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Introduction

Hamstring muscles play a role in such 
human movements such as walking, running, 
and jumping (1). Limited hamstring extensibility 
is commonly observed in general and athletic 
populations (2). Although the etiology of 
hamstring injury is unclear, it may be due to 

poor hamstring extensibility (2–4). Alterations 
in hamstring extensibility could cause joint 
dysfunction and have been related to orthopaedic 
disorders, such as low back pain (5) and 
patellofemoral joint syndrome (6). Therefore, 
maintaining normal joint range of motion 
(ROM), which may occur through hamstring 
stretching, may reduce the risk of orthopaedic 
disorders (7, 8).
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Abstract
Background: Neurodynamics intervention is known to increase apparent muscle 

extensibility, but information regarding hamstring responses after a neurodynamic sliders (NS) 
technique is scarce. The aim of this study was to evaluate the effects of NS on apparent hamstring 
extensibility and activity in footballers with hamstring tightness. 

Methods: Forty eligible healthy male footballers with hamstring tightness were each 
randomly allocated to either a 4-week NS technique or a control group (CG) receiving placebo 
shortwave intervention. Knee extension angles were measured with the passive knee extension 
test, and maximal voluntary isometric contraction (MVIC) of hamstrings was measured by a 
surface electromyography at baseline and after intervention sessions. 

Results: The results showed that NS produced a statistically and clinically significant 
increase in knee extension angle compared to CG (P < 0.001); however, there was no difference 
between the groups receiving MVIC of hamstrings. Within group comparison, NS also provided a 
significant increase in knee extension angle (P < 0.001), whereas the control group did not. There 
was no change in hamstring MVIC in either group after intervention. 

Conclusions: The findings of this study reveal that four weeks of NS technique improved 
apparent hamstring extensibility but did not change the hamstring activity in footballers with 
hamstring tightness. 
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Materials/Participants and Methods

Study Design

The present study was a randomised 
assessor-blind, placebo-controlled trial with 
pre- and post-assessments, conducted in the 
Physical Therapy Laboratory at Mae Fah Luang 
University, Thailand. It was approved by the 
Ethic Committee for Human Research at Mae 
Fah Luang University, based on the Declaration 
of Helsinki. 

Participants

Sample size was estimated using a formula 
of analysis of variance (ANOVA) on the basis 
of knee extension angle and assuming 5% 
significance, and 90% power. The total sample 
size was 20 participants.

Forty male footballers between 18 and 25 
years of age were recruited from Mae Fah Luang 
University Football Club, Chiang Rai province, 
Thailand. Inclusion criteria were hamstring 
tightness of the dominant leg, defined as a 
knee-extension angle of more than 15 degrees; 
measured by passive knee extension (PKE) 
test (23); presenting positive signs from the 
slump test, which is used to help differentiate 
between apparent hamstring tightness due to 
neural mechanosensitivity and other causes 
(24, 25); and having been actively participating 
in football for at least four hours/week for at 
least three days/week. Subjects were excluded 
by a medical doctor if they had musculoskeletal 
or neurological disorders, systemic diseases, 
active hip or knee injury, or inflammation. All 
participants provided a written informed consent 
before participation.

Outcome Measures

All outcome measures were collected by an 
assessor who was blinded to the participants’ 
group randomisation. All participants were asked 
to attend a common assessment session to avoid 
guessing by the assessor, and they did not reveal 
the treatment they received. Before the testing 
period, all participants were familiarised with the 
test procedures. The primary outcome measure 
was the PKE test, which is reliable and widely 
used to evaluate changes in hamstring flexibility 
(23). In our test, the participant lay supine with 
the nondominant leg in 0° of hip flexion, fixed 
with a Velcro strap secured to the couch. The 
lumbopelvic region was also maintained in 
the neutral position using a Velcro strap. The 
dominant leg, which was defined as the preferred 

Although abnormal muscle and tendon 
stiffness has been thought to be a cause of 
poor hamstring extensibility, several authors 
emphasised that abnormal mechanosensitivity 
due to sciatic nerve adhesion could potentially 
result in decreased hamstring extensibility and 
stretch tolerance (9, 10). Healthy individuals (9) 
and individuals with hamstring strain (11) who 
presented with abnormal mechanosensitivity 
had poor hamstring extensibility. Neurodynamic 
sliders (NS) technique is a method of producing 
a sliding movement of neural structures relative 
to their mechanical interfaces. This technique 
provides tension on the targeted nerve structure 
proximally via joint movements while releasing 
tension of the nerve distally, and then reversing 
the sequence (12). The effectiveness of NS has 
been proposed to improve measures of apparent 
hamstring extensibility (9–11, 13) and postural 
balance (14). Weppler and Magnusson (15) 
suggested that increased joint ROM after a 
short stretching session may be due to changes 
in an individual’s tolerance of the stretch rather 
than changes in musculotendinous structures. 
Moreover, it is believed that the strong afferent 
input from the acute stretch may reduce firing 
rates of mechanoreceptors and proprioceptors 
that may also affect sensory adaptation (16). 
Furthermore, NS may provide more excursions 
of the neural structures or may decrease neural 
mechanosensitivity (17). In addition, NS may 
induce sliding of the sciatic nerve at the thigh 
relative to its nerve beds by performing joint 
movements that elongate the nerve beds and 
fascial system, including the hamstring muscles 
(18–20). This may allow increased joint ROM.

Although numerous researchers have 
suggested an increase in apparent hamstring 
extensibility after a single bout of NS 
technique (10, 13, 14), no studies have reported 
improvement in apparent hamstring extensibility 
after a short course of NS in footballers with 
hamstring tightness. Previous studies have 
demonstrated that rapid cyclic stretches reduced 
EMG amplitude caused by neural inhibition (21, 
22). However, the effect of NS on hamstring 
activity is still unknown. Therefore, the aim of 
the present study was to examine the effects 
of four weeks of NS on measures of apparent 
hamstring extensibility and maximal voluntary 
isometric contraction (MVIC) in footballers 
with hamstring tightness. We hypothesised 
that a 4-week NS would improve the apparent 
extensibility without changing MVIC of the 
hamstrings.
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participated in a reliability trial. The knee 
extension angle in the PKE test and the MVIC 
test was measured twice within a 3-day interval. 
Intraclass correlation coefficients were calculated 
from the results of subsequent measurements. 
Results of intra-rater reliability tests revealed 
high reliability (ICC = 0.93; 95% confidence 
interval, CI = 0.75–0.98, P < 0.001 for PKE test, 
and ICC = 0.90; 95% CI = 0.72–0.97, P < 0.001 
for MVIC test).

The participants were tested for all 
outcome measurements before randomisation 
for baseline values and at one day after the 
last intervention session for post-test values. 
A block randomisation with a block size of 
two was performed. The participants were 
randomly allocated to either a 4-week NS 
group or a control group (CG). Sealed opaque 
envelopes were used for the purpose of concealed 
allocation. The research assistant, who was not 
aware of the treatment process, performed the 
randomisation process.

The NS group received the NS technique 
on the sciatic nerve of the dominant leg, as 
suggested by Castellote-Caballero et al. (9). The 
purpose of NS is to produce a sliding movement 
of neural structures relative to their mechanical 
interfaces with stressing to the neural structure 
proximally while releasing stress distally and 
then reversing the sequence. This technique 
started with a sitting-on-chair position, thoracic 
slump, both hands clasped posteriorly at 
lumbosacral level, feet unsupported, off the floor, 
followed by two alternating sets of movements 
of (i) cervical flexion, knee flexion, and ankle 
plantar flexion, and (ii) cervical extension, knee 
extension, and ankle dorsiflexion (Figure 1).  
Active alternation between (i) and (ii) were 
performed for 60-second time periods and 
repeated five times. The NS group received three 
sessions of treatment per week for four weeks, 
supervised throughout by one of the researchers 
who was clinically experienced in the NS 
technique.

The CG received placebo pulse shortwave 
(PSW) for 10 minutes. The PSW device was 
turned on without any electrical current being 
applied. Placebo sessions were given three times 
a week for four weeks. 

All participants were asked to avoid other 
drugs, alternative treatments, or hamstring 
stretching during the study periods. The 
participants were also instructed to record any 
adverse effects of intervention and lower-limb 
injury throughout the study.

kicking leg, was in 90° flexion at the hip and the 
knee. The thigh was kept in position by being 
strapped to a fixed horizontal bar, and the lower 
leg was supported by the assessor’s hand. The 
angle of knee extension was measured with a 
universal goniometer whose axis was placed on 
the lateral epicondyle of the femur, the stationary 
arm parallel to the thigh, and the movable arm 
parallel to the lower leg. The assessor gradually 
extended the knee passively until the participant 
reported a strong but tolerable stretching 
sensation in the hamstring muscles. The average 
value of three tests was used. A lesser angle of 
knee extension represented greater apparent 
hamstring extensibility.

To evaluate the MVIC of the hamstrings 
of the dominant leg, which was a secondary 
outcome measure, a manual sphygmomanometer 
and a surface electromyography (sEMG) were 
used. The participant lay supine with hips 
and knees flexed to 90° and heels resting 
on an adjusted table. The cuff of the manual 
sphygmomanometer (HM-1100, Hico Medical 
Co. Ltd., Japan) was inflated to 10 mmHg and 
placed under the heel of the dominant leg. The 
sEMG was used to measure hamstring activity. 
A pair of active adhesive disposable Ag/AgCl disc 
surface electrodes (EL 503, BIOPAC Systems, 
California, USA) were then positioned on the 
midpoint of a line connecting between the ischial 
tuberosity and the medial tibial epicondyle (26). 
The sEMG setting has been described previously 
(27). The participants were asked to push the 
heel into the cuff as hard as possible without 
pelvic lifting off the couch for 5-second holds 
while sEMG simultaneously recorded the root 
mean square (RMS) values of the biceps femoris 
muscle. A 2-minute rest period was provided 
between the tests to prevent muscle fatigue (28). 
The middle three seconds of the RMS value from 
5-second period testing were analysed, and the 
average value of three tests was used.

To minimise the diurnal variation 
of hamstring flexibility and MVIC, all 
measurements were performed at the same time 
of the day.

Procedures

Before data collection, the reliability 
coefficient of the measurement of the PKE and 
MVIC tests of the biceps femoris muscle of the 
dominant leg was determined by the assessor 
involved in the real study using the procedures 
just described. Ten healthy male footballers 
who were not involved in the present study 
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the participants are demonstrated in Figure 2. 
Characteristics of the participants are shown in 
Table 1. There were no significant differences 
between the groups at the start of the study. 
None of the participants reported any adverse 
effects or lower-limb injury over the study period.

One-way repeated measures ANOVA 
determined a statistically significant difference 
of knee extension angle between time points 
(F(1,19) = 26.29; P < 0.001). Post-hoc tests 
revealed the improvement in knee extension 
angle after receiving four weeks of NS technique  
(P < 0.001). In contrast, there was no significant 
difference between time points in the control 
group (F(1,19) = 3.12; P = 0.11). The MVIC of 
hamstrings did not differ from the baseline value 
of the NS group (F(1,19) = 0.51; P = 0.50) and the 
control group (F(1,19) = 0.03; P = 0.86) (Table 2).

One-way ANOVA revealed a statistically 
significant difference of change values of the 
knee extension angle between the groups 
(F(1,38) = 18.24; P < 0.001). A post-hoc test 
demonstrated a statistically and clinically 
greater improvement in the knee extension 

Statistical Analyses

Descriptive statistics (mean, standard 
deviations, and 95% CI) were calculated for 
values of baseline and one day after the last 
intervention session. SPSS version 16.0 (IBM 
Corporation, Armonk, NY, USA) was used for 
data analyses. The Kolmogorov-Smirnov test 
revealed that all outcome data were normally 
distributed; therefore, parametric testing was 
used for data analyses. One-way repeated 
measures ANOVA was used to compare the 
baseline and post-test values of each outcome 
measure. One-way ANOVA was used to compare 
the change values of outcome measures between 
the groups. The Bonferroni post-hoc test was 
used for multiple comparisons. The level of 
significance was set at P < 0.05.

Results

Out of 51 participants recruited for 
this study, a total of 40 eligible participants 
consented to participate. Reasons for excluding 

Figure 1.	 The neurodynamic sliders used in the present study. The participants sat in high sitting 
position with hand placed behind the neck and thoracic slump. They started with cervical 
flexion with knee flexion and ankle plantarflexion (A), and then moved into cervical 
extension with knee extension and ankle dorsiflexion (B). Participants did these alternating 
active movements for 60 seconds and five repetitions.
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and between-group (mean change difference =  
10.500 ± 2.458°) differences of the knee 
extension angle in the NS group exceeded the 
measurement error. The NS intervention also 
provided a clinically greater improvement in 
knee ROM based on 10° difference as being a 
clinically meaningful difference (30) compared 
to the control group; therefore, NS can provide 
clinically meaningful ROM changes that are not 
due to measurement errors. 

Mendez-Sanchez et al. (10) conducted a 
randomised controlled pilot trial to evaluate 
the immediate effects of adding NS of the 
sciatic nerve to static hamstring stretching 
on hamstring flexibility measured by passive 
straight leg raise (SLR) in eight healthy male 
soccer players. They reported a greater improved 
ROM of passive SLR in the group of NS of the 
sciatic nerve plus hamstring static stretching 

angle for the NS group than for the control group 
(mean change difference = 10.500 ± 2.458;  
P < 0.001). There was no significant difference 
of MIVC between the groups (F(1,38) = 0.51;  
P = 0.48) (Table 2). None of the participants in 
either group reported the use of other treatments 
or adverse effects after receiving interventions.

Discussion

This study demonstrated that a 4-week 
NS technique improved knee extension angle, 
which reflected apparent hamstring extensibility 
without causing any significant changes in the 
hamstring activity in footballers with hamstring 
tightness. Brosseau et al. (30) suggested that 
the change of at least 5° in knee ROM was 
necessary to exceed measurement error. The 
within-group (mean difference = 11.917 ± 8.051°) 

Assessment for eligibility (n = 51)

Eligibal participants (n = 40)

Randomization (n = 40)

Allocation to placebo control 
group (n = 20) for 4 weeks

Analysed (n = 20)Analysed (n = 20)

A
llo

ca
ti

on
E

nr
ol

lm
en

t
A

na
ly

si
s

Allocation of neurodynamic 
sliders (n = 20) for 4 weeks

Excluded (n = 11)
•	 Knee extension angle < 15° 

(n = 11)

Measurement 1: At baseline

Measurement 2: At one day after 
the last intervention session

Figure 2.  Flow of participants

Table 1.	 Characteristics of the participants

Neurodynamic sliders 
group (n = 20)

Control group 
(n = 20) P-valuea

Age (years), mean (SD) 19.82 (1.40) 20.09 (1.14) 0.92

Weight (kg), mean (SD) 69.45 (19.35) 63.36 (7.81) 0.63

Height (cm), mean (SD) 174.09 (4.76) 171.36 (4.30) 0.71

Knee extension angle (degrees), mean (SD) 23.58 (3.78) 24.83 (2.76) 0.94

Maximal voluntary isometric contraction of 
hamstring muscle (millivolts) , mean (SD)

0.16 (0.11) 0.19 (0.10) 0.44

Note: aIndependent t-test (P < 0.05).
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NS technique on muscle activity is unclear, an 
unchanged MVIC of this study might be because 
the NS only modified sensory perception or an 
individual’s tolerance of the stretch (15, 32), and 
NS did not affect the motor unit action potential 
of the sciatic nerve, which activates hamstring 
activity. The result of the present study was in 
agreement with Yuktasir and Kaya (34), who 
reported no change of jump performance after 
receiving either six weeks of static or six weeks 
of PNF stretching exercise. However, different 
stretching intervention and outcome measures 
between the present study and the study of 
Yuktasir and Kaya (34) makes it difficult to 
compare the results. More research studies are 
needed to clarify the long-term effects of NS 
intervention on muscle activity and to determine 
how this affects the choice of intervention in 
sports.

There are some limitations of this study. 
First of all, only healthy young male footballers 
were recruited to this study; therefore, the 
findings may not be applied in other populations, 
such as female or older footballers. Second, 
it is not known if an appropriate dosage and 
repetition of NS intervention might provide 
a greater intervention effect; therefore, the 
standardised protocol for NS intervention 
should be further studied. Third, it is unknown 
how long the effects of an increase in apparent 
hamstring extensibility lasted after receiving NS. 
Fourth, this study used only the PKE test and the 
MVIC test of hamstrings. Future studies should 
evaluate the effectiveness of the NS technique 
using pain tolerance and nerve excursion to 
fulfill other effects of this technique. Finally, 
the angle of the PKE test was recorded when 
the participant reported a strong but tolerable 
stretching sensation. Quantifying the level of 
stretching sensation among the participants, 
however, may not be accurate. Future studies 
should use other accurate outcomes to measure 
stretching sensation, such as the visual analogue 
scale or the numerical rating scale. 

Conclusion

The present study revealed that a 4-week 
NS technique provides an increase in knee 
extension angle, representing increased 
apparent hamstring extensibility and no 
change of meaningful EMG activity of the 
hamstring muscle in healthy male footballers 
with hamstring tightness. It indicates that 
extensibility or restoration of the natural 

compared to hamstring static stretching alone. 
Castellote-Caballero et al. (9) compared the 
short-term effects of NS to no intervention 
control on hamstring flexibility using a passive 
SLR test in healthy male soccer players. The 
authors showed that NS provided a significant 
improvement in ROM of passive SLR. Park et al. 
(14) applied NS of the sciatic nerve on hamstring 
flexibility and postural balance in healthy 
adults. They reported that NS of the sciatic 
nerve exhibited an immediate improvement in 
hamstring flexibility and postural balance of 
healthy adults. These findings (9–10, 14) were 
consistent with the result of the present study. 
The previous studies used the passive SLR test 
rather than the PKE test. We chose PKE test over 
the SLR test to evaluate hamstring extensibility 
in line with the recommendation of Davis et al. 
(32) that the PKE test was of high validity and 
reliability in determining hamstring muscle 
extensibility, which has been used in the present 
study. In addition, PKE could minimise the 
compensatory pelvic rotation during testing. 
Thus, PKE may reflect the accurate change 
of apparent hamstring extensibility after 
intervention.

There were three proposed mechanisms to 
explain the greater knee extension angle after 
NS. First, increased knee extension angle may 
be due to changes in the individual’s tolerance 
of the stretch (15), and the strong afferent input 
from the acute stretch may reduce firing rates 
of mechanoreceptors and proprioceptors that 
may also affect sensory adaptation and allow 
increased joint ROM (16). Second, NS may 
provide more excursions of the neural structures 
at the vertebral canal, the buttock, and especially 
the sciatic nerve in the posterior thigh. It may 
also decrease the neural mechanosensitivity that 
may play a factor in determining an increase in 
apparent hamstring extensibility (17). Third, 
NS may induce sliding of the sciatic nerve at the 
thigh relative to its nerve beds by performing 
joint movements that elongate the nerve beds 
and the fascial system, including the hamstring 
muscles (18–20). This may allow increased joint 
ROM. Although several studies supported an 
increase in apparent hamstring extensibility after 
receiving the NS technique (9–10, 13–14), we do 
not know whether the change in viscoelasticity of 
the hamstring muscle could influence an increase 
in hamstring extensibility. 

The present study revealed that there 
was no significant reduction in MVIC of the 
hamstrings. Although the mechanism of the 
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