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Abstract
Objective
We aimed to assess the safety and efficacy of transcranial direct current stimulation (tDCS) in patients with systemic
autoimmune myopathies (SAMs).

Methods
This prospective, randomised, sham-controlled, double-blind, study included 20 patients with SAMs allocated to
recetve sham or active tDCS (2mA, 20 minutes, 3 days). Electrodes were positioned with the anode over the C1 or C2,
whereas the cathode was placed over the Fp2 or Fpl, respectively. The groups were evaluated in four periods with
specific questionnaires and functional tests: pre-stimulation and after 30 minutes, three weeks, and eight weeks
post-tDCS.

Results
Two patients from the sham group withdrew after the three sessions. The demographic data, type of myositis, disease
duration, and disease status were comparable between the active and sham tDCS groups. After interventions, in the
active tDCS group, the physical aspects of SF-36 in week eight, mean and better timed up-and-go test at each evaluation,
peak torque of stimulated inferior limb extension improved significantly (p<0.05). The emotional aspect of SF-36
decreased only in the active tDCS group (p<0.001). The patients’ adherence to the protocol was 100% and no serious
adverse event was reported, including disease relapses.

Conclusion
This study evidences the safety of tDCS, as well as its potential efficacy in improving muscle strength and function in
SAMs patients. More studies with a larger sample and longer tDCS sessions are necessary to corroborate the results
of the present study.
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Introduction

Idiopathic inflammatory myopathies
or systemic autoimmune myopathies
(SAMs) are a heterogeneous group of
autoimmune diseases associated with
high morbidity and functional disabil-
ity (1-3). Considering epidemiologi-
cal, clinical, laboratory data, and his-
topathological features, SAMs can be
classified in dermatomyositis (DM),
clinically amyopathic dermatomyosi-
tis, polymyositis (PM), antisynthetase
syndrome (ASSD), immune-mediated
necrotising myopathies (IMNM), and
inclusion body myositis (1-3). SAMs
are characterised generally by the pres-
ence of symmetrical, progressive, and
predominantly proximal muscle weak-
ness. Extra-skeletal manifestations may
also be present, aggravating the mor-
bidities and quality of life of patients
with SAMs (4, 5).

In the last few years, despite the evolu-
tion of pharmacological treatment for
SAMs, there has still been little infor-
mation regarding non-pharmacological
treatments, especially regarding reha-
bilitation, and patients with SAMs are
sometimes unable to engage in physi-
cal activity with conventional strength
training (2, 6, 7). Thus, a proportion
of these patients maintain a degree of
proximal muscle weakness of the scap-
ular and pelvic girdles, along with mild
myalgia and muscle tenderness. In this
context, new rehabilitation techniques
already approved for other diseases,
such as non-invasive brain stimulation,
including transcranial direct current
stimulation (tDCS), could potentially
improve the functionality and quality
of life, including reduction of pain, of
patients with SAMs.

Besides being a relatively inexpen-
sive and safe method, the potential of
tDCS in influencing physical skills
such as muscle strength, endurance
(8), power (9), flexibility (10), motor
learning (11), movement coordination
(12) and accuracy (13, 14) has called
its attention as a therapeutic option in
rheumatological patients. Pain and fa-
tigue in rheumatological diseases are
frequently attributed to peripheral fac-
tors such as inflammation, and muscle
tissue abnormalities, or psychological
factors (15, 16). Even when central

factors are considered, there is a lack
of understanding on their contribution
to those phenomena, and treatment is
generally directed to peripheral mecha-
nisms (17). Hence, investigating the
efficacy of tDCS in SAMs may add
to the understanding of central pain
mechanisms in rheumatological dis-
ease. Non-invasive brain stimulation
through tDCS has demonstrated prom-
ising results in the control of pain in
other rheumatological diseases, such
as fibromyalgia, and improving fatigue
in Sjogren’s syndrome (18, 19), but, to
our knowledge, no study has evaluated
tDCS in patients with SAMs. There-
fore, we assessed the efficacy of tDCS
in improving muscle function and
strength, safety, and quality of life in
patients with SAMs.

Material and methods

Study design

This prospective, randomised, sham-
controlled, double-blind, study took
place from August 2018 through Au-
gust 2019. This study was approved
by the local research ethics commit-
tee (CAAE 95716618.7.0000.0068)
and written informed consent was ob-
tained from all participants. The study
is registered at ClinicalTrials (no.
NCT03749538).

Patients

Patients with DM and PM were de-
fined according to European League
Against Rheumatism / American Col-
lege of Rheumatology (EULAR/ACR)
2017 classification criteria (2), ASSD
by criteria used by Cavagna et al. (20),
and the IMNM by criteria proposed by
Allenbech et al. (21). The patients at-
tended regular follow-up at the Rheu-
matology Outpatient Clinic at our ter-
tiary center. Twenty patients participat-
ed in the study, respecting the sample
calculation performed in the GPower
software for clinical and laboratory
outcomes.

Inclusion criteria

Patients =18 years old and in remis-
sion or with minimal disease activ-
ity according to International Myositis
Assessment & Clinical Studies Group
(IMACS) set scores (22).
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Exclusion criteria

Patients with a diagnosis of paraneopla-
sia; suspected or confirmed pregnancy;
pacemaker, metal clips or metal pros-
thesis users; medical histories or per-
sonal reports of epilepsy or convulsive
crisis; drugs that act on the central nerv-
ous system users; moderate or severe
disease activity by IMACS set score;
or significant impairment of lower limb
musculature (>25% of muscle atrophy
or fat replacement in thigh muscle as-
sessed in the magnetic resonance).

Protocol

Patients were allocated randomly in
two groups: an active anodal stimula-
tion tDCS group (AcG) and a sham an-
odal tDCS group (ShG), both lasting 20
minutes for three consecutive days. The
groups were evaluated at four moments:
pre-stimulation, and 30 minutes, three
weeks, and eight weeks post-tDCS. The
evaluation 30 minutes post-tDCS was
performed after the first tDCS session.
The randomisation and group allocation
were carried out by an external collabo-
rator who was not involved in the study.

Demographic, anthropometric

and clinical data

Age, body weight, and height, as well
as the ethnicity data of all patients were
collected. Body mass index (BMI)
was calculated for each patient. Life
habits including tobacco and alcohol
consumption were obtained. Physical
activity data was assessed using the
International Physical Activity Ques-
tionnaire (23). Comorbidities (systemic
arterial hypertension, dyslipidemia,
hypothyroidism, and obesity) and as-
sociated pharmacological treatment
(antihypertensive drugs, levothyroxine,
oral anti-diabetics, statins, antidepres-
sants) were assessed. Disease duration,
treatment with immunosuppressive, im-
munomodulatory, or immunobiologi-
cal drugs (azathioprine, leflunomide,
methotrexate, mycophenolate mofetil,
tofacitinib, or rituximab) and gluco-
corticoid use (current and highest dose
used) were collected. The presence of
specific SAMs antibodies was assessed:
anti-Mi-2 as well as Jo-1, PL-7, PL-12,
0OlJ, EJ, SRP, Ku, and PM/Scl antibody
assessments were performed using a
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commercial kit (Euroline, Myositis Pro-
file 3, Euroimmun, Germany) accord-
ing to the manufacturer’s protocol; and
anti-HMGCR antibody was assayed by
enzyme-linked immunosorbent assay
(ELISA), using recombinant HMGCR
protein and anti-HMGCR polyclonal
antibody (MyBioSource, CA, USA).
Disease activity was assessed in the four
moments (pre-stimulation, and 30 min-
utes, three weeks and eight weeks post-
tDCS) using the Manual Muscle Test-
ing (MMT)-8, Myositis Disease Activ-
ity Assessment Visual Analogue Scales
(MYOACT), global assessment of the
disease by the physician and the patient
using the visual analogue scale (VAS),
Health Assessment Quality (HAQ), 36-
Item Short-Form Health Survey (SF-
36), besides laboratory evaluation (24-
28). Moreover, pain was assessed using
patient VAS and pain item of SF-36.

Laboratory evaluation

Serum levels of creatine phosphoki-
nase, lactate dehydrogenase, alanine
transaminase, and aspartate transami-
nase were measured at the pre-stimula-
tion, three weeks, and eight weeks post-
tDCS moments.

Muscle strength and function

The patients underwent a computerised
isokinetic assessment of bilateral flexor
and extensor muscles of elbows and
knees using a CYBEX 6000 dynamom-
eter, to evaluate the muscle strength
with values of peak torque, peak torque/
body weight ratio, and total work. The
tests were performed in two sessions,
and the best absolute value was select-
ed. The exception was the first assess-
ment where there was a learning ses-
sion before the others.

The muscle functions were evaluated
with the Timed Up and Go test (TUG)
and the 30-second Time Sit to Stand
test (TSST) (29, 30). The tests were
performed in two sessions, with aver-
age and best absolute values evaluated.
The exception was the first assessment
where there was a learning session be-
fore the others.

Disease remission definition
Low disease activity was assessed ac-
cording to IMACS set scores with the

patients presenting a =6-month con-
tinuous period with no evidence of
disease activity (disease remission) or
low disease activity while still or not
receiving myositis therapy (31).

Anodal tDCS

Anodal tDCS was applied through a bat-
tery-powered DC generator (Activadose
IT, USA) using two electrodes measur-
ing 5 x 7 cm (35 ¢cm?) (Ibramed, Brazil)
covered with a vegetable sponge, soaked
with physiological saline solution, and
fixed on the head by Velcro straps. The
electrodes were positioned in accord-
ance with the International 10-10 Elec-
troencephalography System for better
localisation of M1 (32). The electrode
with the positive charge (anode) was po-
sitioned at C1 or C2 (contralateral to the
dominant limb), and the electrode with
a negative charge (cathode) was posi-
tioned in the ipsilateral supraorbital re-
gion of the dominant limb (Fp2 or Fp1).
Active tDCS was applied with an elec-
tric current intensity of 2 mA and density
of 0.057 mA/cm? for 20 minutes. Sham
tDCS was applied with the same param-
eters but only during the first 30 seconds
of stimulation, according to parameters
classically used in the literature, enough
time to identify the presence of the cur-
rent with no effective brain stimula-
tion (33). During the tDCS application,
the patients remained seated. After the
tDCS, the patients waited 30 minutes to
restart the assessments as demonstrated
in previous studies (34, 35).

Safety and adverse effects

The safety was evaluated with careful
follow-up of all participants in relation
to disease recurrence and clinical com-
plications. The adverse effects were
evaluated after each application through
spontaneous reports of any unpleasant
sensations such as burning, tingling,
itching, headache, or nausea.

Statistical analysis

The parameters of extension and flex-
ion were described according to groups,
sides of the dominance of the limb, and
moments of evaluation, while the other
parameters were described according to
groups, moments of evaluation using
summary measures (mean + standard
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Table I. General baseline data of patients from active and sham groups.

Variable AcG (n=10) ShG (n=8) p-value
Demographic data

Age (years) 428 +18.4 545+ 12.7 0.131
Female gender 10 (100) 8 (100) >0.999
White ethnicity 8 (80.0) 6 (75.0) >0.999
Disease

Dermatomyositis 5 (50.0) 3 (37.5) 0.664
Polymyositis 0 1(12.5) -

Antisynthetase syndrome 2 (20.0) 1 (12.5) >0.999
IMNM 3 (30.0) 3 (37.5) >0.999
Weight (kg) 71.0 (64.5-83.5) 75.5 (72.3-81.3) 0.173
Body mass index (kg/m?) 264 +6.5 313+39 0.065
Alcoholism 0 0 -
Smoking 2 (20.0) 0 -
Physical activity 7 (70.0) 6 (75.0) >0.999
Disease duration (years) 32 (1.3-4.5) 3.6 (3.1-64) 0.315
Autoantibodies 4 (40.0) 3 (37.5) >0.999
Treatment

Glucocorticoid

Current use 3 (30.0) 1 (12.5) 0.558
Dose (mg/day) 25+42 25+7.1 >0.999
Methotrexate 5 (50.0) 3 (37.5) 0.664
Azathioprine 3 (30.0) 2 (25.0) >0.999
Leflunomide 1 (10.0) 0 -
Mycophenolate mofetil 2 (20.0) 0 -
Tofacitinib 0 1 (12.5) -
Rituximab 2 (20.0) 0 -

Data are expressed as mean + standard deviation, median (interquartile 25-75%) or number (percentage).
AcG: active stimulation group; ShG: sham group; IMNM: immune-mediated necrotising myopathy;

SAMs: systemic autoimmune myopathies.

Elegible participants (n=91)

Fig. 1. Flow-chart
of the present study.

Important disease activity (n=4)
Significant impairment of lower limb (n=1)
Other exclusion criteria (n=0)

Refusal (n=66)
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v

‘
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v

v

Withdrew (n=0)
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'

v

Completed week 12
(n=10)

Completed week 12
(n=8)

deviation) and compared between the
factors of interest with the use of gener-
alised estimation equations with normal
or gamma marginal distribution, only
for creatine phosphokinase, according
to the data distribution asymmetry and
identity link function, assuming a first-
order autoregressive correlation matrix
between the moments of evaluation and/
or sides of dominance. The p resulting
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from the comparisons between groups,
without taking into account different mo-
ments of the evaluation was represented
as Pgroup; the p resulting from the com-
parisons between moments, without
taking into account different groups was
represented as PMoment; the p result-
ing from the comparison between sides,
without taking account groups or mo-
ments was represented as PSide; the p

resulting from the comparison between
groups, taking into consideration chang-
es in different evaluation moments was
represented as PGroup*Moment; the p
resulting from the comparison between
sides, taking into consideration differ-
ences between groups was represented
as PSide*Group; the p resulting from
the comparison between sides, taking
into consideration different moments
was represented as PSide*Moment;
and the p resulting from the comparison
between sides, taking into account dif-
ferent moments and groups was repre-
sented as PGroup*Moment*Side. All
analyses were followed by Bonferroni’s
multiple comparisons when significant
to identify between which groups, sides
or moments the differences occurred.
Discomfort and belief in the stimulus
were described according to groups us-
ing absolute and relative frequencies
and verified the existence of association
with Fisher’s exact test. The statistical
analyses were performed with the IBM-
SPSS software for Windows 20.0. The
tests were performed with a significance
level of 5%.

Results

Patients

We enrolled 20 participants from August
2018 through August 2019. Ten patients
were randomly assigned to the AcG and
10 patients to the ShG. A total of 18 pa-
tients (90%) completed the trial through
week 8. The two patients who withdrew
from the study were from the ShG. They
withdrew after the three sham stimula-
tion sessions due to personal problems,
not presenting any complications asso-
ciated with the sham stimulation. The
demographic and anthropometric infor-
mation, type of SAMs, life habits, and
treatment characteristics were similar
between the two groups (p>0.05) (Table
I). In the 8-week follow-up, the patients
continued to use the same SAM medica-
tions and did not change their lifestyle
habits (Fig. 1). The general results of the
different outcomes are listed in Table II.

Primary outcomes

Muscle function tests

The AcG presented improvement in
relation to the best and average TSST
values between each evaluation period

Clinical and Experimental Rheumatology 2023
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Table II. General features of sham and active groups.

Sham group Active group
Variable Pre tDCS Post tDCS Week 3 Week 8 Pre tDCS Post tDCS Week 3 Week 8
IMACS set scores
MMT-8 (0-80) 79 (76-80) 79 (78-80) 80 (78-80) 80 (79-80) 80 (79-80) 80 (79-80) 80 (79-80) 80 (80-80)
HAQ (0.00-3.00) 0.00 (0.00-0.31)  0.00 (0.00-0.31) 0.00 (0.00-0.00)  0.00 (0.00-0.00) 0.00 (0.00-0.00)  0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.00 (0.00-0.00)
MYOACT (0-10) 0.03 (0.00-0.07) 0.03 (0.00-0.07) 0.03 (0.00-0.05)  0.00 (0.00-0.00) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Patients’ VAS (0-10) 2.0 (0.5-4.0) 2.0 (0.5-4.0) 1.5 (0.0-3.8) 0.0 (0.0-2.0) 0.5(0.0-3.3) 0.5(0.0-3.3) 0.0 (0.0-1.4) 0.0 (0.0-1.4)
Physician’s VAS (0-10) 0.0 (0.0-0.9) 0.0 (0.0-0.9) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.0 (0.0-0.1) 0.0 (0.0-0.0) 0.0 (0.0-0.0)
Creatine phosphokinase (U/L) 166 (71-284) 166 (71-284) 115 (70.8-154) 99 (79-166) 208 (120-284) 208 (120-284) 133 (76-239) 128 (128-240)
Lactate dehydrogenase (U/L) 191 (164-214) 191 (164-214) 192 (176-232) 211 (199-250) 191 (179-213) 191 (179-213) 188 (179-233) 189 (189-207)
Aspartate transaminase (U/L) 22 (17-27) 22 (17-27) 19 (16-25) 18 (17-30) 22 (17-29) 22 (17-29) 21 (18-25) 21 (21-24)
Alanine transaminase (U/L) 23 (18-25) 23 (18-25) 22 (18-26) 19 (17-26) 22 (18-29) 22 (18-29) 21 (17-29) 21 (21-28)

Muscle functional parameters

Sit-and-stand test, best (repetitions) 13.0 (11.8-15.5)

14.0 (12.0-16.5)

14.0 (12.0-19.0) 150 (13.0-17.5)

15.0 (10.8-17.8)

16.0 (10.3-18.5)  16.5(11.8-17.8) 15.0(11.5-17.8)

Sit-and-stand test, mean (repetitions) 12.8 (11.8-14.9) 138 (11.9-163) 140 (120-18.8) 140 (12.8-17.5) 14.8(104-173) 158(10.1-18.1) 160 (11.6-174) 148 (11.5-16.9)
Timed up-and-go test, best (s) 7.6 (6.3-8.5) 7.3 (6.0-7.8) 6.7 (6.2-7.9) 72(6.0-82) 6.9 (6.2-8.7) 6.6 (5.9-8.4) 6.8 (6.3-8.4) 7.2(6.6-7.9)
Timed up-and-go test, mean (s) 7.7 (6.6-8.6) 7.4 (6.2-8.0) 6.7 (6.3-8.0) 72(62-83) 7.1 (6.2-8.8) 6.7 (6.1-8.5) 6.9 (6.3-8.4) 7.3 (6.67.9)

SF-36 domains

Functional capacity 82.5(62.5-95.0)
Physical functioning 100 (100-100)
Pain 66.5 (61.0-96.0)
General health 72.0 (59.5-80.8)
Vitality 62.5(52.5-78.8)
Social functioning 100 (100-100)
Emotional functioning 100 (100-100)
Mental health 84.0 (58.0-88.0)
Serious adverse events 0

82.5 (62.5-95.0)
100 (100-100)
66.5 (61.0-96.0)
72.0 (59.5-80.8)
62.5 (52.5-78.8)
100 (100-100)
100 (100-100)
84.0 (58.0-88.0)

0 0 0 0

87.5 (85.0-98.8)
100 (100-100)
92.0 (84.0-100)
57.0 (42.0-78.3)
77.5 (67.5-83.8)
100 (100-100)
100 (100-100)
82.0 (73.0-92.0)

92.5 (86.3-100)
100 (100-100)
100 (84.0-100)
64.5 (62.0-79.5)
82.5(72.5-90.0)
100 (100-100)
100 (100-100)
90.0 (78.0-98.0)

92.5 (81.3-100)
100 (100-100)
100 (91.7-100)
84.5 (57.0-100)
82.5(52.5-92.5)
100 (100-100)
100 (100-100)
80.0 (63.0-97.0)

92.5 (81.3-100)
100 (100-100)
100 (91.7-100)
84.5 (57.0-100)

82.5 (52.5-92.5)
100 (100-100)
100 (100-100) 100 (100-100) 100 (100-100)

80.0 (630-97.0)  86.0 (68.0-94.0) 86.0 (86.0-97.0)

0 0 0

92.5 (90.0-100)
100 (100-100)
100 (90.3-100)

62.0 (50.7-92.5)

77.5 (50.0-100)
100 (100-100)

100 (95.0-100)
100 (100-100)
100 (72.0-100)
77.0 (54.5-90.2)
87.5(57.5-96.3)
100 (100-100)

Data are expressed as median (interquartile 25-75%).

MMT: manual muscle testing; HAQ: Health Assessment Questionnaire; MYOACT: Myositis Disease Activity Assessment Visual Scales; VAS: visual analogue scale; SF-36: 36-
Item Short-Form Health Survey; IMACS: International Myositis Assessment and Clinical Studies Group.

(p<0.05) (Table III, Supplementary Ta-
ble S1). On the other hand, in the ShG,
the best and average TSST values im-
proved between pre-tDCS and other
periods, as well as between 30-minute
post-tDCS and three and eight weeks
(p<0.05), but the group presented de-
creased best and average TSST val-
ues between the third and eight weeks
(p<0.001). The average and best TUG
values improved between pre-tDCS
and post-tDCS and the third week, in-
dependently of the group (p<0.05), but
did not show statistically significant
differences among the eight weeks.

Isokinetic tests (extension tests)

The absolute peak torque and peak
torque adjusted by weight of lower limb
extension tests presented higher values
in the dominant limb compared with the
non-dominant one in the AcG (p<0.05),
contrary to the ShG, which presented
higher values in the non-dominant
member in relation to the dominant one
(p<0.05) (Table IV, Suppl. Table S2).
The values of absolute peak torque, peak
torque adjusted by weight, and total
work of extension upper limbs showed
improvement between post-tDCS and
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week 3, independently of the group
(respectively p=0.049, p=0.041, and
p=0.024). The total work of lower limb
extension was inferior in the dominant
member compared with the non-domi-
nant one only in the ShG (p<0.001).

Isokinetic tests (flexion tests)

The absolute peak torque, peak torque
adjusted by weight, and total work of
upper member flexion values were su-
perior in the dominant limb compared
with the non-dominant one, indepen-
dently of the group or evaluation period
(p<0.001) (Table IV, Suppl. Table S2).
Regarding the absolute peak torque of
lower limb flexion, the dominant side
was again superior compared with the
non-dominant one, independently of the
group or evaluation period (p=0.042).

Secondary outcomes

Safety

Adverse events. A total of 60% of pa-
tients in the AcG and 62.5% patients in
ShG presented some discomfort dur-
ing the active and sham stimulations,
respectively, without statistical differ-
ence between the groups. The most
common adverse effect was pruritus in

regions close to the electrodes, mainly
at the beginning of the stimulus (50%
of both groups). The other adverse ef-
fects were sting sensation, burning and
fatigue, in the frequency of 20, 10, 10%
and 12.5,12.5,12.5% in AcG and ShG,
respectively (p>0.999). Important to
highlight that no patients from both
groups presented adverse effects that
changed the general condition.
Disease activity. Regarding the domains
of SF-36, the physical domain increased
by 2.5 points on average at week 8 in
relation to the other moments only in the
AcG (p<0.001), whereas the emotional
domain decreased by 3.3 points on aver-
age at all the moments in relation to pre-
tDCS (p<0.001) (Table III, Suppl. Table
S2).The pain domain improved between
pre-tDCS and week 3 independently
of the group (p=0.002) and the mental
health domain increased between week
8 and the other moments, also, indepen-
dently of the group (p<0.005).

The patients’ VAS decreased on aver-
age between week 8 and the pre-tDCS
moment independently of the group
(»=0.037) and CPK levels decreased on
average after the tDCS sessions indepen-
dently of the group (p<0.05), but within
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Table III. Comparison of MMT, muscle function SF-36, disease activity and laboratory data results between groups.

Variable ShG AcG Poow  Prioment Proupesioment
Pre tDCs Post tDCs Week 3 Week 8 Pre tDCs Post tDCs Week 3 Week 8
MMT (0-80) 78.1+£23 79+12 794+09 79.8+£0.5 794+ 14 79.6 £0.8 79.6 £0.7 80+0 0.181 0.003 0.255
TSST best 145+3.7 154+47 163+52 159+57 142+39 152+4.7 158+5.1 159+49 0916 <0.001 <0.001
TSST mean 142+£3.6 151+438 159+5.1 155+£53 139+37 149+47 156+5.1 156+48 0922 <0.001 <0.001
TUG best 75+18 73+18 73+1.7 74£15 74 %137 71 691 7112 0660 0.001 0.772
TUG mean 76+19 73+18 74+1.7 75+£15 75+13 7109 71 72+12 0680 0.002 0.778
Physical functioning 78.1 +£21.5 83.8+22.6 869+21.7 895+128 90.5+ 132 92+202 0358 0.154 0.508
Physical domain 100 +0 100 +0 100 £0 92.5+23.7 92.5+23.7 95+158 0.381 <0.001 <0.001
Pain 73.83 +18.9 90.5+ 109 913+139 83.6+225 902 +21.2 84+279 0930 0.002 0.154
General health 68 +21.8 583+239 705142  769+22.6 684215 747+19.6 0349 0021 0.786
Vitality 65.6+£152 75104 825+113 74525 735274 75+£31.1 0997 0214 0236
Social functioning ~ 96.9 + 8.8 100 £ 0 100 £0 93.8+19.8 938 £19.6 90+31.6 0439 0542 0510
Emotional domain 100 £0 100 £ 0 100 £ 0 933+21.2 90 +31.6 90 +31.6 0.381 <0.001 <0.001
Mental health 745+ 18.9 81.5+10.5 885+94 76 +24.2 76 +£299  79.6+29.7 0.684 0.003 0.111
CPK (U/L) 188.6 +122.6 128 +744 1268 +73.3 234.1+170.3 1704 £ 1285 163.9+122 0409 0.005 0.979
LDH (U/L) 1934 £31.7 203.5+33.8 222 +32 196.6 £45.1 1985+457 1914+402 0516 0391 0.094
AST (U/L) 219+£52 20+£4.7 215+6.7 223+63 213+4.6 20457 0925 0466 0.578
ALT (U/L) 226+64 21459 2049 232+10.6 226 8.1 212+65 0744 0440 0973
PaVAS (0-10) 23+19 19+2.1 09+12 14+19 08+14 1+£2 0407 0.042 0.086
PhVAS (0-10) 03+05 03+0.7 03+0.7 02+03 0+0 0+0 0.256 0239 0.784
HAQ (0- 3) 02+03 0+£0.1 0£0.1 0£0 00 0£0 0.114 0.050 0.131
MYOACT (0-10) 0+0.1 0+0.1 0+0 0+0 0+0 0+0 0.047 0.007 0.010

Data are expressed as mean =+ standard deviation.

ShG: sham group; AcG: active stimulation group; tDCS: transcranial direct current stimulation; p Group: p from the comparison of mean values between groups, without taking
into consideration different evaluation moments; p Moment: p from the comparison of mean values between different evaluation moments, without taking into consideration dif-
ferences between groups; p Group*Moment: p from the comparison of mean values between groups, taking into consideration changes in different evaluation moments; MMT:
manual muscle testing; TSST: 30-second timed; sit to stand test; TUG: timed up and go test; 36-Item Short-Form Health Survey; CPK: creatine phosphokinase; LDH: lactate
dehydrogenase; AST: aspartate transaminase; ALT: alanine transaminase; PaVAS: patients’ visual analogue scale; PhVAS: physician’s visual analogue scale; HAQ: Health Assess-
ment Quality; MYOACT: Myositis Disease Activity Assessment Visual Analogue Scale.

the normal range in both groups (Table
I, Suppl. Table S2). No differences in
other muscle enzymes were observed.
Regarding the MYOACT scale, there
was an improvement between week
8 and the other moments only in ShG
(p<0.05), although the AcG maintained
MYOACT of median O throughout all
the follow-up. The MMT-8 scale im-
proved between the pre-tDCS and weeks
3 and 8, independently of the group
(p<0.05) (Tables III, Suppl.Table S1).
No differences in HAQ, physician’s
VAS, other SF-36 domains (functional
capacity, general health, vitality, social
functioning), and other laboratory tests
(lactate dehydrogenase, alanine transam-
inase, and aspartate transaminase) were
found (Table III, Suppl. Table S2).
Moreover, despite the statistically sig-
nificant differences detected between
the different times inside the groups
or in both groups, no difference was
detected when the AcG and ShG were
compared (Suppl. Tables S1-2).
Blinding. A total of five patients (50%) of
the AcG and four patients (50%) of the
ShG believed that they had been active-
ly stimulated, demonstrating adequate
blinding between the groups (p >0.999).
Adherence to the study. Two patients of
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the sham group withdrew after the three
sham stimulation sessions due to person-
al problems, not presenting any compli-
cations associated with the sham stimu-
lation. No patient from the active tDCS
group abandoned the study (Fig. 1).

Discussion

This prospective, randomised, sham-
controlled, double-blind study is the
first to investigate the safety and effi-
cacy of tDCS in patients with SAMs.
Despite the small number of partici-
pants, this study is one of the largest
with such characteristics in this group
of diseases due to its rarity. In addition,
the patients were selected using rigor-
ous exclusion criteria, and the study
had similar baseline groups with a very
satisfactory double-blinding.
Regarding patients’ quality of life, the
tDCS showed to be effective in improv-
ing the motor domain of patients with
SAMs. tDCS has already been shown to
improve SF-36 aspects including physi-
cal, emotional, and functional domains
in patients with fibromyalgia (36). The
trial with fibromyalgia patients also used
the anodal stimulation in the left M1 and
cathode on the right supraorbital region,
reinforcing the potential efficacy to im-

prove quality of life with this electrode
position. Moreover, one trial involving
patients with Parkinson’s disease dem-
onstrated improvement in mental and
physical component SF-36 scores after
anodal tDCS stimulation in the bilateral
prefrontal and motor areas (37). Anoth-
er study indicating a good relationship
between anodal motor tDCS and SF-36
was a trial involving patients with dia-
betic polyneuropathy (38). In the study
with diabetic polyneuropathy patients,
they did not show improvement spe-
cifically in the SF-36 physical domain,
but in other motor outcomes (38). By
actively stimulating the motor cortex
of our patients, we expected to find an
improvement in the physical domain of
SF-36, and it is an extremely important
finding since it is the most important
aspect of the SF36, possibly reflecting
the improvement of motor function and
strength of patients with SAMs.

The improvement in best and average
TSST, besides absolute and adjusted-
by-weight peak torque of lower limb
extension in the StG, was expected by
the stimulation of the M1 with tDCS.
Since the start of tDCS research, sev-
eral studies have demonstrated its role
in improving sports performance, when
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Table I'V. Comparison of extension and flexion isokinetic tests between groups.

Variable ShG AcG P Growp P Moment P sice P Growp* P Growor P Moment= P Group*

Moment Side Side Moment*Side

Dominant side  Non-dominant side Dominant side  Non-dominant side

PT (n-m) UL extension 0931 0.045 0.767 0.792 0.835 0.130 0.904
Pre tDCs 26.1£8.1 273+104 26.1+8.8 2775

Post tDCs 29 £10.3 273+79 273+84 27.1+£8.7

Week 3 294 +8.7 30985 30.5+8.1 322+69

Week 8 30£10.2 29.1+95 313+83 299+92

PT (n-m) LL extension 0.589 0469 0353 0484 <0.001 0459 0.278
Pre tDCs 1144 +375 121.5+41.6 1329 +50.2 1254 +529

Post tDCs 1164 +33.7 1205 +35.6 128.9 + 44 1269 +41.4

Week 3 119+£35.5 126.5 +37.4 1342 +51.7 1249 +48.1

Week 8 113.1+375 118.1+394 1375+454 1239 +41.1

PT (P/C) % UL extension 0361 0.039 0911 0.630 0866 0.152 0.950
Pre tDCs 325+10.7 334+11 363+12.4 369+9.2

Post tDCs 36133 343+11.3 378+ 115 374114

Week 3 364 +11.7 38.4+10.6 424£129 449119

Week 8 375+ 14 362+12.9 43.8+13.1 41.7+13.9

PT (P/C) % LL extension 0260 0315 0337 0458 <0.001 0362 0.171
Pre tDCs 1418 +41.2 15124515 183.6 £69.9 1739 +75

Post tDCs 1449 +40.4 150.5+454 1784+ 629 175.8 +60.6

Week 3 148.8 +46.5 1592 +54.1 186.3 +74 173.5+70.2

Week 8 140.8 +47.6 148 £55.1 1902 £65.3 171.4 +£60.2

Total Work (J) UL extension 0.809 0.029 0.677 0.767 0237 0.067 0.596
Pre tDCs 158.9 +50.6 163.8 + 69 152.7 +60.4 1558 +£50.5

Post tDCs 177.5+65.7 160.8 +49.7 155.6 £ 56.6 1583 +58.4

Week 3 179.1 +£52.6 185.8 +58.9 176.7 + 56 .4 187.3+53.8

Week 8 1874 + 65,6 1753 +59.9 181.2 +60.1 173.1 £59.8

Total Work (J) LL extension 0613 0463 0.007 0486 <0.001 0.586 0.459
Pre tDCs 4579 £ 164.1 505.6 +189.4 530.6 £202.7 523.1+195.6

Post tDCs 469.6 + 143 505.5 +160.6 5149 £ 166.5 529.8 +173.5

Week 3 484.8 +166.7 5399+ 175.6 534.5+189.2 5249+ 180.5

Week 8 4518 +173.8 4934 £194.6 5533 +£1659 514.8 +166.1

PT (n-m) UL flexion 0.569 0.340 <0.001 0.587 0202 0361 0.568
Pre tDCs 335+128 31.8+152 279+8.7 279 +84

Post tDCs 342+12.6 306+134 304 +10.9 29.6 £8.1

Week 3 325+ 144 302+135 299+11.8 268+94

Week 8 332+138 29.6+13.2 312+113 28.6 +10.1

PT (n-m) LL flexion 0.676 0518 0.042 0540 0486 0.734 0.729
Pre tDCs 66 +24.7 67 £24.4 63.7+21.8 58.6 £26.6

Post tDCs 634 +212 64 +24.5 64.4£22.6 63.6+26.9

Week 3 726+273 68.6 +24.2 67.1 +£26 64.1 £25.8

Week 8 739+21 704 £26.7 66.3 +24.4 629 +244

PT (P/C) % UL flexion 0864 0477 <0.001 0.668 0581 0.647 0615
Pre tDCs 41 +13.1 38.8+16.9 38.8+13.2 382+10.8

Post tDCs 41.7+£10.8 375+ 147 42149 41118

Week 3 395+ 148 37+149 415+£169 369+12.8

Week 8 403 +12.8 364+15.5 428+154 392+138

PT (P/C) % LL flexion 0.810 0482 0.089 0443 0240 0.738 0.633
Pre tDCs 81.1+25.1 84 +£339 89.3+34.6 822+40.7

Post tDCs 784 +24 79.8 £32.7 90 + 35 89 +£41.7

Week 3 90.7 +36.2 86.9 +36.3 92.8 +36.5 89.1 +38.8

Week 8 924 +27.7 88.9 +38.6 92.1 +36.8 874 +374

Total Work (J) UL flexion 0.594  0.174 <0.001 0323 0250 0.369 0493
Pre tDCs 199.1 +85.1 190.1 +93.1 1669 +61.1 1572 +594

Post tDCs 2032772 178.7+76.6 180 +78.1 171.8 £59.5

Week 3 188.5 +82.9 177 £91 170.6 +79.5 1554 +73.7

Week 8 196.2 + 90 167.5+78.6 183.6 +82.1 167.1+71.8

Total Work (J) LL flexion 0625 0559 0303 0.683 0.748 0.844 0.505
Pre tDCs 2825+ 111.5 2973 +126.3 2709 +93.9 2614 +117.6

Post tDCs 280.3+90.3 281.7 +123.7 282.5+103.1 267.6 +114.8

Week 3 3242 +128.7 3024 + 122 2824 +123.4 2802+ 1172

Week 8 3204 +86.8 310.7+123.3 2849+ 1133 282.5+107.7

Data are expressed as mean =+ standard deviation.

ShG: sham group; AcG: active stimulation group; tDCS: transcranial direct current stimulation; pGroup: p from the comparison of mean values between groups, without taking
into consideration different evaluation moments; pMoment: p from the comparison of mean values between different evaluation moments, without taking into consideration differ-
ences between groups; PSide: p from the comparison between sides, without taking account groups or moments; pGroup*Moment: p from the comparison of mean values between
groups, taking into consideration changes in different evaluation moments; pSide*Group: p from the comparasion between sides, taking into consideration differences between
groups; pSide*Moment: p from the comparison between sides, taking into consideration different moments; pGroup*Moment*Side: p from the comparison between sides, taking
into account different moments and PT: peak torque; PT (P/C): peak torque/body weight ratio.
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stimulating this region with anodal
tDCS (39, 40). In patients with motor
deficit, tDCS was studied to recover
motor function after stroke demonstrat-
ing successful motor recovery, espe-
cially in the chronic stage (34, 41). Tri-
als in patients with post-stroke used not
only atDCS over ipsilateral M1 like our
trial, but also, ctDCS over contralateral
M1 and bilateral stimulation. Moreover,
some of these studies used a combina-
tion of tDCS and additional interven-
tions, such as virtual reality training,
occupational therapy, and robot-assisted
training (42), proposals that can also be
used in future studies in patients with
SAMs. Another neurological disease
with a motor deficit that showed posi-
tive results with anodal tDCS over the
M1 representation of the more affected
leg is multiple sclerosis (43). Interest-
ingly, our study is the first trial to show
the potential efficacy of using tDCS in
patients with myopathy, autoimmune
or not. Furthermore, by showing that
the AcG group improves muscle func-
tion and strength by different methods
(isokinetic test and TSST), we highlight
the potential role of the method in im-
proving muscle function and strength in
SAMs patients.

The mechanisms by which tDCS may
improve motor function and muscle
strength are not fully understood. How-
ever, some insights have been recently
reveled. Motor function and muscle
strength degradation may be attributed
to central mechanisms such as decreased
connectivity, neuronal hypoexcitability
and dopaminergic dysfunction (44, 45).
As central dysfunction is present, non-
invasive brain stimulation is a feasible
alternative, and previous results has
shown that the stimulation of the M1, a
frequent target of brain stimulation, may
increase muscle performance through
increasing interhemispheric synchrony
(46), and cortico-spinal excitability and
intracortical mechanisms (47).

In our study we could not see any effects
of tDCS on emotional domains of SF-
36. These results must have to do with
the site of stimulation, as the target of
preference to improve cognitive and
emotional aspects are at the prefrontal,
and not motor cortex. This has been
shown in several studies addressing the
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treatment of psychiatric disorders, espe-
cially depression (35). In these trials, the
anode electrode is classically positioned
at the left dorsolateral prefrontal cortex,
and the cathode electrode at the right
dorsolateral prefrontal cortex. The di-
vergence in the electrodes position could
explain the lack of improvement in the
emotional domain of SF-36, but not its
worsening, because this finding has not
been demonstrated in other studies in-
volving tDCS for motor rehabilitation.
The safety of tDCS in rheumatic auto-
immune diseases has been poorly stud-
ied. There is one report in a patient with
dermatomyositis of our research group
(48), in addition to a trial involving pa-
tients with Sjogren’s syndrome (19).
Regarding the treatment of non-auto-
immune diseases, including rheumatic
diseases, a larger number of works have
demonstrated the safety of this tech-
nique (18, 49). Our findings of the safe-
ty of tDCS in this population strengthen
the results found previously.

This study has some limitations. The most
prominent limitation is the small number
of participants in each group, despite the
rarity of this group of diseases presenting
a challenge to recruiting a larger number
of participants. Another limitation is the
fact that due to the single-center nature
of this study, the external validity of the
results is limited and will require con-
firmation in other studies. Furthermore,
the relatively small number of tDCS ses-
sions could have limited the impact on
improving motor results. Efforts should
be made to tackle these limitations in the
future, possibly through multicenter col-
laborative studies.

This trial demonstrated the safety and
efficacy of this method in patients with
SAMs, innovating by adding a new
method that can potentially assist in the
rehabilitation of patients with SAMs
in clinical practice. New studies with
more sessions of tDCS alone or associ-
ated with physical activity can improve
our findings.
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