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ABSTRACT | INTRODUCTION: Autistic Spectrum
Disorder (ASD) is a complex neurodevelopment
disorder with early symptoms present in the first
three years of life according to the Diagnostic and
Statistical Manual of Mental Disorders 5 (DSM-
5)L. It is characterized by changes in the social
and behavioral domains, including repetitive
and stereotyped behaviors. The prevalence rate
is estimated in one in 110 births2 In addition,
from the symptomatic and behavioral point of
view, ASD is quite complex which can lead to very
heterogeneous clinical courses. The complexity
of ASD leads to a multiprofessional therapeutic
intervention approach to allow the stimulation of
different skills involved in both behavioral, social
interaction, cognitive issues, as well as motor
impairments®. A growing interest in the effects
of non-invasive neuromodulation, particularly
transcranial direct current stimulation (tDCS), has
been observed in the scientific literature, with
promising results observed in controlled and
randomized clinical trials in ASD#>. Considering
the therapeutic possibilities, the guiding question
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of this study was whether the application of
anodic tDCS in the dorsolateral prefrontal cortex
(DLPFC) of the left cerebral hemisphere associated
with cognitive and sensory abilities stimuli could
improve motor responses in ASD. There is still a
gap in the literature on interventions for motor
development, as well as few clinical trials studies
with tDCS in pediatric and adolescent populations
in ASD. Thus, the study design, methodological
quality and monitoring of effects with a three-
month follow-up justify this study. OBJECTIVES:
The objective of the study was to compare the
effects of anodic tDCS on left DLPFC with effects
of sham stimulation on the motor skills of
children and adolescents with ASD. MATERIALS
AND METHODS: The study was carried out from
November 2018 to January 2020, at the Center for
Interdisciplinary Child Neuropsychological Care
(NANI). It complies with the Regulatory Guidelines
and Norms for research involving human beings,
formulated by the National Health Council, Ministry
of Health, according to Resolution 466/2012, in
Brazil. It was approved by the Ethics Committee
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of the Federal University of Sdo Paulo under number
3.439.584 and register number RBR-9737g8. Those
responsible for all the participants signed a Free
and Informed Consent Form, declaring that they
were aware that the procedure they underwent was
voluntary, free and experimental. Eighteen children
and adolescents who met the inclusion criteria
participated in this controlled, randomized, double-
blind and crossover clinical trial. The inclusion criteria
were: a) children and adolescents diagnosed with ASD,
according to DSM-5; b) age between 6 and 12 years;
¢) performed behavioral and / or drug treatment
for ASD; d) inserted in the school environment; e)
understanding and collaboration compatible with
the performance of the proposed activities (which
was assessed during the execution of the pre-
intervention Motor Development Scale tasks. Those
who performed all tasks were included). Children
with other neurological or psychiatric disorders, with
epilepsy, who had a metallic implant in the brain or
hearing device, and children with intellectual, sensory
or motor disabilities that limited the performance of
the activities proposed in this project were excluded.
The study intervention consisted of ten sessions of
anodic TmA tDCS over the DLPFC, for 20 minutes,
associated with tasks and games of attention,
memory and sensory stimuli. The stimulation was
applied with a tDCS device (DC-Stimulator mobile-
Neuroconn), using two 5x7cm2 sponge electrodes
surface, moistened in saline solution. A 60-second
up and down ramp was used. The type of stimulation
(active or sham) was performed respecting the
random distribution of participants in one of the
two groups studied. Randomization was carried out
using numbered, opaque and sealed envelopes to
ensure confidentiality. Each envelope contained
a card stipulating which initial intervention the
participant would be allocated to. This process was
done by a team member who was not involved in the
process of recruiting or developing the research. In
this way, neither the participants (and their parents
or responsible), nor the evaluators who applied the
scale knew which group they were assigned to. In
both experimental and control groups, the anode
electrode was positioned over the left DLPFC and
the cathode over the contralateral deltoid muscle.
In the control group, the stimulator was turned on
for 30 seconds, then turned off, so the participants

could experience the initial sensation of the current,
but not receiving the stimulation for the remaining
time. After 3 months wash-out, the groups were
crossed and underwent a new 10-day intervention
step (active or sham). Motor outcomes were assessed
by the Motor Development Scale of Francisco Rosa
Neto (EDM in Portuguese: Escala de Desenvolvimento
Motor) in the pre, post (10 days) and 3 months after
interventions. EDM consists of test batteries that
assess the motor development of children between
six and eleven years old, and covers 6 dimensions of
human motricity, as well as laterality (preference for
laterality in hands, eyes and feet). Assessment tests
are carried out according to the child's age group, at
progressive levels of difficulty. Motor age is calculated
based on the test results for each area, expressed
in months. General motor age (IMG- in Portuguese:
Idade Motora Geral) is calculated by adding the
results of each area expressed in months, divided by
6 (number of areas evaluated, that are: fine motor
skills, global motor skills, balance, body scheme,
spatial organization and temporal organization
and language). RESULTS: Eighteen children and
adolescents completed all stages of intervention and
evaluations, 14 males and 4 females, with an average
age of 8.7 years (SD = 1.95). The first assessment
results showed that all participants had a lower
IMG (motor general age) for their chronological age,
showing a delay in motor development. No moderate
or severe adverse effects were observed throughout
the study. The Kolmogorov-Smirnov test showed
normal data distribution. Thus, parametric tests were
performed and the data were expressed as mean
and standard deviation. The analysis of variance of
repeated measures (ANOVA), with the Bonferroni
post hoc test were used to determine the effect of
anodic tDCS on DLPFC (active and sham) on the motor
variables studied. A value of p <0.05 was considered
indicative of statistical significance. The ANOVA of
repeated measures showed a significant difference
inthe IMG (F (1.9) = 3.7; p = 0.01). Specifically, the post
hoc analysis demonstrated that compared to the
intervention involving transcranial sham stimulation,
the intervention with active tDCS resulted in higher
averages in the follow-up assessment three months
after the end of the intervention at IMG (p <0.05 for
all comparisons) as shown in Graph 1.
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Graph 1. IMG pre-intervention, post and 3-month follow-up. * P <0.05

IMG (General motor age)

-#- Experimental Control

66

. ¥
64

62

60

58 &

56

54

52

Pre Post Follow-up

Table 1 presents the results in means and standard deviation for each intervention:

Table 1. IMG expressed in means and standard deviation; * P <0.05

Experimental Control
Pre Post Follow-up Pre Post Follow-up
IMG 57,72 %1930 57831732 64,67 + 20,24* 57,22 £ 18,99 57,67 £ 18,91 60,89 + 19,34

The results of this study demonstrate that there was no statistically significant difference between active and sham
interventions for tDCS in the pre and post-intervention moments regarding to IMG. The highest averages were
found in the parameters of general motor age (IMG) after interventions with active anodic tDCS in the 3-month
follow- up assessments. The increase in IMG shows an improvement in the child's motor profile, that indicates
a reduction in negative age, pointing out that the general motor performance was closer to the performance
expected by his chronological age. Our findings corroborate with the studies included in the systematic review by
Moura et al.t, in which greater activation of the DLPFC, promoting the reorganization of the attentional resources
and the executive areas that elaborate the motor actions may have favored the motor responses, since motor
tasks were oriented and demanded attention both to the commands given by the evaluator and the attention
inherent in the task itself. Besides, our findings confirm the results of preliminary studies, which demonstrate that
the effects of tDCS can last for three months after its application>2. CONCLUSION: The application of anodic tDCS
in the left DLPFC demonstrated positive effects on the motor responses of children and adolescents with ASD
three months after its application.
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RESUMO | INTRODUGAO: O Transtorno do Espectro
Autista (TEA) é uma complexa alteracdo do neurode-
senvolvimento de inicio precoce, com sintomas pre-
sentes nos trés primeiros anos de vida, segundo os
critérios de classificacdo do Diagnostic and Statistical
Manual of Mental Disorders 5 (DSM-5). Caracterizado
por altera¢des na comunicagdo social e em dominios
comportamentais, incluindo comportamentos repe-
titivos e estereotipados, estima-se uma taxa de pre-
valéncia de um em cada 110 nascimentos?. O TEA é
bastante complexo do ponto de vista sintomatologi-
co, podendo levar a cursos clinicos bastante hetero-
géneos. A complexidade do TEA torna necessaria a
abordagem multiprofissional de intervencao terapéu-
tica, permitindo a estimulacdo de diferentes habilida-
des comportamentais, de intera¢do social, cognitivas,
bem como nas dificuldades motoras:. Um crescente
interesse nos efeitos da neuromodula¢do nao invasi-
va, particularmente a estimulac¢do transcraniana por
corrente continua (ETCC), vem sendo observado na
literatura cientifica, com resultados promissores ob-
servados no TEA*®. Considerando as possibilidades
terapéuticas, a pergunta norteadora deste estudo foi
se a aplicacao da ETCC anddica na area do cortex pré-
frontal dorsolateral (CPFDL) do hemisfério cerebral
esquerdo associada a estimulacdo de habilidades
cognitivas e sensoriais poderia melhorar as respostas
motoras no TEA. Ainda hd uma lacuna na literatura
sobre intervenc¢des para o desenvolvimento motor,
bem como poucos estudos do tipo ensaio clinico com
ETCC em populagdo pediatrica e adolescente no TEA.
Assim, o desenho do estudo, a qualidade metodol6-
gica e o acompanhamento dos efeitos com follow-up
de trés meses justificam este estudo. OBJETIVOS:
Comparar os efeitos da ETCC andédica sobre o CPFDL
esquerdo com efeitos da estimulacdo sham sobre
a motricidade de criangas e adolescentes com TEA.
MATERIAIS E METODOS: O estudo foi realizado no
periodo de novembro de 2018 a janeiro de 2020, no
Nucleo de Atendimento Neuropsicolégico Infantil
Interdisciplinar (NANI), obedecendo as Diretrizes e
Normas Regulamentadoras de pesquisa envolvendo
seres humanos, formuladas pelo Conselho Nacional
de Saude, Ministério da Saude, conforme a Resolucao
466/2012, no Brasil. Foi aprovado pelo Comité de Etica
da Universidade Federal de Sdo Paulo sob parecer de
ndmero 3.439.584 e registro numero RBR-9737g8. Os
responsaveis por todos os participantes assinaram
um Termo de Consentimento Livre e Esclarecido, de-
clarando ter ciéncia de que o procedimento ao qual se
submeteram foi voluntario, gratuito e experimental.

Foi realizado um ensaio clinico cruzado, controlado,
randomizado e duplo cego no qual participaram 18
criangas e adolescentes que atenderam aos seguintes
critérios de inclusdo: a) diagndstico de TEA, segundo o
DSM-5; b) idade entre 6 e 12 anos; ¢) que realizassem
tratamento comportamental e/ou medicamentoso
para TEA; d) inseridas no ambiente escolar; e) pos-
suissem graus de compreensdo e colaborac¢do com-
pativeis com a realizacao das atividades propostas
(avaliado durante a execug¢do das tarefas da Escala
de Desenvolvimento Motor pré-intervencdo. As crian-
¢as que realizaram todas as tarefas foram incluidas
para as demais etapas). Foram excluidas criangas
portadoras de outros transtornos neurolédgicos ou
psiquiatricos, com epilepsia, que possuissem implan-
te metdlico no encéfalo ou aparelhos auditivos, e
criancas com deficiéncias intelectuais, sensoriais ou
motoras que limitassem a realiza¢do das atividades
propostas neste projeto. A intervencdo foi constitui-
da por dez sessdes de ETCC anddica de TmA sobre
o CPFDL esquerdo, por 20 minutos, associadas a ta-
refas e jogos de atenc¢do, memoria e estimulos sen-
soriais. A estimulacdo foi aplicada com um aparelho
de ETCC (DC-Stimulator mobile- Neuroconn), por meio
de dois eletrodos-esponja de 5x7cm2 de superficie,
umedecidos em solucdo salina. Foi utilizada uma
rampa de subida e descida de 30 segundos. O tipo
de estimulacdo (ativa ou sham) foi feita respeitando
a distribuicdo aleatéria dos participantes em um dos
dois grupos estudados. A randomizacdao foi feita atra-
vés de envelopes numerados, opacos e selados para
garantir a confidencialidade. Cada envelope continha
um cartdo estipulando a qual intervencdo inicial o
participante seria alocado. Este processo foi feito por
um membro da equipe que ndo estava envolvido no
processo de recrutamento ou desenvolvimento da
pesquisa. Desta forma nem os participantes (e seus
responsaveis) souberam a que grupo foram designa-
dos, assim como os avaliadores que aplicaram a es-
cala. Tanto no grupo experimental como no contro-
le, o elétrodo anodo foi posicionado sobre o CPFDL
esquerdo e o catodo sobre a regido do musculo del-
toide contralateral. No grupo controle, o estimula-
dor foi ligado durante 30 segundos, sendo desligado
em seguida, assim os participantes puderam viven-
ciar a sensacdo inicial da corrente, mas sem rece-
ber a estimulacdo no tempo restante. Apds 3 meses
de wash-out, os grupos foram cruzados e passaram
por nova etapa de interven¢do de 10 dias (ativa ou
sham). Os desfechos motores foram avaliados pela
Escala de Desenvolvimento Motor de Francisco Rosa
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Neto (EDM) nos momentos pré, pos (10 dias) e 3 meses ap0s as interven¢des. A EDM é composta por testes que
avaliam o desenvolvimento motor de criancgas entre seis e onze anos de idade, e abrange 6 dimensdes da motri-
cidade humana, bem como a lateralidade. As provas de avaliagdo sao realizadas de acordo com a faixa etaria da
crianga, em niveis progressivos de dificuldade. A idade motora (IM) é calculada através do resultado dos testes de
cada uma das areas expressa em meses. A idade motora geral (IMG) é calculada através da somatéria dos resul-
tados de cada uma das areas expressa em meses, dividida por 6 (nimero de areas avaliadas, sendo: motricidade
fina, motricidade global, equilibrio, esquema corporal, organiza¢do espacial e organizagdo temporal e linguagem).
RESULTADOS: Uma amostra de 18 criangas e adolescentes completou todas as etapas de intervenc¢ao e avalia-
¢des, sendo 14 do sexo masculino e 4 do sexo feminino, com idade média de 8,7 anos (DP= 1,95). Na avaliacao
inicial, todos os participantes apresentaram IMG inferior ao esperado para sua idade cronolégica. Quanto a inter-
venc¢do com a ETCC, ndo foram observados efeitos adversos moderados ou graves ao longo do estudo. O teste de
Kolmogorov-Smirnov demonstrou distribuicao normal dos dados. Assim, foram realizados testes paramétricos e
os dados foram expressos em média e desvio padrdo. A andlise de variancia (ANOVA) de medidas repetidas, com
o teste post hoc de Bonferroni foram utilizadas para determinar o efeito da ETCC anddica sobre o CPFDL (ativa
e sham) sobre as variaveis motoras estudadas. Um valor de p <0,05 foi considerado indicativo de significancia
estatistica. Quanto a comparacdo dos efeitos da ETCC, a ANOVA de medidas repetidas mostrou haver diferenca
significante na IMG (F(1,9)=3,7; p=0,01). Especificamente, a analise post hoc demonstrou que em comparacdo com
a intervenc¢do envolvendo a estimulag¢do transcraniana sham, a interven¢dao com ETCC ativa resultou em médias
superiores na avaliacdo de acompanhamento trés meses apds o término da intervencdo na IMG (p<0,05 para
todas as comparacdes), conforme apresentado no Grafico 1.

Grafico 1. IMG pré-intervencdo, pds e follow-up de 3 meses. *P<0,05
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O quadro 1 apresenta os resultados em médias e desvio padrdo para cada intervencao:

Quadro 1. IMG expressa em médias e desvio-padrdo; *P<0,05

Experimental Controle
Pré Pos Follow-up Pré Pos Follow-up
IMG 57,72 £ 19,30 57,83 +17,32 64,67 + 20,24* 57,22+ 18,99 57,67 % 18,91 60,89 + 19,34
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Os resultados deste estudo demonstram que nao
houve diferenca estatistica significativa entre as in-
tervencdes ativa e sham da ETCC nos momentos pré
e pbs-intervencgdo. As maiores médias foram encon-
tradas apo6s as intervenc¢des com ETCC anddica ativa
nas avaliacdes de follow-up de 3 meses. O aumento
da IMG demonstra que houve uma melhora do perfil
motor da crianga, isto €, uma reduc¢do da idade ne-
gativa, apontando que o desempenho motor geral
se aproximou mais do desempenho esperado para
sua idade cronolégica. Uma hipdtese para este re-
sultado se correlaciona com os achados nos estu-
dos incluidos na revisdo sistematica de Moura et al.?,
em que a maior ativacdo do CPFDL, promovendo a
reorganizagao dos recursos atencionais e das areas
executivas que elaboram as a¢Bes motoras pode
ter favorecido o desempenho motor, pois as tarefas
motoras eram orientadas e demandavam atencgao
tanto aos comandos dados pela avaliadora como a
atencao inerente a propria tarefa. Os achados deste
estudo corroboram com estudos preliminares, que
demonstram que os efeitos da ETCC podem perdu-
rar por 3 meses apos sua aplicacdo>’. CONCLUSAO:
A aplicacdo da ETCC anddica no CPFDL esquerdo de-
monstrou efeitos positivos nas respostas motoras
de criancas e adolescentes com TEA apds trés meses
de sua aplicacdo.

PALAVRAS-CHAVE: Autismo. Estimulagdao trans-
craniana por corrente continua. Desenvolvimento
Motor.
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