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Abstract

Objective

To assess the effects of neural mobilisation on nerve function and nerve structure of patients
with peripheral neuropathic pain.

Methods

A systematic review with meta-analysis was conducted. Medline, Embase, CINAHL,
Cochrane Library, and World Health Organization International Clinical Trials Registry Plat-
form were searched without restrictions. Eligibility criteria included controlled trials or quasi-
experimental studies comparing neural mobilisation versus sham, active or inactive control
in adults with peripheral neuropathic pain. Primary outcomes were the change in peripheral
nerve cross-sectional area. Secondary outcomes included nerve echogenicity, nerve excur-
sion and nerve conduction. Random effects meta-analysis was conducted. Risk of bias was
assessed with the Cochrane Collaboration tool, and certainty of evidence was assessed
using the Grading of Recommendations Assessment, Development, and Evaluation
framework.

Results

Eleven randomised controlled trials and four quasi-experimental studies (total sample = 722
participants) were included. Thirteen studies included participants with carpal tunnel syn-
drome. Two studies examined the cross-sectional area, revealing improvements (i.e., a
reduction) in the cross-sectional area after the neural mobilisation. Neural mobilisation
improved motor [mean difference = 2.95 (95%Cl 1.67 to 4.22)] and sensory conduction
velocity in short-term [mean difference = 11.74 (95%Cl 7.06 to 16.43)], compared to control.
Neural mobilisation did not alter distal motor or sensory latency.
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Conclusion

Neural mobilisation seems to improve (i.e., a reduced) the cross-sectional area (very low-
quality evidence) and sensory conduction velocity (very low-quality evidence). Neural mobi-
lisation was superior to control in improving motor conduction velocity in patients with
peripheral neuropathic pain with moderate quality evidence. Distal motor or sensory latency
presented similar results compared to other interventions. Our findings should be inter-
preted cautiously since most studies included patients with carpal tunnel syndrome.

Introduction

Neuropathic pain is a significant cause of suffering and disability. The prevalence of chronic
neuropathic pain ranges between 7% and 10% of the general population [1]. A neuropathic
component is estimated to be in approximately one-third of the pain syndromes [2]. Neuro-
pathic pain can be associated with musculoskeletal conditions, such as low back pain [3], whip-
lash disorders [4, 5], lateral epicondylalgia [6], and carpal tunnel syndrome [7]. Although
neuropathic pain is commonly observed in musculoskeletal conditions, there is an inconsistent
use of its terminology for diagnostic labels in clinical practice and scientific literature [8].
Peripheral neuropathic pain could be present as radicular pain without (e.g., pain travelling to
the limbs in regions that are similar to dermatomes but not entirely identical) or with radicu-
lopathy (e.g., pain alongside neurological deficits in dermatomal or myotomal distribution or
impaired reflexes) [8]. Therefore, the complex nature of peripheral neuropathic pain under-
scores the need for tailored treatment approaches to address its multifaceted challenges.

Clinical guidelines and consensus statements recommend pharmacologic management as
treatment for patients with neuropathic pain [9-12], including tricyclic antidepressants, sero-
tonin-norepinephrine reuptake inhibitors, and gabapentin as first-line treatments [9, 10, 13].
Clinical guidelines also recommend non-pharmacological approaches, such as conservative
treatments like exercise and manual therapy [14]. In cases where patients do not respond ade-
quately to previous treatments, invasive procedures may be considered [15]. Given the adverse
effects caused by pharmacological interventions, the recommendations available are still
inconsistent [16]. Thus, effective and safe approaches are needed for patients with peripheral
neuropathic pain.

Neural mobilisation is used to reach the neural structures or surrounding tissue and can be
performed manually [17, 18]. Neural mobilisation promotes clinical benefits for patients with
nerve-related conditions [19-21]. For instance, neural mobilisation benefits back and neck
pain patients [19]. Similarly, neural mobilisation showed moderate effects on the joint flexibil-
ity of healthy participants and large effects on pain intensity and disability in low back pain
[20]. Moreover, neural mobilisation showed moderate to large positive results on pain inten-
sity and disability in musculoskeletal disorders patients [22]. Previous studies have also shown
that neural mobilisation reduces intraneural oedema [23] and improves intraneural fluid dis-
persion [24, 25]. There was a simultaneous increase in the magnitude of neural adaptive move-
ment with a straight leg elevation test and the resolution of the radicular and low back pain
symptoms [26]. Although high-quality evidence demonstrates the clinical benefit of the neural
mobilisation techniques, the effects of the method on nerve function and structure have not
yet been adequately explored and summarised.

Peripheral nerves and their mechanical properties have been studied extensively. Healthy
peripheral nerves present a tubular form, alternating hypoechogenic and hyperechogenic
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zones corresponding to nerve and perineural fibres visible on ultrasonography imaging (USI)
[27]. Changes in nerve structure are commonly observed in patients with peripheral neuropa-
thies. For instance, patients with carpal tunnel syndrome showed an increase in the cross-sec-
tional area of the median nerve, increased nerve swelling at the wrist, nerve hypoechogenicity,
disturbance of the fascicular structure, reduced nerve slipping, and increased vascularity [28].
Similarly, patients with fibular nerve entrapment neuropathy demonstrated an increase in the
cross-sectional area of the nerve and an increased fibular to popliteal fossa swelling ratio [28].
Several instruments have been used to assess peripheral nerve structure and function. Nerve
conduction tests (i.e., electroneuromyography (ENMG)) and imaging exams (i.e., USI and
magnetic resonance imaging (MRI)) are most commonly used. The cross-sectional area and
echogenicity of the peripheral nerves can be quantified by USI [28, 29]. ENMG may be used in
the classification of neuropathies [30] in the assessment of nerve conduction [31], and ENMG
findings are correlated with structural abnormalities in the nerve [32]. The USI usually mea-
sures the excursion of the peripheral nerves [33, 34]. Also, the MRI method has been used in
peripheral neuropathies to offer more quantitative features [35], such as nerve volume, cross-
sectional area, diffusion properties of water molecules along the nerve fibres, and the presence
of oedema or inflammation. This systematic review aimed to assess the effects of neural mobi-
lisation on nerve function and nerve structure of patients with peripheral neuropathic pain.

Materials and methods

Protocol and registration

A systematic review was reported following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [36] (See S1 File). The protocol was regis-
tered in advance with the international Prospective Register of Systematic Reviews (PROS-
PERO registration number: CRD42022337067).

Data sources and searches

We performed electronic searches of Medline, Embase, Cumulative Index to Nursing and
Allied Health Literature, and the Cochrane Central Register of Controlled Trials. We per-
formed the initial electronic search from inception to 1% November 2023 without restrictions
on language, publication period, or publication status. We used keywords, Medical Subject
Headings (MeSH), and other index terms, as well as combinations of these terms and appro-
priate synonyms across all included databases. The Medline search strategy is provided in the
S2 File.

We searched clinical trial databases (ClinicalTrials.gov, World Health Organization Inter-
national Clinical Trials Registry Platform (apps.who.int/trialsearch/) to identify potentially eli-
gible additional published or unpublished data. We conducted manual search of the reference
lists of included studies and previous systematic reviews related to this topic for any potentially
eligible studies.

Eligibility criteria

We included controlled trials or quasi-experimental studies, which assessed the neurophysio-
logical effects of neural mobilisation in patients with peripheral neuropathic pain, including
radicular pain with or without radiculopathy. Participants were adults (aged 18 years or over)
with one or more clinically diagnosed peripheral neuropathic pain (e.g., carpal tunnel syn-
drome, sciatica, cubital tunnel syndrome, low back pain with radicular symptoms, cervicobra-
chial pain). As diagnostic criteria for peripheral neuropathic pain varies in the literature, we
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considered studies that defined peripheral neuropathic pain via clinical diagnosis, nerve con-
duction studies, or imaging exams. We included studies that used slider or tensioner tech-
niques as treatment. Neurodynamic tests (e.g., straight leg raises, slump test and upper limb
neurodynamic tests) are examples of movements used in the sliders and tensioners techniques.
We considered studies with neural mobilisation prescribed or performed by a health profes-
sional and with any duration of treatment or follow-up. The eligible comparison conditions
included sham neural mobilisation or active (e.g., walking, aerobics exercises, stretching exer-
cises, balance training, tai chi, yoga, Pilates) or inactive control (e.g., usual care, wait-list con-
trol, education booklets, education group, telephone counselling, storytelling).

Some conditions were excluded, such as those related to metabolic disorders (e.g., periph-
eral diabetic neuropathy), neuropathies associated with viral infections (e.g., post-herpetic
neuralgia, HIV, leprosy) and chemotherapy-induced peripheral neuropathies. Moreover, stud-
ies were excluded if participants had non-specific or mechanical spinal pain, central spinal
canal stenosis, cerebral palsy, paraplegia or quadriplegia, and other major conditions (e.g.,
fractures, dislocations). We did not include editorials, comments, letters, correspondence,
abstracts, case reports, clinical observations, reviews, or studies with animals.

Study selection

Records found through searching were exported to EndNote reference management software
(version X9), and two independent review authors (J.V.B. and L.A.C.) screened all search
results for potentially eligible studies (See S3 File). Potentially eligible articles based on the
title, abstract, and full text were sequentially screened. A third independent review author (L.
A.C.N) resolved any disagreement about eligibility (See S1 Table).

Data extraction

We extracted data from each included study using a standardised extraction form proforma.
Two independent review authors (J.V.B. and L.A.C.) extracted all data, and a third author (L.
A.C.N.) revised the data in case of disagreements. The data extracted included details about
the study characteristics (i.e., authors, publication year, and country of origin), study design,
participant characteristics (i.e., number of participants and clinical condition), detailed treat-
ment performed, control group information, outcomes, follow-up time points, primary results,
and conclusions. We extracted pre-treatment and post-treatment means, standard deviations,
and 95% confidence intervals for outcomes of interest. We obtained data from the trial registry
where data were not available in the published manuscript. The authors were contacted in the
event of missing data.

Outcomes measures

The primary outcome measures were the nerve structure, such as a reduction in the cross-sec-
tional area of the nerve measured by USI, MRI, or other imaging exams.

The secondary outcome measure of nerve structure was echogenicity, as measured by USL
We were also interested in the effects on nerve function, explicitly improving nerve excursion
(measured by USI or other imaging exams) and nerve conduction (measured by electromyog-
raphy or other nerve conduction tests). We categorised follow-up outcome data of individual
studies into short-term outcomes (defined as those occurring in less than 3 months), interme-
diate outcomes (between 3 and 12 months), and long-term outcomes (as those occurring more
than 12 months after randomisation).
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Data synthesis

We calculated changes from the baseline. We used Cochrane’s RevMan calculator to estimate
the change from baseline standard deviations, where they were not reported.

Meta-analysis was conducted when an outcome was reported in two or more studies. In
cases where meta-analysis was not possible, descriptive analyses were performed. The studies
were grouped according to the similarity of the outcomes, and it was not necessary to convert
the values to a common metric.

Data analysis

The flow of studies was summarised in a study flow diagram following the PRISMA statement
[36]. Study characteristics were reported descriptively. Continuous outcomes are presented as
mean differences (MDs) with 95% confidence intervals (CIs) between the intervention and
control groups. The meta-analysis was performed using a random effects model (See S2
Table). The heterogeneity analysis was performed using the I” values and considered as moder-
ate I value of 30% to 60%, substantial 50% and 90%, and considerable heterogeneity in values
more than 75%, following The Cochrane Handbook of Systematic Reviews of Interventions
recommendations [37].

Risk of bias and certainty of evidence

We assessed the risk of bias using the original Cochrane Risk of Bias (ROB) tool for rando-
mised trials [38] and the Risk of Bias in Non-randomised Studies (ROBINS-I) tool for studies
that did not use randomisation to allocate interventions [39]. The classification of the ROB
tool includes seven items assessing the risk of bias: selection bias (random sequence generation
and allocation concealment), performance bias (blinding of participants), detection bias
(blinding of outcome assessment), attrition bias (incomplete outcome data), reporting bias
(selective reporting), and other sources of biases. The judgment for each item was classified as
low risk, high risk or unclear risk of bias [38]. ROBINS-I tool includes seven items assessing
the risk of bias in domains: bias due to confounding, bias in the selection of participants into
the study, bias in classification of interventions, bias due to departures from intended interven-
tions, bias due to missing data, bias in the measurement of outcomes, and bias in the selection
of reported results. Despite the availability of an updated version of the Cochrane risk-of-bias
tool for randomised trials (RoB 2), we choose to use the ROB, as RoB 2 presents challenges
with low interrater reliability in its application [40]. Two reviewers (JVB and LAC) assessed
the risk of bias for each study, and a third reviewer (LACN) revised it in case of disagreements.

The overall quality of evidence was assessed by the Grading of Recommendations Assess-
ment Development and Evaluation (GRADE) [41]. We considered the following items: study
design, risk of bias, imprecision, indirectness, inconsistency, and publication bias. The overall
quality of evidence per outcome was determined as high, moderate, low, or very low. We pres-
ent a summary of the overall strength of evidence available using the GRADE Summary of
Findings table produced using GRADEproGTD (https://www.gradepro.org/).

Results

The database search retrieved 2,060records, and the manual search retrieved ten. Of these, we
selected 25 for full-text assessment. A total of 15 studies (11 controlled trials and four quasi-
experimental studies) fulfilled the inclusion criteria (Fig 1).
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Fig 1. Flow diagram of search results and studies included.

https://doi.org/10.1371/journal.pone.0313025.9001

Characteristics of the studies

Included studies were conducted in 9 different countries, namely Italy [42], Portugal [43],
Canada [44], Turkey [7, 45, 46], United States [47], Australia [23], Sweden [48], Poland [49-
51], and Iran [52-54]. The studies included were published between 2005 and 2023. Of these,
two studies were published in 2009 [47, 48], two in 2018 [46, 50], two in 2019 [43, 51] and two
in 2020 [44, 52]. Ten studies [7, 42, 43, 45-48, 52-54] used tensioning mobilisation techniques,
three investigations [49-51] used sliding and tensioning techniques, and two studies [23, 44]
used sliding mobilisation techniques. The characteristics of the included studies are presented

in Table 1.

Characteristics of interventions

A controlled trial compared neural mobilisation versus no treatment in 103 patients with car-
pal tunnel syndrome [51]. One study compared the effect of neural mobilisation in patients
with carpal tunnel syndrome [53]. Similarly, another study compared the effect of neural
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Table 1. Descriptions of studies on participants with peripheral neuropathic pain.

Study
Pinar 2005 [45]

Baysal et al.
2006 [7]

Bialosky et al.
2009 [47]

Svernlov et al.
2009 [48]

Schmid et al.
2012 [23]

Oskouei et al.
2014 [54]

Ginanneschi
et al. 2015 [42]

Wolny et al.
2017 [49]

Yildirim et al.
2018 [46]

Wolny & Linek,
2018 [50]

Neto et al. 2019
[43]

Wolny & Linek,
2019 [51]

Paquette et al.
2020 [44]

Talebi et al.
2020 [52]

Design
RCT

RCT

RCT

RCT

RCT

RCT

QES

RCT

RCT

RCT

QES

RCT

QES

RCT

Country
Turkey

Turkey

United
States

Sweden

Australia

Iran

Italy

Poland

Turkey

Poland

Portugal

Poland

Canada

Iran

Study population
CTS (n=26)

CTS (n = 36)

CTS (n = 40)

Cubital Tunnel
Syndrome
n=70

(n = 39 women and

n =31 men)
CTS (n =20)

CTSn =20 (n =16 hands

in each group)

CTS
n=16

participants]
CTS (n = 140)

CTS (n =21)

CTS (n =150)

Sciatican=16 (n=8
chronic sciatica and n = 8

health participants)

CTS (n = 103)
CTS (n = 14)
CTS (n = 30)

[n =8 hands (men = 1;
women = 7) and 8 healthy

Techniques Intervention and comparator
Tension Splint plus patient training program or
splint plus patient training program plus
neural mobilisation
Tension Splinting plus neural mobilisation or
splinting plus ultrasound or splinting
plus neural mobilisation plus ultrasound
Tension Neural mobilisation or sham technique
Tension Splinting plus information or neural
mobilisation plus information or
information
Sliding Splinting or neural mobilisation home
program
Tension Routine physiotherapy (splint, TENS,
and therapeutic ultrasound) or routine
physiotherapy plus neural mobilisation
Tension Neural mobilisation
Sliding and Neural mobilisation plus functional
tension massage plus bone mobilisations
techniques or laser plus ultrasound
therapy
Tension Kinesiotaping plus neural mobilisation
or neural mobilisation
Sliding and | Neural mobilisation or “sham” therapy
tension
Tension Neural mobilisation
Sliding and Neural mobilisation or control group
tension
Sliding Neural mobilisation home program plus
videoconference plus logbook
Tension Nerve mobilisation or mechanical

interface mobilisation

Outcomes measured

Before and 10-week after intervention
» NCS (electrophysiologic test): distal
motor latency

Before, after intervention, and 8-week
after intervention
« NCS: motor latency, sensory latency

Before and after intervention
« NCS (electrodiagnostic test): distal
motor latency

Before and 6-month after intervention
« NCS: sensory conduction velocity,
motor conduction velocity,
electromyography

Before, 10-minute after intervention,
and 1-week after intervention
« Nerve structure evaluation: signal
intensity
Before and 4-week after intervention

« NCS: motor distal latency and
sensory distal latency

Before and after intervention
« NCS: sensory conduction velocity,
sensory action potential amplitude,
distal motor latencies

Before and after intervention
« NCS: sensory conduction velocity,
motor conduction velocity, motor
latency, standardized latency

Before, 3-week after intervention, and
6-week after intervention
« Nerve structure evaluation: CSA

Before and after intervention
« NCS: sensory conduction velocity,
motor conduction velocity, motor
latency

Before and after intervention
« Nerve structure evaluation: nerve
stiffness (SWV)

NCS: Before and 1-month after
treatment
« NCS: sensory conduction velocity,
motor conduction velocity, motor
latency

Before and 1-week after the
completion of a 4-week intervention
program
« NCS (US): nerve biological integrity,
nerve mechanical properties
Before and immediately after the end
of the treatment period
« NCS: motor distal latency, sensory
distal latency

(Continued)
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Table 1. (Continued)

Study Design | Country Study population Techniques Intervention and comparator Outcomes measured
Khademi et al. QES Iran CTS (n =20) Tension Neural mobilisation Before and immediately after one
2023 [53] session of neural mobilisation
« Nerve structure evaluation: nerve
stiffness

« Nerve structure evaluation: CSA

Abbreviations: CSA = Cross-Sectional Area; CTS = Carpal Tunnel Syndrome; NCS = Nerve Conduction Studies; QES = Quasi-Experimental Study
RCT = Randomised Clinical Trials; SWV: Shear Wave Velocity; TENS = Transcutaneous Electrical Nerve Stimulation.

https://doi.org/10.1371/journal.pone.0313025.t001

mobilisation in patients with carpal tunnel syndrome and healthy participants [42]. Another
study performed neural mobilisation in patients with sciatica and controls [43]. Two studies
compared the effect of neural mobilisation in a group of patients with carpal tunnel syndrome
with no comparison group [44]. Five studies compared a group of neural mobilisations versus
other interventions [23, 45, 46, 49, 54], and two studies compared different regimes of neural
mobilisation [7, 52] for participants with carpal tunnel syndrome. Two studies [47, 50] investi-
gated the effects of neural mobilisation compared to the sham technique in participants with
carpal tunnel syndrome. One study compared the impact of adding neural mobilisation to
information versus other approaches with no neural mobilisation to participants with cubital
tunnel syndrome [48].

Eight studies [42, 43, 49-54] offered neural mobilisation individually and in person, per-
formed by a physiotherapist. Five studies [7, 23, 44, 45, 48] provided a neural mobilisation pro-
gram that could be carried out at home. The neural mobilisation session lasted from 3 to more
than 20 minutes. The frequency of neural mobilisation treatment ranged from only one ses-
sion to seven sessions per week. Treatment periods varied between one session and 12 weeks.

Outcomes

Cross-sectional area. Two studies examined the cross-sectional area [46, 53]. One study
found improvements (i.e., a reduction) in the median cross-sectional area after neural mobili-
sation with or without kinesiotaping in patients with carpal tunnel syndrome. Both groups
reduced the cross-sectional area in the short-term, but there was no statistically significant dif-
ference in the cross-sectional area between the groups [46]. One study reported a significant
cross-sectional decrease in the median nerve immediately after the treatment of neural mobili-
sation in a non-randomised study [53].

Nerve motor conduction-Distal motor latency. Pooled results showed that neural mobi-
lisation did not improve distal motor latency in the short-term (Mean Difference (MD) [95%
CI] = 0.05 metre per second (m/s) [-0.42, 0.52]). However, there was substantial heterogeneity
(I> = 97%) (Fig 2A). Two hundred and forty-nine participants were involved in the neural
mobilisation group, and two hundred and thirty in the control group.

Six controlled trials tested distal motor latency in the short-term. One study showed that a
significant improvement was not found in distal motor latency in groups in the short-term [7].
Another study reported a decreased distal motor latency in both groups (i.e., manual therapy
with neural mobilisation or electrophysical modalities) in the short-term [49]. The authors
showed an improvement of the distal motor latency only for the neural mobilisation group
compared to sham [50]. Similarly, one study revealed that distal motor latency was signifi-
cantly improved only in the routine physiotherapy plus neural mobilisation group [54]. Also,
one study reported a lower value of distal motor latency with neural mobilisation compared to
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Study or Subgroup  Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% C1
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A. Forest plot of short-term comparison: neural mobilisation versus control group,

outcome: distal motor latency.
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B. Forest plot of short-term comparison: neural mobilisation versus control group, outcome:
motor conduction velocity.
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C. Forest plot of short-term comparison: neural mobilisation versus control group,

outcome: distal sensory latency.
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D. Forest plot of short-term comparison: neural mobilisation versus control group,

outcome: sensory conduction velocity.
Fig 2. Forest plots: Neural mobilisation versus control group.

https://doi.org/10.1371/journal.pone.0313025.9002

the control group in the short-term [51]. Another study showed decreased distal motor latency
in both groups (i.e., neural mobilisation or mechanical interface mobilisation) with no differ-
ence in the between-group comparison [52]. Overall, these studies did not improve distal
motor latency in the short-term.

Nerve motor conduction-Motor conduction velocity. Neural mobilisation improved
motor conduction velocity in short-term (MD [95% CI] = 2.95 m/s [1.67, 4.22]) with no
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heterogeneity (12 = 0%) (Fig 2B). Two hundred and six participants were involved in the neural
mobilisation group, and one hundred eighty-seven in the control group.

Three controlled trials tested motor conduction velocity in the short-term [49-51]. One
study showed no significant difference post-treatment between-group comparison (i.e., man-
ual therapy with neural mobilisation or electrophysical modalities) in motor conduction veloc-
ity [49]. Another study demonstrated a superior effect on motor conduction velocity of the
neural mobilisation compared to sham after the treatment [50]. Moreover, the authors
reported no significant differences between neural mobilisation and the control groups for
motor conduction velocity [51]. Overall, these studies successfully improved motor conduc-
tion velocity in the short-term.

Nerve sensory conduction-Distal sensory latency. Neural mobilisation did not improve
distal sensory latency in the short-term (MD [95% CI] = -0.20 m/s [-0.24, 0.16]) with no het-
erogeneity (I* = 0%) (Fig 2C). Forty-three participants were involved in each group.

Three controlled trials analysed the distal sensory latency in the short-term [7, 52, 54]. One
study revealed that the treatment combinations were effective in all groups, but there was no
significant difference in the between-group comparison [7]. Moreover, there are significant
differences within groups for group 1 (splinting and neural mobilisation) and group 3 (splint-
ing, neural mobilisation, and ultrasound therapy) considering the baseline versus immediately
after the treatment period and baseline versus after 8 weeks follow-up [7]. Another study
showed no significant improvement in distal sensory latency for the mechanical interface
group. In the nerve mobilisation group, there was a significant improvement in distal sensory
latency. Moreover, there was no significant difference between the two groups in distal sensory
latency immediately after the treatment period (p > 0.05) [52]. Finally, one study found that
there was no significant change in distal sensory latency in the control group (routine physio-
therapy) or treatment group (routine physiotherapy plus neural mobilisation group) [54].
These studies did not improve distal sensory latency in the short-term treatment period.

Nerve sensory conduction-Sensory conduction velocity. Neural mobilisation improved
sensory conduction velocity in the short-term (MD [95% CI] = 11.74 m/s [7.06, 16.43]) with
considerable heterogeneity (12 = 77%) (Fig 2D). Two hundred and six participants were
involved in the neural mobilisation group, and one hundred and eighty-two in the control
group.

Three controlled trials tested sensory conduction velocity in the short-term [49-51]. One
study showed that in the manual therapy group (i.e., neural mobilisation), sensory conduction
velocity was increased by 34%. Still, there was no change in nerve sensory conduction in the
electrophysical modalities group [49]. The authors detected a superior effect on sensory con-
duction velocity of the neural mobilisation compared to sham after the treatment [50]. Also,
another study identified a greater effect favoured neural mobilisation in sensory conduction
velocity after ten weeks of treatment (neural mobilisation group: 38.3 m/s, SD = 11.1 vs. con-
trol group: 25.9 m/s, SD = 7.72, p < .01) [51]. Overall, these studies were successful in improv-
ing sensory conduction velocity in the short-term.

Descriptive analysis

Studies ineligible for pooling. Median nerve cross-sectional area was measured in two
studies, but one study did not have control group data [53]. Three outcomes (median nerve
signal intensity, sciatic nerve stiffness, and median nerve integrity) were measured from indi-
vidual studies with no chance of performing a meta-analysis [23, 43, 44, 46]. One study mea-
suring sensory conduction velocity was ineligible for pooling because of the lack of control
group data [42].
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Fig 3. Risk of bias for included controlled trials and quasi-experimental studies.
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Risk of bias and overall quality of evidence. According to the overall evaluation of the
risk of bias of the controlled trials included, the risk of bias tool indicated that six articles had a
high risk of bias [7, 45, 46, 48, 50, 52] and five had a low risk of bias [23, 47, 49, 51, 54] (Fig 3).
Most studies scored low risk of bias in domains of random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of outcome assessment and
other sources of bias. A high risk of bias was found frequently in incomplete outcome data.
Further information in relation to the risk of bias in controlled trials and motivation for judg-
ments can be found in S4 and S5 Files. Our results revealed that the three studies presented a
low risk of bias in the domains of bias due to the selection of participants, bias in the classifica-
tion of interventions, bias due to deviations from intended interventions, and bias due to miss-
ing data. Moreover, three of the four quasi-experimental studies had a serious risk of bias due
to the confounding domain, and in the domain of bias in the measurement of outcomes, all
studies present a moderate risk of bias. The overall classification showed that of the four quasi-
experimental studies, one had a moderate risk of bias [44], and three had a serious risk of bias
[42, 43, 53] (Fig 3).

We considered the quality of evidence very low for three pooled outcomes (cross-sectional
area, distal motor latency, distal sensory latency, and sensory conduction velocity) and moder-
ate for motor conduction velocity (Table 2).

Discussion

This systematic review investigated the effects of neural mobilisation on nerve function and
nerve structure of patients with peripheral neuropathic pain. Utilising nerve conduction tests
such as electroneuromyography and imaging exams like ultrasonography and magnetic reso-
nance imaging emerged as the predominant methods for evaluating nerve structure and func-
tion in this context. Nearly all studies (86%) investigated the effects of neural mobilisation in
patients with carpal tunnel syndrome. The median cross-sectional area improvement should
be interpreted cautiously since only a high-risk-of-bias study assessed this outcome using
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Table 2. GRADE summary of findings.

Neural mobilisation for peripheral neuropathic pain compared to control

Population: adults (> 18 years old) with peripheral neuropathic pain
Intervention: neural mobilisation
Comparison: sham, active or inactive control

Outcomes Mean difference (95% CI) between neural mobilisation Number of participants Confidence in effect Rating
and control (studies) estimate
Cross-sectional area Not estimated 41 OO0
NM + KT =10 Very low « 1 for risk of bias,
NM =21 « 1 for imprecision
(2) « 1 publication bias
Distal motor latency 0.05 479 OO0
(-0.42 t0 0.52) NM = 249; Very low « 1 for risk of bias,
p=0.84 control = 230 « 1 for
6) inconsistency,
« 1 for imprecision
Motor conduction 2.95 (1.67 to 4.22) 393 @)
velocity p < 0.00001) NM = 206; Moderate « 1 for imprecision

control = 187

®3)

Distal sensory latency -0.20 (-0.24 to 0.16) 86 OO0
p < 0.00001 NM = 43; Very low « 1 for risk of bias,
control = 43 « 1 for imprecision
3) « 1 publication bias
Sensory conduction 11.74 (7.06 to 16.43) 393 OO0
velocity p < 0.00001 NM = 206; Very low « 1 for risk of bias,
control = 187 « 2 for
3) inconsistency,

« 1 for imprecision
« 1 publication bias

Note: CI = Confidence Interval; GRADE, Grading of Recommendations, Assessment, Development, and Evaluations; KT = kinesiotaping; NM = Neural Mobilisation.

https://doi.org/10.1371/journal.pone.0313025.t002

neural mobilisation in both groups treated. Neural mobilisation improves motor and sensory
conduction velocity in the short-term despite the lack of improvement in distal motor latency
in the short-term and distal sensory latency immediately after the treatment period. The
improvement in the motor conduction velocity was rated with moderate quality of evidence,
and the other outcomes were rated with very low quality of evidence. Despite most studies
showing promising results, only a minority (33%) were considered to have a low risk of bias,
suggesting a need for cautious interpretation.

We recognise the strengths and limitations of the present review. To the best of our knowl-
edge, this is the first study that investigated the effect of neural mobilisation on the nerve struc-
ture and function of patients with peripheral neuropathic pain. We included only controlled
trials and quasi-experimental studies in the systematic review as they provided the best evi-
dence on the effectiveness of neural mobilisation treatment in the nerve function and nerve
structure in peripheral neuropathic pain patients. However, including experimental studies
that encompass not only neural mobilisation but also other forms of therapy may hamper the
identification of the particular effect of the intervention. Nonetheless, the trials in the conser-
vative treatment of radicular pain commonly use a combination of therapeutic options.
Including studies with patients with radicular pain without radiculopathy in this systematic
review may represent a shortcoming to the nerve function and structure assessment.

Although our search strategy captured several eligible studies, limited evidence was avail-
able on the change of nerve cross-sectional area outcome, with studies predominately provid-
ing data on our secondary outcomes (nerve conduction tests). The current body of evidence
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highlights this research area has focused on patients with carpal tunnel syndrome, and only
one study has investigated the sciatic nerve. Less than half (n = 7, 50%) of the included studies
were published in the last five years, and the investigation in this field needs to implement
methodological improvements since 64% of the studies had a high or serious risk of bias.

Neural mobilisation potentially reduces the cross-sectional area of the nerve. Our review
found two studies supporting the decrease of the cross-sectional area as a marker of improve-
ment after neural mobilisation in patients with carpal tunnel syndrome [46, 53]. Previous stud-
ies described a cross-sectional area reduction after surgical procedures for patients with carpal
tunnel syndrome [55-57]. Thus, the positive sonography outcome after neural mobilisation is
likely due to the favourable clinical findings previously demonstrated in many systematic
reviews [19, 20, 22]. Furthermore, a notable relationship exists between the nerve cross-sec-
tional area and nerve conduction studies in patients with carpal tunnel syndrome [58, 59].

Nerve conduction studies are helpful to investigate motor and sensory conduction velocity
in patients with radiculopathies. The current investigation found that neural mobilisation
improves motor and sensory conduction velocity in the short-term. We confirmed the positive
effect of neural mobilisation on nerve conduction velocity described in two previous system-
atic reviews that focussed on carpal tunnel syndrome [60, 61], using a robust meta-analysis
with the change from baseline and expanded the findings to the improvement of the cross-sec-
tional area of the median nerve. Moreover, another systematic review found very low-quality
evidence that neural mobilisation did not affect distal motor latency in patients with carpal
tunnel syndrome [62], similar to our findings. Thus, neural mobilisation leads to a partial
recovery of nerve function in patients with carpal tunnel syndrome and possibly in other
peripheral neuropathies. The improvement in the nerve conduction velocity may represent a
remyelination process after the therapeutic since the conduction velocity evaluates the demye-
lination of the large-diameter fibres. The current systematic review expands on the effect of
neural mobilisation on nerve function and nerve structure for two other clinical conditions.
One study described improved nerve conduction velocity of patients with cubital tunnel syn-
drome who had impairment in the baseline assessment submitted to elbow brace, neural
mobilisation, or clinical information interventions [48].

In clinical practice, the findings from this systematic review suggest that neural mobilisa-
tion may be an intervention for patients with peripheral neuropathic pain, particularly those
with carpal tunnel syndrome. Improving motor and sensory conduction velocity in the short
term indicates a potential benefit in promoting nerve recovery. Clinicians should consider
incorporating neural mobilisation into their treatment plans for these patients, keeping in
mind the limitations of the current evidence, including the predominance of studies focused
on carpal tunnel syndrome and the high risk of bias in many studies. The observed reduction
in nerve cross-sectional area after neural mobilisation in carpal tunnel syndrome patients
highlights a potential positive impact on nerve structure. However, given the limited research
on other peripheral neuropathies and the need for high-quality, well-designed studies to mini-
mise bias, clinicians should approach the integration of neural mobilisation into practice with
a balanced consideration of the available evidence and patient-specific factors. The identified
biases, such as lack of blinding and incomplete outcome data, underscore the importance of
future research efforts in addressing these methodological shortcomings and enhancing the
overall quality of evidence in this field.

Few studies have investigated neural mobilisation and its effectiveness in nerve structure
and function of patients with peripheral neuropathic pain, considering the same aspects
(patient population, technique used, outcome evaluation tool, and follow-up time). Therefore,
controlled trials with detailed neural mobilisation schema measured by objective outcomes
must facilitate clinicians’ decision-making. In this systematic review, the most commonly

PLOS ONE | https://doi.org/10.1371/journal.pone.0313025 November 8, 2024 13/19


https://doi.org/10.1371/journal.pone.0313025

PLOS ONE

Neural mobilisation in patients with peripheral neuropathic pain

observed bias was the lack of blinding of the participant or therapist who administered the
therapy, incomplete outcome data and selective reporting. Hence, future high-quality studies
should be designed to minimise this bias. Finally, nerve structure and function parameters are
essential in understanding how the nervous system behaviours and their changes can have var-
ious implications. These parameters revealed that certain aspects of the nerve’s physiology or
signal transmission have been altered after the neural mobilisation treatment.

Conclusion

Neural mobilisation seems to improve the cross-sectional area, albeit with very low-quality evi-
dence, affecting the certainty of these findings. Neural mobilisation was superior to control in
improving motor conduction velocity in patients with peripheral neuropathic pain with mod-
erate quality evidence. Neural mobilisation was superior in improving sensory conduction
velocity and presented similar results in distal motor and distal sensory latency compared to
controls in patients with peripheral neuropathic pain based on very low-quality evidence. Cau-
tion is needed to generalise the results since most investigations focused on patients with car-
pal tunnel syndrome.
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