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Abstract
Study design A single-blind crossover study.
Objectives This study aimed to evaluate neuropathic pain in persons with spinal cord injury (SCI) after the application of
transcutaneous spinal direct current stimulation (tsDCS).
Setting Outpatient Clinic of the Rehabilitation Department, Seoul National University Hospital.
Methods The effect of single sessions of both anodal and sham tsDCS (2 mA, 20 min) on chronic neuropathic pain in ten
volunteers with complete motor cervical SCI was assessed. The active electrode was placed over the spinal process of the
tenth thoracic vertebra and the reference electrode, at the top of the head. Pre- to post-tsDCS intervention changes in pain
intensity (numeric rating scale, NRS), patient global assessment, and present pain intensity (PPI) were assessed before and
after the tsDCS session (immediately post stimulation, and at 1 and 2 h post stimulation).
Results All participants underwent the stimulation procedure without dropout. Our results showed no significant pre- to
post-treatment difference in pain intensity between the active and sham tsDCS groups. Only in the sham tsDCS stimulation,
NRS and PPI scores were reduced after the stimulation session. Furthermore, in the mixed effect model analysis, the
response in the second period appeared to be more favorable.
Conclusion The results suggest that a single session of anodal tsDCS with the montage used in this study is feasible but does
not have a significant analgesic effect in individuals with chronic cervical SCI.
Sponsorship The study was funded by Seoul National University Hospital (No. 0420160470) and Korea Workers’ Com-
pensation & Welfare Service.

Introduction

Neuropathic pain is defined as ‘pain caused by a lesion or
disease of the somatosensory nervous system’ by the
International Association for the Study of Pain [1]. Neuro-
pathic pain after spinal cord injury (SCI) is one of the most
difficult complications to treat, and the prevalence of the
symptom has been reported to be experienced by ~34% of

persons with SCI [2]. The most common treatment for
neuropathic pain is pharmacotherapy, including anti-
depressants, anticonvulsants, local anesthetics, and narco-
tics [3, 4]. Unfortunately, oral pharmaceutical intervention
commonly results in a reduction of only 20–30% in pain
intensity [5], and Siddall et al. reported that only 4–6% of
persons with SCI experienced relief from neuropathic pain
with medication [6]. Recent neuroimaging and neurophy-
siological studies have shown that the neural mechanism
causing chronic pain results mainly from maladaptive
plastic changes [7].

Several non-pharmacologic treatments such as cranial
electrotherapy stimulation, transcutaneous electrical
nerve stimulation, repetitive transcranial magnetic sti-
mulation, and transcranial direct current stimulation
(tDCS) are emerging as alternatives to treat chronic
neuropathic pain in persons with SCI. These methods
have the advantage of minimal side effects [8]. According
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to a recent meta-analysis, the only non-pharmacologic
treatment that reduced chronic pain in people with SCI
was tDCS [9]. tDCS over the primary motor cortex exerts
long-lasting modulatory effects on cortical functioning by
developing a constant electrical field [10, 11] and mod-
ulating emotional and cognitive components of pain and
normalizing excessive attention to pain and pain-related
information [12]. Despite these promising findings, mixed
results have been reported, especially regarding the
duration of the effect [13–15].

The well-established effectiveness of invasive spinal
cord stimulation for chronic pain suggests that direct
current stimulation could also be applied to the spinal cord
noninvasively (tsDCS) [16–19]. The tsDCS modeling
study conducted by Parazzini et al. showed that the cur-
rent density and electric field tended to be primarily
directed longitudinally along the spinal cord [20]. Several
neurophysiological studies have shown modulating
effects of tsDCS on nociceptive signal processing in
healthy people. Cogiamanian et al. first showed that
anodal tsDCS reduces cervical vertebra-brain stem
somatosensory evoked potential amplitude for up to 20
min [21]. Truini et al. demonstrated that anodal spinal
tsDCS reduces laser-evoked potential amplitude, which
involves pain signals transmitted to the brain via the
spinothalamic tract after activation of A delta fibers [22].
Regarding spinal cord segmental circuits, Cogiamanian
et al. showed that anodal spinal tsDCS induces long-
lasting depression of the flexion reflex late response [23].
This suggests that anodal spinal tsDCS may reduce
painful reflexes and may be associated with analgesic
effects. Furthermore, anodal tsDCS can suppress the pain
sensitivity associated with nociceptive mechanical stimuli
[24], and anodal tsDCS can modulate temporal summa-
tion of pain based on depression of the transitory facil-
itation of the activity of wide dynamic range neurons [25].
In brief, tsDCS modulates neuronal activity in lemniscal,
spinothalamic, and segmental spinal circuits, suggesting
glutamatergic, GABAergic, and glycinergic system
involvement, and eventual effects on spinal plasticity [26,
27]. However, in contrast to the brain stimulation
approach, few clinical studies have assessed the effects of
tsDCS in individuals with SCI.

Since a previous modeling study used a realistic human
model rather than human participants, the current study was
conducted to evaluate the feasibility of tsDCS in actual
clinical practice. Additionally, we tried to evaluate the
effectiveness of tsDCS using a montage with an active
electrode attached to the thoracic vertebra and a reference
electrode attached to the head vertex for relieving neuro-
pathic pain in persons with SCI.

Methods

Participants

Participants were prospectively recruited from the Outpatient
Clinic of the Rehabilitation Department, Seoul National
University Hospital, from October 2016 to April 2017. This
pilot study was based on a convenient sample of ten partici-
pants who expressed willingness to participate. The inclusion
criteria were as follows: (1) cervical complete motor SCI, at
least 6 months after SCI; (2) 20 years ≤ age < 90 years; (3)
Leeds assessment of neuropathic symptoms and signs
(LANSS) score ≥ 12 (LANSS estimates the probability of
neuropathic mechanisms contributing to the chronic pain
experience in a given patient; if score <12, then neuropathic
mechanisms are unlikely to contribute to the patient’s pain
and if score ≥ 12, then neuropathic mechanisms are likely to
contribute to the patient’s pain) [28–31]; (4) continuous
chronic pain for at least the three preceding months and a
score ≥ 4 (0 cm= ‘no pain,’ and 10 cm= ‘worst possible
pain’) on a visual analog scale for pain perception at the
baseline/start of the treatment; and (5) refractoriness to drugs
for pain relief, such as antidepressants, antiepileptics, and/or
opioids (pain resistant to at least two of these drugs supplied
in adequate doses for 6 months).

The exclusion criteria were: (1) any clinically significant
or unstable medical or progressive neurologic disorder; (2)
contraindication for electrical stimulation, such as a pace-
maker implant; (3) childbearing age or pregnancy; (4) sig-
nificant cognitive deficit; (5) syringomyelia; (6)
neuropsychiatric comorbidity; (7) depressive disorder (as
indicated by a score > 10 on the Beck Depression Inven-
tory) [32]; (8) history of substance abuse; (9) skin defect
where the electrodes would be placed; and (10) progressive
neurological disease or other secondary conditions that
could impact neuropathic pain. All participants read and
provided signed informed consent. The study was con-
ducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of Seoul National
University Hospital (identifier number: 1604-007-752).
Since the application of tsDCS for neuropathic pain in
persons with SCI has not yet been certified, our clinical
experiment was approved and registered by the Ministry of
Food and Drug Safety (registration number: 864) in South
Korea. The registration number at http://www.clinicaltrials.
gov was NCT02863315.

Study design and experimental procedures

A single-blinded, randomized, crossover layout design was
used. All participants participated in each single session of

462 Y-A Choi et al.

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov


anodal tsDCS and sham treatment period. The two condi-
tions were conducted in a random order using block ran-
domization, which was generated using a computerized
random sequence allocation by the study principal investi-
gator, who was not involved in data collection or participant
orientation and supervision. Baseline and post-intervention
assessments were conducted by a physiotherapist. Pain and
other pain-related variables were assessed immediately
before (baseline) and immediately (T0), 1 h (T1), and 2 h
(T2) after the stimulation offset. The washout period was
two weeks between sessions to avoid any carry-over effect
and the participants were blinded to the conditioning sti-
mulation. Participants were requested not to cease or change
medications during the trial and to continue their routine
analgesic medication regimen throughout the duration of the
study. At each time point, the participants were checked for
their actual medication use.

Transcutaneous spinal DC stimulation (tsDCS)

Direct current stimulation (2 mA, 20 min) was delivered by
a constant current electrical stimulator, DC-Stimulator Plus
(NeuroConn GmbH, Ilmenaus, Germany) [33]. The cath-
odal (reference) electrode was positioned over the head
vertex (in the Cz location according to the 10–20 EEG
system) and the anodal (active) electrode was positioned
over the thoracic spinal cord (over the spinous process of
the tenth thoracic vertebra) (Fig. 1). Both electrodes were 6
mm thick, square (35 cm2) pieces of saline-soaked synthetic
sponge. Elastic straps were applied to ensure that the elec-
trodes were accurately located [34]. For sham tsDCS (pla-
cebo), the same procedure was used, but the simulator was
turned off after 30 s to simulate an initial tingling sensation
like that felt at the beginning of active stimulation. Stimu-
lation was applied while the participant was in seated in a
wheelchair.

Measures

The subjective perception of pain before and after stimu-
lation, as a primary outcome, was estimated by a numeric
rating scale (NRS) for neuropathic pain on a scale of 0 to
10, with 0 being no pain and 10 being the worst pain
imaginable [35]. We used the patient global assessment
(PGA) and present pain intensity (PPI) as secondary out-
come measures. The PGA is a single-item rating by parti-
cipants of their improvement after treatment on a 7-point
scale that ranges from “very much improved” to “very
much worse,” with “no change” as the midpoint [36]. The
overall PPI, a major component of the McGill Pain Ques-
tionnaire, provides data on intensity. It is recorded as a
number from 1 to 5 (1, mild; 2, discomforting; 3,

distressing; 4, horrible; 5, excruciating) [37]. Finally, par-
ticipants were asked to report any adverse events that
occurred immediately after treatment and again at 24- and
48 h after each of the stimulation sessions. Physicians
conducted careful observations throughout the study, with
vital sign monitoring.

Data and statistical analysis

The demographic and outcome variables are expressed as
means and standard deviations (SD). We compared the
primary and secondary outcome measures obtained during
the baseline period between participants assigned to the two
treatment orders (i.e., active-sham versus sham-active). The
Wilcoxon signed-rank test was used to assess significant
differences between active and sham tsDCS treatment in
NRS, PGA, and PPI at specific time-points (baseline,
immediately [T0], 1 h [T1], and 2 h [T2] after the stimula-
tion offset). Because of the small sample size, the homo-
geneity of the carry-over effect in each of the two sequences
was not evaluated. It was assumed that there was no carry-
over effect owing to the two-week washout periods.

Fig. 1 Schematic of electrode placement for tsDCS. The reference
electrode was positioned over the head vertex (in the Cz location
according to the 10–20 EEG system) and the anodal electrode was
positioned over the spinous process of the tenth thoracic vertebra
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In addition, we used a non-parametric mixed effects model
with fixed effects of treatment, treatment period, time point of
assessment, the interaction between treatment and time, the
interaction between period and time, and carry-over effect,
and a random effect of participants (nested in sequence). The
correlation matrix between the measured data of participants
at each assessment time point was used as the first order
autoregressive structure. If carry-over effects and interaction
effects were non-significant at a significance level of 0.05, the
model was rebuilt without those effects. The model was first
fitted with the pain intensity data. All participants were
included, and all pairwise comparisons were made with the
estimated contrast from this model. Secondary outcome
measures were also analyzed in the same way as the primary
outcome. We analyzed data using the intent-to-treat method,
and p values < 0.05 were considered statistically significant.

Analyses were completed using SPSS Statistics (SPSS Inc,
233 S Wacker Dr, 11th Fl, Chicago, IL 60606).

Results

Baseline demographic data

Nineteen participants with traumatic SCI experiencing
neuropathic pain were screened. The ten eligible partici-
pants included seven men and three women (Fig. 2). The
demographic and clinical characteristics at baseline are
summarized in Table 1. When explicitly asked, none of the
participants could tell whether the stimulation was active or
sham. Similar to perceived pain intensity, we found that
pain unpleasantness was not affected by the active or sham

Fig. 2 CONSORT flow diagram.
CONSORT flow diagram
showing ten eligible participants
through each stage of the single-
blinded, randomized, crossover
controlled trial (enrollment,
intervention allocation, follow-
up, and data analysis)
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tsDCS protocol. None of the participants changed their
actual medication until the end of the study.

Primary and secondary outcomes

Wilcoxon signed-rank test

The overall distribution of NRS at each time point after
stimulation showed that both active and sham tsDCS
treatment reduced pain intensity after stimulation (Fig. 3).
However, pain reduction was statistically significant fromTa
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Fig. 3 Overall distribution of primary and secondary outcomes at each
time point after tsDCS. a The overall distribution of NRS at each time
point after stimulation decreased in both the active and sham tsDCS
treatments. However, there was a statistically significant reduction in
pain from the pre- to post-session in the sham tsDCS treatment only. b
The overall distribution of PGA at each time point after each active
and sham treatment was equal. c The overall distribution of PPI at each
time point post stimulation decreased in both the active and sham
tsDCS treatments. However, there was a statistically significant change
between the pre- and post-sessions in the sham tsDCS treatment only
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the pre- to post-session in the sham tsDCS group only (p=
0.0102). We performed post hoc analyses of the time factor
for the sham condition. There was a significant change in
pain intensity immediately after stimulation (T0), and at 1 h
post treatment (T1) compared to baseline.

There was no effect of tsDCS on PGA scores for either
the active or sham tsDCS treatments at each time point
post treatment, as assessed using a non-parametric
repeated measurements test ( p= 0.0779, p= 0.9135,
respectively).

The overall distribution of PPI at each time point post sti-
mulation showed that both the active and sham tsDCS treat-
ments decreased PPI scores. However, the PPI distributions at
baseline, immediately (T0), 1 h (T1), and 2 h (T2) after sti-
mulation offset were significantly different in the sham
tsDCS group only (p= 0.0452). Post hoc analyses of the time
factor for the sham condition indicated that there was a
significant change in pain intensity compared to baseline
immediately after stimulation (T0) and at 1 h post treatment
(T1).

Comparing the pre- to post-treatment difference between
the active and sham tsDCS groups, the Wilcoxon signed-
rank test for each group showed no significant decrease in
pain intensity (NRS) for the active tsDCS group. Further-
more, there was no significant difference between the active
and sham tsDCS groups with regard to both the PGA and
PPI scores (Table 2).

Mixed effects model

The interactions between treatment and assessment time-
points, and treatment period and assessment time-points,
were not significant; hence, the model was reconstructed
excluding those carry-over effects. The mean NRS pain
scores for the treatments did not significantly differ as a
function of treatment. The mean NRS of the second period
was 1 point lower than that of the first period. At each
assessment time point, the mean NRS showed a tendency to
be 1 point lower compared to the baseline NRS. The mean
PGA also did not differ as a function of treatment. The
mean PGA of the second period was 0.5 points lower than
that of the first period. Compared to the baseline PGA,
the mean PGA at each assessment time point showed a
tendency to be 0.5 points lower. Finally, there was no
significant difference in the mean PPI as a function of
treatment. The mean PPI of the second period was
0.6 points lower than that of the first period, and the mean
PGA at each assessment time point showed a tendency to be
0.5 points lower compared to the baseline PGA (Table 3).

Adverse events provide sufficient detail to allow the work
to be reproduced

All participants tolerated the stimulation procedures well
without dropout (see supplementary material). Although

Table 2 Wilcoxon signed-rank
test for active and sham tsDCS

Parameter Time point Sham (n=10) Active (n=10)

Mean ± SD p-value2 p-value3 p-value4 Mean ± SD p-value5

NRS Baseline 5.8 ± 1.32 6.0 ± 1.33

T0 4.5 ± 1.95 0.0313* 4.9 ± 2.08 0.8125

T1 4.1 ± 2.23 0.0126* 0.4373 4.8 ± 1.81 0.5469

T2 4.4 ± 2.41 0.1897 0.6882 0.1950 4.6 ± 2.01 1.0000

p-value1 0.0102* 0.3346

PGA Baseline 3.8 ± 0.79 4.4 ± 0.84

T0 3.6 ± 0.97 3.5 ± 0.97 0.1406

T1 3.7 ± 0.82 3.7 ± 0.67 0.2734

T2 3.9 ± 1.10 3.6 ± 0.84 0.0859

p-value1 0.9135 0.0779

PPI Baseline 2.1 ± 0.74 2.3 ± 0.82

T0 1.4 ± 0.70 0.0124* 1.7 ± 0.67 1.0000

T1 1.5 ± 0.71 0.0135* 0.3173 1.7 ± 0.82 1.0000

T2 1.7 ± 0.82 0.1709 0.0841 0.1874 1.7 ± 0.82 0.8750

p-value1 0.0452* 0.1442

NRS numeric rating scale, PGA patient global assessment, PPI

(1) Non-parametric test results for distribution homogeneity at each time point

(2, 3, 4) Post hoc analyses of the time factor for the sham condition

(5) Wilcoxon signed-rank test for pre- to each post-treatment difference between the sham and active tsDCS
groups

* p < 0.05
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most participants felt tingling at the anodal or cathodal site,
the tingling sensation was transient and tolerated.

Discussion

Our results demonstrated that the application of tsDCS for
neuropathic pain after SCI is feasible. All participants tol-
erated the stimulation procedure without dropout. However,
at least in this participant group, there was no significant
pre- to post-treatment difference in pain intensity (NRS),
and PGA and PPI scores between active and sham treatment
of tsDCS. Many previous studies have clinically applied
tDCS to neuropathic pain after SCI; however, only the
electrophysiologic effects of tsDCS on nociceptive signal-
ing pathways in healthy participants were assessed. To the
best of our knowledge, this preliminary study is the first
pilot study to apply tsDCS clinically for neuropathic pain
after SCI.

Reduction of NRS and PPI from the pre- to post-session
was statistically significant in the sham tsDCS group only.
Furthermore, although a carry-over effect was not observed
in the mixed effect model analysis, the response in the
second period appears to be more favorable. These results
might represent adaptation to spinal direct current stimula-
tion. The NRS, PGA, and PPI tended to slightly improve by
1, 0.5, and 0.5 points, respectively, after stimulation.
However, the difference was <2 points for the NRS, which
is regarded as the minimum change reflecting clinically
important differences in pain outcome measures [38, 39];
thus, it is difficult to regard this as a clinically meaningful
reduction in pain.

Recent neurophysiological evidence has shown sup-
pressive effects of anodal tsDCS on nociceptive signal
processing. In addition to the modulating effects at an
electrophysiological level, anodal tsDCS significantly
decreased subjective pain reports to painful mechanical
stimuli in humans and induced early and long-lasting

Table 3 Mixed effects model for
active and sham tsDCS

Parameter LSMean [95% CI] LSMean difference p-value

NRS Treatment Sham 4.9 [3.89, 5.87] 0.9908

Active 4.9 [3.89, 5.87] 0.0 [−0.75, 0.74]

Period Period 1 5.4 [4.37, 6.35] 0.0132*

Period 2 4.4 [3.42, 5.39] −1.0 [−1.70, −0.21]

Time 0.0004*

Baseline 5.9 [4.88, 6.92]

T0 4.7 [3.66, 5.69] −1.2 [−2.01, −0.44] 0.0027*

T1 4.5 [3.43, 5.47] −1.5 [−2.21, −0.69] 0.0003*

T2 4.5 [3.48, 5.52] −1.4 [−2.07, −0.73] <0.0001*

PGA Treatment Sham 3.8 [3.45, 4.23] 0.5276

Active 3.7 [3.32, 4.10] −0.1 [−0.57, 0.30]

Period Period 1 4.0 [3.65, 4.43] 0.0174*

Period 2 3.5 [3.12, 3.90] −0.5 [−0.96, −0.10]

Time 0.1375

Baseline 4.1 [3.67, 4.53]

T0 3.6 [3.12, 3.98] −0.6 [−1.03, −0.07] 0.0027*

T1 3.7 [3.27, 4.13] −0.4 [−0.87, 0.07] 0.0003*

T2 3.8 [3.32, 4.18] −0.4 [−0.78, 0.08] <0.0001*

PPI Treatment Sham 1.8 [1.44, 2.15] 0.6845

Active 1.7 [1.38, 2.08] −0.1 [−0.38, 0.25]

Period Period 1 2.1 [1.72, 2.43] 0.0002*

Period 2 1.4 [1.10, 1.80] −0.6 [−0.94, −0.31]

Time 0.0009*

Baseline 2.2 [1.83, 2.57]

T0 1.6 [1.18, 1.92] −0.7 [−0.99, −0.31] 0.0003*

T1 1.6 [1.23, 1.97] −0.6 [−0.93, −0.27] 0.0006*

T2 1.7 [1.33, 2.07] −0.5 [−0.80, −0.20] 0.0013*

LSMean Least-squares means, NRS numeric rating scale, PGA patient global assessment, PPI present pain
intensity

*p < 0.05
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depression of the transitory facilitation of wide dynamic
range neuronal activity [24, 25]. Nonetheless, we failed to
detect significant differences between anodal and sham
tsDCS.

In the present study, a single 20-min session might not
have been sufficient to reduce neuropathic pain in persons
with SCI. Boggio et al. demonstrated that weekly sessions
of tDCS were no more effective than a single tDCS session
in individuals with stroke [40]. Furthermore, in the study by
Ngernyam et al., a single session of tDCS was effective for
neuropathic pain in individuals with SCI. With regard to
brain stimulation [41], the pain modulation effect of tDCS
might work early in the treatment phase, and prolonged
stimulation may decrease responsiveness in some indivi-
duals. However, we speculate that for the spinal mechan-
ism, unlike brain stimulation, consecutive stimulations, as
opposed to a single stimulation, are required to show effi-
cacy. Further research is needed to determine the pain
reducing effect of consecutive sessions of tsDCS. Schwei-
zer et al. induced hyperalgesia associated with transient
receptor potential cation channel subfamily V member 1
(TRPV1)-positive C and A fibers using the high frequency
stimulation model for long-term potentiation-like pain.
Neither anodal nor cathodal tsDCS had any effects on pain
perception associated with long-term potentiation-like pain
in healthy participants after sensitization [42]. Neuropathic
pain in persons with chronic SCI in this study might
represent a similar condition to the sensitized state, and
application of anodal tsDCS has no effect on pain relief,
even in our study. It could be considered that the mod-
ulating effect of anodal tsDCS on nociceptive afferent fibers
might be modality-specific, and so it is necessary to eval-
uate the effectiveness of tsDCS by subdividing neuropathic
pain into detailed phenotypes in further studies. Considering
the characteristics of the participants group, the mean (±SD)
injury duration of our group was relatively long (8.9 ± 6.71
years). Wrigley et al. proposed that the long injury duration
of their participants (21.3 ± 13.8 years) may explain why
tDCS did not work [13]. They hypothesized that a change in
central pain transmission circuits after SCI becomes con-
solidated over a long period of time; therefore, tDCS could
not modulate the central pain-related system in persons with
chronic SCI, significantly reducing the analgesic properties.
However, Yoon et al. suggested that the long injury period
would not contribute to the lack of tDCS effectiveness [12].

In terms of the technical features of tsDCS, stimulation
intensity and duration were kept relatively similar among
the various studies, with intensities between 2 and 2.5 mA
and duration between 15 and 20 min [33]. However, the
position of the reference electrode can potentially influence
the induced current density distribution. Parazzini and col-
leagues first estimated the current density spatial

distributions generated by tsDCS with various human
models [20]. Three electrode montages were applied. All
anode electrodes were placed on the 10th thoracic vertebra.
The reference electrode was different for each montage.
Montage A was attached to the right arm, Montage B was
attached to the umblicus, and Montage C was attached to Cz
on the 10–20 EEG system. In all realistic human models,
the magnitude of the current density was largest in the
cervical region when Montage C was applied. Furthermore,
Montage C generated field amplitudes at the thoracic level
that were remarkably higher (around double on average)
than Montage A and Montage B. Based on the tsDCS
modeling study by Parazzini et al., the current density dis-
tribution with a reference electrode over Cz could double its
physiological effects by the site of action at both the spinal
and supraspinal bulbar levels [20]. Assuming the spinal
cord below the level of the injury is a disorganized and
disconnected neural circuit owing to the lack of supraspinal
control, the montage with the reference electrode on Cz was
applied to maximize the spinal plastic effects of tsDCS in
this study.

This study has some limitations. First, only a small
number of participants (n= 10) met the inclusion criteria. A
larger sample size may have detected an effect that was
missed in this study. Since this pilot study aimed to evaluate
the feasibility of treatment with tsDCS in persons experi-
encing chronic neuropathic pain after SCI, a significant
analgesic effect could possibly be observed if participant
numbers were increased. Second, this randomized study
was single- rather than double-blinded, and so experimenter
bias cannot be completely excluded. However, we tried to
minimize bias by using a physiotherapist who was blinded
to group assignment to record the measurements. Finally,
the short follow-up of up to 4 h could be the reason for not
observing any long-term pain reduction effect.

Although tsDCS may represent a promising non-invasive
neuromodulatory tool to reduce chronic neuropathic pain by
targeting the pain-maladaptive plasticity that develops after
SCI, our data showed no beneficial effects for a single 20
min session of tDCS on neuropathic pain intensity in per-
sons with SCI. Further studies are needed with changes
such as targeting the early phase after SCI and applying
consecutive stimulation protocols of tsDCS.

Data archiving

All data generated or analyzed during this study are inclu-
ded in this published article and its supplementary material
file.
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