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Abstract

Transcranial direct current stimulation (tDCS) has emerged as a nonphar-
macological tool in physical rehabilitation. There have currently no studies
that evaluated the safety and efficacy of tDCS in patients with dermatomyosi-
tis. Case-report: Three adult women with dermatomyositis were allocated
randomly to intervention (i-tDCS, one patient) or not (sham-tDCS, two pa-
tients) of three consecutive days of tDCS and evaluated in four periods: be-
fore-tDCS (PRE), 15 minutes after-tDCS (0th POST), 15 days after-tDCS
(15th POST), and 30 days after-tDCS (30th POST). The tDCS was safe
throughout the protocol, without disease relapsing or adverse effects related
to tDCS. Furthermore, the tDCS increased the muscle torque and total work
of dominant and non-dominant elbow flexors in the patient with i-tDCS,
when compared to two patients with sham-tDCS. Conclusions: The tDCS
was safe and appeared to influence long-term strength in the limb of the pa-
tient with stable dermatomyositis.

Keywords

Dermatomyositis, Neuromodulation, Safety, Systemic Autoimmune
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1. Introduction

Dermatomyositis (DM) is a systemic autoimmune myopathy characterized clin-
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ically by cutaneous and muscle inflammations [1]. The cutaneous lesions are
represented by heliotrope rash and Gottron’s papules, whereas the muscle in-
volvement is expressed by progressive, symmetrical and predominantly proxim-
al muscle weakness of the limbs, leading to significant disability and higher
morbidity [1].

Currently, patients with systemic autoimmune myopathy have achieved
health, quality of life and general clinical improvement with different pharma-
cological strategies (e.g., glucocorticoids, immunosuppressive and/or immuno-
biological drugs) and non-pharmacological therapies (e.g., exercise training) [1]
[2] [3] [4]. However, the magnitude of clinical and laboratory progress is not al-
ways accompanied by the improvement of muscle strength and functionality [1]
[3]. In this context, the maintenance of these parameters constitutes one of the
main challenges in the treatment of systemic autoimmune myopathies. Therefore,
strategies complementary to pharmacological and non-pharmacological therapies
could promote additional effects on muscle strength and function.

Transcranial direct current stimulation (tDCS) is a noninvasive method that
utilizes electrical stimulation in the scalp, leading to better motor rehabilitation
[5] [6] [7] [8]. Thus, this method could be a valuable auxiliary therapeutic tool
for maintaining strength in patients with several neurological disorders, such as
cerebral palsy and Parkinson’s disease [9]. Regarding rheumatic patients, better
motor function is observed in patients with fibromyalgia [9] [10].

However, up to date, there have no tDCS studies in patients with DM. In con-
trast, encouraging results with tDCS have shown positive acute and chronic ef-
fects on isometric muscle strength in healthy individuals. Moreover, similar
muscle strength improvement has been reported in post-stroke patients with
motor sequelae in the upper and lower limbs. The objective of the proposed
study was to assess: 1) the safety of tDCS, and 2) the effectiveness of tDCS on the

ability to produce positive muscle strength in a patient with stable DM.

2. Case Report

Three sedentary women with DM (EULAR/ACR criteria) [1] were included and
randomly allocated by an external health professional under the conditions
tDCS-active or tDCS-sham. [1] was included at June 2019.

The patients were informed of the risks and benefits through a consent form.
The patient submitted to the active tDCS at disease onset, she had expressive
upper and lower limb muscle weakness with cutaneous lesions (heliotrope rash,
Gottron’s papules/signs, “V-neck” sign, “shawl” sign, periungueal telangiectasia
with associated dystrophic cuticles), and received methylprednisolone and im-
munoglobulin human intravenous pulse therapies, oral glucocorticoids and dif-
ferent immunosuppressive drugs. Seven years after disease onset, she had been
using only mycophenolate mofetil (2 g/day) with stable disease.

The anodal tDCS was applied with an electric current intensity of 2 mA and a

density of 0.057 mA/cm? for 20 minutes. The electrodes were positioned ac-
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cording to the international system The positively charged electrode was posi-
tioned at C1 (contralateral to the dominant limb) and the negatively charged
electrode was positioned in the supraorbital region FP2 (ipsilateral to the do-
minant limb). The tDCS-sham was performed through the same assembly fol-
lowed by a 30-second stimulation. During the session, the patient remained
seated.

Considering the clinical relevance of muscle strength in these diseases, dy-
namic elbow strength was assessed through the isokinetic dynamometer (Biodex
System 3 Pro) [2]. To avoid a learning effect, a previous familiarization was per-
formed during baseline measurement, and the patient was given maximum en-
couragement.

The isokinetic dynamometer assessment was performed over four periods on
the patient from the present study: 15 minutes before-tDCS (PRE), 15 minutes
after-tDCS (0™ POST), 15 days after tDCS (15™ POST), and 30 days after tDCS
(30% POST).

The disease status was evaluated by the International Myositis Assessment and
Clinical Groups Studies (IMACS) set scores [1] [3] [4]: Visual Analogue Scale
(Physician and Patient), Myositis Disease Activity Visual Assessment Scales
(MYOACT), Health Assessment Questionnaire (HAQ), Manual Muscle Testing
(MMT)-8 and laboratory evaluation: aspartate aminotransferase (reference val-
ue: >31 U/L), alanine aminotransferase (>31 U/L), lactic dehydrogenase (240 -
480 U/L), creatine phosphokinase (26 - 308 U/L) analyzed by automated kinetic
methods. The laboratory assessment was performed over three periods of tDCS:
PRE, 15" POST and 30" POST. The data was analyzed by percentage changes
from the base-line: [A(POST - PRE)/100]%.

Before the first session low values of the IMACS set scores and preserved
muscle strength assessed by MMT-8 (Table 1), a reduction of torque values was
observed in relation to the dominant and non-dominant limb of the patient
submitted to tDCS in comparison to the patients submitted to Sham: #Patient
(10.5) vs. Sham #1 (26.7) and Sham #2 (27.8) as well as, evidenced in relation to
total work (J) (42.5) vs. (160.5) and (158.5).

After the first session, there was an increase in torque values in both limbs
(+29.5) in the patient who received the tDCS, when compared to Sham #1
(+17.6) and Sham #2 (+10.7). Moreover, the total work in the patient was +11.7
J, whereas in the Sham#1 and Sham #2 were +22.6 ] and +19.4 ], respectively.

Interestingly, after 15 days there was a greater increase in the patient who re-
ceived tDCS compared to Sham patients in both limbs, similar to the total work
(Table 2).

In the final analysis, it was observed that the patient who underwent tDCS
maintained the gains on torque of the flexors in the dominant limb, while, in re-
lation to the non-dominant limbs, a reduction was observed. However, the re-
duction was smaller relative to one patient, while another showed increases in

the final analysis. So it was observed in the total work.
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Table 1. General features of the patients before transcranial direct current electrical sti-

mulation.
Case Control #1 Control #2
General data
Age (years) 52 60 52
Height (cm) 1.50 1.63 1.69
Weight (kg) 73 77 74
BMI (kg/m?) 243 29.0 25.9
Disease duration (days) 1718 1482 1132
Disease status
HAQ (0.00 - 3.00) 0.00 0.00 0.00
MYOACT (0 - 60) 0 0 0
Patients” VAS (0 - 10 cm) 0 0 0
Physician’ VAS (0 - 10 cm) 0 0 0
MMT-8 (0 - 80) 80 80 80

BMI: body mass index. HAQ: Health Assessment Questionnaire; MMT: Manual Muscle Testing;
MYOACT: Myositis Disease Activity Visual Assessment Scales: VAS: Visual Analogue Scale.

Table 2. Data related to peak torque and total work of the elbow flexors (dominant and
non-dominant).

PT/BW (%) - dominant PT/BW (%) - non-dominant

PRE POST 15t 30 PRE POST 15t 30%

Case 10.5 +29.52  +77.1 +77.2 15.9 +25.16  +30.2 -1.9
Control #1 26.7  +17.60 -12.7 -2.6 26.8 +1.12 -4.5 -8.6
Control #2 27.8 +10.7 -10.1 -2.2 22.5 -0.89 +11.0 +20.0

Total work (J) - dominant Total work (J) - non-dominant

PRE POST 15% 30t PRE POST 15% 30t

Case 42.5 +11.7 4593 +94.6  68.2 +31.3 +31.4 +0.7
Control #1 160.5 +22.6 -18.1 =7.5 170.2  +0.18  -22.8 -13.2
Control #2 158.5 +19.4 -5.4 +0.7 134.1 +2.39 +11.9 +12.0

The data was analyzed by percentage changes from the baseline: [A(POST - PRE)/100]%; PT/BW (%): peak
torque normalized by body weight of dominant and non-dominant elbow.

During all protocols, there was neither disease relapse nor clinical intercur-

rences.

3. Discussion

To date, this is the first study to evaluate the effects of acute and chronic tDCS in
a patient with DM. The tDCS was safe throughout the protocol, with no clinical
adverse effects, as well as no adverse effects related to tDCS. Furthermore, in

acute symptoms, it promoted increases after three sessions on the muscle torque
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and total work of dominant and non-dominant elbow flexors.

In the present study, any confounding factors were excluded, there were no
changes in pharmacological treatment, and clinical evaluation was performed by
a single rheumatologist. Additionally, in relation to the evaluation of the muscle
torque, we tried to avoid the factors that could interfere in the values, such as
pre-activation potentiation, learning effect, and physical activity level.

The initial analysis of the results in the present study corroborates studies in
healthy individuals with similar experimental designs [5]. Remarkably, after
three weeks, there was a significant difference in muscle torque values and total
patient work compared to the Sham patients. In accordance with Hendy et al
[6], the difference was observed in the dominant limb after six weeks. Moreover,
the findings of the present study are supported by previous evidence, highlight-
ing the study by Krishnan et al. Thus showing, the tDCS was able to promote
increased activation of agonist muscles of the elbow flexors excluding con-
founding factors as a contribution of synergists and antagonists [7].

These findings are explained possibly by the neuroplasticity induced by tDCS,
the increase in neuronal excitability affects the corticospinal tract influencing the
pool of motor neurons, leading to an increase in the firing frequency resulting in
increased muscle activation [8].

As a limitation of the present study, we did not evaluate neurophysiological
outcomes for understand the probable changes in cortical excitability and not
assess the neuromuscular adaptations.

The encouraging results observed in the present study show tDCS are safe in
stable DM disease, and it may be effective in maintaining muscle torque. More-
over, the present study brings new therapeutic possibilities with the potential to
directly impact clinical practice, including to disease damage, such as chronic
pain, fatigue, subjective muscle weakness, and others. Therefore, clinical trials
with greater patient samples with different disease states and with longer inter-

vention times are required to corroborate the present findings.

4. Conclusion

The present study showed that the application of transcranial direct current
electrical stimulation is safe in a patient with dermatomyositis and seems to in-

fluence the ability to produce muscle strength.
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