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INTRODUCTION 

Hamstring is a muscle group that has a tendency to 

develop tightness, which affects all age groups.1 The ham-

string muscle affects pelvic motion because it originates 

from the sciatic surface of the pelvis.2 Hamstring flexibility 

is a critical parameter because a decreased extensibility of 

this muscle is a factor that predicts injuries, nonspecific 

back pain, and changes in the lumbopelvic rhythm.3,4 

Maintaining hamstring flexibility is crucial for restoring 

musculoskeletal functions, such as the lumbopelvic rhythm.5 

Carregaro and Coury et al. evaluated decreased hamstring 

flexibility for the lumbar and pelvic movements during a 

box lowering task and found that subjects with reduced 

flexibility showed more lumbar movements and limited 

pelvic movements during a box lowering task.6 Decreased 

hamstring flexibility limits hip movement while forward 

bending of the trunk and simultaneously results in excessive 

lumbar movement.7 The peripheral muscles and ligaments 

behind the lumbar spine are subjected to excessive tension 

and, consequently, cause low back pain.8  

The effect of stretching exercises on hamstring flexibility 

during forward bending is an interesting subject for re-

searchers. Some previous studies have investigated the ef-

fects of hamstring stretching on the lumbopelvic rhythm.9,10 

Hasebe and colleagues performed a finger–floor distance to 

 

Immediate Effects of Neural Slider and Neural Tensioner on Forward 

Bending in Subjects with Hamstring Tightness 

Jin-yong Lim, PT, Ph.D1; Il-woo Lee, PT, BS2; Kyoung-don Kim, PT, Ph.D3  

1Department of Physical Therapy, College of Rehabilitation Sciences, Daegu University, Daegu, Republic of Korea 
2Department of Physical Therapy, Hansol Hospital, Daegu, Republic of Korea 
3Department of Physical Therapy, Deagu Health College, Daegu, Republic of Korea 

 

Background Two different neurodynamic techniques have been suggested: (i) the slider (ii) the 

tensioner. However, the effects of slider and tensioner on hamstring flexibility during forward 

bending have not been directly compared. 

 

J Musculoskelet  

Sci Technol 

2021; 5(1): 6-13 

Published Online  

Jun 30, 2021 

pISSN 2635-8573  

eISSN 2635-8581 

  

Article History 

Received 23 Feb 2021 

Revised 3 Mar 2021 

(1st) 

Revised 16 Mar 2021 

(2nd) 

Accepted 16 Mar 2021 

 

CONTACT  

doniee1595@gmail.com 

Kyoung-don Kim, 

Department of Physical 

Therapy, Deagu Health 

College, Daegu, Republic 

of Korea 

 
This is an Open-Access article 

distributed under the terms of 

the Creative Commons Att-

ribution Non-Commercial Li-

cense (http://creativecommons. 

org/licenses/by-nc/4.0) which 

permits unrestricted non-co-

mmercial use, distribution, 

and reproduction in any me-

dium, provided the original 

work is properly cited. 

Purpose This study aimed to compare the immediate effects of slider and tensioner on forward 

bending in asymptomatic subjects with hamstring tightness. 

Study design Two groups pre- and post-test design 

Methods Twenty male subjects with hamstring tightness participated in this study. The subjects 

were randomly allocated to the slider and tensioner groups, consisting of 10 participants each. To 

measure hip and lumbar flexion during forward bending, a smart motion sensor was employed. 

The paired t-test was applied to compare pre- and post-intervention within each group. The inde-

pendent t-test was used to compare the hip and lumbar flexion angles between the two groups.  

Results Intragroup comparison found that the slider group had a significant increase in hip 

flexion range of motion at post-intervention. Intergroup comparison found a significant greater 

change in hip flexion range of motion between pre- and post-intervention in slider group. 

Conclusions Based on the results of this study, it was found that sliders are more effective than 

tensioners in enhancing hamstring flexibility during forward bending in subjects with hamstring 

tightness. 
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determine the change of hamstring flexibility to lumbo-

pelvic rhythm after dynamic stretching, and reported a sig-

nificant increase in finger–floor distance after dynamic 

stretching.9 Another study reported that the anterior rotation 

of the pelvis increased during forward bending after 3 

weeks of stretching exercise.10 

Although abnormal stiffness of muscles and tendons is 

thought to cause insufficient hamstring flexibility, some 

authors claim that abnormal mechanosensitivity of the sciatic 

nerve can cause potentially reduced hamstring extensibility 

and stretching tolerance.11-13 Choi et al. proved that hip 

flexion decreased during forward bending in patients with 

tension of the sciatic nerve.12 

The neurodynamic technique has been used in clinical 

settings for the mobilization of peripheral nerve and sur-

rounding structures.14 The neurodynamic technique has re-

cently been suggested as an alternative to stretching exer-

cises for patients with hamstring tightness by eliminating 

the nerve factor of tightness without stretching the ham-

string muscle.15,16 For example, Sharma et al. reported that a 

significantly greater hamstring flexibility was obtained when 

the neurodynamic technique was combined with muscle 

stretching compared to muscle stretching alone.17 Butler et 

al. suggested the use of a slider or tensioner as a means of 

moving nervous tissues.18 The neurodynamic technique can 

be effective in reducing neural mechanosensitivity and 

managing hamstring flexibility.19 Tensioners are considered 

to stretch the nervous tissues and increase nervous tension 

and strain.20 For example, Fidel et al. applied tensioner 

mobilization in the slum position on 27 healthy subjects and 

reported an increase of about 5.6 degrees in the knee ex-

tension angle after tensioner mobilization.21 Sliders use a 

technique that makes nerve structures slide the surrounding 

adjacent tissues without changing the length of the nerve.17 

This technique allows the target nerve structure to provide 

tension in the proximal part through joint movement and 

relax the tension of the nerve in the distal part, and it 

performs this sequence in reverse order.22 In a study of 

Castellote-Caballero et al., the neurodynamic slider was 

performed for a week, and it was reported that passive 

straight leg raising (SLR) increased significantly.11  

Many researchers suggested an increase in hamstring 

flexibility after applying sliders and tensioners, but they 

measured them by the knee extension angle and SLR.15,23 

The effects of slider and tensioner on hamstring tightness 

during forward bending have not been directly compared. 

Therefore, this study aimed to compare the immediate effects 

of neural slider and tensioner on forward bending in subjects 

with hamstring tightness. 

 

METHODS 

Subjects 

Twenty male subjects (N = 20) with hamstring tightness 

were recruited for this study. All subjects were free of 

injury at the time of this experiment and had no history of 

surgery on their lower extremities. They were physically 

active, but none of them engaged in sports. And they had 

hamstring muscle tightness, which was explained as achiev-

ing less than 60 degrees of knee extension in vertical plane 

when it was measured in the active knee extension (AKE) 

test position.24 The subjects were randomly assigned to the 

slider and tensioner groups, consisting of 10 participants 

each. A coin was tossed to assign subjects to these groups. 

When the head of the coin came out, the subject was 

assigned to the slider group; when the back of the coin came 

out, the subject was assigned to the tensioner group. All the 

subjects were provided of the aim of this study before they 

agreed with a consent form. The study was approved by the 

Ethics and Research Committee of Daegu Health College 

(#DHCIRB-2020-09-0006). The general characteristics of 

the subjects are summarized in Table 1. 

 

Instrumentation 

We used a smart KEMA motion sensor (KOREATECH 

Co, Ltd., Korea) to measure the range of motion (ROM) 

Table 1. General characteristics of subjects  

Characteristics Slider group (N = 10) Tensioner group (N= 10) p 

Age (years)  28.90 ± 3.63  30.40±4.85 0.44 

Weight (kg)  75.05 ± 7.85  73.70±6.60 0.69 

Height (cm) 177.40 ± 5.69 173.70±3.05 0.09 

Right AKE (degrees)  25.45 ± 7.65  25.03±5.36 0.88 

Left AKE (degrees)  24.53 ± 7.08  25.07±4.83 0.84 

Data are expressed as mean ± standard deviation; AKE, active knee extension; *p < 0.05. 
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during knee extension and forward bending. Data were 

collected at a sampling frequency of 25 Hz and transmitted 

to an Android tablet running the Smart KEMA software.  

 

Procedure  

All procedures related to data collection were explained 

to the subjects. Hamstring tightness of the lower extremity 

of each subject was measured prior to assignment to the 

groups. The subjects were screened as patients with ham-

string tightness using the AKE test. After hip and lumbar 

flexion ROMs were measured by a forward bending test, 

the subjects were divided into each group and received 

intervention. To examine immediate changes after interven-

tion, the subjects performed forward bending again, and 

their hip and lumbar flexion ROMs were measured again. 

At the posttest, we measured immediately without resting 

period to prevent a decrease of intervention effect. The 

examiners were double blinded to the pre- and post-test of 

forward bending measurements. 

Hamstring tightness was determined in both legs by the 

AKE test. The intratester reliability of this test has been 

reported to be excellent in previous studies.25 The subjects 

performed a supine position on the table with a towel placed 

between the lumbar vertebrae and the table to minimize the 

effect of lumbar movement on examination results and help 

maintain the lumbar curve. In order to maintain 90 degrees 

flexion of the hip joint, anterior thigh was touched to the 

fixed bar. The non-test leg was positioned with the hip and 

knee extension at 0 degrees. The strap was used to place the 

motion sensor on the lateral malleolus. In order to be fa-

miliar with the test, Subjects performed 5 AKEs with their 

ankle at rest. The subjects performed knee extension actively. 

The range of the AKE test was recorded for the last 3 

seconds. We determined the end point of the AKE test with 

feelings of discomfort or tightness in the hamstring muscle. 

Three trials were performed for each leg, and the mean 

value was calculated for each side. The subjects rested for 1 

minute between each test. The range of AKE was recorded 

as 0 degrees at the start position with 90 degrees knee 

flexion. Both knees were measured by the AKE test. 

Two smart KEMA motion sensors were used to measure 

changes in the motion of the hip and lumbar spine during 

forward bending. One sensor was placed on the second 

spinous process of the sacrum using an adjustable belt, and 

another was attached to the first spinous process of the 

lumbar spine using double-sided tape. The motion sensors 

were calibrated to 0 degrees in a standing position with the 

subject shoulder-width apart. Then the subject was asked to 

bend forward for 3 seconds. Subject was instructed to avoid 

flexion of the knee joints while bending forward. The met-

ronome was used to control the bending speed. We deter-

mined the tightness or discomfort of the hamstring as the 

end point of forward bending test (Figure 1). The forward 

bending test was performed twice, and the mean value was 

used for data analysis. Hip flexion was obtained from pelvic 

anterior tilt, and lumbar flexion was calculated from the 

difference between the two sensors.26 

 

Intervention 

For each technique, the subjects were asked to reach the 

end of available range for each joint motion. At present, the 

literature on or evidence of the appropriate frequency for 

active neurodynamic techniques is ambiguous. Therefore, 

five sets of 30 seconds were applied according to the author’s 

suggestion and clinical experience.27,28 However, the appli-

cation sequence was set randomly. Computer-generated ran-

dom numbers were used for randomization by an investiga-

tor. 

 

Slider  

The start position of the subject consisted of upper cervi-

cal flexion in the supine position, the hip and knee joints 

 

Figure 1. Range of motion measured using the Smart 

KEMA motion sensor for forward bending of the trunk. 
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bent at 90 degrees, and the ankles plantar-flexed. The back 

of the thigh was wrapped with both hands to fix the thigh 

bone during the exercise. In this position, the subject per-

formed extension of knee and dorsiflexion of the ankle 

simultaneously while extending the upper cervical spine. 

This movement was performed without the feeling of pulling 

of the nerve tissue in the back of the thigh. Following this, 

the subject performed upper cervical flexion simultaneously 

with knee flexion and ankle plantar flexion. The subjects 

performed five sets of this exercise consecutively with active 

movement for approximately 30 seconds, taking a rest for 

10 seconds in between sets.29 After resting for 2 minutes, 

they performed the same exercise using the opposite lower 

limb (Figure 2).  

 

Tensioner  

The start position of the subject consisted of upper cervi-

cal extension in the supine position, the hip and knee joints 

bent at 90 degrees, and the ankles plantar-flexed. The back 

of the thigh was wrapped with both hands to fix the thigh 

bone during the exercise. Then, the subject performed ex-

tension of the knee and dorsiflexion of the ankles simultane-

ously performed while flexion the upper cervical spine. This 

movement was performed until the patient felt pulling of the 

nerve tissue in the back of the thigh. After this, the subject 

performed upper cervical extension simultaneously with knee 

flexion and ankle plantar flexion. The subjects performed 

five sets of this exercise consecutively with active movement 

for approximately 30 seconds, taking a rest for 10 seconds 

in between sets.29 After resting for 2 minutes, they per-

formed the same exercise using the opposite lower limb 

(Figure 3). 

 

Statistical analysis 

A statistical analysis of the data collected during mea-

surements performed in this study was conducted using 

SPSS (v.18.0 for Windows; SPSS Inc., Chicago, IL, USA). 

The Kolmogorov–Smirnov test was performed to test nor-

mality distribution, and after the normality distribution was 

verified, a parameter test was conducted. An independent t-

test was performed to verify the homogeneity of the slider 

and tensioner groups. The paired t-test was applied to com-

 

Figure 3. Tensioner (A: start position - upper cervical extension, knee flexion, and ankle plantarflexion, B: end position - 

upper cervical flexion, knee extension, and ankle dorsiflexion). 

 

Figure 2. Slider (A: start position - upper cervical flexion, knee flexion, and ankle plantarflexion , B: end position - upper 

cervical extension, knee extension, and ankle dorsiflexion). 
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pare pre- and postintervention within the groups. The inde-

pendent t-test was used to compare the change rates of hip 

and lumbar flexion ROMs (slider and tensioner). The sta-

tistical significance level was set at p<.05. 

 

RESULTS 

There were no significant differences in characteristics 

between the groups at the beginning of the study (Table 1). 

Intragroup comparison found that the slider group had a 

significant increase in hip flexion ROM at post-intervention 

(Table 2), whereas Intergroup comparison found a significant 

greater change in hip flexion ROM between pre- and post-

intervention in slider group (Table 3). 

 

DISCUSSION 

This study was to compare the effectiveness of forward 

bending using sliders versus tensioners in subjects with 

hamstring tightness. In particular, the study measured ROM 

using the Smart KEMA motion sensor. Although the ROM 

can be measured using a goniometer, it has a low reliability 

of measurement because the reference setting for the mea-

surement procedure can be ambiguous.30 Hence, this study 

used the Smart KEMA software to improve the reliability of 

measurements. The smart KEMA motion sensor showed a 

very high reliability of 0.89 in the intraclass correlation 

coefficient value, which describes the test–retest reliability 

for hamstring flexibility.31  

The intragroup comparison found that the hip flexion 

ROM of the slider group increased significantly during for-

ward bending at post-intervention, but the lumbar flexion 

ROM did not show a significant difference. Furthermore, 

the intergroup comparison found a significant greater change 

in hip flexion ROM in slider group. The findings of the 

present study demonstrated that in subjects with hamstring 

tightness, sliders are more effective than tensioners in im-

proving hip flexion ROM during forward bending. Neural 

mechanosensitivity is a normal protective mechanism that 

allows nerves to respond to mechanical stress during move-

ment.28 The neural mechanosensitivity of the posterior leg, 

thigh, and buttock may play an important role in hamstring 

extensibility. The increased hip flexion ROM during for-

ward bending means that the slider technique decreased the 

neural mechanosensitivity for hamstring flexibility.15 Alt-

hough the use of sliders increased hamstring flexibility 

during forward bending, it is considered that the flexibility 

of lumbar extensors was not affected. 

This finding is supported by previous studies.11,23 In a 

study of Castellote-Caballero et al., the effect of 1-week 

slider on asymptomatic male soccer players was compared 

between intervention and non-intervention groups.11 They 

performed a passive SLR to measure the change in the 

flexibility of the hamstring after intervention.11 As a result, 

it was reported that the intervention group was about 8.3 

degrees higher than the non-intervention group.11 Park et al. 

investigated the immediate effect of the slider applied in the 

slump position on hamstring flexibility in asymptomatic 

subjects.23 The authors reported that the passive SLR imme-

diately improved about 12 degrees after executing the slider 

in the slum position.23 The findings of these studies are 

consistency with the results of this study that the slider 

Table 2. Comparison of the range of motion during forward bending in pre- and posttest within the group (unit: degree) 

Group  Pretest Posttest t p 

Slider Hip flexion  31.1±3.92 40.87±4.26 –16.43 0.00* 

 Lumbar flexion 37.28±3.12 36.26±2.70   1.17 0.27 

Tensioner Hip flexion 30.62±7.64 30.00±8.61   0.72 0.48 

 Lumbar flexion 39.73±4.15  36.6±5.86   1.60 0.14 

Data are expressed as mean ± standard deviation; *p<0.05. 

Table 3. Intergroup comparison of the changes in hip and lumbar flexion during forward bending (unit: degree)  

Group Slider Tensioner t p 

Hip flexion (post-pre)  9.77±1.88 –0.62±2.69 10.00 0.00* 

Lumbar flexion (post-pre) –1.02±2.74 –3.13±6.17   0.987 0.33 

Data are expressed as mean ± standard deviation; *p<0.05. 
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increased hamstring flexibility. But, there is a difference in 

that these studies used passive SLR tests to examine the 

effects of sliders, whereas the present study selected forward 

bending. The findings of current study may provide addi-

tional evidence for the effect of the neurodynamic slider on 

forward bending.  

However, the intragroup comparison of the tensioner 

group did not show significant improvements in both hip 

and lumbar flexion ROMs during forward bending. Neto et 

al. measured the stiffness of the sciatic nerve while applying 

the tensioner technique to healthy adults and reported that 

tensioners did not decrease the stiffness of the sciatic nerve.32 

In a similar study, Andrade et al. reported that the stiffness 

of the sciatic nerve increased during dorsiflexion of the 

ankles in an extended knee position when the tensioner was 

applied.33 The findings of these studies suggest that the 

tensioner could increase neural mechanosensitivity, and the 

protective contraction of the hamstring muscle increased. 

Such protective contraction is thought to be the cause for 

not changing hip and lumbar flexion ROMs during forward 

bending. In contrast to the findings of the present study, 

hamstring flexibility increased after the tensioner was ap-

plied in some studies. Fidel et al. applied tensioner mobili-

zation in the slum position on 27 healthy subjects. They 

reported an increase of about 5.6 degrees in the range of 

AKE after tensioner mobilization.21 Furthermore, Sharma et 

al. investigated the additional effect of slider and tensioner 

on hamstring flexibility compared to static hamstring stret-

ching.17 They reported that both techniques were more 

effective for hamstring flexibility than static stretching, but 

there was no significant difference in the effectiveness of 

the two techniques.17 However, their studies applied the 

tensioner technique in the slumped position and measured 

hamstring flexibility using knee extension ROM. The pre-

sent study applied the tensioner technique in the supine 

position and measured hamstring flexibility using forward 

bending. Therefore, their studies and the present one could 

not be compared directly because of the differences in the 

tensioner application method and the measurement method. 

The differences in the tensioner application method and the 

hamstring flexibility measurement method should be im-

proved further in the future.  

The present study has a few limitations: First, the results 

of this study should not be interpreted as long-term effects 

because it compared immediate effects of the intervention 

methods. The duration of the effects could not be deter-

mined. Second, all the subjects were young men. Therefore, 

the results of this study may differ from those performed on 

women or other age groups. Third, the neurodynamic tech-

nique used in this study was carried out in the supine 

position. Therefore, it should not be interpreted as a result 

of the neurodynamic technique performed in another position. 

In the future, the long-term effects of various interventions 

that supplement these limitations need to be explored. 

 

CONCLUSIONS 

This study demonstrated that the slider technique signifi-

cantly improved hip flexion ROM during forward bending 

in subjects with hamstring tightness compared to the ten-

sioner technique. These data suggest that sliders may be 

useful in increasing hamstring flexibility during forward 

bending.  

 

Key Points  

Question What type of neurodynamic technique is more 

effective in increasing hamstring flexibility during forward 

bending in subjects with hamstring tightness? 

Findings Intra- and inter-group comparisons found that the 

hip flexion angle during forward bending after using the 

slider increased more significantly compared to the ten-

sioner. However, there was no significant difference in the 

lumbar flexion angle. 

Meaning This suggests that the slider is more effective in 

increasing hamstring flexibility than the tensioner on forward 

bending in subjects with hamstring tightness. 
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