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Effectiveness of transcranial direct current stimulation
for the management of neuropathic pain after
spinal cord injury: a meta-analysis

S Mehta1,2,3, A McIntyre1,2,3, S Guy1,2,3, RW Teasell1,2,3 and E Loh1,2,3

Objectives: To conduct a systematic review and meta-analysis to examine the effect of transcranial direct current stimulation (tDCS)
on reducing neuropathic pain intensity in individuals with spinal cord injury (SCI).
Methods: Medline, CINAHL, EMBASE and PsycINFO databases were searched for all relevant articles published from 1980 to
November 2014. Trials were included if (i) tDCS intervention group and a placebo control group were present; (ii) at least 50% of
participants in the study had an SCI and there were at least three participants; (iii) participants were aged 18 years or older; and
(iv) persistent pain for at least 3 months. Studies were excluded if: (i) the tDCS intervention group was compared with an active
treatment group; (ii) there was insufficient reporting detail to enable pooling of data; and (iii) it was a nonclinical trial (that is, reviews,
epidemiology, basic sciences). A standardized mean difference (SMD)± s.e. and 95% confidence interval (CI) was calculated for each
outcome of interest and the results were pooled using a fixed or random effects model, as appropriate. Effect sizes were interpreted as:
small 40.2, moderate 40.5, large 40.8.
Results: Five studies met inclusion criteria of which four were randomized controlled trials and one was a prospective controlled trial.
The pooled analysis found a significant effect of tDCS on reducing neuropathic pain after SCI post treatment (SMD=0.510±0.202;
95% CI, 0.114–0.906; Po0.012); however, this effect was not maintained at follow-up (SMD=0.353±0.272; 95% CI, −0.179 to
0.886; Po0.194). A reduction of 1.33 units on a 10-item scale was observed post treatment. No significant adverse events were
reported.
Conclusion: Meta-analytic results indicate a moderate effect of tDCS in reducing neuropathic pain among individuals with SCI;
however, the effect was not maintained at follow-up. A mean pooled decrease of 1.33 units on a 10-item scale was found post
treatment. Several factors were implicated in the effectiveness of tDCS in reducing pain. Due to the limited number of studies and lack
of follow-up, more evidence is required before treatment recommendations can be made.
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INTRODUCTION

Chronic neuropathic pain (NP) can occur following lesions in the
somatosensory nervous system1 and incidence rates range from ~502,3

to 75–81%.4,5 Several treatments have been proposed and used to
manage NP, particularly pharmacological methods (for example,
antidepressants, anticonvulsants, opioids).6,7 Despite multiple phar-
macological options for pain, the majority of individuals fail to find
relief; the refractory nature of NP is what makes it such a difficult
condition to treat and to endure. Studies have shown that refractory
NP is common post SCI8 and that few (4–6%) obtain relief over the
long-term.9 This situation has created interest in alternative neuro-
modulary stimulation approaches such as cranial electrotherapy
stimulation, transcutaneous electrical nerve stimulation, spinal cord
stimulation, repetitive transcranial magnetic stimulation (rTMS) and
transcranial direct current stimulation (tDCS).
Many of these stimulation methods have demonstrated some

effectiveness in pain relief. Deep brain stimulation (via intracranially

implanted electrodes) has been performed with effectiveness,10 how-
ever, given the invasiveness of the procedure, less intrusive treatments
such as rTMS and tDCS, may be preferable due to a lower risk of
complications. rTMS and TDCS can be applied without invasive
methods and use either brief high-intensity or magnetic pulses or low-
intensity electrical currents to stimulate brain matter, respectively.11

Compared with rTMS, tDCS offers advantages in longer-lasting
modulatory effects in cortical functioning, ease of administration,
inexpensive cost and reliable sham-controlled conditions.12

The mechanism by which tDCS is able to relieve pain is not entirely
known; however, it is believed that tDCS may improve pain processing
due to a modulatory effect on central pathways, the same pathways
targeted by antidepressant pharmacotherapy.11,13–14 Given the
refractory nature of NP in a post SCI population, it is important to
uncover new modalities for treatment. Until recently, there were too
few studies evaluating the effectiveness of tDCS for NP among
individuals post SCI; however, an increase in interest in this field
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has led to several new studies to assess. Therefore, it was our objective
to perform a meta-analysis examining the effectiveness of tDCS in
treatment of NP among those with SCI.

MATERIALS AND METHODS

Literature search strategy
Potentially relevant articles were identified by a literature search from 1980 to
November 2014 using multiple databases (MEDLINE, CINAHL, EMBASE,
PsycInfo). Grey literature including Cochrane Library was consulted to evaluate
previous review articles. Previous reviews were cross-referenced for any primary
studies missed through our search. Key words used included: ‘spinal cord
injury,’ ‘paraplegia,’ ‘quadriplegia,’ ‘tetraplegia,’ pain, ‘transcranial direct
current stimulation’ and ‘tDCS.’ References of retrieved articles were also hand
searched to find additional articles that may have been missed in the database
search.

Study selection and quality
Titles, abstracts and full texts were screened by two independent reviewers for
eligibility. Any discrepancies regarding study eligibility were reconciled by a
third independent reviewer. Studies were selected for analysis if the following
criteria were met: (i) tDCS intervention group and a placebo control group
were present; (ii) at least 50% of participants in the study had an SCI and there
were at least three participants; (iii) participants were aged 18 years or older;
and (iv) persistent pain for at least 3 months. Studies were excluded if: (i) the
tDCS intervention group was compared with an active treatment group;
(ii) there was insufficient reporting detail to enable pooling of data; and (iii) it
was a nonclinical trial (that is, reviews, epidemiology and basic sciences).
Study quality was assessed by two independent reviewers using the

Physiotherapy Evidence Database (PEDro) scoring system.15 Rare scoring
discrepancies were resolved by a third independent reviewer. The PEDro tool
consists of 11 questions with a maximum score of 10. The following criteria
were used for rating the methodological quality of a study: 9 to 10, excellent; 6
to 8, good; 4 to 5, fair; and o4 poor.16 All studies were included in the analysis
regardless of study quality.

Data analysis
Data on each study’s design, participant characteristics, intervention(s), out-
come(s) and adverse event(s) were extracted from each of the selected studies.
Pooled analyses were conducted for the primary outcome of pain intensity
post-treatment and at follow-up. Treatment effect was reported as a standar-
dized mean difference (SMD)± s.e. and 95% confidence interval (CI) using the
software Comprehensive Meta-Analysis (version 2, Biostat Inc., Englewood, NJ,
USA, 2007). Heterogeneity between studies was measured by the I2 statistic. An
I2 value exceeding 50% was used as the threshold to identify significant
statistical heterogeneity. A fixed effects model was used when the threshold for
heterogeneity was not reached, and a random effects model was used when it

was exceeded. No substantial statistical heterogeneity was evident for post

treatment time point I2= 10.25% or at follow-up I2= 27%; hence, a fixed

effects model was used to pool data from both time points. Cohen’s criteria17

were used to interpret resulting effect sizes: small 40.2, moderate 40.5, large

40.8. To enhance clinical relevance, effect sizes were converted into their

original units using a standardized technique.18

RESULTS

Study selection and quality
Five studies met inclusion criteria (Figure 1). These included two
double-blinded randomized controlled trials (RCTs),12,19 two double-
blinded crossover RCTs,20,21 and one prospective controlled trial.22

The methodological quality was excellent for the four RCTs,12,19–21

whereas the prospective controlled trial22 was fair in quality (Table 1).

Study design
All five studies involved an active tDCS group and a sham tDCS
group. Soler and colleagues19 randomized individuals into four
groups: tDCS, tDCS plus visual illusion, visual illusion only and sham
tDCS. To examine objective data, data from visual illusion groups
were excluded so that only data from the active tDCS and sham group
were examined. Both Fregni et al.12 and Wrigley et al.21 randomized
participants to receive sham or active tDCS for five consecutive days.
Participants in the tDCS group received a constant current of 2 mA for
20min, whereas participants in the sham tDCS group received 10 s of
stimulation after which the stimulator was turned off. Wrigley et al.21

provided a 4-week washout period before participants were crossed
over to the alternative protocol. Participants in the Soler et al.19 study
received treatment (active or sham) for 10 days over a 2-week period.
A constant current of 2mA for 20min was delivered to the tDCS
group while the sham group received stimulation for 30 s after which
it was turned off. Ngernyam et al.20 randomized individuals into active
or sham tDCS groups with a 1-week washout period before individuals
were crossed over to the alternative protocol. Individuals received a
single session of 2 mA active or sham treatment for 20min.20 Yoon
et al.22 also provided participants with twice daily treatment of a total
of 20 treatment sessions over a 2-week period. Similar to the other
studies, a 2mA current was applied for 20min per session to the active
tDCS group, whereas the sham group only received the current for
10 s. All studies placed the anodal stimulation onto the primary motor
cortex (M1).

Figure 1 Study Selection Process.
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Patient characteristics
Table 1 presents detailed information on patient characteristics.
Studies involved small sample sizes ranging from 10 to 20 participants.
Participants were predominantly males in all studies and the average

age ranged from 35 to 56 years. Duration of NP ranged from 3.7 to
15.8 years. Four studies included participants with complete and
incomplete injuries.12,19,20,22 Wrigley et al.21 included only participants
with complete injuries. Four studies included individuals with cervical

Table 1 Study characteristics

Study name, design

quality, N

Average age duration of pain Severity of injury;

level of injury

Treatment protocol

Fregni et al.12

double blinded RCT

PEDro=9 N=17

Age=35.4yrs

Duration of Pain=3.7yrs

Severity of Injury=11

complete, 6 incomplete

Level of injury=9 cervical, 8

below cervical

Patients were given sham or active tDCS treatment for 5 consecutive days

and followed up for 16 days. A constant current of 2mA was applied for

20min. For sham the stimulator was turned off after 10 s of stimulation.

Soler et al.19

Double blinded RCT

PEDro=9 N=20

Age=42.95 yrs

Duration of pain=8.6 yrs

(treatment); 5.6 yrs(control)

Severity of injury=16

complete, 4 incomplete

Level of injury=15 thoracic,

5 cervical

Participants were randomized to tDCS or sham groups. A constant current of

2mA intensity was applied for 20min. For sham stimulation the electrodes

were placed in the same position; however, the stimulator was turned off

after 30 s of simulation so subjects felt the initial itching sensation. Each

patient received 10 treatment sessions, 20min each during a period of

2 weeks.

Wrigley et al.21

Double blinded cross-

over RCT

PEDro=9 N=10

Age=56.1yrs

Duration of pain=15.8yrs

Severity of injury=10 com-

plete

Level of injury=10 thoracic

Participants were randomized to tDCS or sham. One 20min treatment

session was delivered each day for 5 consecutive days. A 4 week washout

period took place before crossover to sham or treatment.

Yoon et al.22

PCT

PEDro=5 N=16

Age=44.9yrs

Duration of pain=2.3yrs

Severity of injury=10 com-

plete, 6 incomplete

Level of injury=8 cervical, 8

thoracic

Subjects were randomized to tDCS or sham. 2mA current was applied for

20min. Each patient received 20 treatments over 2-week period, 2x daily

with an interval of at least 4 hours in between. During sham procedure

stimulator was turned off after 10 s.

Ngernyam et al.20

Double blind cross-

over RCT

PEDro=9 N=20

Age=44.50yrs

Duration of pain=4.2yrs

Severity of injury=9 com-

plete, 11 incomplete

Level of injury=12 thoracic,

7 cervical, 1 lumbar

Participants were randomized to tDCS or sham, 1 treatment at 2mA for

20min, and then 4 week washout and switched to other intervention

Abbreviations: PCT, prospective controlled trial; PEDro, Physiotherapy Evidence Database (PEDro) scoring system; RCT, randomized controlled trial; yrs, years.

Figure 2 Primary analysis. (a) Forest plot comparing the effects tDCS on reducing pain intensity post treatment. Std diff: standard difference. (b). Forest plot
comparing the effects tDCS on reducing pain intensity at follow-up. Std diff: standard difference.
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and thoracic injuries,12,19,20,22 whereas only participants with thoracic
injury were included in the study by Wrigley et al.21 All studies
included only those participants with traumatic SCI.
Fregni et al.12 and Yoon et al.22 recruited participants with pain for

at least 3 months, whereas three studies19–21 included participants with
NP for at least 6 months. Assessment of pain was conducted through a
clinical interview in all five studies. Four studies recruited only
participants that were refractory to previous pharmacological
treatment.12,19,20,22 Only two studies excluded participants based on
high levels of depressive symptoms.19,20 All five studies allowed
participants to remain on their current medication routine. Three
studies assessed allocation concealment and blinding; the authors
found no correlation between correct and incorrect responses in
predicting group allocation.12,19,21

Effectiveness
The pooled analysis found a significant effect of tDCS on reducing
neuropathic pain post treatment among individuals with SCI (SMD=
0.510± 0.202; 95% CI, 0.114–0.906; Po0.012); however, this
was not maintained at follow-up (SMD= 0.353± 0.272; 95% CI,
− 0.179–0.886; Po0.194; Figure 2). A mean pooled decrease of 1.33
units on a 10-item Visual Analog Scale (VAS) was observed post
treatment, with a decrease of only 0.50 units at follow-up. No

significant improvement in psychosocial outcomes including
depression12,21,22 and anxiety19 were observed. One study found a
significant improvement in mood compared with placebo post
treatment; however, this was not maintained at follow-up.19

Subanalysis found a significant effect of tDCS among those studies
that excluded patients with depression (SMD= 0.784± 0.271; 95% CI,
0.253–1.314; Po0.004), whereas studies that included participants
with depressive symptoms did not reach significance (Figure 3).
Studies with participants with an average pain duration of o5 years
resulted in significant improvement post tDCS treatment (SMD=
1.072± 0.255; 95% CI, − 0.428–1.757; Po0.001), whereas those with
45 years did not. A sub-analysis examining duration of treatment
found that those studies that provided treatment foro1 week resulted
in significant reduction in pain intensity among their participants
(SMD= 0.570± 0.250; 95% CI, 0.080–0.1.061; Po0.001). However,
those studies that provided treatment for 41 week did not result in
significant improvement. Adverse events included mild headaches and
itching under electrodes.

DISCUSSION

This meta-analysis is the first study to conduct a pooled analysis on
the effectiveness of tDCS for the treatment of neuropathic pain after
SCI. On the basis of five studies, the authors found a moderate effect

Figure 3 Subanalysis. (a). Forest plot examining the effects tDCS on reducing pain intensity based on inclusion or exclusion of participants with depressive
symptoms. (b) Forest plot comparing the effects tDCS on reducing pain intensity based on average duration of pain among participants. (c) Forest plot
examing the effects tDCS on reducing pain intensity based on duration of treatment. Note: Std diff: standard difference.
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in the reduction of NP. Furthermore, the study showed that the
pooled effect of tDCS did not quite reach clinical importance. Minimal
clinically important difference (MCID) in pain reduction on a
numerical analog scale (0–10) ranges from ~1.523 to 1.8,24 whereas
the current meta-analysis found a pooled decrease of 1.33 units at end
of treatment. These findings are consistent with previous reviews
examining the effect of tDCS among chronic pain25 and multiple
sclerosis26 populations.
The sub-analysis examining duration of treatment found that

shorter duration of treatment (o1 week) resulted in a significant
decrease in pain intensity compared with a longer duration (41 week).
Boggio et al.27 also found that weekly sessions of tDCS were no better
than a single tDCS session among individuals with stroke. The
mechanism of tDCS is complex and poorly understood. It involves
weak electrical currents designed to increase the excitability of pain
modulating areas in the brain in order to decrease cortical
excitability.12 It may be hypothesized that the introduction of weak
electrical currents stimulates pain modulation early in the treatment
phase; however, delivery of weak currents over a longer period of time
may reduce responsiveness among some individuals. However, further
research needs to be conducted in order to understand its mechanism
better. Luedtke et al.25 found healthy volunteers responded negatively
to tDCS compared with those with chronic pain, suggesting that the
effectiveness of tDCS may be dependent upon a specific population or
medical condition. Further investigation may be warranted among
individuals with SCI.
Studies have linked increased rates of comorbid depression and

psychological distress with long-term chronic pain.28 In our study,
indirect comparison of the effectiveness of tDCS based on duration of
pain found that those with neuropathic pain duration of o5 years
were more likely to demonstrate a reduction in pain intensity
compared with those with pain duration of 45 years. Therefore,
among those with SCI, there may be an effect of time since pain onset
on pain intensity. Further, the pooled analysis also found that those
studies that excluded individuals with high depressive symptoms were
more likely to respond to tDCS treatment than those that included
them. Among individuals with longer pain duration and high
psychological distress, the use of more multimodal treatment options
may be recommended.
As all studies allowed participants to continue their pharmacological

treatment protocol during the study, the concomitant drug treatment
may have influenced the effectiveness of tDCS. Liebetanz et al.29 found
that carbamazepine can decrease the effects of anodal stimulation.
However, the studies included for analysis did not report what types of
pharmacological medications were being used by participants. Future
studies should examine the effect of drug interaction in the reduction
in pain during tDCS treatment.
There are some limitations of the current meta-analysis that may

influence the generalizability of results. First, only a limited number of
studies (n= 5) met inclusion criteria. Furthermore, calculations of
numbers needed to treat and numbers needed to harm were not
possible as only two studies reported enough data.12,21 Selected studies
had a lack of follow-up; hence, duration of the effect of tDCS in
reducing pain could not be assessed, along with its long-term effects. It
is important to note that pain is multidimensional and influenced by
several factors. Among the studies selected, there was a lack of
availability of related outcomes such as pain disability, quality of life
or other psychosocial factors. Turk et al.30 developed the Initiative on
Methods, Measurement and Pain Assessment in Clinical Trials
recommendations for the core domains related to chronic pain. The
group recommended that trials examining chronic pain should assess

for six domains including: pain, physical functioning, emotional
functioning, participant ratings of improvement, symptoms and
adverse events and participant adherence to treatment. To provide a
more comprehensive overview on the effect of tDCS on the neuro-
pathic pain among SCI individuals, future studies should aim to
include outcomes from the six domains.

CONCLUSION

In conclusion, the current meta-analysis found a moderate effect size
of tDCS in reducing neuropathic pain among individuals with SCI.
However, it did not reach MCID recommendations for pain reduc-
tion. Many factors including: length of treatment, duration of pain,
presence of depressive symptoms and concomitant drug therapy, may
influence the effectiveness of tDCS in reducing pain. The study was
limited by the small number of trials (n= 5). Furthermore, lack of
adequate follow-up did not allow for determination of long-term
effects. Future studies should examine and report the effect of tDCS
on several domains of pain. Trials examining sub-analysis of factors
that may influence tDCS effectiveness are recommended.
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