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been affected due to irritation of the lumbosacral nerve root. The discomfort or pain caused by sciatic nerve
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) I Results: The experimental group showed positive significant effects on VAS score, PSC score, and SLR ranges,

whereas the control group showed immediate effects on VAS score, PSC score, and SLR ranges, but the effects
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Conclusion: Neurodynamics, including the static opener and four levels of sliders and tensioners, showed
significant immediate and carryover improvement in VAS, PSC score, and SLR ranges. However, the experimental
group was significantly better at improving pain, PSC score, and SLR range than the control group.
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INTRODUCTION

The prolapsed intervertebral disc (PIVD) is a disease that occurs when the annulus fibrosus
ruptures, which leads to an effusion of the nucleus pulposus.l!! In this disease, the posterior
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longitudinal ligament gives way and the disc material
herniates into the spinal canal.”! Lumbar disc herniation is
a frequent condition that affects 5% of adult individuals.”! In
the world, the incidence of PIVD in males is 1.9-7.6%, and
in females, it is 2.2-5.0%." The majority of adult individuals
are affected between the ages of 30-50. The lumbar area has a
higher prevalence of this disease than any other region, with
L4-L5 and L5-S1 levels having the highest prevalence. About
10% of the population is affected by this ailment, which is
more prevalent among low back pain (LBP) patients.® The
incidence of LBP with or without radiculopathy has been
estimated to be 23%, with a lifetime prevalence of 60-85%.!!
The term “PIVD” refers to a process in which the nucleus
pulposus moves inside the intervertebral space after the
annular fibers tear, most typically in the posterior and
posterolateral direction. It consists of four stages-nucleus
degeneration, displacement, protrusion, and extrusion.”

The straight leg raise (SLR) test, also referred to as the
Lasegue test, is an underlying neurological test used in the
physical examination of patients with LBP with radiating
symptoms to ascertain whether the sciatic nerve has been
affected as a result of lumbar disc hernia.”® A study has been
conducted on the usefulness of various physical examination
results.””) It suggests that the SLR remains the gold standard
test for identifying radicular symptoms.®! Root irritation is
typically considered present when the examiner elevates the
affected limb and the pain is reproduced or intensified."" It
is said to be positive when the test reproduces pain in the
gluteal or lower leg region and the spine as the examiner
passively lifts the affected leg with the hip in flexion and the
knee in extension with ankle dorsiflexion.®!”! The relevance
given to the angle of elevation at which the pain is produced
varies greatly. McIntosh and Hamilton stated in their study
that Brieg and Troups suggested that <70° is clinically
relevant.'” The SLR is a more used and valuable test in
differential diagnosis and identifying herniations that require
surgery.['!l

Morsi et al. stated in their study that the discomfort or pain
caused by sciatic nerve compression could be significantly
reduced by neurodynamic mobilization, which also lowers
inflammatory mediators."?! Neurodynamics, a conservative
therapeutic option treatment, is an active strategy that is
beneficial from a mechanical and physiological perspective.
This technique philosophy is based on the notion that the
entire nervous system is an incessant structure that slides and
moves and that motion is connected to vital physiological
processes.!'’!

The PIVD propulsion leads to compression, due to which
there is compromised distal sliding of neural structures,

which, in turn, poses challenges to physiotherapists in
treating acute PIVD patients. There is no evidence-based
study on neurodynamics exercises, including static openers
and four levels of sliders and tensioners, to decrease
mechanosensitivity and nerve root irritation among acute
PIVD patients. This research aimed to investigate whether
neurodynamic exercises, including the static opener four
levels of sliders and tensioners, can significantly alter neural
mobility, SLR ranges, visual analog scale (VAS), and pain side
code (PSC) score.

MATERIALS AND METHODS
Study design

This study was a double-blinded experimental study.

Study population

All subjects with PIVD taken from Himalayan Hospital were
considered as the study population.

Sampling

A random sampling method was performed to select the
patient for the individual groups.

Sample size

The sample size was calculated using previous studies’ and
outcome variables (VAS and SLR) data. Forty-four subjects
were selected according to the inclusion and exclusion
criteria.

Inclusion criteria

The study included acute PIVD patients (<3 months)
confirmed with magnetic resonance imaging, unilateral
radiculopathy, SLR ranges <70°, and age group between 20
and 60 years.

Exclusion criteria

Patients with myotomal involvement power <3, low back
surgery in the past year, spondylolisthesis, spinal canal
stenosis, sacroiliac joint pain, infection, tumor, and cauda
equina syndrome were excluded from the study.

Outcomes variables

Passive SLR test, VAS score, and PSC were the outcome
variables in the study.
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Figure 1: Protocol. n: Number of participants, VAS: Visual analog scale, PSC: Pain site code, SLR: Straight leg raise.

PROCEDURE

Subjects meeting the inclusion and exclusion criteria were
included in the study. Participants were split up into the
experimental group and the control group as demonstrated
in Figure 1. After collecting the demographic details, subjects
were tested for VAS, PSC, and SLR as shown in Figures 2 and 3.
The subjects following the inclusion criteria were included in
the study.

Pre- and post-assessment was done by another therapist and
the intervention was given by the researcher.

Before screening, the subjects have received a thorough
description of the study’s objective.

The experimental group received a neurodynamics
intervention (Static Opener and four-level neurodynamics).
They were given three sets of 15-20 repetitions of four levels
of neurodynamics with 1 min of static opener, including rest
periods (15-20 s).

Intervention

Static opener: For 1 min [Figure 4].

Four levels of neurodynamics

Position: Supine lying

Level 1: Position away—Move away [Figure 5]
Passive neck flexion, along with hip and knee flexion
Level 2: Position toward—Move away

Neck extension along with hip and knee flexion

Level 3: Position away—Move toward neck flexion along
with hip and knee extension—followed by C/L SLR—B/L
SLR—Affected SLR—

Level 4: Position toward—Move toward
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Figure 2: Testing of straight leg raise.

Figure 4: Static opener.

Figure 3: Measuring of straight leg raise range.

Neck extension along with hip and knee extension followed
by C/L SLR—B/L SLR— Affected SLR [Figure 6].

Control group intervention

Spinal extension exercise, core isometric exercise, glutes
isometric exercise, and pelvic bridging exercise. Three sets of
15 repetitions of each exercise were performed, including a
rest period (10-15 s) [Figure 7].

Data analysis

Data analysis was performed using the Statistical Package for
the Social Sciences (Version 20) for Windows. The mean and
standard deviation (SD) for the demographic variables and
outcome variables were calculated using descriptive statistics.
Shapiro-Wilk test was performed to check the normality of the
data. In the control group, only pre-VAS and pre-SLR followed
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Figure 5: Neurodynamics level 1.

normality in the data. Wilcoxon signed-ranks test was used
to determine the difference in outcome variable scores within
groups for VAS, PSC, and SLR. A paired t-test was used to
determine the difference between the VAS and SLR variables
in the control group as it followed normality. Mann-Whitney
U-test was performed to find out the difference in scores
between the groups for VAS, PSC, and SLR.

RESULTS

A total of 44 patients were enrolled in the research. Of these
patients, 22 patients were enrolled in the experimental group
and 22 in the control group. Among them, 20 were male
and 24 were female. Two patients dropped out from the
experimental group during the carryover effect period.

In the study, the M + SD for age is 39.14 + 9.833 and for side
is 1.50 = 0.521.
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The changes in VAS, PSC, and SLR scores of the experimental
group post-data are demonstrated in Table 1 using the
Wilcoxon signed-rank test.

In the experimental group, there was a decrease in the
VAS score (P < 0.001) from 5.95 with an SD of 0.844 to
the post-VAS score of 3.68 with an SD of 1.129. The PSC score
was reduced from 5.36 with an SD of 0.790 to the post-PSC
score of 3.73 with an SD of 1.386 (P < 0.001). The SLR score
was increased from 49.45 with an SD of 9.635 to a post-SLR
score of 58.18 with an SD of 14.608 (P = 0.002).

The changes in the VAS, PSC, and SLR scores in the carryover
data in the experimental group are demonstrated in Table 2
using the Wilcoxon signed-rank test.

The post-VAS score in the experimental group was reduced
from 3.68 with an SD of 1.129 to a carryover VAS score of
2.60 with an SD of 1.465 (P = 0.002). The post-PSC score
was reduced from 3.733 with an SD of 1.386 to carry over
the PSC score of 3.05 with an SD of 1.395 (P = 0.032). The

Table 1: Pre-post-data within the experimental group.

post-SLR score was increased from 58.18 with an SD of
14.608 to a score of 70.70 with an SD of 10.623 (P < 0.001).

The changes in the VAS, PSC, and SLR scores in the post-data
group are demonstrated in Table 3 using the Wilcoxon
signed-rank test.

In the control group, the pre-VAS score was reduced from 6.14
with an SD of 1.283 to a post-VAS score of 4.73 with an SD of 1.667
(P < 0.001). The PSC score was reduced from 5.32 with an SD of
0.780 to a post-PSC score of 4.55 with an SD of 1.335 (P = 0.007).
The SLR score was increased from 48.783 with an SD of 8.708 to a
post-SLR score of 54.32 with an SD of 11.623 (P = 0.007).

An improvement in the VAS and SLR score in the carryover data
is demonstrated in Table 4 using the Wilcoxon signed-rank test.

In the control group, the post-VAS was reduced from 4.73
with an SD of 1.667 to a carryover VAS score of 4.50 with
an SD of 1.504, which was not statistically significant
(P = 0.424). The post-PSC score was increased from 4.55
with an SD of 1.335 to carryover 4.77 with an SD of 1.193,

S. No. Variables Pre M+SD (median) Post M+SD (median) P-value
1. VAS 5.95+0.844 (6.000) 3.68+1.129 (4.000) <0.001
2. PSC 5.36+0.790 (5.500) 3.73+1.386 (3.500) <0.001
3. SLR 49.45+9.635 (54.000) 58.18+14.608 (63.000) 0.002
M: Median, SD: Standard deviation, VAS: Visual analog scale, PSC: Pain site code, SLR: Straight leg raise

Table 2: Post and carryover data within the experimental group.

S. No. Variables Post M+SD (median) Carryover M+SD (median) P-value
L. VAS 3.68+1.129 (4.000) 2.60+1.465 (2.500) 0.002
2. PSC 3.73+1.386 (3.500) 3.05+1.395 (2.500) 0.032
3. SLR 58.18+14.608 (63.000) 70.70+10.623 (72.000) <0.001
M: Median, SD: Standard deviation, VAS: Visual analog scale, PSC: Pain site code, SLR: Straight leg raise

Table 3: Pre-post data within the control group.

S. No. Variables Pre M+SD (median) Post M+SD (median) P-value
1. VAS 6.14+1.283 (6.000) 4.73%1.667 (5.000) <0.001
2. PSC 5.3240.780 (5.500) 4.55+1.335 (5.000) 0.007
3. SLR 48.78+8.708 (49.000) 54.32+11.623 (55.000) 0.007
M: Median, SD: Standard deviation, VAS: Visual analog scale, PSC: Pain site code, SLR: Straight leg raise

Table 4: Post and carryover data within the control group.

S. No. Variables Post M+SD (Median) Carryover M+SD (Median) P-value
1. VAS 4.73%1.667 (5.000) 4.50%1.504 (5.000) 0.424
2. PSC 4.55+1.335 (5.000) 4.7741.193 (5.000) 0.340
3. SLR 54.32+11.623 (55.000) 52.41+12.458 (56.000) 0.388

M: Median, SD: Standard deviation, VAS: Visual analog scale, PSC: Pain site code, SLR: Straight leg raise

Journal of Musculoskeletal Surgery and Research « Volume 8 « Issue 3 « July-September 2024 | 276



Bahuguna, et al.: Immediate and carryover effects of neurodynamics

Table 5: Difference between groups.

S. No. Variable Experimental group M+SD Control group M+SD P-value
L. VAS pre 5.954+0.843 6.142+1.314 0.626
2 VAS post 3.681+1.129 4.727+1.66 0.029
3 VAS carryover 2.600+1.465 4.500£1.50 <0.001
4 PSC pre 5.363+0.789 5.318+0.779 0.816
5. PSC post 3.727+1.386 4.545+1.335 0.054
6. PSC carryover 3.050+1.394 4.772%1.192 <0.001
7 SLR pre 49.454+9.634 48.727+8.707 0.750
8 SLR post 58.181+14.608 54.318+11.622 0.200
9 SLR carryover 70.700+10.623 52.409+12.458 <0.001
M: Median, SD: Standard deviation, VAS: Visual analog scale, PSC: Pain site code, SLR: Straight leg raise

Figure 7: Pelvic bridging exercise.

which was not statistically significant (P = 0.340). The
post-SLR score was reduced from 54.32 with an SD of 11.628
to a carryover SLR score of 52.41 with an SD of 12.458, which
was not statistically significant (P = 0.388).

The experimental and control groups for VAS, PSC, and SLR
scores in the carryover data are compared in Table 5 using
the Mann-Whitney U-test. The mean post-VAS score in
the experimental group was 3.681 with an SD of 1.129 and
the mean of VAS post in the control group was 4.727 with
an SD of 1.66, which was statistically significant. The mean
score of VAS carryover was 2.600 with an SD of 1.465 and
the mean of VAS carryover in the control group was 4.500
with an SD of 1.50 (P < 0.001). The mean of post-PSC in
the experimental group was 3.727 with an SD of 1.386 and
the mean of post-PSC in group 2 was 4.545 with an SD of
1.335, which was not statistically significant (P = 0.054).
The mean of carryover PSC in the experimental group was
3.050 with an SD of 1.394 and the mean of carryover PSC
in the control group was 4.772 with an SD of 1.192, which
was statistically significant (P < 0.001). The mean of post-SLR
in the experimental group was 58.181 with an SD of 14.608
and the mean of post-SLR in the control group was 54.318
with an SD of 11.622, which was not statistically significant
(P =0.200). The mean of carryover SLR in the experimental
group was 70.700 with an SD of 10.623 and the mean of
carryover SLR in the control group was 52.409 with an SD of
12.458, which was statistically significant (P < 0.001).

DISCUSSION

When the data were analyzed in the experimental group, it was
found that the VAS score was statistically reduced when we
compared the pre-post data (P < 0.001) and the post-carryover
data (P = 0.002). In 2019, 2017, 2020, and 2023, different
studies suggested that neurodynamics helps reduce pain by
developing centralization.®'*! A study conducted in 2021
found that patients receiving sliders and tensioners showed
significant improvement in pain.'”? Another study conducted
in 2019 suggested that the sliders’ neural mobilization
exercises are efficacious in reducing pain immediately.""
The PSC score was statistically reduced when we compared
the pre-post data (P < 0.001) and the post-carryover data
(P = 0.032). In 2021, Shah and Soni conducted a study and
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Figure 8: Difference between experimental and control group.

it concluded that the radiating symptoms may be centralized
using neurodynamics. In the present study, the SLR range
was increased when we compared the pre-post data (P = 0.002)
and the post-carryover data, which was statistically significant
(P < 0.001). A study in 2015 suggested that the butler’s neural
mobilization showed significant improvement in SLR ranges
immediately after the session, but it was not maintained for
24 h."! Another research conducted in 2012 suggested that
neurodynamics treatment effectively improves SLR ranges in
patients with radiating low backaches.”

When the data was analyzed in the control group, it was
found that the VAS score was statistically reduced when
the pre-post data was compared (P < 0.001), but it was
not maintained for a long time when we compared the
post-carryover data (P = 0.424). A study conducted in
2018 concluded that McKenzie extension exercises were
efficacious in decreasing LBP in patients with PIVD.2!
Other studies in 2014 and 2017 suggested that core exercises
are efficacious in improving pain in patients with chronic
LBP.22%I The PSC score was reduced when we compared the
pre-post data (P < 0.007) but not in the post-carryover data
(P = 0.340). This might be because the VAS was reduced,
which can alter the pain sensitivity so the patient can
experience improved radiating pain. It was not maintained
in carryover effect due to the reason that the intervention
was given only for one session, but if we give the intervention
in continuation for a week, it might show the improvement
in the PSC score. A 2018 study concluded that McKenzie
extension exercises yield results in 3-4 days, whereas
core strengthening exercises yield results in 10 days.?'! A
case series was studied in 2015, and it was found that core
strengthening exercises are useful in reducing nerve root

irritation and decreasing radiating pain.”?* In 2014 and 2021,
Bakhtiary et al. and Parkhi et al. studies revealed that lumbar
stabilization effectively reduces pain in patients with lumbar
disc herniation.”>?* In the present study, the SLR range was
increased when we compared the pre-post data (P < 0.007)
but not in the post-carryover data (P = 0.388). A study in
2016 revealed that Mackenzie’s exercises show improvement
in reducing VAS, SLR, and lumbar range of motion.*” This
indicates that the core strengthening exercises can reduce the
pain immediately, which will cause the patient to get relief
from radiating pain. The SLR range will increase, but the
effect will be brief.

In the present study, when we compared the data between the
groups, we learned that there were significant immediate and
carryover improvements in VAS scores in the experimental
group [Figure 8]. The previous studies suggested that
neurodynamics is efficacious in reducing pain in patients
with lumbar radiculopathy.©®1*?l The experimental and
control group had an immediate effect in reducing the PSC
score, but only in the experimental group, it was maintained
for a long period (P < 0.001). The SLR range was increased
immediately in both the groups, but only in the experimental
group. It was maintained for a long period (P < 0.001).
From the previous studies, many authors suggested that
neurodynamics can alter neural mobility, centralize pain,
increase SLR ranges, and improve functional ability.?-*

Limitations

This study was carried out over a short time and had a limited
sample size.

CONCLUSION

The neurodynamics, including the static opener and
four levels of sliders and tensioners, showed significant
immediate and carryover improvement in VAS, PSC score,
and SLR ranges. Conventional treatment, including spinal
extension exercises, core isometric exercises, pelvic bridging
exercises, and glutes isometric exercises, showed significant
improvement immediately on VAS, PSC score, and SLR
ranges, but it was not maintained in the carryover period.

However, on comparison, the experimental group improved
pain, PSC score, and SLR range better than the control group
in terms of duration and intensity.

Recommendations

This study can be carried out on a larger sample size and for
a longer duration.

The study can be further carried out by combining
neurodynamics exercises with McKenzie, core isometric
exercises along with different outcome variables.
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This study can be further carried out by comparing age and
sex using two different interventions and their effectiveness
can be seen in longer periods.
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