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RESUMO

A estimulagdo transcraniana por corrente continua (ETCC) é uma técnica
neuromodulatoéria com potencial para auxiliar no tratamento da dor cronica e outras
condicdes clinicas. O efeito da ETCC, no entanto, estd associado com a plasticidade
cerebral, de modo que fatores que influenciam nesta plasticidade podem alterar os
resultados obtidos com a estimula¢do gerando variabilidade nos resultados da técnica. A
idade é um fator importante que modula a plasticidade, de modo que especificar a idade em
protocolos de ETCC pode elevar a eficacia do método, possibilitando 0 uso mais assertivo
em protocolos de pesquisa, como também em tratamentos clinicos.

No primeiro estudo apresentamos uma revisdo sistematica e meta-analise sobre
o feito da ETCC nas medidas de dor em criancas, adolescentes e idosos, com a finalidade
de compilar evidéncias sobre o impacto da idade na resposta a ETCC aplicada em
montagens de importancia no estudo da dor: cértex motor primario (M1) e cortex pré-
frontal dorsolateral (DLPFC). Métodos: Realizamos uma revisdo sistematica pesquisando
0s seguintes bancos de dados: PubMed, EMBASE e Science Direct usando os termos de
pesquisa que foram adaptados de acordo com MeSh ou Entree: [(“Adolescent” OR
“Children” OR “Elderly” ) AND (“tDCS” ) AND (“Pain” OR “Pain threshold”) AND (
“dorsolateral prefrontal cortex” OR “Motor cortex)]. Pré-selecionamos 228 artigos, 13
foram incluidos na revisao sistematica. A meta-analise incluiu 4 estudos para desfechos de
nivel de dor e 3 estudos pra limiar de dor, que foram classificados como baixo risco de viés.
Apenas estudos com idosos foram incluidos na meta-analise. Resultados: Para desfecho de
nivel de dor os dados apresentaram consideravel heterogeneidade (12 = 60%), foi entdo
aplicado um modelo de efeitos aleatérios. Um total de 96 pacientes recebeu estimulacdo
ativa e a maioria dos estudos favorece a ETCC ativa, mostrando uma reducéo significativa
(P = 0,002) dos niveis de dor quando comparada a sham. A diferenca de média padronizada
foi de -0,76 (IC 95% = -1,24, -0,28). Para desfecho de limiar de dor 88 idosos receberam
ETCC ativa, mas a andlise combinada dos estudos ndo mostrou diferenca quando
comparado a sham. Apenas dois estudos foram incluidos para o efeito da ETCC na dor em
adolescentes. Os estudos foram divergentes em suas conclusdes: um estudo com o uso de
ETCC anodal sobre cortex pré-frontal relatou reducao de escores de dor, enquanto o outro
estudo relatou aumento da sensibilidade a dor. Conclusdo: Nossos achados sugerem um

efeito favoravel da ETCC na redugdo da dor em idosos. No entanto, o nimero de estudos



incluidos foi pequeno e houve heterogeneidade de protocolos e condicdes clinicas da
populagéo do estudo.

O segundo estudo teve como objetivo comparar os efeitos da ETCC anodal
sobre o DLPFC e o M1 em adolescentes, adultas e idosas. O desfecho primario foi
o limiar de dor pelo calor (HPT), enquanto os desfechos secundarios foram o desempenho
na tarefa de memoria de trabalho (WM), dor moderada ao estimulo térmico e a tolerancia
ao estimulo térmico. Nossa hipotese foi que o efeito da ETCC seria de maior magnitude
em adolescentes, quando a ETCC fosse realizada sobre o DLPFC. Métodos: Foram
incluidas 30 mulheres saudaveis, destras, com idade entre 15 e 16 anos (adolescentes, n =
10), 30 a 40 anos (adultas, n = 10) e 60 a 70 anos (idosas, n = 10). Neste estudo cruzado e
cego, as participantes receberam trés sessdes de intervencdo: ETCC sobre o DLPFC
esquerdo, ETCC sobre M1 esquerdo e estimulacdo simulada. O intervalo entre as sessoes
foi de pelo menos 7 dias e com alocacdo randomizada. Durante a estimulacdo as
participantes realizaram tarefas online de WM. A intensidade e duragdo da estimulagdo
ativa foi de 2 mA por 30 min. O HPT foi avaliado antes e apds a estimulacdo. As
participantes realizaram n-back, uma tarefa de avaliacdo de WM, durante e também apds a
ETCC. Para medidas de desfecho foi avaliada a variacdo percentual do HPT do pré para o
p6s ETCC e para o desempenho da WM foi avaliado pela tarefa de n-back apos a
estimulagdo. Resultados: Um modelo de Generalized Estimating Equation (GEE) revelou
que a ETCC anodal sobre o DLPFC reduziu o HPT em adolescentes em 3,5%. Em adultos
jovens, a ETCC anodal sobre M1, mas ndo sobre o DLPFC, aumentou o HPT
significativamente em comparagdo com ETCC simulada. Nenhum efeito significativo para
HPT foi encontrado no grupo de idosas. Para memdria de trabalho o tempo de resposta para
acertos foi reduzido para ETCC anodal sobre o DLPFC em adolescentes, em comparagédo
com os outros dois grupos. Conclusdo: Esses achados sugerem que a ETCC anodal
modula a percepcédo da dor e as fungdes cognitivas de forma diferenciada de acordo com a
idade e a area de estimulagdo, com maiores efeitos em adolescentes alcancados via ETCC
sobre o DLPFC.

A partir dos estudos realizados concluimos que a ETCC modula sensibilidade a
dor de maneira distinta para adolescentes, adultos e idosos. No entanto, também a
montagem de ETCC apresenta interacdo com o fator idade para os resultados da
estimulacdo. Na literatura, no entanto ha poucos estudos que abordam o uso da ETCC em

medidas de dor para criangas, adolescentes ou idosos. Assim, estudos com rigor



metodologico devem ser buscados nestas faixas etarias para melhor elucidar o efeito da

ETCC no nivel de dor e possivel impacto no ambiente clinico.

Palavras chave: Estimulacdo transcraniana de corrente continua (ETCC), limiar de dor,

memoria de trabalho, idade, neuroplasticidade, Teste quantitativo sensorial.
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ABSTRACT

Transcranial direct current stimulation (tDCS) is a neuromodulatory technique that has
potential to aid in the treatment of chronic pain and other clinical conditions. However
tDCS has large variability of effects, what brings inconsistency to the method. Since the
effect of tDCS is associated with brain plasticity, factors that influence this plasticity, such
as chronological age, modify the response to the method and must be addressed in clinical
and research protocols. Individualizing age can improve tDCS protocols efficacy, allowing
the proper use of the technique in research and in clinical setting.

In the first study, we evaluated in a systematic review and meta-analysis the
existing literature on the effect of tDCS on pain level for children, adolescents and elderly.
We aimed to review the knowledge of tDCS effect on pain scores for these particular age
groups to elucidate tDCS effect on pain outcomes considering age as a influence factor on
two tDCS montages used for the study of pain: primary motor cortex (M1) and dorsolateral
prefrontal cortex (DLPFC). Methods: We have conducted a systematic review searching
the following databases: PubMed, EMBASE, and Science Direct using the following search
terms which were adapted according to MeSh or Entree: [(“Adolescent” OR “Children” OR
“Elderly”) AND (“tDCS”) AND (“Pain” OR *“Pain threshold”) AND (“dorsolateral
prefrontal cortex” OR “Motor cortex)] up to April 20th, 2020. We preselected 228 articles,
13 of which were included in the systematic review, only two studies included adolescents,
and none was retrieved with children. The meta-analysis included five studies that showed
a lower risk of bias, only studies with elderly. First, we analyzed studies with pain score
outcomes (n=4), and the second we analyzed studies that the outcome was the pain
threshold (n=3). Results: A random-effects model was applied due to data having
considerable heterogeneity (12 = 60% for pain score). A total of 96 subjects received active
stimulation, and most of the studies indicate a favorable effect for active tDCS to reduce the
pain score compared to sham tDCS (P =0.002). The standardized mean difference was
—0.76 (CI1 95% = —1.24 to —0.28). For the pain threshold, 88 elderly received active tDCS.
However, the analysis of combined data did not present statistical differences. We included
two studies with adolescents, that were divergent in their conclusions: one study using
anodal tDCS over the prefrontal cortex reported a reduction in pain scores, contrarily the
second study reported an increase in pain sensitivity. Conclusion: Our findings suggest a
favorable effect of a-tDCS to reduce pain for elderly. Nevertheless the number of included
studies was small, and heterogeneity for clinical condition and protocols was present.

The objective of the second study was to compare effects of anodal (a)-tDCS over
the left dorsolateral prefrontal cortex (DLPFC), and primary motor cortex (M1) in
adolescents, young adults and elderly . Primary outcome was heat pain threshold (HPT),and
secondary outcomes were working memory (WM) performance, heat moderate pain and
heat pain tolerance. We hypothesized that the effect of tDCS would be the largest in
adolescents for the DLPFC tDCS. Methods: We included 30 healthy women within the age
ranges of 15 to 16 (adolescents, n= 10), 30 to 40 (young adults, n=10), and 60 to 70
(elderly, n=10) years. In this crossover single-blinded study, participants received three
intervention sessions (a-tDCS over the left DLPFC, a-tDCS over left M1, and sham
stimulation), separated by at least 7 days coupled with WM online task performance in
randomized order. Active stimulation intensity and duration were 2 mA and 30 min,
respectively. HPT was evaluated before and after stimulation. Participants performed an n-
back WM task during, and also after tDCS. For outcome measures, WM performance after
stimulation was evaluated. Results: Generalized Estimating Equation (GEE) revealed that
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a-tDCS over the DLPFC reduced HPT in adolescents (3.5%). In young adults, a-tDCS over
M1, but not the DLPFC, enhanced HPT significantly compared to sham. No significant
effect for HPT was found in the elderly group. Response time for hits was reduced for a-
tDCS over the DLPFC in adolescents, as compared to the other two groups. Conclusions:
These findings suggest that a-tDCS modulates pain perception and cognitive functions
differentially according to age and target area of stimulation, with larger effects in
adolescents achieved via tDCS over the DLPFC.

From the studies we have developed, we concluded that tDCS modulates
sensitivity to pain in a different way for adolescents, adults and the elderly. However, the
tDCS montage also presents interaction with the age factor for the results of stimulation. In
the literature, however, there are few studies that address the use of tDCS for pain measures
in children, adolescents or elderly. Thus, further studies with methodological rigor should
be sought in these age groups to better elucidate the effect of tDCS on pain and the possible
impact on the clinical setting.

Keywords
Transcranial direct current stimulation (tDCS), heat pain threshold, working memory, age,
adolescents, elderly, young adults, quantitative sensory testing
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1 INTRODUCAO

A Estimulacdo transcraniana de corrente continua (ETCC) é uma técnica de
neuromodulacdo aplicada sobre o escalpo que utiliza aplicacdo de corrente elétrica
continua de baixa intensidade que circula entre dois eletrodos (NITSCHE et al., 2008).
Seu efeito imediato deve-se & modulagdo do potencial de membrana celular por mudanca
de fluxo i6nico, que pode aumentar a despolarizacdo ou a hiperpolariza¢do neuronal. A
despolarizacdo é gerada por estimulos anddicos e cursa com aumento da excitabilidade,
enquanto a hiperpolarizacdo é produzida por estimulos catodicos que diminuem a
excitabilidade (NITSCHE e PAULUS, 2000). Enquanto os efeitos agudos séo explicados
por mudancas no potencial elétrico mediado pelo fluxo i6nico, os efeitos sustentados
devem-se a mecanismos de plasticidade sinpticos definidos como potenciacédo de longa
duragcdo (long term potentiation - LTP) ou depressdo de longa duracdo (long term
depression - LTP).

Esta técnica tem mostrado resultados positivos para condi¢des clinicas como
sindromes dolorosas cronicas (Zortea et al., 2019), depressdo (Brunoni et al., 2017),
ansiedade (Stein et al., 2020) e na memoria de trabalho (Mylius et al. 2012; Souza et al.,
2018). A memoria de trabalho estd comprometida em doengas com comprometimento
neuropsicoldgico tais como depressdao (Christopher e Macdonald, 2005), doenca de
Parkinson (Lewis et al., 2003), esquizofrenia (Brébion et al., 2014; Kim, 2004), doenca
de Alzheimer (Kirova, Bays e Lagalwar, 2015), transtorno de déficit de atencdo e
hiperatividade (TDAH) (Barkley, 1997). Essa técnica de neuromodulagdo vem
conquistando espaco por ser de baixo custo, poucos efeitos adversos e quando presentes
transitérios (ANTAL et al., 2017). Alem disso, existe a possibilidade de ser feita em
domicilio com equipamento desenvolvido em nosso laboratério (CARVALHO et al.,
2018).

A montagem dos eletrodos da ETCC € selecionada a partir da regido cortical,
alvo, que varia de acordo com o objetivo da estimulag&o. No estudo da dor a estimulacéo
aplicada sobre o cértex motor primario (M1) modula vias envolvidas com 0s ndcleos
talamicos laterais e com o cértex sensitivo, seus efeitos estdo relacionados a modulagao
de aspetos sensorio-discriminativas da dor, tais como limiar, qualidade da dor,
localizagdo e intensidade (MORTON, SANDHU e JONES, 2016). Enquanto a
estimulagdo aplicada sobre o cortex pré-frontal dorsolateral esquerdo modifica redes

neurais envolvidas no processamento afetivo emocional do estimulo nociceptivo.
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Especula-se que o efeito observado na aplicacdo sobre o cortex pré-frontal (CPF) seja
mediado pela modulacdo de redes neurais conexas ao ndcleo taldmico medial e o sistema
limbico (MORTON; SANDHU; JONES, 2016). Ainda a ETCC sobre CPF parece mediar
melhora no desempenho de memoria de trabalho atraves da estimulacdo sobre funcdes
executivas da memoria de trabalho associadas ao CPF (D’ESPOSITO, et al. 2000).

No entanto, ainda se conhece pouco sobre fatores que podem modificar a
magnitude de efeito e a variabilidade entre os sujeitos encontrados na ETCC. Além dos
fatores relacionados a técnica como a intensidade de corrente, tempo de estimulacdo e
montagem de eletrodos, seu efeito € dependente do estado de plasticidade de cada
individuo. Em sendo assim, dependente dos diversos fatores que influenciam a
plasticidade, tais como idade, hormoénios gonadais (sexo), psicofarmacos, tipologia
circadiana, polimorfismos genéticos, atividade fisica. (RIDDING e ZIEMANN, 2010).

Dentre esses fatores que modulam a plasticidade cerebral, a idade cronoldgica
também € um fator de grande importancia e que deve ser mais bem compreendido. Até o
presente o efeito da idade em protocolos de estudos da ETCC relacionados a dor ou
memoria de trabalho ndo tem recebido a devida consideracao.

O cérebro, ao longo das duas primeiras décadas de vida, passa pelo processo de
maturacdo com a mielinizacdo e a selecdo sindptica (SOWELL et al., 2003). Em especial,
a adolescéncia é um periodo de acentuada neuroplasticidade, em que ocorre a maturacao
da regido do lobo frontal (KONRAD, FIRK e UHLHAAS, 2013). Esta é uma das maiores
diferencas do cérebro do adolescente comparado ao do adulto (SOWELL et al., 1999). O
Lobo cerebral pré-frontal também é o mais afetado no processo fisiolégico de
senescéncia (RESNICK et al., 2003). Na senescéncia cerebral, os principais achados sao
a reducdo do numero de neurdnios, da espessura cortical (TERRY, DETERESA e
HANSEN, 1987) e de fibras mielinizadas (MARNER et al., 2003). Também, na
senescéncia cerebral ha uma menor capacidade para desencadear processos de LTP
(BARNES, 1979). Como pode ser observado, o cortex pré-frontal exibe grande variacéo
na plasticidade ao longo da vida, o que fundamenta a hipdtese que a estimulagdo do
cortex pré-frontal dorsolateral (DLPFC) possa apresentar efeito distintos desta técnica
entre os grupos etarios. A diferenca de efeito da estimulacdo por idade foi sugerida,
também, em estudos que compararam diretamente adultos jovens e idosos para efeito de
ETCC anodal sobre DLPFC. Nesses estudos, o efeito da ETCC em reduzir afeto
negativo, melhorar recuperacdo de memoria (PETER et al., 2019) e aumentar

desempenho de memoria associativa (LEACH et al., 2019) foi encontrado apenas para
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adultos jovens.

Enquanto o CPF evidencia variabilidade morfologica e funcional acentuada entre
as faixas estarias, 0 coOrtex motor apresenta maturacdo completa na adolescéncia e uma
menor alteracdo morfoldgica na senescéncia cerebral (SOWELL, THOMPSON e TOGA,
2004). Embora o cortéx motor apresente caracteristicas mais estaveis ao longo da vida,
tem sido demonstrado que o efeito da ETCC sobre M1 varia entre as diferentes faixas
etarias. Quando avaliado o efeito da ETTC em M1 sobre a excitabilidade da via motora,
mensurada pelo MEP, foi encontrado diferenca de efeito entre adolescentes e adultos
jovens. A estimulacdo catodal sobre M1 com uma intensidade de corrente de ImA em
adultos, causou reducdo da excitabilidade da via corticoespinhal (BATSIKADZE et al.,
2013; NITSCHE e PAULUS, 2000), enquanto em adolescentes aumentou a
excitabilidade (MOLIADZE et al., 2015). Outro estudo demonstrou diferenca entre
adultos jovens e idosos para variabilidade de MEP em um protocolo de estimulacédo
associativa emparelhada (PAS), com uma reducdo linear conforme a idade da magnitude
da variacdo de MEP apdés PAS, tanto para incremento quanto diminuicdo desse
(MULLER-DAHLHAUS et al., 2008). Estas evidéncias sugerem gue o efeito da ETCC
aplicada em M1 sdo também modulados pela idade.

Considerando o exposto, e que a matriz das linhas de investigacdo do laboratério
de Dor e Neuromodulacao estdo voltadas para a compreensdo dos efeitos da estimulacao
transcraniana na regulacdao de processos de fisiologicos, fisiopatoldgicos e terapéuticos,
este estudo investigou o impacto da idade no efeito da ETCC. E, se ha convergéncia deste
efeito entre a idade e a montagem. Para responder a esta questao nesta tese apresentamos
dois estudos com objetivos complementares. No primeiro estudo apresentamos uma
revisao sistematica e meta-analise sobre o feito da ETCC nas medidas de dor em criancas,
adolescentes e idosos, com a finalidade de compilar evidéncia sobre o impacto da idade
como fator mediador da resposta a ETCC aplicada no M1 e no DLPFC. O segundo
estudo teve como objetivo comparar os efeitos da ETCC anodal sobre o DLPFC e 0 M1
em adolescentes, adultas e idosas. O desfecho primario foi o limiar de dor pelo calor
(HPT, avaliado em graus Celsius), enquanto os desfechos secundarios foram o
desempenho na tarefa de memoria de trabalho (WM), a dor moderada ao estimulo
térmico e tolerancia ao estimulo térmico. Nossa hipotese foi que o efeito da ETCC seria
de maior magnitude em adolescentes, quando a ETCC fosse realizada sobre o DLPFC.
Esta tese estd apresentada de acordo com as normas do Programa de Pds-Graduagdo em

Medicina Ciéncias Medicas da Faculdade de Medicina da Universidade Federal do Rio
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Grande do Sul e originou uma revisdo sistemética e meta-analise submetido a Frontiers

in Human Neuroscience e um artigo aceito na Frontiers in Aging Neuroscience.
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2 REVISAO SISTEMATIZADA DA LITERATURA

2.1. ESTRATEGIAS PARA LOCALIZAR E SELECIONAR AS INFORMACOES

Esta revisdo da literatura estd focada em investigar o efeito de ETCC para
diferentes grupos etarios: adolescentes, adultos e idosos, 0s quais apresentam propensao
basal a neuroplasticidade distinta. Os desfechos de interesses sé@o o limiar de dor e a
memoria de trabalhos e a intervengdo em estudo e a ETCC anddica aplicada sobre o M1 e
o DLPFC. A estratégia de busca envolveu as seguintes bases de dados: MEDLINE
(PubMed), EMBASE, SciELO e Lilacs, sem periodo delimitado. Foram realizadas buscas
por meio dos descritores [MeSH (MEDLINE/PubMed) , EMTREE (EMBASE), DeCS
(Lilacs)], além de palavras-chave quando os termos ndo foram encontrados: (1)
adolescent or teen or teenager or youth; (2) young adult or adult; (3) elderly or aged; (4)
transcranial direct current stimulation or tDCS ; (5) neuroplasticity or neuronal
plasticity; (6) pain threshold ; (7) pain; (8) working memory; (9) dorsolateral prefrontal
cortex or DLPFC; (10) motor cortex or M1. Inicialmente os termos foram investigados
individualmente, para depois agrupé-los.. A tabela 1 sintetiza a estratégia de busca das
referéncias bibliogréficas usadas, com base nos aspectos que estruturam o objetivo do
estudo.

Os artigos foram rastreados por meio dos titulos e resumos e, ap6s a exclusdo das
duplicacdes e leitura dos abstracts para confirmacéo da relacdo com os temas, 126 artigos
foram selecionados para a leitura completa. A partir da leitura dos artigos selecionados
foi realizada busca ativa de artigos que envolvem os termos de pesquisa através das
referéncias dos artigos selecionados, esses artigos de referéncia também foram incluidos.
Além desta busca sistematizada e voltada aos fatores em estudo e aos desfechos, também
foram consultados livros, textos, artigos de reviséo e artigos de ciéncia basica — para que
fosse possivel a construcdo do racional tedrico relacionado aos aspectos conceituais,

processos fisioldgicos e mecanisticas.

Tabela 1 Estratégia de busca de referéncias bibliogréaficas

PubMed | Embase Lilacs SciELO
“Adolescent” 2.084.811 | 1.738.031 | 83.017 | 16.323
“Young Adult” 9.568.302 | 9.161.850 | 191.682 | 21.991
“Elderly” 5.340.915 | 4.586.938 | 54.445 | 26.839
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“tDCS” 5.506 7.399 49 46
“Neuroplasticity” 77.065 87.178 164 204
“Pain Threshold” 24.268 21.147 294 16.269
“Pain” 818.695 1.301.577 | 23.601 | 16.857
“Working Memory” 53.339 50.435 182 1.371
“DLPFC” 52.881 12.581 304 5
“M1” 97.930 14.014 341 163
“Adolescent” AND “tDCS” 536 230 3 0
“Young Adult” AND “tDCS” 2.163 3.890 9 1
“Elderly” AND “tDCS” 1.103 993 8 3
“Pain” AND “tDCS” 474 1.079 9 7
“Pain” AND “tDCS” AND “M1” 139 316 0 2
“Pain” AND “tDCS” AND “DLPFC” 77 135 0 1
“Pain Threshold” AND “tDCS” 59 101 0 0
“Pain Threshold” AND “tDCS” AND “M1” 33 64 0 0
“Pain Threshold” AND “tDCS” AND “DLPFC” 13 23 0 0
“Working Memory” AND “tDCS” 352 533 0 2
“Adolescent” AND “Young Adult” AND “Elderly” | 145 0 0 0
AND “tDCS”

“Adolescent” AND “Young Adult” AND “Elderly” | 5 0 0 0
AND “tDCS” AND “Pain Threshold”

“Adolescent” AND “Young Adult” AND “Elderly” | 11 0 0 0
AND “tDCS” AND “Working Memory”

“Adolescent” AND “Young Adult” AND “Elderly” | O 0 0 0
AND “tDCS” AND “Working Memory” AND “Pain

Threshold”

2.2. ESTIMULACAO ELETRICA: UM METODO TERAPEUTICO SECULAR

E importante entender como aconteceu a evolucdo da ciéncia nesta area do
conhecimento ao longo da histéria. O registro do uso da eletricidade como método
terapéutico remete-nos as primeiras décadas da era cristd, quando acidentalmente a dor da
gota foi aliviada pelo choque elétrico ao contato com um peixe torpedo. A partir deste
evento, o tratamento com o peixe torpedo passou a ser recomendado para tratamento da
dor como também epilepsia (KELLAWAY, 1946). Seu uso no contexto da ciéncia
ocorreu entdo em 1780, quando Galvani demonstrou a contracdo elétrica do masculo da
rd e desenvolveu a bateria de corrente continua (bateria galvanica) (ZAGO et al., 2008).
Entdo, em 1874, foi apresentada a documentacdo da primeira estimulacdo elétrica do
cérebro humano num individuo acordado, quando o cortex motor foi exposto durante o
desbridamento de um foco de osteomielite em uma area do couro cabeludo. Foi
observada contragdo muscular a estimulagéo elétrica, mas ndo a estimulacdo mecénica.

No século XIX, e desta forma, iniciou-se 0 uso da estimulacdo por corrente

continua para o tratamento de transtornos neurolégicos e psiquiatricos, ganhando
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popularidade entre os psiquiatras. Também € deste momento que datam 0s primeiros
estudos experimentais para avaliar o efeito da estimulacdo elétrica. No entanto,
possivelmente devido a resultados controversos, falta de conhecimento de mecanismos
neurofisioldgicos e uma popularizacdo na crenca de efeito apenas por sugestéo (placebo),
0 wuso da estimulacdo elétrica foi abandonado na década de 30 na
psiquiatria(SARMIENTO; SAN-JUAN; PRASATH, 2016). A utilizacdo da técnica,
todavia, continuou sendo empregada para tratamento de transtornos neuromusculares ou
de dor periférica (BRUNONI et al., 2012). De modo que, no inicio do século XX, surgiu
a estimulacdo para o tratamento da dor cronica por eletrodos implantados: o primeiro
estimulador elétrico projetado especificamente para aliviar a dor. Posteriormente, surgiu a
estimulacdo nervosa elétrica transcutanea (TENS) e os procedimentos estereotaxicos.

Em 1964, Lippold e Rudfearn (1964) reportaram diferenca de efeito anodal e
catodal da estimulacdo. Para a estimulagdo por corrente direta anodal relataram
incremento da atencdo, do humor e da atividade motora, enquanto a estimulacdo catodal
cursou com apatia (LIPPOLD e REDFEARN, 1964). Em 1969, Reynolds demonstrou
que a estimulacdo da area periventricular de ratos produziria analgesia profunda a ponto
de permitir que fossem operados (REYNOLDS, 1969). Ap6s um entdo periodo de menor
atencdo a estimulacdo elétrica continua estudos de Priori et al, 1998 e Nitsche & Paulus
2000, reintroduziram a técnica e demonstraram que a estimulacdo por corrente continua
transcraniana é segura e induz mudancas na excitabilidade cortical dependentes da
polaridade utilizada (NITSCHE; PAULUS, 2000; PRIORI et al., 1998).

Deste modo o uso da ETCC de baixa intensidade (1-2 mA) direcionada ao escalpo
via dois eletrodos (catodo e anodo), com uma perspectiva fundamentada em neurociéncia
ocorreu ha pouco mais de duas décadas (NITSCHE e PAULUS, 2000). Desde entdo
inimeras publicacBes tem sido feitas com resultados promissores. Por ser uma técnica
ndo invasiva, apresentar baixo custo e facil aplicacdo em comparagdo com outras técnicas
de neuroestimulacdo, a ETCC vem conquistando espago no meio clinico e apresenta-se
como alternativa ndo farmacoldgica com grande potencial de beneficio no tratamento de
doencas cronicas (LEFAUCHEUR et al., 2017). Outra caracteristica da técnica, e de
grande relevancia para o uso clinico, € a baixa incidéncia de efeitos adversos, que se
caracterizam por serem de baixa gravidade e transitorios, tais como: cefaleia, tontura,
ndusea, prurido, eritema ou irritacdo cutdnea no local de aplicagdo dos eletrodos
(BRUNONI et al., 2011; ZEWDIE et al., 2020). No entanto, ainda existe muito para ser

explorado para compreender os efeitos da técnica e a relagdo com o principio
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fundamental que permeia os efeitos da terapia com eletricidade: a remodelagcdo dos
processos sindpticos disfuncionais, um processo mediado pela neuroplasticidade.

2.3. NEUROPLASTICIDADE

Neuroplasticidade se refere & habilidade intrinseca de o sistema nervoso responder
e se adaptar a estimulos e demandas internas ou do ambiente (KOLB; GIBB, 2014).
Compreende uma serie de alteracbes funcionais e estruturais que culminam em
remodelacdo neuronal, formacdo de novas sinapses e surgimento de novos neuronios.
Estes processos podem ser de curto ou longo prazo, como exemplo, a memdria de curto e
longo prazo (PASCUAL-LEONE et al., 2011). A plasticidade pode ser considerada um
indice da capacidade neuronal de adaptar a funcdo as diferentes demandas. Donoghue et
al. (1996) definiu neuroplasticidade como “qualquer mudanga morfoldgica ou funcional
em neurdnios, ou em vias neuronais, dependente de experiéncias”. Afirmando que o
cérebro é um drgdo plastico e pode sofrer mudancas ao longo da vida, de acordo com
estimulos a que € exposto (DONOGHUE e HESS, 1996).

Virtualmente toda experiéncia pode alterar, pelo menos de maneira breve,
estrutura ou funcdo cerebral e, como resultado, alterar o comportamento. Embora o
conhecimento sobre os principios que determinam e regulam a neuroplasticidade ainda é
inicial (KOLB e GIBB, 2014) é possivel apontar que alteracbes do comportamento
correlacionam-se com alteracGes ao nivel estrutural como ganho ou perda de sinapses, ou
funcional com aumento, ou diminuicdo da eficacia sinaptica (CARONI, DONATO e
MULLER, 2012).

Estas alteracGes sinapticas estdo relacionadas com a expressdo de genes e eventos
moleculares e ndo sao lineares. Isto induz a suposicdo errbnea, que 0s comportamentos
positivos, tais como o aprendizado, estd relacionado a adi¢do de sinapses, enquanto o
comportamento negativo, como 0s relacionados ao estresse estdo relacionados com a
perda de sinapses. O que ocorre € que a maioria das mudancas de comportamento esta

relacionada com ambas, a adigéo e a subtracdo de sinapses (KOLB e GIBB, 2014).

2.3.1 Mecanismos de plasticidade Sinaptica
A plasticidade sinaptica pode ser de curto ou longo prazo. A plasticidade de curto
prazo é gerada por estimulos breves, apresenta duracdo de milissegundos até alguns

minutos ou horas e gera mudancas transitorias de comportamento, de vias neuronais ou
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memoria de curto prazo (ZUCKER e REGEHR, 2002). Plasticidade sinaptica de curto
prazo ocorre por aumento da concentracdo de Ca%+ no neurdnio pré-sinaptico que altera
processos bioquimicos, os quais regulam a liberacéo de neurotransmissores e aumentam a
liberacdo desses na fenda sinaptica. Além dos neurdnios pré-sinaptico e pos-sinaptico a
célula da Glia parece estar associada a plasticidade sinaptica de curta duracdo (ARAQUE,
CARMIGNOTO e HAYDON, 2001) pelo seu papel na degradacdo e limpeza dos
neurotransmissores livres na fenda sinaptica. A célula da Glia parece regular a
plasticidade pela velocidade que imprime neste processo ou por liberar substancias ativas
na fenda sindptica (ARAQUE, CARMIGNOTO e HAYDON, 2001; BERGLES,
DIAMOND e JAHR, 1999).

Durante a atividade sinaptica, LTP e LTD sao desencadeados pela ativacdo dos
receptores NMDA (N-methyl-D-aspartic acid). Em uma sinapse em estado funcional
basal o glutamato liberado pelo neurdnio pré-sinptico liga-se aos receptores AMPA (a-
amino-3-hydroxy-5-methyl-4- isoxazole propionic acid) e NMDA do neurbnio pos-
sinaptico. Inicialmente o glutamato, no entanto ativa apenas o fluxo de sodio pelos
receptores AMPA desencadeando a despolarizacdo do neurdnio pos-sinaptico. Quando
ocorre a despolarizacdo do neurdnio pés-sinaptico o ion de magnésio que bloqueia os
receptores NMDA é deslocado e o fluxo de sédio e célcio pelos receptores NMDA é
iniciado (figura 1A) (MALENKA e NICOLL, 1993). A elevacao do nivel de calcio atinge
entdo um limiar que ativa uma cascata de quinases ocasionando por fim o aumento da
densidade de receptores AMPA no terminal pos-sinaptico modulando assim a
plasticidade sinapticaem LTP (BREDT e NICOLL, 2003).

Os receptores sinapticos apresentam um ciclo fisiolégico entre a membrana
sinaptica e compartimentos intracelulares e com a inducao de LTP ocorre um aumento da
exocitose de receptores AMPA e estabilizacdo desses na membrana pés-sinaptica (Figura
1B). A fase tardia da LTP cursa com a remodelacdo estrutural das espiculas sinapticas
(LUSCHER et al., 2000) com aumento do seu tamanho ou criacdo de novas espiculas
(MATSUZAKI et al., 2004; YUSTE e BONHOEFFER, 2001). A exata cascata de
sinalizacdo intracelular que desencadeia a LTP ainda é imprecisa, no entanto, a
participacdo da CAMKII (proteina cinase Il dependente de CaM) parece estar fortemente
associada aos processos de LTP (BARRIA et al., 1997).

Estudos com animais demonstraram que formagdo de LTP fora inibida para
camundongos knock down para CAMKII (SILVA et al., 1992). Na LTD, o neurdnio pds-

sinaptico sofre uma despolarizacdo parcial e apenas parte dos receptores NMDA séo
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desbloqueados (SELIG et al., 1995), isso resulta num aumento modesto no nivel de célcio
no neurdnio pos-sinaptico, mas suficiente para desencadear uma cascata metabdlica com
ativacdo de fosfatases, como calcineurina e PP1(proteina fosfatase 1) (CUMMINGS et
al.,, 1996). A ativacdo da cascata de fosfatases na LTD ocasiona um aumento da
endocitose dos receptores AMPA, e diminui a concentracdo desses receptores na
membrana sinéptica (BEATTIE et al., 2000). Estudos experimentais com a inibicéo de
calcineurina e PP1 no neurbnio pos-sinaptico impediram que ocorresse 0 processo de
LTD (KIRKWOOD e BEAR, 1994; MORISHITA et al., 2001; MULKEY et al., 1994).

NMODAR

M

Figura 1 Mecanismos de plasticidade sinédptica. A) receptores AMPA e NMDA séo

necessarios para desencadear processos que geram LTP ou LTD através do influxo de
calcio pos-sinaptico pelos receptores NMDA. B) Aumento de densidade de receptores
AMPA na LTP enquanto a LTD apresenta diminui¢cdo da densidade destes. AMPAR:
receptor &cido a-amino-3-hidroxi-5-metil-4- isoxazole propibnico; Ca 2+: célcio;
CAMKII: proteina cinase Il dependente de CaM; Mg2+: magnésio; NMDAR: receptor

Acido N-metil-D-aspartico; PP1: proteina fosfatase 1. Fonte: Adaptado de CITRI e
MALENKA, 2008.
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Observa-se que diferentes padrdes de atividade podem, portanto, desencadear
efeito bidirecional sobre a atividade sinaptica: de potenciacdo ou depressdo de longa
acdao. A LTP e LTD sdo mecanismos subjacentes a neuroplasticidade dependente de
experiéncia, e importantes para a ETCC, pois se defende que o efeito desta técnica
neuromodulatéria seja regulado e mediado por processos de plasticidade sinaptica
(STAGG e NITSCHE, 2011). A partir deste racional e plausivel relacionar os efeitos da

ETCC com a maturacdo e com a senescéncia cerebral.

2.3.2. Maturagao Cerebral
A maturacdo cerebral € um fendmeno que se desenvolve nas primeiras duas

décadas de vida e compreende dois fenbmenos principais, a mielinizacdo e a selecdo
sinaptica (SOWELL, THOMPSON e TOGA, 2004). A mielinizacdo é o processo
responsavel por gerar camadas de mielina ao nivel axonal, as quais sdo originadas de
projecdes de oligodendrdcitos. E um evento importante, pois a bainha de mielina permite
0 aumento da velocidade na transmissé@o de potenciais de acdo do axénio. A mielinizacao
definitiva decorre de um processo inicial de mielinizacdo generalizada e indiscriminada,
este processo é entdo seguido de um refinamento com selecdo de axdnios que
permanecerdo mielinizados. Esta selecdo é guiada pela atividade dos axdnios,
promovendo a mielinizacdo de maneira atividade dependente. Assim, ocorre 0
fortalecimento de circuitos neurais especificos de acordo com estimulos, ou seja, de
acordo com a atividade neuronal (HINES et al., 2015).

Estudos com ratos afastados do convivio social de 21 a 35 dias de vida, idade na
qual ocorre a mielinizacdo, apresentaram alteracdo da mielinizacdo do cértex pré-frontal e
um prejuizo na interacdo social e na memoria de trabalho. Este achado mostra que a
atividade neuronal regula o processo de mielinizacéo e que a experiéncia pode alterar este
processo (HINES et al., 2015). A mielinizacdo inicia no final do segundo semestre de
vida intrauterina e se prolonga até a segunda década de vida.

Benes et al., (1994) examinaram o cérebro de 164 individuos de 0 a 76 anos, €
encontraram um aumento de 95% de mielinizacdo na primeira e segunda década de vida.
O dado quando corrigido para tamanho cerebral ainda apresentou um aumento de 92% na
comparacdo de grupos de individuos de 0 a 9 anos e 10 a 19 anos, sugerindo que o
processo de mieliniza¢do ocorre de maneira mais proeminente na segunda década de vida
(BENES, TURTLE e KHAN, 1994).
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Um estudo que acompanhou 13 criancas e adolescentes entre 4 e 21 anos com
ressonancia nuclear magnética cerebral realizada a cada 2 anos por um periodo total de 8
a 10 anos de seguimento dos voluntarios, descreveu o processo de maturacdo cerebral
como ndo linear . A maturacdo inicia pelo cortex parietal, mais especificamente em
cortex somatossensorial primario e entdo progride rostralmente para cortex frontal e
caudal e lateralmente para cértex occipital , parietal e temporal. No cértex frontal a
maturacdo do giro pré-central ocorre cedo, ainda na infancia, enquanto o cortex pré-
frontal € o Ultimo a apresentar este processo. O estudo ressalta ainda que o DLPFC
apresenta processo de maturagdo somente no final da adolescéncia (Figura 2) (GOGTAY
et al., 2004).

Outro fenbmeno presente na maturacdo cerebral é a selecdo sinaptica.
Huttenlocher et al. 1979 registraram a reducdo da densidade sinaptica, que ocorre durante
a infancia e a adolescéncia, em estudos post-mortem (HUTTENLOCHER, 1979). Apesar
de ndo poder ser demonstrado diretamente por neuroimagem, estudos com ressonancia
nuclear magnética relataram um afinamento da substéncia cinzenta em coértex frontal e
parietal durante a infancia e adolescéncia, e que criancas de 8 a 10 anos tém
significativamente mais substancia cinzenta cortical, comparado a adultos, quando
ajustado para o tamanho cerebral (JERNIGAN e TALLAL, 1990; SOWELL,
THOMPSON e TOGA, 2004). A menor espessura da substancia cinzenta do cortex pré-
frontal em criancas e adolescentes com idade entre 7 e 16 anos foi correlacionada com
melhor desempenho em testes de memoéria (SOWELL et al., 2001) indicando que a
maturacdo cerebral € um processo necessario para 0 aprimoramento de sistemas e
capacidades cerebrais mais especializadas e estad correlacionado com o desenvolvimento
cognitivo.

2.3.3. Adolescéncia

A adolescéncia ¢ um periodo do desenvolvimento cerebral que se destaca por
grande neuroplasticidade devido ao processo de maturacdo cerebral apresentado acima
(KONRAD, FIRK e UHLHAAS, 2013). Este processo, caracteristico desse periodo da
vida é necessario para o apropriado desenvolvimento intelectual e emocional. A diferenca
fundamental entre os cérebros dos adolescentes e dos adultos esta na intensidade de
neuroplasticidade do lobo frontal (SOWELL et al., 1999). Processo essencial para a
resposta de inibicdo, regulacdo emocional, e organizacdo, fungbes com processamento
regulado pelo lobo frontal, cujo processo de maturacdo esta em curso na adolescéncia
(KONRAD, FIRK e UHLHAAS, 2013).
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Figura 2 Evolucdo do processo de maturacdo cerebral durante a infancia e a
adolescéncia. A imagem representa a diminuicdo do volume de substancia cinzenta
definido para cada area cortical dos 5 aos 20 anos de idade. A barra lateral demonstra em

unidade o volume de substancia cinzenta. Fonte: Reproduzido de GOGTAY et al., 2004.

2.3.4. Senescéncia Cerebral

A senescéncia cerebral € um processo fisiolégico associado ao envelhecimento e
compreende alteracdes morfoldgicas e funcionais inclusive alterando plasticidade
sinaptica (SOWELL, THOMPSON e TOGA, 2004). Alteracbes morfolégicas do
processo de senescéncia cerebral se caracterizam por reducdo de fibras mielinizadas
(MARNER et al., 2003) e reducéo do tamanho dos neurdnios (TERRY, DETERESA e
HANSEN, 1987). O processo de mielinizacdo ocorre em algumas regides até a quinta
década, quando a mielinizacdo cerebral € maxima, seguida pelo inicio do declinio, com a
reducdo das fibras mielinizadas (BENES et al., 1994). A reducdo do volume cortical
parece ocorrer por diminui¢cdo do tamanho neuronal e ndo do nimero destes. Estudos in
vivo com uso de ressonancia magnética comprovam a diminuicdo do tamanho dos
neurdnios, com consequente perda do volume de substancia cinzenta. Este processo é
também acompanhado por perda de volume de substancia branca (GOOD et al., 2001).

Um estudo longitudinal que estudou a perda do tecido cerebral ao longo de quatro
anos de acompanhamento de 92 individuos idosos com média de idade de 79.5 (+-6,4)
anos com ressonancia nuclear magnética demonstrou perda de substancia branca e

substancia cinzenta mesmo no subgrupo de idosos considerados muito saudaveis. As
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maiores perdas de volume foram localizadas em lobos frontal e parietal, enquanto lobos
occipital e temporal apresentaram menores redugdes do volume. A avaliacdo dos
ventriculos cerebrais demonstrou aumento de tamanho no seguimento de 4 anos , mais
pronunciado para participantes de maior idade (RESNICK et al., 2003).

Comparado a adultos jovens, idosos apresentam significativamente menor
perfuséo e menor metabolismo de oxigénio na substancia cinzenta cortical, assim como
uma menor densidade desta em todo o cérebro (SOWELL et al., 2004). Ao nivel celular,
estudos com animais demonstraram que na senescéncia a plasticidade sinaptica €
reduzida, particularmente pelo declinio dos processos de LTP (BARNES, 1979; REX et
al., 2005). Com o envelhecimento ocorre um desfavorecimento para inducdo e
manutencdo de LTP, assim como uma reducdo da fase tardia da LTP (BARNES e
MCNAUGHTON, 1983; BARNES, RAO e HOUSTON, 2000). Enquanto na
senescéncia, ocorre uma facilitacdo para inducdo da LTD (NORRIS, KOROL e
FOSTER, 1996). Esta maior propensdo a LTD pode estar relacionada com a homeostase
do Ca2+. Em estudos experimentais, animais idosos apresentam maior concentracao
basal de Ca2+ nos neurdnios do hipocampo, isso ativa fosfatases que medeiam a LTD
fazendo que, mesmo estimulos fracos, induzam a LTD (FOSTER e NORRIS, 1997).

O efeito da senescéncia também tem sido demonstrado com diminuicdo da
funcionalidade em aspectos cognitivos, avaliados pela velocidade de processamento,
memoria de trabalho, aprendizagem, memoria e raciocinio. Contudo, apesar das
mudangas neurofisioldgicas, idosos mantém comportamento adaptado a diversas
atividades de vida diaria (GOH e PARK, 2009). Segundo Goh e Park (2009), € possivel
gue ocorra um processo de compensacgdo, em que outras redes neurais principalmente nas
areas frontais, sdo recrutadas para auxiliar no bom desempenho de fungbes especificas
(GOH e PARK, 2009). Este fenbmeno é demonstrado em idosos pela ativacdo frontal
bilateral para realizacéo de tarefas cognitivas, enquanto que em adultos jovens a atividade
é lateralizada: como exemplo a memoria de trabalho verbal é processada no hemisfério
esquerdo e memoria de trabalho espacial no hemisfério direito (REUTER-LORENZ et
al., 2000). O processo de senescéncia cerebral desencadeia mecanismo compensatorio
onde areas cerebrais adicionais sdo recrutadas, expandindo a atividade cortical para
processamento de informacgdes e compensacdo para o declinio funcional em outra
atividade ou area cortical (REUTER-LORENZ e CAPPELL, 2008).
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2.4. ETCC - MECANISMO DE ACAO

Os efeitos desencadeados com o uso desta técnica ocorrem por gradiente iénico
sob os eletrodos catodal e anodal, de modo que na regido do corpo dos neurdnios sob o
anodo, ocorre aumento do potencial de membrana, enquanto sob o eletrodo catodico
ocorre hiperpolarizac¢do do corpo neuronal (REINHART et al., 2017). Como mencionado
ao longo desta revisdo os efeitos persistentes da ETCC devem-se a plasticidade sinaptica
de LTP e LTD e a reorganizacdo dos circuitos neuronais, criando conexdes neuronais
mais duradouras. Outro fator que contribui para a agdo neuromodulatéria da ETCC é a
secrecdo do fator neurotréfico derivado do cérebro (BDNF). A neurotrofina BDNF esté
envolvida em diversas formas de plasticidade sinaptica (AKANEYA et al., 1997; LU,
2003), sua secrecdo € dependente de calcio e de ativacdo de receptores NMDA
(BALKOWIEC e KATZ, 2002).

A maioria das acOes celulares do BDNF sdo mediadas por seu receptor de alta
afinidade, o receptor proteina-tirosina quinase B (Tropomyosine Receptor Kinase B —
trkB), abundante durante o desenvolvimento, e amplamente distribuido no sistema
nervoso central (SNC) de animais adultos, sugerindo um papel continuo para BDNF
durante a vida (MERIGHI et al., 2008). Um estudo experimental com ETCC anodal sobre
laminas de M1 de camundongos aumentou o potencial excitatorio pds-sinaptico, no
entanto, este efeito foi nulo para camundongos knockout para o gene de BDNF ou
quando receptores TrKB do BDNF foram bloqueados (FRITSCH et al., 2010).

O efeito da ETCC também é determinado por parametros intrinsecos ao método
como: intensidade de corrente, tempo de estimulacdo, montagem de eletrodos e
polaridade (Figura 3). A corrente da ETCC é determinada em miliamperes e o efeito é
dependente da intensidade da corrente, mas nao de maneira linear. Embora estudos
realizados ha quase duas decadas tenham demonstrado que estimulagdes mais longas e
com maior intensidade de corrente geravam efeitos mais proeminentes sobre a
excitabilidade cortical mensurada por potencial evocado motor (MEP) (NITSCHE e
PAULUS, 2000), um estudo recente demonstrou que em adultos jovens a estimulagdo
anodica sobre M1 com intensidade de 0,5mA, 1ImA, 1,5mA e 2mA por 20 minutos
produziu aumento da excitabilidade cortical similar. Ao testar a estimulacdo catodica
sobre a mesma &rea, no entanto apenas a intensidade de 1mA produziu redugdo
sustentada da excitabilidade cortical (JAMIL et al., 2017).

Outro estudo demonstrou que a estimulagdo catddica com 1mA gerou inibicéo
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cortical, enquanto a intensidade de corrente de 2mA aumentou a excitabilidade, efeito
contrario ao esperado (BATSIKADZE et al., 2013). Em adolescentes 0 mesmo efeito
antagbnico ocorre com a estimulacdo catédica de 1mA que produziu efeito excitatorio
(MOLIADZE et al., 2015). Esta resposta reversa foi relacionada ao influxo excessivo de
calcio, com carga suficiente para desencadear fenbmeno de LTP e ndo de LTD
(BATSIKADZE et al., 2013; LISMAN, 2001). Estudo que avaliou o efeito anddico de 1
e 2mA na memoria de trabalho e na fluéncia verbal encontrou efeito com a corrente de
2mA , mas ndo com 1mA (BOGGIO et al., 2006; IYER et al., 2005). Quanto a duracao
da estimulacdo, estudo conduzido por Monte-Silva et al (2013) demonstrou que a
estimulagdo anddica com 1mA por 13 minutos aumentou a excitabilidade, e que no
tempo estendido de 26 min ocorreu inibicdo (MONTE-SILVA et al., 2013).

Outros estudos tém demonstrado que estimulacdo breve de ETCC por alguns
segundos ndo induz efeitos duradouros apOs cessado a estimulacdo, no entanto
protocolos com duragédo superior a 10 minutos modificam excitabilidade cortical com
duracdo de até uma hora (NITSCHE et al., 2008; NITSCHE e PAULUS, 2000). Logo, a
intensidade da corrente utilizada, assim como o tempo de estimulacdo, ambos modulam o
efeito esperado da ETCC e devem ser considerados nos protocolos de estudo ou
tratamento .

Finalmente, a montagem dos eletrodos da ETCC é escolhida de acordo com
objetivo terapéutico e altera o efeito da neuromodulacdo . Para o tratamento da dor duas
regides tém sido alvos de investigacdo: DLPFC e o M1 (VASEGHI, ZOGHI e
JABERZADEH, 2014; ZORTEA et al., 2019). A literatura mostra que protocolos que
utilizam a mesma intensidade de corrente e 0 mesmo tempo de estimulacdo produziram
efeitos distintos nos niveis de dor, que foi relacionando a regido de aplicacdo da ETCC.
Boggio et al (2008) demonstrou que a estimulacdo anddica de 2mA por 5 min sobre M1
e sobre 0 DLPFC elevou o limiar de dor em 8.3% e 10%, respectivamente. No mesmo
estudo, a estimulacdo do cortex occipital ndo produziu efeito no limiar de dor comparado
a estimulacdo simulada (BOGGIO et al. 2008). Outro estudo que avaliou desempenho em
memoria de trabalho demonstrou que, ao alterar a posi¢do do eletrodo de DLPFC para
M1, o efeito da ETCC sobre o desfecho era anulado (FREGNI et al., 2005).
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Figura 3 Parametros de ETCC que influenciam na resposta

Além dos efeitos locais sobre a plasticidade sinaptica, a ETCC também modula redes
neuronais (FRANCIS, GLUCKMAN e SCHIFF, 2003) e pode interferir na conectividade
funcional, sincronizacdo e atividades oscilatorias em varias redes corticais e subcorticais.
Polania et al. (2011) demonstrou por medidas de eletroencefalograma (EEG) que a
estimulagdo anddica sobre M1 aumenta a conectividade funcional em &reas pré-motoras,
motoras e &reas sensorio-motoras no hemisfério estimulado (POLANIA et al., 2011).
Outro estudo que avaliou o efeito da estimulagdo anddica sobre M1 por neuroimagem
demonstrou aumento do fluxo sanguineo em areas corticais de M1, sensorio-motoras e
também de areas subcorticais (LANG et al., 2005). Estudo com ressonancia nuclear
magnética funcional com sinal BOLD (sinal dependente do nivel de oxigenacdo
sanguinea) demonstrou que a estimulacdo catédica em M1 diminuiu a atividade cortical
em area motora suplementar, mas ndo encontrou alteracdes em M1. Este achado sugere
uma distribuicdo espacial do efeito da ETCC (BAUDEWIG et al., 2001). A estimulacao
anddica com 2mA sobre o DLPFC influenciou a atividade de areas cerebrais frontais
aferido por EEG distantes do eletrodo com ativagdo do giro fronto-medial , do cortex
cingulado anterior (ACC) e do cortex subgenual (KEESER et al., 2011a).
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2.4.1. Fatores relacionados ao Efeito da ETCC

As técnicas de estimulacdo cerebral ndo invasivas permitem um entendimento
unico de aspectos da fisiologia, plasticidade e caracteristicas de comportamento cortical.
No entanto, ha limitacbes com os modelos atuais que potencialmente restringem o seu
uso. Especialmente importante é o fato que a resposta a estimulacéo € altamente variavel
(RIDDING; ZIEMANN, 2010). Visto que o efeito da ETCC é dependente da propensao a
neuroplasticidade basal de cada individuo, fatores que modulam a capacidade plastica de
cada individuo afetam a resposta ao método. Estes fatores podem ser intrinsecos, como
fatores genéticos e da estrutura do cérebro, e outros como sexo, psicofarmacos, exercicio,
tipologia circadiana, processos cognitivos e a idade. Este conjunto de variaveis pode
permear variabilidade interpessoal dos efeitos da ETCC. Estes fatores sdo apresentados

na Figura 4.
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ndo invasiva. NBS: estimulacdo cerebral ndo invasiva. Fonte: Ridding e Ziemann 2010.

A capacidade de induzir plasticidade com uso de técnicas de neuromodulagéo é
reduzida com a idade em individuos saudaveis ou com condi¢des clinicas (FATHI et al.,
2010; MULLER-DAHLHAUS et al.,, 2008). Alteracbes de senescéncia cerebral

comprometem a plasticidade em idosos como ja apresentado, no entanto a reducdo do
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volume cerebral também causa um aumento da distancia entre o couro cabeludo onde os
eletrodos de ETCC sdo posicionados e o cortex (RESNICK et al., 2003) associado a um
menor pico de campo elétrico sob o eletrodo de ETCC com a evolucdo da idade
(THOMAS, DATTA e WOODS, 2018). Contrariamente estudos demonstram que
criangas comparadas a adultos com os mesmos parametros de ETCC apresentam um pico
de campo elétrico e densidade de corrente, que € pelo menos 1,5 vezes maior. Este
fendmeno é associado a parametros como menor espessura do cranio e maior volume de
liquido cefalorraquidiano (MINHAS et al., 2013). O impacto da espessura do cranio foi
demonstrado num modelo de dispersdo espacial da corrente elétrica. Em regiGes com
0ss0 mais delgado o campo elétrico apresentou maior forca. Além disso, usando modelo
de regressdo, foi demonstrado que a espessura do liquido cefalorraquidiano e a
profundidade dos giros corticais também influenciam na distribuicdo do campo elétrico
(OPITZ et al., 2015).

Polimorfismos genéticos também exercem influéncia na plasticidade sinaptica e o
gene que codifica o fator neurotréfico derivado do cérebro (BDNF) tem um papel
significativo para promover mudancas na eficacia sinaptica (BRAMHAM, 2008; LU,
2003). Um unico polimorfismo no gene do BDNF, o qual é presente huma percentagem
substancial da populacdo, ocasiona a substituicdo de um aminoécido (valina para
metionina) no codon 66 (Val66Met). O polimorfismo Val66Met esta associada a reducao
na resposta neuroplastica observada ap6s uma tarefa de aprendizagem motora simples,
em comparagdo com aqueles sem este polimorfismo (KLEIM et al., 2006). Outro estudo
demostrou que o efeito da ETCC na excitabilidade da via corticospinal avaliada pelo
MEP foi mais acentuado em sujeitos sem o polimorfismo do BDNF Val66Met
(CHEERAN et al.,2008). Esses resultados fornecem evidéncias que o polimorfismo
genético do BDNF estd envolvido na mediacdo de plasticidade do cortex humano. Um
pequeno numero de estudos também avaliou a influéncia de polimorfismos do gene da
enzima Catecol-O-Metil Transferase (COMT) que regula o metabolismo das aminas,
dentre elas o efeito foi avaliado sobre o metabolismo da dopamina. Enzima responsavel
por degradar 60% da dopamina do cortex pré-frontal (KAROUM, CHRAPUSTA e
EGAN, 1994).

O polimorfismo funcional Vall58Met desta enzima esta associado a maior
degradacéo das aminas, e por reduzir sua concentracdo na fenda sinéptica (LOTTA et al.,
1995). Em participantes saudaveis o efeito da ETCC sobre fungdes executivas, como

atencdo e inibicdo de resposta foi influenciado pelo polimorfismo da COMT. Individuos
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com polimorfismo Vall58Met ndo apresentaram resposta a ETCC anddica sobre o
DLPFC. Em contrapartida, individuos homozigéticos para metionina apresentaram piora
de desempenho a estimulacdo anddica, desta forma os polimorfismos da COMT parecem
regular o efeito da ETCC em funcdes cognitivas (PLEWNIA et al., 2013).

A diferenca entre os sexos para inducdo de plasticidade também deve ser
considerado, ja que o estrogénio pode facilitar a plasticidade sinaptica (WOOLEY e
SCHWARTZKROIN, 1998). Um estudo que avaliou efeito de ETCC anodal sobre
DLPFC na a excitabilidade cortical aferida por potenciais evocados associados ao EEG
demonstrou que mulheres com altos niveis de estrogénio apresentaram maior aumento na
amplitude de componentes P200, significativamente diferente dos homens. O mesmo
estudo ndo demonstrou diferenca na amplitude destes compoentes entre mulheres
apresentando altos niveis de estrogénio sérico e mulheres com baixos niveis deste
horménio, ou entre homens e mulheres de baixo nivel de estrogénio (LEE et al., 2018).
Kuo et al., (2006) também demonstrou que ha diferenca entre homens e mulheres para o
resultado de ETCC catodal: mulheres apresentaram efeito de LTD de maior duragédo
qguando comparado a homens (KUO, PAULUS e NITSCHE, 2006). Para a ETCC
aplicada em cortex visual, no entanto , ndo houve diferenca entre homens e mulheres para
estimulagdo catodal, e apenas para a ETCC anodal houve um efeito facilitatorio
significativamente maior em mulheres (CHAIEB, ANTAL e PAULUS, 2008). Esses
achados indicam que mulheres parecem ser mais responsivas a ETCC, no entanto esta
caracteristica pode estar dependente dos niveis hormonais de estrogénio, assim como o
protocolo utilizado ou a area cortical estimulada.

Outro parametro intrinseco, e que modula o efeito da ETCC, é a sensibilidade
cortical basal de cada participante ao estimulo de EMT refletindo a excitabilidade cortical
basal: participantes que necessitam de maior intensidade de TMS para induzir MEP de
ImV apresentam menor efeito de ETCC anodal sobre M1 na excitabilidade cortical
(JAMIL et al. 2017).

Relacionado a fatores modificdveis do efeito da ETCC, as manipulacdes
farmacoldgicas fornecem informagdes complementares sobre 0s mecanismos subjacentes
a inducgéo de plasticidade por técnicas de estimulagdo cerebral ndo invasiva e abordam
principalmente neurotransmissores associados com a plasticidade sinaptica. Farmacos
antagonistas do receptor de NMDA blogueiam tanto os efeitos inibitérios quanto os
facilitatorios, quando aplicada estimulacdo por EMT e ETCC (HUANG et al., 2007;
FRITSCH et al.,, 2010; NITSCHE et al., 2003). Medicacdes como Lorazepam e
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Baclofeno, que sdo moduladores dos receptores GABAEérgicos, atrasam ou bloqueiam
respectivamente fenbmeno de LTP induzido por técnicas de neuromodulacéo
(MCDONNELL, OREKHOQOV e ZIEMANN, 2007; NITSCHE et al., 2004a).

Além de farmacos que modulam sinapses glutamatérgicas e GABAErgicas,
medicacdes com efeito sobre o sistema dopaminérgico também foram avaliadas: o
bloqueio de receptores de dopamina D2 com o uso da Sulpirida anula o efeito LTP ou
LTD para protocolos de ETCC (NITSCHE et al., 2006), enquanto o uso de L-Dopa
previamente a uma estimulacdo com ETCC anodal em M1 resultou em um efeito de LTD
e ndo LTP como esperado (KUO, PAULUS e NITSCHE, 2008). Finalmente, com 0 uso
de Rivastigmina, um inibidor da acetilcolinaesterase, ocorreu bloqueio do efeito de LTP,
e uma reducdo no efeito de LTD (KUO et al., 2007). Ainda estudos sugerem a
participacdo de monoaminas adrenérgicas na plasticidade sinaptica, pois o uso de
Propranolol , um a bloqueador B-adrenérgico, diminui o tempo de duracdo dos efeitos
induzidos por ETCC, enquanto o uso de anfetamina-d, um farmaco adrenérgico indireto,
prolongou a duracdo de plasticidade sinaptica LTP induzida por ETCC anodal
(NITSCHE et al., 2004b). Em relacdo ao efeito da serotonina na plasticidade sinaptica
induzida por ETCC o uso do Citalopram, inibidor da recaptacdo da serotonina, aumentou
a magnitude de efeito da ETCC anodal e quando aplicado ETCC catodal o efeito obtido
também fora de LTP e ndo de LTD como esperado, favorecendo assim a plasticidade
sinaptica excitatdria cortical (NITSCHE et al., 2009b).

A resposta de plasticidade a estimulacdo cerebral também é modulada pela hora
do dia em que o protocolo é realizado: a maior inducdo de plasticidade com técnica de
neuromodulacdo ocorre a noite, quando comparado ao periodo da manha, um efeito que
pelo menos em parte estd associado com a variacao ritmica do cortisol. Niveis de cortisol
na saliva foram negativamente associados com o efeito da estimulacdo sobre a
excitabilidade cortical (SALE, RIDDING e NORDSTROM, 2008). Também estudos
animais demonstram que a plasticidade € modulada pelo ritmo circadiano em
camundongos, onde laminas de hipocampo realizadas a noite apresentaram até 70%
maior potenciacdo ap6s estimulacdo de alta frequéncia quando comparado a laminas
diurnas (CHAUDHURY, WANG e COLWELL, 2005).

O impacto da atividade fisica sobre o efeito de ETCC também foi demonstrado. A
atividade fisica pode facilitar a neuroplasticidade e quando associada a técnicas
neuromodulatérias modula o efeito do método (STEINBERG, PIXA e FREGNI, 2019).

Participantes que praticavam atividade fisica regular apresentaram maior resposta de LTP
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para um protocolo de neuromodulagdo do que participantes sedentérios (CIRILLO et al.,
2009). A atividade fisica aerdbica regular, também foi demonstrada que modula a
plasticidade e aprimora o aprendizado e a memoéria (KRAMER e ERICKSON, 2007,
VAN PRAAG, 2009). Finalmente, o envolvimento cognitivo também modula a
plasticidade em areas motoras corticais. A capacidade de plasticidade cortical motora,
induzida por técnicas de neuromodulacdo € reduzida em condigdes de elevada exigéncia
cognitiva, tais como resolver problemas aritméticos (STEFAN, WYCISLO e CLASSEN,
2004). Da mesma forma, foi demonstrado que a plasticidade cortical motora induzida por
ETCC anddica esta reduzida durante a realizagdo de teste de inteligéncia (ANTAL et al.,
2007) relatando o impacto que demandas cognitivas podem apresentar na inducdo de
plasticidade em areas corticais ndo diretamente envolvidas com o desempenho da tarefa.
No entanto quando tarefa de memoria de trabalho é associada a ETCC sobre DLPFC,
area cortical relacionada com a memdria de trabalho e funcdes executivas, em protocolo
de treinamento em multiplos dias (MASHAL e METZUYANIM-GORELICK, 2019) ou
em protocolos de unica estimulacdo com a realizacdo da tarefa durante a estimulacdo
(MANCUSO et al., 2015) pode potencializar o efeito da ETCC o que resulta em uma

maior acuracia no desempenho destas tarefas.

2.5. PROCESSAMENTO FISIOLOGICO DA DOR

A dor aguda é uma resposta fisioldgica a estimulos nociceptivos. Ocorre atraves
da ativacdo da via nociceptiva por estimulos diversos, tais como pressdo térmica ou
guimica. Quando o estimulo atinge o limiar de dor, ativa terminagcfes nervosas
denominadas nociceptores, classificados em polimodais e mecanotermorreceptores. Uma
vez ativados, ocorre o potencial de membrana e a despolarizacdo neuronal. A sequéncia
de eventos que seguem para 0 processamento do estimulo nociceptivo engloba quatro
momentos: transdugdo, transmissdéo, modulagdo e percep¢do (Figura 6) (MEYR;
STEINBERG, 2008).

A transducdo ocorre pela ativagdo dos terminais nociceptivos. Estes estéo
divididos entre receptores mecanicos, térmicos ou quimicos. Receptores mecanicos sao
ativados pela deformacéo fisica do receptor que causa abertura de canais de membrana e
permite a despolarizagdo do terminal nervoso. Os receptores térmicos respondem ao calor
e ao frio, os receptores de calor comegam responder com estimulos a partir de 30 °C, mas

a maioria das fibras é ativada com temperaturas entre 42 a 45°C. Os receptores quimicos
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sdo ativados por ions e citocinas especificas, na sua maioria oriundas da inflamagéo
(MEYR e STEINBERG, 2008).

Apos a transducdo ocorre a transmissdo pelos axoénios do primeiro neurénio
localizado no génglio da raiz dorsal que se conecta ao segundo neurdénio no corno dorsal
da medula espinhal. Duas classes de fibra aferente sdo encontradas na transmissdo do
estimulo nociceptivo agudo: fibras A-6 ¢ fibras C (RAJA, HOOT e DOUGHERTY,
2011b). As fibras A-8, miclinizada e de pequeno calibre, sdo ativadas por estimulos
mecanicos ou térmicos e conduzem a velocidade até 25x mais rapido que a fibra C. Estes
estimulos adentram no corno dorsal da medula e fazem sinapse com neurdnios das
laminas Il e IV. Estimulos nociceptivos mecéanicos, térmicos e quimicos sdo conduzidos
pelas fibras C, que adentram na medula pelo trato de Lissauer e fazem sinapse com
neurdnios do corno dorsal da medula das laminas | e Il (Figura 5). As fibras A-6
transmitem o estimulo com mais velocidade que as fibras do tipo C - responsaveis pela
“primeira dor”, caracterizada por ser aguda e bem localizada. Enquanto as fibras C
conduzem a dor caracterizada como segunda dor, também chamada dor dolente, descrita
como sensacdo de queimacdo ou ardéncia (MEYR e STEINBERG, 2008). As fibras A-a
e A-B sdo mielinizadas e grossas, caracterizadas por conducdo rapida de estimulos com
baixo limiar, ndo nociceptivos, como o tato e propriocepcdo (JULIUS, 2001). Embora
ndo estejam envolvidas na percepc¢do nociceptiva da dor fisiologica, em condi¢des de dor
patoldgica como na dor crbnica, estas fibras podem ser recrutadas e passam a transmitir
sinais percebidos como dor, como ocorre no fendmeno da alodinia (ARCOURT e
LECHNER, 2015).

spinal cord

Figura 5 Axonios aferentes primarios do estimulo nociceptivo. Figura A) caracteristica e
velocidade de resposta. Figura B) sinapse com o segundo neurénio em laminas

especificas no corno dorsal da medula. Fonte: Adaptado de https://thebrain.mcgill.ca.
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Quando o estimulo atinge o corno dorsal da medula sofre a acdo de complexos
elementos de modulagdo. Estes estimulos sdo de natureza excitatoria e inibitoria,
concomitantes e concorrentes, 0s quais modulam entdo a passagem do estimulo
nociceptivo do primeiro neurénio para o segundo neurénio. A modulacdo do estimulo
ocorre pela via descendente da dor que envia sinais de facilitacdo e inibi¢do do encéfalo
para a medula espinal e na sequéncia, para a periferia, aumentando ou inibindo os sinais
nociceptivos ascendentes (VANEGAS e SCHAIBLE, 2004). A substancia cinzenta
periaquedutal (PAG) recebe estimulos de centros cerebrais superiores: cortex pré-frontal,
cingulado anterior (ACC) e a amigdala (KOBAYASHI, 2012; MOBBS et al., 2009;
OSSIPOV; MORIMURA; PORRECA, 2014), e associada aos ndcleos magnos que
pertencem a estrutura citoarquitetdnica da rafe, localizados no tronco cerebral, assim
como o nucleo rostral ventromedial da medula (RVM), que apresentam projecdes para o
corno dorsal da medula, compdem a via eferente modulatéria da dor chamada da via
espinobulboespinal (figura 6) (MILLAN, 2002). No nucleo rostral ventromedial da
medula existem neurdnios off ou on, que inibem ou facilitam, respectivamente, a
transmissdo dos estimulos nociceptivos (VANEGAS e SCHAIBLE, 2004).

Um dos principais sitios de modulacdo do sinal nociceptivo pelo sistema
modulador, e que descende da dor, encontra-se na ldamina Il de Rexed do corno dorsal da
medula, denominada substancia gelatinosa de Roland. E também neste nivel que ocorre a
primeira sinapse da via nociceptiva e onde acontece o cruzamento da via que forma o
trato anterolateral do sistema ascendente, compreendendo os sistemas espinotalamico,
espinorreticular e espinomesencefalico (figura 6). As vias do sistema espinotalamico
conectam o segundo com o terceiro neurdnio da via nociceptiva, que se localiza no
talamo. A via neoespinotalamica é mais veloz e formada a partir de neurénios da lamina |
e Il do corno dorsal da medula. Conduz estimulos nociceptivos aos nucleos talamicos
ventral posterior e lateral posterior. Finalmente o estimulo é transmitido ao quarto
neurdnio no cortex somatossensorial, onde ocorre o0 processamento das informagdes
nociceptivas manifestas como dor, com defini¢do da area da dor e da sua intensidade. A
via paleoespinotalamica, também conhecida como espinoreticular, é formada por
neurdnios da camada V e transmite a informacéo pelo nucleo reticular, hipotalamo e
tdlamo medial com projecbes para cortex pré-frontal, cingulado e insula. O
processamento dentro deste sistema complexo define a percep¢do do estimulo, que
recebe codificacdo emocional e cognitiva da sensacéo dolorosa (MEYR e STEINBERG,

2008). O envolvimento do talamo lateral e do cértex somatosensorial compreende o
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sistema de dor lateral, enquanto a via que compde tadlamo medial, sistema limbico e
cortex pré-frontal é conhecido como sistema medial da dor (SCHNITZLER e PLONER,
2000).

= wi~| Tronco cerebral

*  Modulagao descendente: vias
descendentes interagem e
modulam o sinal nociceptivo

Medula Espinhal

Modulagdo: estimulos
excitatorios e inibitorios
interagem e modulam a passagem
do estimulo para o 2° neurénio

Sistema nervoso periférico

* Transdugao : ativagao de nociceptores

*  Transmissdo: até o 2° neuronio
localizado no como dorsal da medula
iy

Nociceptor
Figura 6 Mecanismos de sinalizacdo da dor. Linha continua representado via

anterolateral do sistema ascendente: compreende o0s sistemas espinotalamico,
espinorreticular e espinomesencefalico. Linha tracejada representa via eferente
modulatoéria da dor. Processos da via somatossensorial destacados no processamento do
estimulo nociceptivo: transducdo, transmissdo, modulacao e percepcdo. RVM: medula

rostral ventromedial, PAG: substancia cinzenta periaqueductal. Fonte: Adaptado de (RAJA,
HOOT e DOUGHERTY, 2011a).

2.6. MODULACAO DA DOR PELA ESTIMULACAO CORTICAL

O manejo farmacoldgico de dor cronica apresenta frequentemente falha terapéutica
(MOORE et al., 2013) assim como efeitos adversos importantes (HYLANDS-WHITE,
DUARTE e RAPHAEL, 2017). Adiciona-se a este fato a escassez de novas moléculas e
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o fendbmeno da toleréncia e dependéncia observadas com o uso continuo de opioides
(SHARMA et al., 2016). Estes fatos justificam o crescente interesse nas técnicas de
neuromodulacdo para o tratamento da dor cronica.

O coértex motor primario tem sido relacionado a modulacdo do sistema
somatossensorial, isso explica o porqué tem sido um dos alvos principais para aplicar
corrente elétrica transcraniana no tratamento da dor. Evidéncias sugerem que a aplicagdo
da ETCC no cortex motor primario M1 modula a dor por efeitos corticais nos nucleos
talamicos anterior e ventrolateral, tallamo medial, giro cingulado anterior e tronco cerebral
(BOGGIO et al., 2008).

O cortex pré-frontal dorsolateral € uma das areas relacionadas a dor mais
comumente ativas durante os episodios algicos (APKARIAN et al., 2005) e tem funcéo
importante no processo de decisao frente a dor. O cortex pré frontal faz parte da rede de
conexfes do sistema modulatorio descendente da dor e parece modular estruturas
envolvidas na percep¢do emocional da dor incluindo: o cortex pré-frontal medial
bilateral, cortex insular anterior, cortex cingulado anterior , amigdala bilateral , ndcleo
magno da rafe, substancia cinzenta periaquedutal e o giro frontal médio. Este ultimo,
situado no cortex pré-frontal dorsolateral (MCMAHON et al., 2013; SCHWEINHARDT
e BUSHNELL, 2010).

A estimulacdo do DLPFC pode também agir pela modulacéo de correlatos da dor
como a ansiedade, depressao e a sensacdo desagradavel ao estimulo doloroso (NITSCHE
et al., 2009a). A estimulacdo anddica sobre o DLPFC esquerdo pode reduziu a valéncia
para imagens emocionais negativas (PENA-GOMEZ et al., 2011), como também
melhorar a valéncia de expressdes emocionais positivas (NITSCHE et al., 2012). Estes
resultados reforcam o pressuposto de que a estimulacdo do DLPFC possa influenciar
aspectos emocionais e cognitivos da dor. Além disso, em estudo recente demonstramos
que sessenta sessdes de ETCC aplicadas sobre o DLPFC reduziu ndo apenas a percepcao
da dor, mas também os sintomas depressivos e melhorou a capacidade funcional de
mulheres fibromialgicas (BRIETZKE et al., 2019). Este conjunto de dados contribuem
para a hipdtese que a estimulagdo do DLPFC pode ser uma via usada na modulacéo da
dor, especialmente importante para sintomas psico-afetivos.

A ETCC entdo, conforme o exposto, quando sobre o DLPFC parece modular
redes neurais envolvidas na resposta emocional a dor, enquanto a estimulacdo de M1
modula os aspectos sensorio e discriminativos do estimulo nociceptivo (BOGGIO et al.,
2008).
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Os efeito da ETCC sobre escores dor em pacientes foi quantificado em duas meta-
andlises recentes que avaliaram os efeitos da ETCC anddica em M1 e DLPFC
(VASEGHI, ZOGHI e JABERZADEH, 2014; ZORTEA et al., 2019). A meta-analise
conduzida por Vaseghi et al., (2014) incluiu 13 estudos, totalizando 276 pacientes com
dor crénica, como critério de inclusdo avaliaram apenas estudos com ETCC sobre M1,
DLPFC ou S1 que apresentassem como desfecho escore de dor em escala analogo visual
ou limiar de dor. O estudo relatou que ETCC em M1 e DLPFC reduziu o escore médio
de dor em 14,6% e 19,3% respectivamente quando comparado a pré intervencdo. Em
outra meta-andlise conduzida pelo nosso grupo foram incluidos 23 estudos, o critério de
inclusdo foi 0 uso da ETCC anddica sobre M1 ou DLPFC durante pelo menos cinco dias
no tratamento de dor cronica. A analise combinada dos estudos com estimulacdo ativa
sobre M1 e DLPFC reduziu em 27.26% a dor relatada, comparando-a com a estimulacao
simulada. A andlise isolada do efeito da aplicacdo sobre M1 e DLPFC mostrou que
ambas reduziram os niveis de dor com uma magnitude de efeito moderada (ZORTEA et
al., 2019). Quanto aos resultados das meta-analises, 0s mesmos devem ser interpretados
com cuidado pela heterogeneidade entre os estudos quanto ao tempo de tratamento, area
de estimulacdo e condicBes especificas das sindromes dolorosas que influenciam na

resposta terapéutica.

A meta—analise realizada de Vaseghi et al 2014 também avaliou o efeito do ETCC
anodal sobre M1 em limiar de dor para participantes saudaveis e demonstrou um aumento
no limiar de dor (VASEGHI, ZOGHI e JABERZADEH, 2014). Outro estudo também
demonstrou que a ETCC sobre DLPFC também pode elevar limiar de dor em adultos
saudaveis (BOGGIO et al., 2008).

Entre os desfechos avaliados em estudos da dor com ETCC, o limiar de dor é uma
medida psicofisica utilizada com frequéncia. A avaliagdo do limiar de dor dimensiona o
processamento do estimulo e a percepcdo subjetiva desagradavel a ele associado e
fornece uma avaliagé@o quantitatva. O limiar de dor é o resultado da ativacdo de receptores
polimodais por estimulos nociceptivos que desencadeiam potenciais de a¢do conduzidos
pelas fibras nociceptivas, trato espinotalamico, talamo e areas corticais que o percebem
(VERDUGO e OCHOA, 1992). A mensuracdo do limiar de dor pode ser realizada por
diferentes métodos, experimentalmente um estimulo algogénico comumente usado, como
teste provocativo, é teste de quantificagdo sensitiva (QST). O QST permite avaliar a

percepcdo da dor, assim como o efeito de tratamentos farmacoldgicos e néo
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farmacoldgicos nesta percepcao atraves de inducdo de estimulo térmico de frio ou calos
(ARENDT-NIELSEN e YARNITSKY, 2009). Outras medidas de avaliagcdo do limiar de
dor empregadas com frequéncia na literatura compreendem os seguintes: Cold Pressor
Task (CPT), um teste de “pressdao ao frio” onde ocorre a imersdo da mao do individuo
em um recipiente contendo agua fria, com temperatura constante e usualmente entre 0 e
2°C (VON BAYER et al. 2005) e entdo o limiar de dor é considerado o tempo até ser
relatada a primeira dor; o uso do Algdmetro de pressdo avalia o limiar de dor a pressao,
definido como o momento em que o estimulo de pressdo é percebido como doloroso
(CHESTERTON et al. 2007). Outros estudos utilizam filamentos de Von Frey para
avaliar limiar de dor a pressdo, que consiste em pequenos filamentos de nylon aplicados
com a mesma forca sobre a pele, a ordem de aplicacdo inicia pelo filamento de menor
didametro (KOSTEK ey al. 2016). Outra possibilidade é afericdo do limiar de dor por
estimulagdo elétrica periférica ocorre pela aplicacdo de eletrodo em extremidade e
elevacdo da intensidade de corrente gradualmente em 0,1mA , e o limiar de dor é
considerado a intensidade utilizada para o primeiro estimulo de dor (BOGGGIO e at.
2008).

A ETCC apresenta reducdo de niveis de dor, especialmente demonstrado em
estudos com pacientes que utilizam tratamentos prolongados como demonstrado por
(ZORTEA et al. 2019). No entanto diferenca de efeito para M1 e DLPFC devem ser
considerados , devido a impacto em vias distintas de processamento nociceptivo , e sobre
desfechos de escore de dor ou limiar a dor (BOGGIO, et al. 2008, KIM 2013). Por fim
importante ressaltar o reduzido nimero de estudos que avaliam o efeito da ETCC para
dor em criancas e adolescentes.

Estudos que avaliam o efeito da ETCC sobre nivel de dor, no entanto sao
prevalentes em adultos ou adultos jovens . As meta-analises previamente apresentadas
incluem estudos com média de idade que varia de 22 anos até 63 anos, com apenas 7%
dos estudos com média de idade superior a 60 anos de idade. No entanto a prevaléncia de
dor em idosos pode atingir 23% e até superior a 30% quando consideramos a idade acima
de 85 anos(DAHLHAMER; LUCAS; ZELAYA, 2018). Todavia o efeito da ETCC para
dor neste grupo etario é estudado com frequéncia menor que adultos mais jovens. Nao
obstante a dor cronica também atinge até 44% de prevaléncia entre adolescentes e causa
grande impacto na qualidade de vida nesta faixa etaria com prejuizos no ambito social e
de escolaridade (BONDESSON et al., 2020; GOBINA et al., 2019;GROENEWALD;
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GILES; PALERMO, 2019) mas ndo encontramos estudo controlado que avaliasse a

ETCC para limiar de dor nesta faixa etéria.

2.7. MEMORIA DE TRABALHO

O termo memoria de trabalho evoluiu do conceito anterior de memoria de curto
prazo. A memoria de curto prazo refere-se ao armazenamento temporario de informagdes,
enquanto a memdria de trabalho implica a combinacdo entre armazenamento e
manipulacdo de informacGes (BADDELEY, 2012a). O modelo de Baddeley propde a
memoria de trabalho como um sistema de capacidade limitada que fornece
armazenamento e manipulacdo temporarios de informacGes necessarias para a realizacao
de uma ampla gama de atividades cognitivas (MIYAKE; SHAH, 1999). O modelo
inicialmente era composto de trés componentes: um componente executivo e dois
sistemas de armazenamento temporario, um fonoldgico e outro visuo-espacial.

No entanto, Baddeley (2000) adicionou um quarto componente no modelo: o
buffer episdédico um sistema de armazenamento temporario de informacdo que consegue
relacionar diferentes tipos de informacdo de percepcdo: visual, espacial e sensorial em um
cddigo multidimensional e conecta-las aos componentes de memoria de trabalho e
também a memoria de longo prazo, (Figura 7) (BADDELEY, 2000). A figura 7 apresenta
o sistema para integracdo de informacGes da memoria de trabalho proposto por Baddeley
onde a alca visuo-espacial , alca fonoldgica e Buffer episédico se comunicam com

componentes de memoria de trabalho e memdria de longo prazo.
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Figura 7 Sistema para integracdo de informagdes com os componentes tradicionais de

memoria de trabalho de Baddeley e a inclusdo do componente Buffer Episodico. Fonte:
Adaptado de BADDELEY, 2012.

O componente executivo coordena e manipula o processamento de informag6es
(BADDELEY, 2012b). As funcbes executivas compreendem: atualizagdo, mudanca de
foco atencional e inibi¢do. Atualizagdo, refere-se a processos de substituicdo de contetdo
da memdria de trabalho (ECKER et al., 2010). Mudanca do foco atencional refere-se ao
processo de dirigir a atencdo para novas informacbes relevantes (MONSELL, 2003).
Inibicdo refere-se a processos de supressao de informag6es que ndo séo (ou ndo sdo mais)
relevantes para a etapa de processamento atual da memdria de trabalho (DIAMOND,
2013).

O cortex pré-frontal é responsavel pelas fungdes executivas (D’ESPOSITO, 2007)
e modula através do componente de inibicdo a captacdo da informacdo que ird ser
processada pela memdria de trabalho, através da sele¢do de informagdes relevantes e
supressdao de informagdes irrelevantes, especialmente importante quando ha grande
quantidade de informagdo ou informagdes concorrentes (GAZZALEY, 2012). O
funcionamento adequado do componente de inibicéo esta relacionado com o desempenho
da memoria de trabalho, de modo que individuos com reduzida capacidade de inibir
informagdes irrelevantes apresentam menor capacidade de memoria de trabalho
(VOGEL, MCCOLLOUGH e MACHIZAWA, 2005).

A memoria de trabalho é frequentemente investigada em paradigmas de n-back,
uma tarefa de avaliacdo de memoria de trabalho que data de 1958 (KIRCHNER, 1958)

que avalia componentes executivos como atualizagéo e inibicdo (RAC-LUBASHEVSKY
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e KESSLER, 2016). Para realizar a tarefa de n-back os sujeitos devem indicar se cada
estimulo atual em uma sequencia de estimulos € idéntico ao estimulo apresentado em um
numero especifico de testes anteriormente. Este nimero define-se entdo como tarefa de 1-
Back: um estimulo anterior, 2-back: dois estimulos anteriores, 3-back: trés estimulos
anteriores.

O desempenho da memoria de trabalho apresenta grande variacdo em diferentes
faixas etarias: aumenta gradualmente ao longo da infancia e adolescéncia e atinge o
potencial maximo na idade adulta. Maior incremento no desempenho da memdria de
trabalho ocorre dos 5 aos 19 anos, até o ponto méximo de desempenho por volta de 30
anos. A partir dos 50 anos até os 80 anos ocorre uma queda discreta do desempenho da
memoria de trabalho, principalmente do componente visuoespacial (ALLOWAY;
ALLOWAY, 2013) e também para tarefas de maior carga de trabalhno (CANSINO et al.,
2013).

Em idosos a diminuicdo do desempenho da memodria de trabalho parece estar
associado a diminuicdo da inibicdo: 88% dos jovens sdo eficazes em inibir informacoes
desnecessarias, mas apenas 44% dos idosos apresentou a mesma capacidade de inibic&o.
A capacidade de inibicdo em idosos correlacionou-se com o desempenho em teste de
memoria de trabalho, de modo que idosos que apresentam componente executivo de
inibicdo preservado tem melhor desempenho de memdria de trabalho (GAZZALEY et al.,
2005).

De acordo com a hip6tese da compensacdo de Park e Reuter-Lorenz (2008), em
idosos o ajuste da ativacdo cortical de acordo com a dificuldade da tarefa de memoria de
trabalho estd comprometido. Segundo esta teoria, em tarefas com baixos niveis de
dificuldade poderd ocorrer um ajustamento até a super-ativacdo cortical, quando seu
desempenho comeca cair para tarefas de maior carga de trabalho, pois ndo poderdo
aumentar a ja presente super-ativacdo cortical (CAPPELL, GMEINDL e REUTER-
LORENZ, 2010; REUTER-LORENZ e CAPPELL, 2008).

2.7.1. Memodria de Trabalho e Estimulagdo Transcraniana
Conforme apresentado ao longo do texto o coértex pré-frontal (CPF) esta
associado as fungbes executivas da memoria de trabalho, as quais coordenam o
processamento de informagcGes em areas associativas e de armazenamento
(D’ESPOSITO, et al. 2000). Estudos de neuroimagem funcional reforcam a associacéo

do DLPFC com a memoria de trabalho ao demonstrar que o desempenho em tarefa de
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memdria de trabalho n-back esta fortemente associado & ativagdo do cortex pre-frontal
(OWEN et al., 2005). A ativacdo do DLPFC esquerdo se correlacionou positivamente
com a acuracia nesta tarefa e negativamente com o tempo de resposta (ZHANG et al.,
2013). Em sujeitos saudaveis a ativacdo do CPF ocorre em forma de "U invertido”. Isso
significa que tarefas de baixa dificuldade produzem reduzida ativacdo cortical, e a
progressdo da dificuldade da tarefa aumenta a ativacdo cortical ate atingir a capacidade
méaxima da memoria de trabalho. Quando esta € atingida, um segundo aumento na
dificuldade da tarefa causa reducdo da ativacdo do CPF, gerando assim, uma resposta de
curva em “U” invertido. Esta redugdo de ativacdo do CPF se correlaciona com uma
diminuicdo na acuracia em testes de memdria de trabalho (CALLICOTT et al., 1999).

Estudos que avaliaram a atividade cortical por eletroencefalograma usando a
magnitude, topografia e laténcia dos potencias relacionados a eventos (ERP), sinais
frequentemente usados como métricas da funcdo cognitiva dos processos de tomada de
decisdo demonstraram que a ETCC anoddina sobre o DLPFC esquerdo melhorou o
desempenho em memoria de trabalho, e modulou a atividade elétrica do cortex pre-
frontal e do cértex cingulado anterior. Foi observado a diminuigdo da atividade de ondas
delta-theta e aumento da atividade de ondas beta (KEESER et al., 2011b). Estes achados
foram associados a um estado de maior alerta (BARRY et al., 2009; KILNER et al.,
2005) e com maior nivel de conectividade funcional (HLINKA et al., 2010). Outro estudo
que avaliou o0 ERP por EEG apés estimulacdo anddica em DLPFC mostrou que houve
aumento na amplitude do P3 em Fz (&rea do cortex pré-frontal central) (KEESER et al.,
2011). A atividade elétrica nesta area mensura a funcdo de redes neurais associadas a
decisdo, atencdo e a memoria. O componente P300 é observado em tarefas que exigem
discriminacdo de estimulos ou a necessidade de aumentar a atencdo focal na deteccéo de
estimulos de contetdo da memoria de trabalho (POLICH, 2007).

A ETCC anddica em DLPFC esquerdo em sujeitos saudaveis melhorou o
desempenho em tarefas de memoria de trabalhno (FREGNI et al., 2005). No entanto,
recentes meta-analises que avaliaram o efeito da ETCC anddica na memdria de trabalho
de individuos saudaveis concluiram que o efeito da estimulacdo parece ser restrito ao
tempo de reacdo para os acertos (BRUNONI e VANDERHASSELT, 2014;
DEDONCKER et al., 2016; HILL, FITZGERALD e HOY, 2016). A metanalise de
Mancuso et al. (2016) encontrou resultados em dire¢cdo oposta, embora o efeito da
estimulagdo anddica foi de pequena magnitude, uma anélise de sensibilidade permitiu

identificar que a estimulacdo ativa aumentou significativamente acuracia das respostas
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em estudos que combinavam treinamento de memdria de trabalho durante a estimulagdo
(MANCUSO et al., 2015). Andrews et al.( 2011) comparou a modulacdo da memoria de
trabalho com ETCC entre protocolos que usaram a (1) estimulacdo como intervencao
unica, (2) estimulacdo combinada tarefa cognitiva concomitante, e (3) tarefa cognitiva
isoladamente. Os sujeitos que receberam a combinacdo de técnicas tivera melhor
desempenho em tarefa de memoria de trabalho distinta aquela que aplicada junto a
estimulacdo (ANDREWS et al., 2011).

O resultado de estudos que avaliaram a realizacdo de tarefa de desempenho
cognitivo que envolve a memdria de trabalho concomitante a estimulacdo também foi
superior na aquisicéo de habilidade 24h ap6s a estimulacéo, comparado a estudos em que
a tarefa foi imediatamente anterior a estimulacdo (MARTIN et al., 2014). O efeito da
ETCC na memdria de trabalho também é dependente do tempo de estimulacdo e da
intensidade da corrente, sendo que efeitos mais robustos na memdria de trabalho foram
observado com o uso de 2 mA, comparado a de 1 mA, (TEO et al., 2011). Com relacdo
ao tempo de estimulacdo, melhores resultados foram observados com 20 e 30 minutos,
comparado a estimulacdo por 10 minutos. Estes efeitos da estimulacdo em acurécia de
tarefas de memdria de trabalho fora demonstrado em adultos jovens com corrente de
2mA, por 20 ou 30 minutos, e combinado a tarefas de memoria de trabalho.

Idosos apresentam menor acuracia em tarefas de memoria de trabalho comparado
a adultos jovens (NAGEL et al., 2011). Apesar de diferencas no desempenho de memoria
de trabalho, ndo fora demonstrado diferenca no efeito de ETCC anodal sobre DLPFC
esquerdo para acuracia ou tempo de resposta entre adultos e idosos (CESPON et al.,
2017; EMONSON et al., 2019a). A ETCC sobre DLPFC associado a treinamento durante
a estimulacdo em um protocolo de 20 sessdo também ndo apresentou alteracdo no
desempenho da memoria de trabalho comparado a estimulacdo simulada em idosos
saudaveis (NILSSON et al., 2018). Berryhill e Jones (2012) mostraram que a
estimulacdo anodica sobre o DLPFC associado a uma tarefa n-back aumentou
significativamente a acuracia em idosos com alto nivel de escolaridade (média de 16,9
anos de estudo). Este efeito ndo foi observado em idosos com baixa escolaridade (média
de 13,5 anos de estudo) (BERRYHILL e JONES, 2012). Outro estudo conduzido por
Park et al 2013 mostrou que em idosos a montagem anodica sobre o DLPFC bifrontal
(direito e esquerdo), o catodo sobre o braco ipsilateral combinado com tarefa de
treinamento cognitivo, num total de 10 sessbes melhorou a acuracia e tempo de resposta
em tarefas de memdria de trabalho (PARK et al., 2013).
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Estudos com criancgas e adolescentes que avaliaram memdria de trabalho foram
realizados com participantes que apresentavam TDAH. A estimulacdo anddica de 1mA
em adolescentes com idade entre 10 e 16 anos com diagnostico de TDAH sobre CPF em
posicdo F8 pelo sistema de EEG 10/20 que deveria corresponder ao giro frontal inferior
direito , e catodo posicionado sobre regido supraorbital contralateral, ndo mostrou efeito
no desempenho do teste de n-back (BREITLING et al., 2020).

Outro estudo com participantes com média de idade de 10 anos relatou aumento
de acurécia e reducdo de tempo de reacdo com a estimulacdo anddica com 1mA sobre
DLPFC esquerdo e catodo posicionado sobre regido supraorbital contralateral. O mesmo
estudo avaliou a ETCC anddica sobre 0 DLPFC esquerdo e catodo sobre DLPFC direito.
Com essa montagem foi encontrado efeito para reducdo do tempo de resposta, mas nao
sobre a acuracia (NEJATI et al,, 2017). Os resultados dos estudos sdo mistos, e a
variabilidade explica-se por diferencas na heterogeneidade das amostras, sujeitos
saudaveis e com diagnostico psiquiatrico, idade e diferencas entre os protocolos de
estimulacdo. Esta variabilidade e multifatorial e a idade emerge como um fator de
extrema importancia para avancar com o uso desta técnica numa solida fundamentacao

cientifica.
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3. MAPA CONCEITUAL

A partir desta revisdo, é possivel depreender que, embora a ETCC se apresente
como técnica promissora,existem lacunas importantes neste campo do conhecimento que
precisam ser investigados. Isso inclui os fatores envolvidos nos processos neurobioldgicos
e que sdo determinantes dos processos de neuroplasticidade, como a idade. O sexo e outro
fator importante no processamento das informagOes relacionadas ao afeto e ao
processamento da dor. Razdo que motiva este estudo conduzido com individuos do sexo
feminino para investigar o efeito da ETCC de acordo com diferentes populacbes
(adolescentes, adultos, jovens e idosos). . Outro fator de interesse é a resposta de acordo
com a faixa etaria e o sistema de montagem para a posicdo dos eletrodos. Em relagdo as
estruturas neuroanatdbmicas alvo para a modulacdo top-down, o DLPFC e a area alvo para
modular a cognicdo e afeto, e 0 M1 para modular as informagbes proprioceptivas. A
integracdo dos aspectos técnicos da ETCC e os fatores biologicos implicados na resposta a

ETCC estéo apresentados na Figura 8.
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Figura 8 Mapa Conceitual
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4.  JUSTIFICATIVA

O uso de estimulagdo transcraniana tem por objetivo, através da modulacdo de
excitabilidade cortical, gerar mudancas que possam contra regular processos disfuncionais.
No entanto, de acordo com o descrito na revisdo sistematizada da literatura, muitos fatores
podem explicar a variabilidade de respostas entre o0s sujeitos e parecem fazé-lo ao
influenciar a propensdo a neuroplasticidade basal de cada individuo. A compreensdo de
possiveis fatores que podem modificar a resposta neurobiologica a ETCC pode ser de
grande relevancia clinica para o uso de uma técnica que tem mostrado efeitos promissores
no tratamento da dor cronica, depressdo e ansiedade entre outras doencas
neuropsiquidtricas. A idade é um fator importante associado a neuroplasticidade e demanda
melhor compreensao se o efeito da ETCC pode ser distinto de acordo com as faixas etarias
(adolescentes, adultas jovens e idosas). A justificativa deste estudo, de acordo com o
exposto, centra-se em dois fatores a idade e a montagem de colocacdo dos eletrodos de
acordo com as duas areas que vem sendo investigadas com sucesso na dor crénica : 0 M1 e
0 DLPFC. De modo que DLPFC também apresenta impacto sobre memoria de trabalho. Os
dados deste estudo, visavam elucidar a relacdo de distintos grupos etarios com o efeito da
ETCC almejando uma maior assertividade tanto em protocolos de pesquisa quanto em
protocolos clinicos.
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5. HIPOTESE

Devido a maior propensdo a neuroplasticidade do cortex pré-frontal em
adolescentes e a dependéncia de plasticidade dos efeitos da ETCC, nossa hipotese foi a de
que os efeitos da ETCC anodal ,aplicados no DLPFC e M1, produziriam efeitos de maior
magnitude em escores de dor, limiar da dor e memoria de trabalho em adolescentes,
qguando comparados a adultos jovens e idosos. E, principalmente, que esta diferenca seria

de maior magnitude na estimulacdo anodica do DLPFC esquerdo.
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6. OBJETIVOS

6.1. OBJETIVO GERAL

A presente tese teve como finalidade investigar a idade como fator de modulacdo do efeito
da ETCC e também o efeito da montagem tendo como alvos a estimulagdo do DLPFC
esquerdo e 0 M1 esquerdo (hemisfério dominante), visando a compreensao desta interacdo

na modulagdo da dor e memdria de trabalho.

6.2. OBJETIVOS ESPECIFICOS
Para responder ao objetivo geral desta tese desenvolveram-se estudos, cujos objetivos

sd0 0s que seguem:

Estudo 1.

Avaliar em uma revisdo sistematica e meta-analise as evidéncias do efeito da
ETCC na dor em criancgas, adolescentes e idosos, individualizando os efeitos de acordo
com as areas alvo da estimulacéo (DLPFC e M1).

Estudo 2.

Comparar os efeitos da ETCC pela percentagem de variacdo do periodo pré ao pos-
intervengdo entre a ETCC ativa e simulada aplicada no DLPFC e M1 em adolescentes,
adultos jovens e idosos nos seguintes desfechos:

e Limiar de dor por calor (HPT) ao Teste Quantitativo Somatossensorial (QST);
e Dor de moderada intensidade ao calor ao Teste Quantitativo Somatossensorial (QST);
e Limiar de sensitivo ao calor (STH) ao Teste Quantitativo Somatossensorial (QST);

e Tolerancia Maxima a dor (HPTol) ao Teste Quantitativo Somatossensorial (QST);

Comparar os valores pos-intervengdo entre a ETCC ativa e simulada aplicada no
DLPFC e M1 em adolescentes, adultos jovens e idosos nos seguintes desfechos:
e Acuracia da memdria de trabalho (WM) para teste de n-back;

e Tempo de resposta para os acertos (RTH) para teste de n-back.
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Abstract

Transcranial direct current stimulation (tDCS) is a neuromodulatory technique with
potential to decrease pain scores and to add in chronic pain treatment. Although age is an
essential factor that might impact the tDCS effect, most studies are conducted in adults.
Thus, persist a critical gap in this field, as shown by only a few studies that have included
other age groups. To examine the evidence upon the tDCS effect on pain scores on
children, adolescents, or elderly, and indirectly, to infer the age-dependent impact on tDCS
effects, we conducted a systematic review and meta-analysis. Methods: We have conducted
a systematic review searching the following databases: PubMed, EMBASE, and Science
Direct using the following search terms adapted according to MeSh or Entree:
[(“Adolescent” OR “Children” OR “Elderly”) AND (“tDCS”) AND (“Pain” OR “Pain
threshold”) AND (“dorsolateral prefrontal cortex” OR “Motor cortex)] up to April 20th,
2020. We preselected 228 articles, 13 of which were included in the systematic review.
Two meta-analyses included a total of five studies with elderly subjects that had outcomes
assessed by pain score or pain threshold. Results: For the analysis of pain score, 96
individuals received active stimulation, and we found a favorable effect for active tDCS to
reduce pain score compared to sham (P =0.002). The standardized mean difference was
—0.76 (CI 95% = —1.24 to —0.28). For pain threshold in elderly, analysis showed no
significant difference between active and sham tDCS. We retrieved two studies with
adolescents: one study using anodal tDCS over the prefrontal cortex reported a reduction in
pain scores, contrarily the second study reported an increase in pain sensitivity for the
dorsolateral prefrontal cortex (DLPFC) stimulation. Conclusion: Our findings suggest
tDCS may reduce pain levels in the elderly, although that depends on montage and pain
assessment measures. In addition the review reduced number of studies and the large
heterogeneity for clinical conditions and protocols of stimulation present limits the support
of tDCS use for pain treatment in the elderly. Larger studies on the tDCS effect on pain
with elderly and adolescents evaluating different montages and electrical current intensity

are needed.

Keywords: children, adolescent, elderly, tDCS, pain, DLPFC, M1, meta-analysis
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1 INTRODUCTION

More than 25 million American adults suffer chronic pain (Nahin, 2015). Chronic pain
is conceptually a process of maladaptive neuroplasticity by an imbalance in the excitability
and inhibition in the pain processing pathways, including the cortical anatomical changes
and the dysfunction in the processing as assessed by functional connectivity (Peyron et al.,
2018). In contrast, the main mechanism of acute pain is tissue injury. This is a critical point
that should be considered as part of the diagnostic criteria besides continuous or recurrent
pain for more than three months (Raja et al., 2020). According to a survey conducted in
2106, over 20% of American adults suffered from chronic pain, and 8% presented high-
impact pain, which is classified when pain is associated with limiting life or work activities
(Dahlhamer, Lucas, & Zelaya, 2018). In the elderly chronic pain is one of the major health
issues. The prevalence of chronic pain among the American elderly, with ages of 65 and 85,
Is estimated at 27%, and over 85 years old, it reaches 33% (Dahlhamer et al., 2018). In the
elderly, it is also the most common risk factor for disability (Covinsky, Lindquist, Dunlop,
& Yelin, 2009; Melzer, Gardener, & Guralnik, 2005), which occurs due to compromised
activities of daily living and psychosocial problems like fear of movement (Meier et al.,
2016), depression (Casten, Parmelee, Kleban, Lawton, & Katz, 1995) and reduced quality
of life (Hopman-Rock, Kraaimaat, & Bijlsma, 1997). Besides, chronic pain among children
and adolescents is also a concern, considering it may reach 44% prevalence in some
countries (Bondesson, Olofsson, Caverius, Schelin, & Jéud, 2020; Gobina et al., 2019). The
presence of chronic pain in this age group has a negative impact on the quality of life, with
damage in the social, recreational, and academic domains, being a major cause of
absenteeism in children and adolescents. Chronic pain is associated with increased
schooling absenteeism (Groenewald, Giles, & Palermo, 2019), and, as shown by
prospective cohort studies, the chronic pain in adolescents had been associated with lower
education levels in adulthood, worse career positioning, and other social impacts such as
early parenthood and a worse quality in affective relationships (Murray, Groenewald, De,
& Palermo, 2020).

On the treatment side, chronic pain is a challenging condition, with low levels of
pharmacological therapeutic success (Moore, Derry, Eccleston, & Kalso, 2013) and risk of
opioid dependence (Florence, Zhou, Luo, & Xu, 2016). More than 20% of children and
adolescents with chronic pain receive a prescription to opioids, and 25% received an order

of two to four classes of drugs for pharmacological treatments (Gmuca et al., 2019). In this
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scenario, transcranial direct current stimulation (tDCS) gain importance and appears as a
promising therapeutic alternative based on the results found in the treatment of chronic pain
syndromes in adults (Zortea et al., 2019). However, the tDCS effect has considerable
variability between subjects (Ridding & Ziemann, 2010). Accordingly, a previous study
with a sample composed mainly of males that received tDCS on the primary motor cortex
at ImA for 13 minutes found that the interindividual variability accounts for over 50% of
the motor evoked potential effect (Lopez-Alonso et al., 2014). In the same way, the
chronological age has been pointed out as a relevant factor for the inter-subject tDCS effect
variability (Ridding & Ziemann, 2010), and data that supports the tDCS use on chronic
pain syndromes were mostly reported in adults between 18 and 60 years old. Age
variability aspect found support in the neurobiological mechanisms involved in the tDCS
effect, which depends on the propensity for plasticity induction. This propensity tends to be
more significant at a younger age, and it decreases across life with a lower tendency to
occur in older age (Freitas et al., 2013; Ridding & Ziemann, 2010). And the reduced ability
of neuromodulation techniques to induce plasticity with aging have already been shown
(Fathi et al., 2010; Muller-Dahlhaus et al., 2008).

The tDCS modulates cortical excitability with the low-intensity continuous electric
current applied via electrodes placed on the scalp (M. a Nitsche & Paulus, 2000; Michael
A. Nitsche et al., 2008). Anodal(a)-tDCS induces neuronal membrane depolarization. It
enhances cortical excitability, while the cathodal tDCS decreases the excitability of
respective target areas. According to animal models, the changes in the cortical excitability
by a direct current occur due to the modification of membrane potential of targeted neurons
(Bindman, Lippold, & Redfearn, 1964; Purpura & McMurtry, 1965). Blockers of sodium
channels (e.g., carbamazepine), and calcium channels (e.g., flunarizine) were used to assess
the tDCS effect on the membrane potential. These drugs eliminate the standard increase in
cortical excitability elicited by anodal stimulation (M.A. Nitsche et al., 2003). Presumably,
because these drugs cause hyperpolarization of neurons as they inactivate sodium and
calcium channels (Stagg & Nitsche, 2011). Collectively, these results indicate that the
tDCS effects include the modulation of neuronal membrane potential. In terms of spatial
effect, the tDCS induces changes around the region of the electrodes, but also tDCS can
alter broad areas across the cortex, not only the target area (Turi, Paulus, & Antal, 2012).
Such results were found in humans studies using models of the electric current flow and the

function of nuclear magnetic resonance (fMRI) (Saiote, Turi, Paulus, & Antal, 2013).
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Further evidence suggests the tDCS modulates synaptic activity by
neurotransmitters. Human neuroimage studies using magnetic resonance spectroscopy
(MRS) from researches targeting specific neurotransmitter receptors found that anodal
stimulation inhibits the GABA-ergic system (Liebetanz, Nitsche, Tergau, & Paulus, 2002;
Michael A Nitsche et al., 2004; Stagg et al., 2009; Stagg & Nitsche, 2011). While the use
of Citalopram, a serotonin reuptake inhibitor, reversed the inhibitory effect from a cathodal
stimulation, and it enhanced and prolonged the excitatory effect for a-tDCS (Liebetanz et
al., 2002; Medeiros et al., 2012). Through promoting or inhibiting cortical excitability,
tDCS also elicits effects on cortical excitability that persist after the stimulation period,
which occurs through synaptic plasticity mechanisms, which resemble characteristics of
long term potentiation (LTP) or long-term depression (LTD) of glutamatergic synapses
(Nitsche et al., 2008). Blockers of glutamate receptors NMDA abolish both excitatory and
inhibitory aftereffects of tDCS. Therefore, the decreased ability to generate LTP found in
the elderly (Barnes, Rao, & Houston, 2000) can influence the effectiveness of this
neuromodulatory technique. Moreover, the reduction in brain volume associated with
senescence causes an increase in the distance between brain cortex, and the tDCS
electrodes positioned over the scalp (Resnick, Pham, Kraut, Zonderman, & Davatzikos,
2003), which can have as a consequence a lower electric field peak under the tDCS
electrode for elderly (Thomas, Datta, & Woods, 2018).

In contrast, studies have shown that children compared to adults with the same
tDCS parameters have a peak electric field and current density at least 1.5 times greater
than the one found in adults. This phenomenon is associated with a thinner skull bone and a
higher volume of cerebrospinal fluid (Minhas, Bikson, Woods, Rosen, & Kessler, 2013).
The impact of the skull thickness was demonstrated in the spatial dispersion model of the
electric current. The electric field was more potent in regions with thinner bone. Besides,
the use of the regression model demonstrated that the cerebrospinal fluid's thickness and the
depth of the cortical gyres also influence the distribution of the electric field (Opitz, Paulus,
Will, Antunes, & Thielscher, 2015). Moreover, children and adolescents undergo a
maturational physiological process that comprises synaptic selection and myelinization.
This process is active until early adulthood and is associated with a higher plasticity basal
status (Sowell, Thompson, & Toga, 2004). Finally, neurophysiological measures showed
that intracortical inhibition increases with age (Croarkin et al., 2014), and children and

adolescents have a lower level of intracortical inhibition (Mall et al., 2004), which could
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turn them more susceptibility to the tDCS effect.

Nevertheless, the maturation and senescence process, which occurs to children,
adolescents, and the elderly, respectively, are nonlinear phenomena (Sowell et al., 2004).
Maturation begins at the parietal cortex, more specifically at the primary somatosensory
cortex and then progresses rostrally to the frontal and caudal cortex and laterally to the
occipital, parietal and temporal cortex. The dorsolateral prefrontal cortex (DLPFC) is the
last prefrontal area to undergo a maturation process, which occurs only in late adolescence
(Gogtay et al., 2004). The senescence process occurs with a reduction in cortical volume
due to a decrease in neuronal size and the consequent loss of the amount of gray matter, but
also a loss of white matter volume is present (Good et al., 2001). In similarity with the
maturation process, senescence is also nonlinear phenomena, and most considerable
volume losses occur in frontoparietal lobes, while the occipital and temporal lobes showed
smaller volume reductions (Resnick et al., 2003). Therefore, due to localized differences in
a nonlinear process, the montage of tDCS and the electrical current intensity can elicit
different effects for distinct cortical areas according to age across life. Thus, additional
studies are needed to explore this issue in the field of pain, since the two primary areas for
the transcranial neuromodulation, nominally M1 and DLPFC, are likely affected differently

by this neuromodulatory technique across the life.

Presumably, based on plasticity induction, a-tDCS over the left DLPFC and M1 has
been shown to decrease pain levels in chronic pain patients, and to increase pain threshold
in healthy subjects (Zortea et al., 2019, Vaseghi et al., 2014). Anodic stimulation over M1
seems to modulate the pain threshold and pain level by inhibiting the activity of thalamic
nuclei. The lateral thalamic nucleus is a target of spinal nociceptive afferent and input from
lateral thalamic nuclei that is responsible for sensory-discriminative aspects of pain
stimulus (Garcia-Larrea et al., 1999). The DLPFC is one of the most common active areas
during pain episodes (Apkarian, Bushnell, Treede, & Zubieta, 2005) and is essential in the
decision process related to pain. The prefrontal cortex is part of the network of connections
of the descending modulatory system of pain. It seems to modulate structures involved in
the emotional perception of pain, including the medial prefrontal cortex, anterior insular
cortex, anterior cingulate cortex, and bilateral amygdala. These areas are connected to
structures as the raphe magnus nucleus, periaqueductal grey matter, and the middle frontal
gyrus (McMahon, Koltzenburg, Tracey, & Turk, 2013; Schweinhardt & Bushnell, 2010).
The prefrontal cortex stimulation can also act by modulating pain correlates such as
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anxiety, depression, and unpleasant sensation to a painful stimulus (Michael A. Nitsche,
Boggio, Fregni, & Pascual-Leone, 2009). Anodal stimulation over the left DLPFC can
reduce the valence for negative emotional images (Pena-Gomez, Vidal-Pineiro, Clemente,
Pascual-Leone, & Bartres-Faz, 2011), and also improves the valence of positive emotional
facial expressions (M A Nitsche et al., 2012).

1.1. Transcranial Direct Current Stimulation: Technical Factors and neuroplasticity

The tDCS effects are influenced by the area where the electrode is applied (e.g.,
M1, DLPFC), anatomic aspects, and factors related to being prone to neuroplasticity state-
dependent (Ridding & Ziemann, 2010). Besides the discussed age impact on tDCS effect,
several other factors can be involved in the nonlinear response to tDCS and the
interindividual variability. Among them, there are factors related to neuroplasticity, such as
genetics polymorphisms [e.g., brain-derived neurotrophic factor (BDNF) Val66Met, and
Catechol-O-Metil Transferase (COMT) Vall58Met], time of day, psychotropic drugs,
exercise, circadian typology, cognitive processes, and sex. Regarding sex, women appeared
to be more responsive to tDCS. Possibly an impact depends on estrogen levels. Also,
women showed a higher medial prefrontal activation under nociceptive stimuli (Gupta et
al., 2017) and a higher inhibitory function of the descending pain modulating system
compared to males (Gasparin et al., 2020). Additionally, there is vast literature related to
sex differences in pain sensitivity (Bartley & Fillingim, 2013). Also, regarding tDCS
effect, women was shown to develop a longer-lasting LTD effect than men (Kuo, Paulus, &
Nitsche, 2006).

Also current intensity can be a moderator in relation to age, since tDCS effect is
resultant of interaction of factors including the stimulus (intensity, area of stimulation,
cathodic or anodic, etc.), and the neuroplasticity state. However, the pevious literature
related to the tDCS dose is mixed and suggest that it is not a linear response (Monte-Silva
et al., 2013). It is plausible that at least part of this explanation is related to tDCS electrical
current intensity. However, it is essential to consider that the tDCS stimulus might facilitate
or inhibit synaptic transmission to increase or decrease the frequency of action potentials in
endogenous neuronal firing since it does not generate action potentials per se. Based on this
rationale, we can comprehend why the literature is controversial on this point. A previous
meta-analysis found that the tDCS higher dose was associated with better outcomes in

patients with acute major depressive episodes (Brunoni et al., 2016). In contrast to a sham-
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controlled trial using a higher dose (2.5 mA) yielded non-significant findings (Loo et
al.,2018). Other studies that applied tDCS over the motor cortex concluded that
enhancement of tDCS dose did not necessarily increase the effects of stimulation, but might
shift the direction of excitability alterations (Monte-Silva et al., 2013, Batzikadze et al.,
2013). Overall, even though evidence at present is not conclusive, they indicate that the
variation of electrical current intensity certainly should be addressed when aiming to
understand the differences in the tDCS effect.

Although the tDCS has been gaining ground in the field of pain, and the evidence is
growing in its favor, essential gaps remain regarding the understanding of mediating factors
of neuroplasticity and how much they can modify the response ETCC, particularly in
assembly and stimulation. The age has a central role among these sets of factors that can
permeate interpersonal variability in the effects of tDCS. The relationship between these

factors involved in the neuroplasticity and the technical aspects is shown in Figure 1.

Given the emerging importance of tDCS as a potential treatment for chronic pain
conditions, we have reviewed the current knowledge of tDCS for pain in less studied age
groups: children, adolescents, and the elderly. The target was to compile and find evidence
to treat pain and to improve its correlated symptoms of the two most frequently montages
of the tDCS, M1, and DLPFC. This review aimed to answer the following question: i)
Does tDCS over M1 or DLPFC modulates pain level or pain threshold in children,
adolescent or elderly differentially? ii) With this review, we compile data to generate
evidence and discuss how age can impact these neuromodulatory techniques in a distinct

age group in the research and clinical contexts.

2.METHODOLOGY OF THE LITERATURE REVIEW

This systematic review follows the PRISMA (Preferred Reporting Items for Systematic

Reviews and Meta-analyses) guideline. There was no pre-published protocol.
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2.1.Search Strategy

To find relevant studies, we conducted a literature search in the following
databases: MEDLINE (from 1966), ScienceDirect (from 2006), EMBASE (from 1993).
The resulting mesh terms according to MeSh or Entree were searched: [("Adolescent” OR
"Children" OR "Elderly") AND ("tDCS") AND ("Pain" OR "Pain threshold") AND
("dorsolateral prefrontal cortex" OR "Motor cortex)] up to April 20th, 2020 (complete

search strategy for one data base in supplementary material).

2.2.Study Selection: Inclusion and Exclusion Criteria

Two authors reviewed and selected the included studies independently, if
disagreements were present, decisions were discussed with a third reviewer. After
retrieving the studies with the search strategy authors excluded duplicates, and studies were
assessed for inclusion criteria. Full text was evaluated if study were potentially eligible and
the following information was extracted: included sample sizes, mean age, tDCS
intervention, area of stimulation, the electric current intensity, stimulation time, outcomes
evaluated on the study, significant findings, and effect sizes.

The inclusion criteria were the following: the sample comprises children,
adolescents, or elderly (60 years or older than) for the group of active tDCS, studies that
used tDCS on the primary motor cortex (M1) or dorsolateral prefrontal cortex (DLPFC),
either conventional tDCS, or high-definition (HD-tDCS). To be included in the meta-
analysis, studies should have a low risk of bias and outcome reporting VAS or NRS pain
scores or pain threshold. We excluded studies with a sample age range from 18-60. Other
exclusion criteria were the following: other languages than English, Portuguese, or Spanish;
do not report pain or pain threshold as an outcome; studies using different types of
stimulation than direct current; reviews and case studies; conference abstracts; study
protocols. The fixed or random effect was applied according to heterogeneity, and the
meta-analysis was performed by a standardized mean difference. The systematized search

is presented in Figure 2.

2.3.Risk of Bias Assessment

Two authors independently assessed the risk of bias according to the criteria from
Cochrane guidelines (Higgins et al., 2011). Disagreements between the authors were solved
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by discussion, with the involvement of a third reviewer if necessary. Studies potential bias
was classified as: low risk (green plus signs); high risk (red minus signs) and unclear
(yellow question mark) (table 2). The studies’ features evaluated for bias were:
randomization (selection bias), allocation concealment (selection bias), blinding of
participants and researchers (performance bias), incomplete outcome data (attrition bias),
selective reporting (reporting bias); and other bias. We consider in other bias category
counterbalanced order for the different stimulation sessions and sham-controlled protocol.

3.RESULTS

With the search strategy 228 articles were identified. After evaluating title and
abstract for duplicates and exclusion and inclusion criteria, 101 articles were selected for
full text evaluation , and 13 meet criteria to be included in this systematic review (Figure

2). The characteristics of the included studies are summarized in Table 1.

3.1.Results: Qualitative Data

It was included 13 studies in this systematic review with data from 398 participants.
Data about the montage, number of sessions, electric current intensity, and time of
stimulation vary among studies. The total sample sizes of studies vary from 5 to 60
subjects, and they include several different chronic pain conditions, as well as post-surgical
pain, and two studies evaluate the effect on pain threshold on healthy subjects. Seven
studies applied a-tDCS on the Motor cortex, two studies used a prefrontal cortex
stimulation, while three studies had an arm for a-tDCS over M1 and one over the DLPFC
(figure 3). One study with adolescents applied the anodal tDCS over the frontal area or
interhemispheric fissure. The number of tDCS sessions ranged from 2 to 20 stimulation
sessions. In one study, the a-tDCS was combined with intramuscular electrical stimulation.
Device current intensity was 2mA for the most part of trials with elderly participants; only
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one study evaluated 1mA current. For the studies with adolescents subjects the applied
current intensity ranged from 60 pA to 2mA stimulation. The simulation time was set to 20

min in nine studies. Other studies used 22min, 30 min, or 45 min.

3.1.1.Studies with Elderly Population

Seven sham-controlled studies applied a-tDCS over M1; and six evaluated pain
scores using VAS or NPS. For the studies that assessed the outcome by pain score, four
presented a significant improvement for a-tDCS compared to sham (figure 4A). The effect
size varies from moderate to large (Ahn et al., 2017; da Graca-Tarrago et al., 2019; Kim et
al., 2013). The study of Graga-Tarrag6 et al. 2019 was a factorial trial with groups that
received the a-tDCS coupled with intramuscular electrical stimulation (EIMS). The
combined therapy with a-tDCS and active EIMS was more effective on pain decrease
compared to sham (Cohen's D = 1.15, a large effect size). The a-tDCS, coupled with sham
EIMS, produced an effect statistically significant compared to sham, but the effect size was
smaller (Cohen's D= 0.37). The other two studies that used the a-tDCS on the M1 in a
sham-controlled design did not find a significant difference between a-tDCS and sham for
pain scores (Borckardt et al. 2017, Borckardt et al. 2013). The study that evaluated pain
threshold also did not find difference from sham (Saldanha et al., 2020).

Four studies reported a comparison between before and after treatment effects for a-
tDCS on the M1 with a large effect size for a-tDCS (Ahn et al., 2019; Concerto et al., 2016;
da Graca-Tarrago et al., 2019; Harvey et al., 2017)(figure 4C). Noteworthy among the
studies that also had a sham group, Graga-Tarrago et al. 2019 reported a VAS reduction
from baseline for active tDCS but also for sham. Also, for M1 montage three studies
presented a follow-up effect with a significant difference between a-tDCS and sham for one
week, three weeks and four weeks follow up with a large effect size of 1.79, 0.79 and 0.61
respectively(Harvey et al. 2017, Ahn et al. 2017, Kim et al. 2013).

Five studies applied a-tDCS over DLPFC, four were controlled with sham, and one

study evaluated the tDCS effect on pain scores in single-arm design. None of these studies
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reported a significant effect of the a-tDCS stimulation compared to sham on pain scores
(figure 4B) or pain threshold. However, two studies reported a significant change in pain
from baseline (figure 4D): Deldar et al. 2019 reported a within effect comparing before
VAS to after a-tDCS when the pain was evaluated during a working memory task, this
difference presented a moderate effect size (0.39) (Deldar et al. 2019). Lee et al. 2019
found a significant difference for VAS pain score after the a-tDCS over DLPFC compared
to baseline with a large effect size. However, the study had no blinding or randomized
order (Lee et al., 2019).

3.1.1.1.Evidence for Other Clinical Outcomes

Regarding analgesic use, Borckardt et al. 2013 and 2017 primary outcome were to
evaluate the hydromorphone post-operatory use. Borckardt et al., 2013 reported a decrease
in hydromorphone use for a-tDCS over M1 when compared to sham. In the first study,
they found a decrease in hydromorphone use when the a-tDCS was over M1 compared to
sham (Borckardt et al., 2013). In contrast, in the second study, the same group found that
the a-tDCS over M1 for the same montage increased the hydromorphone use when
compared to sham (Borckardt et al., 2017). The authors discuss their contradictory findings
as a consequence of a lack of blinding from the evaluators on the first study ( Borckardt et
al., 2013) and a more rigorous double-blind protocol for the second study (Borckardt et al.,
2017). The other two studies in chronic pain reported a reduction in the analgesic use with
a-tDCS (Concerto et al., 2016) or with the EIMS, independently of a-tDCS or sham tDCS
(da Graga-Tarrago et al., 2019).

The three studies with osteoarthritis samples reported the effect on the WOMAC
scale, which is a self-administered questionnaire consisting of three subscales related to
pain, stiffness, and impairments of physical function. Higher scores indicate worse pain,
stiffness, and impairments of physical function. Ahn et al. 2019 and da Graga-Tarrago et al.

2019 reported an improvement in functional capacity from baseline (Ahn et al.
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2019) compared to sham (Graca-Tarragé et al. 2019). Ahn et al., 2017 did not find an a-
tDCS effect on WOMAC. Three studies reported the effect on McGill Pain Questionnaire
for comprehensive assessment and characterization of pain symptoms. It has been widely
used to assess multiple aspects of pain, and the affective pain component. Two studies
reported improve in affective description of pain from baseline for a-tDCS over M1 (Ahn et
al., 2019, Harvey et al. 2017).

The three studies that applied a-tDCS over DLPFC also evaluated working memory
performance. For Lee et al. 2019 and Saldanha et al. 2020, no effect was found, while for
Deldar et al. 2019, a-tDCS reduced response time on n-back tasks when compared to
baseline. Still, then it was no different from sham, and no effect was found in accuracy.
Also, Lee et al. 2019 reported a reduced fear of pain and increased perceived self-efficacy,
which translates as psychological confidence to perform specific activities. Both effects

support the DLPFC connection to emotional, cognitive aspects of pain.

3.1.2.Studies with Adolescents

We included two studies with adolescents—one retrospective study with 44
adolescents with chronic headaches related to a mild head injury treated with a-tDCS. The
researchers have reported a decrease in the Numerical Pain Scale (NRS) score of a low 3.5
points. They also found that the tDCS reduced the number of days with a headache per
month and the duration of the headache attacks. Moreover, 81% presented a complete
improvement of headache episodes. Among them and 29% had a pain reduction of at least
50% during at least 4.5 months after the treatment end (Pinchuk et al., 2013). The second
study, a sham-controlled cross-over trial compared the heat pain threshold variation from
before to after intervention for a-tDCS on M1, DLPFC, and sham, and found an increase in
pain perception (decreased pain threshold) for a-tDCS on the DLPFC compared to sham,
with large effect size (Cohens’D 1.09) (Saldanha et al., 2020).

3.2.Results: Meta-Analysis and Risk of Bias Assessment

We classified four studies with a high risk of bias due to the following
reasons: open-label design, not randomized, no allocation concealment, or did not present
the blinding method description. A retrospective study from Pinchuck et al. 2013 presented

the highest risk for bias, followed by open-label studies from Ahn et al. 2019, Concerto et
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al. 2016 and Hu et al. 2016 (Ahn et al., 2019; Concerto et al., 2016; Hu et al., 2016). These
four studies present a high potential for selection bias and performance bias. Another bias
was not being counterbalanced by the different number of stimulation sessions (Lee et al.,
2019) or being sham-controlled (Ahn et al., 2019; Concerto et al., 2016; Hu et al., 2016;
Pinchuk et al., 2013). Als, most studies did not clearly describe the methodology used to
compute the sample size for the primary outcome, and five studies were pilot studies. Three
studies did not report how they worked with the missing data from drop out participants.

We have selected five studies with elderly participants for two meta-analyses. In the
first analysis, we have included studies that reported the outcome using pain scores. For the
secondary analysis, we also included studies that assessed the outcome utilizing the pain
threshold. According to Cochrane guidelines, the included studies had a low risk of
bias. (Higgins et al., 2011), and used Review Manager 5 (RevMan 5.3).

The meta-analysis with pain scores (VAS ou NRS) outcome included six studies:
four trials with stimulation over M1, and two over the DLPFC. Data had considerable
heterogeneity (12 = 60%). Therefore a random-effects model was applied. A total of 96
patients received active stimulation, and most of the studies favor active tDCS compared to
sham tDCS on the improvement of pain score. The standardized mean difference was —0.76
(CI 95% = —1.24 to —0.28). We further performed a sensitivity analysis without the study
with active EIMS. The effect size was reduced, but the difference maintained the
significant effect for a-tDCS compared to sham [-0.69 (-1.26 to -012)] (figure 5). We
compared the pain score from before to after one session of tDCS and after five sessions.
Pain score reduced from baseline for either after a single session tDCS [0.96 (0.26 to 1.66)]
and after five sessions [2.01 (1.20 to 2.81)](figure 6).

For the second meta-analysis, with pain threshold outcome, three studies were
included, and six trials when we considered for both sites of stimulation. Data did not show
heterogeneity (12=0%); in this condition, we applied the fixed effects model. A total of 88
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patients received active stimulation. The effect of a-tDCS was not different from sham for
pain threshold (ES= 0.27, P=0.07, figure 7).

4.Discussion

In our systematic review and meta-analysis, we compiled data regarding the tDCS
effect either on pain level or pain threshold in the elderly. We also collect data from two
studies with adolescents. Our data intend to present an overview of the tDCS effect on these
age groups, which are less studied than adults. Our review on three relevant databases
revealed that only few studies included these age groups. For this review, according to our
evaluation, at least half of the studies reached good methodological quality, indicating that

reported results for these studies are prone to a small bias effect.
4.1. Studies with Elderly Population

For the included studies with the sham comparison group, a significant difference of
a-tDCS compared to sham was reported in four out of eight studies. All the studies with a
significant difference also presented a large effect size and included patients with knee
osteoarthritis (da Graga-Tarrag6 et al., 2019, Ahn et al. 2017), diabetic polyneuropathy
(Kim et al., 2013) and a combination of several clinical conditions were included in one
study (Harvey et al., 2017). These chronic pain conditions included the following:
osteoarthritis, sprained shoulder, chronic low back pain, cervical injury, shoulder tendinitis,
polymyalgia rheumatic, sciatica, and unspecific leg pain (Harvey et al. 2017). This study
with multiple chronic pain conditions did not find a significant difference in pain measures
for the first evaluation after the treatment ended compared to sham. However, they found a
difference in the pain measures between a-tDCS and sham groups in the seven days follow-
up. The variability of clinical conditions and the smaller sample size may explain a possible
type Il error in the first assessment. An alternative explanation for the effect in the follow-
up may be the neuroplasticity changes induced by the a-tDCS. Our meta-analysis included
these four studies that were evaluated as having high methodological quality. Meta-analysis
cumulative effect indicated a moderate effect size of 0.76. This effect was kept significant

after the sensitivity analysis when we removed the study of those groups that had received
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active peripheral stimulation from da Graca-Tarrago et al. 2019.

The meta-analysis for change of pain levels when compared to baseline presented a
moderate effect size for both: one session of tDCS, and five sessions. However, this effect
size seems to increase across the repetitive course with a tendency to be more significant
after five sessions of a-tDCS. Moreover, tDCS effect on pain level might be sustained,
since three studies reported a follow up the persistent, significant difference from a-tDCS
and sham (Harvey et al. 2017, Ahn et al. 2017, Concerto et al. 2016). Further positive
effects are outcomes that evaluate disability or affective pain components as well as

decrease analgesic use.

The studies included in this review and meta-analysis suggest that a-tDCS for
elderly subjects might be effective in decreasing pain levels. However, only tDCS
stimulation over M1 had an effect different from sham. Two studies applied anodal tDCS
over DLPFC and had a significant decrease in pain level from baseline, but no effect when
compared to sham (Lee et al., 2019, Deldar et al. 2017). The results for elderly participants
agree with previous studies with non-elderly adults for the tDCS effect over M1 for pain
levels. Two previous meta-analyses evaluated anodal tDCS over M1 effect for pain
threshold and pain level without setting age as an inclusion criteria (Vaseghi et al., 2014;
Zortea et al., 2019). Combined studies included in both meta-analysis had a participants'
mean age ranging from 22 to 63.5 years old, and only 7% of the studies had a mean age
above 60. Both meta-analyses reported that a-tDCS was effective in reducing pain levels
with a moderate effect size for chronic pain patients. Moreover, Vaseghi et al. 2014 also
presented an increase in pain threshold in healthy subjects for a-tDCS over M1 with an
effect size of 22.19% comparing to baseline and 12.57% compared to sham (Vaseghi et al.
2014).

Nevertheless, results with elderly subjects differ from younger adults since both
previous meta-analyses reported a significant effect on reducing pain levels for a-tDCS
over DLPFC compared to sham. The meta-analysis conducted by Vaseghi et al. 2014
found even a larger magnitude with a-tDCS over DLPFC compared to sham than over the
M1, with a mean difference of 15.79 and 9.59, respectively. Zortea et al. 2019 also found a
significant effect of DLPFC on pain levels (active compared to sham), although slightly
smaller (Standard mean difference [SMD]= 0.54) when compared to M1 (SMD = 0.68).
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Although age is a factor that impacts the tDCS effect, according to our meta-
analysis, the impact of tDCS on the M1 compared to sham on pain levels in the elderly
pointed out in the same direction to the effect found in younger adults. This argument is
supported by neuroimaging studies, suggesting that anodal tDCS promotes plastic alteration
in the cortical areas of elderly subjects. Data from MRI study of GABA levels showed that
neuroplastic changes were present in the elderly brain after a single session of anodal tDCS
over M1: the tDCS reduced GABA levels reflect plasticity effects in the brain chemistry
(Resnick, Pham, Kraut, Zonderman, & Davatzikos, 2003). Moreover, one study reported
the comparison of tDCS effect over M1 between young and older adults for motor evoked
potential (MEP), as a measure of corticospinal excitability, and found no significant
difference between the age groups (Fujiyama et al., 2014).

As discussed above, a-tDCS over DLPFC accounts for more marked differences
between age groups. The difference between tDCS over DLPFC might be related to a
reduced number of studies in the elderly. Allied to this perspective are the methodological
differences in sample characteristics and the variety of aspects related to simulation. A
second reason could be related to the senescence process, which can be more active in

prefrontal areas than on the motor cortex (Resnick et al., 2003).

Noteworthy, chronic pain syndromes included in the aforementioned meta-analysis
from Vaseghi et al. 2014 and Zortea et al. 2019 are heterogeneous as well as in the current
review, which could impact on the a-tDCS effect. Chronic pain syndromes are associated to
structural and functional brain alterations, which differ among conditions. In chronic
musculoskeletal pain syndromes it was reported a decreased grey matter volume in cortical
areas associated with pain processing. Among them, the anterior cingulated cortex, the
motor cortex and pre frontal cortex. Also, functional connectivity involving prefrontal
cortex structures is modified (Coppieters et al., 2016). While a study with patients
presenting peripheral neurophatic pain associated with diabetes, showed a decreased
functional thalamocortical connectivity (Cauda et al., 2009). Thus, heterogeneity between
clinical conditions should be taken carefully into account. Regarding the a-tDCS effect on
the different clinical syndromes, a study included in this review showed that the impact on
pain level of a-tDCS was distinct for different subgroups of non-inflammatory
musculoskeletal pain, including neck and upper extremity pain, low back pain and lower
extremity pain. The a-tDCS was effective in improving the pain score only for the first two

groups (Lee et al., 2019).
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Finally the pain measures can also influence the interpretation of the results. The
pain ranges can vary in intensity, quality, and duration, and according to the core diagnosis
of disease, as well as physiopathology, and correlate symptoms due to pain. In this meta-
analysis, most studies assessed pain using unidimensional pain measures (i.e., numerical
pain scale or visual analog scale) or pain threshold a psychophysical pain
measure. Additionally, there are distinct pain conditions, including acute pain in a
controlled experimental setting (Saldanha et al., 2020), post-surgical pain (Borckardt e al.,
2013, 2017), and other chronic pain conditions (Graca-Tarrago et al., 2019). For the pain
assessment in an experimental acute pain model, when the target is pain intensity, these
measures present satisfactory psychometric properties. As well for the use in trials context,
psychophysical pain measures give us neuropsychological insights about the effect of pain
processing, and they help to understand the effect of TDCS on the dysfunction of pain
pathways, as for example in pain perception (i.e., pain threshold) and the function of
descending pain modulatory system, as assessed by the conditioned pain modulation test
(Flood et al., 2016, Reidler et al., 2012 , Boggio et al., 2008). However, psychophysical
measures are not practical for widespread use in the bedside clinical setting. In
contrast, VAS and numerical pain scales are widely used in the clinical setting due to their
feasibility, despite not being able to provide data related to the neurophysiological systems
effect, neither on multidimensional aspects of pain. Thus, distinct pain measures used in
the studies might be considered a limitation for the generalizability of these findings and to
presume effect to pain in general. Further studies are needed to generate evidence of the
tDCS effect on pain in larger studies. They should target integrative approaches to
comprehend its impact on disability due to pain as an illness, and other parameters that
compromise the quality of life in patients with chronic pain such as sleep quality,

psychological symptoms, cognition, etc.

In this review we have chosen to use the term “pain” to permit a broad search
strategy, since there is scarce literature with children, adolescents, and the elderly. We
agree that the tDCS effect should be individualized according to pain conditions,
particularly because chronic pain is conceptually a process of maladaptive neuroplasticity
by an imbalance in the excitability and inhibition in the pain processing pathways,
including the cortical anatomical changes and the dysfunction in the processing as assessed
by functional connectivity. In contrast, the main mechanism of acute pain is tissue injury.

This is a critical point in the interpretation of results to consider, that the experience of pain
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cannot be reduced to activity in sensory pathways. For the tDCS applicability, either in the
research and clinical setting, these aspects are relevant since the neuromodulatory response
is likely neuroplasticity state-dependent, and this argument is also supported by the pain
concept that defines it as a subjective experience that is influenced to varying degrees by

biological, psychological, and social factors.
4.2. Study with Adolescents

For the adolescent's age group, one retrospective study included in the review found
a positive effect of a-tDCS over the pre-frontal cortex for headache treatment in
adolescents. The second study was crossover-controlled in a sample of healthy
females. The study evaluated the heat pain threshold after a single session tDCS, and the
main result revealed that a-tDCS over DLPFC increases pain sensitivity. There are
significant differences in the tDCS protocols between the studies related to the duration of
stimulation, the intensity of the electric current, the number of sessions, one study,
including chronic pain patients, and the other evaluated healthy participants. Foremost
conclusion about the tDCS effect in adolescents is the lack of studies evaluating its impact
on children and adolescents for pain levels. Chronic pain is a growing concern in these ages
group, and it is associated with social and emotional burdens that can even impact adult
life. Therefore, exploring new therapeutic options is a reason to justify that this subject is
further investigated in controlled studies.

4.3. Safety

The studies with the elderly included in this review have not reported significant
adverse effects. All the reported adverse effects were classified as mild according to the
recommendations in the ICH guidelines (Baber, 1994; Food and Drug Administration,
2011). A mild adverse effect is a symptom that requires no medical treatment. The most
reported adverse effects were itching, tingling, stinging, pins and needles, burning
sensation, all symptoms similar to tDCS previously reported most prevalent undesirable
effects (Poreisz et al., 2007, Brunoni et al., 2011). In one of the studies included in this
review, a participant dropped the study by dizziness and sleep disturbances. However, the
subject reported these adverse effects during the sham phase (Lee et al. 2019), while in
another study, a participant dropped out due to headache (Kim et al.,2013). The other

studies included in the review reported that when adverse events were presented, they were
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mild (Ahn et al. 2019, Borckardt et al., 2017, Saldanha et al., 2020, Graca-Tarrago et al.,
2019, Ahn et al., 2017, Hu et al., 2016).

Studies with adolescents’ participants also did not report major adverse effects.
Saldanha et al., 2020 reported itching and sleepiness as the most prevalent undesirable
effects. However, the active protocols applied over M1 and DLPFC were not different from
sham in adverse effects incidence (Saldanha et al., 2020). These findings are supported by
an extensive literature that the adverse effects most incidents in children and adolescents
are frequently classified as mild, such as itching, tingling, and headache (Ciechanski &
Kirton, 2017; Krishnan, Santos, Peterson, & Ehinger, 2015; Moliadze et al., 2015). Also, a
recent study with more than 600 tDCS sessions on children and adolescents did not find
severe adverse effects, being the tingling and itching were the most common adverse
effects reported in 37% of tDCS sessions (Zewdie et al., 2020).

4.4. Blinding

Blinding of the subjects that receive the treatment and of the evaluators is a major
concern of randomized controlled studies. Regarding the blinding of participants for tDCS
use using sham protocol was shown to be effective for a single session. However, questions
arise for blinding in higher current intensity and for multiple days’ tDCS protocol.
Moreover, binding of evaluators can be challenging due to scalp redness associated with
active stimulation (Brunoni et al., 2012). Moreover it is discussed that the use of a sham
tDCS treatment, applied at an intensity of 2 mA, is not effective as blinding technique
(O’Connell et al., 2012).

On the studies included in this meta-analysis that evaluated blinding effectiveness
for 2mA current intensity, they reported no difference in guessing between active and sham
protocol from chance (Saldanha et al., 2020, Graga-Tarragé et al., 2019, Harvey et al.,
2017). The study conducted by Borckardt et al., 2017 that was not included in the meta-
analysis, also reported no difference in guessing from participants between active and sham

for 2mA current intensity.

Therefore, for elderly 2mA intensity, blinding suggests being effective.
Nevertheless, it is also noteworthy that blinding effectiveness was only properly assessed in

a fraction of the studies included in this review.
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4.5. Limitations

This review's primary limitation is the small number of articles and the critical
heterogeneity among them. These limitations are precluding to drawing more firm
conclusions regarding the impact of age as a mediator of the tDCS effect. However, this is a
relevant and emerging research field that can significantly affect pain treatment, given the
prevalence of chronic pain increase in the elderly population and the lack of alternatives to
improve the dysfunctional neuroplasticity that generates and sustain chronic
pain. Additional aspects that prevent definitive conclusions are the risk of bias analysis and
studies with small samples. Another factor that restricts the strength of the recommendation
grade is the lack of accurate blinding.

Furthermore there is limited data on the ability to maintain the therapeutic effects
over time since related to long-lasting stimulation protocols and lack of data regarding the
influence of age and time of day that the stimulation was applied. Moreover, we cannot
explore tDCS dose effect appropriately, since we found only two studies with adolescents
(one observational study that applied current intensity of 60 uA and another study is a cross
over the trial, which used a current intensity of 2mA). In the same way, we cannot explore
appropriately if the intensity of the current can be a mediator of the tDCS effect according
to age. Taking into account the limitations mentioned above, we have limited data to
discuss the impact of the electrical current delivery on the tDCS effect on the outcomes.

Thus, more studies are needed before allowing us to definitive conclusions about this topic.

4.6. Future Perspectives

The scientific community, either in research and clinical field, recognizes that we
need to produce high-quality evidence of clinical efficacy about the neuromodulatory
techniques, including the tDCS. Aligned to this perspective, a recent meta-analyses claims
for tDCS benefits in many disorders, e.g., neuropathic pain, Parkinson’s disease (motor),
epilepsy, depression, schizophrenia, chronic and subacute stroke (motor without robotics),
and post-stroke aphasia (Fregni et al., 2020). We can also include in this set of diseases,
the primary chronic pain with a prototypical condition, the fiboromyalgia, even though the
evidence in favor of tDCS is growing, and its clinical use is widespread open-label, this
technique is still not approved by the Food and Drug Administration (FDA). Despite this,

scientific support affirms that the impact of tDCS depends upon an interaction of the
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protocol with the neuroplasticity state (Rozisky et al., 2016). The tDCS effect is dependent
on neuroplasticity state since its action mechanism occurs through altering neuronal resting
membrane potentials without inducing action potentials. Therefore it can increase the
likelihood of depolarization or hyperpolarization (Nitsche et al., 2000). Thus, if the goal is
to facilitate the remapping or repair in the neuroplasticity for the brain, then we must
employ an individualized protocol for each patient's best suit. In this perspective, the tDCS
can remap the dysfunction in the neural networks.

In pain treatment there is growing evidence in favor of DCS. However, a critical point
that needs to be comprehended is the variability of the response between subjects , even
with the same syndrome diagnosis. In a critical analysis, several aspects need to be
considered in further studies to generate consistent evidence. Thereby, it is possible to
personalize the model for stimulating neuroplasticity, considering age as a mediator of the
response. From this perspective, we suggest some main points: (i) Run trials with proper
methodology and homogenous sample related to clinical diagnosis. (I1) Investigate distinct
types of stimulation associated with the area of the brain and with different intensity of
electric current and distinct types of electrical current (i.e., continuous, random noise, or
alternate). (iii) To assess the neuroplasticity state using neuromarkers, which are defined as
traits or characteristics to personalize treatment planning. These potential neuromarkers
include neuropsychological measures, serum markers (i.e., BDNF), genetic polymorphisms,
etc. (v) To investigate the tDCS effects using integrative approaches, including the
assessment of functional connectivity and the impact on clinical measures (i.e.,
disability, attention, anxiety, fear, and expectation, etc.). Additionally, it is essential to
investigate the effect of combined interventions, such as online or offline, and if they
produce additional benefits or overload the system and produce a reverse effect. Thus, in
an integrative view, we can trend toward personalized medicine to prescribe the
treatment. Particularly in the field of pain, even though the number of treatment targets has
grown substantially, the clinical management is often unsatisfactory journey for patients
and clinicians. In sum, the tDCS presents promising properties to improve the complex
network of delicate interconnecting neurons and synapses conceptualized. This effect
involves three basic components, structural, electromagnetic, and neurochemical, each of
which overlaps and works in partnership associated with the reorganization of structure,
function, or connectivity involved in the dysfunctional processes underpin to chronic pain

and correlate symptoms.
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5. Conclusion

Our findings suggest a possible positive effect of a-tDCS to reduce pain in the
elderly that received tDCS over M1. Regarding tDCS over the left DLPFC, a potential
benefit on pain level was observed within the a-tDCS group. Also, the small number of
studies and the heterogeneity among studies preclude to generate evidence from supporting
the impact of age as a mediator of the tDCS effect on pain measures in a generalizable
way. Thus, they do not permit drawing more firm conclusions regarding the tDCS use to
treat chronic pain or modulate pain threshold in the elderly. Therefore, further studies
should be conducted, including distinct age groups, to understand better the age impact on
the a-tDCS effects on pain in different clinical settings.
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Table 1. Details of the studies included in the current systematic review (n = 13).

Study Design sample Age N Intervention Stimulation Reference Curent Time N° of Significant Cohen’s D Cohen’s D
eletrode eletrode intensity (min) sessions result within between
Saldanha et al. 2020
Cross-over Healthy ?23.68) 9 atDCS F3 FP2 2 mA 30 1 a”_‘%ggr‘s'f:\’/irr‘t,\izf%c:s of 434 0.27
9 a-tDCS C3 FP2 2mA 30 1 DLPFC on heat pain 0.24 0.12
threshold variation
10 s-tDCS F3 FP2 sham 30 1 (delta) compared to
sham
Lee etal. 2019
Single arm Neck and upper 71.25 9 a-tDCS F3 FP2 1,2mA 20 5 (sham) | VAS pain score with 1ImA= 1mA=0.60
extremity non- (4.54) 5(1mA)  2mA compared to 0.77 2mA=1.18
inflammatory mu ¥ 5(2mA)  baseline (within). *2mA=
sculoskeletal pain 1.35
Low back non- 22 atDCs F3 FP2 1,2mA 20 5(sham) | VAS pain score with *1mA= 1mA=1.15
inflammatory mus 5(1mA) 1mAand2mA 1.90 2mA=0.72
culoskeletal pain 5(2mA)  compared to baseline *2mA=
(within) 1.34
Lower extremity 16  a-tDCS F3 FP2 1,2mA 20 5 (sham)  No significant effects 1mA= 1mA=0.70
non- 5(mA) on VAS score from 1.12 2mA=1.29
inflammatory mu 5 (2mA) baseline 2mA=1.6
sculoskeletal pain 3
Ahn etal. 2019
Single arm Osteoarthritis 61.20( 21  a-tDCS M1 SO 2mA 20 10 | VAS pain score *Rosenth NA
7.23) (side not compared to baseline a’'sR=
specified) (within). 0.62
da Graga-Tarrago et al. 2019
Parallel Knee 66.0 15 a-tDCS+ C3orC4 SO 2mA 30 5 | VAS pain score after *1.86 *1.08
Osteoarthritis (9.08) active EIMS treatment compared to
s-tDCS + s-EIMS
(between) and
compared to baseline
(within)
64.1 15 atDCS+ s- C3orC4 SO 2mA 30 5 | VAS pain score *0.86 *0.36
(9.8) EIMS compared to s-tDCS +
s-EIMS (between) and
compared to baseline
(within)
64.4 15 s-tDCS+ C3orC4 SO sham 30 5 | VAS pain score *1.22 *0.76
(6.02) active EIMS compared to s-tDCS +
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63.87
(7.07)

15

s-tDCS +
s-EIMS

C3orC4

SO

sham

30

s-EIMS (between) and

compared to baseline

(within)

1 VAS pain score *0.61
compared to baseline

NA

Deldar et al. 2019
Cross-over

Healthy

64.4
(4.4)

15

15

a-tDCS

s-tDCS

F3

F3

right de
Itoid muscle
right de
Itoid muscle

2 mA

sham

22

22

a-tDCS significantly *0.39
improved pain rating in

NRS when associated to

2-back task condition

compared to baseline

No difference in pain

for a-tDCS when

compared to sham

0.48

Borckardt et al. 2017
Parallel

post-operative
pain.

57.7
(€3]

60.1

(6.7)

62.5
(5.2)

64.5
(8.8)

14

16

15

13

a-tDCS

a-tDCS

a-tDCS

s-tDCS

ClorC2

F3

P3

C1,C20rF3

F4

FPz

FCz

F4 or FPZ

2 mA

2mA

2mA

sham

20

20

20

20

1 hydromorphone use A
with a-tDCS over C1 or

C2 compared to sham.

No difference in post-
operatory pain VAS

between all groups.

| hydromorphone use A
with a-tDCS over F3

group compared to

sham.

For a-tDCS over P3 a
there was no difference

in hydromorphone use

when compared to sham

Harvey et al. 2017
Parallel

Chronic pain

72 (6)

71 (8)

6

8

a-tDCS

s-tDCS

C3orC4

C3orC4

SO

SO

2mA

sham

20

20

| VAS pain score *0.63
(delta) from baseline to
follow up assessment (7
days after the end of
treatment) compared to
sham (between)

| VAS pain score for
the a-tDCS between
baseline gathered VAS
(7 days) and treatment
gathered VAS (5 days)
(within).

After
treatment=
0.23 (lower
score for
sham)

Follow up
(delta) =
*1.76
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No difference between
active and sham on
VAS for the last day of
treatment.

Ahn et al. 2017
Parallel

Knee
Osteoarthritis

60.6
(9.8)

59.3
(8.6)

20

20

a-tDCS

s-tDCS

C3orC4

C3orC4

SO

SO

2 mA

sham

20

20

| in NRS pain score
(delta) for a-tDCS is
significant diferent than
sham for after the last
session of tDCS
treatment and for 3
week follow up.

NRS baseline level
statically significant
different between
groups ( a-tDCS higher
baseline NRS)

After
treatment=
*0.88 (delta)
3 week follow
up=*0.79
(delta)

Concerto et al. 2016
Single arm

Chronic plantar
fasciitis

68.8(3

10

a-tDCS

ClorC2

SO

2mA

20

1 VAS pain score
compared to baseline to
after the treatment and
to 4 weeks follow-up

After
treatment
=*2.46

4 week
follow
up=*1.15

NA

Hu et al. 2016
Single arm

head and neck
cancer

62.6
(5.0)

a-tDCS

C5

F4

2mA

20

20

VAS of 2.94 and 1.59
were reported,
respectively at baseline
and at

1 week follow up

No inferential statistics
were presented.

0.02

NA

Borckardt et al. 2013
Parallel

Postoperative pain

67
(1)

20

20

a-tDCS

s-tDCS

ClorC2

ClorC2

F4

F4

2mA

sham

20

20

| hydromorphone use
for a-tDCS compared to
sham.

No difference in VAS
between groups

Kim et al. 2013
Parallel

Diabetic
Polineuropathy

59.6
13)

20

a-tDCS

C3

SO

2mA

20

| VAS pain score for a-
tDCS over M1
compared to a-tDCS
over DLPFC and sham
after treatment. And for

After
treatment=
*1.72

4 week follow
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4 week follow up EAV up=*0.61
was lower than sham.
Pain pressure threshold
variation from baseline
to after treatment was
higher for a-tDCS over
M1 compared to sham
and DLPFC.
63.5 20 a-tDCS F3 SO 2mA 20 5 VAS score after A After
(8.7) treatment or for 4 week treatment=
follow up for a-tDCS 0.50
over DLPFC was not 4 week follow
different than sham. up=0.27
61.6 20 s-tDCS C3 SO sham 20 5
(10)
Adolescent
Saldanha et al. 2020
Cross-over Healthy 15.6 9 a-tDCS F3 FP2 2mA 30 1 | heat pain thr_es_h_old 0.47 *1.09 (delta)
(0.5) (increase sensibility for
9 a-tDCS C3 FP2 2mA 30 1 pain ) for the a-TDCS 0.38 0.29 (delta)
over DLPFC from
baseline to after
10 stDCS F3 FP2 sham 30 1 treatment (delta),
significant different
form a-tDCS over M1
and sham .
Pinchuk et al. 2013
Retrospective  Secondary to 13.6 38 a-tDCS Frontal pole ipsilateral 60 to 90 pA 30— 5-9 | NRS score from *1.91 NA
mild head injury (2.5) (interhemisph mastoid 45 baseline to after
chronic headache eric fissure) process treatment considering
both montages
6 a-tDCS center ofthe  2cm higher 60 to 90 pA 30—
forehead than 45
mastoid
process

EIMS, intramuscular electrical stimulation; SO, Contralateral supraorbital area, NA, not applicable; a, no data available to calculate Cohen’s D;
*effect size of statistically significant results reported by the studies; ¥ age presented as a mean for all groups.
Cohen’s D between active and sham was evaluated for the first score after the last tDCS session.
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Table 2. Assessment of risk of bias from the reviewed studies (n = 13)

Saldanha et al.
2020

Lee et al.
2019

Ahn et al.
2019

Da Gracga-Tarrago
et al.
2019

Deldar et al.
2019

Borckardt et al.
2017

Harvey et al.
2017

Ahn et al.
2017

Concerto et al.
2016

Hu et al.
2016
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Borckardt et al.

2013

Kim et al.
2013

Pinchuk et al.
2013
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Figure 1. Schematic diagram demonstrating the integration of determinants induction by
NIBS. The effects of tDCS on the M1 and the DLPFC are nonlinear from maturation to
senescence. Age as a determinant of non-invasive brain stimulation (NBS) induced
plasticity. Core factors of proneness to LTP and LTD [e.g., sex, maturation of system;
genetics]; time of day; attention; pharmacology; etc. The technical feature of the tDCS:
Area of stimulation (M1 and DLPFC); duration of stimulation, the intensity of the electric
current. The correlation of factors that influences the effect of tDCS for pain. IC= Insular
Cortex; ACC = anterior cingulate cortex; AMY= amygdala, Th= thalamus

Figure 2. PRISMA flow for systematic review and meta-analysis.

Figure 3. Brief schematic overview showing (A) Position of electrodes on the scalp; (B)
Number of a-tDCS sessions in the protocols of the studies included in the systematic

review.

Figure 4 Brief schematic overview showing (A) Effects of a-tDCS on the M1 compared to
sham-group on pain scores; (B) Effects of a-tDCS on the DLPFC compared to sham-group
on the pain scores; (C) Effects of- tDCS on the M1 on pain scores, within the group, from
baseline to treatment end; (D) Effects of a-tDCS on the DLPFC on pain scores, within the

group, from baseline to treatment end.
Figure 5. (A) Forest Plot on the effect of a-tDCS compared to sham for pain level (n=4). B)
Sensitivity analysis for the pain level without the groups of trials combining active EIMS

intervention (da Graga-Tarrago et al. 2019).

Figure 6. Forest Plot on the effects of a-tDCS compared to baseline. (A) baseline compared

t after 1st session of tDCS.( B) Baseline compared to after 5 sessions tDCS treatment (n=3).

Figure 7. Forest Plot on the effects of a-tDCS compared to sham on pain threshold
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A tDCS Montage B Number of tDCS sessions
Motor Cortex

DLPFC <3
Sessions
and 339,
Motor Cortex
>or=35
sessions
67%
Figure 3.
A B
tDCS over M1 effect on Pain Scores vs  tDCS over DLPFC effect on Pain Scores
Sham (n=9) vs Sham (n=4)
Not No effect
reported 22%
or
compared
33%
C C
tDCS over M1 effect on Pain Scores tDCS over DLPFC on Pain Scores
vs baseline (n=9) vs baseline (n=4)
Not
reported POSSitiVC
or effect
compared 44%
56% Possitive
effect
Not 0%
report
or
compared
50%
Figure 4.
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A

atDCs Sham Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Tota Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ahn 2017 -185 161 20 -65 101 20 18.6% -0.88 [-1.53,-0.22] D —
da Graga-Tarragd a-tDCS and active EIMS 2019 1.5 1.39 15 323 1.7 15 16.3% -1.08 [-1.86, -0.31]
da Graga-Tarragd a-tDCS and sham EIMS 2019 255 20 15 323 1.7 15 17.2% -0.36 [-1.08, 0.37] —_—7
Harvey 2017 186 1.93 6 138 203 8 11.9% 0.23 [-0.84, 1.29 —
KimDLPFC 2013 445 0.759 20 48 0615 20 19.0% -0.50 [-1.13,0.13] N E
KimM1 2013 3.8 052 20 4.8 0615 20 17.0% -1.72[-2.46,-098) ———————
Total (95% Cl) 96 98  100.0% 20.76 [-1.24, -0.28] —ectfie--

Heterogeneity: Tau®= 0.21; Chi*= 12.50, df= 5 (P = 0.03); F= 60%

Test for averall effect: Z=3.10 (P = 0.002)
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Favours [experimental]
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B atDCsS sham ) Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Ahn 2017 -185 161 20 -65 1041 20 21.8% -0.88[-1.53,-0.22) e —

da GragaTarragd a-tDCS and sham EIMS 2019 255 2m 15 323 17 15 20.6% -0.36 [-1.08, 0.37] e

Harvey 2017 1.86 1.93 6 138 203 8 14.8% 0.23[-0.84,1.29 I e ——

Kim DLPF C 2013 445 0759 20 48 0615 20 223% -0.50[-1.13,0.13] .

Kim M1 2013 38 052 20 48 0615 20 20.3% -1.72[-2.46,-098) —————

Total (95% CI) 81 83 100.0% -0.69 [-1.26, -0.12] —~saiffi-

Heterogeneity: Tau®= 0.27, Chi*= 11.82, df= 4 (P = 0.02); I*= 66% '2 '1 ) 1' é
Test for overall effect: Z= 239 P = 0.02) Favours a-DCS  Favours sham

Figure 5.

A baseline Post tDCS Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
da Graga-Tarragd a-tDCS and active EIMS 2019 6.67 2.06 15 1.8 1.48 15 17.6% 2.64[1.63, 3.66] I E—
da GragaTarragd a-tDCS and sham EIMS 2019 6.3 1.88 15 43 1.87 15 20.9% 1.04[0.27,1.81] —_—
Harvey 2017 289 1.76 6 253 161 6 16.1% 0.20 [-0.94, 1.33 S L —
KimDLPFC 2013 57 073 20 536 058 20 227% 051 [0.13,1.14) T
KimM1 2013 575 0.1 20 526 094 20 227% 0.58 [-0.06, 1.21] =
Total (95% CI) 76 76 100.0% 0.96 [0.26, 1.66] R ot
Heterogeneity: Tau®= 0.46, Chi*= 15.37, df= 4 (P = 0.004), F=74% '2 '1 5 1! é
Test for averall effect: Z = 2.68 (P = 0.007) posttDCS  baseline

B baseline post tDCS Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
da Graga-Tarragd a-{DCS and active EIMS 2019 6.67 206 15 15 1.39 15 18.8% 2.86[1.81,3.92 —_—
da Graga-Tarragd a-tDCS and sham EIMS 2019 6.3 1.88 15 25 201 15  20.9% 1.871.00, 2.79 —_—
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Figure 6.
atDCs sham Stil. Mean Difference Stil. Mean Difference
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da GragaTarragd a-tDCS and active EIMS 2019 324 1.4 15 295 284 15 17.2% 0.13 [0.59, 0.84] -
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SUPPLEMENTARY MATERIAL

Search strategy for EMBASE

[(aged'/exp OR 'aged’ OR 'aged patient’ OR 'aged people’ OR 'aged person' OR ‘aged
subject’ OR 'elderly' OR 'elderly patient’ OR ‘elderly people’ OR 'elderly person' OR 'elderly
subject’ OR 'senior citizen' OR 'senium’ OR OR "adolescent'/exp
OR "adolescent' OR 'teenager' OR ‘child'/exp OR 'child' OR 'children’) AND (‘transcranial
direct current stimulation'’/exp OR 'tdcs (transcranial direct current stimulation)’ OR
‘transcranial direct current stimulation’) AND (‘dorsolateral prefrontal cortex'/exp OR
‘dorsolateral prefrontal cortex' OR 'motor cortex'/exp OR 'brain cortex, motor' OR 'brain
motor cortex' OR 'cerebral cortex, motor' OR 'cortex, motor' OR 'motor brain cortex' OR
'motor cerebral cortex' OR 'motor cortex’) AND (‘pain‘/exp OR 'acute pain' OR 'deep pain'
OR 'lightning pain' OR 'nocturnal pain' OR 'pain’ OR 'pain response’ OR 'pain syndrome’
OR 'treatment related pain' OR ‘pain threshold/exp OR ‘nociception threshold' OR
'nociceptive threshold' OR 'pain threshold' OR 'threshold, pain’)]

Table 1. Electronic search strategy for EMBASE .
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ABSTRACT

Background: Age is an important factor that impacts the variability of tDCS
effects. Objective/Hypothesis: To compare effects of anodal (a)-tDCS over the left
dorsolateral prefrontal cortex (DLPFC), and primary motor cortex (M1) in adolescents,
adults, and elderly on heat pain threshold (HPT) (primary outcome) and the working
memory (WM) (secondary outcome). We hypothesized that the effect of tDCS on HPT and
WM performance would be the largest in adolescents because their pre-frontal cortex is
more prone to neuroplasticity. Methods: We included 30 healthy women within the age
ranges of 15 to 16 (adolescents, n= 10), 30 to 40 (adults, n=10), and 60 to 70 (elderly,
n=10) years. In this crossover single-blinded study, participants received three interventions
applied over the DLPF and M1. The active stimulation intensity was two mA for 30 min.
From 20 minutes of stimulation onset, the tDCS session was coupled with online n-back
task. The a-tDCS and sham were applied in a random sequence, with a washout time of a
minimum seven days between each trial. HPT was evaluated before and after stimulation.
The WM performance with an n-back task was assessed after the tDCS session. Results: A
Generalized Estimating Equation (GEE) model revealed a significant effect of the a-tDCS
over the left DLPFC to reduce the HPT in adolescents compared with sham. It increased the
pain perception significantly [a large effect size (ES) of 1.09)]. In the adults, a-tDCS over
M1 enhanced the HPT significantly (a large ES of 1.25) compared to sham. No significant
effect for HPT was found in the elderly. Response time for hits was reduced for a-tDCS
over the DLPFC in adolescents, as compared to the other two age groups. Conclusions:
These findings suggest that a-tDCS modulates pain perception and WM differentially
according to age and target area of stimulation. In adolescents, anodal stimulation over the
DLPFC increased the pain perception, while in adults, the stimulation over the M1
increased the pain threshold. Thus, they elucidate the impact of tDCS for different age
groups and can help to define what is the appropriate intervention according to age in

further clinical trials.

ClinicalTrials.gov Identifier: NCT04328545
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1. INTRODUCTION

Transcranial direct current stimulation (tDCS) modulates cortical excitability with a
low-intensity continuous electric current applied via two or more electrodes placed on the
scalp (Nitsche et al., 2008; Nitsche & Paulus, 2000). Anodal (a)-tDCS induces neuronal
membrane depolarization at critical neural compartments and enhances cortical excitability
while cathodal tDCS decreases the excitability of respective target areas. The tDCS effects
involve synaptic plasticity mechanisms of glutamatergic synapses that resemble the long-
term potentiating (LTP) or the long-term depression (LTD) (Nitsche et al., 2008). Anodal
tDCS over the left DLPFC and M1 has been shown to decrease pain levels in chronic pain
patients and increase the pain threshold in adults’ healthy subjects (Zortea et al., 2019,
Vaseghi et al., 2014). The a-tDCS effect over M1 is attributed to modulating the sensory
discrimination of pain, such as threshold, quality, location, and intensity (Boggio et al.,
2008; Lorenz et al., 2003). Prefrontal stimulation is believed to modulate affective-
emotional and cognitive aspects of pain (Boggio et al. 2018). This effect's biological
plausibility is supported by prefrontal connections to the anterior cingulate cortex, insula,
and amygdala. Besides, the a-tDCS over the DLPFC can improve several cognitive
domains such as perception, attention, working memory, learning, and decision-making
(Teixeira-Santos et al., 2015). This area's stimulation modulates a core circuit of working
memory on the frontoparietal cortical regions (Fregni et al., 2005). However, these general
effects of the tDCS efficacy are not entirely homogeneous (Fertonani & Miniussi, 2017;
Mahdavi & Towhidkhah, 2018). They depend on anatomical factors (e.g., gray matter
density, cytoarchitecture, baseline activity/excitability state), and, neuroplasticity intrinsic
factors, such as genetics, sex, time of day, cognitive involvement, and age (Ridding &
Ziemann et al., 2010). The chronological age has been suggested as a main factor for the
inter-individual variability of neuromodulatory effects (Freitas et al., 2013; Ridding &
Ziemann, 2010).

Even though the tDCS evidence in the therapeutic field is growing, as well as age is
known as a determinant of neuroplasticity, the majority of mechanistic tDCS studies have
been conducted in young adults. Thus, a gap in the literature remains related to age as a
mediator of the tDCS effect. Notably, there is a scarcity of studies systematically designed
to evaluate the tDCS effect according to the stimulation area for different age groups (e.g.,
adolescents, adults, or elderly). This rationale is supported in the acknowledgment that

during adolescence, the prefrontal cortex is undergoing a maturation process which
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comprises synaptic pruning and myelinization (Sowell et al. 2004). In contrast, in the
elderly, the senescence processes include a reduction of neuronal size and decrease of gray
matter (Resnick et al. 2003). Hence, we need to better comprehend age as a factor that

could mediate the tDCS effects according to the stimulation area.

Thus to elucidate the impact of age as a mediator on the tDCS effects, we conducted
this randomized explanatory, sham-controlled, single-blind crossover study to test our
hypothesis under an experimental paradigm where we control the etiological components of
pain (e.g., nature, localization, intensity, frequency, and duration of the trigger necessary to
evoke pain). We aimed to compare the effects of anodal tDCS applied over the left DLPFC
and M1 in different age groups (adolescents, adults, and elderly) on the heat pain threshold
(HPT) (primary outcome). Also, we evaluated their effects on the heat threshold, heat pain
tolerance, and moderate heat pain and working memory (WM) as secondary outcomes. Due
to the higher propensity for neuroplasticity of the prefrontal cortex in adolescents, and the
plasticity-dependency of tDCS effects, we hypothesized that a-tDCS in adolescents would
elicit the largest variation when compared to adults and elderly and that the differences of

tDCS effects would be more prominent for DLPFC stimulation.
2. MATERIALS AND METHODS
2.1. Study Design

A randomized, single-blinded, and sham-controlled cross-over study was
conducted. The Institutional Review Board approved the study of the Hospital de Clinicas
of Porto Alegre, Brazil (IRB HCPA/Approval number: 170188). De-identified data with
respect to intervention and outcomes will be made available upon reasonable request to
Caumo W. (wcaumo@hcpa.edu.br). All participants provided written informed consent
following the Declaration of Helsinki. For the participants under the legal age, the written
consent was signed by parents or legal guardian and by the participants themselves. The

recruitment period was from September 2017 to December 2019.

Study volunteers were recruited from the community and enrolled after inclusion
and exclusion criteria screening. After the enrollment, participants filled a standardized
assessment to assess sociodemographic characteristics, anxiety, sleep quality, and
depressive symptoms. Participants were randomized for a cross-over order of intervention
for three sessions: a-tDCS over DLPFC, a-tDCS over M1, and sham. The baseline n-back
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performance was assessed in the first session. For each cross-over trial, participants
followed the study protocol depicted in figure 1: QST test was performed at first, followed
by 30 min active tDCS or sham coupled with the n-back task for the last 10 min. The n-
back task was assessed after the stimulation QST and followed by blinding and adverse

effects questionnaires. The timeline of the study is presented in Figure 1.
2.2.Participants and Sample Size

The subjects were recruited from the general population by advertisement postings
in public places in Porto Alegre, Brazil. We recruited 30 voluntary female participants of
three age groups: adolescents between 15 and 16 years old, adults between 30 and 40 years
old, and elderly between 60 and 70 years old. Inclusion criteria: right-handedness,
education level that ranged from incomplete middle school to incomplete undergraduate
course (5 to 13 years of study), normal or corrected-to-normal visual acuity, post menarche
for the adolescent and adult participants, and post-menopause (more than 12 months of
amenorrhea according to ACOG (American College of Obstetricians and Gynecologists)
for elderly participants. Exclusion criteria: use of neuropsychiatric medications; clinically
significant or unstable medical, neuropsychiatric, or chronic pain condition; the history of
substance abuse, smoking, stroke, epilepsy, brain surgery, implants or brain tumor,
pregnancy. We included only female participants since sex influences pain sensitivity
(Bartley & Fillingim, 2013) and also modulated the tDCS effect on cortical excitability for
cathodal, and anodal stimulation in both stimulation areas, M1 and DLPFC (Lee et al.,
2018, Kuo, Paulus, & Nitsche, 2006).

The estimated prior sample size for the HPT was based on previous studies ( Fregni
et al., 2005; Graff-Guerrero et al., 2005; Mylius et al., 2012). This initial sample size was
estimated by a difference of 4.5% between intervention groups applied over either
stimulation sites, DLPFC, and M1. For this initial estimation, we used the PASS 2020
software (https://www.ncss.com). Based on a generalized estimating equations (GEE)
model in a repeated measures design, by a power of 80% and critical alpha set at 0.05, we
required eight subjects per group. However, we planned interim analysis after enrollment of
the first ten subjects in each group. In accordance to the O’Brien and Fleming criteria
(O’Brien & Fleming, 1979) we pre-specified that the trial would be stopped if there was a
significant difference in the primary outcome (HPT) between intervention groups according

to age categories, irrespective of stimulation site (P<.05). Considering that the sample size
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calculation was just an estimation, the calculation of power for this study by two
independent researchers had been planned as part of the study design after enrollment of the
first 30 subjects because this would indicate the effectiveness of the intervention. Based on
the GEE model, the power of analysis to detect a difference in the HPT with a large effect
size (Cramer’s V equal to 0.52 ), considering the interaction age group X stimulation
condition, was 83% for a critical alpha of 0.05 (G*Power 3.0.10, Franz Faul, Universitat
Kiel, Germany).

e Insert figure 1 ---------------------
2.3.Intervention

Participants underwent two a-tDCS sessions over the respective areas of interest
defined according to the EEG 10-20 system (Figure 1), and sham stimulation. For anodal
DLPFC stimulation and sham, the electrode was placed over the left DLPFC (F3) and the
cathode over the contralateral supraorbital area (FP2). For M1 stimulation, the anode was
placed over the left M1 (C3), and the cathode over the contralateral supraorbital area.
Stimulation was applied by the StarStim device (Neuroelectrics Barcelona SL, Spain) with
25cm2 round sponges soaked with 0.9% saline solution. In the active conditions, a current
of 2mA was applied for 30 min with a ramp up and down of 30 seconds. For the sham

protocol, no current was applied except for the 30 seconds ramp up and down.
2.4.Randomization

The randomization order was generated
using randomization.com (http://www.randomization.com). Ratio allocation was 1.1.1 for
each tDCS montage and sham. Opaque envelopes containing session allocation were sealed
and numbered sequentially. The envelopes were opened after gaining subjects' informed
and signed consent. All subjects were allocated to receive three sessions of tDCS (DLPFC

a-tDCS, M1 a-tDCS, and sham). The minimum washout period was seven days.
2.5. Blinding

The device was programmed to deliver real (active) or sham stimulation prior to
each application according to the participant's code. Therefore, participants were blinded to
the allocated interventions and were informed of the order of type of application was

random. Researchers responsible for administering the intervention or conducting outcome
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assessments were not systematically blinded to the intervention. To assess if the blinding
had been effective, we asked all participants to guess whether they had received a-tDCS or
sham at the end of each one of the crossover trials.

2.6. Instruments and assessments

The participants completed the following questionnaires at baseline: Beck
Depression Inventory Il (Gomes-Oliveira et al., 2012), Pittsburgh Sleep Quality Index
(Bertolazi et al., 2011) and State-Trait Anxiety Inventory (Kaipper et al., 2010). All these
tests are validated for the Brazilian population. Demographic data were assessed using a

standardized questionnaire.
2.7. Outcomes

The primary outcome parameters were HPT. Secondary outcomes were the heat
sensitivity threshold (HST), heat pain tolerance (HPTol), and moderate heat pain (HMP)
and WM evaluated by D-prime.

2.7.1. Quantitative Sensory Testing

The QST uses a Peltier thermode (30 x 30 mm) to assess HPT according to the
method of limits (Schestatsky et al., 2011). For the assessment of HTP, the thermode was
placed on the ventral right forearm. The baseline temperature was 30°C. It was increased at
1-C/s intervals up to a maximum of 52°C. HPT is the temperature at which volunteers first
indicate pain. HST is the temperature at which the volunteers first report a heat sensation.
The HPTol is the temperature that induces the maximum tolerated pain. The HMP is the
temperature equivalent to the value six on a Visual Analogue Pain Scale (scores reaching
from 0 to 10). A computerized Brazilian version of the QST test was used (Heat Pain
Stimulator 1.1.10, Brazil developed by the Pain & Neuromodulation Laboratory). The
quantitative Sensory Test (QST) was evaluated before and after of the tDCS or sham

interventions for each one crossover trial.
2.7.2. Working Memory

We used an n-back task coupled with flankers to assess working memory
performance (adapted from Scharinger et al., 2015). It was evaluated by D-prime, which is
a sensitivity parameter for accuracy. The participants performed a computerized n-back
task composed of 3 blocks of different task workloads: zero-back, one-back, and two-back.
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The n-back test consists of a series of letters presented consecutively, and the participants
should respond if the present letter is equal to the letter presented "n" letters previously
(Figure 1 B). The "n" represents the number indicating how many previous trials the
participant should remember the presented letters: one-back corresponds to recall of the
letter presented one trial before, two-back to the letter presented two trials before. If the
stimulus is identical to "n" previous trials, the participant must indicate this by pressing the
mouse button as fast as possible. For the zero-back, a letter is presented at the beginning of
the task, and the participants should indicate when the letter of a specific trial is equal to
that letter. We applied the task with flankers. Here the cue letter is displayed in the center,
combined with three other letters on each side. The side letters had two conditions:
congruent and incongruent. The congruent condition occurs when the same letter appears
on the right and left sides of the target letter, for example, CCC C CCC. In the incongruent
condition, the letters are different, for example, SSSH SSS. Participants were instructed to
focus only on the letter presented centrally (that is, ignore the flanker). The test sequences
within the blocks were pseudorandomized. The task was created using E-Prime software
version 2.0 SP1 (Psychology Software Tools, Sharpsburg PA, US). The baseline n-back
task was assessed on the first crossover session. Participants performed an n-back task
during stimulation for the last 10 minutes and were evaluated for WM performance with an
n-back task after tDCS.

2.8. Assessment of Blinding and Adverse Effects

A structured questionnaire was used to assess the most frequent adverse effects after
each one crossover trial, as well as classify their severity as mild, moderate, or severe
(supplementary material). Also, there was an open question to describe any adverse effects,
not presented in the list.

The subjects' blinding to intervention (a-tDCS or sham) was evaluated by a
questionnaire where participants should indicate if a sham or active stimulation was
performed. Participants answered this standardized questionnaire to evaluate their blinding

after each one intervention session for all the three crossover trials.
2.9. Statistical Analysis

We conducted descriptive analyses with mean and standard deviation (SD) for

continuous variables. To compare baseline characteristics between groups, we applied one-
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way ANOVA. The incidence and severity of adverse effects as well as blinding to
intervention (a-tDCS and sham condition) were compared by Fisher's exact test. To assess
the changes on the HPT from before intervention (TO) to after (T1) tDCS the percentage of
variation (T1 - TO/T0)*100] was used. A generalized estimating equations (GEE) model
was used to compare the effect of interventions considering four factors: [group
(adolescents, adults, elderly), stimulation condition (a- TDCS over DLPFC, a-tDCS over
M1, or sham), the interaction group*stimulation condition and order of intervention]. A
GEE model was used to evaluate the effect of the intervention on working memory
performance assessed by D-prime (D prime = hit rate minus false alarm rate) and RTH. The
model considered four factors: (age group, stimulation condition, interaction
group*stimulation condition and order of intervention). The GEE models for the D-prime
and RTH were adjusted by the n-back task at baseline performance and years of study. All
analyses were adjusted for multiple comparisons by post hoc Bonferroni test and Dunn's
method for Kruskal-Wallis tests when appropriate. The critical p-value was set to 5% for all
statistical tests. The data were analyzed using SSPS version 22.0 (SPSS, Chicago, IL).

3. RESULTS
3.1. Sample characteristics

A total of 217 women were assessed for eligibility, 122 did not meet the inclusion
criteria (history of chronic pain, or university degree), and 65 declined to participate. These
data are presented in the participants' flow (Figure 2). Thirty female participants were
enrolled, 10 for each age group (adolescents, adults, and elderly). The blinding of the
participants related to the intervention was successful, and there was no significant
difference in the guessing for active stimulation or sham (for details refer to supplementary
material). We did not find statistically significant differences in the incidence or intensity
of adverse effects between stimulation protocols within age groups (for details refer to
supplementary material). Between age groups, the sleepiness for a-tDCS over the DLPFC
and sham-tDCS showed that the elderly presented a higher incidence. In the sham
condition, sleepiness was reported by the elderly (50%) by adults (10%), but not by
adolescents (P=0.026). For a-tDCS on the DLPFC, the sleepiness was reported to either
elderly (55%), and adults (10%) but not in adolescents (P=0.014). There was no difference
in the sleepiness among groups for the tDCS applied to the M1. Regarding the severity of

adverse effects, for LDPFC, there was a significant difference between age groups in the
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itching severity (P=0.01). Itching was reported by adolescents (80%), who in totality
classified it as moderate. Adults also reported itching (87.5%), and 62.5% of them
classified it as moderate to severe. In the elderly, 44% reported itching, and all of them
classified it as mild. In our study, 45% of all participants, including adolescents and adults,

were using some form of hormonal contraceptive.

-------------------------------- Insert figure 2

The demographic and psychological data of the three age groups are presented in

Table 1. Differences between groups were only found for years of study (P=0.001).

3.2. Effect of tDCS applied over M1 and DLPFC on primary outcome

A GEE model showed no order effect across the study for the HPT (P=0.35). The
GEE model revealed a statistically significant effect for age group *stimulation condition
interaction (Wald y2 = 16.613; df=4; P<0.01). In adolescents, the a-tDCS over the DLPFC
compared to sham increased the pain perception. This finding indicates on the HPT was in
the opposite direction than the effect in adults and elderly with a-tDCS applied over the
same stimulation site. The between-age group test, according to the stimulation condition
revealed that the a-tDCS applied over the DLPFC in the HPT variation in adolescents was
significantly higher than the elderly. The effect size (ES) within adolescents' group of the a-
tDCS over DLPFC compared to sham was 1.09 as assessed by Cohen’s D. The ES between
adolescents compared to adults and the elderly with a-tDCS on the DLPFC was 0.97 and
1.64 respectively.

In adults, the a-tDCS over M1 compared to sham increased the HTP with ES equal
to 1.25. The active stimulation on M1 in adults increased the pain threshold of 48.86%
compared to the DLPFC. However, this difference was not statistically significant (Table
2). Regarding the tDCS effect on HPT with stimulation on the M1 did not differ

statistically between age groups.

—-mmmmmee- Insert table 2----------------------—----

Figure 3 presents the percentage of variation in the HPT according to the age group

and interventions group with the comparisons within and between by a GEE model.
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------------------------- Insert figure 3- —mmmemeee-
3.3. Effect of tDCS applied over M1 and DLPFC on secondary outcomes
3.3.1. Effects on pain measures

The results of the GEE model showed no effect of stimulation in any of the age
groups for these pain measures: heat threshold, heat pain tolerance, and moderate heat pain
(Table 3). The a-tDCS over the left DLPFC increased the pain perception measured by the
heat moderate pain and HPTol. From the baseline, the temperature in Celsius Degrees to
produce moderate heat pain and the HPTol reduced by -1.44%, and by -2.15%,
respectively. Whereas in the other groups, the a-tDCS decreased the pain perception, that
is, it needed higher temperatures to produce the same pain perception. In adults, to produce
moderate heat pain and the HPTo, the temperature increased by 0.44%, and by 1.41%,
respectively. In the elderly, the temperature to produce moderate heat pain and the HPTol

increased by 2.87% and by 0.38%, respectively.

3.3.2. Effects on working memory
D prime - Univariate analysis

The Kruskal-Wallis test was used to compare D prime for baseline n-back task
performance evaluated at cross-over day 1. A significant difference between age groups
was found in the two-back task with congruent flankers (P=0.005), Dunn post hoc test
showed that D-prime was larger for adults [mean (SD); 1.67 (0.61)] than for elderly [0.97
(0.47); P=0.004)].

D prime - Multivariate analyses

The GEE model between stimulation condition and age groups showed no
stimulation effect on the D-prime measure, within or between age groups. Baseline D-
prime was included as covariate on GEE models. There was a significant group main effect
for D-prime at the two-back task with incongruent flankers (Wald y2= 12.572; df=2;
P<0.01). Adolescents showed a higher D-prime in this condition than elderly (P<0.01)

(figure 4). However, the interaction of group and stimulation was not significant. An order
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effect was not observed for one-back with congruent flankers (Wald y2= 5.041; df=2;
P=0.08), neither for one-back with incongruent flankers (Wald(2)=5653, P= 0.05) and nor
for two-back with incongruent flankers (Wald ¢2=3.039, df=2; P= 0.21). For two-back
with congruent flankers, there was a significant order effect (Wald ¢2=9.786, df=2; P<
0.01), post hoc test showed that the first cross-over session had a lower D-prime than the
third session (P<0.01).

RTH - Univariate analyses

Mean baseline RTH was compared by the Kruskal-Wallis test. It revealed a
significant difference for one-back with congruent flankers (P=0.02). Dunn post-hoc test
showed that adolescents [mean (SD), 391ms (50)] performed faster than elderly [488ms
(87), P=0.02].

RTH - Multivariate analyses

A GEE model showed a significant interaction of age group and stimulation
condition for the two-back task with congruent flankers (Wald ¥2=16.068, df=4; P<0.01).
Post-hoc test showed that for the sham tDCS, adolescents and adults had a shorter RTH
than elderly (P<0.01 for both). While for a-tDCS over DLPFC, adolescents had a faster
RTH compared to either adults or elderly (P<0.01 for both), whereas stimulation over M1
produced a faster RTH for adolescents when compared to elderly (P=0.03). Within the
adults’ group, sham condition had a faster RTH compared to a-tDCS, either on the DLPFC
or M1 (P<00.1 for both) (figure 4). For the one-back task with incongruent flankers a main
effect of group was significant (Wald x2=9.147, df=2; P=0.01). Adults and adolescents
showed a faster RTH than elderly (P=<0.01 and P=0.03, respectively). The RTH for the
two-back task with incongruent flankers also showed a main effect of group (Wald
¥2=11.822, df=2; P<0.01). Adolescents had shorter RTH than the elderly (P<0.01) (figure
4). Order effect was not observed for RTH for one-back with congruent flankers (Wald
x2=1.34; df=2; P=0.51), neither for two-back with incongruent flankers (Wald x2=4.89;
df=2; P=0.08), but significant for two-back with congruent flankers (Wald y2= 12.371;
df=2; P<0.01) with a faster RTH for the third session compared to the first (P<0.01), and
for one-back with incongruent flankers (Wald y2=6.29;df=2; P= 0.04) post hoc not

significant.
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4. DISCUSSION

These findings revealed that the tDCS effect on pain perception and working
memory depends on the stimulation site and that such effect is mediated by age. The a-
tDCS over the DLPFC reduced the HPT in adolescents, in contrast, no significant different
was found for HPT in adults and elderly for DLPFC tDCS. Likewise, for adults, a-tDCS
over M1 increased HPT. However, in the elderly, we did not find a significant difference in
the HPT despite the stimulation site. Concerning RTH on n-back task, analysis within-
group in adults showed an increased reaction time for the two-back task with congruent
flankers in the a-tDCS compared to sham in both stimulation sites (DLPFC and M1). In
summary, these results strengthen the importance of considering age as a mediator that can
change the tDCS effect according to the stimulation area and it likely is involved in the
inter-subject response variability. Their importance is to lay the initial steps to investigate
and to consider age as an appropriate stimulation parameter to use the tDCS.

A-tDCS on the DLPFC in adolescents displayed an increase in pain perception.
Although there is not a clear explanation for this increase, it suggests that age has an
influence on the inter-group variability of the tDCS response. From a physiological point of
view, this convergent effect of tDCS on pain measures (e.g., HPT, HPTol, HMP) supports
the hypothesis that there is a distinct impact of the a-tDCS on the DLPFC in adolescents
compared to two other age groups. It is plausible that the system can have suffered an
overload of excitatory stimulus when combined with the a-tDCS effect across 20 min with
an online WM task at last 10 min of tDCS session, and thus, it drove to a protective
inhibitory response. This is plausible since the sham effect in the same group did not
provide such a response. These findings support the hypothesis that this distinct effect
related to the DLPFC can be linked to an increase in either the excitability or the state-
dependent neuroplasticity. This hypothesis can find some support from the results observed
in the two other age groups, which showed the a-tDCS effect tends to decrease pain
perception on the DLPFC. This tendency in the direction to improve pain perception is also
in agreement with a result found in adult women with fibromyalgia with an extended home-
based a-tDCS use, which demonstrated an improvement in the pain and the disability due to
pain (Brietzke, 2019). Thus, the main result of this research extends literature that age is a
mediator of the neuroplasticity state involved in the a-tDCS on the DLPFC in adolescents.
It is important to realize that these results contrast with our initial hypothesis that the top

down modulation with a-tDCS could improve the pain perception. Our assumption is that
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this reverse effect could be a protective physiological response.  Aligned with this
perspective are trends found on the a-tDCS effect on the M1 on pain measures in
adolescents. It trends to reduce the pain perception and indicates an effect likewise that was
found in adults. In summary, these results permit us understanding the role of age as
mediators of tDCS. However, they do not support therapeutic decision-making in clinical

settings.

These results could be a proof of concept that age is a central mediator of the tDCS
response, particularly for DLPFC, and that age can be a determinant of non-linear state-
dependence response and explains at least part of individual differences of the tDCS effect,
despite identical stimulation parameters (Hsu, Juan, & Tseng, 2016). This hypothesis finds
support in neurophysiological measures that showed that intracortical inhibition increases
with age (Croarkin et al., 2014). This way, it is possible to hypothesize that the hyper
neuronal plasticity in the circuitries at baseline did not support the additional load of the a-
tDCS excitatory stimulus applied over the DLPFC. This way, the decrease in the pain
threshold could be interpreted as a physiological contra-regulatory response to protect the
system of dysfunctions by excessive excitability andit can be a physiological protective
reaction in front of a demand that crosses the limit to effort at an adaptation of this neuronal
circuitries. This assumption is substantiated by the previous study using cathodal tDCS
protocol, which enhanced cortical excitability in adolescents (Moliadze et al., 2015).
Additional factors involved in this response are a larger electrical field for children and
adolescents due to parameters like smaller skull thickness and increased cerebrospinal fluid
volume when compared to adults (Minhas et al., 2013). According to an earlier study,
intensified a-tDCS protocols can shift directionally of effects ( Monte-Silva et al., 2013).
This way, the increase in the pain sensitivity indexed by the HPT in adolescents when the
stimulation was over the left DLPFC might have caused by an inhibitory tDCS effect.
Another possible explanation for this result could be related to the left DLPFC stimulation
that enhanced attention to the painful stimulus resulting in higher pain perception. This
hypothesis finds some support in a previous study in adolescents with attention deficit
hyperactivity disorder, where an improvement in the attention with a-tDCS over the left
DLPFC was observed (Soff et al.,2017).

The increase in the pain threshold in adults with tDCS applied over M1 is supported
by studies using similar protocols (Boggio et al., 2008; Reidler et al., 2012; Zandieh et al.,
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2013). However, our findings related to the HPT in adults with the stimulation over the left
DLPFC diverge from a previous study, which found a significant increase in HPT after
DLPFC stimulation (Boggio et al., 2008). Possible explanations for these conflicting results
are sample characteristics and methodological aspects: in the mentioned study, the adults'
group is younger than the group of the same category in the current study. There are
additional differences related to protocol, such as the time of stimulation, which they
applied for 5 min as well as the pain threshold evaluation performed online after 3 min of
stimulation. Another study found that in healthy subjects, the a-tDCS over DLPFC
increased tolerance to heat pain, but not the pain threshold (Mylius et al., 2012).
Likewise, our results in adults with stimulation over M1 are aligned with a meta-analysis
on healthy subjects which found increased pain thresholds (Vaseghi et al.,
2014). Moreover a recent meta-analysis evaluated the impact of a-tDCS on diverse chronic
pain conditions, and found more consistent evidence when the stimulation was applied over
M1, even though it suggests that it can be effective for pain treatment when applied over
DLPFC (Zortea et al.,, 2019).

Thus, the biological plausibility to support our result might be related to different
connections of M1 and DLPFC within areas of pain processing. The M1 is associated with
lateral thalamic nuclei that are involved in the sensory discrimination aspects of pain,
whereas the DLPFC is associated with medial thalamic nuclei and the limbic system, which
are associated with emotional and cognitive aspects of pain (Boggio et al., 2008). Thereby,
it is possible that it improved the function in neural networks responsible for the cognitive
and emotional components of pain. These distinct effects observed, according to the area of
stimulation, are supported by neuroimage studies (Morton, Sandhu, & Jones, 2016). Such
studies showed the tDCS effect could modify cortical and subcortical networks activated by
pain. Among them are the primary somatosensory cortex (S1), and the secondary
somatosensory cortex (S2). These areas encode sensory features of pain, such as the
location and duration of pain (Apkarian et al., 2005). Alternatively, however, it also
involves the anterior cingulate cortex (ACC) and insula, which are associated with
emotional aspects of pain (Apkarian et al., 2005; Dum, Levinthal, & Strick, 2009). Also,
the plausibility of the effect observed in DLPFC stimulation is supported by anatomical and
neurophysiological features, since the prefrontal cortex is a critical structure for attention
and executive functions (Fuster, 2008). The prefrontal cortex also modulates the inhibition

of neuronal coupling along the ascending midbrain-thalamic-cingulate pathway (Lorenz,

136



Minoshima, & Casey, 2003).

Additionally, we did not find a significant effect of any a-tDCS protocol on HPT
within the elderly group. The difference in HPT between the elderly and adults can be
related to age-dependent neuroplasticity decline in brain areas associated with pain
processing. Given in the elderly compared to young adults display significantly lower gray
matter perfusion, a lower gray matter density as well as lower brain metabolism as
measured by oxygen consumption (Sowell et al., 2004). Animal studies at the cellular level
showed that the synaptic plasticity is impaired with the senescence, especially concerning
the decline of LTP (Barnes, 1979; Rex et al., 2005). Furthermore, there is the age-
dependent cerebral brain atrophy, which increases scalp-to-brain distance (Resnick et al.,
2003), which might also reduce the tDCS effect. Moreover we cannot rule out,at least
partially, that the result in the elderly could be mitigated by the assessment of HPT
immediately after the stimulation end. This assumption finds some support in the literature
because the tDCS effect in the elderly can be delayed for up to 30 min to induce the
neuroplasticity process (Fujiyama et al., 2014). We can state that these findings help to
comprehend the physiological process, and they should not be generalized to clinical
protocols with multiple sessions. This argument is supported by earlier studies in the
elderly with chronic pain when identical stimulation parameters on the M1 during 5 or 10
sessions were effective to improve pain scores (da Graca-Tarrago et al., 2019; Harvey et al.,
2017).

Our results concerning the tDCS effect on WM accuracy agree with those of
previous studies. Recent meta-analyses discuss that the impact of a-tDCS over the DLPFC
in healthy adults appears to be restricted to reaction time (Brunoni & Vanderhasselt, 2014;
Dedoncker et al., 2016; Hill et al., 2016). In contrast, another meta-analysis found a small,
but significant effect, of anodal tDCS over the left DLPFC on performance accuracy when
tDCS was combined with online WM training (Mancuso et al., 2015), or when it was
applied in multiple stimulation sessions (Mashal & Metzuyanim-Gorelick, 2019).
Moreover, earlier studies observed the effect of tDCS only when the task included a three-
back (Fregni et al., 2005; Gill et al., 2015; Ohn et al., 2008), a more difficult task
compared to the two-back conducted in the present study. Therefore, a potential

explanation for the lack of stimulation effect in the WM performance was a ceiling effect.

The most common adverse effects reported were itching and sleepiness with a
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similar incidence in active and sham stimulation conditions. However, for the DLPFC
protocol, we did find a significant difference in the intensity of itching: adolescents
reported moderate intensity, while adults and elderly majorly reported mild effects. Serious
adverse effects were not reported. The adverse effects observed in our study, like those that

have been published, when present, were transient and most classified as mild.

4.1. Study Limitations

Some limitations related to the study design need to be considered. First, although
we need parsimony in regards to the generalizability since it is an explanatory proof-of-
concept trial and that the impact of the intervention was evaluated in healthy women using
tightly controlled methods where there is an attempt to maximize the internal validity and
assay sensitivity (i.e., effect detection ability).Differences between sex on pain processing
revealed that women, compared to men, showed a higher medial prefrontal activation under
nociceptive stimuli (Gupta et al., 2017). Also, in women, we found a higher inhibitory
function of the descending pain modulating system compared to males (Gasparin et al.,
2020). Additionally, there is vast literature related to sex differences in pain sensitivity
(Bartley & Fillingim, 2013). Also, studies have indicated that there is an influence of sex
on the tDCS effect (Kuo, Paulus, & Nitsche, 2006; Ohn et al., 2008). Second, the phase of
the menstrual cycle could influence pain processing and cortical excitability, however, the
use of hormonal contraceptive methods can suppress hormonal cycle fluctuation. Third,
elderly subjects were not screened for mild cognitive impairment. Approximately 4.5% of
the elderly have mild cognitive impairment (Sachdev et al. 2015)., that is associated with
deficits in WM performance compared to age-matched controls (Kirova et al., 2015).
Nevertheless, we did not observe differences in the tDCS on WM using a similar protocol
in all three age groups. This result is aligned with a study showing that n-back accuracy did
not elicit a result with a significant difference between healthy controls and the elderly with
minor cognitive impairment(Emonson, Fitzgerald, Rogasch, & Hoy, 2019; Kochan et al.,
2010). Fourth, we found a difference between age groups in the educational level. Thereby,
all analyses of the tDCS effect on the working memory were adjusted by the educational
level. Thus, it is improbable that this difference changes the directions of our conclusions.
Fifth, the order of sessions was significant for a few WM outcomes. A seven day wash-out
is adequate to prevent carry-over effect (Nitsche et al. 2008). The difference in the order
can be related to the learning effect. However, the order of the sessions was added as a

covariate for the GEE model to consider possible order effects. Additionally, crossover
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design can help avoid the overestimation of the benefits of the intervention being tested
(Mills et al., 2009). Sixth, evaluators were not blinded; although lack of blinding is
associated with performance bias, the outcomes of QST and n-back by the test
characteristics are less prone susceptible for evaluators' influence than self-report measures
(Higgins et al., 2011). Finally, this is an exploratory study with a small sample size, thus
there is an increased chance for type | and type Il errors, and thus the results require
replication with larger sample sizes to be able to make more firm conclusions. Although
this study has such limitations, from a clinical standpoint, these results give additional data
to plan further studies to obtain evidence about the impact of age as a mediator factor on
the tDCS effects according to the electrode positions in confirmatory trials in clinical
conditions (i.e., pain, cognitive rehabilitation, etc.).

5. Conclusion

In conclusion, these findings suggest that a-tDCS modulates pain perception and WM
differentially according to age and target area of stimulation. In adolescents, anodal
stimulation on the DLPFC increased the pain perception, while in adults, the stimulation on
the M1 increased the pain threshold. Thus, they elucidate the impact of tDCS for different
age groups and can help to define according to age what is the appropriate intervention in

further clinical trials.
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Table 1. Demographic and psychological characteristics of the age groups. The data is presented as

mean and standard deviation (SD) (n=30).

Age (years) 15.6 (0.5)
Years of study 9.2(1.1)
Beck Depression Inventory Il 13.6 (12.1)
State-Trait Anxiety Inventory State 23.6 (4.5)
State-Trait Anxiety Inventory Trait 21.7 (4.7)
Pittsburgh Sleep Quality Index 5.7 (2.6)

33.9 (3.3)
12.9 (1.7)
10.1 (9.4)
225 (3.4)
19.4 (4.3)

5.4 (3.0)

63.8 (2.6)
10.2 (2.6)
10.8 (6.7)
205 (4.7)
19.2 (4.2)

5.5 (3.2)

0.001
0.697
0.091
0.345
0.974

Mean differences between groups were analyzed by one ANOVA.
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Table 2. Heat pain thresholds by QST, and percentage of change from before (B) to after (A),
according to age groups and stimulation site. Data are presented as mean and standard deviation

(SD) (n=30).

Primary outcome

Adolescents (1) Adults (2) Elderly (3)

Mean (SD) Mean (SD) Mean (SD)
Before ~ After Mean change Before After Mean change Before After  Mean change
(B (A) (Bto A) (B (A) (Bto A) (B) (A) (Bto A)
(%) $ (%) $ (%) $

Heat Pain Threshold (HPT) f ES ES ES
Sham 40.9(3.1) 415(3.7) 151% (5.0) -~  42.8(2.4) 415(2.4) -2.68% (5.4) -- 41.7(3.1) 41.9(2.5) 0.70% (7.3) --

DLPFC 23 42.3(3.1) 40.8(3.2) -3.38% (3.8) 1.09 41.6(15) 42.2(1.4) 1.62% (6.1) 0.74 43.5(2.6) 44.4(2.6) 2.24% (3.0) 0.27
M12 40.3(3.0) 415(3.2) 3.09% (5.8) 029 42.2(2.0) 43.8(2.4) 3.91% (5.1) 1.25 41.4(35) 42.2(2.9) 1.66% (7.1) 0.12

Stimulation condition* age group: Wald y2 =16.613; df=4,; P=0.002
Order of stimulation: Wald y =2.10; df=2; P=0.350.

Stimulation condition: Wald y =5.25; df=2;P=0.073

Age group: Wald y =0.87; df=2;P=0.648

$ Mean difference in the on mean change before (B) to after (A) presented as mean change (%) according to age group
(adolescents, adult elderly) and interventions groups (tDCS vs. sham).

7GEE model; Celsius (°C).

Notes: Post hoc differences between groups are indicated via superscript numbers, which correspond to the respective
groups which are labeled as 1 to 3.

Mean difference groups. Effect size (ES) (Percentage of mean change on sham group minus percentage of mean on a-
tDCS over DLPFC or M1)/Standard deviation on sham]. The effect size was defined as small if lower than 0.20; moderate
if between 0.50-0.60; and large if larger than 0.80.
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Table 3. QST-derived pain measures and percentage of change from before (B) to after (A),
according to age groups and stimulation site. Data are presented as mean and standard deviation

(SD) (n=30)
Secondary outcomes
Adolescents Adults Elderly
Mean (SD) Mean (SD) Mean (SD)
Before After Mean change Before After  Mean change Before After  Mean change
(B) (A) (Bto A) (B) (A) (Bto A) (B) (A) (Bto A)
treatment  treatment (%) $ treatment treatment (%) $ treatment treatment (%) $

Heat Threshold

Sham 35.7(25) 37.9(25) 6.59% (7.2) 36.3(3.3) 37.7(2.0) 4.13% (4.4) 38.8(3.9) 39.0(2.8) 1.04% (6.9)
DLPFC  37.3(3.8) 38.2(4.2) 2.54% (6.8) 36.4(2.5) 37.6(17) 3.41% (5.0) 38.9(3.5) 39.8(2.6) 2.59% (3.5)
M1 36.5(25) 38.0(2.9) 4.34% (6.1) 36.5(2.6) 39.0(2.5) 7.18% (4.9) 38.0(3.1) 39.0(3.1) 2.81%(7.9)

Stimulation condition* age group: Wald y2 =3.304; df=4, P=0.508
Order of stimulation: Wald y2 = 5.800, df=2; P=0.055 .
Stimulation condition: Wald y2 =3.038 ; df=2;P=0.219.

Age group: Wald y2 = 4.741 ; df=2,P=0.093.

Heat Pain Tolerance 1

Sham 443(3.8) 43.9(4.8) -0.78% (7.8) 455(1.7) 45.9(2.5) 1.00% (4.5) 44.8(2.6) 44.3(2.5) -0.80% (8.1)
DLPFC  456(3.2) 44.6(2.8) -2.15% (2.7) 459(0.8) 46.1(1.4) 0.44% (3.4) 47.0(1.9) 47.1(2.8) 0.38% (3.9)
M1 448(2.8) 45.9(3.0) 2.40% (5.7) 46.8(2.4) 47.5(1.8) 1.70% (5.7) 43.9(3.6) 44.5(2.3) 1.77% (6.6)

Stimulation condition* age group: Wald y2 =2.203; df=4, P=0.698
Order of stimulation: Wald y2 = 1.756, df=2; P=0.416.
Stimulation condition: Wald y2= 3.881; df=2;P=0.144.

Age group: Wald y2= 0.957 ; df=2;P=0.620.

Moderate Heat Pain f

Sham 40.9(2.8) 41.2(4.0) 0.53% (4.8) 42.2(2.8) 42.7(17) 1.32% (4.3) 41.7(3.4) 41.6(1.8) 0.17% (6.5)
DLPFC  420(3.9) 41.3(2.9) -1.44% (4.9) 418(1.6) 42.4(2.2) 1.41% (6.4) 434(25) 44.7(2.4) 2.87% (2.9)
M1 414(2.9) 415(3.8) 0.15% (6.7) 431(2.9) 43.8(2.6) 1.85% (6.0) 42.0(2.6) 42.7(2.2) 1.90% (5.9)

Stimulation condition* age group: Wald y2 =1.891; df=4, P=0.756
Order of stimulation: Wald y2 = 9.991; df=2; P=0.007.
Stimulation condition: Wald y2= 0.054; df=2,P=0.973.

Age group: Wald y2= 2.867 ; df=2;P=0.238.

$ Mean difference in the on mean change before (B) to after (A) Percentage of change (%) according to age
group (adolescents, adult elderly) and interventions groups (tDCS vs. sham).
7GEE model; Celsius (°C).
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Legends

Figure 1. A) Experimental protocol timeline. Baseline questionnaires included the Beck Depression
Inventory Il (BDI-11), Pittsburgh Sleep Quality Index (PSQI), State-Trait Anxiety Inventory (STAI),
and a standardized demographic questionnaire. B) Scheme depicting a 2-back task stimuli sequence
with congruent and incongruent flankers. C) tDCS montage for DLPFC, Sham and M1, the red dot
represents the anode electrode, and the black dot the cathode electrode. QST = Quantitative Sensory
Test

Figure 2. CONSORT participants flow.

Figure 3. tDCS-driven HPT alterations in the different age groups. Asterisks indicate statistical
significance (P<0.05). Error bars represent standard error of means (SEM).

Figure 4. D prime and RTH at the n-back task conducted after the stimulation. Asterisks indicate
statistical significance (P<0.05). Error bars represent SEM. Brackets represent the main effect of

age group differences.
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n-back Questionnaires:
with * Blinding
flankers * Adverse Effects
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“recall the central letter at 2
B steps back”
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SSS S SSS

SSS F SSS

Figure 1.

151



Enrollment ] Assessed for eligibility (n=217)
Excluded (n= 187)
« Not ting inclusi iteria (n=122
: Adeescens 10 o ot etng o 12
- Adults (n=10) pariiclp
* Elderly (2=10) Randomized (1=30)
Allocation ]
v JF v
SHAM DLPFC Ml
Adolescents n=4 Adolescents n=3 Adolescents n=3
Adults n=4 Adults n=3 Adults n=3
Elderly n=3 Elderly n=4 Elderly n=3
h 4 Lost to follow-up
Wash out > 7 days > (schedule changes)
(Adolescents n=1,
Elderly n=1)
4 L L v
SHAM DLPFC M1
Adolescents n=4 Adolescents n=2 Adolescents n=3
Adults n=2 Adults n=4 Adults n—4
Elderly n=3 Elderly n=3 Elderly n=3
v
Wash out > 7 days
v v v
SHAM DLPFC Mi
Adolescents n=2 Adolescents n=4 Adolescentsn=3
Adults n=4 Adults n=3 Adults n=3
Elderly n=4 Elderly n=2 Elderly n=3
Analysis ] l
Analysed (Adolescents n=10, Adults n=10, Elderly n=10)
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Supplementary Material

SUPPLEMENTARY TABLES AND FIGURES

Intervention

Sham 2 7 1 9 3 6
DLPFC 2 7 1 9 1 8 0.52
M1 5 4 0 10 2 7 0.35

Data were analyzed with Fisher's exact test comparing sham and each active stimulation not individualizing for age group

Table 1. Blinding data shown by guesses of participants if they received sham or active stimulation
for all stimulation conditions. There was no statistically significant difference between sham or
active conditions for each protocol applied in the study.

Headache 3 0 1 0.673 0 2 1 0.66 1 1 1 1
Neck pain 2 0 1 1 2 4 4 0.39 0 1 1 1
Scalp pain 2 3 1 0.44 2 2 2 1 1 1 2 0.66
Tingling 6 7 6 0.55 5 3 3 0.57 4 2 6 0.12
Itching 8 8 7 0.52 8 8 8 0.23 4 4 3 0.85
Burning 4 5 5 0.50 4 3 4 0.89 2 2 1 1
Skin redness 2 2 2 1 5 6 6 0.39 1 4 4 0.21
Sleppness 7 4 7 1 9 9 6 0.67 5 4 7 0.66
Trouble concentrating 5 4 5 1 9 6 9 0.53 4 7 5 0.45
Mood acute change 0 1 0 1 0 1 0 1 0 1 1 1

P-value of Fisher’s exact test conducted within age groups for differences of frequencies of adverse effects between tDCS protocols,
except headache, which was analyzed via chi square tests.

Table 2. Adverse effects. Data show the number of participants in each age group that reported

respective adverse effects. There was no significant difference of the incidence of side effects
between active and sham tDCS protocols for all age groups.
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Primary outcomes

Adolescents Adults Elderly
Order of

stimulation

Age group

Mean (SD)  Mean (SD)

Mean (SD)

Stimulation

condition

Stimulation area * age

group:

D-prime one-back with congruent flankers

Sham 2.80(0.3) 3.05(00.6) 2.47(0.9) Wald y>=2.642 Wald = 5.041
DLPFC  2.85(0.4) 2.99(0.6) 2.96(0.5) df=2 df=2
M1 2.71(0.4)  3.18(0.3) 3.13(0.2) P=0.260 P=0.08

Baseline one-back with congruent flankers D-prime : Wald y*=7.264,; df=1,P=0.007.
Years of study: Wald y*=0.103; df=1;P=0.74

Wald y? =2.819
df=2
P=0.240

Wald y*=7.984
df=4
P=0.095

D-prime one-back with incongruent flankers

Sham 2.60(0.3) 270002) 211(1.2) Waldx=0.439  Wald = 5.653
DLPFC  259(0.3) 2.54(05) 251(0.4) df=2 df=2
M1 243(0.3)  2.74(0.1)  2.50(0.4) P=0.803 P=0.056

Baseline one-back with incongruent flankers D-prime : Wald y?=17.126; df=1,P<0.01.
Years of study: Wald y>=1.019; df=1;P=0.312

Wald y* =0.246
df=2
P=0.887

Wald y?=5.200
df=4
P=0.263

D-prime two-back with congruent flankers

Sham 164(0.8) 222(0.8) 0.99(0.6) Waldy®=8.342  Wald x=9.786
DLPFC  163(0.4) 1.97(1.0) 0.91(0.6) df=2 df=2
M1 156(0.6)  2.14(0.6)  0.89(0.4) P=0.012 P=0.000

Baseline two-back with congruent flankers D-prime : Wald y*=12.365; df=1,P=0.000.
Years of study: Wald y*>=1.312; df=1,P=0.255

Wald y=1.31 4
df=2
P=0.514

Wald y*=1.162
df=4
P=0.887

D-prime two-back with incongruent flankers

Sham 1.62(1.1)  1.80(0.9) 1.12(0.6) Waldy*=12.576  Wald y’=3.039
DLPFC  1.97(0.6) 1.66(0.8)  0.73(0.7) df=2 df=2
M1 152(0.9) 1.99(0.8)  1.07(0.6) P=0.000 P=0.211

Baseline two-back with incongruent flankers D-prime : Wald y*>=18.105; df=1,P=0.001.
Years of study: Wald y*=0.071; df=1;P=0.795

Wald y*=0.11 6
df=2.
P=0.942

Wald y°=3.585
df=4
P=0.469

#GEE model; D Prime (D prime = hit rate minus false alarm rate).

Table 3. N-back derived D-prime according to age groups and stimulation condition. Data are

presented as mean and standard deviation (SD) (n=30).

156



Secondary outcomes

Adolescents Adults Elderly
Order of

stimulation

Age group

Mean (SD)  Mean (SD)

Mean (SD)

Stimulation

condition

Stimulation area * age

group:

RTH one-back with congruent flankers +

Sham 399(036)  415(067)  494(129) Wald °=5.110 Wald y’= 1.342
DLPFC  379(036)  431(083)  485(080) df=2 df=2
M1 398(045)  405(047)  468(077) P=0.058 P=0.511

Baseline one-back with congruent flankers RTH : Wald y*=1.658; df=1,P=0.198.
Years of study: Wald y?=4.339; df=1;P=0.370

RTH one-back with incongruent flankers

Wald y? =1.231
df=2
P=0. 540

Wald y*=7.203
df=4
P=0.126

Sham 413(040)  449(067)  522(156) Wald y=9.147  Wald = 6.295
DLPFC  388(054)  434(081)  491(114) df=2 df=2
M1 415(060)  397(041)  460(069) P=0.010 P=0.043

Baseline one-back with incongruent flankers RTH : Wald y*=0.077; df=1,P=0.782.
Years of study: Wald ?=8.580, df=1;P=0.003

Wald y? =5.496
df=2
P=0.064

Wald 3?=8.035
df=4
P=0.090

RTH two-back with congruent flankers

Sham 461(083)  469(058)  594(150) Wald > =44.366  Wald y'= 12.371
DLPFC  458(085)  544(069)  581(140) df=2 df=2
M1 492(123)  528(066)  555(110) P=0.000 P=0.002

Baseline two-back with congruent flankers RTH : Wald y*=141.345; df=1,P=0.000.
Years of study: Wald y?=0.603; df=1;P=0.438

Wald y°=1.047
df=2
P=0.592

Wald y*=16.068
df=4
P=0.003

RTH two-back with incongruent flankers

Sham 462(138)  475(108)  541(171) Waldy*=11.822  Wald = 4.895
DLPFC  463(140)  479(067)  581(124) df=2 df=2
M1 470(112)  522(084)  598(112) P=0.003 P=0.087

Baseline two-back with incongruent flankers RTH : Wald y>=13.552; df=1,P=0.000
Years of study: Wald y?=3.535, df=1,;P=0.060

Wald y’=4.770
df=2.
P=0.092

Wald y?=4.023
df=4
P=0.403

7GEE model; RTH - Response time for hits is presented in milliseconds.

Table 4. N-back derived RTH according to age groups and stimulation condition. Data are

presented as mean and standard deviation (SD) (n=30)
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7 CONSIDERACOES FINAIS

Os resultados obtidos com esta tese de doutorado confirmam as hipéteses iniciais de
que (1) a interacdo da idade com a montagem de ETCC modifica os resultados da técnica
para o limiar de dor e também memadria de trabalho, (2) entre os grupos etarios adolescentes
estariam sujeitos a maior variacdo dos desfechos para estimulacéo sobre cortex pre-frontal e
(3) estudos com e idosos na literatura demostram efeito positivo sobre a dor, apesar das
alteracdes em neuroplasticidade do fator idade.

Em adolescentes, a maior variacdo em limiar de dor para estimulacdo sobre DLPFC
confirma a hipotese inicial do estudo. Apresentamos, nesta Tese, dados sobre processos de
maturacdo cerebral que configuram maior propensdo a plasticidade em cortex pré-frontal
em adolescentes, quando comparado aos outros grupos etarios. O achado de diminuicdo do
limiar de dor, para estimulacdo de cortex pré-frontal, pode ser hipotetizado e estar
associado com a maior suscetibilidade de adolescentes a ETCC. Para a memdria de trabalho
- diferenca significativa no tempo de resposta em tarefa de n-back entre adolescentes e os
outros grupos etérios- ocorreu apenas para estimulacdo em cértex pré-frontal, fortalecendo
o0 impacto das diferencas corticais em modular efeitos da ETCC para esta faixa etaria.

O efeito da estimulacdo, em adultos jovens, corroborou o que foi encontrado na
literatura, com aumento do limiar de dor para estimulacdo excitatdria em cortex motor,
enquanto a auséncia de efeito para idosos também vai ao encontro ao fato que alteracoes
associadas a senescéncia cerebral podem reduzir a plasticidade sinaptica e inducéo de LTP,
de tal sorte que este grupo etario apresentaria menor propensdo a modulacdo de funcgdes
corticais pela ETCC, no entanto nossa revisao sistematica demonstrou que para um grupo
de pacientes idosos apresentando dor cronica ha um efeito positivo da ETCC em reduzir
escores de dor , com literatura mais consistente para estimulacdo em M1 e de mdltiplos dias
de estimulacdo, contrastando com o nosso estudo que avaliou limiar de dor apds Unica
sessdo de ETCC.

Os achados de nosso estudo estdo alinhados com relatos anteriores descritos na
literatura e também sustentados pela plausibilidade bioldgica de alteracGes cerebrais
morfofisioldgicas inerentes a diferentes grupo etarios que modulam a neuroplasticidade
intrinseca para cada individuo.

Consideramos igualmente de grande relevancia o relato da diminuicdo de limiar de

dor para adolescentes para um protocolo de ETCC, que em adultos jovens fora
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demonstrado, na literatura, elevar o limiar. Este dado reforca a importancia de que
protocolos utilizados em adultos ndo devem ser transpostos para outras faixas etarias, pois
h& o risco de ndo apresentarem o efeito desejado ou, ainda, e conforme exposto nesse
trabalho, apresentar efeito inverso ao esperado. Isto, em populac@es clinicas onde o uso de
ETCC é realizado em numerosas sessdes, buscando-se o efeito sustentado pela técnica,
pode vir a causar efeitos catastroficos. Desse modo, defendemos e apresentamos que a
idade deve ser individualizada para protocolos de ETCC, e também para cada area que se
deseja estimular, pois mesmo intragrupos, a estimulacdo em areas corticais distintas modula
0 resultado encontrado.

Concluindo, esta tese expandiu os dados da literatura cientifica, demonstrando a
diferenga do efeito da ETCC em comparacao direta de trés grupos etarios para 0 mesmo
protocolo de estimulacdo. E reforca a importancia da idade e montagem nos resultados

encontrados com a técnica.

159



PERSPECTIVAS FUTURAS

Apesar dos grandes avangos nas Ultimas décadas, em relacdo ao conhecimento dos
mecanismos subjacentes ao efeito da ETCC, a variabilidade de resultados entre sujeitos
ainda apresenta grande impacto sobre a eficacia do método. Frente ao uso crescente de
técnicas neuromodulatorias em protocolos de pesquisa ou em cenérios clinicos, justifica-se
0 estudo de fatores associados a esta variabilidade, visando a uma maior assertividade e
eficacia na aplicacdo da ETCC.

Em uma revisdo sistematizada apresentamos um conjunto de fatores que
modificam o efeito da ETCC e relatamos o fator modulatério da idade em processos de
neuroplasticidade e, por conseguinte, influenciam o efeito da neuromodulagdo. Através de
uma revisao sistematica com meta-analise também identificamos resultados que favorecem
o efeito positivo da ETCC sobre a dor em idosos, mas ressaltamos o restrito numero de
estudos que incluem grupos etérios diferentes de adultos ou adultos jovens. Finalmente
realizamos um ensaio clinico cruzado e randomizado, onde comparamos o efeito de
protocolo de ETCC para adolescentes , adultas e idosas - para ETCC em M1 e DLPFC -,
duas montagens amplamente utilizadas ndo s6 para o estudo da dor , mas também de
funcBes executivas e excitabilidade cortical. Nosso estudo demonstrou que a idade, mas
também a montagem dos eletrodos modula o efeito da ETCC para limiar de dor. A maior
variacdo na percepcdo de dor para ETCC sobre DLPFC em adolescentes reforca a hipotese
de maior susceptibilidade deste grupo etario a estimulacdo em uma regido cortical que
apresenta processo de maturacdo diferenciado quando comparado a cortex motor.

Em conjunto estes resultados indicam que ndo s6 a idade deve ser considerada
como fator de variabilidade interpessoal , mas também a interacdo com a area cortical
estimulada e sistemas associados . pois para o estudo da dor areas corticais de M1 e DLPFC
tém relacdo distinta de conexdes corticais e modulacdo da dor. Deste modo entendemos que
proximos estudos devem abordar a variabilidade interpessoal para fatores de interacdo da
idade com areas corticais estimuladas. Este conhecimento permite que evolua-se na direcao
de maior assertividade de protocolos de estimulacdo aplicados tanto em ambiente de
pesquisa quanto para o uso clinico.

Esta tese, esta inserida em uma das linhas de pesquisa desenvolvidas pelo
Laboratorio de Dor&Neuromodulagdo do HCPA — UFRGS, voltada ao estudo de

mecanismos de neuroplasticidade, com énfase no estudo da dor, que conta com a
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participacdo de dois centros mundiais de exceléncia no estudo da neuromodulacéo, a citar:
Spaulding Neuromodulation Center da Harvard Medical School e o laboratério IfADo —
Leibniz Research Center for Working Environment and Human Factors, Dortmund,
Alemanha. De fato, o presente estudo foi desenvolvido em colaboracdo direta com o
laboratério IFADO durante periodo de doutorado sanduiche, contribuindo nédo s6 para a
producdo académica, mas também para a internacionalizacdo do Laboratorio de Dor &
Neuromodulagéo e de todas as instituicbes que com este estdo envolvidas.

Esta tese, portanto, insere-se no projeto tematico do Laboratério de Dor &
Neuromodulacdo que visa a compreender a integracdo dos diversos mecanismos
neurobioldgicos, diagnosticos e terapéuticos, usando técnicas de neuromodulagdo, com a
finalidade de gerar conhecimento para embasar protocolos de assisténcia e pesquisa.

Desta forma, o progresso no conhecimento do impacto da idade sobre o efeito da
ETCC, possibilita um refinamento dos protocolos desenvolvidos pelo grupo de Dor &
Neuromodulagdo, colaborando tanto qualitativa quanto quantitativamente com o
desempenho cientifico e tecnoldgico do grupo. A contribuicdo para a linha de pesquisa do
grupo de Dor & Neuromodulagéo , assim como a internacionalizacao e colaboracdo durante
este projeto com centros internacionais de exceléncia em neuromodulacdo, busca auxiliar o

fortalecimento da pesquisa brasileira no cenario nacional e internacional.
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ANEXO 1 PRISMA— checklist of information to include when reporting systematic

review or meta-analysis

Reported

Section/topic Checklist item on page

#

TITLE

Title 1 | Identify the report as a systematic review, meta-analysis, or 75
both.

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: 76
background; objectives; data sources; study eligibility criteria,
participants, and interventions; study appraisal and synthesis
methods; results; limitations; conclusions and implications of
key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is 77-82
already known.

Obijectives 4 | Provide an explicit statement of questions being addressed with | 82
reference to participants, interventions, comparisons, outcomes,
and study design (PICOS).

METHODS

Protocol and 5 | Indicate if a review protocol exists, if and where it can be 82

registration accessed (e.g., Web address), and, if available, provide
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) | 83
and report characteristics (e.g., years considered, language,
publication status) used as criteria for eligibility, giving
rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of 83
coverage, contact with study authors to identify additional
studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, | 119
including any limits used, such that it could be repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, 83
eligibility, included in systematic review, and, if applicable,
included in the meta-analysis).

Data collection process | 10 | Describe method of data extraction from reports (e.g., piloted 83
forms, independently, in duplicate) and any processes for
obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., 83
PICOS, funding sources) and any assumptions and
simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual 83

individual studies

studies (including specification of whether this was done at the
study or outcome level), and how this information is to be used
in any data synthesis.
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Summary measures 13 | State the principal summary measures (e.g., risk ratio, 83
difference in means).
Synthesis of results 14 | Describe the methods of handling data and combining results of | 83

studies, if done, including measures of consistency (e.g., 1% for
each meta-analysis.

Section/topic

Checklist item

Reported

on page #

Risk of bias across 15 | Specify any assessment of risk of bias that may affect the 83
studies cumulative evidence (e.g., publication bias, selective reporting
within studies).
Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or -
subgroup analyses, meta-regression), if done, indicating which
were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and | 84,
included in the review, with reasons for exclusions at each Fiqure 2
stage, ideally with a flow diagram. 9
Study characteristics 18 | For each study, present characteristics for which data were Table 1
extracted (e.g., study size, PICOS, follow-up period) and
provide the citations.
Risk of bias within 19 | Present data on risk of bias of each study and, if available, any | Table 2
studies outcome level assessment (see item 12).
Results of individual 20 | For all outcomes considered (benefits or harms), present, for Figure 5-
studies each study: (a) simple summary data for each intervention 7
group (b) effect estimates and confidence intervals, ideally
with a forest plot.
Synthesis of results 21 | Present results of each meta-analysis done, including Figure 5-
confidence intervals and measures of consistency. 7
Risk of bias across 22 | Present results of any assessment of risk of bias across studies | -
studies (see Item 15).
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or | -
subgroup analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of evidence 24 | Summarize the main findings including the strength of 88-96
evidence for each main outcome; consider their relevance to
key groups (e.g., healthcare providers, users, and policy
makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of 94
bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).
Conclusions 26 | Provide a general interpretation of the results in the context of | 96
other evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and 97

other support (e.g., supply of data); role of funders for the
systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and

Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097
For more information, visit: www.prisma-statement.org.
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ANEXO 2 CONSORT—2010 checklist of information to include when reporting a

randomized trial

Item Reported on

Section/Topic No  Checklist item page No

Title and abstract

la  Identification as a randomised trial in the title 122
1b  Structured summary of trial design, methods, results, 123
and conclusions (for specific guidance see CONSORT

for abstracts)

Introduction

Background and 2a  Scientific background and explanation of rationale 124,

objectives 125

2b  Specific objectives or hypotheses 125
Methods
Trial design 3a  Description of trial design (such as parallel, factorial) 125
including allocation ratio
3b  Important changes to methods after trial NA
commencement (such as eligibility criteria), with
reasons
Participants 4a  Eligibility criteria for participants 126
4b  Settings and locations where the data were collected 126
Interventions 5 The interventions for each group with sufficient details | 127
to allow replication, including how and when they
were actually administered

Outcomes 6a  Completely defined pre-specified primary and 128

secondary outcome measures, including how and when
they were assessed

6b  Any changes to trial outcomes after the trial NA
commenced, with reasons

Sample size 7a  How sample size was determined 127

7b  When applicable, explanation of any interim analyses | 126
and stopping guidelines

Randomization:

Sequence 8a  Method used to generate the random allocation 127
generation sequence
8b  Type of randomization; details of any restriction (such | 127
as blocking and block size)

Allocation 9 Mechanism used to implement the random allocation 1127
concealment sequence (such as sequentially numbered containers),
mechanism describing any steps taken to conceal the sequence

until interventions were assigned
Implementation 10  Who generated the random allocation sequence, who 127

enrolled participants, and who assigned participants to
interventions
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Blinding 11a If done, who was blinded after assignment to 127
interventions (for example, participants, care providers,
those assessing outcomes) and how
11b  If relevant, description of the similarity of 127
interventions
Statistical methods  12a  Statistical methods used to compare groups for primary | 129
and secondary outcomes
12b  Methods for additional analyses, such as subgroup NA
analyses and adjusted analyses
Results
Participant flow (a  13a  For each group, the numbers of participants who were | Figur
diagram is randomly assigned, received intended treatment, and e?2
strongly were analysed for the primary outcome
recommended) 13b  For each group, losses and exclusions after Figur
randomisation, together with reasons e?2
Recruitment 14a  Dates defining the periods of recruitment and follow- 125
up
14b  Why the trial ended or was stopped NA
Baseline data 15 A table showing baseline demographic and clinical Table
characteristics for each group 1
Numbers analysed 16  For each group, number of participants (denominator) | Figur
included in each analysis and whether the analysis was | e 2
by original assigned groups
Outcomes and 17a  For each primary and secondary outcome, results for 131-
estimation each group, and the estimated effect size and its 133
precision (such as 95% confidence interval)
17b  For binary outcomes, presentation of both absolute and | NA
relative effect sizes is recommended
Ancillary analyses 18  Results of any other analyses performed, including NA
subgroup analyses and adjusted analyses,
distinguishing pre-specified from exploratory
Harms 19  All important harms or unintended effects in each 131
group (for specific guidance see CONSORT for harms)
Discussion
Limitations 20  Trial limitations, addressing sources of potential bias, 138
imprecision, and, if relevant, multiplicity of analyses
Generalizability 21  Generalizability (external validity, applicability) of the | 138
trial findings
Interpretation 22 Interpretation consistent with results, balancing 134-
benefits and harms, and considering other relevant 138
evidence
Other information
Registration 23 Registration number and name of trial registry 123
Protocol 24 Where the full trial protocol can be accessed, if 123
available
Funding 25  Sources of funding and other support (such as supply 140

of drugs), role of funders

NA : ndo se aplica
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ANEXO 3. TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO -
responsaveis
N° do projeto GPPG ou CAAE 69621317.6.0000.5327

Titulo do Projeto: EFEITO DA ESTIMULAGAO TRANSCRANIANA POR CORRENTE
CONTINUA EM LIMIAR DE DOR E MEMORIA DE TRABALHO EM
ADOLESCENTES, ADULTOS E IDOSOS

A adolescente pela qual vocé é responsavel esta sendo convidada a participar de
uma pesquisa cujo objetivo é analisar o possivel efeito de uma sessdo de estimulagédo
cerebral de corrente continua de baixa intensidade sobre a cabeca (ETCC) sobre o limiar de
dor térmico (temperatura em que primeiro se relata dor quando estimulo de calor) associada
a avaliagcdo cognitiva da memoria de trabalho. O estudo visa comparar o efeito da ETCC
entre diferentes faixas etarias: adolescentes, adultos e idosos.

Esta pesquisa estd sendo realizada pelo Laboratério de Dor & Neuromodulagdo do
Hospital de Clinicas de Porto Alegre (HCPA).

Se vocé concordar com a participacdo da adolescente na pesquisa, 0s procedimentos
envolvidos na participacdo sdo os seguintes: a adolescente vira ao ambulatorio trés vezes,
com intervalo de cinco a sete dias entre as visitas. Na primeira visita sera coletado uma
amostra de sangue de 10 ml para avaliar a dosagem de hormonios associados com a questéo
de estudo, como estradiol e BDNF( uma substancia associada a capacidade do cérebro em
adaptar-se a mudancas). Apds coleta de sangue a adolescente respondera a guestionarios
relacionados a questdes socio demograficas, qualidade do sono, sintomas de depressdo. Na
primeira visita, apds coleta de amostra de sangue e realizacdo de questiondrios, sera
realizada a primeira sessdo de ETCC com duragdo de 20 minutos. Antes do inicio da
estimulacdo com ETCC, ap6s 10 minutos do inicio da sessdo e apds o término da sessdo
sera realizado teste para limiar de dor térmica. O teste serad realizado com aparelho que
aplica calor sobre area determinada do antebraco. A adolescente também realizara testes
cognitivos de memdria de trabalho. A participante retornara para mais duas visitas para
realizar as mesmas atividades que fez na primeira sesséo, excetuando a coleta de sangue e a
realizacdo dos questionarios. Os testes de limiar de dor e memoria de trabalho serdo
explicados nos dias de visita pelo pesquisador responsavel.

A participante serd sorteada para realizar trés visitas com estimulacdo em ordem
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aleatdria, duas sessdes sdo de estimulacdo ativa e uma sessdo ocorrerd o posicionamento
dos eletrodos na cabeca, no entanto ndo ocorrera estimula¢do. Para manter a acurécia da
pesquisa a participante ndo saberd qual intervencdo sera realizada em cada dia de
participacdo. A sessdo de ETCC sera realizada com o uso de eletrodos de borracha, que
ficam dentro de esponjas que sdo umedecidas com soro fisioldgico, estes serdo colocados
na cabeca. Através dos eletrodos passara uma corrente elétrica fraca que pode no méaximo
causar uma leve coceira. Neste procedimento a adolescente ndo sofrera choques, cortes ou
cirurgias. A corrente aplicada serd de baixa intensidade, o aparelho usa apenas uma bateria
comum peguena, a mesma bateria usada em radios, brinquedos eletronicos, lanternas. Nao
sera necessario ter maiores cuidados com o cabelo para a realizagdo da intervencao,
somente ndo usar gel ou cremes para cabelos nos dias das sessdes. Cada encontro tera
duracdo de 2 hora, exceto a avaliacdo inicial que tera duracdo de 3 horas.

Os possiveis riscos ou desconfortos decorrentes da participacdo na pesquisa S&o:
desconforto durante a aplicagdo do ETCC, vermelhiddo, sensacdo de coceira, leve
formigamento no local onde serdo colocados os eletrodos. A participante também podera
sentir sonoléncia. Para o teste de limiar de dor associado ao calor, a participante pode
apresentar sensibilizacdo da area da pele na qual o aparelho de geracdo de calor permanece
em contato no antebraco, no entanto ndo ha risco de queimaduras ou lesdes permanentes.
Além disso, a participante devera se deslocar ao Hospital de Clinicas de Porto Alegre para
realizar os procedimentos. Caso ocorra alguma intercorréncia ou dano, resultante da
participacdo na pesquisa, a participante receberd todo o atendimento necessario, sem
nenhum custo pessoal.

Este estudo ndo trard beneficios diretos aos participantes. No entanto, com 0s
resultados deste estudo poderemos obter informacdes importantes sobre o0 quanto este
procedimento é eficaz para manipulacdo da dor e memoria de trabalho em diferentes
idades. Este estudo nos permite avangar no conhecimento sobre 0 mecanismo e tratamento
de quadros de dor cronica, bem como o estudo da memoria de trabalho em idosos, os quais
apresentam com maior frequéncia dificuldade de memdria, entre 0s grupos etarios do
estudo.

A participacdo na pesquisa é totalmente voluntaria, ou seja, ndo € obrigatoria. Caso
vocé decida ndo autorizar a participacdo, ou ainda, retirar a autorizacdo ap0s a assinatura
desse Termo, ndo havera nenhum prejuizo ao atendimento que o participante da pesquisa
recebe ou possa vir a receber na instituicéo.

N&o esta previsto nenhum tipo de pagamento pela participacdo na pesquisa e vocé
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ndo tera nenhum custo com respeito aos procedimentos envolvidos.

Caso ocorra alguma intercorréncia ou dano, resultante da participagdo na pesquisa,
a participante receberd todo o atendimento necessario, sem nenhum custo pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os
resultados serdo apresentados de forma conjunta, sem a identificacdo dos participantes, ou
seja, 0 nome da participante ndo aparecera na publicacdo dos resultados.

Caso vocé tenha davidas, poderd entrar em contato com a pesquisadora responsavel
Jalia Saldanha pelo telefone 51 999798880 ou com o Comité de Etica em Pesquisa do
Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone (51) 33597640, ou no 2° andar
do HCPA, sala 2227, de segunda a sexta, das 8h as 17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e outra para 0s

pesquisadores.

Nome do participante da pesquisa ( Adolescente)

Assinatura

Nome do Responsavel

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:
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ANEXO 4 TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO
N° do projeto CAAE 69621317.6.0000.5327

Titulo do Projeto: EFEITO DA ESTIMULACAO TRANSCRANIANA POR CORRENTE
CONTINUA EM LIMIAR DE DOR E MEMORIA DE TRABALHO EM
ADOLESCENTES, ADULTOS E IDOSOS

Vocé estd sendo convidada a participar de uma pesquisa cujo objetivo € analisar o
possivel efeito de uma sessdo de estimulacdo cerebral de corrente continua de baixa
intensidade (ETCC) sobre a cabeca no limiar de dor térmico (temperatura em que primeiro
se relata dor quando estimulo de calor) associada a avaliacdo cognitiva da memoria de
trabalho (memdria de curto prazo responsavel pelo armazenamento temporério e pela
manipulacdo das informacBes necessarias para realizacdo de tarefas complexas, tais como
compreensdo da linguagem, aprendizagem e raciocinio) e avaliacdo de ondas elétricas
cerebrais (indicam certas caracteristicas cerebrais como excitabilidade dos neur6énios) . O
estudo visa comparar o efeito da ETCC entre diferentes faixas etarias: adolescentes, adultos
e idosos.

Esta pesquisa estd sendo realizada pelo Laboratério de Dor & Neuromodulagdo do
Hospital de Clinicas de Porto Alegre (HCPA).

Se vocé concordar com a sua participagao na pesquisa, os procedimentos envolvidos
na participacdo sao os seguintes:

Vocé vird ao ambulatorio trés vezes, com intervalo de cinco a sete dias entre as
visitas. Ou seja, serdo realizadas 3 visitas para este estudo. Na primeira visita serad coletada
uma amostra de sangue de 10 ml (cerca de duas colheres de cha) para avaliar a dosagem de
horménios associados com a questdo de estudo, como estradiol e BDNF (uma substancia
associada a capacidade do cérebro em adaptar-se a mudancas). O material bioldgico
coletado serd armazenado de forma codificada. Apos a realizacdo das andlises previstas
neste projeto, as amostras serdo armazenadas. Este material, além de ser utilizado neste
estudo, podera ser utilizado em outros estudos futuros do nosso grupo. Neste caso, um novo
projeto de pesquisa sera submetido para apreciacdo do Comité de Etica em Pesquisa e vocé
sera chamado para reconsentir com o uso do material.

( ) Aceito que minhas amostras sejam armazenadas para pesquisas futuras.

() Né&o aceito que minhas amostras sejam armazenadas para pesquisas futuras.
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Apbs coleta de sangue vocé respondera a questionarios relacionados a questfes
socio demograficas, qualidade do sono, sintomas de depressdo. Na primeira visita, apds
coleta de amostra de sangue e realizacdo de questionarios, sera realizada a primeira sesséo
de ETCC com duracdo de 30 minutos. Antes do inicio da estimula¢do com ETCC, ap6s 10
minutos do inicio da sessao e ap0s 0 termino da sessdo serd realizado teste para limiar de
dor térmica. O teste sera realizado com aparelho que aplica calor sobre &rea determinada do
antebraco com duracdo de 5 minutos por avaliagdo. Vocé também realizara testes
cognitivos de memoria de trabalho para os quais vocé ficara sentada em uma cadeira
confortavel na frente de uma tela de computador e terd que apertar determinada tecla do
teclado conforme as orientacfes que serdo fornecidas no dia. Também sera realizada
medida de ondas elétricas cerebrais pelo aparelho de eletroencefalograma (EEG),
amplamente conhecido como recurso diagndstico da epilepsia, a medida tera duracdo de 10
minutos e sera realizada antes e ap0s o periodo de estimulacdo enquanto vocé permanece
sentada em repouso com olhos fechados.

Vocé deve retornar para mais duas visitas para realizar as mesmas atividades da
primeira sessdo, excetuando a coleta de sangue e o preenchimento dos questionarios. Os
testes de limiar de dor e memdria de trabalho serdo explicados nos dias de visita por um dos
pesquisadores da equipe.

Duas sessdes de ETCC serdo de estimulacdo ativa e uma sessdo ocorrera apenas o
posicionamento dos eletrodos na sua cabeca, no entanto ndo ocorrera estimulacdo. A ordem
das sessdes sera definida por sorteio. Vocé ndo saberad qual intervencdo sera realizada em
cada dia de participacdo. A sessdo de ETCC seré realizada com o uso de eletrodos de
borracha, que ficam dentro de esponjas que sdao umedecidas com soro fisiologico, estes
serdo colocados na sua cabeca. Através dos eletrodos passard uma corrente elétrica fraca
gue pode no maximo causar uma leve coceira. Neste procedimento, vocé ndo sofrera
choques, cortes ou cirurgias. A corrente aplicada sera de baixa intensidade, o aparelho usa
apenas uma bateria comum pequena, a mesma bateria usada em radios, brinquedos
eletronicos, lanternas. Nao serd necessario ter maiores cuidados com o cabelo para a
realizacdo da intervengédo, somente ndo usar gel ou cremes para cabelo nos dias das sessoes.
A medida de ondas elétricas cerebrais pelo EEG sera realizada pelo posicionamento de 20
eletrodos na cabeca com uma toca de neoprene, vocé ndo sentird nenhum desconforto
durante a medida. O uso destes eletrodos necessita de aplicacdo de gel proprio para 0 EGG
na cabega, entre a pele e o eletrodo. Este gel ndo é removido completamente apds o
experimento e vocé podera ficar com alguma quantidade deste produto no cabelo. Este gel
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¢ facilmente removivel com agua. Cada encontro terd duracdo de 2 horas, exceto a
avaliacdo inicial que terd duracdo de 3 horas.

Os possiveis riscos ou desconfortos decorrentes da participacdo na pesquisa Sao:
desconforto durante a aplicacdo do ETCC, vermelhiddo, sensacdo de coceira, leve
formigamento no local onde serdo colocados os eletrodos. VVocé também podera sentir
sonoléncia. Para o teste de limiar de dor associado ao calor, pode ocorrer sensibilizacdo da
area da pele na qual o aparelho de geracao de calor permanece em contato no antebraco, no
entanto ndo sdo esperadas queimaduras ou lesdes permanentes com 0 uso adequado do
aparelho. Além disso, vocé devera se deslocar ao Hospital de Clinicas de Porto Alegre para
realizar os procedimentos. Caso ocorra alguma intercorréncia ou dano, resultante da
participagdo na pesquisa, vOcé recebera todo o atendimento necessario, sem nenhum custo
pessoal.

Este estudo ndo trara beneficios diretos aos participantes. No entanto, com 0s
resultados deste estudo poderemos obter informacgdes importantes sobre o quanto este
procedimento € eficaz para manipulagdo da dor e memoria de trabalho em diferentes
idades. Este estudo nos permite avangar no conhecimento sobre 0 mecanismo e tratamento
de quadros de dor cronica, bem como o estudo da memoria de trabalho em idosos, os quais
apresentam com maior frequéncia dificuldade de memoria, entre os grupos etarios do
estudo.

A sua participacdo na pesquisa é totalmente voluntaria, ou seja, ndo é obrigatoria.
Caso vocé decida sobre a ndo participacdo, ou ainda, desisténcia da participacdo e retirada
de seu consentimento, ndo haverd nenhum prejuizo ao atendimento que recebe ou possa vir
a receber na instituigéo.

O investigador responsavel podera excluir a participante do estudo, sem 0 seu
consentimento, quando julgar necessario, especialmente caso ndo se cumpra o0 programa
estabelecido.

Né&o esta previsto nenhum tipo de pagamento pela participacdo na pesquisa e VOCé
ndo tera nenhum custo com respeito aos procedimentos envolvidos.

Caso ocorra alguma intercorréncia ou dano, resultante da participacdo na pesquisa,
vocé recebera todo o atendimento necessario, sem nenhum custo pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente. Os
resultados serdo apresentados de forma conjunta, sem a identificacdo dos participantes, ou
seja, 0 seu nome ndo aparecera na publicacdo dos resultados.

Caso vocé tenha dividas, podera entrar em contato com o pesquisador responsavel
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Wolnei Calmo pelo telefone (33596377), com a pesquisadora Julia Saldanha pelo telefone
(33596377), ou com o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto
Alegre (HCPA), pelo telefone (51) 33597640, ou no 2° andar do HCPA, sala 2227, de

segunda a sexta, das 8h as 17h.

Esse Termo é assinado em duas vias, sendo uma para o participante e outra para 0s

pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:
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ANEXO 5
PRODUCAO DURANTE O PERIODO DO DOUTORADO

173



www.nature.com/scientificreports

SCIENTIFIC REPQRTS

OPEN ' Cognitive effects of transcranial
_direct current stimulation combined
“with working memory training in
" fibromyalgia: a randomized clinical
trial

Published online: 20 August 2018
Vinicius Souza dos Santos™?, Maxciel Zortea'?, Rael Lopes Alves??, Catia Cilene dos
¢ Santos Naziazeno?, Julia Schirmer Saldanha'?, Sandra da Conceicéo Ribeiro de Carvalho*?,
: Antédnio Jorge da Costa Leite(»*%, Iraci Lucena da Silva Torres®”, Andressa de Souza®?¥,
i Prisla Ucker Calvetti?, Felipe Fregni® & Wolnei Caumo®-®

Study Design Vol. 5, No. 2 / Jul-Dec 2019 /p. 58-66/ PPCR Journal |

Principles and Practice =g :
of Clinical Research B 4 4 PPCR

A Global Journal in Clinical Research

ISSN: 2378-1890

Effect of Anodal Transcranial Direct Current
Stimulation Combined with Exercise in Adults with
Chronic Non-specific Low Back Pain: Protocol for a
Randomized Controlled Trial

VICENTE HENNEMANN*!, FLAVIA BARRETO GARCEZ*2, GABRIELA SANTOS REVILLA*?, ENRICO FRITSCHE**,
XIMENA STECHER*®, MARIA RONNEFARTH*S, JULIA SCHIRMER SALDANHA*7, THENRAL SOCRATES®, GIANCARLO
FATOBENE®, DALIYA ABUBAKAR'!Y, NATAUA ANGELUZZI CUNHA'!, ABDULABBAR ALHAMMOUD'?, FLAVIA
ROCHA CAsTILLO'3, MARCO CASTILLO AYARZA'#, SALVADOR PASTOR-IDOATE!®, MOHAMMED SOHA'®, JOSE C.
vaLLe', Lucas CamaRGo'®, SHAzA EL SonosI'?, ANDREA GoMEZ2’, ANELISA COUTINHO?!,DANTE DUARTE®.,

*These authors have contributed equally to this work.
ECorresponding author: Dante Duarte, Spaulding Ne dulation Center, Spaulding Rehabilitation Hospital, Harvard Medical School, 79 13th

5t, Charlestown, MA 02129, Boston, United States. Tel: 1-617- 952-6161 Boston, MA, USA. E-mail: dduarte @ julationlab.org
Rest of author’s affiliation at the end of the manuscript.

Received April 7, 2019; accepted August 26, 2019; published December 10, 2019.

174



XI SIMPOSIO INTERNACIONAL EM NEUROMODULACAO

5[”0’
~° y° 11-13 pE NOVEMBRO DE 2019 ssTTUTO e
s et Certificado de Apresentagio de Trabalho Cientifico ReABLTACAO 3
A L s

Certificamos que o trabalho cientifico intitulado
“The role of chronological age on working memory performance after anodal transcranial direct current stimulation (tDCS) in healthy participants”

Dos autores: Paul Serrano Vicuiia, Maxciel Zortea, Julia Schirmer Saldanha, Wolnei Caumo
Foi apresentado na sessao cientifica de apresentacao de poster do XI Simpésio Internacional em Neuromodulacao no periodo de 11 a 13 de Novembro de 2019.
0 trabalho foi avaliado pela comissao cientifica internacional do evento que recomendou e aprovou a apresentagao oficial nesse evento internacional.

==

Diretor do Curso:
Felipe Fregni, MD, PhD, MPH
Sa0 Paulo Excellence Chair (SPEC) - USP/FAPESP
Diretor do Spaulding Neuromodulation Center,
Id t {/Harvad Medical School - Boston
Fundador e C i I, Instituto Scala

Semana

39§ 7 , Cientifica Gestao da pesquisa aplicada a saude
Q dO HC'PA De 30 de setembro a 4 de outubro de 2019

Certificamos que o trabalho IMPACTO DA IDADE NO EFEITO DA ESTIMULACA N V.

e / A ID: Iy A ES ACAO TRANSCRANIANA DE CORRE}
CONTINUA EM LIMIAR DE DOR E MEMORIA DE TRABALHO de autoria de CIBELY BAVARESCO DELIBERALT; JULWI:E
tS‘Sl;ﬂRMftfdoSﬁD-\é\;{;Ld-:d:lé% }é TCE(:STA FERREIRA: MAXCIEL ZORTEA; LETICIA RAMALHO; WOLNEI CAUMO;

aprese. mos - na 39” Semana Cientifica do HCPA, realizada no Hospital de Cliny o
periodo de 30 de setembro a 4 de outubro de 2019. g i AR

D WP
R, LA g
L o
= AP ——
Profe, Nadine Oliveira Clausell Prof. Patricia Ashton-Pralla
Cuetora Presidonts do Hosakal a: Cleveas Coorderiodora do GPOG

g% CLINICAS

175



2019 SBMp INS MEETING

JULY 10112, 55019 - A0 O JAREIRC

CERTIFICADO

A Sociedade Brasileira de Neuropsicologia e a International Neuropsychological Society certificam que

o trabalho intitulado “Age and type of montage are associated with different effects of transcranial
direct current stimulation on pain and working memory: insights from a pilet study” do(s) autor(es)
Maxciel Zortea, Jilia Schirmer Saldanha, Welnei Caume foi apresentado na categoria de poster no 89th
INS Meeting and 182 Congresso da SBNp nos dias 10, 11 e 12 de Julho de 2019 no Centro de Convencdes
SulAmeérica na cidade do Rio de Janeiro.

Rio de Janeiro, 12 de Julho de 2019.
- ) i /
Mi.’l J‘l/"_!.-" f_,rf,aa/f o Ay 8 e
Dra. Deborah Amaral de Jﬁambuja . Dr_a. Vicki Anderson . .
Presidente da Sociedade Brasileira de Neuropsicologia (SBNp) Presidente da International Neuropsychological Society(INS)

7 &

A,
{fj\_,\;l,.[.'ﬁ'}_,i
Dra. Rochele Paz Fonseca
Vice-presidente da Sociedade Brasileira de Neuropsicologia
Program Chair do 89th INS Meeting and 182 Congresso da SENp

176



WORLD

COMGRESS

2018:PAIN
BOSTON 1asP

CERTIFICATE OF PRESENTATION

The following poster was submitted and presented at the 17 World Congress on Pain, held at
the Boston Conwention and Exhibition Center in Boston, USS, September 12-16, 2018,

P5NAS1

Ancdal Transcranial Direct Current Stimulation and Pain Perception: Preliminary
Results for the Impact of Age and Protocol Type

L, Schirmer Saldanha?, M. Zortea?, A, de Souza HuuriEues",{. Bawaresoot, W. Cawmo®: “Universidsde
Federal do Rio Grande go Sul [UFRGS), Brazil, ‘Universidade Federal do Rio Grande do Sul, Brazil

Presented: Sunday, September 16, 2018

The 17 Worid Congress on Pain is organized by the Intemnational A ssociation for the
Study of Pain.

it el
Michael 5. Geld, PhD
Chair, Scientific Program Committes

177



International Asseciation 'or 1%

L’A,ﬂ..,,s.,,,ﬁ IASP SIG on

Pain in Older Persons
Outstanding Poster Award 2018

for outstanding experimental research on pain in older persons presented at
17th World Congress on Pain
(September 12-16, 2018; Boston, USA)

“Anodal Transcranial Direct Current Stimulation and Pain Perception: Preli _; l I
the Impact of Age and Protocol Type"
Jolia Schirmer Saldanha, Maxciel Zortea, Aline de Souza Rodrigues, Cibely

slit,, R -
& X Simpasio INTERNACIONAL EM NEUROMODULACAO \ INSTITUTO DE
MEDICINA FISICA E
24-26 pE Novemsro pE 2018 REABILITAGAO s
HC HJ_IE['
CAL

Certificado de Apresentagao de Trabalho Cientifico

Certificamos que o trabalho cientifico intitulado “Estimulacio Transcraniana de Corrente Continua ¢ Percepcio de Dor: Resultados Preliminares para o Impacto da
Idade e Tipo de Protocolo™
Dos autores “Maité Costa Ferreira, Julia Schirmer Saldanha, Maxciel Zortea, Cibelv Bavaresco, Leticia Ramalho, Wolnei Caumo™
Foi apresentado na sessio cientifica de apresentagio de pister do X Simpdsio Internacional em Neuromodulagio no periodo de 24 a 26 de Novembro de 2018. 0

trabalho foi avaliado pela comissio cientifica internacional do evento que recomendou e aprovou a apresentagio oficial nesse evento internacional.

\.I -7 ::_-:T ._ B

Diretor do Curse:
Felipe Fregni. MDD, Phi), MPH
5o Paulo Excellence Chair (3PEC] - USPFAPESP
Diretor do Spaulding Neursmodulation Center,
Spaulding Rebabilitation Hospital (MGH/ Harvad Medical Schaal - Boston
Fundador ¢ Conselhein Educacianal, Instituto Scala
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Semana

22 a 26 de outubro de 2018

382 Cientifica __ Temologias disruptivas em saide
QY

do HCPA

Certificamos que o trabalho ESTUDO DO LIMIAR DE DOR COM ESTIMULACAO TRANSCRANIANA POR CORRENTE
CONTINUA APLICADA EM DIFERENTES FAIXAS ETARIAS de autoria de DANIELLA ENDRES MOYSES: MAXCIEL
ZORTEA: JULIA SCHIRMER SALDANHA: WOLNEI CAUMO. foi ap do na modalidade E-POSTER na 38 Semana
Cientifica do HCPA, realizada no Hospital de Clinicas de Porto Alegre. no periodo de 22 a 26 de outubro de 2018.

|t b

4 ‘.::’—r'l I;j! g,“‘.
Profe. Nadine Oliveira Clausell Prof®. Patricia Ashton-Prolla
Giretora Presdonte do Hosowal de Clinkcas Coorderlodora do GPPG

% CLINICAS
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N Promovendo a Troca de Conhecimento em Medicina e Saude Publica

Sao Paulo, 25 de setembro de 2017

IX Simpdsio Internacional em Neuromodulacao

CERTIFICADO

Certifico que o resumo entitulado:

“Estimulagdo transcraniana por corrente contfinua anodal em cortex pré-frontal dorsolateral esquerdo

modifica sintomas depressivos em fibromialgia”

foi aceito e apresentado sob a forma de POSTER durante o LY Simpésio Internacional em Neuromodulagdo.

ocorrido nos dias 18 a 20 de Setembro de 2017 em Sao Paulo/SP . tendo como autores:

Jilia Schirmer Saldanha
Maxciel Zortea
Vinicius Santos

Prisla Ucker Calvetti

‘Wolnei Caumo

aS— _—

Co-Diretor do Simpésio:
Diretor do Spaulding Neur dulation Center,
Spaulding Rehabilitation Hospital/MGH /Harvad Medical School - Boston
Fundador e Conselheiro Educacional, Instituto Scala

Instituto SCALA
Avenida das Nagdes Unidas, 14171 — 15° andar | S&o Paulo - SP
[11] 3568-2151 | contato@institutoscala.com.br | www.institutoscala.com.br
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pﬂq HARVARD | 5CHOOL OF PUBLIC HEALTH EI‘]I]‘IEI]]IE.S and Practice of
/ E nd © inical Research
& TH.CHAN | Feiseinre

Principles and Practice of Clinical Research

Harvard T.H. Chan School of Fublic Health
Center for Executive and Confinuing Professional Education

Awards

Julia Schirmer Saldanha MD

as a 2019
Outstanding Teaching Assistant 1

For being a top performer Teaching Assistant in 2019 PPCR program.

=
Felipe Fregni MD), PhD), MPH, MEd
mﬁmmm&m
PPCR Corse Divecior
M SCHOOL OF PUBLIC HEALTH I Principles and Practice of
u}o HARVARD Executive and Continuing m Cllnlcal Reseal‘Ch
T H C H AN Professional Education = 4

Principles and Practice of Clinical Research
Harvard T.H. Chan School of Public Health
Center for Executive and Continuing Professional Education

leaching Assistant I

This recognition is avvarded to

Jilia Schirmer Saldanha, MD

foryowroutstanding performanceand exceptional conwmitment to teamwork As part of the teaching staff of Principles
and Practiceof Clinical Resaarchand Harvard T.H. Chan Schoolof Public Health, Centerfor Executive and Contiming
Professional Edhcation, you greatly contributed to the successof the 2019 anmmual program.

< \
e ———
\;" Fe—

Felipe Fregni MD, PhD, MPH, MEd

Associare Professor, Haavard Medical School
PPCR Cowse Direcior

—
"
']
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Member of the

LEIBNIZ RESEARCH CENTRE N .
FOR WORKING ENVIRONMENT g
AND HUMAN FACTORS

IfADo | Ardeystrafle 67 | D-44139 Dortmund | GERMANY Prof, Dr, med, Michael Nitsche
Scientific Director

Ardeystrafle 67
D-44139 Dortmund

Tel +49. 231, 1084-301 / 302
Fax +49. 231, 1084-340
E-mail  nitsche@ifado.de

www.ifado.de

Dear Colleagues,

We had the pleasure to host the PhD student Julia Schirmer Saldanha at the De-
partment of Psychology and Neurosciences of the Leibniz Research Centre for Work-
ing Environment and Human Factors between 01/10/2018 and 01/03/2019. During her
stay, she attended the department as visiting student, and was involved in numerous

activities. In detail, she

- Observed data collection of ongoing research performed in the laboratory, including
electroencephalographic, and non-invasive brain stimulation studies.

- Participated in an electroencephalographic data analysis workshop associated with
transcranial magnetic stimulation (TMS-EEG).

- Participated in a 24-hour scientific presentation workshop ("Getting your presenta-
tion right: perform with confidence").

- Participated in seminars held by the International Graduate School of Neuroscience
of the Ruhr University of Bochum (RUB).

- Analyzed electroencephalographic data collected in Brazil assisted by researchers
of IfADo.

- Was introduced in MATLAB and Fieldtrip (programming package used for the anal-
ysis of electroencephalographic data).

- Presented her research project at the general meeting of the laboratory.

Leibniz Research Centre for Working Environment and Human Factors

Scientific Directors: Prof. Dr. Jan G. Hengstler, Prof. Dr. Michael Nitsche, Prof. Dr. Edmund Wascher, Prof. Dr. Carsten Watzl
Administrative Director: Brigitta Thiel | Legal Entity: Forschungsgesellschaft fur Arbeitsphysiologie und Arbeitsschutz e.V.
Bank: Helaba | Iban: DE92 3005 0000 0001 1164 41 | BIC: WELADEDD

VAT: 314 5702 0136 DE 124651626 | VR 2255 Register of Associations Dortmund
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She was a very motivated, and enthusiastic student, and enhanced her skills rele-
vantly during her hospitation. She learned new scientific tools quickly and success-

fully. In my view, she is a very promising young researcher.

Furthermore, her research stay contributes largely to build and extend collabotative
activities with Prof. Wolnei Caumo “s laboratory, where she conducts her PhD. It was
a pleasure to host her, and | am convinced that she will have an excellent career in

science.

Sincerely,

Prof. Dr. med. M. Nitsche Dortmund, 20.05.2019

page 2 of 2
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CIP - Catalogagao na Publicagao

Saldanha, Julia Schirmer

EFEITOS DA ESTIMULACAO TRANSCRANIANA DE CORRENTE
CONTINUA NO PROCESSAMENTO SENSORgAL E NA MEMORIA DE
TRABALHO EM DIFERENTES FAIXAS ETARIAS. / Julia
Schirmer Saldanha. -- 2020.

98 f.

Orientador: Wolnei Caumo.

Coorientador: Maxciel Zortea.

Tese (Doutorado) -- Universidade Federal do Rio
Grande do Sul, Faculdade de Medicina, Programa de
Pés-Graduacdo em Medicina: Ciéncias Médicas, Porto
Alegre, BR-RS, 2020.

1. Estimulacdo transcraniana de corrente continua
(ETCC). 2. Limiar de Dor. 3. Memdéria de Trabalho. 4.
Idade. 5. Neuroplasticidade. I. Caumo, Wolnei, orient.
IT. Zortea, Maxciel, coorient. III. Titulo.

Elaborada pelo Sistema de Geragédo Automatica de Ficha Catalografica da UFRGS com os
dados fornecidos pelo(a) autor(a).




