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Abstract

BACKGROUND: The analgesic effects of transcranial Direct Current Stimulation (tDCS) 

combined with physical therapy remain unclear.

OBJECTIVE: To systematically review available evidence comparing tDCS with any physical 

therapy modality (PTM) to PTM alone or PTM with sham tDCS on pain relief on common 

musculoskeletal (MSK) conditions, namely knee osteoarthritis (KOA), chronic low back pain 

(CLBP), myofascial pain syndrome (MPS) and fibromyalgia.

METHODS: EMBASE and MEDLINE were searched from inception to April 2019 for 

randomized controlled trials. Reviewers independently assessed the studies quality and extracted 

data according to the PRISMA protocol. The GRADE approach was used to asses quality of 

evidence and a “Summary of Findings” table was created. The analyses used random-effects 

model. The primary outcome was pain reduction after treatment.

RESULTS: Eight articles were included. Only one study had low risk of bias. Quality of evidence 

was considered low or very low. Significant reduction in pain scores were found for fibromyalgia 

and KOA (Standardized mean difference (SMD) = −1.94 [95% CI: −3.37 to −0.49; I2=76.4%] and 
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SMD = −2.35 [95% CI: −3.63 to −1.06; I2=69.7%] respectively). Subgroup analysis considering 

the type of PTM despite MSK condition revealed significant reduction in pain scores for exercise, 

SMD = −1.20 [95% CI: −1.683 to −0.717; I2=10.8%].

CONCLUSIONS: Large heterogeneity and low quality of evidence and limited number of studies 

were found. Results suggest a potential analgesic effect of tDCS in combination with a PTM for 

fibromyalgia and KOA. Subgroup analysis suggests a stronger effect of tDCS when combined 

with an exercise based PTM.
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INTRODUCTION

Rehabilitation therapies for chronic musculoskeletal (MSK) conditions aim to re-establish 

physical function in daily-life activities and to alleviate pain for subjects with limiting 

injuries, conditions or impairments. Different approaches have been studied to achieve these 

aims, including combining rehabilitation modalities with other therapies1. The use of non-

invasive brain stimulation is a novel therapeutic modality that has increasing evidence of 

effectiveness when used in combination with rehabilitation protocols.2

Non-invasive brain stimulation (NIBS) techniques are designed to act on neuronal state via 

the application of magnetic or electrical field through the skull. These techniques have 

shown to influence pain perception3 and motor performances, which may translate to 

clinical improvements4. It has been proposed that these types of stimulations facilitate a 

change in dysfunctional excitability patterns in the brain, inducing neuronal plasticity5,6 and 

are beneficial to minimize pain and improve physical function7,8. Research suggests that 

NIBS may facilitate other rehabilitation strategies, such as physical therapy techniques, to be 

more effective in priming the activation of areas such as the primary motor cortex to improve 

pain and physical function9,10,11.

Among different types of NIBS, transcranial direct current stimulation (tDCS) has been 

widely used as it is relatively easy to use, portable, well-tolerated, and can be combined 

simultaneously with other rehabilitation strategies with minimal side effects12. However, 

clinical trials showed variable effect on pain scores before and after its application when 

combined with other rehabilitation therapies in different neurological and MSK conditions. 

A recent systematic review13 investigated the effect of NIBS for general chronic pain 

conditions and the meta-analysis of tDCS studies versus sham showed a clinical but not 

statistically significant difference between interventions. However, to date, there are no 

systematic reviews that investigated the effect of tDCS when combined with any type of 

physical therapy intervention on chronic MSK pain conditions. The combination of tDCS 

and physical therapy techniques (e.g. exercises) are thought to enhance clinical effects on 

pain, as compared to tDCS alone, by increasing the brain responsiveness to the corticomotor 

benefits of exercise or other physical therapy interventions (e.g. increased cortical 

excitability, improved motor control, enhanced muscle activation14), and by adding effects 
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on the pain system function. We believe that investigating if this combination of 

interventions is effective for MSK chronic pain conditions may direct future research and 

clinical work to explore this approach which ultimately may help the design of more 

effective rehabilitation protocols, hence optimize care for chronic MSK conditions.

We have systematically reviewed the evidence from randomized controlled trials to try to 

answer the research question of “what is effect of tDCS when combined with any type of 

physical therapy intervention modality (PTM) on pain intensity scores in common MSK 

conditions such as knee osteoarthritis (KOA), chronic low back pain (CLBP), fibromyalgia, 

and myofascial pain?”. This review will focus on the mentioned MSK conditions as these 

conditions are commonly present in the day to day of an MSK rehabilitation clinic. 

Understanding the actual benefit from combining tDCS to other physical therapy modalities 

is clinically important as it may assist the development of better rehabilitation protocols for 

chronic MSK conditions.

METHODS

Search Strategy

Medline and EMBASE databases were searched for articles in English language. Search 

terms included multiple variants of the terms Transcranial direct current stimulation, 

fibromyalgia, myofascial pain, low back pain, KOA, additional to Medical Subject Headings 

(MeSH). A broad search strategy was employed to ensure the detection of all potentially 

reported forms of PTMs (details of search strategy can be found in Appendix.1). Snowball 

searching was performed by screening the references of retrieved studies. Published articles 

included from inception until April 5th, 2019.

Selection Criteria

We included randomized controlled trials and the following inclusion criteria: 1) age above 

18 years; 2) presence of low back pain or fibromyalgia or KOA or myofascial pain 

diagnosed for at least >3 months; 3) intervention performing tDCS combined with a form of 

physical therapy modality (defined as any physical agents such as electrical, light, thermal or 

mechanical energy used in the field of physical therapy to produce therapeutic response); 4) 

presence of physical therapy treatment alone or physical therapy combined with sham tDCS 

as one of the comparison groups; 5) assessment of pain intensity level at baseline and after 

the intervention. The exclusion criteria were: 1) other chronic MSK conditions; 2) 

intervention performing other types of NIBS; 3) interventions with tDCS without direct 

comparison to a PTM. This systematic review is registered at PROSPERO database manager 

for systematic reviews (Registration number: CRD42019127037).

Screening and Data Extraction

Articles were exported to Covidence (web-based systematic review software) for screening 

and qualitative assessment process. Two authors (P.T. and L.A.), independently screened all 

titles and abstracts. If an abstract met inclusion criteria, the full text of the article was 

reviewed for confirmation. Discrepancies were resolved by the senior investigator (S.P.). 

After which, three authors (P.T., H.A.., L.A.) extracted the data into organized spreadsheets 
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that included: study location; publication year; study design; MSK condition studied; PTM 

used; sample size; interventions; population characteristics; pain scale used; time frame of 

pain assessment; tDCS characteristics; duration of symptoms; pain scores and measure of 

variability in each intervention arm.

Our primary outcome was the mean difference in pain score between baseline and a time 

frame post intervention. We anticipated that studies will have varying time intervals in 

measuring the post intervention pain score, thus we defined a short term follow up time 

frame to be a pain score measurement that occurred post completion of the intervention and 

≤ 8 weeks from baseline. A long-term follow-up time frame was defined as a pain score 

measurement that occurred post intervention and > 8 weeks from baseline. Mean pain scores 

and variability estimates were collected from the included studies and each estimate was 

assigned to be either a short-term vs. a long-term value. A web-based program 

(WebPlotDigitizer, version 4.2) was used to extract pain scores from articles which 

presented final data as figures only15,16. Finally, we calculated the mean differences and 

standard deviations of the mean differences between each time frame and baseline.

Risk of Bias Assessment

Three independent reviewers (P.T., L.A., H.A.) assessed the included studies using the 

Cochrane risk of bias tool from the Cochrane Collaboration for randomized control 

trials17,18. Risk was assigned to be unclear if the specific category was not clearly described 

in the study methods. If there were any conflicting judgments, the authors met to resolve 

them.

Quality of Evidence

The GRADE approach19 was used by two independent authors (P.T., L.A.) to rate the quality 

of the evidence for the intervention comparison. Evidence was rated according to the 

GRADE criteria. For comparison where there was only a single randomized study (with 

under 300 participants), the quality was downgraded twice as it was considered inconsistent, 

potentially imprecise (i.e. if wide 95%CI) and with potential publication bias, providing low 

quality of evidence. If there were discrepancies among authors, they met to come to an 

agreement. A “Summary of findings” table was created to present the result and the criteria 

explanation is shown in the table.

Statistical Analysis

Analysis of the analgesic effect of tDCS/PTM combination vs. PTM only was reported 

according to MSK condition. Due to expected clinical heterogeneity, we decided a priori to 

use a random-effect models with weights based on the DerSimonian and Laird method using 

standardized mean differences (SMD) as different pain scales were reported among the 

studies. We presented the results SMD with 95% CIs. For each condition, we examined 

between study statistical heterogeneity using the I2 and Cochran’s Q test with I2greater than 

50% considered significant evidence for heterogeneity. Potential sources of heterogeneity 

were planned a priori to be examined with meta-regression analysis.

Teixeira et al. Page 4

Princ Pract Clin Res. Author manuscript; available in PMC 2020 August 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A subgroup analysis was performed considering the type of PTM (exercise based or 

electrical stimulation) despite the MSK condition. Finally, for each condition, a funnel plot 

to assess potential publication bias and Egger’s and Begg’s test was planned to formally test 

the assumption of publication bias. All tests were 2-tailed, using a p <0.05 threshold for 

significance, and performed using STATA 15 software (StataCorp. 2017: Release 15. 

College Station, TX). Clinical significance was determined according to the average baseline 

scores of the two intervention groups using previously reported minimal clinical important 

differences (MCID) and SMD values for chronic MSK pain20. For CLBP, the considered 

MCID was 20mm21,22 and SMD = 0.49, for fibromyalgia SMD = 0.30, Myofascial pain 

syndrome SMD = 0.60 and for KOA MCID = 27mm23,24 and SMD= 0.27.

RESULTS

Our search strategy identified 212 articles. After screening, 36 records required full-text 

review. Figure 1 shows reasons for exclusion. One placebo-controlled crossover 

randomized25 trial was excluded as it was unclear that the included participants had CLBP 

according to our definition11,25–32. Table.1 summarizes the final list of eight selected studies 

for the analysis. The sample size of the studies varied across conditions. A total of 355 

participants were included in the analysis (216 (60.8%) with chronic back pain, 53 (14.9%) 

with fibromyalgia, 31 (8.7%) with myofascial pain syndrome, and 55(15.5%) with KOA. 

The median duration of symptoms in the combined tDCS+PTM group on all studies was 

37.3 months [IQR 9.4, 98] compared to 59.7 months [IQR 6.4, 108] in the PTM only. Time 

between intervention and post intervention pain assessment varied among studies.

Risk of Bias Assessment

Studies varied on bias levels. In studies which were deemed with moderate to high risk of 

bias, the most common potential causes of bias were the inadequate description of 

randomization and concealment procedures. In many of the included studies the sample size 

in each intervention arm of interest is considered small. Quality assessment of included RCT 

studies is provided in Appendix.2.

Quality of evidence

Table 2 summarizes the findings for the quality of evidence based on the GRADE approach 

for the outcome of pain intensity for each condition. Inconsistency due to heterogeneity and 

imprecision due to small sample size was present in all conditions. Overall, the quality of 

evidence varied from very low to low for all the conditions for both short- and long-term 

follow-ups.

Analysis by Musculoskeletal Condition

To explore the pooled results according to each MSK condition, we examined the 

standardized mean differences in pain scales separately. Figure 2 shows the forest plots for 

each condition using SMD for CLBP and fibromyalgia and the weighted mean difference 

(WMD) for KOA. For CLBP, the pooled standardized estimate did not achieve either 

clinically or statistically significance. For the one study on myofascial pain syndrome, the 

mean difference on pain VAS (0–100) at the 4-week timepoint assessment was −38.2 ± 1.98 
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for the tDCS + physical modality group and −37.7 ± 1.98 physical modality only group, (p-
value > 0.05). Given that the two studies on KOA used the same outcome measure (0–100 

mm VAS pain scale), the weighted mean difference was also calculated (Figure 2).

Meta-regression

Due to the number of studies in each condition, there was no adequate statistical power to 

run meta-regression analysis. Such analysis should be considered only when there are ten or 

more studies, according to the Cochrane Handbook for Systematic Reviews of 

Interventions18.

Subgroup Analysis

Considering the type of PTM despite the condition, three studies (one on CLBP, one in KOA 

and one in fibromyalgia) used an exercise-based intervention as a PTM, and two studies 

used an electrical stimulation type of intervention (one CLBP and one in KOA). The pooled 

standardized estimate for the combination of tDCS with an exercise based PTM was 

significant, SMD = −1.20 [95% CI: −1.683 to −0.717, p-value = 0.000; I2=10.8%, p-value = 

0.326], and not significant for the combination with electrical stimulation, SMD = −1.48 

[95% CI: −4.45 to 1.49, p-value = 0.328; I2=95.8%, p-value = 0.000] (Figure 3).

Publication Bias Assessment

The low number of studies did not allow us to perform publication bias analysis as planned 

as it is only adequate when there are ten or more observations/studies. However, the lack of 

enough studies to run this analysis is likely to suggest the presence of publication bias.

Evidence on Myofascial Pain Syndrome

Our search has found only one randomized clinical trial that investigated the analgesic effect 

of tDCS alone versus tDCS plus PTM on myofascial pain syndrome. The PTM was based on 

active stretching exercise, ultrasound therapy and the use of hot packs (3 times/week for 2 

weeks) and the method of combination of the interventions was overlapping. Sample size 

was relatively small (tDCS + PTM group =16, PTM only group= 15). The tDCS parameters 

were 1mA anodal at contralateral M1 using 35cm2 electrode surface area for 20 minutes, 

once a day for 5 consecutive days. The average age on the tDCS + PTM and PTM only 

group were respectively 49.9 ± 8.2 and 45.9 ± 10.2. Symptom duration on both groups were 

approximately 6 months. The study used the pain VAS (0–10) as outcome and the 

assessments were performed at baseline and weekly for 4 weeks. The pain mean difference 

at the 4th week was −3.82 ± 0.2 for the tDCS + PTM group and −3.77 ± 0.2 PTM group 

only. The risk of bias assessment suggested a moderate to high risk of bias as important 

aspects of the methodology were not clearly reported.

DISCUSSION

The current study systematically reviewed all available evidence from RCTs to summarize 

the effect of tDCS when combined with any type of PTM versus PTM alone on pain scores 

in common MSK conditions namely KOA, low back pain, fibromyalgia, and myofascial 

pain. To our knowledge, this is the first systematic review that examined this research 
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question. Overall, our results show that the available evidence is inconclusive due to the 

large heterogeneity among the studies and methodological biases.

For CLBP, the standardized estimate did not support the use of tDCS in combination with 

PTM with the objective of pain relief on a short-term period (<8 weeks). Our random-effects 

meta-analysis revealed a high level of heterogeneity among the studies. Our findings cannot 

confirm but factors such as number and duration of tDCS sessions, mean age and symptom 

duration in the intervention’s groups could potentially explain the high heterogeneity 

observed for the CLBP condition studies. However, our review did not have enough 

observations to allow a more comprehensive investigation of the sources of heterogeneity. In 

addition, other unknown sources of heterogeneity, such as presence of comorbidities or co-

treatments (i.e. pain medication), may also be contributing to the overall result and were not 

possible to be analyzed with the collected data. Pooled estimates should be interpreted with 

caution when large heterogeneity estimates exist in meta-analysis.

The standardized estimates for fibromyalgia and for KOA suggest that these effects of are 

above the clinically considered standardized mean difference of the visual analog scale 

previously reported20,24,33. Although the non-standardized estimate calculated for the KOA 

studies show a result below previously reported MCID (27mm)23,24, the standardized 

estimate supports a significant clinical analgesic effect of the combination of tDCS with 

PTM when compared to PTM alone. The analgesic effect of tDCS when combined with any 

type of PTM seems to be beneficial to these conditions as compared to CLBP and 

myofascial pain syndrome. However, the quality of evidence assessment reveals very low to 

low levels of quality, meaning that the effect estimate is limited and there is very little 

confidence in it. It is likely that the true effect differs from the estimate which consequently 

makes the results limited. Our analysis also showed higher levels of heterogeneity for the 

subgroup analysis of CLBP and myofascial pain syndrome as compared with KOA and 

Fibromyalgia. This could be explained by the nature of the clinical conditions as CLBP is a 

condition with no decisive diagnosis and with varying underlying etiology. As for 

myofascial pain syndrome, there was only one study about this condition which makes the 

generalization of the findings limited, inconsistent and inconclusive.

All studies included in the analysis had a relatively small sample size. Given the 

randomization is effective when the sample size of the study is large enough, confounding 

could still produce bias in these studies. In addition, the low number of studies in this review 

highlights the lack of published trials in the field which may reflect a relevant publication 

bias.

Despite the low number of studies, our meta-analysis suggests that the combination of tDCS 

with PTM does not show to be beneficial in relieving pain for CLBP, but it might for the 

conditions of fibromyalgia and KOA as compared to PTM alone. tDCS is likely to act on 

neuronal state to indirectly influence the central sensitization which is thought to be present 

in chronic MSK conditions3. Central sensitization levels can vary according to symptom 

chronicity and the presence of psychosocial factors such as anxiety, depression and 

catastrophization34. Different study samples with different MSK conditions may comprise of 

subjects with different levels of central sensitization which would make them more or less 
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likely to benefit from neuromodulation interventions such as tDCS. This may explain why 

the combination of tDCS with PTM may work for some conditions and not others. However, 

the limited number of studies included in our analysis only hence the need of more studies 

and larger clinical trials to better estimate the pooled effect of these interventions on pain 

scores in common MSK conditions.

Our subgroup analysis showed that the reduction in pain scores was significant for the 

combination of tDCS with an exercise based PTM but not for the combination of tDCS with 

a type of electrical stimulation (peripheral or intramuscular). Previous research has explored 

the relationship between physical exercise and pain perception in MSK condition35. Greater 

physical activity was associated with decreased pain ratings and its association with brain 

areas suggests implications on pain regulation and sensory aspects of pain. One of the neural 

areas that may lead to this synergistic effect is the primary motor cortex that seems to be an 

important modulator of chronic pain36.In addition, exercise can affect other body functions 

that can help with its analgesic effect, such as neuroendocrine responses37. As tDCS can 

modulate neuronal excitability and influence brain plasticity, it is likely that an exercise 

intervention when combined with tDCS may add to the effect on the central nervous system 

areas of pain processing. Our finding supports the combination of these two intervention 

strategies for pain improvement in different MSK conditions.

Our review suggests that there are a low number of studies that investigated the combination 

of PTM with tDCS for MSK conditions and the existing literature relies on poor 

methodology. Such finding may be partially explained by the traditional use of NIBS only in 

neurological conditions. As the tDCS research developed the evidence in musculoskeletal 

conditions started to surge. Randomized clinical trials that are well powered and with 

adequate methodology to avoid bias are the level of evidence needed to clarify the effects of 

the combination of these interventions. Limiting factors for conducting this type of research 

may be the resources that such design requires, such as funding and logistics.

Our systematic review and meta-analysis have limitations that should be considered. Mainly, 

the high level of heterogeneity revealed by the analysis demands that the results are 

interpreted with caution. Our attempt to explore the sources of heterogeneity among the 

studies within each condition was limited by the number of studies found for each condition. 

We believe these results exposed the lack of studies in the field which may call for an 

exploration of these interventions in MSK conditions. An adequate heterogeneity 

investigation was again not allowed due to the number of studies. Future investigations 

should explore sources of heterogeneity as the ones measured in our study, thus other 

confounders may exist. The low sample size and risk of bias present in the selected studies 

are also an important limitation. Imprecise estimates are common when small sample sizes 

are predominant among the studies. Ultimately, our criteria, although broad, led to a small 

number of studies to be analyzed. The low number of studies included suggest that the 

current state of evidence may be limiting a definite answer to our research question. As for 

strengths, our extensive systematic search, the quality assessment exploration, and the 

detailed presentation of our results make this synthesis the best available with the current 

existing evidence.
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CONCLUSION

Available evidence offers inconclusive results due to publication bias and large 

heterogeneity. The conditions that may benefit more from the combined interventions of 

tDCS and PTM are KOA and Fibromyalgia. The analgesic effect seems to be stronger when 

tDCS was combined with an exercise-based intervention, despite the MSK condition. Future 

research should explore the combination of interventions on these specific conditions (tDCS 

and exercise-based therapy). Larger clinical trials are needed to better estimate the pooled 

effect of these interventions on pain scores in other MSK conditions. Due to the existence of 

few studies in this field, our findings should not discourage any future research in this area.
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Figure 1: 
Flow diagram of study selection. PT: Physical therapy; tDCS: transcranial direct current 

stimulation
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Figure 2: 
Meta-analysis of the standardized/weighed mean difference in pain score between studies 

including post tDCS/PTM combined intervention compared to PTM alone by MSK 

condition.
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Figure 3. 
Subgroup analysis by type of CPM despite the MSK condition.
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Table 1:

Summary of Studies That Compared the Analgesic Effect of tDCS Combined with a Physical Therapy 

Modality vs. Physical Therapy Alone on Common MSK Conditions.

Author, 
Year Country Study 

Design N MSK 
Condition PTM PTM 

Duration
Characteristics 
of tDCS

Characteristics 
of tDCS 
Sessions

tDCS & 
PTM 
Sequence

Pain 
Scale

Pain 
Assessment 
Intervals

Intervention 
Groups

# of 
patients 
in each 
arm

Mean 
age 
±SD 
(years)

% 
Female

Average 
duration 
of pain 
symptoms 
± SD 
(months)

Timepoint 
Pain 
Assessment 
chosen for 
meta-
analysis 
(weeks)

Mean difference 
in pain score 
between baseline 
and Timepoint 
Pain Assessment 
chosen for 
analysis ± SD

Luedtke 
et al24, 
2015

Germany RCT 135 Chronic Low 
Back Pain CBT

daily 
sessions 
× 4 
weeks

2mA anodal on 
M1 left (35cm2)

Five 20-minute 
sessions per 
week × 1 week

Sequential 0–100 
VAS

Baseline, 
week 5, 9, 
17, 29

tDCS + CBT 67 45 ± 9 49 98 ± 106

5

−22 ± 3.8

sham tDCS 
+ CBT 68 44 ± 

10 44 93 ± 125 −25 ± 3.09

Hazime et 
a25l, 2017

Brazil RCT 92 Chronic Low 
Back Pain PES

3 
sessions/ 
week × 4 
weeks

2mA anodal on 
M1 
contralateral 
(35cm2)

Three 20-
minute sessions 
per week × 4 
weeks

Concurrent 0–10 
VAS

Baseline, 
week 4, 12, 
24

tDCS + PES 23 51.3 ± 
9.9 78.3 37.3 ± 

39.4
4

−45* ± 4.97

sham tDCS 
+ PES 23 53 ± 

9.9 65.2 59.7 ± 
59.7 −45* ± 5.44

Straudi et 
al26, 2018

Italy RCT 35 Chronic Low 
Back Pain

Group 
exercise

10 
sessions 
over 1 
month

2mA anodal on 
M1 
contralateral 
(35cm2)

Five 20-minute 
sessions per 
week × 1 week

Sequential 0–100 
VAS

Baseline, 
week 1, 5, 9

tDCS + 
Group 
Exercise

18 54.3 ± 
12.4 66.7 9.4 ± 9.2

5

−21.2 ± 30.7

Sham tDCS 
+ Group 
Exercise

17 56 ± 
12.9 82.3 7.8 ± 5.3 −7.2 ± 32.5

Riberto et 
al27, 2011

Brazil RCT 23 Fibromyalgia MRP

3 
sessions/
week × 
16 weeks

2mA anodal on 
M1 
contralateral 
(35cm2)

One 20-minute 
session per 
week × 10 
weeks

Overlap

SF-36 
pain 
domain, 
VAS

Baseline, 
week 16

tDCS + 
MRP 11 58.3 ± 

12.1 100 9.9 ± 11.8 16 −19
† ± 5.12

Sham tDCS 
+ MRP 12 52.4 ± 

11.5 100 6.4 ± 10.2 −4.8
† ± 5.24

Mendonca 
et al28, 
2016

Brazil RCT 45 Fibromyalgia AE

3 
sessions/
week × 4 
weeks

2mA anodal on 
M1 (35cm2)

Five 20-minute 
sessions per 
week × 1 week

Overlap 0–10 
VAS

Baseline, 
week 4, 8, 
12

tDCS + AE 15 44.5 ± 
14 93.3 140.6 ± 

72.2
12

−23* ± 7.67

sham tDCS 
+ AE 15 48 ± 

11.8 100 149.3 ± 
111.1 −13* ± 8.17

Sakrajai 
et al29, 
2014

Thailand RCT 31
Myofascial 
pain 
syndrome

Active 
Stretching 
Exercise + 
Ultrasound 
therapy + Hot 
packs

daily 
stretching 
+ US/hot 
packs 3 
times/
week × 2 
weeks

1mA anodal on 
M1 
contralateral 
(35cm2)

Five 20-minute 
sessions per 
week × 1 week

Overlap 0–10 
VAS

Baseline, 
weekly × 4 
weeks

tDCS + 
Physical 
Modality

16 49.9 ± 
8.3 68.8 5.91 ± 

2.55 4 −38.2* ± 1.98

sham tDCS 
+ Physical 
Modality

15 45.93 
± 10.2 73.3 5.69 ± 

1.69 −37.7* ± 1.98

Chang et 
al30, 2017

Australia RCT 30 Knee 
Osteoarthritis

Strengthening 
Exercises

2 class 
sessions 
+ 2 home 
sessions/
week × 8 
weeks

1mA anodal on 
M1 
contralateral 
(35cm2)

Two 20-minute 
sessions per 
week × 8 weeks

Sequential 0–100 
VAS

Baseline, 
week 9

tDCS + 
Exercise 13 59.8 ± 

9.1 73.3 86.4 ± 
63.6

8

−35.8 ± 6

sham tDCS 
+ Exercise 12 64.1 ± 

11.1 60 108 ± 87.6 −22.8 ± 8.96

da Graca-
Tarragó et 
al31, 2019

Brazil RCT 60 Knee 
Osteoarthritis EIMS

5 session/
week × 1 
week

2mA anodal on 
M1 
contralateral 
(35cm2)

Five 30-minute 
sessions per 
week × 1 week

Concurrent 0–100 
VAS

Baseline, 
day 5

tDCS + 
EIMS 15 66 ± 

9.1 100 --

0.71

−64.1 ± 6.11

sham tDCS 
+ EIMS 15 64.4 ± 

6 100 -- −42.2 ± 8.19

RCT: Randomized Controlled Trial; MSK: musculoskeletal; VAS: Visual Analog Scale; tDCS: transcranial direct current stimulation; PTM: 
physical therapy modality; PES: Peripheral Electrical Stimulation; CBT: Cognitive Behavioral Therapy; MRP: Multidisciplinary rehabilitation 
program; AE: Aerobic Exercise; EIMS: Intramuscular Electrical Stimulation.

*
Estimates changed to mm scale;

†
Change from baseline – T Long term (on SF-36 scale) .
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Table 2.

The GRADE “Summary of Findings” table for quality of evidence, magnitude of effect of the interventions at 

short- and long-term follow-up.

The Analgesic Effect of Transcranial Direct Current Stimulation (tDCS) combined with Physical Therapy on Common 
Musculoskeletal Conditions

Patient or population: patients with low back pain or fibromyalgia or KOA or myofascial pain diagnosed for at 
least >3 months

Settings: Outpatient

Intervention: tDCS combined with a form of physical 
therapy treatment

Comparison: Physical therapy treatment alone or 
physical therapy combined with sham tDCS

Outcomes Effect size Relative and absolute effect 
(average % improvement 
(reduction) in pain (95% 
CIs) in relation to post-
treatment score from sham 
group) * * Where 95%CIs 
do not cross the line of no 
effect.

No of participants 
(studies)

Quality of the 
evidence (GRADE)

Fibromyalgia

Pain intensity (< 8 weeks from 
baseline) measured using a 
visual analog scale or numerical 
rating scale

MD −12.0; 95%CI 
(−17.17, −6.83) 
SMD −1.66; 95%CI 
(−2.49, −0.82)

This equates to a 12%, 95% 
CI (17% to 6%) reduction in 
pain intensity, on a 0 to 100 
pain intensity scale

45 (1) ⊕⊕◯◯ low
1

Pain intensity (> 8 weeks from 
baseline) measured using a 
visual analog scale or numerical 
rating scale

SMD −1.94; 95%CI 
(−3.38, −0.49)

This equates to a 13%, 95% 
CI (16% to 8%) reduction in 
pain intensity, on a 0 to 100 
pain intensity scale

68 (2) ⊕⊕◯◯ low
2, 4

Low Back Pain

Pain intensity (< 8 weeks from 
baseline) measured using a 
visual analog scale or numerical 
rating scale

SMD −0.19; 95%CI 
(−1.13, 0.74)

- 278 (4) ⊕◯◯◯ very 

low
2, 3, 4

Pain intensity (> 8 weeks from 
baseline) measured using a 
visual analog scale or numerical 
rating scale

SMD −0.02; 95%CI 
(−0.92, 0.95)

- 262 (3) ⊕◯◯◯ very 

low
2, 3, 4

Knee Osteoarthritis

Pain intensity (0 to 8 weeks 
from baseline) measured using a 
0–100 visual analog scale

MD −17.59; 95%CI 
(−26.31, −8.87)

This equates to a 17%, 95% 
CI (26% to 8%) reduction in 
pain intensity, on a 0 to 100 
pain intensity scale

90 (2) ⊕⊕◯◯ low
2, 4

Myofascial Pain

Pain intensity (< 8 weeks from 
baseline) measured using a 0–10 
visual analog scale

SMD −0.253; 95%CI 
(−0.96, 0.45)

- 31 (1) ⊕◯◯◯ very 

low
2, 3, 4

GRADE Working Group grades of evidence
High quality: we are very conf ident that the true effect lies close to that of the estimate of the effect
Moderate quality: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect, but there 
is a possibility that it is substantially different
Low quality: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect
Very low quality: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate 
of effect

MD: Mean Difference; SMD: Standardized Mean Difference; CI: confidence Interval; KOA: Knee Osteoarthritis
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4
Downgraded once for imprecision due to small sample size

3
Downgraded once for study limitation due to high or unclear risk of bias.

2
Downgraded once for inconsistency due to heterogeneity.

1
Downgraded twice. Single randomized study (with under 300 participants) were considered inconsistent, imprecise (i.e. wide 95%CI) and with 

potential publication bias, providing low quality of evidence.
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