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RESUMO

Introducao: O deslocamento anterior do tronco excessivo durante a tarefa de alcance é
uma estratégia motora comum apds o Acidente Vascular Cerebral (AVC) que visa
compensar a extensao limitada do cotovelo. Em individuos p6s-AVC, as estratégias de
compensacao na tarefa de alcancar a frente sdo bem descritas na literatura. No entanto,
até o momento, nenhum estudo investigou o quanto a extensdo do cotovelo e o
deslocamento do tronco determinam a qualidade do movimento e o perfil de velocidade
durante toda a trajetoria do movimento de alcance em individuos com diferentes niveis
de comprometimento motor. Objetivo: Investigar o quanto a extensao de cotovelo e o
deslocamento anterior de tronco influenciam durante toda a trajetéria do movimento de
alcance em individuos com diferentes graus de comprometimento motor apds AVC.
Métodos: 40 participantes pos-AVC foram divididos nos grupos grave (n=21) e
leve/moderado (n=19). O desempenho motor e a qualidade do movimento durante o
alcance de membro superior foram avaliados pela Analise Cinematica e comparados por
Equacao de Estimativa Generalizada. A medida estatistica paramétrica (SPM) com o
teste T de duas amostras foi utilizada para analisar toda a trajetéria do movimento
durante a analise cinematica dos movimentos de tronco e de cotovelo. Resultado:
Analisando toda a amostra, em relacdo ao desempenho motor, o tempo total do ciclo de
movimento teve correlacdo moderada com a extensao de cotovelo (-0,420) e com o
deslocamento anterior de tronco (0,503). O perfil de velocidade teve correlacédo apenas
com a extenséo de cotovelo, sendo velocidade na fase ida (0,487), na fase de retorno
(0,408) e pico de velocidade (0,413). Quanto a qualidade do movimento, as duas
variaveis de suavidade correlacionaram-se com a extensao de cotovelo - jerk (-0,320) e
Numero de Unidades de Movimento (NMU) (-0,472) - e com o deslocamento de tronco —
jerk (0,382) e NMU (0,614). De acordo com a regressao, apenas a extensao de cotovelo
influenciou o perfil de velocidade (25,6%). Apenas o deslocamento de tronco predisse
33,7% da qualidade de movimento. Os individuos com comprometimento motor grave
apresentaram pior movimento de cotovelo e tronco durante o primeiro terco da fase de
ida e em todas as fases de ajuste do movimento de alcance comparados aos individuos
leve/moderado. Conclusao: Melhorar a extensao de cotovelo ir4 impactar positivamente
no desempenho motor de individuos pé6s-AVC, independente do grau de
comprometimento. Evitar o uso excessivo de tronco levard a um movimento de alcance
mais suave e preciso, com mais qualidade de movimento. Especialmente em individuos
com comprometimento motor grave, a reabilitacdo deverd ser focada na melhora da
extensdo de cotovelo durante a metade da fase de ida e todas as fases de ajuste do
movimento de alcance de MS.

Palavras-chave: Acidente Vascular Cerebral, Alcance de Membro Superior, Suavidade

de movimento, Neuroreabilitacdo



ABSTRACT

Background Excessive trunk anterior displacement during the reaching task is a
common motor strategy after stroke that aims to compensate the limited elbow extension.
In post-stroke patients, compensation strategies in the reaching forward task are well
described. However, until now, no study has investigated to which degree the elbow
extension and trunk displacement determine the velocity profile and the movement quality
(e.g.,smoothness) during the whole range of motion in patients with different levels of
motor compromise. Objective. Investigate to which degree the elbow extension and trunk
anterior displacement influence the entire range of motion of the reaching task
inindividuals with different degrees of motor impairment after stroke. Methods. Forty post-
stroke participants were divided into the severe(n=21) and mild/moderate (n=19) groups.
Motor performance and movement quality during upper limb (UL) reaching forward were
assessed by kinematic analysis and compared by Generalized Estimation Equations.
SPM two-sample t-test was used to compare the entire kinematic waveforms of different
trunk and elbow motions. Results. Regarding motor performance variables of all sample,
movement cycle time was moderately correlated with elbow extension and trunk anterior
displacement. The velocity profile was only related to elbow extension. About movement
guality measures, both smoothness variables were correlated with the degrees of elbow
extension and trunk anterior displacement. According to the regression, analyzing all the
sample, only elbow extension predicted the velocity profile of reaching forward (25.6%).
Trunk anterior displacement predicted 33.7% of the reaching movement quality.
Individuals with severe compromise presented worst elbow and trunk movements during
the first third of reaching going phase and during all the adjusting phase compared to
people with mild/moderate motor impairment. Conclusion. Regarding all sample,
improve elbow extension will impact on motor performance. Besides that, avoid excessive
use of trunk during reaching can lead to a more precise and smooth reaching and a
greater movement quality. Rehabilitation should be focused on elbow extension during
the middle of going phase and all the adjusting phase, especially in individuals with severe
motor impairment.

Key words: Stroke, reaching forward, movement smoothness, neurorehabilitation.
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1 CONTEXTUALIZACAO

1.1.

Introducéo

O Acidente Vascular Cerebral (AVC) é a segunda maior causa de morte em
adultos no mundo. O AVC pode ser definido como uma doenca cerebrovascular, de
origem subita, resultante da perturbacéo focal ou global da funcéo cerebral.1?3 Na
América Latina, o Brasil é o pais que apresenta maior taxa de mortalidade por AVC.*
A Organizacado Mundial da Saude estima que o AVC siga sendo uma das principais

causas de morte no mundo até pelo menos 2030.°

Além dos altos indices de mortalidade, o AVC é o principal causador de
incapacidade no mundo.® Apds o AVC, inimeras alteracées sensério-motoras podem
ocorrer que levam a restricdo nos niveis de atividade e na participacdo dos
individuos.® Dentre essas alteragées, chamam atencdo as disfuncdes de membro
superior, que ocorrem em cerca de 60% dos sujeitos e influenciam muito nos niveis

de incapacidade, mesmo apés o processo de reabilitagéo.’

De acordo com o nivel de severidade do comprometimento motor desses
individuos, eles podem ser classificados em subgrupos. Podemos utilizar a avaliagéo
Fugl-Meyer Assessment (FMA) para separa-los em leves, moderados e graves de
acordo com o nivel de comprometimento motor que apresentam nos membros

superiores.®

Essa disfuncdo em membros superiores, principalmente em individuos com
comprometimento motor grave, interfere negativamente em uma das atividades mais
importantes para os seres humanos, o ato de alcancar a frente. Quando comparados
a individuos saudaveis, sujeitos p6s-AVC apresentam pior qualidade de movimento

e desempenho motor durante o movimento de alcance a frente.%10

Ap6s o AVC, os individuos passam a realizar o movimento de alcance mais

lentamente e com menos suavidade.® Esses sujeitos realizam um deslocamento de



tronco excessivo durante o alcance a frente para compensar as limitagbes de

movimento de cotovelo e ombro.10:11

Esses movimentos compensatérios muitas vezes sdo necessarios para que 0s
individuos consigam completar suas tarefas e manter sua funcionalidade.'12 Porém,
em longo prazo, essas compensacdes podem levar a disfuncbes permanentes como
diminuicdo da amplitude de movimento (ADM) e da coordenagdo. A literatura ja
demonstra que realizar a restricdo de tronco durante a reabilitacdo de membro
superior apos AVC é extremamente positivo. Pode estimular o ganho de ADM de
cotovelo e ombro, além de diminuir os movimentos compensatorios e melhorar a

funcdo de membro superior.t314

A avaliacdo constante desses individuos é crucial para o processo de reabilitacao.
A analise cinematica é amplamente utilizada na literatura como meio de mensurar a
qualidade de movimento, desempenho motor, velocidade, compensacdes e inUmeras
outras variaveis. Além de serem medidas precisas, a analise cinematica permite uma

visdo completa e detalhada do movimento de alcance.>16.17

A reabilitacdo apdés AVC é bastante estudada na literatura. O movimento de
alcance a frente com membro superior também ja foi amplamente explorado. Porém,
ainda existem lacunas a serem preenchidas em relagdo ao comportamento do
membro superior e aos movimentos compensatérios que ocorrem durante o
movimento de alcance, especialmente em individuos com comprometimento motor

grave.12,l3,18,l9

Dessa forma, propomos nessa dissertacdo uma abordagem ainda mais detalhada
do movimento de alcance e as diferencas que podem ocorrer em individuos com
diferentes niveis de comprometimento motor. Além disso, queremos explorar
possiveis relacdes entre extensao de cotovelo e deslocamento anterior de tronco com

o perfil de velocidade e a qualidade do movimento de alcance de membro superior.



1.2 Comprometimento motor no Acidente Vascular Cerebral

De acordo com a Classificacao Internacional de Funcionalidade, Incapacidade e
Salde (CIF)', a incapacidade pode ser conceituada de duas maneiras. Primeiro,
pode ser classificada como um déficit da funcédo corporal, tal como uma perda
neuromusculoesquelética e de movimento relacionada a mobilidade articular, a forca
e tdbnus muscular e/ou a movimentos involuntarios. Segundo, a incapacidade pode
ser definida como um disturbio de estrutura corporal, como um déficit significativo na
estrutura do sistema nervoso central ou entdo na estrutura de segmentos corporais

relacionados ao movimento, como o braco ou a méo.®

O Acidente Vascular Cerebral (AVC) pode levar aos dois tipos de incapacidade.
Apbs 0 AVC, entre 50-80% dos individuos apresentam disfuncao de membro superior
na fase aguda e, na fase cronica aproximadamente, 50% permanecem com esse
distirbio, mesmo apds a o processo de reabilitagdo.!” A incapacidade de membro
superior pode gerar sérios prejuizos a funcéo e a independéncia desses individuos,
entdo se faz necessario entender a complexidade envolvida nesse disturbio para

podermos oferecer o melhor tratamento.

Entender a incapacidade de membro superior nos individuos apés AVC é
extremamente desafiador. O pesquisador Raghavan tentou justificar tamanha
complexidade trazendo dois pontos importantes: 1. Os distlrbios de membro superior
nao sao estaticos, ou seja, ao longo do processo de reabilitacdo a causa e o tipo de
disturbio podem variar, dessa forma, o tratamento precisa estar em constante
evolucao para acompanhar as variacbes apresentadas pelo paciente; 2. DistUrbios
variados ocorrem simultaneamente, o paciente pode apresentar fraqueza muscular,
espasticidade, dor, limitacdo de amplitude de movimento, entre outros, a0 mesmo

tempo, o que pode dificultar a escolha do que devemos tratar primeiro.’

Apds o0 AVC, o sistema nervoso central e o restante do corpo passam por Varios
processos buscando a recuperacdo. No primeiro momento, os individuos passam
pela fase chamada plasticidade excitatoria. Como primeira resposta ao dano nervoso,

ocorre uma paralisia flacida do lado acometido que pode durar dias ou semanas.



Apés, ocorre o retorno dos reflexos e se instaura a espasticidade. O tbnus, que na
fase aguda ap6s o AVC era flacido, aumenta de forma gradual, podendo chegar a
graus de espasticidade severa na fase cronica apés AVC.'819 Esse processo foi
descrito h4 muitos anos atras; inUmeros estudos ja foram e continuam sendo
realizados com objetivo de alcangar a melhora funcional desses pacientes. Ao longo
dos ultimos anos, novas terapias surgiram, muitas delas com enfoque na reabilitagéo
de membro superior apés o AVC ?° porém, na maioria das vezes, os resultados

seguem decepcionantes.?!

O impacto do AVC é tao relevante por afetar significativamente na independéncia
e na autonomia dos individuos, levando a uma diminuicdo da participacdo e dos
niveis de atividade.?? Um dos movimentos mais importantes e mais funcionais do
corpo humano, o alcance a frente, muitas vezes esta prejudicado nessa populacéao.
Mesmo apds o processo de reabilitacdo, muitos individuos que estdo na fase crbnica

do AVC (3 meses apbs), seguem com o movimento de alcance afetado.:1’

Ao logo do tempo, esses individuos acabam buscando alternativas para
continuarem a realizar o movimento de alcance, mesmo que de forma adaptada. I1Sso
acarreta na alteracdo da sinergia natural de movimento, ou seja, 0 corpo busca
alternativas para que a acdo consiga ser realizada.®'® Entender essas adaptacées
no movimento de alcance a frente pode ser uma das chaves de uma reabilitacdo mais

efetiva no membro superior acometido ap6s AVC.

2.2 O Movimento de Alcance com Membro Superior

Quando analisamos individuos saudaveis, 0 movimento de alcance a frente de
membro superior ocorre de maneira continua e suave, em uma perfeita coordenacgao
entre movimento de ombro, cotovelo, punho e méo. Se o objeto estd a uma distancia
alcancavel pelo braco, esse movimento ocorre sem nenhum auxilio do tronco que, na
maioria das vezes, permanece imoével.?324 Para que o movimento de alcance ocorra

dessa forma, enquanto o braco se afasta do corpo, € necesséaria a ativacdo dos



musculos estabilizadores de tronco e da escapula de maneira coordenada para

manter o tronco estavel.

Caso 0 objeto seja posicionado mais distante do individuo, o tronco comeca a
movimentar-se de forma ativa para auxiliar o membro superior. Nesse caso, quem
inicia 0 movimento é o tronco, seguido das articulagées da méao e do braco. %> Estudos
anteriores sinalizaram que o tronco comeca a ser parte ativa do movimento de
alcance a frente quando o alvo esta em uma distancia de pelo menos 80% do

comprimento do braco. %°

Se observarmos passo a passo, durante o movimento de alcance de um individuo
saudavel ocorre o seguinte: flexdo de ombro; extensdo de cotovelo; extensdo de
punho; o antebraco permanece na posicéo neutra. 232425 Q individuo p6s-AVC muitas
vezes ndo ir4 conseguir realizar o movimento de alcance dessa maneira, por isso ele

buscara alternativas para completar a tarefa da forma que for possivel.

O membro superior acometido apds o AVC tera dificuldades em realizar a tarefa
de alcance, seja por fragueza muscular, pelo aumento do ténus, por déficits
sensoriais ou pela dor. Por isso, ele buscara estratégias compensatdrias para
conseguir realizar esse movimento. 2 O uso dessas estratégias compensatdrias
pelos individuos ap6s o AVC ja foi muito bem descrito na literatura. Para compensar
o déficit de extensdo de cotovelo e de flexdo de ombro, os sujeitos fazem o uso
excessivo de tronco, deslocando-o anteriormente inclusive para alcancar objetos

préximos.13 14.27

Inicialmente, 0 uso dessas estratégias pode levar ao sucesso, e mesmo que de
forma adaptada, os individuos conseguem realizar o movimento de alcance. Porém,
com o passar do tempo, as compensacdes levam a diminuicdo da coordenacéo entre
ombro e cotovelo, e consequentemente, a perda da acuracia. 282230 H4 muitos anos,
em 1938, o autor Skinner ja afirmava que estimularmos estratégias anormais por
conta de sucessos ocasionais faria com que um mau habito se instalasse e com que

a performance diminuisse ao longo do tempo.



Considerando tudo isso, durante a reabilitacdo, a literatura orienta que devemos
diminuir os movimentos compensatorios e corrigir padrées anormais de movimento.
Estudos ja demonstraram que a restricdo do movimento de tronco, por exemplo, &
uma excelente estratégia para estimular o movimento ativo do membro superior

durante o alcance e restaurar as sinergias normais.314.31

Existe muita informacgé&o disponivel na literatura sobre o movimento de alcance de
individuos apés AVC.%1314 pPorém, cada sujeito apresenta nuances e adaptacées
especificas, principalmente quando estédo realizando uma tarefa funcional.3! Além
disso, o grau de comprometimento motor (leve, moderado ou grave) apresentado por
esses individuos possivelmente pode interferir nas alteracdes apresentadas durante

0 movimento de alcance.

Com isso, a partir do entendimento das possiveis varidveis que podemos
encontrar nos individuos apés AVC, o proximo passo é conseguirmos avaliar da
melhor maneira possivel. A avaliagdo da funcdo de membro superior e, mais
especificamente, do movimento de alcance, também pode ser uma das chaves da

reabilitacdo do membro superior desses individuos.

2.3. Avaliagdo do Membro Superior e do Movimento de Alcance

Existem inUmeras escalas e avaliagdes utilizadas em ambiente clinico para nos
ajudar a tracar um perfil dos nossos pacientes. Dentre as mais utilizadas para avaliar
individuos p6s-AVC estdo A Fugl-Meyer Assessment, Escala de Ashworth
Modificada, Box and Block test, Motor Assessment Scale, entre outras. Apesar de
serem muito importantes para a pratica clinica, essas avaliagbes ndo sdo téao
sensiveis para perceber alteracdes pequenas e especificas que podem ocorrer
nesses pacientes. 32 Para isso surge a importancia de avaliagdes mais objetivas e

robustas.

A analise cinemética do movimento é uma excelente alternativa para realizarmos

uma avaliacdo mais completa e atentarmos aos movimentos mais sutis. 1’ Essa



importancia se da principalmente quando entramos no meio da pesquisa, em que ha

necessidade de padronizarmos uma avaliacdo e tornd-la 0 mais objetiva possivel

para podermos reproduzir em toda amostra e em diferentes estudos.

A analise cinematica descreve 0s movimentos do corpo através do tempo e do

espaco. Incluem a mensuracao de deslocamentos lineares e angulares, velocidades

e aceleraces. 3 Para facilitar a andlise durante o movimento de alcance,

normalmente a tarefa é dividida em trés fases: (1) fase de ida (going phase), (2) fase

de ajuste (adjusting phase) e (3) fase de retorno (returning phase). 3*

Como principais variaveis estudadas durante a analise cinematica, temos?’:

1.

Tempo Total de Movimento: medida do tempo requerido para realizar o ciclo
completo de movimento de alcance e retornar a posicao inicial. Quando maior
o tempo, pior o desempenho motor do individuo avaliado.

Fase de Ida: medida normalmente em porcentagem. Refere-se a porcentagem
do tempo total de movimento utilizada para ir até o alvo. Geralmente ocupa
cerca de 50-60% do tempo total de movimento.

Fase de Ajuste: essa fase é considerada o momento em que o individuo
localiza o alvo e ajusta a mao para toca-lo/pega-lo. Também refere-se a
porcentagem do tempo total de movimento. E esperado que essa fase ocupe
5-10% do tempo total.

Fase de Retorno: essa fase corresponde ao retorno do membro superior do
alvo até a posicéo inicial. Geralmente essa fase preenche cerca de 30-45% do
movimento total do alcance.

Velocidade: pode ser tracado um perfil da velocidade do movimento de
alcance. Podemos analisar as diferentes velocidades utilizadas pelos
individuos durante as fases do movimento de alcance: a velocidade da fase de
ida e da fase de volta. Além disso, podemos mensurar a velocidade maxima

(pico da velocidade) atingida pelos individuos.

Essas cinco variaveis descritas acima sao mais relacionadas ao

desempenho motor dos individuos. De maneira geral, performance ou



desempenho motor pode ser conceituado como a combinacdo de habilidades

motoras fundamentais para realizar uma tarefa.3®

Estudos prévios que compararam pessoas saudaveis com individuos apos
AVC ja constataram que existe um pior desempenho motor durante 0 movimento
de alcance de sujeitos pos-AVC. Geralmente, esses individuos vao apresentar um
tempo maior de ciclo total de movimento. Também levardo mais tempo para
realizar todas as fases do alcance. Além disso, a velocidade apresentada por eles

serd menor em comparacao com a populagédo geral. 3637

Além de mensurarmos o desempenho motor desses individuos, podemos
analisar a qualidade de movimento. Diferente da andlise de desempenho, que
inclui todas as variaveis relacionadas com a habilidade de completar uma tarefa,
a qualidade de movimento preocupa-se com a maneira em que essa tarefa é
realizada. A definicdo mais utilizada para qualidade de movimento é a comparacao
de como é realizada uma tarefa entre a populagédo alvo e a populacdo em geral.3®
Quanto mais préximo da populacdo em geral o movimento for realizado, melhor a

qualidade.

Na analise cinematica, utilizamos principalmente as variaveis que
mensuram a suavidade de movimento nesses individuos para avaliar a qualidade

do movimento. S&o elas:!’

1. Jerk: € um indice calculado a partir da terceira derivada do movimento
da mao, representando a variagcdo da aceleracdo a cada segundo
durante todo o movimento. Maiores valores representam maiores
mudancas de aceleracdo durante a tarefa de alcance, o que indica uma
pior suavidade de movimento.

2. Numero de Unidades de Movimento (NMU): é calculado através do
numero de picos de velocidade que ultrapassam 10% da velocidade
maxima. Esse valor representa 0 numero de correcdes e ajustes

realizados pelo individuo durante a fase de ida do alcance.



Quanto maior a valor de Jerk e de NMU, pior a suavidade de movimento e pior a

qualidade do movimento de alcance.

Além de observarmos o membro superior durante a analise cinematica,
podemos avaliar 0os movimentos compensatorios que ocorrem no corpo. E
possivel mensurarmos 0s movimentos compensatérios de tronco, como a
qguantidade de deslocamento anterior e/ou lateral de tronco envolvido no
movimento de alcance. Essa medida é muito importante para reabilitacdo.
Através dessa avaliacdo, hoje sabemos que para essa populacédo, o treino da
tarefa de alcance associado a restricdo de tronco é mais eficaz para reabilitacéo

e é uma importante ferramenta para melhorar a tarefa do alcance. 314

A andlise cinematica é amplamente usada na literatura para avaliar os
individuos p6s-AVC'81’, Porém, sdo escassos os estudos que avaliam individuos
com comprometimento motor grave e que estdo na fase crénica do AVC. Os
estudos acabam focando nos individuos com comprometimento motor leve ou
moderado e na fase mais inicial p6s-AVC provavelmente porgue o potencial de
melhora é maior.’81° Porém, no Brasil, existe uma populacdo enorme de
individuos com comprometimento grave meses ou anos apos o AVC que merecem

atencao*®.

Além disso, ainda ha espaco na literatura para nos aprofundarmos ainda
mais nesse tema. Sabemos que a pessoa ap0s AVC provavelmente ira ter um
déficit de extensao de cotovelo, uma limitacdo do movimento de ombro e/ou fazer
uso excessivo do tronco. %1911 Porém, ainda ndo sabemos qual ou quais dessas
variaveis poderd interferir significativamente na qualidade de movimento, no
desempenho motor, no perfil de velocidade e em demais variaveis da andlise

cinematica.

Por esses motivos, no nosso estudo decidimos ir mais afundo na analise
cinematica e avaliar individuos de comprometimentos motores variados, incluindo
graves. Dessa forma, poderemos entender se ha diferencas significativas do

padrdo motor durante o movimento de alcance conforme o grau de



comprometimento de cada individuo. Além disso, iremos fazer uma analise
detalhada de toda a trajetéria do movimento de alcance e das compensacdes
utilizadas pelos individuos para realizad-lo. Em especial, buscaremos entender a
influéncia da extensdo de cotovelo e do deslocamento de tronco no perfil de

velocidade e na qualidade do movimento de alcance.
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2 OBJETIVOS

Objetivo geral:

Investigar qual o nivel de influéncia da extenséo de cotovelo e do deslocamento
anterior de tronco nas variaveis do movimento de alcance a frente de individuos apos

AVC com diferentes graus de comprometimento motor.
Objetivos especificos:

1 - Analisar as caracteristicas da analise cinematica do deslocamento anterior de
tronco e da extensdo de cotovelo durante toda a trajetéria do movimento de alcance a

frente de individuos apés AVC com diferentes graus de comprometimento motor.
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Elbow extension and trunk anterior displacement are related to reaching forward
velocity and quality of movement after stroke: A cross-sectional study

ABSTRACT:

Background Reaching forward duration, velocity and quality are important factors for upper limb
functioning in daily living activities. After a stroke, excessive trunk anterior displacement during
the reaching task is a common motor strategy to compensate for limited elbow extension.
However, if this motor strategy is associated with reaching forward duration, velocity, and quality
during the full range of motion in stroke survivors is still unknown. Objective. To investigate the
degree to which elbow extension and trunk anterior displacement are associated with aforenamed
reaching forward factors in stroke survivors with different levels of motor impairment. Methods.
Forty post-stroke participants were divided into severe (n=21) and mild/moderate (n=19) groups.
Reaching duration, velocity and quality were assessed in three reaching forward task phases
(going, adjusting, and returning) using kinematic analysis. The Generalized Estimation Equations
(GEE) and Statistical Parametric Mapping (SPM) two-sample t-test were used to compare the
kinematic waveforms of the trunk and elbow motions. Results. Movement cycle time was
correlated with elbow extension and trunk anterior displacement; velocity was only related to
elbow extension. Reaching quality variables were correlated with elbow extension and trunk
anterior displacement. Elbow extension was able to explain 23.7% of the reaching going phase
velocity, while trunk anterior displacement explained 33.7% of number of movement units, a
reaching quality-related measure. Severely impaired participants exhibited the worst elbow and
trunk movements during the first third of the going phase and throughout the adjusting phase
when compared to those with mild/moderate motor impairment. Conclusion. Improving elbow
extension might enhance the overall velocity of the reaching forward movement. Avoiding
excessive trunk displacement may improve the reaching forward quality. Both are important
aspects to be considered when using reaching forward-related movements for stroke

rehabilitation.

Keywords: Stroke, reaching forward, movement smoothness, neurorehabilitation.



18

Introduction

Reaching forward is a fundamental movement to perform several daily living activities and
requires the integration of neural and musculoskeletal systems to coordinate both shoulder-elbow

and trunk movements *.

Movement compensation is naturally adopted by stroke survivors - an attempt to achieve
higher functional capacity/independence in daily living activities. By contrast, movement
compensation may also contribute to long-term impairment, which includes learned bad use and
behavioral forgetting while executing a movement-based task 2° . For instance, about 65% of
stroke survivors present limited upper limb function, and many adopt compensatory strategies
when using the upper limb to reach forward. During the reaching movement, excessive trunk
anterior displacement is a motor strategy commonly used among stroke survivors 4 to compensate

for the poor shoulder flexion and the limited elbow extension*?®,

Trunk restraint (while reaching forward) is a therapeutic procedure widely used to
encourage upper limb recovery. Indeed, task-specific training with trunk restraint improves arm
function (e.g., elbow extension) and decreases compensatory movement strategies that may
negatively affect long-term recovery?>*. However, the degree to which elbow extension and trunk
displacement reduce reaching forward duration, velocity, and quality during the full range of
motion in stroke survivors - three key factors when using the upper limb in functional tasks - is

undetermined.

The ability to perform a reaching forward movement in a task encompasses many factors,
which include time and quality-derived metrics. While time-derived metrics include movement
cycle time, mean velocity, and peak velocity, assessing reaching forward quality usually requires
the average Jerk and number of movement units (NMU) metrics 58, The closer the movement
matches the reference population, the better the movement performance.®'?. In this way,
compensatory trunk, shoulder, and elbow movements can influence the above-mentioned metrics

and influence the reaching forward impairment after stroke*112,

Kinematic analysis provides metrics to assess stroke impairment and rehabilitation-
induced recovery for several movements, which include reaching forward 27114, However, the
capacity of kinematics to distinguish reaching forward duration, velocity, and quality-derived
metrics in stroke survivors with different levels of motor impairment is still underdetermined. In
this study, we hypothesize that elbow extension and trunk anterior displacement degrees can

explain, at least in part, reaching forward duration, velocity, and quality after stroke. We sought
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to: a) analyze kinematic characteristics of trunk anterior displacement and elbow extension
throughout the entire reaching forward movement trajectory; b) investigate the degree to which
trunk anterior displacement and elbow extension are associated with reaching forward duration,
velocity, and quality-related metrics in stroke survivors with different levels of motor impairment.
A better understanding of these issues may provide valuable insights for reaching forward

rehabilitation after stroke.

Methods
Study design

This cross-sectional study was approved by the Universidade Federal de Ciéncias da
Saude Ethics Committee (CAAE:43503615.7.0000.5345) and followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) checklist °.

Setting

Community-dwelling stroke survivors were recruited between march of 2017 and december of
2018. A single assessment battery (lasting approximately 120 min) was conducted in the
Movement Analysis and Neurorehabilitation Laboratory at Universidade Federal de Ciéncias da

Salde de Porto Alegre.

Participants

Participants were recruited by convenience. The following inclusion criteria were established:
male or female; aged above 18 years old; had a history of unilateral cortical or subcortical stroke
(confirmed by brain imaging) from six months to four years and eleven months after stroke; exhibit
60 degree of shoulder flexion or more in right and left upper limbs. The exclusion criteria were:
cognitive impairment (Mini-Mental Assessment <20/30 points for illiterate or <24/30 points for
literate subjects) °; shoulder pain; hemispatial neglect; other neurological or musculoskeletal

disorder affecting upper limb or trunk.
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Variables

Reaching forward duration, speed, and quality-related metrics were the study outcomes.
Elbow extension and trunk anterior displacement were assessed as outcome modifiers. The
motor impairment levels (severe or mild/moderate) were analyzed as a potential confounder.
Moreover, the amount of trunk anterior displacement and the degrees of elbow extension were
used as potential explainers the variance in reaching forward performance. Stroke diagnosis
followed the Brazilian guidelines from the Brazilian Society for Cerebrovascular Diseases, which
include a standard anamnesis, physical testing and assessing scans of the brain.

Data Measurement

The methods we used to assess the study outcomes are described below.

Motor impairment level

Upper limb Fugl-Meyer Assessment (UL-FMA) was used to classify the level of motor
impairment. The UL-FMA consists of five domains that measure motor function, sensation,
balance, joint range of motion, and joint pain. The total score ranges from 0 to 66 points 2. The
follow cutoff scores were used to distinguish severe (9 to 31 points) from mild/moderate (32 to

60) upper limb motor impairment 718,

Kinematic analysis

A synchronized optoelectronic system with six infrared cameras and an acquisition
frequency of 100Hz (BTS SMART DX 400 System, Italy) and two digital video cameras (BTS
eVIXTA, Italy) were used in the kinematic evaluations'®. Fourteen reflective markers were
positioned on the participant’'s body: three on the head (nasion, right and left zygomatic
protuberance), three on the trunk (midsternal, right and left acromion), and three on each forearm
(right and left olecranon, right and left radial styloid process, and right and left ulna styloid
process), and one on each hand (right and left third metacarpal head) (Figure 1). An additional
marker was used as a target. The target was placed on the table in the mid-sagittal plane at 80%

of the subject’'s arm length 1%2°, Both paretic and non-paretic upper limb were tested.
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Reaching task

Participants were kept seated on a chair with their elbows flexed at approximately 90° with
the palms of their hands placed on the table surface. They received the instruction to move one
limb at a time, quickly and precisely, touching the target and returning to the initial position. A
beep sound was used to trigger the reaching movement. This procedure was repeated three times
with 60 seconds of rest between the trials. An average of three trials was used for data analysis.
Longer rest periods were allowed if needed?!®2°,

Figure 1

Signal filtering and analysis

Kinematic data were sampled at 100 Hz, and the cutoff frequency of the low-pass filter
was chosen after a residual analysis. A low-pass second order Butterworth digital filter at 6 Hz
was applied®®. An algorithm developed in the software Smart Analyzer (BTS Bioengineering Corp.
NY, USA) was used to filter the raw data, define the reach movement phases, and calculate the

reaching forward velocity and smoothness. The procedures are detailed below.
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Phases of Movement Definition

The reaching forward task was divided into three phases: 1) going phase, 2) adjusting
phase, and 3) returning phase. These parameters were calculated considering the hand marker
velocity *°. The onset and offset of each phase were defined for each trial as the moment in which
the hand velocity exceeded (going and returning phases) or dropped (adjusting phase) a
threshold of 0.05 m/s. The following variables were extracted and calculated according to previous

studies 38192021

Duration/speed-derived outcomes:

- Total movement duration [s]: the time required to complete the reaching task and return to the

initial position. Higher movement duration corresponds to worse motor performance.2°

- Going phase [%)]: This phase is considered the ballistic/transport phase to reach the target. It is
presented as a percentage of the total cycle time. The expected percentage of the going phase
is approximately 50%-60% of the cycle time. A higher percentage indicates poor motor planning

and consequently worse motor performance.®2°

- Adjusting phase [%]: This phase is dedicated to precisely locating and touching the target, and
it is presented as a percentage of the total cycle time. The expected percentage of this phase is
approximately 5-10% of the cycle time. A higher percentage indicates worse motor

performance.%20

- Returning phase [%]: This phase corresponds to the ballistic/transport phase to return to the
initial position. It is presented as a percentage of the total cycle time. The expected percentage is

approximately 30-45%. A higher percentage indicates worse motor performance.%2°
- Velocity profile:

- Going phase velocity [cm/s]: mean velocity of the marker positioned on the hand during

the going phase.!*%

- Returning phase velocity [cm/s]: mean velocity of the marker positioned on the hand during

the returning phase.®?

- Peak Velocity [cm/s]: the maximum movement velocity achieved during the going
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phase.19:20

For these three velocity-related metrics, the higher obtained value, the better performance.

Movement quality measures
- Movement smoothness:

Average Jerk [m/s?]: this index is used to feature the quality of selective motor control. It is
calculated by the third derivative of hand displacement representing the variation of acceleration
in every second during the whole movement. Higher values indicate higher changes of

accelerations during the reaching test and, thus, worse movement smoothness.%-2

The number of Movement Units (NMU): is used as a measurement of selective motor
control. NMU was computed as the number of velocity peaks that exceeded the 10% of peak
velocity. This parameter indicates the number of online corrections during the ongoing phase. The

higher NMU values, the worse movement smoothness.%-

- Trunk compensatory movements:

Trunk anterior displacement [cm]: distance of anterior trunk displacement during the going

phase. Higher values of trunk anterior displacement mean higher reaching forward compensation.

- Joint angles:

Elbow extension [degree]: the range of motion was measured using reflective markers on
the wrist, elbow, and shoulder during all the reaching movement. The lower degrees of elbow

extension, the worse movement quality.

Sample size

Considering two factors in each regression model, a sample size of 35 individuals was

calculated as necessary to achieve an anticipated effect size of f=0.4, statistical power of 95%
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and alpha level of 0.05. An effect size of f=0.4 corresponds to Cohen’s d=0.80, i.e. large effect
size. Sample size calculation was performed using the G*Power 3.1 software.

Statistical analyses

Statistical analyses

Data normality and variance homogeneity were verified using Shapiro-Wilk and Levene’s
tests, respectively. Pearson’s correlation coefficients were calculated to verify the correlations
between potential predictors (elbow extension and trunk displacement) and dependent variables
(movement cycle time, velocity profile, NMU and average Jerk). The strength of correlations was
used to select the variables included in the linear multiple regression model. The power of
correlations were defined as strong (higher than 0.7), moderate (0.4 to 0.69), or mild (lower than
0.39) “. Principal component analysis with varimax rotation was conducted on movement cycle
time, velocity profile, NMU and average Jerk to confirm the underlying dimensions. The Kaiser-
Meyer-Olkin (KMO) measure was used to assess the adequacy of the analysis. Thus, multiple
linear regression analyses were performed using the stepwise method to determine which
predictor (elbow extension or trunk anterior displacement) would better explain the variance in

motor performance and movement quality.

A customized Matlab program (The Mathworks Inc, Natick, MA) was used to conduct one-
dimensional SPM analyses using the open-source spmld code (version 0.4,

http://www.spmid.org) as described by Pataky (2014) 2223, SPM1D uses the single inference

method to calculate significance of temporal clusters, or regions of next values for which the
statistic test exceeds the significance critical threshold (Tcritical), which are called as supra-
threshold clusters. Two-sample t-test was used to compare the kinematic data of elbow extension
and trunk anterior displacement during the paretic UL reaching for each time-normalized phase

between the severe and mild/moderate groups (0=0.05).

Quantitative (kinematic) variables

Data normality and variance homogeneity were verified using Shapiro-Wilk and Levene’s
tests, respectively. Variables were analyzed using the Generalized Estimation Equations (GEE).

Effects of group (mild/moderate and severe), limb (paretic and non-paretic limb), and group*limb


http://www.spm1d.org/
http://www.spm1d.org/
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interactions were verified. Bonferroni post-hoc was used to identify the differences between
groups, paretic/non-paretic limb, and group*limb interaction. Statistical analyses were performed
using the IBM SPSS 22 (SPSS Inc, Chicago, IL). The level of significance was set at p< .05 (2-
tailed).

Results
Participants

Fifty-six potential participants with chronic hemiparesis after stroke were recruited. Sixteen
were excluded because they did not meet all the eligibility criteria: cerebellar stroke (n=4) and
incapacity to perform a reaching task (n=12). Thus, forty subjects were included and divided into
two groups, according to the level of upper limb impairment.

Descriptive Data

The first group was composed with individuals with mild/moderate motor impairment and
the second was consisted of individuals with severe motor impairment. Demographic data and
clinical characteristics of participants are presented in Table 1. Briefly, most of the participants
were male; mature or older adults; right-handed; received an ischemic stroke diagnosis; and

exhibited a left-sided hemiparesis.

Table 1. Demographic characteristics

Severe impairment ~ Mild/Moderate impairment

p-value
(n=21) (n=19)
Gender, n (%)* 0.921
Male 13 (61.9) 13 (68.4)
Female 8 (38.1) 6 (31.6)

Age, years, mean + SD* 55.19 + 13.66 63.89 + 13.30 0.049
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Dominant hand, n (%)* 0.331
Right 20 (95.2) 16 (84.2)
Left 1(4.8) 3(15.8)
Stroke type, n (%)* 0.186
Ischemic 16 (76.2) 18 (94.7)
Hemorrhagic 5(23.8) 1(5.3)
Time since stroke, month, median (min-max) ¥ 24 (10-58) 26 (6-59) 0.684
Affected side, n (%)* 1.000
Right 9 (42.9) 8 (42.1)
Left 12 (57.1) 11 (57.9)

Motor impairment

UL-Fugl Meyer (0-66), median (min-max) ¥ 23 (9-31) 46 (32-60) <0.001

Abbreviations: UL, Upper limb; max, maximum; min, minimum; n, number of participants; SD, standard deviation.
Mild-Moderate: Severe: UL-Fugl Meyer scores below than 32; UL-Fugl Meyer scores of 32-66; *Chi-square
analysis. *t-Student test ¥U-Mann-Whitney. Significant values between groups (p<0.05) are displayed in boldface.

Outcome data

Regarding reaching forward performance, all subjects showed significantly poor
movement cycle time, going phase velocity, and returning phase velocity when the paretic upper
limb was compared to the non-paretic. The movement quality measure NMU was significantly
higher on the paretic upper limb. Thus, even those participants with mild impairment showed

some degree of motor deficit.

Participants with severe motor impairment after stroke showed a significantly higher
movement cycle time when compared with their peers with mild/moderate motor impairment. Both
movement quality variables (Jeark and NMU) were significantly worst in participants with severe
motor impairment after stroke. Hence, individuals with severe impairment showed worse motor
performance and movement quality when compared with those exhibiting a mild/moderate upper

limb impairment.
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Reaching forward data (movement duration/speed and quality-derived metrics) from the

paretic and non-paretic upper limb of the studied groups are shown in Table 2.

Table 2. Kinematic measures presented in mean and (95% CI) of the paretic and non-paretic upper limb after stroke.

Group X UL Interaction

Paretic UL Non-paretic UL
Wald x2 df p-value
Velocity profile measures
Movement Cycle Time, s 35.48 <0.001
Severe (n = 21) 3.15 [2.77-3.58] 1.52 [1.40-1.65] *
Mild/Moderate (n = 19) 2.23 [1.91-2.60] 1.74 [1.57-1.93] *
Going Phase, % of time 0.828 0.363
Severe 44.87 [41.24-48.82] 49.47 [47.83-51.17]
Mild/Moderate 45.01 [42.3-47.91] 47.34 [45.39-49.38]
Adjusting Phase, % of time 8.393 0.004
Severe 16.27 [12.57-21.06] 9.53 [7.18-12.65] *
Mild/Moderate 16.41 [12.66-21.28] 15.52 [11.77-20.44]
Returning Phase, % of time 7.456 0.006
Severe 37.0 [34.16-40.07] 40.89 [38.52-43.40] *
Mild/Moderate 39.46 [36.58-42.57] 37.32[33.96-41.00]
Going Phase Velocity, cm/s 4.249 0.039
Severe 29.26 [25.27-33.88] 37.41 [33.64-41.61] *
Mild/Moderate 32.47 [28.57-36.91] 34.75 [31.90-37.85]
Returning Phase Velocity, cm/s 8.088 0.004
Severe 30.21 [26.48-34.47] 44.06 [40.34-48.13] *
Mild/Moderate 35.95[32.66-39.57] *  42.46 [39.08-46.13] *
Peak Velocity, cm/s 0.161 0.688
Severe 56.93 [49.97-64.85] 63.24 [57.0-70.17]
Mild/Moderate 57.30[50.91-64.48] 61.42 [56.00-67.37]
Movement Quality measures
Smoothness
NMU, n 25.345 <0.001



Severe
Mild/Moderate

Average Jerk, m/s?
Severe

Mild/Moderate

Trunk compensatory movements
Trunk anterior displacement, cm
Severe

Mild/Moderate

Joint angles
Elbow ROM, ¢
Severe

Mild/Moderate

4.82 [4.05-5.75]

2.85 [2.40-3.39] +

109.71 [83.50-144.14]

67.99 [55.12-83.86] 1

11.8 [9.85-14.16]

4.17 [2.74-6.34]

15.59 [12.24-19.87]

28.22 [23.22-34.28] 1

2.10[1.98-2.23] *

2.21[2.03-2.40] *

69.49 [59.19-81.57] *

57.68 [48.59-68.47] *

1.51[1.23-1.85] *

1.97 [1.22-3.16] *

35.56 [31.77-39.80] *

35.13 [30.84-40.02] *

5.496

25.278

13.845

1

1

1
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0.019

<0.001

<0.001

Abbreviations: NMU, Number of movement units; UL, Upper limb. * p<.05 between paretic non-paretic upper limb.

T p<.05 between paretic upper limb in subjects with severe and mild/moderate impairment. Significant values are
displayed in boldface. Wald x2: Wald Qui-square.

Correlations

Motor Performance and Quality

Table 3 shows the correlation between dependent (reaching forward-related metrics) and

independent variables (elbow extension and anterior trunk displacement) for both groups.

Movement cycle time was moderately correlated with elbow extension (r=-0.420, p=0.007) and

trunk anterior displacement (r=0.503, p=0.001). The velocity profile was only related to elbow

extension: going phase velocity (r=0.487, p=0.001); returning phase velocity (r=0.408, p=0.009);

and peak velocity (r=0.413, p=0.008). The reaching forward quality was correlated with the
degrees of elbow extension (NMU, r=-0.472, p=0.002; Average Jerk, r=-0.320, p=0.044) and trunk
anterior displacement (NMU, r=0.614, p<0.001; Average Jerk, r=0.382, p=0.015). Together, these

findings suggest regardless of the motor impairment level, poor reaching performance and quality

are associated with limited elbow extension and higher trunk anterior displacement.
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Principal component analysis

The principal component analysis revealed two significant components, which accounted
for 78.78% of the variance in the entire set of parameters with a KMO result of 0.635. Reaching
forward time and velocity-related outcomes were grouped as “Factor 1” and movement quality-

related outcomes were grouped as “Factor 2”.

Multiple Regression Analysis

Table 3 shows the multiple regression analysis results. The degrees of elbow extension
and the trunk anterior displacement were inputted into two linear multiple regression models for:
1) time/speed-based movement outcomes and 2) quality-based movement outcomes. The
degree of elbow extension was able to explain 25.3% of the variance in reaching forward
time/speed-related outcomes. Moreover, trunk anterior displacement level was able to explain
33.7% of the variance in movement quality-related metrics. Both regressions showed 95% of

statistical power.

Table 3. Correlations and Multiple regression results

A. Correlations between predictors and reaching task kinematic variables

Reaching task variables Trunk compensatory Movements Joint Angle
Velocity profile measures Trunk anterior displacement Elbow extension
R 0.503 -0.420
Movement cycle time, s p-
0.001 0.007
value
R -0.234 0.487
Going Phase Velocity, cm/s p-
0.147 0.001
value
Returning Phase Velocity, R -0.170 0.408
cm/s p- 0.270 0.009
value
R 0.067 0.413
Peak Velocity, cm/s p-
0.668 0.008
value

Movement quality measures
R 0.614 -0.472
NMU, unit p-

<0.001 0.002
value



Average Jerk, m/s?

R 0.382
P- 0.015
value

-0.320
0.044

B. Multiple Regression Analysis

Potential predictors

Trunk anterior displacement

Elbow extension

Dependent Variable

B R2 t P B R2 t p
Velocity profile measures
Movement cycle time, s 0181 *2° 3500 0001 NA - NA 093 O
4
Going Phase Velocity, cm/s N/A N/A 0.666 0.509 0'51 0.237 3':'3 O'fo
Returning Phase Velocity, N/A  NA 0247 0806 0.40 0.167 2.75 0.00
cm/s 8 6 9
Peak Velocity, cm/s N/A - N/A 1173 0.248 0'71 6 0.170 ZIEZ 9 O'g 0
Movement quality measures
NMU, unit 0.284 0.37 4,797 <0.0 N/A - N/A 084 0.40
7 01 5 5
Average Jerk, m/s® 0.234 Oé 4 2.548 0.015 N/A  N/A 067 0.2 0
2
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Abbreviations: N/A, not applicable; NMU, Number of movement units. Significant correlations and best fit models
are displayed in boldface. To regression equations values required the appropriate transformation (logn).

Mapping analysis

According to the SPM analysis, participants with severe upper limb impairment exhibited limited

elbow extension and higher trunk compensatory movements in the first third of the reaching

forward going phase, in the adjusting phase and at the beginning of the returning phase when

compared with their peers presenting mild/moderate motor impairment (elbow extension: 16-77%,
Teritica=3.017, p<0.001; trunk anterior displacement: 15-70%, T#=3.939, p<0.001) (Figure 2 and

3).
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Discussion

Stroke-related motor impairments frequently require compensatory movements to allow
individuals to complete a motor task and maintain their daily living activities.”*?425 However, a
reduced joint range of motion, poor coordination and maladaptive plasticity could be some side
effects of the compensatory movements. 7 In this context, combining trunk restraint and task-
specific training decreases the anterior trunk displacement and increases elbow extension,

leading to greater function of the upper limb.*2

Here, we show the degree to which elbow extension and trunk anterior displacement
explain the duration, speed, and quality of the reaching forward movement in stroke survivors with
different levels of motor impairment. The current findings revealed participants who presented
limited elbow extension during reaching forward using the paretic upper limb exhibited poor
reaching forward performance, which agree with the literature.?%?” Interestingly, we found elbow
extension explained 25.3% of the reaching performance variance regardless of the stroke-
induced motor impairment. Thus, the elbow extension may account for approximately a quarter
of the reaching forward performance, which could be important to know when prescribing reaching
forward exercises for stroke rehabilitation.

While literature suggests trunk anterior displacement may not predict a functional reaching
forward?>?8, we found the levels of trunk anterior displacement were able to explain 33.7% of the
reaching forward quality. Trunk anterior displacement may not impact on reaching forward
time/speed-based outcomes, but it could change the way stroke survivors execute this movement.
For instance, a reaching training using the trunk restraint technique in stroke survivors improves
upper limb movement smoothness and precision while reaching forward. To the best of our
knowledge, this is the first study to weight the anterior trunk displacement role on the quality of

reaching forward.

Although the results found in both regression models were satisfactory, the explained
variance (25.6% - elbow extension, and 33.7%-trunk anterior displacement) might be considered
low from a clinical perspective. Since reaching forward control is a complex and multifactorial
movement?4®, weighting the effects trunk and elbow compensatory movements have on reaching
forward movement may help clinicians to prescribe the appropriate stroke rehabilitation exercises

to facilitate reaching forward. Nevertheless, these percentages should be interpreted with caution.
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This study provides valuable insights regarding what movement phases should be focused
to improve reaching forward after stroke. We found the middle of the going phase and the entire
adjusting phase are the most difficult moments for stroke survivors with severe upper limb
impairment. These reaching forward phases seem to be important when stroke survivors with
mild to moderate hemiparesis reach a glass to drink.?® During these phases of the reaching
forward cycle, the hand is in the farthest position from the body, which require higher angles of
elbow extension. Because stroke survivors often have limited elbow extension, the trunk anterior
displacement tends to be more prominent in these cycle phases of the reaching forward

movement34.

This study has some limitations. First, most of the study participants had severe
impairment of their hand function. As a result, we only assessed the reaching forward movement
due to the impossibility to assess reaching-forward-based functional tasks, such as grasping an
object or drinking. Second, all the included participants were in the chronic phase of stroke, thus
the current findings could not be generalized. Further trials focusing on specific components of
the reaching forward movement could provide guidance to improve upper limb recovery after

stroke.

Conclusion

This study shows the kinematic characteristics of the reaching forward movement in stroke
survivors with different levels of upper limb impairment after stroke. By improving elbow extension,
stroke survivors could improve their reaching forward performance. Moreover, avoiding excessive
anterior trunk displacement during the reaching forward can lead to a more precise and smooth
reaching, thus improving movement quality. The middle of the going and the entire adjusting
phases seem to be the most relevant reaching forward aspects to perform this movement in
people with severe motor impairment after stroke. These findings reinforce the need to reduce
trunk and elbow compensatory movements to improve time/speed and quality-based metrics in

the reaching forward.
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5 CONCLUSAO GERAL

Nesse estudo, demonstramos em detalhes caracteristicas da analise
cinematica do movimento de alcance a frente de individuos com diferentes graus
de comprometimento motor apos AVC. Nossos achados demonstraram que
possivelmente poderemos melhorar o desempenho motor desses individuos ao
ganharmos extenséo de cotovelo.

Reforgamos achados prévios da literatura sobre a importancia da restricdo
do movimento de tronco durante a reabilitacdo do movimento de alcance. Com
essa estratégia, poderemos estimular que os individuos apés AVC tenham um
movimento mais preciso e suave, levando a uma melhora na qualidade do
movimento de alcance.

Em especial para individuos com comprometimento motor grave apos
AVC, a metade da fase ida e toda a fase de ajuste do movimento de alcance
devem ser olhadas com mais aten¢do durante o processo de reabilitacdo pois
aparentam ter maior relevancia.

De maneira geral, salientamos a importancia de inibir movimentos
compensatorios de tronco e cotovelo a fim de melhorar medidas de velocidade
e qualidade de movimento durante 0 movimento de alcance a frente de membro
superior.

Estudos futuros devem continuar abordando individuos com diferentes
niveis de comprometimento. Mais e mais ensaios clinicos randomizados e
revisdes sdo necessarios para continuarmos a definir as melhores estratégias de

tratamento para esses individuos.
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6 IMPACTOS DO TRABALHO

Esse estudo trouxe novas conclusbes em relacdo ao movimento de
alcance a frente de individuos apds AVC. Esses achados podem contribuir para
que fisioterapeutas e profissionais de saude consigam avaliar de forma mais
precisa seus pacientes e assim possam tracar um plano de tratamento cada vez
mais efetivo para esse individuo.

A populacao de pessoas que sofreram AVC no Brasil € enorme, e muitas
delas convivem com sequelas meses e anos apdés o AVC. Nosso trabalho
contribui para que continuemos a buscar estratégias efetivas para melhorar a
independéncia e a autonomia desses individuos, principalmente se tratando de
pessoas com comprometimento motor grave.
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0 presenbs szhudn =nconfa-seE denfo das normas vigenbes no Fals de peeoqulsss spechemdn senes
rumanos. Tem a relevancis de buscar aprimorar & reablitacio apos addente vascular cerebral.

Enderepz: 1€ Frof™ Anree Cine S5 Hoezs Dom Yiosnis Scheess

Bmlime: T mndar - Canbio CEF: oorscaem
L Hunkipioc: PONTDALDDRE
Taildomar (51 P48 Fas: (=IO Eomail: csc@ma-iscana s
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DE MISERICORDIA DE PORTO W"F

ALEGRE - ISCMPA

oy 4o Fersssr 1150 30N

Consideragbes Finalc a orftério do CEF:
Apos reavallacio do protocolo acima descorbo, o presente comig® ndo encontrou dbices Quanto ao
dessnvolimento do =shudo =m oS Irﬁﬂl:l.l-;!n B poderd ser inlcads & parir da dats desfe panscer.

Obs.: 1 - O pesquissdor responsdve] deyve encaminhar & este CEF, Relatdrics de Andamenio dos Frojeios
deservnividos na IBCAMPA. Reiabirios Pamclals (pesquisas com durapho superor 4 § meses), Relabirics

Fimals (3o tErmino da pesguisa)l & os Resulsdos Obtidos (cdpla da puhlll:ag!-:-l.

Z —Para o Inicko do projato de pesquisa, o Investgador devera apresentar a chefla oo sendpo (onde ser
realizada & pesguisal, o Parecer Consubstanciado de aprovapho do prolocoio peio Comi® de ESca.

Exts par=ger fol slaborado bacsado noc dosumenios abaleo relacdonadon:

Tipo Deourmenio Amulvo Focingsr Aufor Eh.a-;:!-u-
Informagiles Basicas| PE_INFORMACUES_BAIICAS DO_F 1901 T A et
dix Projein ROMET G _BSEOSE pedfl e
Declarapho de Termo,_irenokog ks pdl 100017 | Kada Canlel= Rech At
Instiuichs = e o = o [

Infrees s

Outros carta_oomite. padf 100017 | Kada Canlel= Rech At
J0330E

Projeio De@alesds ! | PROJETO_1_1.pdf 1002017 | KdSa Canlel= Rech Aot

Brschuma =3

Inyesdgador

TCLE ! Termmos de | TCLE_1_1 padf 100017 | KdSa Danleb= Rach A meiho

Assentimento | Bk

Jussficatva de

Ausincla

Crpamenio orcamenbs FaEfomro g 1S0EZ017T | KafSa Danlel= Fsch et
103411

TCLE ! Termas de | TCLE_FlatxiormaBras] pdt 1SN0ET0AT | KaSa Canls= Rach A et

Ansenbmenio ! 1033

JusEficatva de

ALsircla

Cutos dechaan_de_Fsencac_de_omus. A n| 130520197 |KaSa Canlels Rech Ao

il [ m ) e Ede-ce

Erdarspe: L Frof™ Snees Cine 50E. Hoez Dom Viesnis Scheser

Balrme: " mncar - Canbro CEP: oomsxeoen
UrF. = HNunicipio: PONTO ALEDNE
Talmdoea (5| L4-E8T1 Fan: @IEFEET Email: cecuariscans e s
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Oiros DECLARACAD DE_AUTORIZACAD_D| 13020017 |HKida Canlel= Rech At
CHEF SPONSAVEL padf 134138
Ciiros FORMULARIC_DE_IME2CRICAD_DE_P| 13020017 |HKida Canlel= Rech At
ROSETOS_DE_FE3QUISA_CCOMITE_E| O==5-10
M PESQUISS ECAi=a pdf
Qutos UFCEFA_Termo_de_rompromisso_par | 13022017 | Kida Canlels Rech Areiio
a_eniregs_de reatono_semesial_ou_fi|  DSSds
nalogdf
Declarapio de Deciaracys_de confidenciabdsse do s | 12025017 |ALME DE 30LUZA At
Pesquisadores ujemo_no_estudo pd ZII1EZ | PAGHLUSSAT
Declarapio de Declaracss_de utizscao de dados_de| 12025017 |ALBME DE 30LUZA At
Pesquisadores pronbusrios, e s de_publicacso pdf ZIIFEES | PAGHUSSAT
Declarapio de Declaracss_de compromisso_para_utll| 12025017 |ALMNE DE 30LUZA At
Manuseio Mabterial | zacso_de_dados_de_aterial bickogico Z2EAE  |PAGHLUESAT
Boiidgion § paif
B loreposibinia §
| B lpbarc
Cronograma CronograT. pdf 12032017 | ALMNE DE BOLEZA At
Z2E50 | PAGHLESSAT
Declarn =3 TERMD_DE_AMUENCIA_DC_REIPCHM] 12025017 |ALME DE 30LUZA At
Inst = SAVEL_PELC SETOR_CU MITITWIC|  Z254-17  |PAGHUSSAT
Infraes nutura AD ONDE_SERA_REALIZADA_A_FER
SILINSA ot
Foiha de Rosio folha_de_rosio poff 120017 |ALINE OE BOLIZA At
223500 | PAGHLESSAT

IHuxgdo do Fareoer:

ADrovads

HeoscoHa Apreciagdo da COMER:

Mo

Erdamsgs:

U B

FORTO ALEGRE, D& = Julho de 2017

Accinade por:
ELIEETE EEITEL
(C-oordenador)

1. Frof™ e Ciee 25 Hosz Dom Yiosnis Schees
Bmirra: anear - Cenbro
Fun i pio
Talmlona: (5| P48

CEP: 90 mac-0
PORETD ALEGRNE

Fan: 310387 [E-mail:

caciffua-iscans foe o1
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