
Introduction

Low back pain is a heterogeneous musculoskeletal 
disease that affects 65–85% of the world's population 
[1, 2]. According to the global burden of disease in 
2017, the degree of disability caused by low back pain 
increased by 54% worldwide between 1990 and 2015 
[3], Lumbar disc herniation (LDH), the most common 
musculoskeletal disorder, affects approximately 10% of 

the world's population [4], especially young to middle-aged 
individuals [5, 6, 7]. Most patients with LDH have a 
good prognosis in terms of pain and disability. However, 
they have a longer recovery period than those of 
individuals with back pain without radiating pain, 
which leads to absence, burden of medical expenses, 
and social costs [8, 9]. 

LDH is defined as the displacement of the intervertebral 
disc space of the nucleus pulposus and annulus fibrosus 
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of the intervertebral disc components [10]. The highest 
prevalence of LDH is seen in adults aged 30–50, with 
a male to female ratio of 2:1, and 95% of LDH occurs 
at the L4/L5 and L5/S1 spinal levels [6]. It mostly 
occurs in the posterolateral direction of the nerve root 
at the L4/L5 and L5/S1 spinal levels, mainly compressing 
the ipsilateral nerve root of the dural sac and damaging 
the nerve root and channels [11]. The major signs and 
symptoms of LDH include low back pain and radiating 
pain, motor disturbances, loss of sensation, paresthesia, 
central sensitization, limitation of trunk forward flexion, 
strain, and increased leg pain while coughing and 
sneezing [12, 13, 14, 15]. These signs and symptoms 
cause psychological changes and morbidity, such as 
disability, decreased physical and social activities, and 
excessive fear-avoidance behavior [8, 9, 16]. 

Physiological and biomechanical factors can play an 
important role in LDH treatment through physical therapy 
[17]. Non-pharmaceutical and conventional interventions 
are preferred as early treatment options because of 
their low treatment costs and less potential risks, although 
surgery and injection therapy remain useful options for 
patients with LDH and neuropathy who desire rapid 
recovery [18, 19]. As a physical therapy method such 
as traction, taping and electrotherapy are also recommended 
for conservative treatment [4]. Manual therapy approaches 
place an emphasis on application of biomechanical principles 
in the examination and treatment of spinal disorders [20]. 
These forms include joint-oriented mobilization, manipulation, 
traction, soft-tissue-oriented massage forms, neural-tissue-oriented 
neurodynamic, or mixed specific exercises [21]. 

The Mulligan technique was developed by Brian Mulligan 
and comprises active patient performance or passive 
intervention by a physiotherapist, combining the manual 
gliding of the joint with physiological and osteokinematic 
joint movements [22, 23]. Spinal mobilization with leg 
movement (SMWLM) is the application of continuous 
lateral gliding force to the spinous process while actively 
or passively performing limited peripheral joint movement 
[23]. The SMWLM improves pain, spinal mobility [24], 
and physiological and biomechanical mechanisms, such 
as space expansion by correcting the intervertebral disc 
position or opening the intervertebral foramen [4].

Neural mobilization (NM) aims to restore homeostasis 
inside and outside the nervous system using the 
nervous system itself or the structures surrounding it 

[25]. In 1995, Shacklock proposed the concept of 
neurodynamics that it can elicit physiological effects 
through the mechanical approach of nervous tissues and 
non-neural structures surrounding the nervous system 
through mobilization of the nervous system [26]. NM 
is known as the concept of mobility of the nervous 
system. The nervous tissues must be stretched and shortened 
to maintain the normal range of motion of the joints 
and glide in the tissues for normal movement [27]. 
Hypotheses for the effects of NM include promoting 
neural gliding, reducing nerve adherence, dispersing 
noxious stimulus fluids, increasing neural vascularity, 
and improving axoplasmic flow [28].

Previous studies have reported that manual therapy 
in patients with LDH has better clinical efficacy than 
that of conventional physical therapy, but still there 
were few treatments contrasting with the study subjects 
to support this [29]. Despite the widespread use of 
manual therapy in patients with LDH in clinical 
practice, no standardized guidelines for manual therapy 
for effective intervention have been established, and 
more treatment options are needed [28, 30]. Therefore, 
this study used SMWLM and NM in patients with 
LDH to determine possible differences among SMWLM, 
NM, and conventional physical therapy for improving 
back and leg pain, centralization of symptoms, mechanical 
sensitivity, lumbar mobility, lumbar functional disability, 
and psychosocial functioning. And this study also aimed 
to present a more effective clinical intervention plan.

Methods

1. Participants

This study was conducted at the W Hospital in 
Seoul on patients with back pain accompanied by radiating 
pain, who were diagnosed with LDH, and hospitalized. 
The inclusion criteria were diagnosis of LDH at the 
L4/L5 and L5/S1 levels based on magnetic resonance 
imaging (MRI) and aged 20–65 [28]. The exclusion criteria 
included a history of surgery, manual therapy within 6 
months, lower-extremity vascular disease, spinal disease, 
tumors, spinal fractures, spinal stenosis, neurological 
diseases, pregnancy, rheumatoid arthritis, spinal compression 
fractures, and long-term steroid use [2, 28]. 48 patients 
were selected as subjects for this study after they have 
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provided their informed consent. This study was 
approved by the Sahmyook University Institutional 
Review Board (SYU 2022-03-007-001) and was registered 
with the Korea Clinical Research Information Service 
(registration number: KCT0007945).

2. Procedure

This study used a pre-test–post-test control group 
design. The sample size of the study was calculated through 
statistical evaluation using the G*Power Version 3.1.9.7 
(Franz Faul, University Kiel, Germany, 2020). Based 
on an analysis of variance (ANOVA), the main analysis 
method for testing the program effectiveness, the effect 
size was set to 0.25 for both tests, the significance 
level was set to 0.05, and the power was set to 0.95. 
The number of samples required in this study was 45; 
however, 54 patients were recruited considering possible 
dropouts during the study. As six patients dropped out, 
48 patients participated in the study. A random program 
(https://www.graphpad.com/quickcalcs/randomize1/) was 
used to reduce selection bias, and the participants were 
classified into the SMWLM, NM, and control groups.

3. Intervention

Spinal mobilization with leg movement (SMWLM)

Two therapists formed a team. Therapist A performed 
continuous transverse gliding on the participant's 
lumbar spinous process, while therapist B assisted the 
participant to perform active movements within the 
range of movement to avoid symptom recurrence.

a. Straight leg raise (SLR) SMWLM in a side-lying position

The participants were positioned in a side-lying position 
on their unaffected side, close to the edge of the treatment 
table. The affected leg was supported by therapist B 
and extended with a slight abduction of 10° at the hip 
and a knee flexion of 45°. Therapist A applied and 
sustained a transverse glide of the spinous process 
toward the floor. The participants actively moved the 
leg into the SLR with therapist B’s assistance. The L4 
vertebra was selected if the participant had an L4/L5 
lesion. Therapist A carefully assisted the participants to 
perform active SLR in a gliding position with the help 
of therapist B to avoid symptom recurrence during 
movement. If pain recurred, the participant was 
instructed to relax and hold the position for 3 s, and 
then return to the starting point (Figure 1) [2, 23, 31].

b. SMWLM unilateral sustained natural apophyseal 
glides (SNAG)

The participants were positioned in a prone and 
slightly oblique position with their pelvis close to the 
edge of the treatment table. The affected leg was 
extended at the hip and knee and held by therapist B, 
who remained caudally on the ipsilateral side. 
Therapist A stood on the affected side and applied a 
superior cranial glide-sustained natural apophyseal 
glide of the transverse process. The SNAGs were 
sustained during the entire process, while therapist B 
lowered the patient’s affected leg into the SLR 
towards the floor, provided that there were no 
symptoms (Figure 2).

Figure 1. SLR SMWLM in sidelying Figure 2. SMWLM unilateral SNAG
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The SMWLM comprised three sessions in the first 
set and the second intervention, 6–10 times of 3–5 sets 
were performed for 10 min with a 30-second break 
between sets. According to a participant’s improvement, 
therapist B increased the pressure within the asymptomatic 
range and checked for improvement in the SLR angle. 
As the symptoms eased, the therapist increased the 
range till the maximum pain-free range [2, 23, 31].

Neural mobilization (NM)

NM was performed based on the level of the nerves 
at which the symptoms appeared. The treatment proceeded 
until the location where the symptoms recurred. It was 
eased a few degrees at the point of symptom recurrence, 
and was performed with continuous mild oscillations. 
The slider technique was performed by repeating cervical 
extension to flexion during the intervention with longitudinal 

force at one nerve end and relaxation at the other. The 
tensioner technique was performed by applying tension 
at both nerve ends from cervical flexion to extension 
during the intervention. Sciatic nerve NM (L4–S2) was 
performed with passive SLR with the participant in 
supine position (Figure 3). Tibial nerve NM (L4–L5) 
was performed with passive NM. Knee extension or 
SLR was performed in knee flexion, dorsiflexion, or 
eversion with the patient in supine position (Figure 4). 
Peroneal nerve NM (L5–S1) was performed with passive 
NM. Knee extension was performed in hip flexion, 
knee flexion or plantar inversion with patients in 
supine position (Figure 5). Femoral nerve NM (L2–L4) 
was performed when symptoms recurred during prone 
knee bending or slump knee bending test. Passive NM 
involved hip extension in hip flexion or knee flexion 
at 90° with the patient in side-lying position (Figure 6). 

Figure 4. Tibial nerve NM

Figure 5. Peroneal nerve NM Figure 6. Femoral nerve NM

Figure 3. Sciatic nerve NM
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The intervention was repeated by increasing the amplitude 
according to the participant’s response. As the symptoms 
alleviated, the therapist increased the range until the 
maximum range was reached without pain. The slider 
and tensioner techniques comprised five repetitions in 
one set, and were performed 10 times in two sets for 
10 min with 30 s of rest between sets [26, 28, 32]. 

Conventional physical therapy (CT)

CT included electrical stimulation therapy (Stimulator 
mioelectole, ITO CO., LTD, Japan), infrared 
(INFRALUX-300, Daekung, Korea), and laser (DR-12, 
DMC, Korea). The EST electrodes were fixed to the 
lumbar region and the lower extremities, where the 
participant complained of symptoms the most, 
stimulating the denervation of muscles and nerves. 
Meanwhile, laser and infrared were applied to induce 
pain reduction and electrophysiological effects [28, 33]

4. Measurement

Back and Leg pain

The NPRS was used to evaluate the intensity of 
back and leg pain. The NPRS ranged from 0 (no pain) 
to 10 (the worst pain imaginable), and the participants 
evaluated the level of back and leg pain by indicating 
the highest and worst pain in the current and past 24 
h. The reliability of the NPRS was 0.96, and the 
validity was 0.86 to 0.95 [34, 35].

Centralization of symptoms

Centralization of symptoms was evaluated using 
BGCS. The BGCS was divided into the lower back, 
buttock, thigh, or distal knee from 0 points, when 
symptoms were not identified, to 6 points, when foot 
pain was observed, and the scores were measured as 
the farthest part where the participant’s symptoms 
occurred by overlapping it on the participant’s body 
chart [36]. The BGCS has good reliability at k＝0.92. 
When measured in the most distal symptomatic part, k 
value was found to be 0.92–1.0, and was high (k＝
0.96) for changes in pain areas over time [36, 37, 38].

Mechanical sensitivity

The PSLR was used to evaluate mechanical sensitivity 

using the smartphone application, inclinometer (Peter 
Breitling, Version 4.9.2 (2001022) on iOS, iPhone®). 
The application demonstrated good reliability within 
the evaluator and good validity, and the intraclass 
correlation coefficient (ICC) was found to be 0.65–
0.85 [39]. The inclinometer was positioned 5 cm distal 
to the tibial tuberosity, and the angle, at which the 
participant’s radiating and neuromuscular pain recurred, 
was measured [40, 41]. The PSLR had a sensitivity 
and specificity of 0.91 and 0.26, respectively [42].

Lumbar mobility

The ALFROM was measured using a smartphone 
dual inclinometer to evaluate lumbar mobility. Two 
smartphone inclinometers were used for ALFROM 
measurements. The inclinometers were placed at the 
12th thoracic spinous process (T12) and 15 cm below 
the second sacral vertebra (S2). Horizontal to the 
posterior superior iliac spine, the participant was 
positioned in a neutral position, setting the 
inclinometer values to 0°. The participant was 
instructed to bend the trunk forward as much as 
possible, and the angles at the thoracolumbar junction 
and sacroiliac joint were measured. The difference 
between the two angles based on the recurrence of 
symptoms during measurement became the final 
measurement value [41, 43]. In ALFROM, the 
inclinometer ICC had good inter-rater reliability at 
≥.80 [44].

Lumbar functional disability

The KODI was used to assess lumbar functional 
disability. The KODI consists of 10 items including 
pain intensity, personal care, lifting, walking, sitting, 
standing, sleeping, sex life, social life, and travel. The 
KODI scores range from 0 to 50 points. Each item has 
a maximum score of 5 points, and a higher score 
means more difficulty in functioning because of back 
pain. The participants answered the questionnaire after 
receiving sufficient explanation. The final score used 
in this study was calculated by dividing the patient's 
score by the total score and converting it into a 
percentage. The test–retest reliability (r) of KODI was 
0.92 [45].
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Psychosocial functioning

The KFABQ was used to evaluate psychosocial 
functioning. The KFABQ comprises two subscales. It 
consists of five measures to evaluate physical activity 
(FABQ-PA) and eleven measures to evaluate work 
(FABQ-W). Of the 16 FABQ items, five items (nos. 
2, 8, 13, 14, and 16) were not used when adding up 
after the survey evaluation. Patients evaluated 
themselves for each question on a 7-point scale (0＝ 
completely disagree, 6＝completely agree). The 
reliability of the KFABQ was high at 0.95 [46].

5. Data analysis

All statistical analyses in this study were performed 
using the Statistical Package for the Social Science 
(SPSS) Ver. 21.0 (SPSS Inc., USA). For general 
characteristics of the participants, the means and 
standard deviations of all variables were calculated. 
The normality test was conducted using the Shapiro–
Wilk test, and all data were confirmed to be normally 
distributed. To verify the normal distribution of data 
among groups before intervention, the chi-square test 
was used for sex, Pfirmann grade, escape level, and 
radiating pain, and a one-way ANOVA was used for 
average age, height, weight, body mass index, 
symptom period, back and leg pain, centralization of 
symptoms, mechanical sensitivity, lumbar mobility, 
lumbar functional disability, and psychosocial 
functioning. The before and after differences of the 

groups were analyzed using a paired t-test. A one-way 
ANOVA was performed to analyze the differences in 
the amount of change among the groups. A post hoc 
analysis was performed using Scheffe’s test, and all 
statistical significance levels were set at p＜0.05.

Results

The general characteristics are shown in Table 1. In 
the preliminary examination among the SMWLM, NM, 
and control groups, no significant differences were 
observed in the data among the groups, thus making 
the data homogeneous. Six participants were excluded 
from the study because they did not meet the 
experimental standards, including four participants who 
received surgery and injection treatment and two 
participants, who discontinued the intervention for 
personal reasons. Finally, statistical analysis was 
conducted on 16 participants each in the SMWLM, 
NM, and control groups.

Back pain

The before and after changes in back pain in the 
three groups are presented in Table 2. A significant 
difference in back pain was observed, pre- and 
post-intervention, in all the groups (p＜0.05). No 
statistically significant difference was observed 
between the SMWLM and NM groups.

Characteristics SMWLM group (n=16) NM group (n=16) CT group (n=16) p

Sex (male / female) 7 / 9 8 / 8 8 / 8 0.920

Age (years) 38.31 (13.87) 48.06 (7.88) 40.69 (13.02) 0.064

Height (cm) 167.05 (5.87) 167.03 (10.97) 168.41 (7.45) 0.866

Weight (kg) 68.27 (11.93) 67.71 (12.71) 64.85 (14.57) 0.732

BMI (kg/m2) 24.61 (3.34) 24.05 (3.23) 22.67 (3.68) 0.266

Pfirrmann (grade 2 / grade 3) 11 / 5 12 / 4 12 / 4 0.900

Escape level (L4-5 / L5-S1) 9 / 7 8 / 8 9 / 7 0.920

symptom period (day) 14.69 (6.98) 13.19 (7.12) 11.69 (5.88) 0.454

The values are presented mean (SD).
SMWLM: spinal mobilization with leg movement, NM: neural mobilization, CT: conventional physical therapy, 
BMI: body mass index.

Table 1. General Characteristics of Participants (n＝48)
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Leg pain

The before and after changes in leg pain in the 
three groups are presented in Table 2. A statistically 
significant difference in leg pain was observed, pre- 
and post-intervention, in all groups (p＜0.05). The 
SMWLM was more effective than NM (p＜0.05).

Centralization of symptoms

The before and after changes in centralization of 
symptoms in the three groups are summarized in Table 
2. A statistically significant difference was observed in 
centralization of symptoms, pre- and post-intervention, 
in the SMWLM and NM groups (p＜0.05), although 
no statistically significant difference was observed in 
the control group. No significant difference was 
observed between the SMWLM and NM groups.

Mechanical sensitivity

The before and after changes in mechanical 
sensitivity in the three groups are summarized in Table 
3. A significant difference was observed in mechanical 
sensitivity, pre- and post-intervention, in all groups (p
＜0.05). No significant difference was observed 

between the SMWLM and NM groups.

Lumbar mobility

The before and after changes in lumbar mobility in 
the three groups are presented in Table 3. A statistically 
significant difference was observed in lumbar mobility, 
pre- and post-intervention, in the SMWLM and NM 
groups (p＜0.05), whereas no significant difference 
was observed in the control group. The SMWLM was 
more effective than NM groups (p＜0.05).

Lumbar functional disability

The before and after changes in lumbar functional 
disability in the three groups are presented in Table 3. 
A statistically significant difference was observed in 
lumbar functional disability, pre- and post-intervention, 
in all groups (p＜0.05). No significant difference was 
observed between the SMWLM and NM groups.

Psychosocial functioning

The before and after changes in psychosocial 
functioning in the three groups are presented in Table 
3. A statistically significant difference was observed in 

SMWLM group (n＝16) NM group (n＝16) CT group (n＝16) F(p)

NPRS
Back
(score)

Pre 4.19 (1.32) 5.00 (1.78) 4.50 (1.54) 1.095 (0.343)

Post 1.13 (1.02) 2.56 (1.09) 3.69 (1.44)

Pre-Post 3.06 (0.68) 2.43 (1.09) 0.81 (0.54) 33.134 (0.000)

t(p) －18.013 (0.000) －8.916 (0.000) －5.975 (0.000) A, B｜C

NPRS
Leg
(score)

Pre 5.88 (1.66) 6.06 (1.52) 5.56 (2.06) 0.327 (0.723)

Post 1.63 (1.08) 3.06 (1.43) 4.44 (1.86)

Pre-Post 4.25 (1.12) 3.00 (1.09) 1.12 (0.71) 39.804 (0.000)

t(p) －15.105 (0.000) －10.954 (0.000) －6.260 (0.000) A | B | C

BGCS
(score)

Pre 5.44 (0.51) 5.50 (0.51) 5.44 (0.51) 0.079 (0.924)

Post 3.00 (0.51) 3.56 (0.62) 5.13 (0.88)

Pre-Post －2.43 (0.72) －1.93 (0.68) －0.31 (0.70) 40.245 (0.000)

t(p) －13.403 (0.000) －11.396 (0.000) －1.775 (0.096) A, B｜C

The values are presented mean (SD).
NPRS: numeric pain rating score, BGCS: body grid chart score, SMWLM: spinal mobilization with leg movement, 
NM: neural mobilization, CT: conventional physical therapy.

Table 2. Comparision of NPRS, BGCS (n＝48)
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psychosocial functioning, pre- and post-intervention, in 
all groups (p＜0.05). The SMWLM was more effective 
than NM groups (p＜0.05).

Discussion

In this study, when SMWLM and NM were 
performed in 48 patients with radiating pain due to 
LDH, back and leg pain, centralization of symptoms, 
mechanical sensitivity, lumbar mobility, lumbar 
functional disability, and psychosocial functioning 
improved. Leg pain, lumbar mobility, and psychosocial 
functioning improved more with SMWLM than they 
did with NM.

LDH is a spinal disease that causes back pain 
accompanied by radiating pain [12]. This leads to a 
vicious cycle of limiting activity, reducing joint use, 
secondary weakening of muscle strength, and inhibiting 
physical function and production activities [47]. 

Radiculopathy in the L4, L5, and S1 regions is most 
commonly caused by LDH with pain in the medial 
foreleg, lateral thigh, lower leg, back, posterior thigh, 
calf, and heel [48]. In previous studies, when 
SMWLM and NM were performed in patients with 
lumbar radiculopathy, significant improvements were 
noted in pre- and post-intervention back and leg pain 
VAS scores, and SMWLM was more effective for 
improving leg pain than NM was [2]. In this study, 
the changes in NPRS of leg pain according to the 
application of SMWLM and NM also indicated 
significant improvements, pre- and post-intervention, in 
all groups. The SMWLM was more effective than NM 
in improving the parameters, and NM was more 
effective than the control. This causes the NM to 
operate the nerves at the mechanical interface pressed 
by the escaped intervertebral disc, distributing the 
tension evenly so that the tension would not increase 
in a specific area [49, 50], The decrease in tension 

SMWLM group (n＝16) NM group (n＝16) CT group (n＝16) F(p)

PSLR
( °)

Pre 49.18 (6.37) 50.43 (7.07) 48.31 (5.14) 0.467 (0.630)

Post 72.62 (6.77) 70.31 (6.21) 53.75 (5.25)

Pre-Post 23.43 (4.66) 19.87 (6.48) 5.43 (4.36) 52.601 (0.000)

t(p) 20.112 (0.000) 12.250 (0.000) 4.982 (0.000) A, B｜C

ALFROM
( °)

Pre 31.93 (4.12) 30.81 (5.60) 29.81 (3.60) 0.885 (0.420)

Post 47.87 (4.54) 42.00 (4.16) 30.93 (3.49)

Pre-Post 15.93 (4.07) 11.18 (3.83) 1.12 (2.36) 74.463 (0.000)

t(p) 15.649 (0.000) 11.673 (0.000) 1.904 (0.076) A | B | C

KODI
(score)

Pre 56.50 (9.10) 59.25 (9.11) 58.13 (8.65) 0.381 (0.686)

Post 32.13 (5.23) 39.13 (5.46) 44.63 (6.68)

Pre-Post 24.37 (7.20) 20.12 (6.17) 13.50 (5.91) 11.543 (0.000)

t(p) －13.54 (0.000) －13.039 (0.000) －9.136 (0.000) A, B｜C

KFABQ
(score)

Pre 45.50 (5.75) 44.81 (6.84) 47.75 (7.79) 0.806 (0.453)

Post 27.13 (3.07) 33.00 (5.09) 37.69 (6.35)

Pre-Post 18.37 (5.18) 11.81 (4.82) 10.06 (3.56) 14.661 (0.000)

t(p) －14.167 (0.000) －9.804 (0.000) －11.281 (0.000) A | B, C

The values are presented mean (SD).
PSLR: passive straight leg raise, ALFROM: active lumbar flexion range of motion, KODI: korean version oswestry 
disability index, KFABQ: korean version fear avoidance beliefs questionnaire, SMWLM: spinal mobilization with leg 
movement, NM: neural mobilization, CT: conventional physical therapy.

Table 3. Comparision of PSLR, ALFROM, KODI, KFABQ (n＝48)
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may be due to its dispersion, having a positive effect 
on reducing back and leg pain in patients with LDH 
by reducing the adhesion of surrounding tissues, 
relieving impingement of neural structures, and 
increasing flexibility and blood flow [28, 51]. The 
SMWLM may be more effective than NM, not only in 
improving tension in the soft tissues damaged by 
mechanical deformation, but also in reducing joint 
compression and correcting local defects at the 
corresponding spinal level [49, 52].

Lumbar pathology is often related to axis pain or 
neurological symptoms, and this pain may lead to a 
decrease in lumbar mobility [53]. Pain reduces activity, 
and decreased muscle and joint use ultimately reduces 
the range of motion of the spinal joint [54]. Damage 
and escape of the intervertebral disc are related to 
joint compression, and repetitive bending and 
stretching movements. Even with moderate movement 
and a small magnitude of compression, pain can occur 
during repeated bending and stretching exercises. 
Damage and escape severity of the disc increase with 
increase in the size of the load pressing on the joint 
[55]. In this study, changes in ALFROM according to 
the application of SMWLM and NM demonstrated 
significant improvement only in the SMWLM and NM 
groups pre- and post-intervention. The SMWLM was 
more effective than NM, and NM was more effective 
than the control in improving the parameters. NM 
aims to restore balance between the nervous tissue and 
the surrounding structures [56], and improves 
musculoskeletal and peripheral nervous system 
extensibility [57], The combination of nerve endings in 
opposite directions in the tensioner technique of NM 
and nerve and joint movements through nerve endings 
in the same direction in the slider technique may have 
had a positive effect on improving lumbar mobility in 
patients with LDH [58]. The SMWLM may have a 
positive effect on increased lumbar mobility by 
limiting the mobility of the facet joint and 
simultaneously affecting the mobility of the 
surrounding intervertebral joint by assisting the gliding 
of the facet joint [23]. Active trunk and facet 
movements through biomechanical effects corrected 
positional faults in patients with LDH. The resulting 
symptomatic improvement led to a direct improvement 
in joint mobility, which may have a more positive 

effect on the lumbar mobility of patients with LDH 
than that associated with NM [22]. 

Fear of movement and activity is a major factor in 
the transition from acute back pain to long-term 
disability, and the avoidance of physical activity and 
work tasks leads to work loss and disability [20, 59]. 
Avoidance reactions may result in a decrease in 
physical and social activity, excessive fear avoidance 
behavior, long-term disability, and negative physical 
and psychological consequences [16]. In this study, the 
change in the KFABQ scores with the application of 
SMWLM and NM demonstrated significant improvements 
in all groups pre- and post-intervention. In the 
KFABQ score, the SMWLM was more effective than 
NM, and no statistically significant difference was 
observed between the NM and control groups. This is 
considered to be because the improvement of leg pain 
and lumbar mobility through SMWLM was more 
effective than NM. The SMWLM is considered to 
have a more positive effect than that of NM on 
psychological levels by inducing physiological 
movements in patients with LDH by combining active 
and additional movements [23, 60]. 

Other major symptoms of LDH include back pain, 
radiating pain, disability, and decreased physical and 
social activity [12, 13, 14, 16]. In this study, changes 
in the NPRS of back pain, BGCS, PSLR, and KODI 
according to the application of SMWLM and NM 
were confirmed. All the groups demonstrated significant 
improvements in all items, except for BGCS, 
post-intervention. The BGCS significantly improved 
post-intervention only in the SMWLM and NM 
groups. In the BGCS score, no statistically significant 
difference was observed between the SMWLM and 
NM groups, and SMWLM and NM were more 
effective than the control. The SMWLM and NM were 
confirmed to be effective for back pain, centralization 
of symptoms, mechanical sensitivity, and lumbar 
functional disability in patients with LDH.

A limitation of this study was its small size (48 
participants), thus making it difficult to generalize the 
study results to all patients with LDH. Additionally, 
the 4-week study period was insufficient to determine 
the long-term effects of the intervention. Moreover, 
pain, functional disability, and psychosocial functioning 
were influenced by subjective factors of the participants, 
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making it difficult to measure various factors. 
Considering these limitations, future studies should 
have a sufficient sample size and study duration. 
Measurements using additional tools, considering 
subjective factors, and research using more accurate 
inspection tools, such as X-rays and MRI, should be 
conducted.

In conclusion SMWLM and NM effectively 
improved back and leg pain, centralization of 
symptoms, mechanical sensitivity, lumbar mobility, 
lumbar functional disability, and psychosocial 
functioning in patients with LDH with radiating pain. 
SMWLM was more effective than NM for leg pain, 
lumbar mobility, and psychosocial functioning and 
could provide useful basic data for manual therapy for 
LDH patients.
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