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The effect of different neural mobilization exercises on
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This study aimed to compare the short-term effects of sciatic nerve
neural sliding and neural stretching exercises on hamstring muscle
length and functional flexibility in wrestlers. The study participants in-
cluded 74 wrestlers. The athletes were randomly divided into two groups:
neural sliding and neural stretching groups. The hamstring flexibility
and the functional flexibility were assessed using the active knee ex-
tension limitation (AKEL) angle and the sit and reach (SR) test one day
before and immediately after the neural mobilization exercises, respec-
tively. A three-way repeated measures analysis of variance was con-
ducted that examined the effect of mobilization type, time, and gender
on interest in AKEL right leg, AKEL left leg, and SR test. There is not a
significant difference between the effect of two different mobilizations

INTRODUCTION

Wrestling is a sport that requires maximal strength and anaero-
bic power. In order to reveal the maximal muscle strength, the
muscular components must be of optimal length. Decreased ham-
string length and low flexibility in elite wrestlers are frequently
observed (Callan et al., 2000). Decreased hamstring muscle length
causes several musculoskeletal problems such as low back pain
(Tafazzoli and Lamontagne, 1996), sacroiliac joint dysfunction
(Arab et al., 2009), hamstring injuries (Heiderscheit et al., 2010),
patellofemoral pain syndrome (Petersen et al., 2014), patellar ten-
dinopathy (Van der Worp et al., 2011), and plantar fasciitis (Bahr
and Holme, 2003).

Hamstring injuries are frequently seen in physically active indi-
viduals, especially in competition athletes such as wrestling (Park

on AKEL right and left leg, and SR test (P> 0.05). It was determined there
is statistically significant differences between premobilization and post-
mobilization outcome measures for AKEL right leg (F=59.886, P=0.001),
AKEL leftleg (F=31.896, P=0.001), and SR test (F=22.630, P=0.001). There
is not a statistically significant difference between males and females
by these three measures neural sliding and neural stretching exercises
to the sciatic nerve in wrestlers were effective in increasing hamstring
flexibility and functional flexibility and not superior to each other.

Keywords: Wrestling, Shortness, Hamstring, Flexibility, Neural, Mobili-
zation

et al., 2019; Safran et al., 1988). Inadequate warming (Witvrouw
et al., 2003), reduced flexibility (Croisier, 2004), muscle strength
imbalances (Turl and George, 1998), neural tension (Kujala et al.,
1997), fatigue (Verrall et al., 2001), and injury story (Davis et al.,
2005) have been identified as risk factors for hamstring injuries.
Lack of flexibility, especially in the hamstring, is the most com-
monly accepted risk factor for injury (Kornberg and Lew, 1989).
Because reduced hamstring flexibility reduces neurodynamic
functions and affects the physiological properties of neural tissue,
this causes tonus problems in the hamstring muscle sensitivity to
stretch and pain (Marshall et al., 2011). Thus, this mechanical
sensitivity in neural tissues creates a ground for injuries by ad-
versely affecting the functioning of protective mechanisms against
muscle injury (Boyd et al., 2009; Hall et al., 1998).

Mobilization exercises applied to neural tissues are used as a
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supportive method in the treatment of musculoskeletal injuries
(De-la-Llave-Rincon et al., 2012; Hall et al., 1998). Neural mobi-
lization exercises may reduce neural sensitivity to the movement
and may be useful as an addition to rehabilitation programs to in-
crease hamstring flexibility (De-la-Llave-Rincon et al., 2012; Hall
et al., 1998).

Increasing the flexibility of the hamstring is effective in pre-
venting lower extremity injuries (Basar et al., 2014). Several
methods have been tried to increase the hamstring flexibility in
previous studies (Bandy et al., 1997; Davis et al., 2005; Feland et
al., 2001; Lim and Park, 2019). The majority of studies have
compared different stretching types in terms of increasing the
flexibility of the hamstring. Among these, proprioceptive neuro-
muscular facilitation techniques (Davis et al., 2005; Feland et al.,
2001; Spernoga et al., 2001), static stretching (Bandy et al.,
1997), and active dynamic stretching are the most preferred.
Moreover, the different intensity and frequency of the use of these
methods were also compared (Bandy et al., 1997).

Hamstring muscle injury is the most common sports injury,
and the number of studies on this topic has increased considerably
in recent years (Al Attar et al., 2017; Nishida et al., 2018; Volpi
and Bisciotti, 2016) and decreased hamstring length and low flex-
ibility are frequently observed in elite wrestlers (Callan et al., 2000)
it is important to find a method to increase hamstring flexibility
in wrestlers. Studies are available concerning neural sliding and
neural stretching exercises enhancing hamstring flexibility (Ahmed
and Samhan, 2016; Castellote-Caballero et al., 2013; Castellote-
Caballero et al., 2014; Pagare et al., 2014; Park et al., 2014; Singh
et al., 2017). Neural sliding is a neural mobilizing technique ap-
plied to the neural stem to slide the neural body in which one end
of a neural stem is extended while the other end is relaxed (Ellis et
al., 2012). Neural stretching is a neural mobilizing technique ap-
plied to the neural stem to stretch the neural body in which both
ends of a neural stem are extended (Ellis et al., 2012). In the light
of this information in the literature, we started our study with the
hypothesis that the short-term effects of neural sliding and neural
stretching exercises to the sciatic nerve on hamstring muscle length
and functional flexibility will be similar. Although the effects of
neural sliding and neural stretching exercises on hamstring flexi-
bility have been investigated in healthy subjects (Sharma et al.,
2016), the effect of neural mobilization exercises on functional
flexibility and the effect on the athletes remains uncertain. There-
fore, this study aimed to compare the short-term effects of neural
sliding and neural stretching exercises on hamstring muscle length
and functional flexibility applied to wrestlers.
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MATERIALS AND METHODS

Participants

The study participants included 74 (15 females, 59 males) wres-
tlers who applied for performance measurements to the athlete
training and health research center. Inclusion criteria were as fol-
lows: those who have an active knee extension (AKE) angle of 85°
or less, were a national wrestling athlete for at least 3 years, and
volunteered to participate in the study. Exclusion criteria were in-
dividuals who had an acute or chronic orthopedic problem involv-
ing the lower extremity, a neurological problem, a history of neck
trauma, existing hamstring injury or surgery, and back pain (Park
et al., 2014; Sharma et al., 2016).

Ethical approval

All participants provided written assent or consent, and the
coaches of participants aged < 18 years provided written informed
consent. The study was approved by a Training and Research
Hospital’s Ethics Committee Institutional Review Board (Ethics
Committee Approval IRB study protocol:2012-KAEK-15/1609).
We took permission from the National Wrestling Federation
Presidency for using this data for the academic research with the
number of TGF/1966.

Descriptive characteristics such as age, body mass index, sex,
dominant extremity, and sport experience were recorded for the
athletes included in the study (Table 1).

This study was conducted as a randomized controlled study.
First, the descriptive information of the athletes who participated
in the study was taken, and the AKE and the sit and reach test
were evaluated. Then, the athletes included in the study were ran-

Table 1. Comparison of the demographic statistics of the groups

Neural sliding ~ Neural stretching

Variable aroup (n=38] aroup (1=36) t  Pvalue
Age (yr) 17.86+2.31 1808+233  0.397* 0692*
Height (m) 1.61+0.08 163006  0635* 0528*
Mass (kg) 66.89+16.93 70051152 0933* 0.354*
Body mass index (kg/m?)  23.65+4.03 26.63+2.81 1.206% 0.232*
Sex 1.099" 0.294'

Male 32(84) 27(75)

Female 6(16) 9(25)
Years of sport experience ~ 7.25+3.02 66+26 2.166" 0.669"
Dominance

Right 34(89) 31(86)

Left 4(11) 5(14)

Values are presented as mean + standard deviation or number (%).
*Independent sample ttest. 'Chi-square.
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domly divided into two groups (neural sliding and neural stretch-
ing groups) using the flip a coin method.

Parameters
AKE test

The AKE test was used to determine hamstring flexibility. In
the test position, the athlete was laid down on the supine position,
and the hip that was to be evaluated was taken 90° in flexion and
during the assessment, the ankle of this extremity was fixed 90°
in neutral position by the physiotherapist. The contralateral lower
extremity was fixed as if it were a fully extended knee. The athlete
was asked to bring his/her knee to the extension until he/she felt
strong muscular resistance when the hip was in 90° of flexion.
During the exercise, rotations that could occur in the hip were not
allowed. The goniometer pivot axis, placed in correspondence to
the lateral femoral condyle and the stationary arm, was aligned
along the femur and toward the trochanter major of the femur.
The moving arm was held to follow the fibular body during the
movement. The distance angle between the level attained by full
knee extension (180°) and the level reached was recorded as active
knee extension limitation (AKEL) angle. The test was performed
3 times, and the average of the scores was recorded (Hamid et al.,
2013). The AKEL angle was evaluated for both limbs. The low
score for this test indicates high hamstring flexibility.

Sitand reach test

A modified sit-reach test was used to assess functional flexibili-
ty. Baseline device (Cooper Institute/YMCA, AAHPERD; Fabri-
cation Enterpriese, New York, NY, USA) was used for the sit and
reach test. The athletes were instructed to place their heels in full
contact on the tester when they sit in long sitting position and the
ankle joint angle has been achieved to 90° neutral position with
the goniometer during assessment. After the arm length is deter-
mined on the device, they were instructed to reach out as far as
possible without lifting their knees by pushing the device mea-
surement apparatus forward with his/her fingertips. The distance
between the starting and ending position was recorded in cm.
Measurements were taken 3 times and averaged values recorded
(Wells and Dillon, 1952).

Intervention

Neural mobilization exercises were performed by a physiothera-
pist who was trained in neural mobilization to ensure safety and
to make the practice effective. The outcome assessment and the
obtainment of the data were performed by another physiothera-
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pist who was blinded to the neural mobilization groups. A specif-
ic intensity for the duration of neural mobilization exercises has
not been defined in the literature. In the present study, neural
stretching and neural sliding exercises were applied in 6 sets in
total, including 3 sets for each extremity. Each set was completed
in 60 sec, and a break of 30 sec was taken between the sets. Exer-
cises lasted 6 min in total for each athlete. AKEL angle and the sit
and reach test were tested, respectively, immediately after the end
of the exercises.

Neural sliding group

The sciatic nerve sliding exercise was performed in this study.
The athletes were placed high in order not to touch their feet to
the ground, with their hands holding on their backs. Exercise was
performed in two stages. In the first stage, the athlete was asked
to bring the cervical region of the extremity and the knee to the
extension and to bring the ankle to dorsiflexion at the same time.
In the second stage, after waiting for a second in the first stage,
the athlete was asked to bring the cervical region into flexion with
the head and neck flexion and bring the knee to the flexion and
ankle to the plantar flexion at the same time. At every stage of the
exercise, care was taken to protect the thoracolumbar region flex-
ion (Ellis et al., 2012). One repetition was completed in 2 sec in
total, and a total of 30 repetitive exercises were performed in a set
of 60 sec.

Neural stretching group

Neural stretching was performed in the same position as the
neural sliding technique. Neural stretching exercise was petformed
in two stages. In the first stage, the athlete was asked to bring the
cervical region into flexion and at the same time bring the knee to
extension and the ankle to dorsiflexion. After waiting for one sec-
ond in the first stage, the athlete was asked to restore ankle dorsi-
flexion by bringing the cervical region to the extremity and taking
the knee flexion at the same time (Verrall et al., 2001). One repe-
tition was completed in 2 sec in total, and the exercise was pet-
formed in a set of 60 sec with 30 repetitions. Similar to the neural
sliding exercise, care was taken to protect the thoracolumbar re-
gion flexion.

Statistical analysis

Statistical analysis of the data obtained at the end of the study
was performed via the IBM SPSS Statistics ver. 20.0 (IBM Co.,
Armonk, NY, USA). The variables were investigated using ana-
lytical methods (Kolmogorov—Smirnov/Shapiro—Wilk test) to de-
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termine whether the data were appropriate for normal distribu-
tion or not. Descriptive analyses were presented using means and
standard deviation. The independent sample -test was used to
determine whether there was a significant difference between
groups for data fit the normal distribution and chi-square test was
used for categorical parameters. A three-way repeated-measures
analysis of variance (ANOVA) was conducted that examined the
effect of mobilization type (neural sliding and neural stretching),
time (pre- and postmobilization), and gender (male and female)
on interest in AKEL right leg, AKEL left leg, and sit and reach
test. An overall %5 type-I error level was used to infer statistical
significance.

RESULTS

No difference was observed between the descriptive data of the
two groups (P>0.05) (Table 1). A three-way repeated-measures
ANOVA results relieved that there is not a significant difference
between the effect of two different mobilizations neural sliding

Table 2. Three-way repeated measures ANOVA results

and neural stretching on AKEL right leg, AKEL left leg, and sit
and reach test (P>0.05). It was determined there is statistically
significant differences between premobilization and postmobiliza-
tion outcome measures for AKEL right leg (F = 59.886, P=0.001),
AKEL left leg (F=31.896, P=0.001), and sit and reach test (F=
22.630, P=0.001). There is not a statistically significant differ-
ence between males and females by these three measures (Table 2).

It was determined nonsignificant interactions between mobili-
zation type and time, between mobilization type and gender, and
between time and gender (P >0.05). In other words, there are not
statistically differences between mobilization types and between
genders over time (P >0.05). There is not a statistically difference
between genders over mobilization types (P> 0.05). Besides, the
three-way interaction between mobilization type, time and gen-
der is not statistically significant (P> 0.05) (Table 2).

It was determined when the value of AKEL right leg and AKEL
left leg values decrease over time; sit and reach test value increases
in both gender by applying one of the two mobilization technique

(Table 3).

AKEL right leg AKEL left leg Sit and reach test
Source
F P! F P! F P!

Mobilization type (neural sliding-neural stretching) 0.596 0.443 0.643 0.425 1.860 0177
Time (pre-post mobilization) 59.886 0.001* 31.8%6 0.001* 22630 0.001*
Gender (male-female) 0.214 0.645 0.112 0.739 0.144 0.705
Mobilization type x time 0.609 0438 2.508 0.118 3.406 0.069
Mobilization type x gender 0.015 0.903 0.038 0.846 3828 0.054
Time x gender 3497 0.066 0.469 0.496 0.055 0.815
Mobilization type x time x gender 1.831 0.180 1.700 0.197 2414 0.125
AKEL, active knee extension limitation.
*P<0.05. Three-way repeated measures analysis of variance (ANOVA.
Table 3. Mean values of the AKEL and sit and reach test result of the neural sliding and neural stretching groups
. Neural sliding group Neural stretching group

! Male (n=27) Female (n=9) Total (n=236) Male (n=32) Female (n=6) Total (n=38)
AKEL right leg

Pre- 13.02+7.26 14.30+4.42 13.34+6.63 11.61+6.28 13.89+5.25 11.97+6.12

Post- 964+6.28 10.37+356 9.82+568 8831597 7.72+3.16 8.66+5.60
AKEL left leg

Pre- 1367+7.41 14.30+4.70 13.82+6.78 12.71+7.61 14.06+4.52 1292+7.18

Post- 11.10+£6.44 1241 £4.4 11.43+5.97 9.83+5.79 9.00+£5.13 9.70+563
Sit and reach test

Pre- 39.55+6.90 35.03+6.64 38.42+7.02 38.69+5.68 42.16+4.36 39.24+559

Post- 41.99+596 38.67+£5.82 41.16+6.02 40.86+5.41 42.68+4.59 41.14+528

Values are presented as mean + standard deviation.
AKEL, active knee extension limitation.
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DISCUSSION

The results of the present study, which investigated the effects
of neural sliding and neural stretching exercises of the sciatic nerve
on the hamstring flexibility and functional flexibility, revealed that
neural sliding and neural stretching exercises increase hamstring
flexibility and functional flexibility, and that the effects of these
two exercises are similar.

Moreover, both neural mobilization techniques (neural sliding
and neural stretching) were found to enhance hamstring and func-
tional flexibility. Compared with neural sliding and neural stretch-
ing exercises, they did not have a significant advantage over each
other in terms of enhancement of AKE angle and functional flexi-
bility. In this context, Ellis et al. (2012) who compared different
mobilization exercises to the sciatic nerve, have identified that
neural stretching and sliding mobilization are the two clinical ex-
ercises mostly releasing movement in the nerve bed. Additionally,
this may be the reason why both exercises yielded the same result
in the present study.

After neural mobilization exercises, there was a direct increase
in hamstring flexibility with the increase in AKE angle. We think
that this increased flexibility is achieved by neural mobilization
exercises by providing more displacement of the sciatic nerve in
the posterior thigh region (Ellis et al., 2012) and, as McHugh et
al. (2012) suggested, by increasing the mobility of neural tissue
and decreasing sensitivity. Functional flexibility was also increased
by neural mobilization exercises. The mechanism of this increase
may also be the same as the increase in the AKE. Another factor
that contributes to the increase may be that the neural mobiliza-
tion exercise position is similar to the functional sit and reach test.

Hamstring injuries are frequently seen in physically active indi-
viduals, especially in competition athletes (Safran et al., 1988).
Athletes with reduced hamstring flexibility are at risk for possible
hamstring injury (Hartig and Henderson, 1999). Optimal flexi-
bility for a wrestling sport is a necessary parameter to demonstrate
the relevant techniques better (Basar et al., 2014). Therefore, this
study focused on wrestlers, as hamstring muscle shortness has been
reported in wrestlers in the literature (Callan et al., 2000). It has
been emphasized in the literature that there is little neural activity
in individuals with hamstring shortness (Kujala et al., 1997). How-
ever, whether this diminishing mobility is due to intraneural fac-
tors (injury to the poststretch neural tissue) or extraneural factors
(reduced neural motility resulting from muscle injury and adhe-
sions) remains unclear (McHugh et al., 2012; Singh et al., 2017).
Although previous studies have shown that hamstring flexibility

https://doi.org/10.12965/er.2040700.350

is increased by mobilization of neural tissues, whether there is an
increase in the motility of neural tissues is uncertain (Castellote-
Caballero et al., 2013; Castellote-Caballero et al., 2014; O’Sullivan
et al., 2009). Although there is not enough evidence, we think
that an increase in the mobility of neural tissues simultaneously
occurs with the increase in the hamstring length. Future studies
are necessary to examine the long-term effect of neurodynamic ex-
ercises on neural activity.

The results of the present study support those of the previous
studies (Herrington, 2006; Sharma et al., 2016). Sharma et al.
(2016) concluded that in their study including 60 healthy partici-
pants, neural stretching and neural sliding exercises in addition to
static stretching in hamstring were equally effective at increasing
hamstring flexibility. Similarly, in another study comparing neu-
ral sliding and neural stretching exercises, no significant difference
was found between the two mobilizations due to increasing knee
extension angle. Castellote-Caballero et al. (2013) concluded that
neural stretching exercises applied to healthy subjects for 1 week
(3 days a week) were much more effective in increasing the range
of motion of knee extension compared to those without any exer-
cise. Studies comparing the exercise of neural mobilizations with
different stretching methods in terms of hamstring flexibility are
also available. In a study conducted with individuals with short
hamstring, 120 people were divided into three groups: the first
group performed static hamstring stretching; second group, neural
sliding; and third group, mobilization of the talocrural joint as a
placebo. More increased range of motion was obtained in the straight
leg raise test in the group that performed neural sliding (Castellote-
Caballero et al., 2014). Pagare et al. (2014), in their study, which
included 30 male soccer players with hamstring shortness, have
applied static stretching to 15 athletes and neural sliding exercises
to 15 athletes for 3 days a week for a week, and both exercises have
provided good results in the straight leg raise test.

This study has some limitations. No specific frequency and du-
ration were defined in the literature for neural mobilizations. Dif-
ferent durations have been preferred in different studies (Ahmed
and Samhan, 2016; Castellote-Caballero et al., 2013; Castellote-
Caballero et al., 2014; Pagare et al., 2014; Park et al., 2014; Singh
etal., 2017). In the present study, neural mobilization was applied
in 3 sets of 60-sec duration. Within these 60 sec, each athlete made
a total of 90 repetitions for each leg, with about 30 repetitions of
the exercise (Ellis et al., 2012). We think that this is a high num-
ber of repetitions and may have increased the flexibility of the ham-
string by increasing the flexibility of nonneural structures such as
the muscle and connective tissue. In this respect, our work can be

https://www.e-jerorg 507



Balci A, etal. © Neural mobilization and flexibility

J

regarded as the missing direction. However, because the same
method is used for both groups, it is not a factor to change the ef-
fectiveness of the two different mobilizations.

In conclusion, neural sliding and neural stretching exercises ap-
plied to sciatic nerve in wrestlers were effective in increasing ham-
string flexibility and functional flexibility and not superior to each
other. Both procedures can be used clinically to improve hamstring
flexibility and functional flexibility in athletes who have <85°
AKE angle. This study shows the acute effect of neural sliding
and neural stretching exercises. Therefore, it is recommended that
neural sliding and neural stretching exercises should be used as an
addition to routine warm-up programs and to increase precompe-
tition flexibility.
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