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Effects of transcranial direct current stimulation associated or combined
with exercise on musculoskeletal pain: systematic review

Efeitos da estimulacao transcraniana por corrente continua associada ou combinada ao
exercicio na dor musculoesquelética: revisdo sistematica

Ricardo Vinicius Silva Souza', Daniel Germano Maciel', Mikhail Santos Cerqueira’

ABSTRACT

BACKGROUND AND OBJECTIVES: Aerobic/resistance
exercises and transcranial direct current stimulation (tDCS) can
produce analgesic effects in patients with musculoskeletal pain,
however, the summed effect of these two therapeutic resources
remains unclear. The present study aimed to verify the effects of
tDCS associated or combined with aerobic/resistance exercise on
musculoskeletal pain.

CONTENTS: The search was carried out in the databases: Pu-
bmed, LILACS, Scielo. The intervention considered was tDCS
associated or combined with exercises and the comparison was
exercise without tDCS or with sham tDCS. Randomized con-
trolled trials enrolling patients with musculoskeletal pain were
included. There were no restrictions on the language and year
of publication and the methodological quality was verified with
PEDro Scale. Three trials were included with a total of 110 par-
ticipants. The methodological quality was high, with an average
of 9 points on the PEDro Scale. The studies used tDCS in the
primary motor cortex with an intensity of 1 or 2 mA, for 20
minutes. The participants included were aged between 18 and 75
years and had the following diseases: fibromyalgia, osteoarthritis
or chronic low back pain.

CONCLUSION: Opverall, tDCS did not overcome the sham
tDCS to enhance the effects of exercise in reducing musculos-
keletal pain.
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RESUMO

JUSTIFICATIVA E OBJETIVOS: Os exercicios aerébios/resisti-
dos e a estimulacio transcraniana por corrente continua (ETCC)
podem produzir efeitos analgésicos em pacientes com dores de
origem musculoesquelética, porém, o efeito somado destes dois
recursos terapéuticos ainda nao estd claro. O objetivo do presente
estudo foi verificar os efeitos da ETCC associada ou combinada ao
exercicio aerébio/resistido na dor musculoesquelética.
CONTEUDO: A busca foi realizada nas bases de dados Pub-
med, LILACS e Scielo. A intervencio considerada foi ETCC as-
sociada ou combinada a exercicios e a comparacio foi exercicio
sem ETCC ou com ETCC simulada. Foram incluidos ensaios
clinicos randomizados envolvendo pacientes com dor muscu-
loesquelética aguda ou cronica. Nao houve restri¢des quanto ao
idioma e ano de publicagio e a qualidade metodoldgica dos estu-
dos foi verificada por meio da escala PEDro. Trés ensaios foram
incluidos com um total de 110 participantes. A qualidade meto-
doldgica foi alta, com uma média de 9 pontos na escala PEDro.
Os estudos utilizaram a ETCC no cértex motor primdrio com
intensidade de 1 ou 2 mA, por 20min. Os participantes tinham
idade entre 18 ¢ 75 anos e eram portadores de fibromialgia, os-
teoartrite ou lombalgia cronica.

CONCLUSAO: A ETCC nio superou a ETCC simulada para
potencializar os efeitos do exercicio na reducio de dor muscu-
loesquelética.

Descritores: Analgesia, Dor musculoesquelética, Estimulacao
transcraniana por corrente continua, Exercicio aerdébico.

INTRODUCTION

Musculoskeletal dysfunctions involves several diseases that affect
the locomotor apparatus and commonly present pain as an indi-
cator of severity and prognosis1. The estimation is that on avera-
ge 20 to 30% of people in the world suffer from musculoskeletal
pain (MSP) and this number tends to increase with advancing
age"?. Non-pharmacological treatment for MSP involves active
therapies, such as physical exercise, and passive therapies, such as
manual therapy and electrophysical resorts. Among passive the-
rapies, transcranial direct current stimulation (¢DCS) has been
considered a promising option**.

Physical exercises, in general, have been widely prescribed to con-
trol MSP'® through a mechanism known as exercise-induced
hypoalgesia. It’s believed that this mechanism is regulated by the
release of endogenous opioids due to increased motor cortex acti-
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vity®. Additionally, the exercise-induced hypoalgesia may impro-
ve musculoskeletal performance and function'. There is evidence
suggesting that aerobic and/or resistance exercises are effective in
reducing pain in patients with fibromyalgia’, low back pain?®, knee
and hip osteoarthritis’, femoropatellar pain'® and tendinopathies'’.
On the other hand, tDCS is a passive and relatively recent techni-
que that consists in the use of a low intensity continuous electric
current applied to the scalp in order to stimulate specific cortical
areas of the brain'>', This stimulus may cause modulations in
neural excitability and inhibit or excite the cortical and subcortical
regions, thus inducing the release of endogenous opioids that favor
the downward modulation of pain'>'". Because it is inexpensive,
painless, non-invasive and relatively simple to apply'®, tDCS has
been used for MSP treatment. Therefore, it’s a reasonable hypo-
thesis that applying tDCS during, before and/or after exercise can
potentiate the analgesic effects in the treatment of MSP*"-2,

A systematic review? evaluated the effects of different non-inva-
sive brain stimulation techniques, repetitive transcranial magne-
tic stimulation, cranial electrotherapy stimulation, transcranial
direct current stimulation, transcranial random noise stimula-
tion and non-invasive cortical electrical stimulation by reduced
impedance on chronic pain and concluded that tDCS can im-
prove chronic pain in the short term, however, the specific effect
of tDCS combined or associated with exercise on MSP is still
unclear. Therefore, the objective of this review was to investigate
the effects of tDCS associated or combined with aerobic/resis-
tance exercise on MSP.

CONTENTS

This systematic review followed the recommendations of Prefer-
red Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).

The search was performed in Pubmed, Scielo and LILACS databa-
ses without restrictions regarding language and year of publication
of the included studies. The terms used for search were: “trans-
cranial direct current stimulation”, “exercise” and “pain”. The last
search was conducted on December 1, 2020. References from the
included articles and also from other systematic reviews on tDCS
and pain were checked to track other potentially eligible trials.
The eligibility criteria used in this study were based on the PI-
COTS strategy - population; intervention; comparison; outcomes;
time (moment) of measurement; type of study. Participants should
have been diagnosed with musculoskeletal dysfunction and acute
or chronic pain; intervention should have been performed through
tDCS associated or combined with aerobic or resistance exercises;
comparison should have involved exercise without tDCS or associa-
ted/combined with sham tDCS, i.e., placebo; the outcome, pain as-
sessed through subjective scales; time of measurement, after at least
four weeks of treatment; and the type of studies, randomized clinical
trials. Studies involving animals, children or that used a neuromo-
dulation technique different from tDCS were excluded.

Selection of studies
The titles and abstracts were evaluated followed by a full text
analysis. The search was carried out independently by two re-

168

Souza RV, Maciel DG and Cerqueira MS

viewers who later discussed and reached a consensus on the
eligibility of the articles found. In case of divergences, a third
reviewer was recruited to decide whether or not to include
the studies.

Evaluation of the quality of studies

The quality of studies was independently assessed by two revie-
wers using the PEDro scale, which has good validity and relia-
bility levels. This scale determines the risk of bias and reports
on the statistical procedure used in clinical trials. The 11 items
analysed were eligibility criteria; sample randomization; allo-
cation concealment; similarity of groups at baseline; blinding
of participants; blinding of therapists; blinding of evaluators;
measurement of at least one key result obtained in more than
85% of individuals initially allocated into groups; intention-to-
-treat analysis; intergroup comparison; measurement of effect
and variability of treatment. The first item of the scale (eligibi-
lity criteria) is not considered for scoring due to its association
with external validation. Thus, the total score varies between
zero and 10 points. The higher the score, the better the metho-
dological quality of the study. Studies with fewer than 6 points
were considered of low methodological quality®.

Data analysis and extraction

The data extracted from the articles included author; year of
publication; objectives; instrument and moments of pain mea-
surement; intervention; comparison; results; conclusion. The
analysis of the data was descriptive. In order to characterize the
groups, the type of intervention, type of disease, age, gender and
sample size were analyzed. To characterize the intervention and
the comparison, the number of sessions, duration of stimulation,
stimulated brain area, intensity, number of repetitions and series
were analyzed.

RESULTS

Sixty-four studies were identified, but only three were eligible for
analysis (Figure 1).

Description of studies

The three included articles were published between 2016 and
2018. The sample size varied from 30 to 45 volunteers, totaling
110 individuals of both sexes. The detailed description of inclu-
ded studies is presented in table 1.

Quality of studies

The studies had high methodological quality, with an average of
9 points, with a total score of 8-10 on the PEDro scale (Table
2). The study® scored 10 on the PEDro scale, the study® sco-
red 9, and the study® scored 8. All three met the requirements
for randomization and sample concealment, similarity between
groups at baseline, blinding of participants and evaluators, analy-
sis of intent to treat, intergroup comparison and point estimates
and variability. Blinding of therapists was the least met item. The

sample calculation”? was performed and all studies were regis-

tered and funded (Table 3).
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Identification

Articles found in database
search (n = 63)
Pubmed=38; Scielo=6; LILACS=19

Additional articles found in
other sources (n=1)

Identified articles (n=64) |

Duplicates excluded (n=1)

Title screening (n=63) |

Abstract screening (n=8) |

Excluded articles (n=55)
- Not clinical trials
- Did not reflect the intervention

Elegibility

Articles included in the
qualitative synthesis (n=3)

Inclusion

|

Excluded articles (n=5)
- Not clinical trials
- Did not reflect the intervention

Articles included in the
quantitative synthesis (n = 0)

Figure 1. Flowchart for inclusion of studies

Table 1. Description of studies included in the review

Study Population

Intervention

General protocol tDCS parameters

Exercise parameters

Comparison

Mendonga 45 patients with fibrom-
etal® yalgia;
Age between 18 and 65
years.
G1 (n=15): ACT tDCS
combined with ACT ae-
robic exercises.
G2 (n=15): S tDCS
combined with ACT ae-
robic exercises.
G3 (n=15): ACT tDCS
combined with S aero-
bic exercises.

Chang et 30 patients with knee
al.?s osteoarthritis.
Age over 50 years.
G1 (n=15): ACT tDCS
associated with resis-
tance exercise.
G2 (n=15): S tDCS as-
sociated with resis-
tance exercise.

Straudi et 35 patients with chronic
al.?® low back pain.
Age between 18 and 75
years.
G1 (n=18): ACT tDCS
associated with resis-
tance and stretching
exercises (in groups).
G2 (n=17): StDCS as-
sociated with resis-
tance and stretching
exercises (in groups).

4 weeks OF treat- 20 minutes of application
ment (tDCS during with 2mA intensity.
aerobic exercise). Anodic electrode at point
Week 1: tDCS for 5 C3 of the M1 region.
consecutive days Cathodic electrode posi-
and aerobic ex- tioned on the supraorbital
ercises 3 days a region, contralateral to
week. the anodic electrode.
Weeks 2 to 4: aero-

bic exercises only,

3x per week.

8 weeks of treat- 20 minutes with 1 mA in-
ment. tensity.

2 days a week Anodic electrode posi-
(tDCS associated tioned at M1, contralat-
with resistance ex- eral to the most symp-
ercise). tomatic knee.

Application of tDCS Cathodic electrode posi-
30 minutes before tioned on the contralat-
the exercise pro- eral supraorbital region.
gram.

4 weeks of treat- 20 minutes with 2mA in-
ment (tDCS asso- tensity.
ciated with resis- In central or bilateral low
tance exercise). back pain: anodic elec-
Application of tDCS trode positioned at M1
for 5 consecutive (dominant hemisphere).
days before the ex- In unilateral pain: anodic
ercise program. electrode positioned in
the M1 region, contralat-
eral to the pain side.
The cathode electrode
was positioned in the
contralateral supraorbital
area.

30 minutes on treadmill
with 60% MHR intensity.

30 minutes of strengthen-
ing with ankle braces or
elastic bands.

3 series of 10 repetitions;
30s interval between se-
ries for each of the follow-
ing exercises: 1) knee ex-
tension, 2) hip abduction,
3) partial squatting on the
wall, 4) knee flexion while
sitting, 5) step ups/ step
downs.

Resistance exercises (8
to 10 submaximal ac-
tions maintained for 5 to
6s with intensity of 40
to 60% of the maximum
voluntary contraction) for
extensors of the spine,
buttocks, abdomens, il-
iopsoas and paraspinals.
Stretching maintained for
15 to 20s, with intensity
controlled through sub-
jective perception.

S tDCS: same para-
meters as the active
group, but tDCS were
applied only for the first
30s.

S  Aerobic exercise:
same parameters as
the active group, but
with minimum treadmill
speed.

S tDCS: same param-
eters as the active
group, but tDCS were
applied only for the first
15s.

Exercise protocol and
guidelines similar to the
intervention group.

S tDCS: same param-
eters as the active
group, but tDCS was
applied only for the first
30s.

Exercise protocol and
guidelines similar to the
intervention group.

n = sample size; tDCS = transcranial direct current stimulation; ACT = active; S = sham; M1 = primary motor cortex; mA = miliampére; MHR = maximum heart rate;
EX = exercise; VAS = visual analog scale; OA = osteoarthritis; G1 = group 1; G2 = group 2; G3 = group 3.
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Table 2. Methodological quality of eligible studies

Studies PEDro Scale Items PEDro Scale Registered  Declared primary Funded Sample size
1234567891011 (0-10) outcome calculation
Mendoncaetal® YYYYYNYYYYY 9 Y Y Y N
Chang et al.?® YYYYYNYNYYY 8 Y Y Y Y
Straudi et al.® YYYYYYYYYYY 10 Y Y Y Y

Y= Yes; N = No.

1: eligibility criteria and participant source; 2: randomized allocation; 3: concealed allocation; 4: baseline comparability; 5: blinded participants; 6: blinded therapists;
7: blinded evaluators; 8: adequate follow-up; 9: analysis of intention to treat; 10: comparison between groups; 11: point estimate and variability.
Iltem 1 does not contribute to the total score.

Table 3. Results and conclusions of studies analyzing the effects of tDCS associated or combined with exercise on MSP

Studies and
disease

Results

Conclusions

Mendonca et
Fibromyalgia

Chang et al.?®
Osteoarthritis

Straudi et al.?
Chronic
back pain

al.t

5

low

Instrument and pain
measurement moments
VAS

1 week before treat-
ment.

After 1 and 4 weeks of
treatment.

1 and 2 months after the
end of treatment.

VAS
1 week before treatment
After 8 weeks of treat-
ment

VAS;

Before treatment;

After tDCS application
and after group exer-
cise;

After 1 month of treat-
ment.

Decrease in pain intensity at the
end of the first and fourth week of
intervention in all groups, but the
greatest was in the tDCS + ACT
EX group. There was no reduction
in pain 1 and 2 months after the
end of treatment.

There was no significant difference
in pain intensity between groups.

Pain during walking decreased
in both groups after 8 weeks of
treatment. The reduction of pain
in the ACT tDCS + EX group was
twice that observed in the S tDCS
+ EX group.

There was no significant differ-
ence between groups.

In both groups there was no sig-
nificant reduction in pain intensity
immediately after tDCS, however,
there was reduction in pain from
the first session on.

There was difference between
groups after 1 month of treatment,
favoring the tDCS + EX group.

Authors’ conclusion: tDCS + ACT EX produces a greater
reduction in pain intensity than the individual use of tDCS
or ACT EX.

Conclusion of the review: There was no difference between
ACT tDCS and S tDCS to improve pain in patients with fi-
bromyalgia. Therefore, the benefits in both groups were
probably due to ACT EX.

Authors’ conclusion: There was pain reduction after 8 weeks
of treatment in both groups. The effect in the ACT tDCS +
EX group was more than double compared to the simulated
group. However, there was no significant difference in pain
reduction compared to the S tDCS + EX group.

Conclusion of the review: There was no difference between
ACT tDCS and S tDCS to improve pain in patients with
osteoarthritis. Therefore, the benefits in both groups were
probably due to exercise.

Authors’ conclusion: tDCS can increase the analgesic ef-
fects of the exercise group in patients with chronic low back
pain.

Conclusion of the review: There was a difference in favor of
ACT tDCS compared to S tDCS to improve pain in patients
with chronic low back pain. Therefore, the use of tDCS can
increase the analgesic effects of exercise in patients with
chronic low back pain.

VAS = visual analog scale; tDCS = transcranial direct current stimulation; ACT = active; S = sham; EX = exercise.

DISCUSSION

All included articles compared the combination or association of
exercise with simulated tDCS®*%. The studies®* did not show
significant difference in pain intensity in patients with fibromy-
algia and osteoarthritis between ACT tDCS and S tDCS. tDCS
seems to add analgesic effects to exercise specifically for low back
pain®.

Unlike the present results, two recent meta-analyses have sho-
whn significant benefits of the synergistic use of tDCS with pain
control exercises in chronic diseases?”?. The results of these me-
ta-analyses were probably influenced by the inclusion of studies
involving manual therapy, cognitive-behavioral therapy and elec-
trical muscle stimulation. The present review adds more specific
information on the synergistic use of tDCS and resistance or
aerobic exercises.

There are methodological issues that need to be carefully obser-
ved regarding the use of tDCS and its stimulation parameters.
For example, all included studies performed the stimulation of
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the primary motor cortex®?>*. As pain can also be related to
emotional factors, the application of tDCS in another brain area,
such as the dorsolateral prefrontal cortex, for example, may have
better effects than when applied to the primary motor cortex®.
I¢’s important to note that the primary motor cortex is a brain
area capable of releasing neurotransmitters that can increase the
production of endogenous opioids and consequently reduce
pain®>?and tDCS, as well as therapeutic exercises, act on this
cortical area. Therefore, the stimulation of a same cortical area
by the association or combination of these two resources can
explain the limited analgesic effect of the use of exercise alone®.
It’s reasonable to consider that stimulating the primary mo-
tor cortex through exercise and another cortical area through
tDCS may be more effective in potentiating the analgesic ef-
fects of exercise.

Regarding the parameters of stimuli intensity and duration, the
studies presented two different types of stimulation: 2mA for 20
minutes®? and 1mA for 20 minutes®. Despite discrepancies, the
literature states that after stimulation with tDCS for 20 minu-
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tes and with intensity between 1 and 2mA it’s possible to verify
changes in cortical excitability®. This may be the reason why
most studies have opted for this dosimetry.

As for the moment of application, the studies were heteroge-
26 or combining® tDCS and
exercise. The study that presented significant results favorable to
tDCS is a pilot trial that did the application before the exercise®.
Although based on studies with low risk of bias, data from this
review suggest that the associated or combined use of exercise

and tDCS for MSP control is discordant.
This review’s results are based on only three studies that are ho-

neous in relation to associating

mogeneous regarding the cortical area of tDCS application, but
heterogeneous regarding the parameters of application of tDCS
and types of disease. However, due to these limitations and to the
small number of articles and participants included, since only
three databases were searched, the results should be interpreted
with caution.

To evaluate whether tDCS used synergistically with exercise pro-
grams reduces or not MSP, studies with adequate sample size,
longer follow-up periods, different times, durations, frequencies,
and application parameters should be conducted.

CONCLUSION

Combining or associating tDCS with exercise has limited addi-
tional effect on the reduction of MSP in relation to treatment
with exercise individually, and part of these effects may be due to
the placebo effect.
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