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Background: Transcranial direct current stimulation (¢tDCS) and neural mobilization (NM) are widely used
in clinical practice as two effective treatment. However, there have existed few studies of the combination of
these two treatments, particularly in cervical radiculopathy (CR). To explore the value of combined tDCS
and NM for the management of pain, disability, and quality of life (QoL) in patients with CR, authors
designed this study.

Methods: According to certain inclusion criteria, 36 subjects were selected from 224 patients with CR
enrolled in Zhejiang Provincial People’s Hospital between June 2021 and December 2021. Subjects were
divided into two groups based on the treatment they had already received at the hospital. Patients in the
combined tDCS group received tDCS and NM therapy, while patients in the NM group received NM
therapy alone. Visual analog scale (VAS), Neck Disability Index (NDI), and EuroQuol-5 dimensions (EQ-5D)
scores were assessed at baseline, immediately after treatment, and at the 4-week follow-up to evaluate pain,
neck disability, and the QoL of patients. SPSS 22.0 software (IBM Corp., Armonk, NY, USA) is used as main
tool for data analysis.

Results: A total of 36 patients were enrolled (19 in the combined tDCS group and 17 in the NM group).
The baseline VAS, NDI, and EQ-5D scores in the combined tDCS group were 54.3+16.4 mm, 35.1£14.7,
and 0.62x0.15, respectively, while the baseline VAS, NDI, and EQ-5D scores in the NM group were
54.0+16.5 mm, 31.8+12.8, and 0.64+0.15, respectively. There was no significant difference in baseline data
between the two groups. At the 4-week post-treatment follow-up, the VAS score was significantly lower in
the combined tDCS group than in the NM group (24.5+16.1 and 40.7+17.3 mm, respectively, P=0.008),
and the NDI was also significantly lower in the combined tDCS group than in the NM group (16.1£11.5 vs.
26.6x17.7, P=0.045). There was no significant difference between the combined tDCS and NM groups in
EQ-5D (0.75+0.15 vs. 0.69+0.09, P=0.192).

Conclusions: Compared with NM therapy alone, combined tDCS and NM therapy may play a role in

pain relief and neck disability improvement in CR patients.
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Introduction

Cervical radiculopathy (CR) is a condition involving nerve
root dysfunction in the cervical spine, usually manifested as
pain radiating from the neck to the affected nerve root (1),
which causes pain, disability, reduced range of motion, and
poor quality of life (QoL) (2-4). The rate of surgery for
CR and degenerative lesions has been rapidly increasing in
recent years, but the surgery is costly and carries the risk of
complications, making it important to determine the most
effective nonsurgical management strategies (5).

One manipulative technique that has the potential for
managing patients with cervical spondylolisthesis is neural
mobilization (NM). The NM technique includes both slider
and tensor maneuvers (6) which affect axoplasmic flow (7),
movement of nerves and their connective tissue (8), and
neural circulation by altering pressure and dispersing
intraneural edema (9) in the nervous system. It also reduces
the excitability of dorsal horn cells (10). In addition,
transcranial direct current stimulation (tDCS) is a brain
stimulation method that involves the use of at least two
electrodes to pass a weak current (1-2 mA) through the
cortex, which has recently been intensively evaluated as a tool
for modulating symptoms of psychiatric and neurological
disorders (11). A research study showed tDCS is able to
regulating the neuronal activity of primary motor cortex
and other brain areas associated with pain, alleviating the
duration and intensity of pain (12). Furthermore, combining
tDCS with other techniques is advocated by study to achieve
more obvious improvement than either of the treatments
alone (12). For instance, larger effects was acquired by
Mendonca et al. on pain relief, depression, QoL and anxiety
through a multidisciplinary treatment for fibromyalgia (13).
Compared to other neuromodulation methods, tDCS has
considerable therapeutic potential due to its relatively lower
cost, portability, safety, and ease of use (14).

According to recent studies on the treatment of cervical
spondylosis, tDCS and NM have been recommended for
their antinociceptive and analgesic effects (15-17). The NM
technique is applied to adjust the structure and function of
the central nerve root to treat pain, limited range of motion,
and disability caused by cervical spondylosis (18). A study
has shown that tDCS modulates neuronal activity in the
primary motor cortex and other brain regions associated
with pain, relieving the duration and intensity of pain (18). In
addition, another study has shown that tDCS, when used in
conjunction with other techniques, achieves more significant
improvements than any one of the treatments alone (12).
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For example, Mendonca et 4/. achieved greater results in pain
relief, depression, QoL, and anxiety through multidisciplinary
treatment of fibromyalgia (13). However, studies on the use
of tDCS in patients with spinal neuropathy are still relatively
few. In addition, there have been few studies on combining
tDCS with NM in the treatment of patients with cervical
neuropathy.

Therefore, the present study aimed to explore the impact
of tDCS combined with NM on pain, disability and QoL
in patients with CR. We present the following article in
accordance with the STROBE reporting checklist (available
at https://apm.amegroups.com/article/view/10.21037/apm-
22-746/rc).

Methods
Study design and population

This retrospective observational study included patients
with CR who were treated at the musculoskeletal pain clinic
of the Department of Rehabilitation, Zhejiang Provincial
People’s Hospital between June 2021 and December
2021. The inclusion criteria were as follows: (I) patients
aged 18-65 years; (II) patients diagnosed with CR for
more than 3 months according to the clinical prediction
rule (CPR) developed by Wainner ez /. (19); and (III)
patients who received NM therapy alone or received NM
following tDCS. The exclusion criteria were as follows:
(I) visual analog scale (VAS) (20) <20 mm; (II) patients
who had undergone spinal surgery within 6 months; (III)
cognitive impairment [Simplified Chinese Mini-Mental
State Examination (MMSE) <20] (21); and (IV) common
contraindications to tDCS, including major neurological
disease, history of epilepsy, psychiatric disorders, liver
and kidney disease, severe cardiopulmonary problems,
intracranially implanted devices, and pregnancy. Patients
who received tDCS followed by NM were defined as the
combined tDCS group, while those who received simple
NM were defined as the NM group.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the Ethics Committee of Zhejiang Provincial
People’s Hospital (No. Q12022259). Individual consent for

this retrospective analysis was waived.

Data collection and definition

Our study is based on a comparative study of patients’
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Table 1 Baseline comparison of demographic and clinical characteristics

Characteristics Combined tDCS group (n=19), mean + SD NM group (n=17), mean + SD P value
Age (years) 52.4+7.5 52.4+8.0 0.98
Gender (male/female) 9/10 7/10 0.72

CR onset (years) 8.5+7.8 8.9+7.0 0.89

Pain frequency (continuous/intermittent/NE) 11/5/3 9/6/2 0.97

VAS baseline (mm) 54.3+16.4 54.0+16.5 0.96

NDI baseline 35.1+14.7 31.8+12.8 0.49
EQ-5D baseline 0.62+0.15 0.64+0.15 0.64

CR, cervical radiculopathy; NE, not evaluated; VAS, visual analog scale; NDI, Neck Disability Index; EQ-5D, EuroQuol-5 dimensions; tDCS,

transcranial direct current stimulation; SD, standard deviation; NM, neural mobilization.

treatment. Clinical evaluation method: (I) demographic
information (including age and gender) and clinical
characteristics (including time of CR onset and pain
frequency) were collected for each patient in this study;
(II) the VAS (0-100 mm) scores were collected to assess
the pain intensity of patients. Patients were classified
as responders if their VAS score reduced by more than
30% compared to baseline at the 4-week follow-up;
(III) a simplified Chinese version of the Neck Disability
Index (NDI) (22), a 10-item questionnaire scoring 0 to
50, was used to assess the degree of neck disability, with
higher NDI scores indicating more severe functional
disability associated with cervical spondylosis; and (IV)
the EuroQuol-5 dimensions (EQ-5D) (23) is a widely
disseminated and validated Chinese version of the
questionnaire used to assess patients’ health-related QOL.

The clinical research design: the VAS, NDI, and EQ-
5D scores were assessed in all patients before tDCS,
immediately after treatment, and at the 4-week follow-
up. For the combined tDCS group, patients received
20 minutes of tDCS stimulation, followed by NM treatment
for 5 consecutive days. For the NM group, patients received
NM treatment only. The NM treatment was performed
by an experienced manual therapist in a rhythmic and fluid
manner for 10 minutes according to the protocol reported
by Elvey (24). A list of adverse tDCS reactions was collected
from cases in the combined tDCS group after each
stimulation (25), including neck pain, transient headache,
mild tingling, pruritus, scalp burn, and skin redness.

Outcomes

The outcomes of this study included VAS, NDI, and EQ-
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5D scores at the 4-week follow-up and VAS, NDI, and EQ-
5D immediately after treatment and adverse effects (AEs)
of tDCS.

Statistical analysis

Data analysis was performed using SPSS 22.0 software
(IBM Corp., Armonk, NY, USA). Normally distributed
continuous variables were expressed as mean + standard
deviation (SD), skewed distributed continuous variables
were expressed as median (range), and categorical variables
were expressed as n (%). Comparisons between the two
groups were performed using the Student’s #-test for
normally distributed continuous variables. Moreover,
main effects for treatment and time were detected with
the repeated-measures analysis of variance (RM-ANOVA)
(between group factor: treatment; within-group factor:
time). The Wilcoxon rank-sum test for skewed distributed
continuous variables, and the chi-square test or Fisher’s
exact test for categorical variables. It was considered
statistically significant when a two-sided P<0.05.

Results

A total of 224 patients with CR were screened, and
36 patients aged 52+47.7 years were finally included in the
study. Some 19 patients (9 males) received combined tDCS
therapy, and 17 patients (7 males) received NM therapy alone
(1able 1). The mean time from CR onset was 8.7+7.4 years.
A total of 20 cases had persistent cervical pain, while 11 cases
experienced intermittent cervical pain. The baseline VAS,
NDI, and EQ-5D scores in the combined tDCS group were
54.3£16.4 mm, 35.1+14.7, and 0.62£0.15, respectively, while
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Table 2 Outcomes after treatment
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Outcomes Combined tDCS group (n=19), mean + SD NM group (n=17), mean + SD P value
VAS score (mm)
After treatment 26.3+14.5 35.9+22.3 0.140
4-week follow-up 24.5+16.1 40.7+17.3 0.008
NDI score
After treatment 17.5+13.7 22.6+18.3 0.365
4-week follow-up 16.1+11.5 26.6+17.7 0.045
EQ-5D score
After treatment 0.78+0.13 0.72+0.18 0.225
4-week follow-up 0.75+0.15 0.69+0.09 0.192

VAS, visual analog scale; NDI, Neck Disability Index; EQ-5D, EuroQuol-5 dimensions; tDCS, transcranial direct current stimulation; SD,

standard deviation; NM, neural mobilization.

Table 3 AEs reported after tDCS simulation

AE Cases (%)
Skin redness 11 (57.9)
Tingling 7 (36.8)
Headache 4(21.1)
Sleepiness 4(21.1)
Trouble to concentrate 3(15.8)
Dizziness 1(5.3

AE, adverse effect; tDCS, transcranial direct current stimulation.

the baseline VAS, NDI, and EQ-5D scores in the NM group
were 54.0£16.5 mm, 31.8+12.8, and 0.6420.15, respectively.
There were no differences in age, gender, time from CR
onset, pain frequency, VAS, NDI, or EQ-5D score between
the two groups.

In both groups, the VAS and NDI scores were
significantly lower after treatment than before treatment,
and the EQ-5D score was significantly higher after
treatment (all P<0.001). There were no significant
differences in VAS, NDI, and EQ-5D between the
two groups immediately after treatment (7zble 2). At the
4-week post-treatment follow-up, the VAS score was
significantly lower in the combined tDCS group than in
the NM group (24.5£16.1 and 40.7£17.3 mm, respectively,
P=0.008) (Table 2). RM-ANOVA analysis was performed
on VAS and showing a significant effect of time-treatment
interaction: F=8.9; P<0.001. The percentage of responders
was significantly higher in the combined tDCS group than
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in the NM group (94.73% wvs. 41.18%, P<0.001). At the
4-week post-treatment follow-up, the NDI score was also
significantly lower in the combined tDCS group than in
the NM group (16.111.5 vs. 26.6+17.7, P=0.045) (1able 2).
RM-ANOVA analysis was performed on NDI and showing
a significant effect of time-treatment interaction: F=8.2 and
P<0.001. There was no significant difference between the
combined tDCS and NM groups in EQ-5D score (0.75+0.15
vs. 0.69+0.09, P=0.192).

The most frequent AE after tDCS was skin redness,
with 11 (57.89%) cases of skin redness reported (Table 3).
Tingling was reported by 7 (36.8%) patients, while headache
and sleepiness was reported by 4 (21.1%) patients in the
combined tDCS group (7able 3). Three (15.8%) cases of
impaired concentration and 1 (5.3%) case of dizziness were
reported after tDCS treatment (7able 3). All the reported
AEs were mild and temporary.

Discussion

The present study showed that after combined tDCS and
NM therapy, patients had lower VAS and NDI scores 4
weeks after treatment than those who received NM alone,
indicating that tDCS combined with NM may result in
better long-term pain relief and improved disability in CR
patients compared to NM treatment alone. This study
might provide a clinical basis for exploring non-invasive
treatment options for patients with CR.

The efficacy of tDCS therapy for neuropathic pain
has been reported in different ways and its efficacy is
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inconclusive. For example, Attal et 2l. compared the effects
of tDCS with repetitive transcranial magnetic stimulation
(rTMS) on neuropathic pain induced by radiculopathy in
a randomized sham-controlled comparative study, which
showed a lack of analgesic effect of tDCS. However,
r'ITMS had a significant analgesic effect on neuropathic
pain induced by radiculopathy (26). In contrast, Mori ez al.
treated chronic neuropathic pain in patients with multiple
sclerosis with tDCS for 5 days and reported positive results
in pain control and retained a longer period of remission,
which is partially similar to the results in this study (27). A
meta-analysis targeting neuropathic pain after spinal cord
injury showed that tDCS has a positive effect on specific
chronic pain. The reason for these different findings
may be that in the study by Attal ez a/. (26), the authors
chose either a single tDCS or r'TMS to treat patients
with neuropathic pain; however, this study compared
the combined tDCS and NM therapy with NM therapy
alone. Thus, tDCS may be more appropriate for use as an
adjunctive therapy in combination with other therapies to
enhance its effectiveness, which to some extent confirms
previous studies on combination therapies including tDCS
(28,29). Furthermore, in the present study, tDCS combined
with NM effectively alleviated the sequelae of CR, and the
long-term effects in follow-up are consistent with previous
studies of tDCS for neuropathic pain (27,30,31).

When using combination therapies, the order of the
combinations between the different therapies may impact
the efficacy. A study by Cabral er /. showed that the
administration of tDCS before the intervention optimized
its effect, and data from other studies suggest that the
application of tDCS before or during the intervention can
achieve a lasting modulatory effect (32-34). In this study,
tDCS directly stimulated central neural targets, and its
modulatory effect on neuronal excitability facilitated central
sensitization and enhanced the efficacy of subsequent
NM. This mechanism is essential to produce analgesic and
antinociceptive effects to facilitate combination therapy.

The limitations of this study were as follows: (I)
the parameters of tDCS may still have been imperfect
to maximize its effect after treatment; (II) there is no
valid Chinese version of a clinical tool to assess the
central sensitization mechanism in patients with cervical
spondylosis, so it was not addressed in this study; (III)
based on the biopsychosocial model, the effect of emotion
regulation on pain is an important aspect of tDCS (35),
which was not explored in this study; (IV) this study had a
retrospective design and a small sample size, with potential
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underpowering of some analyses. The AEs after tDCS
stimulation were retrospectively collected in the combined
tDCS group, but no AE data were available in the NM
group; (V) the limitaions of this comparative study is that
sample grouping can be subjective and has selection bias.
The results may be influenced because of that.

The present study demonstrated that the pain relief
provided by tDCS was maintained beyond the duration of
tDCS stimulation at the 4-week follow-up. Despite its mild
AEs such as skin redness, the combined tDCS and NM
therapy might result in clinically meaningful and superior
results to the NM therapy alone. This study suggests that
the combination of tDCS and NM can lead to long-term
beneficial clinical improvement in patients with CR.
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