other joints in
the kinetic chain. So, optimal muscular flexibility
and joint range of motion (ROM) are necessary
for optimal physical (strength, endurance and
fitness) and psychosocial wellbeing [3] .

Aim of Study: Tocompare the effects of (NT) Neurodynamic Tensioner and (PNF) hold-relax stretching on hamstring
flexibility in order toidentify the most effective intervention
for short hamstring syndrome.
Material and Methods: Present study conducted as Pretest - Post-test Experimental study.

The hamstrings act as a mechanical interface
surrounding the sciatic nerve. Nerve adhesions in
the hamstring may alter neurodynamics and cause
abnormal mechanosensitivity of the sciatic nerve;
which could influence hamstring flexibility. Neural
tissues involvement to hamstring flexibility has
been studied in the literature [4,5] . Neural Mobilization (NM) or Nerve Glide Stretches are active
stretches in which the nervous system is made taut
and then slack which explain the observed increase
in flexibility [5] , through decreasing neural mechanosensitivity by providing movement that lead to
changes in the neurodynamics and modification
of sensation.

Participants: Forty subjects with short hamstring syndrome
participated in this study. Subjects were subdivided into two
matched groups; each group consisted of twenty subjects,
group A who received neural tensioner in slump position; and
group B who received the PNF (hold-relax) stretching.
Outcome Measure: Knee extension angle (KEA) in degrees
was measured using the Active Knee Extension (AKE) test
with using a digital goniometer.
Results: There was no significant difference in the KEA
between group A and B pretreatment ( p=0.75). There was no
significant difference in the KEA between group A and B post
treatment (p=0.38).
Conclusions: Neurodynamic tensioner and PNF (holdrelax) stretching are equally effective in increasing hamstring
flexibility immediately in subjects with short hamstring
syndrome.

The primary effect of neural mobilisation is to
restore the dynamic balance between movement
of neural tissues and surrounding mechanical interfaces, which allow reducing the intrinsic pressures on the neural tissues and promoting optimal
physiological function [6] .

Key Words: Hamstring flexibility – Neurodynamic tensioner
– PNF – Active knee extension test.

Introduction
FLEXIBILITY is an important factor in physical
fitness that enables smoothly and safety movement
[1] . Hamstring muscles have an important role in
the performance of daily activities such as control-

As reported in the study conducted by Sharma
et al. [14] , neural tensioner is effective as an adjunct
to static stretching on improving hamstring flexibility as compared to static stretching alone. So,the
results of this study reinforce previous studies that
showed improvement in lower quarter flexibility
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following different neural mobilization techniques
such as active slump tensioners [8] .
Proprioceptive Neuromuscular Facilitation
(PNF) is a more advanced form of flexibility training that involves both the stretching and contraction
of the target muscle group, While there are several
variations of PNF stretching, they all have one
thing in common; they facilitate muscular inhibition
[9] .
Proprioceptive Neuromuscular Facilitation
(hold-relax) stretching, provides the greatest potential for muscle lengthening, under the assumption that greater motor pool inhibition reduces
muscle contractibility and therefore allows more
muscle compliance [10] . Numerous investigations
established PNF techniques are more effective than
traditional stretching exercises for range of motion
or flexibility enhancement [9] .
O'tlora et al. [11] conducted a study on efficacy
of static stretching and PNF stretch on hamstrings
length after a single session and concluded that
PNF results into increase in hamstring flexibility.
these positive effects of neurodynamic tensioner
and PNF in improving the hamstring flexibility,
up till now no studies have been conducted to
determine which one of them is the most effective
so, thisstudy was conducted to compare between
neurodynamic tensioner in slump position and
PNF (hold-relax) stretching in improving hamstring flexibility on subjects with short hamstring
syndrome.
Considering the importance of hamstring flexibility in general and athletic population, maintaining the flexibility of hamstring muscle is of utmost
importance for health care professionals and to
achieve this goal one needs to know the most
effective and efficient technique to gain hamstring
flexibility. Numerous studies have shown the individual effectiveness of Neurodynamic tensioner
in slump position and PNF (hold-relax) in improving the flexibility of hamstring muscle but there
are no studies which shows the superiority of one
technique with respect to the other, hence the
purpose of the study is to compare the effectiveness
of Neurodynamic tensioner in slump position versus
PNF (Hold-Relax) technique in improving the
hamstring flexibility in subjects with short hamstring syndrome.
Material and Methods
This study was a comparative experimental
trial. Approval to conduct the study was obtained
from the ethics committee of the Faculty of Physical

Therapy, Cairo University with approval number
(18-7-2019). Informed consent was received prior
to the intervention from each subject. Forty subjects, of both sexes with short hamstring syndrome
were recruited from students of Faculty of Physical
Therapy, Cairo University and colleagues of physiotherapists at Physical Therapy Department in
Menya-El Qamh Hospital.
Forty subjects with short hamstring syndrome
participated in this study. Subjects were subdivided
into two matched groups, each group consisted of
twenty subjects. The first group was the group A
who received neural tensioner in slump position;
the second group was the group B who received
the hold-relax for hamstring muscle.
Inclusion criteria: Subjects were included in
the study if they had Aged from 18-30 years [12] .
with hamstring tightness of 20 (inability to achieve
greater than 160 of knee extension with hip at
90 of flexion) [13] . Also, subjects were selected
with right lower limb dominance [14] . With normal
body mass index (BMI).
'

'

'

Exclusion criteria: Subjects were excluded if
they had any neurological or orthopedic diseases
affecting their lower extremity, Traumatic hamstring
injury, Acute or chronic low back pain or Who
already involved in any exercise programs for
lower extremity in the last three months. All subjects were screened according to the inclusion and
exclusion criteria, and randomly assigned into two
equalgroups (20 each); the neurodynamic group
and PNF (hold relax) group.
Measurements for both groups were taken as a
baseline pre intervention. Assessment was done
immediately at the same sessionpost intervention.
Outcome measurement:
Measurements of hamstring flexibility were
obtained using the Active Knee Extension (AKE)
test. The active knee extension Fig. (1) is a measure
of hamstring flexibility; it had been performed
while the participant lies supine on the examination
table wearing shorts [15] . With the dominant (tested)
hip and knee flexed to 90 degrees, held in position
by a wooden box, measuring 44.5cm wide, 42cm
high and 20cm deep was secured to the table with
two Velcro straps; a third strap was used to secure
the participant's thigh and box, to maintain dominant limb in 90 degree flexion and the non-tested
lower extremity secured to the table by Velcro
strap across the middle of the thigh to minimize
hip flexion during the procedure. While the participant maintaining a relaxed foot position, he was
'
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asked to extend his knee as far as he's comfortably
able, keeping the posterior aspect of the thigh in
contact with box and stop at the point where he
first felt the stretch sensation within the posterior
thigh areaand hold the position for about 5 seconds.
[16] . The angle of the knee extension was measured
using a digital goniometer by measuring the angle
between a line drawn from the mark just distal to

the greater trochanter and the mark on the femoral
condyle, with other line drawn from the mark on
the fibular head to a mark just proximal to the
lateral malleolus by using tape measurement. A
total of 3 measurements were recorded and a mean
angle of the extension will be recorded for analysis.
AKE was found to be valid and reliable for measuring of hamstring muscle length [17] .

Fig. (1): Active knee extension test.

Intervention:
The neurodynamic tensioner:
The participants received NT technique on the
sciatic nerve of the dominant leg as shown in Fig.
(2A,B) (a. starting position) started with the subject
in high sitting, cervical spine extended, both hands

relaxed anteriorly with flexion of both knees then
the subject is asked to maintain a thoracic slump,
and clasped both hands posteriorly at lumbosacral
level; the investigator passively flexed the cervical
spine with simultaneous extension of the knee with
foot maintained in neutral position to dorsiflexion
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(b. end position). The end position of neural tensioner was maintained for 60 seconds followed by
10 seconds rest. The cervical spine then was extended with flexion of the knee, and the spine was
straightened in the rest period to avoid any back
pain. Total 5 sets were done, each set consist of
one repetion [18] .

until a mild stretch sensation was reported. This
stretch was hold for 7sec. This sequence repeated
5 times with each sequence separated from each
by a 20 second interval [9] .

Fig. (3): PNF (hold-relax) technique.

(A)

(B)

Fig. (2): Tensioner technique: (A) Starting position; (B) End
position.

PNF (Hold-relax) stretch:
The participants received hold-relax, as shown
in (Fig. 3). Subjects were in supine position with
their non-dominant lower extremity was strapped
down the table. Predetermined time intervals for
stretching, contracting and relaxing will be used
to standardize the method utilizing a stop watch.
For each stretch, the therapist stretched the hamstring muscle by passively flexing the hip with
knee fully extended, allowing no hip rotation. The
hamstring muscle was stretched until the subject
reported the first mild stretch sensation; this position was held for 7sec. Next, the subject then
isometrically contracted the hamstring muscle for
3sec by attempting to push his leg down towards
the table against the resistance of the therapist.
Following this, the subject asked to relax for 5sec.
The therapist then passively stretched the muscle

Sample size:
Sample size calculation was performed prior
to the study using G*POWER statistical software
(version 3.1.9.2; Franz Faul, Universitat Kiel,
Germany) and revealed that the appropriate sample
size for this study was n=40. Calculations were
made using a=0.05, 0 =0.2 and large effect size
=0.91 and alloctation ratio N2/N1=1.
Statistical analysis:
Descriptive statistics and Unpaired t-test were
conducted for comparison of subjects characteristics
between both groups. Chi-squared test was used
for comparison of sex distribution between groups.
Normal distribution of data was checked using the
Shapiro-Wilk test. Levene's test for homogeneity
of variances was conducted to ensure the homogeneity between groups. Unpaired t-test was conducted to compare the mean values of KEA between
group A and B. Paired t-test was conducted for
comparison between pre and post treatment in each
group. The level of significance for all statistical
tests was set at p<0.05. All statistical analysis was
conducted through the statistical package for social
studies (SPSS) version 22 for windows (IBM SPSS,
Chicago, IL, USA).
Results
Subject characteristics:
Table (1) showed the subject characteristics of
both groups. There was no significant difference
between both groups in the mean age, weight,
height and BMI (p>0.05). Also, there was no significant difference in sex distribution between
groups (p=0.7).
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Table (1): Comparison of subject characteristics between
group A and B.
X ± SD

tvalue

pvalue

–1.13 –0.77

0.44

MD

Group A

Group B

Age (years)

23.6 ± 3.85

24.8 ± 3.31

Weight (kg)

63.95 ±9.52 61.85 ± 12.04 0.67

0.39

0.69

Height (cm)

168.6 ±7.91 166 ± 10.86

1.07

0.95

0.34

22.37 ± 1.8

–0.11 –0.15

2

BMI (kg/m )

22.21 ± 1.81

Males/females 9/11

8/12

2

(χ = 0.1)

0.88
0.74

2
: Chi squared value.
χ
p-value : Probability value.
BMI
: Body mass index.

X : Mean.
SD : Standard deviation.
MD : Mean difference.

Effect of treatment on Knee extension angle:
- Within group comparison:
There was a significant increase in KEA post
treatment in both groups compared with that of
pretreatment (p>0.001). The percent of increase
in KEA in the group A and B groups were 8.72
and 7.6% respectively.
- Between groups comparison:
There was no significant difference in KEA
between both groups pre-treatment (p>0.05). Also,
Comparison between groups post treatment revealed non-significant difference in KEA ( p>0.05).

Table (2): Mean of Knee extension angle pre and post treatment of both groups.
KEA (degrees)
Pre treatment
Post treatment
MD (95% CI)
% of change
t-value

Group A
X ± SD

Group B
X ± SD

137.72±7.4
149.74±8.05
–12.02 (–13.92: –10.11)
8.72%
–13.21
p=0.001

136.9±8.86
147.3 ± 9.41
–10.4 (–11.6: –9.22)
7.6%
–18.26
p=0.001

X : Mean.
SD : Standard deviation.
MD : Mean difference.

pvalue

0.82 (–4.39: 6.05)
2.44 (–3.17: 8.04)

0.32
0.87

0.75
0.38

The purpose of this study was to investigate
the immediate effect of neurodynamic tensioner
versus PNF (hold-relax) stretch on subjects with
short hamstring syndrome.

150

KEA (degrees)

tvalue

CI
: Confidence interval.
p-value : Level of significance.
KEA : Knee extension angle.

180

120
90
60
30
0

MD (95% CI)

Pre-treatment
Group A

Post-treatment
Group B

Fig. (4): Mean KEA pre and post-treatment of the group
A and B.

Discussion
Muscular flexibility is an important aspect of
normal human function. Limited flexibility has
been shown to predispose a person to several
musculoskeletal overuse injuries and significantly
affect a person's level of function. To prevent
muscle injuries, stretching exercises are usually
recommended [19] . Reasons for stretching relate
to beliefs that stretching exercises will increase
flexibility and decrease muscle stiffness [20] .

Results of the current study showed that: Neurodynamic tensioner and hold-relax were individually very effective, There was significant immediate improvement in hamstring flexibility which
was depicted by increase range of motionmeasured
by active knee extension test using a digital goniometer a significant increase in KEA post treatment
in the group A and B compared with that pretreatment (p>0.001). While there was no significant
difference between both groups post treatment in
KEA (p>0.05).
In group A, which received neurodynamic tensioner the mean AKE was improved significantly,
this result of the current study is supported by the
study done by Herrington et al. [21] , who states
that knee extension range of motion can be improved by adding tensioner technique in slump
position.
As reported in a study conducted by Sharma et
al. [7] , neural tensioner is effective as an adjunct
to static stretching on improving hamstring flexibility as compared to static stretching alone. The
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results support our hypothesis that addressing
neural structures along with muscle tissue (hamstring) can improve KEA, an indicator of posterior
thigh flexibility. Lastly, the results of this study
reinforce previous studies that showed improvement
in lower quarter flexibility following different
neural mobilization techniques such as active slump
tensioners [8] .
The probable reason of improved KEA post
neural stretch can be attributed to the improved
physiological functions of nervous system, including improved axoplasmic flow and reduced neural
mechano sensitivity [5] . This explanation can be
supported by previous studyconducted by Ellis et
al. [22] using high resolution ultrasound which
concluded that the neural mobilization exercises
(sliders and tensioners) produce significant excursion of the sciatic nerve at the posterior mid-thigh.
McHugh et al. [23] established that when neural
tension (thoracic and cervical flexion) is added to
a hamstring stretch, the increased stretch sensation
is not caused by contractile tissue response or
increased EMG activity. The main changes in
contractile response occur during the last 10 degrees
of movement. Therefore neural tension is responsible for the increased stretch sensation during
range.
In group B, which received PNF (hold-relax)
the mean AKE was improved significantly. Possible
explanation for the improved hamstring flexibility
for the subject in group B could be caused by the
effect of PNF which has been attributed to neurophysiological and mechanical factors [24] . The
neurophysiological foundation of stretching is
based on the neural inhibition of the muscle undergoing stretching. The Golgi tendon organ (GTO)
is a nerve receptor that fires when tension increases
in the tendon. This tension can be due to stretch
or muscle contraction when the GTO fires a signal
that is sent to the spinal cord, causing the agonist
muscle to relax. This can increase the ROM by
autogenic inhibition of the target muscle [9] . As a
mechanical factor, the muscle-tendon unit (MTU)
is believed to respond viscoelastically during the
stretching maneuver [24] . Viscous and elastic mechanical properties refer to the response of the
tissue load, which is a property of the viscous and
elastic components. The elastic component is the
ability of the tissue to return to the previous form
after deformation. The viscous component is related
to the fluid part of the muscle, which deviates in
response to mechanical force [25] . The viscous
property within an MTU elongates in response to
a slow sustained force and will resist rapid changes

in length. While the MTU is under stretch, the
amount of force generated by the viscous component to resist the elongation decreases over time
(stress relaxation) [7,14] . When the force attempting
to lengthen the MTU is sustained, the MTU gradually elongates (creep) [7] .
During PNF stretching (hold-relax) autogenic
inhibition of the target muscle takes place. Moore
and colleagues [26] approved the theoretical basis
of PNF stretching and proposed that the relax
portion of hold-relax maneuver should be applied
quickly after the hold position. Therefore the results
of this study can be correlated with the popular
belief that PNF stretching techniques lead to relaxation/inhibition of the stretched muscle via the
two physiological mechanisms proposed by Sherrington namely reciprocal inhibition and autogenic
inhibition.
Also, positive effects of PNF stretching techniques of the current study is supported by study
conducted by Surburg and Schrader, [27] , who
concluded that PNF techniques are more effective
than traditional stretching exercises for range of
motion or flexibility enhancement.
As reported in the study Hindle et al., [28] ,
PNF has been shown to have a positive effect on
active and passive range of motions which reinforce
the results of the current study.
This explanation is supported by previous study
conducted by Milad, [29] . Who states thatwhen a
muscle is tight, a stimulation of the GTO will send
a message to the same muscle to relax for instance,
if biceps brachii muscle is contracted, a stimulation
of biceps brachii tendon will send a message to
the biceps to relax.
This inhibitory effect is thought to diminish
muscle activity and, therefore, allow for relaxation
so that the muscle can be stretched. Motor pool
excitability has been measured by the Hoffman
reflex during soleus muscle static stretching, contract-relax stretching, and contract-relax-agonistcontract stretching techniques. Motor pool excitability significantly diminished after the contractrelax and contract-relax-antagonist-contract methods of PNF stretching over static stretching of the
soleus. This inhibitory effect has been suggested
to increase muscle compliance, allowing for increased length during a stretch without stimulation
of the stretch reflex [14] . Hence neurodynamic
tensioner and PNF have an immediate effect on
hamstring flexibility Thus, both the stretching can
be used in clinical practicefor improving the
flexibility of hamstring muscle.

Safaa M. Sadek, et al.

Limitations of the study:
It appears to be difficult to generalize the results
of this study due to the small number of subjects.
Also, this studydetermines only the immediate
effects of neurodynamic tensioner and hold-relax
techniques. In the future, studies on the longtermeffects of both techniques including more
subjects should be performed. Also it would be
very interestingto compare the effect of the two
techniques in subjects with a history of hamstring
injuryand low back pain.
Conclusion:
It can be concluded that neurodynamic tensioner and PNF (hold-relax) are equally effective in
immediately increasing hamstring flexibility in
subjects with short hamstring syndrome.
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