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RESUMO

O acidente vascular cerebral (AVC) € uma doenca cerebrovascular de alta
incidéncia e morbidade na populacéo brasileira, considerada uma das principais
causas de incapacidade em adultos. A lesdo cerebral ocasionada pelo AVC
geralmente leva a comprometimentos motores que reduzem a capacidade
funcional dos sujeitos acometidos. Frente a isso, € essencial a investigacdo de
abordagens mais adequadas na reabilitacdo desses sujeitos. Objetivo: verificar
a relagédo entre avalia¢des clinicas do comprometimento da fungdo motora do
membro superior (MS) com medida instrumentada do desempenho motor e da
qualidade do movimento do MS e correlacionar as escalas clinicas do membro
inferior (MI) com a avaliacdo instrumentada do desempenho motor do MI em
individuos com hemiparesia cronica apdés AVC. Métodos: estudo observacional
transversal, no qual foram incluidos trinta e quatro individuos apés o AVC. A
avaliacao de Fugl Meyer (FMA) e a escala modificada de Ashworth (MAS) foram
utilizadas para avaliar clinicamente o comprometimento motor e a espasticidade,
respectivamente. As medidas instrumentadas incluiram a andlise cinemética do
MS para avaliar o desempenho motor (tempo do ciclo do movimento, velocidade
de fase de ida e retorno) e a qualidade do movimento (amplitude de movimento,
suaviadade e deslocamento de tronco). Além disso, um sistema de unidade de
medida inercial foi utilizado para avaliar o desempenho motor dos Ml durante a
analise da marcha (teste de caminhada dos 10 metros) e da mobilidade funcional
(Timed up & Go test). Os dados foram analisados por meio dos coeficientes de
correlacdo de Spearman e Pearson, regressdo multipla e receiver operator
characteristic curve (curva ROC). Resultados: A FMA de MS correlacionou-se
significativamente com o desempenho motor (tempo do ciclo do movimento, r=-
.567) e a qualidade do movimento (amplitude de movimento de cotovelo, r=.776)
do MS durante a tarefa de alcance. Além disso, a FMA isoldada conseguiu
predizer da variagdo no deslocamento anterior do tronco. Da mesma forma, o Ml
da FMA apresentou relacdo com o desempenho motor do Ml tanto na analise da
marcha (velocidade da marcha, r=.602), como na avaliacdo da mobilidade
funcional instrumentada (tempo total do teste, r=-.630). A MAS esteve mais
correlacionada com a qualidade do movimento do MS (MAS de cotovelo com
deslocamento de tronco, r=0,638) do que com o desempenho motor do MS e do
MI. Conclusfes: esses resultados sugerem que a FMA pode ser usada, na
pratica clinica, para inferir a qualidade do movimento do MS, e o desempenho
motor tanto de MS quanto de MI. A MAS, por sua vez, somente permite presumir
informacdes sobre a qualidade do movimento do MS parético de individuos com
hemiparesia crénica apdés o AVC.

Palavras-chave: Acidente vascular cerebral; Extremidade Superior; Extremidade
Inferior; Reabilitacdo do Acidente Vascular Cerebral; Atividade Motora;
Espasticidade Muscular



ABSTRACT

Stroke is a cerebrovascular disease with a high incidence and morbidity in Brazil.
Stroke often results in motor impairment that reduces the functional capacity in
post-stroke subjects. In this sense, the research and developmental of adequate
approaches are important in stroke rehabilitation. Objective: to verify the relation
between clinical and instrumented motor function measures in chronic post-
stroke subjects. Specifically, to correlate UL clinical assessments of motor
impairment (FMA) and spasticity (MAS) with UL motor performance and
movement quality evaluated by instrumented systems. Additionally, to investigate
the relationship between clinical scales and LL motor performance acquired by
instrumented techniques. Methods: Cross-sectional study, including thirty-four
post-stroke individuals. The Fugl Meyer Assessment (FMA) and modifies
Ashworth scale (MAS) were used to clinically evaluate motor impairment and
spasticity, respectively. Instrumented measurements comprised UL reaching
kinematic analysis to evaluate motor performance (movement time, going and
return velocity) and movement quality (range of motion - RoM, smoothness and
trunk displacements).Inertial measurements unit was used to evaluate LL motor
performance during gait analysis (10-meters walking test) and functional mobility
(Timed up & Go test). Data analysis was performed by Spearman and Pearson
correlations, multiple regression analysis and receiver operator characteristic
curve (ROC). Results: The FMA-UL was significantly related to UL motor
performance (movement cycle time, r=-.567) and movement quality (elbow RoM,
r=.776) during reaching task. Furthermore, FMA was efficient to predict trunk
anterior displacement variation. In this way, the FMA-LL was related to LL motor
performance in both gait analysis (gait velocity, r =.602) and the instrumented
functional mobility assessment (total time, r=-.630). The MAS was more related
to UL movement quality (MAS elbow with trunk anterior displacement, r=0.638)
than with UL and LL motor performance. Conclusions: These results suggest that
FMA may be used in clinical practice to infer movement quality of UL and motor
performance of both UL and LL. On the other hand, MAS could be used only to
presume information about the paretic UL movement quality of chronic post-
stroke subjects.

Key-words: stroke; upper extremity; lower extremity; stroke rehabilitation; motor
activity; muscle spasticity.



ARTIGO

Figura 1. Upper limb Reaching task ..............ccooiiiiiii i 55

LISTA DE TABELAS

ARTIGO

Tabela 1. Demographic characteristics and clinical measures ..................... 56
Tabela 2. Instrumented measures of upper limb and lower limb.................... 57
Tabela 3. Correlation between UL clinical and kinematic measures............... 58

Tabela 4. Correlation between LL clinical and instrumented measures............ 59



LISTA DE ABREVIATURAS E SIGLAS

AVC Acidente vascular cerebral

AVDs Atividades de vida diaria

SNC Sistema nervoso central

Cl Confidence interval

FMA Fugl-Meyer assessment

MAS Modified Ashworth scale

TUG Timed up & go test

TUGI Timed up & go test instrumentado
MS Membro superior

MI Membro inferior

10MWT Teste de caminhada de 10 metros

STROBE  Strengthening the Reporting of Observational Studies in

Epidemiology
RoM Range of motion
UL Upper Limb
LL Lower Limb
IMUs Inertial Measurement Units
NMU Number of peak velocity

ROC Receiver operating characteristic Curve



SUMARIO

1. INTRODUCAO

2. REVISAO DE LITERATURA — CONTEXTUALIZACAO ........cceeeeeeeinnn,

2.1. ACIDENTE VASCULAR CEREBRAL

2.2. COMPROMETIMENTO MOTOR

2.3. MEDIDAS CLINICAS

2.3.1. ESCALA DE AVALIACAO DE FUGL-MEYER
2.3.2 ESCALA DE ASHWORTH MODIFICA

2.4. MEDIDAS INSTRUMENTADAS

2.4.1. ANALISE CINEMATICA TRIDIMENSIONAL POR
SISTEMAS OPTOELETRONICOS

2.4.1.1. ANALISE CINEMATICA DO MEMBRO
SUPERIOR PARETICO

2.4.2. SISTEMA DE UNIDADE DE MEDIDA INERCIAL

2.4.2.1. ANALISE INSTRUMENTADA DA MARCHA
HEMIPARETICA: IMUS

2.4.2.2. AVALIACAO DA MOBILIDADE FUNCIONAL
coM IMUs

3. REFERENCIAS DA REVISAO

4. OBJETIVOS
4. ARTIGO
5. CONCLUSAO GERAL

ANEXOS

ANEXO A: Normas de Formatagéo do
periédico American Journal of Physical
Medicine & Rehabilitation

ANEXO B: STROBE

ANEXO C: Parecer do comité de ética e

pesquisa

10

12

12
13
15
16
17
17

18
19

20
20

21

23

32

33

60
61

61

86

88



INTRODUGCAO

A nova configuracdo da vida do brasileiro levou ao aumento dos indices
de obesidade, sedentarismo, maus habitos alimentares, tabagismo e
hipertensao arterial sistémica. Nada obstante, na linha do que se observa em
paises em desenvolvimento, h4 aumento da expectativa de vida, o que implica
no envelhecimento da populagcéo e, como consequéncia, as doencas cronicas
nao transmissiveis lideram as causas de morte no pais (ROGER et al., 2012; DI
PINO et al., 2014). Dentre essas doencas, o0 acidente vascular cerebral (AVC)
acomete significativa parcela da populacdo. Essa patologia afeta entre 112 a 223
pessoas em 100.000 nos paises em desenvolvimento e de 73 a 165 em 100.000
em paises subdesenvolvidos (FEIGIN et al., 2009).

Apdbs o AVC, grande parte dos sujeitos acometidos apresenta algum grau
de incapacidade funcional, e as mais frequentes estéo relacionadas ao déficit
sensorio-motor. A fragueza muscular, diminuicdo da coordenacdo motora,
alteracdes dos reflexos tbnicos e de estiramento, padrdes sinérgicos anormais e
espasticidade geralmente afetam o hemicorpo contralateral a leséo cerebral. Os
individuos com hemiparesia podem apresentam prejuizo do desempenho motor
e da qualidade do movimento tanto de membro superior (MS) como de membro
inferior (MI). De uma maneira geral, os movimentos de individuos ap6s AVC sdo
mais lentos, menos suaves e lineares, e podem apresentar estratégias
compensatoérias. Sendo assim, a maioria mantém limitacdo funcional para a
utilizacdo do MS, prejudicando tarefas funcionais simples, como alcangar um
objeto, onde grande parte dos sobreviventes apresenta alteracdo na marcha e
na mobilidade. (RICHARDS e POHL, 1999; NICHOLS-LARSEN et al., 2005).

Nesse sentido, uma avaliagdo adequada do impacto do comprometimento
motor apos 0 AVC é essencial tanto na pesquisa como na pratica clinica, sempre
visando a reabilitacdo desses sujeitos. Essa avaliacao deve ser feita mediante a
adocao de métodos confiaveis e validos e de ferramentas adequadas, tarefa nem
sempre seja facil para os profissionais da saude, tendo em vista a ampla gama
de instrumentos disponiveis (BUCK et al., 2000). Dentro as avaliages clinicas
da funcdo motora, a avaliacdo de Fugl Meyer (FMA) e a escala de Ashworth
modificada (MAS) s&o amplamente utilizadas em medidas para aferir o

comprometimento motor e a espasticidade, respectivamente (SANTISTEBAN et

10



al., 2016). De acordo com o score da FMA pode-se classificar o nivel do
comprometimento motor dos individuos como leve, moderado ou severo. Por
outro lado, a MAS é principal avaliacéo clinica da espasticidade, constistindo em
escala ordinal que quantifica a espasticidade em graus. Embora ambos os
métodos sejam baseados em critérios subjetivos de uso, estudos relatam boa
viabilidade, validade e confiabilidade tanto para a FMA como para a MAS.

Com o avanco tecnolégico, foram desenvolvidos novos sistemas e
instrumentos no campo da reabilitagéo, houve novas abordagens terapéuticas e
surgiram novos instrumentos de avaliagdo. Os métodos instrumentados de
avaliacdo tém o objetivo de melhor aferir as incapacidades do movimento e a
recuperacdo motora e funcional apés o AVC. Dentre as novas abordagens, a
andlise cinemética por sistema optoeletrénico e as unidades de medida inercial
(IMUs) sdo medidas instrumentadas que geram resultados quantitativos mais
sensiveis em comparacédo as escalas clinicas (CUESTA-VARGAS et al., 2010;
SUBRAMANIAN et al., 2010;). Estudos prévios que utilizaram a avaliacdo
instrumentada afirmam que esse tipo de andlise fornece medidas detalhadas do
desempenho motor (velocidade do movimento, velocidade de pico, tempo do
ciclo de movimento) e da qualidade do movimento (angulos articulares e
movimentos compensatorios) (MARGIT ALT MURPHY, 2015).

Individuos com hemiparesia crénica podem ser de dificil e limitada
reabilitagéo, o que afeta, como consequéncia, a independéncia funcional desses
pacientes. Por tal raz8o, a necessidade de escolher medidas avaliacéo
apropriadas torna-se de extrema importancia a reabilitacdo, até mesmo daqueles
mais severamente comprometidos. Nesse sentido, com esse estudo pretende-
se contribuir com a escolha de instrumentos de avaliacdo adequados, visando
tornar mais efetiva a reabilitacdo do comprometimento motor de individuos com
hemiparesia crénica apés AVC. Desse modo, objetivo deste estudo foi verificar
a relacédo entre medidas clinicas e instrumentadas da funcdo motora de MS e Mi

de individuos apo6s acidente vascular cerebral cronico.

2. REVISAO DE LITERATURA — CONTEXTUALIZACAO
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2.1. ACIDENTE VASCULAR CEREBRAL

O acidente vascular cerebral (AVC) é definido, segundo a Organizacéo
Mundial de Saude, como um quadro clinico resultante da perturbacao focal ou
global da funcéo cerebral (WHO , 1988). A classificacdo da lesdo encefélica é
definida com base na etiologia do distirbio que acomete a vascularizacao
cerebral. A maioria dos casos de AVC € de etiologia isquémica (cerca de 70%),
sendo que a artéria frequentemente obstruida € a artéria cerebral média ou suas
ramificagBes profundas, ao passo que 0s eventos hemorragicos ocorrem em
menor frequéncia (cerca de 30% dos casos) (FEIGIN et al., 2015). Apds o AVC,
o quadro clinico dos individuos pode variar de acordo com a fase o estagio da
recuperacédo. As fases aguda e subaguda sdo consideradas de transicéo, onde
parte dos sujeitos acometidos pode recuperar parcialmente ou totalmente suas
funcdes, enquanto que na fase crbnica os sintomas motores estabelecem-se
(NAKAYAMA et al., 1994) e a recuperacéo torna-se mais lenta.

A grande incidéncia do AVC deve-se, principalmente pelo aumento do
envelhecimento e dos principais fatores de risco modificAveis (BONITA e
BEAGLEHOLE, 2007). Atualmente, o AVC é segunda maior causa de morte no
mundo e caracteriza-se como uma das principais causas de incapacidade no
adulto (FEIGIN et al., 2015; FEIGIN et al., 2017). No Brasil, é a principal causa
de morte entre as mulheres e a segunda entre os homens (perdendo apenas pra
doencas coronarianas) (LOTUFO et al., 2013), sendo estimada uma prevaléncia
pontual de 1,6% nos homens e 1,4% nas mulheres (BENSENOR et al., 2015).

Os comprometimentos decorrentes do AVC limitam a realizacdo de
inUmeras atividades, diminuindo a capacidade funcional e a participacdo social
desse individuo, gerando, via de consequéncia, impacto negativo na sua
qualidade de vida (HARRISON et al., 2013). Em paises desenvolvidos, estudos
demonstram que 26% dos sujeitos que sofreram AVC permanecem com alguma
incapacidade prejudicial as atividades de vida diaria (AVDs) e que 50%
apresentam reduc&o na mobilidade em razdo da hemiparesia (KELLY-HAYES et
al., 2003). No Brasil, um quarto da populagcdo com AVC refere apresentar grave
incapacidade que afeta suas AVDs (BENSENOR et al., 2015). A incapacidade
resultante do AVC gera importantes gastos para o sistema de saude, tanto em
paises desenvolvidos, quanto em desenvolvimento (FEIGIN et al., 2017; KATAN
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& LUFT,2018). Cerca de 50-60% dos sobreviventes permanecem com algum
grau de prejuizo, afetando principalmente a funcdo motora e tornando os
individuos parcialmente dependentes na realizacdo das suas atividades
cotidianas (HENDRICKS et al., 2002; SCHAECHTER, 2004).

2.2 COMPROMETIMENTO MOTOR

Sob o ponto de vista clinico, a leséo cerebral apds quadros isquémicos ou
hemorragicos gera comprometimentos motores como paresia, diminuicdo da
coordenacao motora, alteracdes no tbnus muscular, dos reflexos ténicos e de
estiramento, além de padrbes anormais de sinergia (RW., 1990; TEIVE et al.,
1998; ANDREWS e BOHANNON, 2000).

A paresia (fraqueza muscular) € um comprometimento motor comum apos
um AVC, de modo que os individuos podem nao apresentar a forca necessaria
para iniciar e controlar o movimento (PATTEN et al., 2006). A significativa
reducdo na forga muscular prejudica a recuperagao de pacientes que sofreram
AVC, estando intimamente conectada a maior dificuldade no desempenho motor
e independéncia nas AVDs (ZACKOWSKI et al., 2004; PATTEN et al., 2006;
HARRIS e ENG, 2007).

Individuos ap6s AVC apresentam alteracdo no padrdo de ativacdo
muscular, resultando na alteracdo da coordenagdo motora, diminuindo a
habilidade do individuo ativar os musculos apropriados para a execugao precisa
e eficaz de um determinado movimento voluntario (BOURBONNAIS et al., 1997).
Ou seja, os movimentos incoordenados ocorrem devido a perda da atividade
sincronizada entre 0s musculos (agonista, antagonista e sinérgico), que
compartilham o mesmo padréo espaco-temporal de movimento. A alteracdo da
coordenacao motora limita a capacidade de adaptacdo as mudancas de tarefas,
afetando tanto o MS quanto o Ml (BOURBONNAIS et al., 1997).

Ainda no AVC podem ser observadas alteracdes dos reflexos, o que se
da em decorréncia de uma lesdo do neurdnio motor superior. Imediatamente
aparece o quadro de hiporreflexia e ao longo das fases de recuperacao surge a
hiperreflexia, os pacientes apresentam uma hiperatividade dos reflexos de
estiramento. Concomitantemente, podem aparecer reflexos tbnicos, sendo que

0 mais comumente observado € o reflexo tbnico cervical assimétrico, que
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provoca associacao entre o movimento da cabeca e MS parético. Outra alteragcéo
gue surge nesse contexto sdo padrbes anormais de sinergia, caracterizada por
reacdes associadas que impossibilitam os individuos de realizar um movimento
isolado de um segmento sem mover o MS por completo. O MS e o Ml
apresentam diferentes padrdes anormais de sinergia, sendo uma de flexao (MS)
e outra de extensdo (MI). Tal circunstancia limita o sujeito a adaptar os
movimentos a tarefas variadas ou em respostas a demandas ambientais, muitas
vezes tornando incompativeis mobilidade funcional e AVDs (SMANIA et
al.,2010).

O tbnus muscular é outra alteracdo que pode variar de acordo com a fase
da recuperacdo. Inicialmente os individuos apresentam um quadro de hipotonia
(flacidez) em decorréncia do choque cerebral, que persiste por breve periodo.
Posteriormente, emerge a espasticidade (hipertonia), que é definida como uma
desordem da funcdo motora, caracterizada pelo aumento do tbnus muscular com
exacerbacédo dos reflexos profundos (velocidade dependente). A espasticidade
decorre do aumento da excitabilidade do reflexo de estiramento devido a perda
inibitéria descendente gerada por uma lesdo do neurénio motor superior (trato
cortico-espinhal) (LANCE, 1980; TEIVE et al., 1998; IVANHOE e REISTETTER,
2004).

A espasticidade ocorre predominantemente nos musculos anti-
gravitacionais, ou seja, nos flexores de MS e nos extensores de MI. Essa
desordem leva a uma tensdo muscular que gera resisténcia aos movimentos
voluntérios, prejudicando a funcionalidade desses individuos (IVANHOE e
REISTETTER, 2004; KIM et al., 2005). Em casos mais graves, os individuos com
AVC podem permanecer com o MS rente ao peito, com o cotovelo flexionado e
punho cerrado; no Ml podem apresentar extensao joelho e plantiflexdo do
tornozelo. Assim, esses sujeitos podem perder a capacidade de ajustar e
estabilizar membros e tronco, levando a alteragcbes posturais e
comprometimento do equilibrio (O'SULLIVAN, 2010).

Como ja mencionado, os individuos apds AVC apresentam diferentes
niveis de comprometimento motor que afetam de maneira distinta MS e Ml,
sendo possivel que se verifique uma leve limitacdo ou até mesmo a
impossibilidade de realizar determinada funcdo. Além disso, a recuperacao
motora & mais lenta no MS que no MI (SCHAECHTER, 2004).
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Apés o AVC, a associacdo dos comprometimentos da funcdo motora
(acima citados) prejudica o desempenho motor e a qualidade do movimento, e
assim diminui a capacidade do sujeito de realizar movimentos suaves,
controlados e bem ritmados, além de poder gerar estratégias compensatérias.
Essas alterac6es na movimentacdo podem limitar o uso do MS e da m&o em
tarefas simples como alcancar um objeto.

Distdrbios motores, como a fraqueza, incoordenacdo motora e
espasticidade, também podem influenciar a fungdo motora do MI, gerando
padrées anormais e alteracdes no desempenho da marcha e mobilidade
funcional (JORGENSEN et al., 1995). Apés o AVC, os individuos normalmente
demonstram reducdo da velocidade da marcha e da cadéncia, além de
diminuicdo do comprimento da passada e do passo. Essas alteracbes no
desempenho da marcha refletem negativamente na mobilidade e independéncia
funcional, limitando o convivio desses sujeitos na sociedade (ALZAHRANI et al.,
2011). Dessa forma, a avaliacdo do comprometimento motor e do seu impacto
no nivel de atividade e participacao social € crucial na recuperacéo funcional de
sujeitos apés AVC (HARRISON et al., 2013).

2.3 MEDIDAS CLINICAS

Dessa forma, a avaliagcdo do comprometimento motor e do seu impacto
no nivel de atividade e participacao social € crucial na recuperacéo funcional de
sujeitos apés AVC (HARRISON et al., 2013).

Nas ultimas décadas, varias escalas clinicas tém sido desenvolvidas e
utilizadas para avaliar o comprometimento da funcdo motora, atividade e
participacdo social e a funcionalidade dos individuos apos o AVC (MAKI, 2006).
Esses instrumentos de avalicdo sdo utilizados tanto na pratica clinica, quanto em
pesquisas (DE OLIVEIRA et al., 2006), a fim de quantificar o comprometimento
e a limitacdo funcional, determinar prognosticos e aferir a eficacia das
intervencoes terapéuticas (MAKI, 2006).

Algumas escalas clinicas como a avaliacdo de Fugl-Meyer (FMA) e a
escala de Ashworth modificada (MAS) sdo amplamente divulgadas no ambito da
reabilitacdo para avaliagdo do comprometimento motor e espasticidade,
respectivamente (SANTISTEBAN et al., 2016).
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2.3.1 ESCALA DE AVALIACAO DE FUGL-MEYER

A FMA foi desenvolvida em 1975 com o intuito de quantificar o
comprometimento sensadrio-motor de sujeitos apdés AVC (MAKI, 2006), sendo
amplamente utilizada na pesquisa e na pratica clinica (SANTISTEBAN et al.,
2016). Estudos de validacdo da FMA tém demonstrado, claramente, uma alta
confiabilidade intra e inter-observador, tanto em pacientes crénicos, como em
pacientes agudos e subagudos (DUNCAN et al., 1983).

Essa escala clinica consiste em um sistema de pontuacdo numérica
cumulativa que avalia cinco aspectos do sujeito com hemiparesia: amplitude de
movimento, dor, sensibilidade, fungcdo motora (MS e MI) e equilibrio, totalizando
226 pontos. Esta escala tem um total de 100 pontos para a fungcdo motora
normal, em que a pontuacdo maxima para o MS é 66 e para o Ml 34. O dominio
de funcdo motora engloba movimentacédo ativa (com sinergia e sem sinergia),
coordenagcdo motora e atividade reflexa. A avaliagdo motora do MS inclui
mensuragao do movimento, coordenacao e atividade reflexa de ombro, cotovelo,
punho e mao. Ja a de Ml engloba quadril, joelho e tornozelo, sendo cada item
classificado da seguinte forma: 0 — ndo pode ser realizado, 1 — realizado
parcialmente e 2 — realizado completamente. A pontuacdo da FMA é também
utiizada para classificar os pacientes de acordo com o nivel de
comprometimento motor, na qual menos de 50 pontos indica comprometimento
motor severo; de 50-84 comprometimento marcante; de 85-95 comprometimento
moderado; e de 96-100 comprometimento leve (FUGL-MEYER et al., 1975;
MAKI, 2006). Também é possivel classificar a gravidade do comprometimento
motor do MS e MI separadamente. Sendo assim, nos sujeitos com grave
comprometimento grave a pontuacao € igual ou menor que 32, déficit moderado
pontua entre 32 e 47, e leve pontua igual ou mais de 48 pontos (SINGER e
GARCIA-VEGA, 2017). Jano Ml a classificacéo € de 0 a 19 pontos: grave, de 20
a 28 pontos: moderado e maior ou igual a 29 pontos: leve (DALY et al., 2011).

2.3.2 EScALA DE ASHWORTH MODIFICADA
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A escala de Ashworth foi a primeira medida clinica descrita para avaliagdo
da espasticidade. Posteriormente foi modificada por Bohannon & Smith, sendo
denominada escala de Ashworth modificada (BOHANNON e SMITH, 1987). Na
utilizacdo da MAS, o avaliador move passivamente o segmento corporal afetado
do individuo e deve quantificar de forma subjetiva a atividade reflexa apresentada
ao estiramento passivo. A MAS consiste em uma escala ordinal que classifica
essa resisténcia muscular, tendo os seguintes graus: 0 (sem aumento de ténus),
1 (leve aumento de tbnus), 1+ (leve aumento do tdnus seguido de resisténcia
minima); 2 (moderado aumento do ténus muscular); 3 (aumento acentuado do
tbnus muscular) e 4 (caracterizado como rigidez muscular, em flexdo ou
extensdo) (TEIVE et al., 1998).

A literatura diverge quanto a reprodutibilidade e confiabilidade desse
instrumento de avaliagdo (GREGSON et al., 1999). Um estudo que avaliou o
grupo muscular flexores do cotovelo e flexores de punho sujeitos com AVC
afirma ter boa confiabilidade e sugere o uso dessa escala como uma medida
clinica para avaliar espasticidade de MS (ANSARI et al., 2009). Ja outro estudo
refere que, apesar de essa escala clinica ser capaz de aferir a resisténcia ao
estiramento, ndo € uma medida valida em classificar os graus mais baixos da
escala (PANDYAN et al., 1999). Embora estudos sugiram que haja limitacdes
guanto essa avaliagdo (como a falta do controle da velocidade empregada no
teste, que a resisténcia percebida ao estiramento pode ter influéncia de outros
fatores e/ou a subjetividade na classificacdo), a MAS é a principal medida clinica
de espasticidade (GREGSON et al., 1999).

2.4. MEDIDAS INSTRUMENTADAS

O avanco tecnologico nas ultimas décadas trouxe novas perspectivas na
reabilitacdo, estando, ainda, em constante aprimoramento. Atualmente, 0 uso
dessas tecnologias transcende as intervengdes terapéuticas e inclui sistemas e
instrumentos de avaliacdo como analise cinematica por sistemas sincronizados
de cameras e unidades de medida inercial (IMUs) (LANGAN et al., 2017).
Avaliacdes instrumentadas parecem ser mais precisas e sensiveis, pois ndo sao

influenciadas pela subjetividade do avaliador e ndo possuem resultados
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(pontuacgédo) preestabelecidos em comparag¢do com escalas clinicas (CIRSTEA
et al., 2003).

Os métodos instrumentados aferem de maneira quantitativa e detalhada
o desempenho motor e a qualidade do movimento (SUBRAMANIAN et al., 2010;
MARGIT ALT MURPHY, 2015; SPRAGER e JURIC, 2015). A analise de
movimento tem sido amplamente empregada nas diferentes areas de estudo do
movimento humano, avaliando tanto o desempenho de individuos higidos como
dos que apresentam alguma alteragdo motora (ALT MURPHY et al., 2011;
MARGIT ALT MURPHY, 2015). Existem diversos sistemas de analise de
movimento disponiveis no mercado, no entanto, esse tipo de avaliagcdo tem
algumas restricbes em virtude do alto custo, do espagco necessario para a
instalacdo dos equipamentos e do treinamento profissional necessario para
desvendar os resultados. Por essas razdes as medidas instrumentadas tendem

a ficar restritas a laboratorios de pesquisas (CLARK et al., 2013).

2.4.1. ANALISE CINEMATICA TRIDIMENSIONAL POR SISTEMAS OPTOELETRONICOS

A andlise cinematica descreve 0s movimentos corporais através dos
deslocamentos, das velocidades e das aceleracdes lineares e angulares obtidas
pela reconstrucéo tridimensional (LEVINE D, 2012). A partir dos anos 80, foram
desenvolvidos os primeiros sistemas de sincronizagcdo entre cameras e
computadores (sistemas optoeletronicos). Atualmente, esses sistemas de
analise optoeletrénicos utilizam varias cameras de alta velocidade e marcadores
esféricos reflexivos para a captura tridimensional do individuo. A analise
cineméatica engloba aspectos espacgo-temporais e angulares do movimento,
gerando, assim, de forma objetiva e detalhada, informacdes do desempenho
motor e da qualidade do movimento. Estudos sugerem que esse instrumento de
avaliacao pode ser considerado com "padréo de ouro” (RUETERBORIES et al.,
2010; ALT MURPHY et al., 2011). As analises cinematicas utilizam protocolos
especificos para cada objetivo pretendido na avaliacdo, existindo diferentes

protocolos para avaliagao de MS e MI.

2.4.1.1. ANALISE CINEMATICA DO MEMBRO SUPERIOR PARETICO
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Apesar de existirem varias escalas clinicas para avaliar o
comprometimento motor e a limitacdo funcional do MS apdés o AVC, o
desenvolvimento da andlise cinematica permitiu avaliagbes mais objetivas e
detalhadas do desempenho motor e da qualidade do movimento do MS
(MARGIT ALT MURPHY, 2015). Estudos que analisam o comprometimento
motor do MS apresentam protocolos variados na analise cinematica, utilizando
diferentes tarefas. Essas tarefas, em geral, envolvem o alcance anterior do MS,
tais como o alcance a diferentes alvos, alcancar, pegar e levar um copo a boca
(SUBRAMANIAN et al., 2010; ALT MURPHY et al., 2011).

Quando comparado a sujeitos higidos nas tarefas de alcance, o individuo
apos AVC apresenta diminuicdo do desempenho motor, como: menor pico e
média de velocidade; maior tempo de movimento; alteracdo das aceleracfes e
desaceleracdes; diminuicdo da suavidade do movimento; aumento da curvatura
da razéo de alcance; alteracdo da coordenacao entre as articulacbes do ombro
e cotovelo e reducdo das amplitudes de movimento (cotovelo e ombro). Além
disso, apresentam estratégias compensatorias para realizar a tarefa como, por
exemplo, maior deslocamento anterior de tronco (LEVIN, 1996; CIRSTEA e
LEVIN, 2000; LEVIN et al., 2002; CHANG, 2008; WAGNER et al., 2008;
COLLINS et al.,, 2018). De uma maneira geral, 0 movimento em individuos
hemiparéticos sdo mais lentos, menos suaves, menos lineares, com menor
precisao e apresentam movimentos compensatorios. Além disso, esse método
nao limita-se a avaliacdo da diferenca entre os sujeitos com AVC e os individuos
higidos, alguns estudos mostram que a avaliacdo cinematica de MS consegue
aferir diferencas nos niveis de severidade do comprometimento motor AVC (ALT
MURPHY et al., 2011).

Além do alto investimento e restricdes relacionadas a necessidade de
ambiente especifico, outro fator de limitagdo para o uso da analise cinematica é
a falta de uma padronizacdo dos protocolos de avaliacbes. Devido a
heterogeneidade do perfil motor dos individuos apés AVC sdo necessarias
diferentes tipos de avaliagdes. Nesse sentindo, pesquisadores apontam a
importancia de serem realizadas avaliagdes de tarefas cotidianas nesses
sujeitos e assim obter dados mais fidedignos a rotina do individuo (MARGIT ALT
MURPHY, 2015; COLLINS et al., 2018).
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2.4.2. SISTEMA DE UNIDADE DE MEDIDA INERCIAL

Dentre os variados instrumentos utilizados para a anélise de movimento
humano, houve o aumento da utilizacdo de IMUs, que consistem em sistemas
microeletromecéanicos que combinam sensores inerciais (acelerdmetros,
giroscopios e magnetometro). Os dispositivos de IMUs sdo colocados
diretamente no corpo do sujeito de modo que durante 0 movimento 0s sensores
detectam as aceleragcbes tridimensionais do corpo, obtendo os dados
cinematicos. Os IMUs podem ser utilizados na avaliacdo de tarefas funcionais,
quantificando de maneira detalhada o0s movimentos executados
(RUETERBORIES et al., 2010; SPRAGER e JURIC, 2015).

As vantagens do uso desses dispositivos incluem a praticidade do uso e
a portabilidade, sendo que possuem menor custo do que outros sistemas de
analise de movimento. Em estudo comparando o uso dos sensores inerciais com
outros sistemas de analise de movimento bem estabelecidos (sistemas
optoeletrénicos), os IMUs foram considerados um método preciso e confiavel
para o estudo do movimento humano (CUESTA-VARGAS et al., 2010). Apesar
de estarem cada vez mais em uso, ainda ha falta de padronizacdo em suas
analises e sdo necessarios mais estudos investigando sujeitos com alteracdes
de movimento (RUETERBORIES et al., 2010). Embora existam protocolos
utilizando IMUs para avaliacdo de movimentos do MS, as tarefas mais avaliadas
sdo as ligadas a funcdo motora do MI (como marcha, equilibrio e mobilidade
funcional) (NOORKOIV et al., 2014).

2.4.2.1. ANALISE INSTRUMENTADA DA MARCHA HEMIPARETICA: IMUS

Apoés o0 AVC, os individuos apresentam alteragcdes na marcha, que variam
de acordo com o déficit motor e gravidade do comprometimento do sujeito, com
0 quadro classico de hemiparesia, as alteracdes serdo: assimetria da duracao
das fases de apoio e balanco (do membro afetado e do ndo afetado), aumento
da duracgéo de duplo a apoio, além da diminuigdo da velocidade, da cadéncia da

marcha e modificagcdo do comprimento e largura do passo (OLNEY SJ, 1996;
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MACKO et al., 2001; BONNYAUD et al., 2016). Frente a importancia da marcha
para independéncia funcional torna-se essencial uma avaliacdo adequada.

Além da analise por sistema optoeletronico para a avaliacdo a marcha
hemiparética ap6és o AVC, os IMUs tém sido utilizados para mensurar 0s
parametros espaco-temporais (cineméaticos) da marcha através da captacédo das
aceleracbes durante a caminhada. Como mencionado anteriormente, 0s
sensores inerciais ndo sao restritos a um laboratorio, tornando a avaliacdo da
marcha mais ecoldgica, ou seja, em um ambiente “real” ao sujeito (SPRAGER e
JURIC, 2015). Além disso, os dados podem ser adquiridos durante testes
funcionais ja estabelecidos, como o teste de caminha de 10 metros de caminha
(1OMWT). Porém, tratando-se de uma analise de dados complexas, estudos
afirmam que ainda é necessario uma padronizacao dos algoritmos utilizados,
principalmente na aplicagdo com sujeitos com alteracdes motoras (SPRAGER e
JURIC, 2015).

2.4.2.2. AVALIACAO DA MOBILIDADE FUNCIONAL COM IMUs

A avaliacdo da mobilidade funcional instrumentada pode ser realizada
utilizando-se IMUs durante o teste Time up and Go (TUG). O TUG é um teste
consolidado e amplamente utilizado na area da pesquisa e na pratica clinica
(BONNYAUD et al., 2016). De maneira geral, o teste consiste em aferir o tempo
gue sujeito leva para levantar de uma cadeira, caminhar trés metros, contornar
um cone, caminhar de volta os mesmos trés metros e sentar. O score do teste é
o tempo que o individuo leva para concluir a tarefa, e através dele é possivel
indicar se o individuo apresenta déficit de mobilidade e risco de queda
(HAFSTEINSDOTTIR et al., 2014). A utilizagao do IMUs durante o TUG permite
uma avaliagdo mais detalhada, através das informacgbes espago-temporais
fornecidas pelo dispositivo. Ainda, € possivel dividir o teste em subtarefas (como
levantar; caminhar; vira-se; sentar) e analisar informacdes sobre aceleracdes e
inclinagdes de tronco durante o levantar e sentar), tornando o teste mais robusto
e sensivel as alteracdes do movimento (ZAMPIERI et al., 2010; GALLI, 2015).
Um estudo prévio analisou a validade da avaliacdo das subtarefas do TUG
utilizando IMUs durante a tarefa, comparando com sistema optoeletrénico e
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estabeleceu que o instrumento tem acurécia suficiente para aferir medidas das
subtarefas do TUG independente da populacéo avaliada (BEYEA et al., 2017).

Ainda ha pouca bibliografia utilizando o TUG instrumentado com IMUs
(TUGI) em individuos ap6s AVC, um estudo recente demostrou que a avaliagdo
das subtarefas do TUGI em sujeitos apds AVC tem excelente confiabilidade
(teste-reteste) para as medidas de mobilidade funcional (WUEST et al., 2016).
Esses sujeitos também apresentam alteracdes espaco-temporais durante o TUG
Ccomo maiores tempos para executar as subtarefas e consequente maior tempo
para completar o teste, quando comparados a sujeitos higidos. Além disso
apresentam alteracdo da aceleracdo, sendo menor ao levantar e maior ao sentar
(BONNYAUD et al., 2016; WUEST et al., 2016). Apesar de ndo terem sido
encontrados estudos relacionando o TUGIi com escalas clinicas em sujeitos apés
AVC, ha estudos com outras populacdes que demostram essa relacao
(O'SULLIVAN et al., 2009; ZAMPIERI et al., 2010).
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4. OBJETIVOS

4.1 OBJETIVO GERAL

O objetivo deste estudo foi verificar a relacdo entre medidas clinicas e
instrumentadas da funcdo motora de individuos apés acidente vascular cerebral

cronico.

4.2 OBJETIVOS ESPECIFICOS

- Correlacionar a avaliacéo clinica do comprometimento motor do MS (FMA-MS)
com o desempenho motor e a qualidade do movimento do durante a tarefa de
alcance.

- Correlacionar a avaliacéo clinica da espasticidade de MS (MAS-MS) com o
desempenho motor e a qualidade do movimento do durante a tarefa de alcance.
- Investigar a relacdo entre a avalia¢é@o clinica do comprometimento motor do Ml
(FMA-MI) com mobilidade funcional e desempenho motor do Ml utilizando IMUs.
- Investigar a relacéo entre a avaliagdo clinica da espasticidade de MI (MAS-MI)

com mobilidade funcional e desempenho motor do Ml utilizando IMUs.
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Abstract

Objective: To correlate upper (UL) and lower limb (LL) clinical scales with
instrumented measurements in chronic post-stroke subjects with mild, moderate
and severe motor impairment. Design: This cross-sectional study included thirty-
four individuals after stroke. Fugl Meyer Assessment (FMA) and the modified
Ashworth scale (MAS) were used as clinical measures of UL and LL motor
impairment and spasticity, respectively. Instrumented measurements comprised
UL reaching kinematic analysis to evaluate motor performance (movement time,
going and return velocity) and movement quality (range of motion (RoM),
smoothness and trunk displacements). Besides, an inertial measurement unit
system assessed the LL motor performance (gait and functional mobility
parameters). Results: FMA-UL was significantly correlated with UL motor
performance (movement time r=-.567) and movement quality (trunk anterior
displacement r=-.858) during kinematic reaching task. Likewise, FMA-LL
presented relationship with LL performance in gait (velocity r=.602) and in
functional mobility (time total r-.630) instrumented analysis. MAS degree was
more correlated with movement quality (trunk anterior displacement r=638) than
with motor performance. Conclusions: These results suggest that FMA can be
used to infer motor performance and movement quality in clinical practice, while
MAS could only presume information about UL movement quality of subjects with

chronic hemiparesis after stroke.

Key-words: stroke rehabilitation; motor skills disorders; disability evaluate.
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Introduction

Upper (UL) and lower limb (LL) motor impairments are the most common
causes of disability after stroke and affect the performance of several activities of
daily living, such as reaching forward, reach and grasp objects, stand up and
walking®*. The level of impairment presents great variability among patients, but
it invariably impacts on health care costs and on the quality of life of both post-

stroke subjects and their caregivers.

In order to reduce the impact of sensorimotor disabilities, an adequate
assessment of functioning is essential to plan the ideal physical therapy treatment
for post-stroke subjects. Several scales have been developed to evaluate and
quantify neurological deficits after stroke>’. The Fugl Meyer Assessment (FMA)
and the Modified Ashworth Scale (MAS) are widely used in clinical practice to
measure motor impairment and spasticity, respectively®>®°. FMA can be used to
evaluate UL and LL motor performance separately. According to the level of
impairment, this scale allows us to classify subjects as having a mild, moderate
or severe compromise. The FMA contains five domains which are divided into
motor function, sensitivity, range of motion (RoM), pain and balance®. On the
other hand, MAS is an ordinal scale used to quantify spasticity. Although FMA
and MAS are based on subjective criteria of evaluation, studies have reported

good feasibility, validity and reliability for both instruments®810.11,

Clinical scales are considered a more convenient and easy way to assess
motor compromise when compared to instrumented measurements. However,

clinical instruments may present several limitations including the difficult
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evaluating slight clinical improvements and discerning subjects with mild,
moderate and severe levels of disability. Kinematic analysis and instrumented
systems using Inertial Measurement Units (IMUs) allow the physiotherapist to
obtain detailed quantitative measurements of motor performance and movement
quality of UL? and LL®. Instrumented evaluations are more objective, sensitive,
and less influenced by subjective impressions of the examiner. On the other
hand, instrumented systems of evaluation also present some inconvenience with
regard to the high cost of equipment, the space required for their installation and

the complexity of outcomes and reports??.

Both clinical and instrumented evaluation may help clinicians to measure
the impairment and guide the selection of adequate therapeutic approaches.
Considering that the use of scales is more common among physiotherapists, it is
quite important to investigate the accuracy of results acquired by them. Previous
studies investigated the correlation between clinical and instrumented
measurements in acute/subacute subjects with mild to moderate UL
impairment?'3. The FMA-LL was used in a few studies to assess LL impairment
and correlate with instrumented measurements after stroke'4. However, no one
has correlated clinical scales in different levels of impairment (including the
severe compromise) of chronic post-stroke subjects. Then, the purpose of this
study was to verify the relation between clinical and instrumented motor function
measures in chronic post-stroke subjects. Specifically, we aimed to correlate UL
clinical assessments of motor impairment (FMA) and spasticity (MAS) with UL

motor performance and movement quality evaluated by instrumented systems.
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Additionally, we investigated the relationship between clinical scales and LL

motor performance acquired by instrumented techniques.

Methods
Participants

This cross-sectional study was conducted following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) checklist'® and
was approved by Ethics committee of Hospital Santa Casa de Misericordia de
Porto Alegre (2.159.353). Post-stroke subjects were recruited from the
Ambulatory of Neurology at Hospital Santa Casa de Misericérdia de Porto Alegre
and from the local community through advertisements in social media.
Participants were included after signing of the informed consent form. Subjects
were considered eligible if they attended the following inclusion criteria: male or
female; aged between 30 and 80 years; history of unilateral cortical or subcortical
stroke diagnosis confirmed by brain imaging exam (tomography or magnetic
resonance); time since stroke from 6 months to 5 years; ability to stand up and
walk for at least 10 meters (with or without walking devices) and to reach 60
degrees in shoulder flexion with the paretic UL. Subjects were excluded if they
presented: cerebellum or brain stem lesion; musculoskeletal disorders that could
impair the reaching task and/or gait performance; cognitive impairment (<20/30
points -illiterate or <24/30 points -literate subjects in the Mini-Mental State

Examination?6).

Procedures
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The study was conducted in the Movement Analysis and
Neurorehabilitation Laboratory at Universidade Federal de Ciéncias da Saude de
Porto Alegre between July 2017 and April 2018. Each participant performed one
session of clinical and instrumented evaluation. All clinical assessments were
applied by the same trained physiotherapist. Other two trained physiotherapists

performed all the instrumented evaluations.

Clinical measures
Fugl Meyer assessment (FMA)

This scale was used to assess UL and LL motor function impairment. FMA
scores 100 points for normal motor function in which the maximum score for the
UL is 66/100 and for the LL is 34/100. The evaluation includes measurement of
voluntary movement, velocity, coordination and reflex activity, through an ordinal
scale applied to each item: O- cannot be performed, 1- partially performed, and
2-performed completely. According to the FMA-UL scores, subjects were
classified as having severe (less than 32 points), moderate (scores between 32
and 47) or mild (more than 48 points) motor impairment 7. Individuals were also
classified according their LL motor impairment in severe (0 t019), moderate (20

to 28) or mild (> 29 points)?®.

Spasticity evaluation

The degree of spasticity was verified through responses of the passive
stretch of muscles and determined according to the Modified Ashworth Scale
(MAS). This scale consists of 5 ordinal values ranging from 0 (no tonus increase)

to 4 (stiffness)8.
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The assessment was performed by a trained physical therapist in a
standardized way. All participants were evaluated when lying in supine position
and instructed to remain relaxed during the test. The spasticity of the paretic UL
(elbow flexors, shoulder horizontal adductors, wrist flexors) and LL muscles (hip

adductors, knee extensor and plantiflexors) were tested.

Instrumented measures
Upper limb reaching kinematics analysis

A system with six infrared video cameras (BTS SMART DX 400 System —
100Hz of acquisition) was used to acquire the reaching kinematic data. Behind
an automatic synchronization were captured signal of fourteen reflecting markers
placed on the subject’s body: three on the head (nasion, right and left zygomatic
protuberance), three on the trunk (sternum, right and left should), three on each
forearm (right and left elbow, right and left radius, right and left ulna), and two on
each hand (right and left hand). An additional marker was positioned on the target

point.

The UL kinematic assessment was acquired during a reaching forward
task. Subjects remained seated in an adjustable chair with a table in front of them.
They were instructed to lean back on the backrest keeping the back as straight
as possible, with the elbows flexed at approximately 90° and the hands placed
steadily on the table surface. After a signal (beep) provided by the examiner, the
subject was instructed to move one UL at a time. They were instructed to touch

a target placed forward at 80% of their arm length (target-acromion distance)
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using their index finger and then return to the initial position (figure 1). This task

was repeated three times for each arm, starting with the less affected UL.

Figure 1 near here

” “

Reaching movement analysis was divided into “going phase”, “adjusting
phase” and “returning phase”. The phases were calculated with respect to the
movement velocity. The “going phase” outset was defined as the moment in
which the hand velocity exceeded 50 mm/s. The end of the “going phase” and
the start of the “adjusting phase” corresponded to the moment in which the
velocity decreased below 50 mm/s. The end of the “adjusting phase” and the start
of the “returning phase” corresponded to the moment in which hand velocity

exceeded 50 mm/s. Finally, the end of the “returning phase” corresponded to the

moment in which the velocity dropped below the threshold described above.

Data analysis: An algorithm developed in the software Smart Analyzer
(BTS Bioengineering Corp. NY, USA) was used to filter the raw data, define
movement phases and to calculate kinematic variables of UL motor performance
and UL movement quality. Kinematic data were sampled at 100Hz and the cutoff
frequency of the low-pass filter was chosen after a residual analysis!®. A low-pass

second order Butterworth digital filter at 5 Hz was applied.

We set as UL motor performance variables: movement cycle time (s),
going phase and returning phase velocities (m/s); and we set as UL movement

quality variables: elbow RoM (degree), shoulder RoM (degree), smoothness by
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the number of peak velocity (NMU), trunk anterior displacement (cm) and trunk
forward inclination (%). NMU represents the number of peaks in the velocity
profile during the reaching task. We considered the trunk forward inclination as
the relative trunk contribution to reach the target. Trunk inclination was calculated

as the percentage ratio between trunk and hand anterior displacement.

Lower limb functional assessment by Inertial Measurement Unit Systems
Assessments of LL motor performance were performed through
instrumented measures of gait and functional mobility. For data acquisition, we
used the wireless inertial sensor device BTS G WALK® (BTS Bioengineering
S.p.A, ltaly). The IMU system was attached to the participant’s back with a semi-
elastic belt. Data was sampled at 100 Hz, transmitted via Bluetooth to a computer

and processed using a dedicated software (BTS G-STUDIO).

Gait analysis

Gait analysis was assessed during the 10-meter walk test (LOMWT).
Participants were instructed to walk at a self-selected speed along a path of 10
meters. Spatiotemporal gait parameters were collected using the IMU placed on
the S1 vertebrae. Participants were instructed to wear comfortable shoes and use
their assistive device if necessary. The following parameters were obtained: Gait
velocity [m/s]; Cadence [steps/min]; Stride length [m] and Step length [m]. Each
participant performed this test three times and the best result was used in the

analysis.

Functional Mobility
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Instrumented timed up and go test (TUG) was used to evaluate
functional mobility. TUG is calculated as the time required to complete all phases
of the test: 1) lift from a chair; 2) walk 3 meters; 3) turn around; 4) walk 3 meters
back to the chair; and 5) sit down 2°. Subjects were instructed to carry out the
course in the fastest and safest way possible and to turn towards their paretic
sides. Duration of the test and the acceleration were measured using the same
IMU placed at T12. Each participant performed this test three times and the best

result was used in the analysis.

Statistical Analysis
The sample size was determined based on a previous study314

(www.sample-size.net/correlation-sample-size/). The enrolment of 28

participants would ensure that this trial was powered to detect significant
correlation between FMA and UL reaching velocity (r=0.51) and gait velocity

(r=0.63).

Data were expressed as mean, standard deviation or 95% confidence
intervals (continuous variables) and frequency distribution (categorical variables).
The Shapiro-Wilk test was used to evaluate the normality of the continuous
variables. To verify the correlations between clinical and instrumented
measurements, Pearson’s and Spearman’s correlation coefficients were used for
parametric and non-parametric variables, respectively. The significance level was
set at p<0.05. We interpreted the strength of correlations as follows: 0.26—0.49 =
weak; 0.5-0.69 = moderate; 0.7-0.89 = strong; and 0.9-1.0 = very strong.

Multiple regressions were performed between clinical and instrumented
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outcomes. We selected the variables (predictors) through the stepwise method.
Analysis of residues was carried out to for adequacy of the model. The
instrumented measures (variable dependent) were estimated against FMA
scores and MAS degree (predictors). Using receiver operating characteristic
(ROC) curve, we calculated the area under the curve, the sensitivity and
specificity values for predictors. Using the sensitivity and specificity data, we
estimated a cutoff value for transition between levels of severity. The cutoff score
of 32/66 in the FMA-UL was used to discriminate subjects as severe (group 1)
and moderate-mild (group 2). The association between severity and the
reclassified variable was assessed by Chi-Square. We used the IBM SPSS

statistical software version 21.0 for all analysis.

Results
Participants

Thirty-four participants with chronic hemiparesis after stroke (23 men,
58.38 + 14.56 years) were included in this study. Table 1 depicts the demographic
and clinical characteristics of subjects. Eight individuals with severe impairment
of LL used their usual assistive device (single-point cane and/or ankle-foot

orthosis) during gait evaluation.

Table 1 near here

Upper limb and lower limb functional instrumented measurements

Descriptive results regarding UL and LL functional instrumented
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measures are presented in table 2, according to severity of motor impairment
(FMA scores). As expected, subjects with severe UL impairment presented
worse motor performance and movement quality during the reaching task
compared to those with mild and moderate compromise. With regard to LL motor
performance, individuals with mild LL impairment presented better results of gait
velocity, walking cadence, stride and step length than those with moderate or
severe compromise. In addition, functional mobility values were better in those

subjects with mild LL impairment compared to those classified as severe.

Table 2 near here

Correlations

Table 3 shows the correlations between UL clinical and kinematic
measures. We found a strong correlation between FMA-UL and elbow RoM, and
moderate correlations between FMA-UL and both movement performance and
movement quality variables. Besides, there were strong correlations between
FMA-UL and trunk compensatory movements during UL reaching task.
Regarding spasticity, some correlations were found between UL MAS and

kinematic variables of movement quality.

Table 3 near here

With regard to the LL clinical and instrumented measures, we found weak
to moderate correlations between FMA-LL scores and instrumented gait

parameters (velocity, cadence, stride length and step length). We also found
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moderate correlations between FMA-LL scores and instrumented TUG (time to
perform TUG and time sit to stand). Regarding LL spasticity, there was correlation
only between spasticity of plantiflexors and time to perform TUG. Table 4 depicts

all LL correlations.

Table 4 near here

Multiple Regression Analysis and ROC Curve

Although results of both MAS of elbow flexors and FMA-UL were
significantly correlated with the trunk anterior displacement, the best model
explaining the variance of trunk displacement included only the FMA-UL. This
predictor was able to explain 63% of the variance in trunk anterior displacement
(F= 50.05; p <0.001; r°=0.63). On the other hand, regression analysis revealed
that MAS scores did not contribute to the variance of trunk displacement. The
corresponding regression equation was: trunk anterior displacement = -0.436 +

0.634 FMA-UL.

The ROC curve analysis showed that the area under the curve was 0.97
(p<0.001; 95% I.C. 0.92 to 1.00). The cutoff value estimated by
sensitivity/specificity decision analysis was 9.0 cm of trunk anterior displacement
(sensitivity, 0.81 and specificity 0.944). Therefore, individuals with mild/moderate
and severe compromise presented less than 9.0 cm or more than 9.0 cm of trunk
anterior displacement, respectively. In our sample, 92% of individuals who
presented more than 9 cm of trunk displacement were classified as having severe

UL motor impairment (p <0.001).
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Regarding the LL, FMA-LL scores explained 36% of the variance in gait
velocity (F= 18.19, p <0.001; r>=0.36). The corresponding regression equation
was: Gait velocity = -0.135 + 0.043 FMA-LL. The degrees of MAS did not
contribute to the variance of this variable. The ROC curve analysis presented an
area under the curve of 0.19 (p<0.007; 95% I.C. 0.029 to 0.358). Therefore, it

was not possible to estimate the cutoff value for gait velocity.

Discussion

This study aimed to correlate UL and LL clinical scales with instrumented
measurements in chronic post-stroke subjects with mild, moderate and severe
motor impairment. When analyzing the UL variables, we found important
correlations of motor impairment (FMA-UL) with motor performance and
movement quality during the kinematic reaching task. Likewise, LL motor
impairment (FMA-LL) was related to LL motor performance during both
instrumented 10MWT and TUG. To the best of our knowledge, this is the first
study analyzing clinical and instrumented measures of UL and LL in chronic post-

stroke subjects with different levels of motor impairment.

UL motor impairment (FMA-UL) was moderately correlated to UL motor
performance including movement cycle time and returning phase velocity.
Besides, FMA-UL scores were weakly correlated with going phase velocity during
reaching task. These results show that subjects with greater UL impairment also
presented lower movement velocities and took a longer time to complete the task.

Two previous studies, including post-stroke individuals with mild/moderate motor
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impairment 2 assessed the kinematics during a drinking and a reach-grasp task
and demonstrated weak correlations between FMA-UL and movement cycle
time!3, These authors also found strong correlations between FMA-UL and motor
performance during an UL point-to-point reaching task. However, they included
only post-stroke subjects in the subacute phase and with moderate/severe UL

impairment??,

Regarding the spasticity, we found weak correlations between elbow/wrist
spasticity and movement cycle time. This correlation showed that greater the
degree of spasticity, longer is the time required to complete the task. However,
considering that we just found a weak correlation with only one variable, these
results could suggest that MAS is poorly related with UL motor performance. In
accordance with our results, a previous study analyzing post-stroke subjects

reported only a weak correlation between MAS and peak velocity?*3.

Even though kinematic analysis is recommended rather than clinical
scales to measure quality of movements and identify motor alterations?12? we
found strong correlations between FMA-UL and the majority of movement quality
variables. We observed a strong correlation between FMA-UL and movement
smoothness evidencing that the greater is the severity of impairment, the worse
is the UL movement smoothness (NMU). Previous studies have shown different
strength of relationship between FMA-UL and movement smoothness!321.23,
Among them, two studies including post-stroke subjects with mild and moderate

UL impairment found weak?® and moderate correlations?3. In line with our results,
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one study including severe post-stroke subjects in the subacute phase found a

strong correlation between these variables??.

As expected, we found strong correlations between trunk compensatory
movements (trunk anterior displacement and trunk forward inclination) and FMA-
UL scores. Compensatory movements are used to assist a restricted elbow
extension RoM or elbow/shoulder disrupt in interjoint coordination during a
functional task?*. According to the multiple regression analyses, the level of UL
motor impairment explains the majority of variance in the trunk anterior
displacement. We also discriminated the trunk displacement by a
sensitivity/specificity decision curve analyses according the UL severity. This
analysis indicated a cutoff point of 9 cm between mild/moderate and severe level
of impairment during the reaching task. This finding suggests that post-stroke
subjects presenting more than 9 cm of trunk anterior displacement could be
classified as having severe UL impairment. Under a clinical point of view, the
measurement of UL impairment by FMA could provide an indirect measurement
of trunk displacement. Similarly to previous studies, the MAS of elbow and wrist
were also correlated with movement quality, including movement smoothness,
elbow RoM, and trunk displacementt!3, Therefore, our findings confirm the

negative influence of spasticity on UL movement quality.

It is known that the major disturbances in hemiparetic gait is the reduced
velocity that may be related to chronicity and/or severity of stroke. Similarly to
previous studies, we showed significant inverse correlations between FMA-LL

and gait parameters'*?>, The FMA-LL was also correlated to the functional
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mobility. This result shows that the worse is the motor impairment the longer is
the time to complete the task and the time in the sit to stand phase (worse is the
functional mobility). We did not find correlations between FMA-LL and other
instrumented-TUG variables. This result could suggest that the time to perform

TUG may depend more on gait parameters than on acceleration®#,

Our results did not evidence correlation between MAS and instrumented
gait variables. Although spasticity may interfere on concentric LL movements?6:27,
is still difficult to determine the influence of spasticity on gait performance
disabilities?®. This result may support the hypothesis that muscle weakness could

contribute more than spasticity to gait disorders after stroke?®-0.

Limitations
One important limitation of this study is that we just evaluated LL
movement performance and did not evaluate movement quality. Another

limitation is the lack of sensory and strength evaluations.

Clinical relevance

This study showed important correlations between clinical and
instrumented measures in chronic post-stroke subjects with different levels of
impairment. Combining clinical and instrumented measurements is strongly
recommended in stroke rehabilitation. However, it is difficult to have movement
system’s analyses in the clinical setting. Based on our results, we recommend
the use of FMA to evaluate UL and LL motor performance and UL movement

quality. Besides, the MAS could be used to infer about UL movement quality.
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Conclusions

The findings of this study suggest that FMA may be used to presume UL
and LL motor performance and UL movement quality. In addition, the FMA-UL is
able predict trunk compensatory movements during reaching task. The MAS
could only be used to infer about UL movement quality in chronic post-stroke

subjects with different levels of motor impairment.
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Figure Legends

Figure 1. Upper limb Reaching task. Subject seated in a chair with both hands
placed on the table. Dashed line indicates the initial and final arm position. The
continuous line represent the arm reached to a target (star) placed at 80% of

upper limb length.

Figure 1.
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Table 1. Demographic characteristics and clinical measures

Demographic Characteristic n=34
Age (y) 58.38 + 14.56
Sex (M/F) 23/11
Body mass index (kg/m?) 26.09 + 3.86
Affected side (R/L) 14/10
MMSE 26.76 + 3.15
Type of stroke (I/H) 28/6
Time after Stroke (months) 24.66 £17.79

Clinical Measures
Fugl Meyer Assessment

Upper limb (0-66) 35.65+15.31
Lower limb (0-34) 22.24+5.00

Total (0-100) 57.82 + 18.28
Muscle Tone# (0-4) 0/1 1+/2 3/4
Shoulder adductors 41.7 50.0 8.3
Elbow flexors 375 50.0 12.5
Wrist flexors 50.0 41.7 8.3
Hip adductors 70.8 29.2 0
Knee extensors 83.4 16.6 0
Plantiflexors 25.0 25.0 50.0

Values are mean + SD #Values presented as percentages
(%).n: Number of participants; y: years. F: Female; M: Male;
MMSE: Mini-mental state examination; L: Left; R: Right;

I: Ischemic; H: Hemorrhagic; Muscle tone was assessed using
the Modified Ashworth Scale (MAS).



Table 2. Instrumented measures of upper limb and lower limb

UL reaching kinematic analysis

UL Motor impairment

Motor Performance
Movement cycle time (s)
Going Phase Velocity (m/s)
Returning Phase Velocity (m/s)
Movement Quality
Elbow ROM (degree)
Shoulder ROM (degree)

Smoothness (NMU)

Mild (n=9)
2.10 [1.48:2.71]
0.34 [0.27:0.42]

0.36 [0.30:0.42]

36.32 [31.74:40.91]
15.90 [11.29:20.52]

2.26 [1.84:2.68]

Moderate (n=9) Severe (n=16)

2.34[1.93:2.77] 3.13 [2.53:3.73]
0.32 [0.25:0:39] 0.28 [0.22:0.34]
0.35 [0.29:0.42] 0.28 [0.23:0.33]
23.58 [15.28:31.88]  13.61 [9.54:17.70]
10.13[6.62:13:60]  10.22 [8.00:12.44]

3.03 [2.42:3.66] 4.39 [3.60:5.17]

Trunk anterior displacement (cm) 02 [01:03] 05 [03:07] 13 [11:16]
Trunk forward inclination (%) 10 [05:15] 27 [17:37] 69 [56:83]
LL functional assessment (IMU) LL Motor impairment
Gait analysis (10MWT) Mild (n=8) Moderate (17) Severe (n=9)

Velocity (m/s)
Cadency (step/min)
Stride length (cm)

Step length (cm)
Affected side (cm)

Unaffected side (cm)
Functional Mobility (TUG)
Total time (s)
Time sit to stand (s)
Time stand to sit (S)
Acceleration Sit to Stand (m/s?)

Acceleration Stand to Sit (m/s?)

1.17 [0.94 1.39]
114.8 [106.4:123.2]

1.24 [1.02:1.45]

0.64 [0.52:0.75]
0.61 [0.34:0.53]

Mild (n=8)
9.24 [7.47:11.00]
1.32 [1.04:1.60]
1.40 [1.23:1.56]
6.39 [4.35:8.4]

6.59 [3.70:9.47]

0.79 [0.65:0.93] 0.52 [0.30:0.74]

93.05[83.9:102.1]  78.60 [59.1:97.9]

1.04 [0.92:1.16] 0.80 [0.64:0.95]

0.53 [0.46:0.59]
0.51[0.34:0.53]

0.44 [0.34:0.53]

0.36 [0.27:0.45]
Moderate (17) Severe (n=8%)
18.00 [10.73:25.28]  31.53 [17.47:45.59]
1.53[1.30:1.76] 2.35 [1.50:3.20]
1.88 [1.41:2.34] 1.96 [1.47:2.45]
5.24 [4.09:6.39] 4.19 [2.44:5.93]

7.33[4.60:10.05]  8.61[6.41:10.80]

Values are expressed as mean + 95% Confidence Interval; n=Number participants;

IMU=Inertial measurement unit; 10MWT= Ten meter walking test. *=One subject did not complete

the test; Motor Impairment was classified according to Fulg Meyer Assessment. RoM: Range of

Motion. UL: upper limb, LL: lower limb.
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Table 3. Correlation between UL clinical and kinematic measures

UL reaching task kinematic analysis

Clinical Measures

Motor Performance ULFMA  MAS Shoulder ~ MAS - MASwrist
ow
y t oycle time (s) -0.567* 0.215 0.394* 0.380*
ovement cycle time (s
Y p-value  0.000 0.230 0.025 0.032
Going Phase Velocity () 0.460* -0.230 -0.293 -0.079
oln ase velocl m/s
J Y p-value  0.006 0.206 0.104 0.668
Returning Phase R 0.594* -0.324 -0.389 -0.247
Velocity(m/s) p-value  0.000 0.070 0.028 0.173
Movement Quality
0.776* 0.220 -0.439* -0.539*
Elbow RoM (degrees)
p-value  0.000 0.227 0.012 0.001
Shoulder RoM (d | 0.297 -0.451* -0.454* -0.174
oulder RO egrees
¢ p-value  0.880 0.010 0.009 0.341
-0.728* 0.476* 0.596* 0.460*
Smoothness (NMU)
p-value ~ 0.000 0.006 0.001 0.008
Trunk anterior displacement R -0.858* 0.298 0.638* ol
(cm) p-value  0.000 0.098 0.000 0.000
o -0.861* 0.380 0.621* 0.608*
Trunk forward inclination (%)
p-value  0.000 0.032 0.000 0.000

R: Spearman’s correlation coefficient; *p-value <0.05 ; MAS: Modified Ashworth Scale;
RoM: Range of Motion; UL-FMA: Upper Limb Fulg Meyer Assessment.
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Table 4. Correlation between LL clinical and instrumented measures

Lower limb functional

assessment (IMU)
Gait analysis

Clinical Measures

(10MWT) LL-FMA MAS Hip MAS Knee MAS ankle
Rp 0.602* -0.169 -0.196 -0.339
Velocity (m/s) p-
value 0.000 0.340 0.268 0.050
R 0.585* -0.316 -0.204 -0.287
Cadency (steps/min) p-
value 0.000 0.068 0.247 0.100
Rp 0.445* 0.014 -0.091 -0.231
Stride length (cm) p-
value 0.008 0.936 0.607 0.188
Step length (cm) Rp 0.359* -0.003 -0.140 -0.089
\Z\Iue 0.023 0.944 0.430 0.285
Functional mobility
(TUG)
R -0.630* 0.314 0.265 0.396*
Time (s) p-
value 0.000 0.076 0.137 0.022
R -0.442* 0.290 0.063 0.058
Time sit to stand (s) p-
value 0.010 0.102 0.728 0.750
R -0.301 0.232 0.191 0.297
Time stand to sit (S) p-
value 0.088 0.194 0.287 0.093
Acceleration sitto stand " 0.249 0214 -0.082 -0.098
(m/s?) \F/)éme 0.163 0.232 0.649 0.588
Acceleration stand to sit 0321 -0.002 “0.036 0.158
(m/s?) \F/:llue 0.068 0.992 0.842 0.380

R: Spermann’s correlations coefficient; Rp: Pearson’s correlation coefficient; *p-value <0.05
IMU: Inertial measurement unit; MAS: Modified Ashworth Scale; LL-FMA: Lower Limb Fulg

Meyer Assessment; TUG: Timed up and go test. 10MWT: Ten minutes walking test.
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5. CONCLUSAO GERAL

Este estudo visou analisar a relacdo entre as avaliacdes clinicas do
comprometimento motor (FMA) e da espasticidade (MAS) do MS e MI com a
qualidade do movimento do MS e o desempenho motor de MS e MI avaliados
por sistema instrumentado. Nossos interesses foram voltados para
consolidacbes de achados similares e para desenvolvimento de novas
contribuicBes para a literatura e prética clinica.

Apesar de estudos prévios investigarem a correlagdo entre medidas
clinicas e instrumentadas em individuos, principlamente relacionados ao
membro superior, entendemos que a capacidade de escalas clinicas
distinguirem  diferentes niveis de comprometimento (incluindo o
comprometimento grave) de individuos cronicos apds AVC ainda ndo havia sido
pesquisada adequadamente.

Os achados deste estudo indicam que a FMA, além de classificar o nivel
de comprometimento motor, pode presumir a avaliacdo do desempenho motor e
da qualidade do movimento do MS. Além disso, a FMA-MS é capaz de predizer
movimentos compensatorios do tronco durante a tarefa de alcance. Nossos
resultados também demostram que a FMA-MI pode ser usada como uma
ferramenta confiavel para avaliar o desempenho do motor MI.

Por outro lado, a escala que avaliou a espasticidade (MAS) pode somente
inferir informagdes sobre a qualidade do movimento do MS. Esses resultados
sao de grande relevancia na reabilitacdo dos individuos ap6s AVC, uma vez que
reforcam o uso da FMA e restringem a aplicacdo da escala MAS como medida
indireta de qualidade do movimento. Nesta perspectiva, € interessante
desenvolver novos estudos que explorem a relacdo entre medidas clinicas e
instrumentadas na avaliacdo da qualidade de movimento de MI. Além disso, sé@o
necessarios estudos para facilitar o uso de IMUs na avaliacdo do MS, visando

a padronizacdo desse método.
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ANEXOS
ANEXO A:STROBE

STROBE Statement——checklist of items that should be included in reports of observational studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
Objectives 3 State specific objectives, including any prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection
Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable
Data sources/ R* For each variable of interest, give sources of data and details of methods of
measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group
Bias 9 Describe any efforts to address potential sources of bias
Study size 10 Explain how the study size was arrived at
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page

() Describe any methods used to examine subgroups and interactions

(¢) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—1If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of

sampling strategy

(e) Describe any sensitivity analyses

61



Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed
(b) Give reasons for non-participation at each stage
(¢) Consider use of a flow diagram

Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information

data on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Report numbers of outcome events or summary measures

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included
(b) Report category boundaries when continuous variables were categorized
(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful
time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses

Discussion

Key results 18  Summarise key results with reference to study objectives

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if applicable,

for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.
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ANEXO B: Parecer do Comité de Etica em Pesquisa

IRMANDADE DA SANTA CASA

DE MISERICORDIA DE PORTO mﬂfﬂlﬂ
ALEGRE - ISCMPA,

FPARECER CONSUBSTANCIADC DO CEP

DADOS 0D PROJETO DE PESGUISA

Tifube da Peequisa: Efehios 43 associacd0 da elafroesiimulacio funconal & da estimulagdo transcraniana
o Cmerie comtinua na recuperagan da fungdo sensdno-motora de membm supeion
& da marzha de padenies com sequels de Adidente Vascular Cerebral - Ensaio Clinkcd

Randomizado
Peaquisador: ALINE DE SOUES, PAGHLISSAT
Area Tematica:
Vieredo: 2

CAALF: BA317717 2.0000.5335
Inttbulc:3o Proponsnis; IMmandade da Santa Casa de Misancondla e Pobo Alegne - |SCMPA
Patrocinador Prindpal; Francamsro Priprio

DaDos O PARECER

Himene dio Pamecar: 2.139.353

Aprasantagdo do Projeto:

Estutio randomizato de duas formas de reablitagio neurcfuncional apds acidente vasoular ISqUEMICo com
s=guela de defict motor em memioros supedor e Infenor através de 2 formnas de eletroesimulagdo; a3
eletroestimuliagds funclonal [FES) & a estimulagdo transcraniana por comente continua (IDCS). O
participants serdo atendidos 2m suas casas totallzando 10 sessfes @ serfo avallados pré & apds o
bratamentn de foma cegaa pars o Hpo 02 ferapls que ressnel. As Fvalacies engliobam testes e slcance
para frenie COm amoos 05 rECos, aividade motora o8 braco & mdo, caminhada, equiino & qualdade de
vida.

Também serdo colstados sangue para avallagdo de nivels de uma newroinofing, o Tator neuroindfco
derivado do encefalo (BONF), que pode desempanhar Wm o entre

COMEca0 misculan Evidads Nska e plastickdade newral.

Objetivo da Pesgquisa:

Warficar o5 efedios 23 3sE0ciaCa0 entre FES @ tDCS na reablitagdo d3 fungdo sensono-mobora oo MS,
Irwsstigando seus efeltas na reaitacdo d3

marcha te packantes com hemiparesia crinica apte AVC.
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IRMANDADE DA SANTA CASA

DE MISERICORDIA DE PORTO

ALEGRE - ISCMPA

Coonbirasstho 00 Paneosr 7 150 353

Consideragdes Finais a critério do CEP:

Qo ™

Apds reavaliagdo do protocelo acima descrite, © presente comité nde encontrou dbices quanto ao

desenvolvimento do estudo em nossa Instituicdo e podera ser iniciado a partir da data deste parecer.

Obs.: 1 - 0 pesquisador responsavel deve encaminhar 3 este CEP, Relatdrios de Andamento dos Projetos

desenvolvidos na ISCMPA. Relatorios Parciais (pesquisas com duragdo superior 3 6 meses). Relatdrios

Finais (a0 término da pesquisa) e os Resultados Obtidos (copia da publicagdo).

2 — Para o inicio do projete de pesquisa, o investigador deverd apresentar a chefia do servige (onde sera

realizada a pesquisa), o Parecer Consubstanciado de aprovagao do protocolo pele Comité de Etica.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documnenta Arquiva Postagem Autor Situagao
Informagoes Basicas | FB_INFORMAGOES_BASICAS_DO_P | 18/0&62017 Acsito
| dboy Progeto ROJETO 856055 pdf 20-26:47
Declam‘cil:- de Termo_imunologia_pdf 10052017 [Katia Danicle Rech | Acsito
Instituicao e 20:34:18
| |Infraesinitura
Cutros cara_comite. pdf 100052017 |Katia Daniele Rech Aceito

20:33:06
Projeto Detalhado ! |PROJETO_1_1 pdf 100052017 [Katia Danicle Rech Aceito
Brochwra 20:31:58
Investigador
TCLE ! Termos de  |TCLE_1_1_pdf 10052017 [Katia Danicle Rech Acsito
Assentmenio / 20:30:58
Justificativa de
Auséncia
Orcamento orcaments_Plataforma pdf 1500212017 |Katia Daniele Rech Aceito
10:34:11
TCLE [ Termos de | TCLE_PlataformaBrasil pdf 15022017 [Katia Danicle Rech FAoeito
Assentmenio / 10:33:28
Justificativa de
Ausénecia
Curtros declaracac_de msencao de_onus_a in| 13022017 |Katia Danisle Rech Aceito
stituicao.pdf 13:40:55
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IRMANDADE DA SANTA CASA
DE MISERICORDIA DE PORTO
ALEGRE - ISCMPA

Connbiraseddo oo Paneosr; T 150 353

Qo

Dwitrors DECLARACAD_DE_AUTORIZACAD D| 13022017 |Katia Daniele Rech Acsito
A CHEFIA RESPOMSAVEL pdf 13:41:28
Owitrors FORMULARIO_DE_INSCRICAD _DE_P| 13022017 |Katia Danisle Rech Acsito
ROJETOS DE_PESQUISA COMITE_E| DBE510
M PESGQUISA ISCMPA pdf
Cutros UFCSPA_Termo_de_compromisso_par | 1300272017 |[Katia Danisle Rech Aceito
a_entrega_de_relatoric_semestral_ou_fi| 08:51:45
nal pdf
Declaragso de Dedaracas_de_confidenciabdade_do s | 12022017 |ALIME DE SOUZA Aceito
Pesguisadores weite no estudo. pdf 2331:32  [PAGHUSSAT
Declaragao de Dedaracao_de utilizacac_de_dados_de| 12022017 |ALIME DE SOUZA Aceito
Pesguisadores _prontuanes_e_wso_de_publicacas pdf 2326:50 |PAGHNUSSAT
Declam-;.in de Dedaracac_de_compromisso_para_utili| 120022017 |ALIME DE SOUZA Aceito
Manuseie Material |zacao_de_dados_de_material_biclogice| 22:50:15 |[PAGHNUSSAT
Biologico | pf
Biorepositanio /
Biobanco
Crenograma cronograma pdf 120022017 |ALINE DE SOUZA Aceito
225610 |PAGNUSSAT
Declaracao de TERMO_DE_ANUEMCIA_DD_RESPON| 120272017 [ALIME DE SOUZA Acsito
Insﬁtuig:il:- =] SAVEL_PELO_SETOR_QU_INSTITLNG| 22:54:17  |PAGNUSSAT
Infraestrutura AD OMDE_SERA_REALIZADA A PES
QUISA. pdf
Folha de Rosto folha_de_rosto. pof 1200272017 [ALIME DE SOUZA Acsito
22:38:01  |PAGNUSSAT

Situagao do Parecer:

Aprovado

MNecessita Apreciagao da CONEP:

Mao

PORTO ALEGRE. D6 de Julho de 2017

Assinado por:
ELIZETE KEITEL
(Coordenador)
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