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ABSTRACT

Introduction: In India, one of the most prevalent spinal
pathologies is Lumbar Spinal Stenosis (LSS). It is characterised
by the compression of neural structures in the spinal canal,
resulting in symptoms such as neurogenic claudication, lower
extremity radiculopathy, and gaitimpairment. Treatment involves
various therapeutic modalities, with present study focusing on
an integrated exercise method.

Aim: To evaluate the potential efficacy of hamstring release
and neural mobilisation in LSS patients.

Materials and Methods: This quasi-experimental study was
conducted at SGT Medical College Hospital and Research
Institute, Gurugram, Haryana, India from September 2021 to May
2022. Total of 30 patients diagnosed with LSS were divided into
two groups based on inclusion criteria: group A (experimental)
and group B (control). Pain, neural flexibility, walking capacity,
disability, and physical activity were assessed at baseline and
after the 3™ week of the intervention. Treatment sessions were
administered for 30 minutes per day, three times per week (on
alternate days), for a duration of three weeks in both groups.

INTRODUCTION

The prevalence of Low Back Pain (LBP) discomfort affects over
60% of the population in India. LBP can be categorised as either
specific or non specific. Total 20% of LBP patients have Lumbar
Spinal Stenosis (LSS), while in 80% of cases, it is attributed to
lumbar disc herniation [1]. Epidemiological data indicates a rising
frequency of LSS, with an incidence of five occurrences per 100,000
people. It is estimated that approximately 64 million adults will suffer
from this debilitating condition in the next decade [2]. Degenerative
spinal stenosis is 30% more common in older individuals based on
radiographic and clinical data from cross-sectional research [3].
LSS is characterised by the anatomical narrowing of the lumbar
vertebral canal, leading to intrusion into neural structures through
nearby soft tissue and bones [4]. Cauda equina compression and
emerging nerve roots contribute to low back discomfort. Lumbar
canal stenosis is a potentially disabling cause of LBP that, although
treatable, of 10 results in inactivity, decreased productivity, and
potential loss of independence, particularly in older age groups [2].
Degenerative changes to the spine, such as facet joint hypertrophy,
ligamentum flavum thickening, degenerative spondylolisthesis, and
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Data analysis was done using the Windows version of Statistical
Package for Social Sciences version 26.0 (SPSS, Chicago, IL,
USA). The paired t-test was used to compare mean data within
each group before and after the intervention. The Independent
t-test formula was applied to compare pre and postintervention
changes between group A and group B. Group B. A significance
level of p-value <0.05 was considered statistically significant.

Results: Group A and group B had respective mean ages of
37.07+8.66 years and 41.07+8.66 years. Total of 30 LSS patients
were treated. Significant differences were observed in the
Numeric Pain Rating Scale (NPRS) (p-value <0.0001), Straight
Leg Raise (SLR) (p<0.001), Slump Test (p-value <0.0001), and
Self-paced Walking Test (SPWT) (p-value <0.0001). Minimal
significance was noted in the Modified Oswestry Disability Index
(MODI) (p-value=0.027) and Swiss Spinal Stenosis Questionnaire
(SSSQ) (p-value=0.029).

Conclusion: Hamstring release and neural mobilisation improve
pain, neural flexibility, walking capacity, disability, and physical
activity in LSS patients.

Keywords: Neural flexibility, Radiculopathy, Spinal pathologies

disc bulging, can result in spinal canal narrowing [1]. Anatomically,
stenosis can manifest in two forms: central and lateral. Central
stenosis can be caused by degenerative spondylolisthesis,
retrolisthesis, osteophytic outgrowths of the facet joints, posterior
disc bulging, and ligament thickening. Osteophytic overgrowth
of the pedicles, superior lumbar facets, lateral disc bulging, and
asymmetrical disc height loss are potential causes of lateral stenosis
[5]. The symptoms of LSS can arise through several stages that
may occur separately or simultaneously [6]. The primary symptom
of LSS is neurogenic claudication, resulting in leg discomfort
affecting various areas such as the buttocks, groin, and front of
the thigh. This discomfort extends down the leg to the foot and
includes sensations of weakness, heaviness, fatigue, and tingling.
Patients may also experience bladder issues and leg cramps at
night. These symptoms can occur on one or both sides and are
more bothersome than associated back pain. A key characteristic is
that discomfort worsens with arching the lower back but improves
with bending forward. Standing up or walking exacerbates the
symptoms, while sitting provides relief. For patients with neurogenic
claudication, lying flat often provides less relief, whereas side lying
(which allows for back flexion) is more comfortable [1,4].
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In patients with Lumbar Spinal Stenosis (LSS), diagnosis is based
on their clinical history, physical examination findings, and imaging,
which is frequently required to assess the exact level and severity
of the stenosis. Magnetic Resonance Imaging (MRI) is helpful for
determining the size of the spinal canal and identifying the degree
of degenerative changes [7,8]. The radiological criteria for LSS (L1-
L5) using MRI to determine the site of the stenosis are spinal canal
Anteroposterior (AP) diameter <12 mm for central canal stenosis,
lateral recess height <8 mm and depth <5 mm in lateral stenosis,
and foraminal stenosis with a foraminal diameter <56 mm.

Thetreatmentof LSSinvolves both conservative and non conservative
methods. When conservative or therapeutic approaches are
unable to control persistent symptoms, surgical procedures may
be preferred. Physiotherapy treatment can be effective for mild
to moderate stenosis, incorporating multidisciplinary treatments
such as strength training, traction, endurance training, flexibility
exercises, manipulation treatment, lifestyle modifications, and
conditioning exercises aimed at improving general spinal health
and lower extremity fitness [9,10]. By using a variety of stretching
techniques and strengthening lumbar flexors, the main goal is to
gradually loosen tight muscles that encourage lumbar extension.
Along with pelvic strengthening, core strengthening is an essential
component. One of the most successful treatment methods is
manual therapy, which includes lumbar flexion-distraction, joint,
soft tissue, and neural mobilisation, as well as low-amplitude, high-
velocity manipulation [11].

A highly effective treatment for symptomatic LSS is neural
mobilisation exercise. Through these activities, noxious fluids are
dispersed, tissue vascularity is improved, and neuronal gliding
is facilitated. These effects could lead to increased health and
functionality of the compressed neural tissue, enabling the tissue
to meet the metabolic and functional demands imposed by walking
activities. Patients can perform neural mobilisation exercises at home
without any additional equipment and in a short amount of time as
part of a daily maintenance program [12]. Given the lack of data
presenting the effects of hamstring release and neural mobilisation
or the combined results of these two interventions, there is a need
for this study to examine the effect of hamstring release and neural
mobilisation in LSS patients. Hence, present study aimed to evaluate
the effectiveness of hamstring release and neural mobilisation in
improving walking capability and physical activity associated with
intermittent neurological claudication in patients with LSS.

MATERIALS AND METHODS

The quasi-experimental study was conducted at the SGT Medical
College Hospital and Research Institute in Gurugram, Haryana,
India from September 2021 to May 2022. The study protocol was
approved by the Institutional Research Ethics Committee under the
reference SGTU/FPHY/2022/17. In present study, the efficacy of
hamstring release and neural mobilisation, along with conventional
physiotherapy, was compared with conventional physiotherapy
alone in LSS patients.

Sample size calculation: A sample size of 30 was calculated using
G-power software with 10% power and a 95% confidence interval.

Inclusion criteria: The included participants were both male and
female, cooperative, aged between 25-50 years, with clinical
evidence of neurogenic claudication due to LSS, symptoms
persisting for more than three months, LSS anteroposterior diameter
<12 mm in MRI, and willing to participate in physical exercise.

Exclusion criteria: Subjects with a history of spinal surgery,
cognitive and psychiatric disorders, pregnancy, any major recurrent
diseases such as cancer, diabetic neuropathy, renal failure, tumours,
and those who were unwilling, unable to complete the study, or
unresponsive were excluded.
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Study Procedure

Using the inclusion and exclusion criteria, a sample of 30 patients
was chosen from the population, by convenient sampling method.
Each group consisted of 15 patients. Prior to testing, all participants
signed written informed consent after the entire procedure and the
purpose of the study had been disclosed to them. All the individuals
included in the study were allocated into two groups: Experimental
Group (Group A) and Control Group (Group B). Readings of NPRS,
SLR, slump test, SPWT, MODI, and SSSQ [Table/Fig-1] [12-19]
were recorded at baseline and at the end of the intervention after the
3 week for both groups [12-19]. An identity code was assigned to
each participant at the beginning to ensure the study’s impartiality. The
flowchart describing the study blueprint is displayed in [Table/Fig-2].

Outcome measures Method of evaluation

Pain Numeric Pain Rating Scale (NPRS) [12-14]

Neural flexibility Straight Leg Raise (SLR) [15] and slump test [16]
Self-paced Walking Test [17,18]

Modified Oswestry Disability Index (MODI) [19]

Walking capability

Disability

Physical activity and Activities . . . . .
of Dally Living (ADLs) Swiss Spinal Stenosis Questionnaire (SSSQ) [10]

[Table/Fig-1]: Outcome measures of the study [12-19].

The research setting was done in the Physiotherapy OPD of SGT Hospital
Medical College and Research Institute

l

35 patients were assessed from SGT Hospital on the basis of inclusion
and exclusion criteria

|

30 subjects fulfilled the criteria of inclusion and exclusion criteria

1

The subjects were assessed and pre reading was recorded before
beginning the treatment and was divided into 2 groups

Group B
Control Group
was continued with conventional
treatment which included which
includes TENS, hot pack, gluts
strengthening and pelvic bridging
exercises for 3 weeks.

Group A
Experimental group
Hamstring release and neural
mobilisation
3days/ week for 3 weeks

The post reading was recorded at the end of 3™ week of the
treatment

!

Data were analysed

[Table/Fig-2]: Flowchart of the study design.

Sampling method: Subjects were divided into two groups, Group A
(Experimental group) and Group B (control group), using a convenient
sampling method. Each group consisted of 15 patients.

Interventions: Group A (experimental group) patients received neural
mobilisation, hamstring release, glute strengthening, and pelvic
bridging exercises (three repetitions, 10 seconds hold in each and 10
seconds relaxation in between each set) along with Transcutaneous
Electrical Nerve Stimulation (TENS) (four poles, 10 minutes duration)
and hot pack for 10 minutes. For neural mobilisation of the sciatic
nerve, the therapist decreased the hip flexion angle below the range
by 5 to 10 degrees until the symptoms vanished. The next step in
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the procedure to mobilise the sciatic nerve involved passively moving
the ankle joint into alternate dorsiflexion and plantar flexion positions.
With a ten-second break between each session, three sets of 10
repetitions of the oscillatory technique of neural mobilisation were
performed. To determine whether the ranges that were previously
reported had changed, the therapist again performed the test at
the conclusion of the session after a 5-minute break [Table/Fig-3,4]
[20]. Friction massage was applied through an electric massager
and fingertips for the hamstring at the musculotendinous junction
of the distal portion of the hamstring. Deep pressure was applied
in a small circular motion. The patient was in a supine position with
knees extended or a prone position. The therapist then grasped
the subject’s thigh with both hands (thumbs on the quadriceps)
and applied friction pressure in circular motions with fingers at the
musculotendinous junction of the hamstring for 30 seconds, three
repetitions, with a gap of 10 seconds between each set.

[Table/Fig-4]: Showing strengthening of gluteus-medius muscle.

Group B (control group) patients received conventional therapy,
which included TENS (four poles, 10 minutes duration), hot pack
for 10 minutes, glute strengthening, and pelvic bridging exercises
(three repetitions, 10 seconds hold in each and 10 seconds
relaxation in between each set). The above treatment protocol was
given for three days (alternative days) per week for three weeks
with a duration of 30 minutes for both groups.

STATISTICAL ANALYSIS

The Windows version of SPSS, version 26.0 (SPSS, Chicago,
IL, USA), was used to analyse the data. As the data followed a
normal distribution, all the descriptive statistics were expressed
as means with standard deviations. To compare the mean
data of the groups before and after the intervention within each
group, a paired t-test was used. The pre- and post-intervention
changes between group A and group B were compared using the
Independent t-test formula. A p-value of <0.05 was considered to
be statistically significant.
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RESULTS

Total of 30 patients with LSS were recruited for present study, among
which 19 were females and 11 males. Group A and group B had
respective mean ages of 37.07+8.66 years and 41.07+8.66 years.
The data were analysed, and the descriptive analysis described the
age and gender distribution among group A and group B. There
was no discernible age difference between the two groups. In
terms of gender distribution among both groups, Group A included
5 (83.33%) males and 10 (66.67%) females, while in Group B,
6 (40%) were males and the remaining 9 (60%) were females within
the study. There was no significant difference in gender distribution.

The comparison of mean values of NPRS at baseline and the end
of the 3rd week after treatment between group A and group B has
been displayed in [Table/Fig-5]. The comparison between NPRS
scores of group A and group B showed highly significant values
in the post-intervention (p-value <0.0001). An equal variance t-test
reveals a statistical difference between the mean values of the
SLR test and slump test scores for the right side (p=0.001) and
left side (p-value <0.0001) at post-intervention between group A
and group B. Similarly, an equal variance t-test reveals a highly
significant difference between the mean values of SPWT at post-
intervention (p-value <0.0001). There was a significant difference
in MODI score (p=0.027) and SSSQ score (p=0.029) at the end of
the 3 week after treatment between group A and group B.

Outcome measures | Group A | Group B | t-value | p-value®
NPRS

Pre-intervention 6.67+1.11 6.73+1.16 0.16 0.874 (NS)
Post-intervention 3.60+1.12 6.13+1.64 4.94 | <0.0001"
SLR (Right-side)

Pre-intervention 44.6+8.66 47.67+6.34 1.11 0.278 (NS)
Post-intervention 74.53+3.56 | 59.13+7.16 7.46 0.001™
SLR (Left-side)

Pre-intervention 52.80+7.94 52.80+9.38 0 1.00 (NS)
Post-intervention 76.8042.96 | 64.67+4.00 9.61 | <0.0001"*
Slump test (Right-side)

Pre-intervention 24.47+7.55 23.27+6.89 0.455 0.653 (NS)
Post-intervention 9.53+3.58 18.80+5.29 5.61 <0.0001™*
Slump test (Left-side)

Pre-intervention 25.53+4.61 23.80+3.83 112 0.273 (NS)
Post-intervention 9.67+2.53 21.00+4.17 8.99 | <0.0001"
Self-paced Walking Test (SPWT)

Pre-intervention 441.93+10.65 437.27+9.59 1.26 0.218 (NS)
Post-intervention 535.53+14.21 | 443.67+14.21 | 19.21 | <0.0001™"
MODI

Pre-intervention 41.20+5.03 38.60+5.27 1.38 0.178 (NS)
Post-intervention 32.87+4.79 37.53+6.09 2.33 0.027*
SSsQ

Pre-intervention 33.40+4.26 33.53+4.27 0.086 0.932 (NS)
Post-intervention 28.13+3.87 32.00+5.25 2.3 0.029*

[Table/Fig-5]: Pain on Numeric Pain Rating Scale (NPRS), neural flexibility on
Straight Leg Raise (SLR) and slump test, walking capability on Self-paced Walking
Test (SPWT), disability on Modified Oswestry Disability Index (MODI) and physical

activity and Activities of Daily Living (ADLs) on Swiss Spinal Stenosis Questionnaire
(SSSQ) score at baseline and end of 3 week post-intervention between the groups.
#Meanzstandard deviation values for Group A (experimental group) and Group B (control group);
#Significance between groups: *p<0.05; *p<0.001, **p<0.001; NS=Non significant

The analysis and comparison of the mean values of different outcome
measures at baseline and the end of the 3rd week after treatment
within group A and group B has been represented in [Table/Fig-6].
The calculated t-values for NPRS, SLR right side, SLR left side,
Slump right, Slump left side, Self-paced walking test, MODI, and
SSSQ for group A and group B at baseline and post-intervention
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were 16.88, 12.48, 12.45, 9.36, 11.33, 20.79, 13.91, and 13.72,
and 1.96, 7.54, 6.22, 6.91, 8.21, 3.26, 1.2, and 2.98, respectively.
Group A shows a more significant difference (p-value <0.0001) at
pre- and post-intervention than Group B.

Group A Group B
Outcome measures t-value | p-value* | t-value | p-value**
NPRS Prevs Post- | g 68 | 00001 | 1.96 | 0.070%
intervention
SLR (Right-side) Prevs Post- |45 48 | 0.0001* | 754 | 0.0001%
intervention
SLR (Left-side) Prevs Post- | 45 45 | 0.0001 | 6.22 | 0.0001%
intervention
’ . Pre vs Post- . T
Slump test (Right-side) | . : 9.36 0.0001 6.91 0.0001
intervention
. Pre vs Post- . Sk
Slump test (Left-side) | ; 11.33 | 0.0001 8.21 0.0001
intervention
Self-Paced Walking Pre vs Post- x .
Test (SPWT) intervention 20.79 | 0.0001 8.26 0.006
MODI Prevs Post- | 1591 | 0.00017 | 1.2 | 0.251%
intervention
sssa PreVs Post- | 4375 | 00001+ | 298 | 0.010*
intervention

[Table/Fig-6]: Comparison of mean value of Pain on Numeric Pain Rating Scale
(NPRS), neural flexibility on Straight Leg Raise (SLR) and slump test, walking
capability on self-paced walking test, disability on Modified Oswestry Disability
Index (MODI) and physical activity and Activities of Daily Living (ADLs) on Swiss

Spinal Stenosis Questionnaire (SSSQ) score at baseline and end of 3 week post-
intervention between the groups.

*Mean+standard deviation values for Group A (Experimental group) and Group B (Control group);
#Significance between groups: *p<0.05; **p<0.001, ***p<0.001; NS=Non significant

DISCUSSION

Neurogenic claudication is considered the predominant symptom in
LSS. It involves the buttocks, groin region, anterior side of the thigh,
and radiates down to the back part of the leg to the feet. The aim of
the current study was to investigate the effect of hamstring release
and neural mobilisation techniques on walking capability and physical
activity associated with intermittent neurogenic claudication in patients
with LSS.

The data were analysed, and the descriptive analysis described the
age and gender distribution among group A and group B. There
was no discernible age difference between the two groups. In
terms of gender distribution among both groups, Group A included
5 (33.33%) males and 10 (66.67%) females, while in Group B,
6 (40%) were males and the remaining 9 (60%) were females
within the study. There was no significant difference in gender
distribution.

In the present study, the comparison of the mean value of NPRS
between both groups reveals a significant difference between the
baseline and the end of the 3¢ week score. When comparing the
mean value of group A and group B, it was found that Group A
showed significant improvement compared to Group B. The current
study findings are in line with Mohamed SHP and Seyed MA and
Sharaf MA et al., who also found statistically significant differences
among the groups in the pain component (NPRS) and Oswestry
Disability Index (ODI) [21,22]. However, Plaza-Manzano G et al.,
found no significant difference between the groups in pain when
motor control was used along with neurodynamic interventions.
Patients were given a neurodynamic program along with exercises
[23]. With neural mobilisation, a variety of physiological advantages
have been discovered that could contribute to pain relief. It was
predicted that stretching the straight leg during neural mobilisation
would oscillate between lengthening and shortening the nerve,
causing a brief increase in intraneural pressure followed by a
period of relaxation. By repeatedly pumping, the local inflammatory
products in and around the nerve may be better dispersed, lowering
hypoxia and discomfort [15].
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In the present study, neural flexibility in LSS was improved by
hamstring release and neural mobilisation technique. In support
of these findings, Alshami AM et al., found a significant difference
in SLR and Slump tests when compared with other groups [24].
Dwornik M et al., also reported that based on the observation that
Postneural mobilisation resting muscle tone decreased, neural
mobilisation has strong analgesic effects [25]. Both spinal and
supraspinal mechanisms may be responsible for the analgesic
effects of releasing the hamstrings; persistent release triggers the
activation of both muscle and joint mechanoreceptors [26]. Neural
mobilisation may have the power to modulate blood flow to brain
areas linked to pain, to alter descending inhibitory pain processes,
and to lessen the activation of supraspinal pain centers. These
mechanisms could have an effect on patient-centred outcomes,
including pain and impairment [27]. A tested method for determining
a patient’s capacity to walk while suffering from LSS is the SPWT. In
this test, the patient is asked to walk comfortably at his or her own
pace on a level surface until back or leg pain forces them to stop
and rest [17]. The findings of the present study were supported
by Gehring R et al., who conducted a prospective case series
and received manual physical therapy interventions, concluding
that neural mobilisation significantly improves walking capability in
patients with LSS [12]. The present study found that disability due
to LSS improved significantly in the experimental group compared
to the control group. Many previous studies also found statistically
significant differences in the improvement of disability between the
groups in the Oswestry disability questionnaire score [1,26].

It is possible to attribute the large reduction in pain and functional
disability seen in the neural mobilisation groups to the combined
effects of the two types of physical treatment, conventional physical
therapy, and neural mobilisation approaches. It was determined
that neural mobilisation improves the mechanical characteristics of
peripheral nerves. It can cause various levels of longitudinal nerve
excursion and strain, aiding in restoring movement between the
nerve and supporting components through gliding movement. As a
result, the internal stresses on the nervous tissue may be reduced,
improving nerve function [28].

Hamstring release and neural mobilisation techniques also improve
physical activity and Activities of Daily Living (ADLs) in LSS patients.
Ammendolia C et al., conducted a multimodal exercise program which
consisted of myofascial release, neural mobilisation, manipulation,
and muscle stretching. They found a significant difference in the SSS
questionnaire [29]. Gehring R et al., conducted a prospective case
series and received manual physical therapy interventions, concluding
that patients with LSS benefit greatly from neural mobilisation in terms
of physical activity. Treatment methods known as neural mobilisation
maneuvers cause particular mechanical modifications in the nervous
system that may lead to physiological changes which help relieve the
symptoms [12].

Limitation(s)

The limitations of the present study was short duration of interval
and treatment protocol and no long-term follow-up was conducted
in present study.

CONCLUSION(S)

The results of present quasi-experimental study highlight the
importance of including hamstring release and neural mobilisation
in the rehabilitation program for patients with LSS to improve neural
flexibility. Walking capability and physical activity associated with
intermittent neurological claudication are important outcomes,
demonstrating the efficacy of these interventions in enhancing the
overall functional well-being of people with this illness.
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