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Abstract
Transcranial direct current stimulation (tDCS) has been used to reduce pain in range of chronic pain states. The aim of this 
review is to evaluate the effectiveness of tDCS on pain reduction and related disability in patients with non-specific chronic 
low back pain (CLBP). A computer-based systematic literature search was performed in five databases according to PRISMA 
guidelines. Randomized controlled trials (RCTs) that assessed the effects of tDCS on pain and related disability in patients 
with non-specific CLBP were included. Modified Jadad scale and Cochrane’s risk of bias assessment were used to deter-
mine the studies’ quality and risk of bias. Meta-analyses were performed by calculating the standardized mean difference 
(SMD) at 95% confidence interval (CI). Nine RCTs (411 participants) were included in the systematic review according 
to inclusion criteria, while only five studies could be included in the meta-analysis. The primary motor cortex (M1) was 
the main stimulated target. The meta-analysis showed non-significant effect of multiple sessions of tDCS over M1 on pain 
reduction and disability post-treatment respectively, (SMD = 0.378; 95% CI = − 0.264–1.020; P = 0.249), (SMD = 0.143; 
95% CI = − 0.214–0.499; P = 0.434). No significant adverse events were reported. The current results do not support the 
clinical use of tDCS for the reduction of pain and related disability in non-specific CLBP. However, the limited number of 
available evidence limits our conclusions on the effectiveness of these approaches.

Keywords  Low back pain · Transcranial direct current stimulation · Non-invasive brain stimulation · Neuromodulation · 
Systematic review · Chronic pain

Introduction

Low back pain (LBP) is the major cause of years lived with 
disability worldwide (Roth et al. 2017). The pathophysiology 
of non-specific chronic low back pain (CLBP) is not fully 
understood, but different causes have been proposed. Unlike 
acute low back pain, a peripheral cause is often absent in 
non-specific CLBP, and central mechanisms have been 
hypothesised to explain the development and maintenance 
of pain (Latremoliere and Woolf 2009; Woolf 2011). Indeed, 
existing data have recognized a broad range of changes in 
both structure and function of different brains areas (Apka-
rian et al. 2009; Tracey and Bushnell 2009; Baliki et al. 
2011). Accordingly, imaging studies in patients with CLBP 
reported reductions in cortical grey matter density in the 
dorsolateral prefrontal cortex (DLPFC), the right posterior 
thalamus and the middle cingulate cortex (Apkarian et al. 
2004; Ivo et al. 2013). Moreover, CLBP patients have sig-
nificantly lower increases in blood flow in the periaqueductal 
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grey (PAG) than controls when exposed to equally painful 
stimuli, suggesting a decreased pain descending inhibition 
(Giesecke et al. 2006).

Though inconsistently, other brain imaging studies sup-
port the hypothesis of decreased activation of motor cortex 
(M1), anterior cingulate cortex, prefrontal cortex (PFC) and 
nucleus accumbens in chronic pain (Baliki et al. 2006, 2011; 
Apkarian et al. 2009; Tracey and Bushnell 2009; Burns et al. 
2016; Konno and Sekiguchi 2018).

A variety of conservative and pharmacological strategies 
for CLBP management showed a significant effect in reduc-
ing pain and related disability (Chou et al. 2017a, b). How-
ever, these strategies are associated with small to moderate, 
primarily short-term effects on CLBP, thus suggesting the 
need for improvement (Chou et al. 2017a, b). This is not 
surprising, indeed, because by definition, the underlying 
pathology of non-specific CLBP is “unidentified”, suggest-
ing that different causes could concur to symptoms. Then, 
clinicians should apply a precision-medicine-like approach 
by selecting an appropriate intervention for each individual 
patient, supposed that analgesic effects and acceptability 
of for each treatment are known. With this aim, Thompson 
et al. 2020 have recently proposed a protocol to perform a 
network meta-analysis (assessing multiple competing inter-
ventions by synthesizing data across a network of different 
treatments) to determine the relative efficacy and accept-
ability of primary care treatments for non-specific CLBP 
(Thompson et al. 2020). In this context, there is growing 
interest to treat chronic pain by means of invasive and non-
invasive brain stimulation (Luedtke et al. 2012b; O’Connell 
et al. 2018). Transcranial direct current stimulation (tDCS) 
is a new adjunctive intervention that can modulate cortical 
excitability through positively or negatively charged cur-
rents, so it can modulate a wide neural network involved 
in pain processing (Luedtke et al. 2012b; Antal et al. 2017; 
O’Connell et al. 2018). The use of tDCS has been exten-
sively investigated in different diseases such as stroke, 
Parkinson’s disease, mental illness, and chronic pain (da 
Silva et al. 2013; Shigematsu et al. 2013; Wu et al. 2013; 
Ngernyam and Jensen 2014; Lefaucheur et al. 2017; Ricci 
et al. 2019). Different systematic reviews and meta-analy-
sis have shown that tDCS induces a significant analgesic 
effect (Luedtke et al. 2012b; Ngernyam and Jensen 2014; 
O’Connell et al. 2018). Furthermore, previous studies using 
anodal tDCS over M1 reported a significant pain reduc-
tion and improvement in mood and quality of life (QoL) in 
patients with CLBP (Mendonca et al. 2016; Hazime et al. 
2017). Additionally, tDCS improves emotional appraisal 
of pain, descending pain inhibition and modulation of the 
endogenous opioid system (Garcia-Larrea and Peyron 2007; 
Pagano et al. 2011; DosSantos et al. 2012).

Altogether, the different changes in the brain structure 
and function in CLPB patients create a rational basis for 

the use of tDCS to improve the related symptoms of CLBP. 
Previous studies showed encouraging results regarding the 
effect of tDCS on chronic pain. However, to the best of 
our knowledge, the effects of tDCS on non-specific CLBP 
are still uncertain and only one systematic review in 2019, 
based on two studies exploring low back pain and tDCS, 
concluded a Level A recommendation against the use of M1 
tDCS for LBP (Baptista et al. 2019). Therefore, the objective 
of this review was to assess the effectiveness of tDCS for 
pain reduction and related disability in patients with non-
specific CLBP.

Methods

This systematic review was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses reporting guideline (Liberati et al. 2009).

We followed the PICOS framework to organize the inclu-
sion criteria. Population (P): studies that recruited adult 
participants with CLBP affected for longer than 3 months; 
intervention (I): anodal or cathodal tDCS applied alone or 
in combination with conventional intervention; comparison 
(C): sham tDCS control or non-interventional control; out-
comes (O): the primary outcome is related to pain intensity 
and the secondary outcomes include quality of life and dis-
ability; and study design (S): randomized controlled trials 
(RCTs) published in English language. Since the aim of 
this review was to investigate the available literature con-
cerning the effect of tDCS on pain and related disability in 
non-specific CLBP, we decided not to pre-specify a mini-
mal number of patients per treatment group and a minimal 
follow-up duration to enrol all the available literature meet-
ing our search criteria.

Studies meeting any of the following criteria were 
excluded: (1) Studies including participants with chronic 
pain conditions such as (neuropathic pain or fibromyalgia) 
other than CLBP; (2) Studies used surgically implanted 
brain stimulators and/or repetitive transcranial magnetic 
stimulation; (3) studies published as conference abstracts, 
dissertations, or in books; and (4) studies without sufficient 
data to enable pooling of data.

Data search and study selection

A comprehensive systematic search of Medline, EMBASE, 
Scopus, Web of Science and Cochrane Central Register of 
Controlled Trials. We searched for articles published from 
the first date available to January 1st 2020. The following 
keywords were searched: ‘transcranial direct current stimu-
lation,’ ‘tDCS,’ ‘Electrical Stimulation Transcranial,’ ‘low 
back pain,’ ‘chronic low back pain,’ ‘nonspecific chronic low 
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back pain,’ ‘LBP,’ ‘NSLBP.’ Search strategies were devel-
oped for each database using both free-text terms and the 
Medical Subject Headings (MeSH). The reference lists of 
relevant articles were screened for potential related articles. 
The database search strategy used are listed in the Appen-
dix 1. Study inclusion was decided independently by two 
authors (F.L. and M.D.) based on the inclusion criteria.

Data extraction

Two authors (RC and EC) independently extracted the fol-
lowing data: (i) demographic characteristics including sam-
ple size, age and trial design, (ii) stimulation parameters 
(site of stimulation, duration, intensity, and mode), (iii) the 
control paradigm used (placebo/sham/no intervention), and 
the nature of outcome measures. Then, the extracted data 
were entered into a predesigned data extraction table. To 
facilitate combination of results in a meta-analysis, it was 
required that pain measurements [means and standard devia-
tions at baseline and post-intervention, change over time and 
standard errors, or confidence intervals (CI) for mean values 
or change over time] were reported. Disagreements were 
resolved through discussion or, if required, adjudication by 
a third author (S.N.). In case the original data was unclear or 
lacking adequate data, the researchers attempted to contact 
the corresponding authors to provide missing data.

Risk of bias and quality assessment

Two authors (M. A. and M. E.) analysed the methodological 
quality of the studies using the modified Jadad scale (Chalm-
ers et al. 1981; Jadad et al. 1996) and the Cochrane’s risk of 
bias assessment (Higgins 2011).

The modified Jadad scale score ranges from 1 to 8; points 
are awarded if study: is described as randomized, 1 point; 
has appropriate randomization method, 1 point; is described 
as subject-blinded, 1 point; is described as evaluator-blinded, 
1 point; and has description of withdrawals and dropouts, 1 
point; presented the inclusion/exclusion criteria, 1 point; 
described the adverse effects, 1 points; and described statisti-
cal analysis, 1 point. Studies with a modified Jadad score ≥ 4 
were considered to be high-quality randomized controlled 
trials (RCTs) (Jadad et al. 1996).

The risk of bias assessment appraises a study in six 
domains: adequate sequence generation, allocation con-
cealment, blinding of participants, personnel and outcome 
assessors, incomplete outcome data, selective outcome 
reporting and other sources of bias. Each domain can be 
rated as “yes” (low risk of bias), “no” (high risk of bias), or 
“unclear” (uncertain risk) (Higgins 2011).

Data synthesis and meta‑analysis

Meta-analyses were carried out using the comprehensive 
meta-analysis, version 2.2.064 software package (Biostat, 
Englewood, New Jersey, USA). Standardized mean differ-
ence (SMD), 95% confidence interval (CI), and P value 
were calculated by the comparing the change in the included 
outcomes between the real tDCS and the sham tDCS using 
random-effect model of analysis (Muller and Cohen 1989; 
Borenstein et al. 2005). Heterogeneity in treatment effect 
was examined by calculating I2 index (Higgins 2011). The 
level of significant was set at P of up to 0.05 for the SMD 
and heterogeneity.

Results

Study selection

Nine studies were included (Table 1). Databases searches 
provided 182 publications. After adjusting for duplication, 
84 had been removed. On the basis of the title and abstract, 
30 articles were excluded; 13 articles were excluded because 
of the included participants or intervention, and 17 studies 
because of the study design. Of the remaining 68, 59 arti-
cles did not meet the inclusion criteria. Finally, nine trials 
met the inclusion criteria for review and five articles for 
meta-analysis. A flowchart illustrating the selection process 
is shown in (Fig. 1).

Study and participant characteristics

Nine RCTs met the criteria for inclusion in this systematic 
review (Table 1). No additional studies met the inclusion 
criteria upon searching the reference list of the included 
studies. The included studies constituted a total of 411 par-
ticipants with a mean age between 30 and 63 years. Ran-
dom allocation of participants was in either a parallel (n = 7) 
(O’Connell et al. 2013; Luedtke et al. 2015; Hazime et al. 
2017; Straudi et al. 2018; Jafarzadeh et al. 2019; Mariano 
et al. 2019; Jiang et al. 2020) or crossover design (n = 2) 
(Luedtke et al. 2012a; Schabrun et al. 2014) with 168 partic-
ipants receiving real tDCS. The study quality and the risk of 
bias of the nine included studies are summarizes in (Table 1 
and Fig. 2). All the included studies were rated as high 
quality RCT (modified Jadad scores ≥ 4), except one study 
(modified Jadad scores ≤ 4) (Schabrun et al. 2014). All the 
nine studies were reported as randomized trials, but in three 
studies (Luedtke et al. 2012b; Schabrun et al. 2014; Jafarza-
deh et al. 2019), the appropriate randomization method was 
not described. Two Studies (Luedtke et al. 2012b; Schabrun 
et al. 2014) did not report the randomization method. All 
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studies, except Study (Schabrun et al. 2014), had adequate 
description of dropouts (Table 1).

Four of the nine studies (Luedtke et al. 2012b; Schabrun 
et al. 2014; Hazime et al. 2017; Jafarzadeh et al. 2019) had 
at least one domain rated as high risk of bias despite hav-
ing a modified Jadad score ≥ 4. Only five studies had low 
risk of bias in all domains (O’Connell et al. 2013; Luedtke 
et al. 2015; Straudi et al. 2018; Mariano et al. 2019; Jiang 
et al. 2020). In three studies (Luedtke et al. 2012b; Schabrun 
et al. 2014; Hazime et al. 2017), neither the participants nor 
the evaluators were blinded, hence there was a high risk of 
bias in blinding. Although one study (Hazime et al. 2017) 
reported using a double blind study design, it was not truly 
double-blinded; low risk in subject blinding, but it was an 
unclear risk in evaluator-blinding because the assessors 
might not be blind to treatment allocation (Fig. 2).

Interventions

Anodal tDCS was delivered at a current density of 1 mA in 
one study (Schabrun et al. 2014), or 2 mA for six studies 
(O’Connell et al. 2013; Luedtke et al. 2015; Hazime et al. 
2017; Jafarzadeh et al. 2019; Jiang et al. 2020). Cathodal 
tDCS was administered at an intensity of 2 mA for one 
study (Mariano et al. 2019), while one study used anodal or 
cathodal at current density of 1 mA for 2 separated groups 
(Luedtke et al. 2012a). The target sites were (1) primary 
motor cortex contralateral to the side of the pain complaint 
(M1; corresponding to C3 on the 10–20 system for electrode 
placement in EEG) (O’Connell et al. 2013; Schabrun et al. 
2014; Hazime et al. 2017; Straudi et al. 2018; Jiang et al. 
2020) with the cathode placed over contralateral supraorbital 
(O’Connell et al. 2013; Schabrun et al. 2014; Straudi et al. 
2018; Jiang et al. 2020) or ipsilateral supraorbital (Hazime 
et al. 2017); (2) left motor cortex (Luedtke et al. 2012a, 
2015; Jafarzadeh et al. 2019) and the cathode placed over the 
contralateral supraorbital (Luedtke et al. 2015; Jafarzadeh 
et al. 2019) or right orbita; (3) cathodal electrode over the 
left dorso anterior cingulate cortex (dACC) and the anode 
electrode was placed over the contralateral mastoid process 
(Mariano et al. 2019). The single pulse transcranial magnetic 
stimulation applied in three studies (Luedtke et al. 2012a, 
2015; Schabrun et al. 2014) to determine accurately the 
location of the M1. For the tDCS sham condition, all but 
one study reported using the same electrode montage as the 
active condition with the same current density, which lasted 
for durations of between 10 and 43 s. In seven studies active 
tDCS stimulation was applied for 20 min (O’Connell et al. 
2013; Luedtke et al. 2015; Hazime et al. 2017; Straudi et al. 
2018; Jafarzadeh et al. 2019; Mariano et al. 2019; Jiang et al. 
2020), one study applied for 30 min (Schabrun et al. 2014), 
and for 15 min (Luedtke et al. 2012b). However, the number Ta
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of sessions varied; three studies reported that tDCS applied 
for 1 day (Luedtke et al. 2012b; Schabrun et al. 2014; Jiang 
et al. 2020), two studies for 5 consecutive days (Luedtke 
et al. 2015; Straudi et al. 2018), one study for 6 days (Jafar-
zadeh et al. 2019), for 10 days (Mariano et al. 2019), one 
study for 12 days (Hazime et al. 2017) and the maximum 
days was reported in one study which used tDCS for 15 days 
(O’Connell et al. 2013).

Four studies applied tDCS alone without combination 
(Luedtke et al. 2012b; O’Connell et al. 2013; Mariano 
et  al. 2019; Jiang et  al. 2020). Moreover, two studies 

combined tDCS with peripheral electrical stimulation 
(Schabrun et al. 2014; Hazime et al. 2017), or cognitive 
behavioural management (4 week multidisciplinary pro-
gramme of 80 h) (Luedtke et al. 2015). One study fol-
lowed tDCS by 10 sessions of group exercise (Straudi 
et al. 2018), another study combined tDCS with postural 
training for 20 min, three sessions per week for two weeks 
(Jafarzadeh et al. 2019) (Table 1).

Records iden�fied from database (n =182)

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ilit

y
noitacifitnedI

Records a�er duplicates removed
(n =98)

Records screened
(n =98)

Records excluded based on 
�tle/abstract

(n =30)

Full-text ar�cles assessed 
for eligibility

(n =68)

Excluded (n=59):

Protocol of RCT (n=24)
Not related to tDCS (n=22)
Not RCT (n=12)
Non-English languages (n=1)

Studies included in 
qualita�ve synthesis

(n =9)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n =5)

Medline
(n=17)

Scopus
(n=31)

Duplicates remove
(n=84)

Cochrane
(n=67)

EMBASE
(n=30)

Web of 
Science
(n=37)

Fig. 1   Flow diagram of the search strategy, with the number of studies selected in each database and in each phase of this systematic review
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Outcome measures

Outcome parameters in all included trials included a 

numerical rating scale (NRS) (Schabrun et al. 2014; Hazime 
et al. 2017; Jiang et al. 2020) or visual analogue scale (VAS) 
(O’Connell et al. 2013; Luedtke et al. 2015; Straudi et al. 
2018; Jafarzadeh et al. 2019). Moreover, pain intensity also 
reported through defence and veterans pain rating scale 
(DVPRS) in one study (Mariano et al. 2019), while another 
study reported pain by thermal perception and pain thresh-
olds (Luedtke et al. 2012a). Disability related to CLBP eval-
uated by Roland Morris Disability Questionnaire (RMDQ) 
in four studies (O’Connell et al. 2013; Hazime et al. 2017; 
Straudi et al. 2018; Mariano et al. 2019), and one study used 
oswestry disability index (ODI) (Luedtke et al. 2015). Qual-
ity of life (QoL) assessed by EQ-5D in one study (Straudi 
et al. 2018), and SF-36 was used in another trial (Luedtke 
et al. 2015).

Effect of tDCS on pain intensity

Five studies applied multiple tDCS stimulations over M1 
(O’Connell et al. 2013; Luedtke et al. 2015; Hazime et al. 
2017; Straudi et al. 2018; Jafarzadeh et al. 2019), and just 
three studies (Hazime et  al. 2017; Straudi et  al. 2018; 
Jafarzadeh et al. 2019) reported significant improvement 
in numerical pain scales after applying real anodal tDCS 
and combined intervention compared to sham tDCS and 
no intervention (Table 1). However, the pooled analysis 
showed no statistically significant improvements in the 
numerical pain scales in favour of anodal tDCS over M1 
after intervention [SMD = 0.378, 95% CI = − 0.264–1.020; 
P = 0.249], I2 = 80.10, P = 0.000 (Fig. 3). In addition, three 
studies applied single session of tDCS (Luedtke et al. 2012a; 
Schabrun et al. 2014; Jiang et al. 2020), and two studies 
(Schabrun et al. 2014; Jiang et al. 2020) reported significant 
improvement in numerical pain scales after applying real 
anodal tDCS over M1 compared to sham tDCS (Table 1). 
Only one study applied multiple sessions of cathodal tDCS 
stimulation over the left dACC (Mariano et al. 2019). How-
ever, real cathodal stimulation showed no significant change 
in DVPRS scores post intervention and after 6 weeks follow 
up (Table 1).

Fig. 2   The risk of bias summary

Fig. 3   Forest plot of the effects 
of real anodal tDCS on pain 
intensity compared with sham 
tDCS. CI confidence interval, 
VAS visual analogue scale, NRS 
numerical rating scale
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Effect of tDCS on disability and quality of life

Four studies used RMDQ (O’Connell et al. 2013; Hazime 
et al. 2017; Straudi et al. 2018) or ODI (Luedtke et al. 2015) 
to assess the disability reported that no significant improve-
ment in RMDQ or ODI in favour of anodal tDCS over M1 
(Table 1). In addition, one study (Mariano et  al. 2019) 
assessed the disability by RMDQ after cathodal stimulation 
over left dACC and reported no significant change in favour 
of cathodal stimulation. However, the pooled analysis of the 
study applied anodal tDCS stimulation over M1 (O’Connell 
et al. 2013; Luedtke et al. 2015; Hazime et al. 2017; Straudi 
et al. 2018) showed no significant improvement in disability 
scales [SMD = 0.143, 95% CI = − 0.214–0.499; P = 0.434], 
I2 = 34.32, P = 0.206 (Fig. 4). Moreover, two studies using 
the EQ-5D scale (Straudi et  al. 2018) and SF-36 scale 
(Luedtke et al. 2015) to assess QoL, although no significant 
improvement in QoL found in favour of real anodal tDCS 
stimulation over M1 (Table 1).

Adverse events and side effects

It was stated that patients did not experience adverse reac-
tions from the intervention in four studies (Luedtke et al. 
2012a, 2015; Schabrun et al. 2014; Mariano et al. 2019). 
Five studies reported mild or minor adverse effects fol-
lowing intervention including skin redness (Hazime et al. 
2017; Straudi et al. 2018), tingling and itching (Hazime et al. 
2017; Straudi et al. 2018; Jafarzadeh et al. 2019; Jiang et al. 
2020) under the site of stimulation, sleepiness (Hazime et al. 
2017; Straudi et al. 2018), headache (O’Connell et al. 2013; 
Hazime et al. 2017; Straudi et al. 2018; Jafarzadeh et al. 
2019), dizziness (O’Connell et al. 2013; Jiang et al. 2020), 
mood change and trouble to concentrate (Hazime et al. 2017; 
Straudi et al. 2018), pain (Hazime et al. 2017; Jafarzadeh 
et al. 2019), nausea (Hazime et al. 2017) and burning sensa-
tions (Jafarzadeh et al. 2019) but these were equally distrib-
uted across groups of active and control stimulation.

Discussion

We systematically evaluated the effectiveness of tDCS on 
pain and related disability in patients with non-specific 
CLBP. Nine RCTs that investigated the efficacy of real tDCS 
against sham tDCS on pain and related disability in CLBP 
patients, were included in this review. The meta-analysis 
pooled together five studies that assessed the effects of mul-
tiple sessions of tDCS applied over M1 (Table 1). Overall, 
the pooled analysis results showed no significant improve-
ments in favour of tDCS in pain, disability and QoL. These 
results add to a growing body of meta-analytical work that 
failed to show any effect of real tDCS compared to sham 
tDCS on pain, disability and QoL. These results are in line 
with previous studies that demonstrated that tDCS has little 
or no effect on chronic pain states such as multiple sclerosis, 
chronic pelvic pain and fibromyalgia (Luedtke et al. 2012b; 
Zhu et al. 2017) as well as LBP (Baptista et al. 2019).

Only one of the selected studies (Mariano et al. 2019) 
explored the effects of cathodal tDCS over left dACC. Since 
the stimulation of different brain areas is not expected to 
produce similar efficacy and safety, the latter study was 
not pooled to the others. Among studies treating M1, 
three applied tDCS as the sole treatment, while five stud-
ies applied tDCS in combination with peripheral electrical 
stimulation or with exercise or with cognitive behavioural 
therapy (Table 1). It has been previously hypothesized that 
combining tDCS with traditional interventions (rehabilita-
tive technique) can enhance the results of the tDCS treatment 
(Boggio et al. 2009; Riberto 2011; Cosentino et al. 2012) by 
exerting significant effects on different dimensions of cog-
nition, including the psychological status (Alwardat et al. 
2019). Indeed, four studies reported significant improve-
ment in numerical pain scales in favour of real anodal tDCS 
over M1 combined to other interventions (see Table 1 for 
details) (Schabrun et al. 2014; Hazime et al. 2017; Straudi 
et al. 2018; Jafarzadeh et al. 2019) whereas only one study 
exploring tDCS as the sole treatment reported positive 
results. (Jiang et al. 2020). It is known that analgesic effects 
of non-invasive brain stimulation may differ after multiple 
sessions. The pooled analysis (Fig. 3) did not reveal any 

Fig. 4   Forest plot of the effects 
of real anodal tDCS on disabil-
ity compared with sham tDCS. 
CI confidence interval, RMDQ 
Roland Morris Disability 
Questionnaire, ODI Oswestry 
disability index
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significant improvement for pain reduction in patients with 
CLBP post multiple sessions of anodal tDCS over M1.

There may be several possible explanations for these 
negative findings. First, CLBP is a complex, heterogeneous 
condition; different mechanisms and factors are involved 
in its pathogenesis. Thus, it is possible that the included 
participants had mechanical disorder such as undiagnosed 
sacroiliac joint or facet joint or discogenic pain. Moreover, 
visceral pain referred to lower back can also be a misleading 
condition, which is not related to CLBP. However, only one 
of the included studies (Luedtke et al. 2015) reported that 
participants with CLBP were carefully selected with clear 
inclusion/exclusion criteria by using European guidelines 
(Airaksinen et al. 2006). Thus, future studies are recom-
mended in which precise selection criteria for non-specific 
CLBP are carefully applied. In particular, given the com-
plexity of etiological diagnosis of CLBP, selection crite-
ria should be clearly stated in the methods of any clinical 
work, including the exclusion criteria for mechanical and 
peripheral causes (i.e. diagnostic blocks). Second, when M1 
is targeted, it is usually applied contralateral to the side of 
the pain complaint. However, CLBP can be either medial 
or lateralised, being defined as “pain localised below the 
costal margin and above the inferior gluteal folds, with or 
without sciatica” (Dionne et al. 2008). We suppose that if 
pain was medial rather than lateral, left M1 was targeted 
being left the dominant hemisphere. If the side of pain is 
not clearly stated, this could lead to heterogeneity in case 
definitions of CLBP, which limits consistency and compara-
tive analysis between studies. A precise description of the 
anatomical area should be clearly stated as well as a clear 
statement of the targeted cerebral cortex to enhance results 
and make data comparable. Third, the intensity, frequency, 
duration and stimulation target of the tDCS may not have 
been sufficient to challenge and/or modulate the structur-
ally and functionally adapted brain of patients with CLBP. 
Indeed, 3 included studies (Luedtke et al. 2012a; Schabrun 
et al. 2014; Jiang et al. 2020) carried out a single session of 
anodal or cathodal tDCS and showed short term efficacy. 
Previous meta-analyses of transcranial magnetic stimula-
tion (TMS) and tDCS in chronic pain have reported that 
the analgesic effects of non-invasive brain stimulation 
were enhanced after multiple sessions (Cruccu et al. 2016; 
O’Connell et al. 2018). To ensure sufficient improvement the 
tDCS stimulation pattern should be standardized in future 
studies. Fourth, it should be pointed out that we included 
five studies designed to explore the efficacy of tDCS com-
bined to other interventions, against other treatments and 
not specifically designed to assess the efficacy of tDCS 
alone. Therefore, any conclusions may be cautious as these 
results may be biased by any strict selection or intervention 
applied. Finally, pain is multidimensional and influenced 

by numerous factors. Thus, the follow-up evaluation in the 
included studies is heterogeneous.

The lack of tDCS effect on pain reduction in CLBP can 
be also explained by the neurophysiological hypothesis. 
The most frequently described working mechanism for 
tDCS is top down pain inhibition (Medeiros et al. 2012; 
Konno and Sekiguchi 2018). This is identified as central 
pain modulation, contributing in pain relief through altered 
cortical activity that leads to a descending cascade of events 
(Ossipov et al. 2010). Although there is strong evidence sup-
porting the reliable cortical and subcortical neurophysiologi-
cal reaction to tDCS, there is not a precise area localized as 
the cortical origin of the descending corticothalamic path-
way. Eight over nine of the included studies applied tDCS 
to M1 cortex despite there is lack of clear evidence that 
this area is modified either in function or in morphology in 
chronic back pain and, accordingly, a previous systematic 
review and meta-analysis demonstrated that the evidence 
for M1 changes in chronic pain is conflicting (Chang et al. 
2018). In fact, the underlying mechanism of M1 stimula-
tion in pain modulation is poorly understood. An animal 
study demonstrated that repetitive motor cortex stimulation 
can attenuate the mechanical allodynia in neuropathic pain, 
inducing the activation of protein kinase M zeta, a regulator 
of synaptic plasticity, in the ACC (An et al. 1998). Thus, 
M1-tDCS may act indirectly altering synaptic plasticity in 
the ACC, an area involved in pain perception and emotional 
modulation. A previous study reported that anodal tDCS 
applied over M1 increased the functional coupling of the M1 
with the thalamus (Polanía et al. 2012). Moreover, Roche 
and colleagues supported this hypothesis in healthy par-
ticipants (Roche et al. 2012). They observed that the modu-
lation of the H reflex in the quadriceps muscle indicated 
that the influence of tDCS descended as far down as the leg 
through the spinal pathway (Roche et al. 2012). However, 
the studies using experimental pain or pain thresholds do 
not support these remote effects leading to pain reduction 
(Antal et al. 2008; Boggio et al. 2008; Csifcsak et al. 2009; 
Bachmann et al. 2010; Grundmann et al. 2011). In fact, all 
the included studies in this review reported conflicting data 
on the improvement in pain reduction. Furthermore, one 
of the included studies applied anodal tDCS over M1 and 
reported no significant improvement in the perception of 
noxious thermal, electrical stimuli and thermal pain thresh-
olds in favour of real tDCS (Luedtke et al. 2012a). Indeed, 
it is surprising that most of the studies target M1 for pain 
modulation, which is not one cortex directly excited during 
pain processing. In fact, the term “pain matrix” was coined 
to describe different brain areas involved in pain process-
ing connecting the major three systems, which are usually 
affected by pain signals: the lateral and the medial system as 
the two main afferent pain pathways, and the descending sys-
tem involved in pain modulation. Cortices mainly involved 
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in pain processing are represented by PFC, amygdala and 
medial insula as concerned the cognitive and emotional 
appraisal of pain, and by the sensory cortex S2 and lateral 
insula concerning the discriminatory sensory component of 
pain (Henry et al. 2011; Fabbro and Crescentini 2014). It 
was shown that greater functional connections between the 
dorsal medial PFC-amygdala-accumbens circuit contrib-
ute to risk of chronic pain in subacute back pain patients 
(Vachon-Presseau et al. 2016). Accordingly, disorders of the 
brain network have been proposed as one of the possible 
causes of LBP chronicity (Mano et al. 2018). A combination 
of sensory and affective dimensions of pain predict DLPFC 
grey matter changes in a brain-imaging study (Apkarian 
et al. 2004), and the extent of density changes displays a 
strict correlation with pain intensity and unpleasantness 
(Schmidt-Wilcke et al. 2006). Indeed, the altered function 
of both anterior cingulate cortex and PFC in chronic pain 
patients is not surprising, as these structures are involved in 
the descending modulation of pain (Bushnell et al. 2013). 
The cortical projections to the PAG, the primary control cen-
tre for descending pain modulation and pain relief, originate 
principally from the PFC (An et al. 1998). Upon PFC and 
ACC activation, PAG releases opioids that act to alleviate 
pain (Konno and Sekiguchi 2018). Thus, decreased activa-
tion in these brain regions may be associated with decreased 
function of the descending inhibitory system (Konno and 
Sekiguchi 2018).

Given this rational basis, tDCS could be applied to the 
PFC, an area directly involved in pain cognitive interpreta-
tion. It has been demonstrated that tDCS of the left DLPFC 
in healthy subjects induces increased perfusion in brain 
regions that are anatomically connected to the DLPFC, such 
as the insular cortex, cingulate cortex and the PAG (Stagg 
et al. 2013). Indeed, several lines of evidence suggest that 
anodal tDCS to the DLPFC improves symptoms in a range 
of situations, including working memory, mood, and pain 
perception (Ivo et al. 2013). Of Interest, placebo analgesia in 
chronic back pain can be predicted, by studying the neuronal 
interactions between prefrontal regions and pain processing 
regions (bilateral insula) (Hashmi et al. 2012).

We did not detect any meaningful significant results in 
favour of real tDCS on disability and QoL. Taking into 
account the relation between pain, disability and QoL, and 
given that cortical stimulation produced significant analge-
sic effects in some chronic pain states (Mori et al. 2010; 
Luedtke et al. 2012b) we could expect that reduced pain 
may improve QoL and decrease disability. The current meta-
analysis does not support this analgesic effect in CLBP, as 
well as the improvement in QoL and disability in CLBP 
patients. However, no serious side-effects and/or adverse 
events were reported in the included studies.

Study limitations and recommendations

The main limitation of the current study is the small sample 
size and the small number of studies included, which made 
the sensitivity analyses difficult. Moreover, the heterogeneity 
of the studies included limited the pooled analysis. A further 
limitation is that we only considered the effects of tDCS on 
VAS and NRS pain intensity scores. VAS and NRS are the 
most frequently outcome measure used for clinical studies and 
therefore allow us to make the largest comparison possible 
across the included studies. The most frequently stimulated 
site in the included studies is M1. We recommend future stud-
ies to focus on central pain mechanisms in non-specific CLBP, 
and to explore the effect of tDCS on sites different from M1, 
such as DLPFC. The included studies used heterogeneous 
stimulations parameters (intensity, frequency, and duration). 
This prevents us to estimate and recommend the ideal tDCS 
parameters protocol for CLBP. Further studies are required 
in order to suggest the optimal parameters to be used. Five 
studies (O’Connell et al. 2013; Schabrun et al. 2014; Hazime 
et al. 2017; Straudi et al. 2018; Jiang et al. 2020) used the 
international 10/20 EEG System to apply the tDCS electrode 
over the M1 and three studies (Luedtke et al. 2012a, 2015; 
Schabrun et al. 2014) applied single pulse TMS to determine 
accurately the location of the M1. Therefore, it is difficult to 
assess whether the included studies targeted the M1 accu-
rately. In addition, the size of electrodes used also differed, 
and it is unclear whether these different sizes may influence 
the effectiveness of tDCS. We suggest future research using 
a standard protocol to determine the brain target before the 
stimulation such as single pulse TMS, as well as, standard 
electrodes size. Further, more studies are needed to understand 
the utility of combining tDCS with traditional interventions in 
order to choose the appropriate intervention with regards to the 
patient’s needs. Despite these limitations, the modified Jadad 
scale and the Cochrane’s risk of bias assessment showed that 
the studies quality were high and the risk of bias was small.

Conclusion

The results of this systematic review and meta-analysis do 
not provide evidence that tDCS is effective in reducing non-
specific CLBP, as well as, related disability and QoL. This is 
the first meta-analysis to investigate the effectiveness of tDCS 
on CLBP and the results are not consistent with existing stud-
ies of tDCS in other chronic pain conditions. Our results are 
insufficient to support the use of tDCS for CLBP, however 
tDCS was generally a safe and easy-to-use option. However, 
given the limitations of the present analysis, our results should 
be considered necessarily tentative. Well-designed studies with 
more sensitive outcomes and different stimulation sites are 
required in the future.
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Appendix 1: Database and search strategies

Medline (Transcranial Direct Current 
Stimulation[mh] or Transcranial 
Direct Current Stimulation[tiab] 
or tDCS[tiab] or Electrical 
Stimulation Transcranial[tiab]) 
AND (low back pain[mh] or 
LBP[tiab] or chronic nonspe-
cific low back Pain[tiab] or 
NSLBP[tiab] or back pain[mh])

Web of Science ("low back Pain" or "chronic low 
back pain" or "chronic nonspe-
cific low back pain" or "LBP" or 
"NSLBP") AND (“Transcranial 
Direct Current Stimulation” or 
tDCS or “Electrical Stimulation 
Transcranial”)

Scopus ("low back Pain" or "chronic low 
back pain" or "chronic nonspe-
cific low back pain" or "LBP" or 
"NSLBP") AND (“Transcranial 
Direct Current Stimulation” or 
tDCS or “Electrical Stimulation 
Transcranial”)

Cochrane #1 MeSH descriptor: [Transcra-
nial Direct Current Stimulation] 
explode all trees or Transcranial 
Direct Current Stimulation" or 
tDCS

#2 MeSH descriptor: [low back 
Pain] explode all trees or "low 
back Pain" or " chronic low back 
pain" or " chronic nonspecific 
low back pain " or "LBP" or 
"NSLBP"

#1 AND #2
EMBASE (’transcranial direct current 

stimulation’/exp OR ’transcra-
nial direct current stimula-
tion’ OR ’transcranial direct 
current stimulation’:ab,ti OR 
’tdcs’:ab,ti) AND (’low back 
pain’/exp OR ’chronic low back 
pain’ OR ’chronic nonspecific 
low back pain’ OR ’LBP’ OR 
’NSLBP’:ab,ti)
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