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RESUMO

Quando adolescentes com paralisia cerebral (PC) do tipo hemiplegia espastica sao
comparados a adolescentes com desenvolvimento normal (DN) durante a execucéo
de tarefas de membro superior, o pior desempenho e o uso de estratégias de
movimento consideradas atipicas exibidos pelos primeiros tendem a ser atribuidos a
presenca e a gravidade da lesdo neuroldgica nesse grupo. O objetivo deste estudo
foi verificar a influéncia de outros fatores, como demanda da tarefa, suporte
contextual oferecido e nivel de habilidade dos individuos no que diz respeito ao uso
do membro superior, que poderiam estar por tras das diferencas entre adolescentes
com e sem hemiplegia espastica em uma tarefa de apontamento reciproco. Vinte
participantes (nove hemiplégicos e 11 com DN) foram solicitados a usar uma haste
de madeira para tocar, continua e reciprocamente, alvos dispostos em pares com
maéaxima precisdo e velocidade. A realizacdo dessa tarefa era dificultada ou facilitada
através de manipulacbes no tamanho dos alvos a serem tocados — constraint da
tarefa; na adequacdo da haste usada para toca-los — constraint contextual, e no
membro superior utilizado (i.e. preferencial ou ndo afetado x n&o preferencial ou
afetado) — constraint do individuo. Os resultados deste estudo apontam para a forte
influéncia de constraints nos trés niveis descritos acima no desempenho e nas
estratégias de movimento exibidos pelos adolescentes com e sem hemiplegia.
Embora o desempenho dos participantes com PC tenha sido inferior ao daqueles
com DN, a magnitude das diferencas entre grupos foram mais evidentes quando a
demanda de precisdo da tarefa era aumentada e quando o membro superior nao
preferencial era usado, ou seja, quando a relacdo capacidade/demanda entre os
adolescentes dos grupos PC e DN era mais discrepante. Com relacéo as estratégias
de movimento, a exposicao a condicbes de tarefa mais desafiadoras evidenciaram
sdo sO diferencas, mas também semelhancas nos ajustes exibidos pelos
adolescentes com e sem hemiplegia. Em comparagdo aos adolescentes com DN,
agueles com hemiplegia exibiram menor magnitude de movimentacéo de cotovelo e
maior magnitude de movimentacdo de ombro quando utilizaram o membro superior
nao preferencial para executar a tarefa. Por outro lado, todos os participantes,
independente de grupo, exibiram aumentos comparaveis na magnitude de
movimentagcdo de tronco e pelve quando usaram 0 membro superior nao

preferencial para executar a tarefa com maior demanda de precisdo. Explicacdes



para o uso dessas estratégias foram propostas e contribuiram para a conclusédo de
que é mais provavel que elas reflitam um mecanismo de adaptacdo para lidar com
as exigéncias da tarefa, dadas as capacidades do individuo, do que uma

manifestacdo essencialmente patologica.

Palavras-chave: Hemiplegia espéastica. Tarefa de apontamento reciproco.
Desempenho. Estratégia de movimento. Demanda de precisdo. Relacao

capacidade/demanda.



ABSTRACT

When teenagers with hemiplegic cerebral palsy (CP) are compared to typically
developing (TD) teenagers during the execution of upper limb tasks, worse
performance and atypical movement strategies presented by the former are usually
attributed to the presence or severity of their neural damage. We aimed to verify the
influence of other factors, such as task accuracy demands, contextual support and
individuals’ skills, that could be underlying the differences between teenagers with
and without spastic hemiplegia during a reciprocal aiming task. Twenty participants
(nine with hemiplegic CP and 11 with typical development) used a pointer to
continuously hit two targets with maximum speed and accuracy. Task conditions
were manipulated by changing the targets’ size; by modifying the pointer’'s adequacy
for precision tasks; and by switching between individual's preferred/non-affected and
non-preferred/affected upper limbs. The results point to a strong influence of the
experimental manipulations on the behavior of both teenagers with and without CP.
Even though hemiplegic teenagers exhibited worse performance compared to TD
teenagers, the magnitude of the differences was more pronounced when the
capability/demand relation was more dissimilar between those individuals. Regarding
movement strategies, teenagers with hemiplegia, compared to those with typical
development, presented lower magnitude of elbow movements and increased
magnitude of shoulder movements when performing the task with their less skilled
upper limb. However, in spite of those differences, hemiplegic and TD teenagers
showed comparable increases in trunk involvement when facing more challenging
task conditions, which highlights similarities in the behavior of individuals with and
without CP in face of increases in task demands. We propose reasons as to why
such strategies were implemented and conclude that they reflect a necessary
adaptation to the conditions under which the task is performed, given the individuals’

capabilities, and not a primarily pathological manifestation.

Keywords: Spastic hemiplegia. Reciprocal aiming task. Task performance.

Movement strategies. Accuracy constraints. Capability/demand relation.
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1 INTRODUCAO

Individuos com paralisia cerebral (PC) do tipo hemiplegia espastica
frequentemente experienciam dificuldades na realizacdo de atividades que requerem
0 uso dos membros superiores (KLINGELS et al., 2012; BRAENDVIK et al., 2010;
VAN ZELST et al., 2006; FEDRIZZI et al., 2003; BECKUNG; HAGBERG, 2002). Mais
especificamente, as disfuncdbes de membro superior apresentadas por esses
individuos, como fraqueza muscular ou restricdes de amplitude de movimento, sdo
preditoras de seu desempenho em atividades relevantes para a independéncia na
rotina diaria (KLINGELS et al., 2012) e estdo fortemente correlacionadas a
limitacdes funcionais (BRAENDVIK et al., 2010). Possivelmente por essa razao,
muitos pesquisadores tem se dedicado ao estudo de aspectos relacionados a funcao
dos membros superiores de individuos com hemiplegia espastica.

Uma abordagem de investigacdo tradicionalmente empregada refere-se a
comparacdo do desempenho e das estratégias de movimento exibidos por
individuos com PC durante a realizacdo de tarefas de membro superior aqueles
exibidos por individuos com desenvolvimento normal (DN) (veja JASPERS et al.,
2009, para uma revisao). Essencialmente, essas comparacdes ressaltam diferencas
entre esses grupos de individuos demonstrando que aqueles com hemiplegia
espastica exibem pior desempenho e estratégias de movimento consideradas
atipicas (JASPERS et al., 2009). Essas estratégias sado frequentemente assumidas
como sendo um reflexo da lesdo cerebral e um impedimento para o alcance de
melhores resultados em termos de performance (BLEYENHEUFT et al., 2007,
DUQUE et al., 2003). Consequentemente, elas tém sido denominadas estratégias de
movimento patolégicas (JASPERS et al., 2011; JASPERS et al., 2009) ou déficits
motores (MACKEY; WALT; STOTT, 2006; BUTLER et al., 2010) e apontadas como
alvo de intervencdo no tratamento de individuos com PC (JASPERS et al., 2011).
Entretanto, quando expostos a condicbes de tarefa mais desafiadoras, adultos
tipicos parecem empregar estratégias de movimento que se assemelham aquelas
exibidas por individuos com hemiplegia espastica (VAN DER KAMP;
STEENBERGEN, 1999; STEENBERGEN; MARTENIUK; KALBFLEISCH, 1995).

Dessa forma, é possivel que as estratégias de movimento exibidas por individuos
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com PC reflitam uma adaptacdo as condi¢cdes sob as quais a tarefa € realizada,
dado suas capacidades, e ndo uma manifestacdo primariamente patoldgica.
Analogamente, tais estratégias podem consistir em uma maneira de se garantir o
melhor desempenho possivel dado as condicdes em que a tarefa é realizada, e nao
um impedimento para Otima performance. O presente estudo apresenta uma
avaliacao inicial destas suposicdes através da investigacdo do efeito das condi¢des
em que uma tarefa de membro superior é realizada no desempenho e nas
estratégias de movimento de adolescentes com e sem hemiplegia espastica.

O contexto experimental em que adolescentes com hemiplegia espastica tém
seu desempenho e estratégias de movimento comparados aos de adolescentes com
DN abrange diversas tarefas de membro superior (e.g. alcance a frente, acima e ao
lado; alcance seguido de preensdo de objetos; direcionamento da mao a boca, a
cabeca, ao ombro contralateral; e realizacdo de movimentos rapidos em direcdo a
alvos dispostos no ambiente) (JASPERS et al., 2011; BUTLER et al., 2010; REID et
al., 2010; DOMELLOF; ROSBLAD; RONNQVIST, 2009; JASPERS et al., 2009;
RONNQVIST; ROSBLAD, 2007; SMITS-ENGELSMAN; RAMECKERS; DUYSENS,
2007; MACKEY; WALT,; STOTT, 2006; STEENBERGEN; MEULENBROEK, 2006;
VAN THIEL et al., 2000). No entanto, na maioria dos estudos, 0s requisitos para a
realizacdo das tarefas (e.g. demanda de precisédo e/ou de velocidade), assim como o
suporte contextual oferecido aos participantes (e.g. adequacgéo das ferramentas ou
objetos usados para a realizacdo da tarefa) ndo sdo manipulados (JASPERS et al.,
2011; BUTLER et al., 2010; REID et al., 2010; DOMELLOF; ROSBLAD;
RONNQVIST, 2009; JASPERS et al., 2009; RONNQVIST; ROSBLAD, 2007;
MACKEY; WALT; STOTT, 2006; para excecdo veja SMITS-ENGELSMAN;
RAMECKERS; DUYSENS, 2007; STEENBERGEN; MEULENBROEK, 2006; VAN
THIEL et al., 2000). Dessa forma, como teoricamente o Unico parametro manipulado
nesses estudos é a presenca versus auséncia de leséo cerebral nos individuos com
e sem PC, respectivamente, as diferencas em desempenho e estratégia de
movimento identificadas entre esses individuos tendem a ser atribuidas unicamente
a existéncia daquela leséo.

Com relacdo ao desempenho, as diferencas entre adolescentes hemiplégicos
e adolescentes com DN mais consistentemente reportadas referem-se ao (1) maior
tempo de movimento para realizacdo da tarefa, (2) reduzida retiddo da trajetoria de

movimento e (3) valores inferiores de velocidade maxima exibidos pelos primeiros
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(JASPERS et al., 2011; DOMELLOF; ROSBLAD; RONNQVIST, 2009; JASPERS et
al., 2009; SMITS-ENGELSMAN; RAMECKERS; DUYSENS, 2007; MACKEY; WALT,
STOTT, 2006; STEENBERGEN; MEULENBROEK, 2006). No que diz respeito as
estratégias de movimento, os estudos tém reportado que adolescentes
hemiplégicos, comparados aqueles com DN, realizam as tarefas de membro superior
usando menores magnitudes de extensdao de cotovelo e maiores magnitudes de
rotacdo e/ou em flexdo anterior de tronco (JASPERS et al., 2011; BUTLER et al.,
2010; REID et al., 2010; JASPERS et al., 2009; MACKEY; WALT; STOTT, 2006;
STEENBERGEN; MEULENBROEK, 2006). Surpreendentemente, caracteristicas
similares podem ser observadas no comportamento de individuos tipicos quando
submetidos a condi¢cBes experimentais desafiadoras. Van der Kamp e Steenbergen
(1999) demonstraram que diante de aumentos na demanda de acuracia da tarefa
(i.e. transportar uma colher contendo substancia liquida em seu interior versus
transportar essa mesma colher contendo uma substancia sélida em seu interior),
adultos tipicos tiveram seu desempenho e estratégias de movimento modificados.
Especificamente, esses individuos exibiram maior tempo de movimento para
completar a tarefa, menor valor de velocidade maxima alcangada, menor
envolvimento de articulacbes mais distais (i.e. cotovelo e punho) e maior
envolvimento de movimentos de tronco e cabeca. Steenbergen e colaboradores
(1995) também verificaram que adultos tipicos, quando solicitados a alcancar e
transportar um copo cheio em comparagdo a um copo vazio (i.e. situacdo de
aumento da demanda da tarefa) usando seu membro superior ndo preferencial em
comparacao ao preferencial (i.e. situacdo de reducdo da habilidade/destreza do
individuo), demonstraram maior envolvimento do tronco e menor envolvimento das
articulagbes do membro superior (i.e. cotovelo e ombro) para realizar a tarefa. Essas
evidéncias sugerem que o comportamento dos individuos reflete a relacdo entre
suas capacidades e as demandas impostas pela tarefa. Dessa forma, é possivel que
as diferencas tipicamente evidenciadas entre adolescentes com e sem hemiplegia
espastica, no que diz respeito ao desempenho em tarefas de membro superior e
estratégias de movimento associadas, reflitam as discrepancias na relagdo entre
capacidade e demanda desses individuos, e ndo a presenca ou auséncia da
paralisia cerebral em si. Além disso, como as estratégias de movimento
implementadas pelos individuos podem estar ilustrando o melhor que eles podem

fazer, dado suas capacidades e as demandas da tarefa, essas estratégias néo
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deveriam ser, a priori, assumidas como um fator limitante ao desempenho dos
individuos. Ao contrario, € possivel que essas estratégias de movimento estejam
garantindo o melhor desempenho possivel dado as condicbes em que a tarefa é
realizada.

A investigagao destas suposi¢cdes requer que tanto o desempenho, quanto as
estratégias de movimento dos individuos sejam analisadas (1) simultaneamente e
(2) diante de variacdes nas condi¢cdes de tarefa. Para variar essas condi¢cdes, uma
possibilidade € manipular as demandas impostas pela tarefa — por exemplo, através
de mudancas nos requerimentos de precisdo da mesma (i.e. constraint da tarefa) ou
através de mudancas na adequacdo da ferramenta usada para acéo (i.e. constraint
contextual). Adicionalmente, pode-se solicitar aos individuos que realizem a tarefa
ora com seu membro superior mais habilidoso (i.e. membro superior preferencial ou
ndo afetado de individuos com PC), e ora com seu membro menos habilidoso (i.e.
membro superior ndo preferencial ou afetado de individuos com PC), o que

permitiria avaliar os efeitos de uma constraint relacionada ao individuo.

1.1 Objetivos

1.1.1 Objetivo Geral

Verificar os efeitos de constraints da tarefa, do contexto e do individuo no
desempenho e nas estratégias de movimento de adolescentes com PC do tipo
hemiplegia espéstica e de adolescentes com DN durante uma tarefa de membro

superior.

1.1.2 Objetivo Especifico

Verificar se o nivel de demanda de precisdo da tarefa (i.e. acertar alvos de

maior versus menor didmetro), a adequacdo da ferramenta usada para
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desempenha-la (i.e. uso de hastes que produzem menores versus maiores torques
de resisténcia a movimentacéo), e o nivel de habilidade dos individuos no que se
refere ao uso dos membros superiores (i.e. uso do membro superior preferencial ou
nao afetado versus uso do membro ndo preferencial ou afetado) modificam o
desempenho (i.e. tempo médio de movimento necessario para cumprir a tarefa) e as
estratégias de movimento (i.e. média de deslocamentos articulares) de adolescentes
com hemiplegia espastica e com DN de maneira distinta durante uma tarefa de

apontamento reciproco.
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2 MATERIAIS E METODO

2.1 Participantes

Participaram deste estudo nove adolescentes com diagnostico médico de
paralisia cerebral do tipo hemiplegia espastica (idade média: 12,8 anos; intervalo:
11-14 anos), que compuseram o grupo PC e 11 adolescentes com desenvolvimento
normal (idade média: 12,8 anos; intervalo: 11-14 anos), que compuseram 0 grupo
DN. O numero de participantes foi baseado em um calculo amostral considerando-se
0S seguintes parametros: tamanho de efeito de d=0,25 obtido no estudo de Melo
(2011); poder estatistico de 0,80; a = 0,05; niumero de grupos = 2 e um total de oito
condigbes experimentais. De acordo com esse calculo realizado com o software
G*Power 3.1.5, uma amostra total de 16 individuos (oito em cada grupo) seria
necessaria para evidenciar os efeitos, caso existissem.

As caracteristicas descritivas dos participantes estdo apresentadas na Tabela
1. Como evidenciado nesta tabela, os grupos PC e DN eram equivalentes quanto as

variaveis sexo, idade, funcao cognitiva e status socioeconémico das familias.

TABELA 1
Caracteristicas descritivas dos participantes
Caracteristica Grupo Valdor
PC(n=9) DN (n =11) p

Sexo? Masculino 4 (44%) 4 (36%) 0,714
Idade® Anos 12,8 (0,6) 12,8 (0,8) 0,933

Escala de
Fungéo cognitiva® ConeCiMeMO 96,44 (13,0)° 102,01 (135 0,204

KBIT-2

AL/A2 =1 (11%)  A1/A2 =0 (0%)
Status Categoria do B1/B2 =3 (33%) B1/B2 =8 (73%) 0235
socioecondmico® CCEB Cl/C2 =4 (45%) C1/C2=3(27%)
D/E = 1 (11%) D/E = 0 (0%)

Membro superior 5, 3 (33%) 11 (100%)
preferencial
Nivel do MACS® I ou I | =3 (33%) N/A

Il = 6 (67%)




17

PC = paralisia cerebral; DN = desenvolvimento normal; KBIT-2 = Kaufman Brief Intelligence Test;
CCEB = Critério de Classificacdo Econémica Brasil; MACS = Manual Ability Classification System
(niveis | e Il indicam limitag6es leves no uso das méos em atividades de vida diaria); N/A = ndo se
aplica.
#Nameros indicam frequéncia e (porcentagem)
® Ntmeros indicam media e (desvio-padrao)
°Escores dentro do intervalo caracteristico de desempenho médio, que varia de 85 a 115 pontos
Kaufman & Kaufman, 2004)
Equivaléncia entre grupos foi verificada por teste-t Independente e teste qui-quadrado, para as
variaveis numéricas e categoéricas, respectivamente.

Todos os adolescentes incluidos no estudo eram capazes de deambular de
forma independente e de compreender instru¢cdes verbais (habilidade confirmada
pelos escores obtidos na escala de conhecimento verbal do teste Kaufman Brief
Intelligence Test [KBIT-2]; KAUFMAN; KAUFMAN, 2004; ver Tabela 1). Além disso,
os adolescentes do grupo PC apresentaram funcdo manual classificada nos niveis |
ou Il do Manual Ability Classification System (MACS; ELIASSON et al., 2006), o que
indica limitacdes leves desses individuos em fazer uso das maos nas atividades de
vida diaria. Esse critério visou assegurar a inclusdo de adolescentes com PC que
fossem ser capazes de segurar e manusear a ferramenta necessaria para o
cumprimento da tarefa experimental.

Os adolescentes hemiplégicos foram recrutados em clinicas e centros de
reabilitacdo, enquanto que os adolescentes com desenvolvimento normal foram
recrutados a partir da indicacdo de amigos e conhecidos dos pesquisadores
envolvidos. O estudo foi aprovado pelo Comité de Etica em Pesquisa da
Universidade Federal de Minas Gerais (UFMG) (ANEXO A). Todos os participantes,
assim como seus pais ou responsaveis, foram esclarecidos acerca dos
procedimentos do estudo e assinaram o termo de consentimento livre e esclarecido

(APENDICE A), concordando com a participacéo voluntaria na pesquisa.

2.2 Instrumentacao e Procedimentos

Os participantes foram solicitados a realizar uma tarefa de apontamento

reciproco — frequentemente referidas na literatura como tarefa de Fitts — que
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consiste em tocar continua e reciprocamente alvos dispostos em pares com maxima
precisdo e velocidade (FITTS, 1954). Essa tarefa pode ser caracterizada por um
indice de dificuldade (ID) que é diretamente proporcional a distancia (D) entre os
alvos e inversamente proporcional a largura (L) dos mesmos [ID = log, (2D/L)]
(FITTS, 1954). Durante a realizagdo da tarefa, os participantes mantiveram-se na
posicdo ortostatica, em frente a uma mesa de altura regulavel sobre a qual o par de
alvos era posicionado. Para tocar os alvos, os participantes utilizaram uma haste de
madeira cilindrica e homogénea com comprimento de 50 centimetros (cm) e massa
de 38,98 gramas (g). A altura da mesa era ajustada de modo a manter seu topo

alinhado ao trocanter maior dos participantes (Figura 1).

FIGURA 1: Participante do estudo desempenhando a tarefa na posicao
ortostatica e utilizando a haste de madeira para tocar os alvos.

Para manipular a demanda de precisado da tarefa (i.e. constraint da tarefa)
dois pares de alvos de diferentes larguras (10 e 6 cm de raio) foram utilizados. A
distancia entre os alvos de cada par foi mantida fixa em 35 cm. Dessa forma, dois

indices de dificuldade foram estabelecidos: ID = 3 para a condicdo de tarefa mais
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facil e ID = 4 para a condicao de tarefa mais dificil (IDs arredondados para o nimero
inteiro mais préximo).

O suporte contextual (i.e. constraint contextual) oferecido aos participantes
também foi manipulado através de mudancas na adequacdo da haste usada para o
desempenho de tarefas de precisdo. Para isso, um cilindro de a¢o de 50 g foi
anexado a haste e deslocado ora em direcdo a sua extremidade distal, ora em
direcdo a sua extremidade proximal, no intuito de modificar uma das propriedades
mecanicas dessa ferramenta: sua distribuicdo de massa. Mais especificamente,
duas condicOes de adequacéo da haste foram criadas: (1) alta adequacao (situagao
na qual o cilindro era fixado em uma posicdo proxima do ponto onde o participante
segurava a haste, i.e. a 10 cm da extremidade proximal da haste) e (2) baixa
adequacao (situacéo na qual o cilindro era fixado em uma posicao distante do ponto
onde o participante segurava a haste, i.e. a 40 cm da extremidade proximal da
haste). Essencialmente, o que diferenciava as condi¢des de alta e baixa adequacéao
da haste eram as magnitudes dos torques de resisténcia a movimentacdo (ou
resisténcia & mudancga na direcdo da movimentagdo) produzidas pela mesma. Na
situacdo de alta adequacé&o, menores magnitudes de torque de resisténcia eram
produzidas, uma vez que o centro de massa da haste estava mais proximo da mao
dos participantes, facilitando o controle da posicdo dessa ferramenta no espaco. O
oposto ocorreu para a condicdo de baixa adequacdo, situacdo em que maiores
magnitudes de torque de resisténcia a movimentacdo eram produzidos pela haste,
dificultando o controle de sua posicéao.

Uma dltima manipulacdo proposta no presente experimento foi relacionada ao
nivel de habilidade motora dos participantes no que diz respeito ao uso dos
membros superiores (i.e. constraint do individuo). Para isso, os adolescentes foram
solicitados a desempenhar a tarefa em todas as condi¢cbes experimentais usando
ora 0 membro superior com o qual possuiam maior habilidade (i.e. membro superior
preferencial ou ndo afetado no caso do grupo PC), e ora 0 membro superior com o
qual possuiam menor habilidade (i.e. membro superior ndo preferencial ou afetado
no caso do grupo PC).

Juntas, as manipulac¢des (1) na demanda de precisao da tarefa (ID=3 e ID=4),
(2) no suporte contextual oferecido (adequacdo da haste = alta e baixa) e (3) no
nivel de habilidade motora dos membros superiores dos participantes (membro

preferencial e nao preferencial) resultaram em um total de oito condi¢des
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experimentais, sendo cada uma delas realizada duas vezes. A ordem de
apresentacao das condicdes foi aleatorizada em blocos de ID da tarefa e membro
superior de inicio. Mais especificamente, anteriormente ao inicio da coleta de dados,
0s participantes realizavam dois sorteios: o primeiro para definir o par de alvos com
gue comecaria a tarefa e o segundo para definir o membro superior (preferencial ou
nao) de inicio. Dentro de cada bloco de ID da tarefa e membro superior, as
condicbes de haste (alta e baixa adequacdo) eram apresentadas de forma
aleatorizada. Para que pudéssemos considerar a coleta de cada condicdo
experimental como valida, era necessario que os voluntarios acertassem os alvos 26
vezes consecutivamente (13 toques em cada alvo do par). Caso eles cometessem
algum erro, a tentativa era interrompida e descartada e os participantes eram
solicitados a repeti-la. Os voluntarios treinavam a tarefa em cada condicdo
experimental antes do inicio do registro dos dados. Esse treino era mantido até que
0 participante pudesse acertar os alvos de forma consistente por no minimo 10
vezes. Previamente ao inicio de cada tentativa, os adolescentes recebiam estimulo
verbal no sentido de incentiva-los a alcancarem seu melhor resultado em termos de
velocidade e precisdo. Periodos de descanso de aproximadamente 60 segundos
eram fornecidos aos voluntarios apds o cumprimento de cada tentativa valida. Além
disso, caso sentissem necessidade, os participantes poderiam solicitar periodos
extra de descanso.

Sete cameras do sistema tridimensional de analise de movimento, Qualisys
Pré-Reflex® (Qualisys Inc, Gothenburg, Suécia), foram posicionadas ao redor da
area de coleta (Figura 2) e registraram, a uma frequéncia de 200 Hz, a trajetéria de
movimento de marcadores passivos reflexivos posicionados: (1) na extremidade
distal da haste usada para tocar os alvos e (2) nos bragos, antebracgos, tronco e

pelve dos participantes durante a execucao da tarefa de apontamento reciproco.
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FIGURA 2: Posicionamento das cameras do sistema tridimensional
de anélise de movimento (Qualisys Pro-Reflex®) ao redor da area de
coleta.

A definicdo dos limites proximais e distais de cada segmento corporal foi
obtida pelo posicionamento de marcadores de referéncia em proeminéncias
anatbmicas especificas, como ilustrado na Figura 3 e descrito a seguir. O braco foi
definido proximalmente por um marcador posicionado no acromio e distalmente por
marcadores posicionados nos epicondilos medial e lateral do imero. O antebraco,
por sua vez, foi definido proximalmente por marcadores posicionados nos
epicondilos medial e lateral do umero e distalmente por marcadores posicionados
nos processos estiloides da ulna e do radio. O tronco foi definido, proximalmente,
por marcadores posicionados no ponto mais elevado das cristas iliacas direita e
esquerda e, distalmente, por marcadores nos acrémios direito e esquerdo. Por fim, a
pelve foi definida proximalmente por marcadores posicionados no ponto mais
elevado das cristas iliacas direita e esquerda e, distalmente, por marcadores
posicionados nos trocanteres maiores direito e esquerdo do fémur dos participantes.
Adicionalmente aos marcadores de referéncia, clusters de rastreamento, compostos
de trés marcadores reflexivos afixados de forma néo colinear sobre uma base rigida,

foram posicionados em cada segmento corporal a fim de possibilitar ao sistema
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capturar a trajetéria de movimento dos mesmos (Figura 3). Todos os marcadores
reflexivos, assim como os clusters de rastreamento, foram posicionados no corpo

dos participantes sempre pelo mesmo pesquisador.

FIGURA 3: Conjunto de marcadores de referéncia (circulos brancos de maior
diametro) usados para definicdo dos bracos, antebracos, tronco e pelve dos
participantes; e clusters (conjuntos de trés marcadores fixados sobre uma base
rigida preta) usados para rastreamento do movimento dos segmentos
corporais. Todos os marcadores eram esféricos e tinham 10 milimetros de
diametro. O centro da articulagio do ombro foi estimado a partir dos
marcadores posicionados no acrémio (i.e. deslocamento inferior equivalente a
17% da distancia entre os acromios direito e esquerdo; RAB; PETUSKEY;
BAGLEY, 2002); enquanto que o centro da articulacdo do cotovelo foi
estabelecido como sendo o ponto médio entre os marcadores posicionados nos
epicébndilos medial e lateral do umero (REID et al., 2010). Esta configuracédo de
marcadores foi baseada nas diretrizes fornecidas pela C-Motion Research
Biomechanics®.

Anteriormente ao inicio da coleta de dados, o sistema Qualisys® era calibrado
a fim de se determinar as coordenadas de referéncia global. Esse procedimento
requeria a utilizagdo de uma unidade de calibracdo composta por (1) uma estrutura
de referéncia metalica em formato de “L” contendo quatro marcadores reflexivos em
sua superficie e (2) uma batuta de calibragcdo em formato de “T” contendo dois
marcadores reflexivos em um de seus eixos. Durante o procedimento de calibracao

em si, a estrutura de referéncia era posicionada sobre a mesa onde a tarefa
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experimental seria posteriormente executada, com seu eixo longo (representando o
eixo “X”) na diregao antero-posterior e seu eixo curto (representando o eixo “Y”) na
direcdo latero-lateral. Enquanto isso, a batuta de calibracdo era movida nos trés
eixos de movimento fazendo uma varredura do volume de coleta por 20 segundos.
Uma vez calibrado, o sistema de analise de movimento era usado para realizar uma
coleta estatica dos participantes. Durante essa coleta, os adolescentes eram
solicitados a manterem-se na posi¢ao anatdémica durante trés segundos enquanto as
cameras capturavam a posi¢ao estatica dos marcadores posicionados no corpo dos
mesmos. A coleta estatica era usada, posteriormente, para a criagdo do modelo
biomecénico que seria associado as coletas dindmicas utilizando-se o software
Visual 3D®. Além do sistema de analise de movimento, uma camera digital também
registrou o desempenho dos participantes em todas as condi¢ces experimentais
para fins de verificacdes posteriores, caso necessario.

2.3 Reducéao dos dados

Os registros obtidos com o sistema tridimensional de analise de movimento
forneceram séries temporais nos trés eixos (“X”, “Y” e “Z”) dos deslocamentos dos
marcadores posicionados (1) na haste e (2) nos segmentos corporais dos
participantes. Inicialmente, essas séries temporais foram filtradas com um filtro
passa baixa (Butterworth) com frequéncia de corte de 6 Hz. A partir das séries
temporais filtradas, foram computadas as seguintes variaveis: (1) tempo médio de
movimento (TM) usado para levar a haste de um alvo a outro (i.e. tempo médio para
completar meio-ciclo de movimento) e (2) Root Mean Square (RMS) dos
deslocamentos angulares dos bracos, antebracos, tronco e pelve dos participantes
durante a realizacéo da tarefa de apontamento reciproco.

A variavel TM foi usada como medida de desempenho dos participantes. Essa
variavel foi extraida da série temporal no eixo “Y” (latero-lateral) do deslocamento do
marcador posicionado na extremidade distal da haste, para cada participante e em
cada condicdo experimental. Usando o software MATLAB (versdo R2010a, The
MathWorks, Inc., Natick, Massachusetts, Estados Unidos), selecionamos os 20

meio-ciclos de movimento a partir dos quais a média de tempo seria computada.
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Nesses 20 meio-ciclos ndo estavam incluidos os trés primeiros e nem os dois
altimos. Esse procedimento foi adotado a fim de se minimizar a probabilidade de
incluirmos os periodos de transicdo (aceleracdo e desaceleracdo) no computo da
média do tempo de movimento.

Os RMS dos deslocamentos angulares de brago, antebrago, tronco e pelve
foram usados para descrever a estratégia de movimento dos participantes durante a
execucado da tarefa, em cada condicdo experimental. O RMS é uma medida da
magnitude global de uma “quantidade” que varia ao longo do tempo (FREEDMAN;
PISANI; PURVES, 2007). Neste estudo, essa “quantidade” variavel referiu-se ao
movimento (em graus) ocorrendo em cada um dos segmentos corporais
selecionados, de forma que os valores de RMS obtidos representavam a magnitude
global dessa movimentacdo, sem detalhamentos quanto ao seu sentido especifico
(e.g. se para a direita ou esquerda, se flexdo ou extenséo, etc.) em cada momento
do ciclo. Dessa forma, a variavel RMS foi Gtil para informar acerca das contribuicées
do movimento de cada um dos segmentos corporais para a realizacdo da tarefa,
permitindo a identificacdo de diferencas entre adolescentes hemiplégicos e
adolescentes com desenvolvimento normal no que diz respeito a suas estratégias de
movimento em cada condicdo experimental. A escolha da variavel RMS em
detrimento de uma média simples deveu-se ao fato de a primeira consistir em uma
medida mais adequada quando a “quantidade” em questdo alterna entre valores
positivos e negativos (FREEDMAN; PISANI; PURVES, 2007), caracteristica tipica
das séries temporais deste estudo, dada a natureza ciclica da tarefa de
apontamento reciproco. Uma média simples poderia anular esses valores
fornecendo uma ideia errbnea da magnitude de movimentacdo de determinado
segmento. Da mesma forma, optamos por usar o RMS ao invés de uma medida
simples de amplitude de movimento, por acreditarmos que ele é mais informativo
quando se quer obter informagdo de quanto o individuo movimentou um dado
segmento ao longo de toda a trial. Em outras palavras, se a magnitude de
movimentacdo de um dado segmento corporal foi minima durante a maior parte da
trial e, por algum motivo, o individuo realiza um Unico movimento amplo desse
segmento, uma medida de amplitude teria um valor alto, sugerindo uma grande
contribuicdo da movimentacao daquele segmento para o cumprimento da tarefa. O

RMS, ao contrério, levaria em conta a grande parte da trial em que a contribuigéo
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daquele segmento foi minima, fornecendo uma medida mais condizente com o real
envolvimento do segmento na realizacao da tarefa.

Especificamente, os valores de RMS foram computados a partir das seguintes
séries temporais filtradas e interpoladas: (1) deslocamento do braco em relacédo ao
tronco no plano frontal (de agora em diante referido como aducdo/abducdo de
ombro), (2) deslocamento do antebraco em relacdo ao braco no plano sagital (de
agora em diante referido como flexdo/extensdo de cotovelo), (3) deslocamento do
tronco em relacdo ao laboratério no plano transverso (de agora em diante referido
como rotacado de tronco) e, por fim, (4) deslocamento da pelve em relagcdo ao
laboratoério no plano transverso (de agora em diante referido como rotacéo de pelve)
(Figura 4). Dessa forma, a posicdo do braco e antebraco foi computada
considerando-se um sistema de coordenadas local, enquanto que a posi¢cdo de
tronco e pelve foi computada considerando-se o sistema de coordenadas global do

laboratorio (Figura 4).

Deslocamento da haste
\ no eixo latero-lateral (y)

Flexdo e Extensdo de cotovelo em
torno do eixo latero-lateral (y)

Aducéo e abducgao horizontal de ombro
em torno do eixo antero-posterior (x)

Rotagdo de tronco e pelve em
torno do eixo longitudinal (z)

FIGURA 4: Visao superior do set-up de coleta
demonstrando as variaveis cinematicas usadas
para analise dos dados.

As diregcdes dos movimentos em cada articulagdo ou segmento foram
selecionadas de acordo com seu potencial para suportar o desempenho da tarefa

(ou seja, seu potencial para suportar o direcionamento da haste de um alvo a outro).
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A criacdo do modelo biomecéanico e sua associacdo as coletas dinamicas, assim
como a definicdo do sistema de coordenada local e a obtencéo das séries temporais
descritas acima foram procedimentos realizados no software Visual 3D®. Essas
séries temporais foram exportadas do software Visual 3D® em formato compativel
para leitura no software MATLAB, onde o calculo do RMS foi realizado.

Para o calculo do RMS, as séries temporais dos quatro segmentos corporais
foram cortadas nos mesmos frames inicial e final em que a série temporal do
marcador da haste (usada para o computo do MT) foi cortada. Dessa forma,
selecionamos para a analise da estratégia de movimento os mesmos 20 meio-ciclos
usados para analise do desempenho dos participantes. O calculo do RMS foi
composto de quatro passos: 1) os valores das séries temporais de deslocamento de
cada articulagédo ou segmento corporal foram elevados ao quadrado, tornando todos
os valores positivos; 2) foi realizada uma média dos valores resultantes do passo 1
para cada série temporal; 3) foi tirada a raiz quadrada dos valores resultantes do
passo 2 para que 0S mesmos pudessem voltar a sua escala original. Duas
voluntarias do grupo PC néo tiveram seus dados cinematicos incluidos na andlise da
estratégia de movimento devido a perda de rastreamento do movimento de alguns
marcadores reflexivos por mais de 15 frames consecutivos, inviabilizando a

interpolacdo dos dados.

2.4 Andalise Estatistica

Andlise de variancia (ANOVA) mista testou os efeitos do fator independente
grupo (PC e DN), e dos fatores de medida repetida ID da tarefa (ID=3 e ID=4),
adequacao da haste (alta e baixa) e membro superior de realizacdo da tarefa
(preferencial e néo preferencial), assim como os efeitos das interagdes, em cada
variavel dependente do estudo (TM e RMS dos deslocamentos angulares de ombro,
cotovelo, tronco e pelve). Nos casos de interagcbes significativas, analises de
contraste foram realizadas para identificar as diferencas bivariadas. As anélises
foram realizadas utilizando o software Statistical Package for Social Sciences
(SPSS) (version 15.0, SPSS Inc., Chicago, IL, Estados Unidos). O nivel de

significancia considerado foi de a=0.05.
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ABSTRACT

When teenagers with hemiplegic cerebral palsy (CP) are compared to typically
developing (TD) teenagers during the execution of upper limb tasks, worse
performance and atypical movement strategies presented by the former are usually
attributed to the presence or severity of their neural damage. We aimed to verify the
influence of other factors, such as task accuracy demands, contextual support and
individuals’ skills, that could be underlying the differences between teenagers with
and without spastic hemiplegia during a reciprocal aiming task. Twenty participants
(nine with hemiplegic CP and 11 with typical development) used a pointer to
continuously hit two targets with maximum speed and accuracy. Task conditions
were manipulated by changing the targets’ size; by modifying the pointer’'s adequacy
for precision tasks; and by switching between individual’s preferred/non-affected and
non-preferred/affected upper limbs. The results point to a strong influence of the
experimental manipulations on the behavior of both teenagers with and without CP.
Even though hemiplegic teenagers exhibited worse performance compared to TD
teenagers, the magnitude of the differences was more pronounced when the
capability/demand relation was more dissimilar between those individuals. Regarding
movement strategies, teenagers with hemiplegia, compared to those with typical
development, presented lower magnitude of elbow movements and increased
magnitude of shoulder movements when performing the task with their less skilled
upper limb. However, in spite of those differences, hemiplegic and TD teenagers
showed comparable increases in trunk involvement when facing more challenging
task conditions, which highlights similarities in the behavior of individuals with and
without CP in face of increases in task demands. We propose reasons as to why
such strategies were implemented and conclude that they reflect a necessary
adaptation to the conditions under which the task is performed, given the individuals’

capabilities, and not a primarily pathological manifestation.

Keywords: Spastic hemiplegia. Reciprocal aiming task. Task performance.

Movement strategies. Task demands. Capability/demand relation.
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Introduction

One of the most disabling problems faced by individuals with hemiplegic
cerebral palsy (CP) refers to their daily use of upper limbs (Klingels et al. 2012;
Braendvik et al. 2010; Van Zelst et al. 2006; Fedrizzi et al. 2003; Beckung and
Hagber 2002). Experimentally, this functional limitation has been expressed by a
generally slower and less precise performance in upper limb tasks and by differences
in the movement strategies used (see Jaspers et al. 2009, for a review). The atypical
movement strategies of individuals with CP are frequently assumed to be a reflection
of the neural damage, and, thus, an impediment to their optimal performance
(Bleyenheuft et al. 2007; Duque et al. 2003). However, under more stringent task
conditions, typical individuals seem to employ movement strategies similar to those
observed in individuals with CP (Van der Kamp and Steenbergen 1999; Steenbergen
et al. 1995). It is possible, therefore, that the movement strategies used by
hemiplegic individuals reflect a necessary adaptation to the conditions under which
the task is performed, given their capabilities, and not a primarily pathological
manifestation. Relatedly, such strategies might be a means of guaranteeing the best
performance possible under a particular set of conditions rather than an impediment
to performance. The present study provides an initial assessment of this reasoning
through a systematic evaluation of the effect of task conditions on the reported
differences between teenagers with and without hemiplegic CP in task performance
and related movement strategies.

The experimental context in which the comparisons between teenagers with
and without hemiplegic CP have been carried out involves a variety of upper limb
tasks (e.g. reaching forward, upwards and sideways; reaching to grasp different
objects; directing the hand to the mouth, to the head or to the contralateral shoulder;
and performing fast aiming movements towards targets positioned at different
locations) (Jaspers et al. 2011 and 2009; Butler et al. 2010; Reid et al. 2010;
Domellof et al. 2009; Ronnqvist and Rdsblad 2007; Smits-Engelsman et al. 2007;
Mackey et al. 2006; Steenberg and Meulenbroek 2006; Van Thiel et al. 2000).
However, in most studies, neither the specific requirements for task performance
(e.g. precision demand, speed) nor the contextual support offered to participants
(e.g. adequacy of tools used for task performance) were manipulated (Jaspers et al.
2011 and 2009; Butler et al. 2010; Reid et al. 2010; Domellof et al. 2009; Rénnqvist
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and Rosblad 2007; Mackey et al. 2006; for exception see Smits-Engelsman et al.
2007; Steenberg and Meulenbroek 2006; and Van Thiel et al. 2000). As a result,
documented differences in performance and in movement strategies between
individuals with and without CP tend to be attributed solely to the existence of a
cerebral damage in the former.

The most consistent differences in performance between hemiplegic and
typically developing teenagers include longer movement durations, reduced
trajectory straightness and lower peak velocities exhibited by the former (Jaspers et
al. 2011 and 2009; Domellof et al. 2009; Smits-Engelsman et al. 2007; Mackey et al.
2006; Steenberg and Meulenbroek, 2006). Regarding movement strategies, studies
have reported that hemiplegic teenagers, compared to their typically developing
peers, showed diminished magnitude of elbow extension and increased magnitude of
trunk flexion and/or rotation during upper limb task performance (Jaspers et al. 2011
and 2009; Butler et al. 2010; Reid et al. 2010; Mackey et al. 2006; Steenberg and
Meulenbroek, 2006). Strikingly, similar characteristics are noticeable in the behavior
of typical individuals when submitted to challenging experimental conditions. Van der
Kamp and Steenbergen (1999) demonstrated that under higher accuracy demands
(i.e. transporting a spoon filled with liquid versus with solid substances), typical adults
had both their performance and movement strategies affected, showing longer
movement durations, decreased values of peak velocity, decreased involvement of
distal upper limb joints (i.e. elbow and wrist) and increased involvement of trunk and
head movements. Steenbergen et al. (1995) also verified that when typical adults
were required to grasp and transport a full instead of an empty cup (i.e. situation that
imposes higher levels of accuracy requirements) and performed this task with their
non-preferred upper limb in comparison with their preferred one (i.e. situation of
decreased individual’'s dexterity), their trunk was shown to contribute significantly
more to the accomplishment of the task while the contribution of their elbow and
shoulder were diminished. The above-mentioned evidence suggests that the
behavior of individuals reflect the relation between their capabilities and the task
demands under which the task is performed. Therefore, the differences in
performance and movement strategies typically highlighted in the comparisons
between hemiplegic and typically developing teenagers are likely to reflect their
dissimilar capability/demand relation, and not the presence or absence of a cerebral

damage per se. Also, because the movement strategies implemented by individuals
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might express the best they can do, given their capabilities and the task demands,
such strategies should not be a priori assumed to be hampering individuals’
performance. On the contrary, they might be assuring the best performance possible
under a particular set of conditions.

The investigation of these conjectures requires both the performance and
movement strategies (measured via joint kinematics) of individuals to be analyzed (1)
simultaneously and (2) under variations in task conditions. One possibility is to vary
task demands — for example, by changing the accuracy requirements of the task or
by changing the appropriateness of tool used for its performance. In addition, one
can vary individual's capabilities by having subjects alternate between their more
skilled versus less skilled upper limb (i.e. preferred versus non-preferred upper limb)
to perform the task.

The present study was designed to verify the effects of task demands and
individuals’ capabilities on the performance and movement strategies of hemiplegic
and typically developing teenagers in a reciprocal aiming task. We sought to verify
whether the conditions under which the task is performed would modify the
differences between teenagers with and without CP. Exploring the results also
allowed us to attain deeper knowledge into the nature of the relation between
performance and movement strategy and associated implications for rehabilitation of
individuals with CP.

Method

Participants

Nine teenagers diagnosed with hemiplegic cerebral palsy (mean age: 12.8y;
range: 11-14y) composed the CP group and 11 typically developing teenagers
(mean age: 12.8y; range: 11-14y) composed the TD group. Descriptive
characteristics of the participants are summarized in Table 1. The groups were
equivalent in sex, age, cognitive function and families’ socio-economic status (Table
1).
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Table 1 Descriptive characteristics of the participants

_ Grou -
Characteristic Pz TO@=i)  value"
Sex® Male 4 (44%) 4 (36%) 0.714
Age® Years 12.8 (0.6) 12.8 (0.8) 0.933
Cognitive function® Verbal Knowledge 96.44 (13.0)° 102.91 (13.5)° 0.294

scale of KBIT-2
Socio-economic CCEB categories Al/A2 =1 (11%) A1/A2 =0 (0%) 0.235

status® B1/B2 =3 (33%) BL/B2 = 8 (73%)
CL/C2 =4 (45%) CL/C2 =3 (27%)
D/E = 1 (11%) DI/E = 0 (0%)
Zfrffftggf"(r?%g Right 3 (33%) 11 (100%)
MACS level® [ or I | = 3 (33%) N/A
Il = 6 (67%)

CP, cerebral palsy group; TD, typically developing group; KBIT-2, Kaufman Brief Intelligence Test; CCEB,
Brazil’s socio-economic classification criteria; MACS, Manual Ability Classification System (where levels | and
Il indicate mild functional limitations in using the upper limbs in daily activities); N/A, not applicable

4 Numbers indicate frequency and (percent)

® Numbers indicate mean and (standard deviation)

°Scores within the “average” descriptive category, which ranges from 85 to 115 (Kaufman and Kaufman 2004)
d Equivalence between groups was verified by Independent-sample T-test and Qui-square test, for numerical
and categorical variables, respectively

All teenagers were independent community walkers and able to understand
and co-operate with verbal instructions (as reinforced by their scores in the verbal
scale of Kaufman Brief Intelligence Test [KBIT-2]; Kaufman and Kaufman 2004; see
Table 1). To be included in the CP group, teenagers’ hand function had to be
classified as levels | or Il of the Manual Ability Classification System (MACS; Eliasson
et al. 2006), which indicates they only had mild limitations in using their hands in daily
life activities. Hemiplegic teenagers were recruited from rehabilitation centers and
clinics, while typically developing teenagers were recruited from the local community.
The study was approved by the university’s ethics review committee and informed
consent was obtained from all participants and their caregivers prior to their inclusion

in the study.
Task and Procedure
Participants were asked to perform a reciprocal aiming task — known as Fitts’

task — which consists in continuously hitting two targets with maximum speed and
accuracy (Fitts 1954). This task can be characterized by an index of difficulty (ID),
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which is directly proportional to the distance (D) between the targets and inversely
proportional to target width (W) [(ID=log,(2*D/W)]. Participants used a 50-centimeter
wooden rod (pointer) to aim at the targets, which were positioned on a table whose
height was adjusted so as to maintain its top aligned to teenagers’ greater trochanter.
All participants stood facing the targets on the table to perform the task (Fig. 1).

Fig. 1 A study participant performing the task in the standing position and using
the pointer to aim at the targets

In order to manipulate the accuracy demands of the task, two different target
widths were used [10 and 6 centimeters (cm) of radius]. The inter-target distance was
kept constant at 35 cm, which led to two Indices of Difficulty: ID = 3 for the easiest
and ID = 4 for the most difficult task condition (IDs were rounded to the nearest whole
number for simplicity). The contextual support was also manipulated by changing the
adequacy of the pointer for the performance of precision tasks. In this manipulation, a
50-gram cylindrical mass was attached to the pointer and scrolled back and forth
through its extension in order to modify one of its mechanical properties: the mass

distribution. By doing so, two conditions of pointer adequacy were created: (1) higher
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adequacy (cylindrical mass fixed at a position closer to the point of grasp, i.e., 10 cm
far from the pointer’s proximal extremity) and (2) lower adequacy (cylindrical mass
fixed at a position far from the point of grasp, i.e., 40 cm far from the pointer’s
proximal extremity). In the latter condition, the resistance torques produced by the
pointer were greater (center of mass farther from the participants’ hand), increasing
the difficulty for controlling its tip. The opposite occurred for the higher pointer
adequacy condition, in which lower magnitudes of resistance torques were produced.
Finally, all task conditions were performed with participants’ preferred (or non-
affected) and non-preferred (or affected) upper limbs. The manipulations of task ID
(ID=3 and 1D=4), pointer adequacy (higher and lower) and upper limb used (preferred
and non-preferred) resulted in a total of eight experimental conditions, each being
performed twice by each participant. The order of presentation was randomized in
blocks of task ID and upper limb. Each valid trial consisted of 26 successful
consecutive hits to the targets. If participants failed to accurately hit the targets, they
were asked to repeat that trial and the previous one was discarded. The participants
were allowed to practice every experimental condition until they could hit the targets
consistently at least 10 times in a row. Also, before each recorded trial, they were
given verbal encouragement to achieve maximal results regarding speed and
accuracy. Finally, a rest period of approximately 60 seconds (s) was given to the
teenagers after they successfully completed each trial.

Reciprocal aiming movements were recorded using seven ProReflex cameras
from Qualisys® motion capture system (Qualisys Inc, Gothenburg, Sweden), with a
sampling frequency of 200 Hz. These cameras monitored the position of infrared
reflective markers placed (1) on the distal extremity of the pointer used to aim at the
targets, and (2) on participants’ right and left upper arms, right and left forearms,
trunk and pelvis. Each body segment was assumed to be a rigid body defined by
markers placed on anatomical landmarks that generally represent their proximal and
distal endpoints. Additionally, a set of three non-collinear reflective markers fixed
upon a rigid basis (cluster) was attached along each body segment in order to enable
movement tracking. The marker set, including the ones used for the definition of the
segments, as well as the ones used for movement tracking are shown in Fig. 2. Prior
to the acquisition of motion data, a static trial was recorded. During this trial,
participants were required to maintain the anatomical position for three seconds,

while the cameras captured the static position of the markers. This trial was later
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used for creating the model that would be associated with the movement trials. The
performance of participants in all trials was also registered by a digital video camera,

for verification purposes afterwards.

==t ‘\ A

Fig. 2 Marker set used for the definition of participant’s right and left upper
arms, right and left forearms, trunk and pelvis (larger white circles); and clusters
(sets of three markers fixed upon black rigid surfaces) used for movement
tracking. All markers were spherical in shape, 10 millimeters-sized and added
with a small flat base for better attachment to the skin. The shoulder joint center
landmark was created as an inferior offset from the acromion marker (Rab et al.
2002) and the elbow joint center landmark was created as the midpoint between
the medial and lateral epicondyle markers (Reid et al. 2010). This marker
configuration was based on the guidelines provided by C-Motion Research

Biomechanics®

Data transformation and analyses

From the kinematic data the following variables were computed: (1) average
movement time (MT) spent for moving the pointer from one target to another, i.e.
average time to complete a half cycle; and (2) Root Mean Square (RMS) of the
angular displacement of participants’ upper arms, forearms, trunk and pelvis during

reciprocal aiming movements.
MT was used as a measure of task performance. It was computed from the

low-pass-filtered position time series (cut-off frequency set at 6 Hz), in the latero-
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lateral axis, of the reflective marker placed on the pointer’s distal end. To compute
MT, 20 half cycles were used. The first 3 and last 2 half cycles were discarded to
minimize the chances of including transient performance.

The RMS of the angular displacement of participants’ upper arms, forearms,
trunk and pelvis, when analyzed together, were used to infer about the movement
strategies supporting task performance. RMS is a measure of the overall magnitude
of a varying quantity (Freedman et al. 2007). In this study, it quantified the magnitude
of motion occurring at the upper arm, forearm, trunk and pelvis. Hence, the variable
RMS informed about the contribution of the motion of each of these segments to task
performance, allowing the evaluation of differences in movement strategy between
teenagers with CP and their typically developing peers under the various
experimental conditions. Note that we chose RMS instead of a regular average
because the former is a better measure of magnitude when the quantity in question
alternates between positive and negative values (Freedman et al. 2007). This
alternating profile was characteristic of the angular position time-series, given the
cyclical nature of the experimental task.

RMS was computed, specifically, for the following time-series: (1) upper arm
angular position in relation to the trunk segment (hereinafter referred to as shoulder)
in the frontal plane, (2) forearm angular position in relation to the upper arm segment
(hereinafter referred to as elbow) in the sagittal plane, (3) trunk angular position in
relation to the laboratory in the transverse plane and (4) pelvis angular position in
relation to the laboratory in the transverse plane. Thus, angular position of the upper
arm and forearm were computed with respect to local reference frames and angular
position of the trunk and pelvis with respect to the laboratory (see Figure 3 for
details).
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>
Pointer displacement in
\ the latero-lateral axis (y)
\

Elbow flexion/extension around
the latero-lateral axis (y)

Shoulder horizontal adduction/abduction
around the antero-posterior axis (x)

Trunk and Pelvic rotation
around the longitudinal axis (z)

Fig. 3 Experimental set-up, from a top-down
view, showing the kinematic variables used
for analysis

We selected for analyses the angular position time-series of the three
segments collected during the same 20 half cycles used for calculation of mean
movement time. The directions of motion were selected according to their potential to
support task performance (i.e. the directing of the wooden pointer to the targets).
Prior to RMS calculation, all angular position time-series were low-pass filtered with a
cut-off frequency of 6 Hz. Missing markers were interpolated, except if they were
missing for more than 15 consecutive frames, when the trial was excluded. This
procedure caused the kinematic data from two hemiplegic participants not to be
included in the analyses of movement strategy.

Mixed analyses of variance (ANOVA) tested the effects of group (CP and TD)
as between-subject factor, task ID (ID=3 and ID=4), pointer adequacy (higher or
lower) and upper limb (preferred and non-preferred) as within-subject factors on each
dependent variable (MT, RMS of the angular displacement of the shoulder, elbow,
trunk and pelvis). Whenever a significant interaction effect was identified, contrast
analyses were performed to determine the bivariate differences. The software SPSS
(version 15.0, SPSS Inc., Chicago, IL, USA) was used for all statistical analyses and

the level of significance was set at a=0.05.
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Results
Task Performance: Average Movement Time (MT)

Hemiplegic teenagers, as well as their typically developing peers, showed
longer MTs when performing the task with higher ID [F(1,18) = 94.73, p < .001, n? =
.84], when using their non-preferred upper limb to aim at the targets [F(1,18) = 70.51,
p < .001, n? = .80] and when handling the pointer with lower adequacy for the
precision task [F(1,18) = 11.93, p = .003, n* = .40]. For both groups, the effect of task
ID on MT was particularly evident for the non-preferred upper limb, as revealed by
the task ID x upper limb interaction [F(1,18) = 20.78, p < .001, n? = .54]. Even though
the performance of all teenagers was affected by task ID, upper limb and pointer
adequacy, only the latter experimental manipulation affected CP and TD groups in a
similar way (no significant interaction involving pointer adequacy and group, all p’s >
.262). The former two manipulations led to greater increases in the MT for the CP
group compared to the TD group, as revealed by the significant task ID x group
[F(1,18) = 8.10, p = .011, n? = .31] and upper limb x group [F(1,18) = 30.86, p < .001,
n® = .63] interactions.

ANOVA also revealed that the CP group exhibited worse performance (longer
MTs) compared to the TD group for every condition [F(1,18) = 35.90, p < .001, n® =
.67]. However, the effect of group on MT was influenced by the upper limb used to
perform the task and the task ID, as indicated by a significant three way interaction
group x upper limb x task ID [F(1,18) = 10.56, p = .004, n° = .37]. Contrast analysis
revealed that, although the CP group consistently showed longer MTs compared to
the TD group for every condition regarding limb and task ID, the magnitude of the
difference between groups was greater when the task was performed with the non-

preferred upper limb, especially for the higher ID condition (Fig. 4).
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Q7D Group
BCP Group

Movement Time (seconds)

Preferred Upper Limb | Non-preferred Upper
Limb

Fig. 4 Magnitude of the differences between groups in movement
time increasing as a function of the upper limb used to perform the
task and the task ID. Vertical lines indicate standard deviations.
*Significant difference (p < 0.05)

Joint Kinematics
RMS of Elbow and Shoulder angular displacements

In relation to the kinematics of the upper limb, ANOVA revealed a significant
group x upper limb x task ID interaction for the elbow’s RMS data [F(1,16) =5.01, p =
.040, n? = .24], and a significant group x upper limb interaction for the shoulder’s
RMS data [F(1,16) = 6.32, p = .023, n° = .28]. Contrast analysis on those interactions
demonstrated that hemiplegic teenagers, when using their non-preferred upper limb
to accomplish the task, showed lower magnitudes of elbow motion and higher
magnitudes of shoulder motion compared to their typically developing peers (Fig. 5).
While the difference in magnitude of shoulder motion between groups was similar
across task IDs, the difference in elbow motion was particularly pronounced for the
task with higher ID.
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Fig. 5 (a) Root Mean Square (RMS) values of elbow’s flex/extension were lower
for the CP group compared to the TD group, although this difference only
reached statistical significance for the non-preferred upper limb, the magnitude
of the difference being greater for the task with higher ID. (b) RMS values of
shoulder’'s adduction/abduction were significant higher for the CP group
compared to the TD group, but only for the non-preferred upper limb. Vertical
lines indicate standard deviations. * Significant difference (p < 0.05)

In accordance with the evidence available in literature, the above mentioned
results indicate that teenagers from the CP and TD groups seem to employ different
upper limb joint kinematics to perform a reciprocal aiming task, at least when using
their less skilled upper limb. While the CP group tended to move a more proximal
upper limb joint to cover the distance between targets, the TD group tended to move
a more distal joint to perform the same task. The higher magnitudes of shoulder
motion exhibited by the CP group might be related to the worse performance (higher
MTSs) of this group, compared to the TD group, observed in the reciprocal aiming task
performed with the non-preferred upper limb. Nevertheless, similarities between
groups regarding the kinematics of the preferred upper limb were not sufficient to
guarantee similar performance. These results point to the intricate nature of the
relation between movement strategy and task performance.

In spite of the above mentioned differences in upper limb joint kinematics
revealed between CP and TD groups in face of variations (a) in the precision
demands of the task and (b) in the upper limb used to perform it, similarities between
CP and TD groups were observed when teenagers had to deal with changes in the
properties of the pointer. Pointedly, ANOVA demonstrated a significant main effect of
the pointer adequacy on elbow’s RMS data [F(1,16) = 30.23, p < .001, n° = .65]. In

particular, using the pointer with lower adequacy to aim at the targets led teenagers
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from both groups to increase the magnitude of their elbow motion. As stated above,
in this case, teenagers from CP and TD groups showed similar adjustments in their
upper limb kinematics when dealing with changes in the contextual support provided
by the tool. The analyses performed on elbow and shoulder's RMS data yielded no
other significant effects or interactions (all p’s > .069 for the elbow data and all p’s >
.171 for the shoulder data).

RMS of Trunk and Pelvis angular displacements

ANOVAs performed on trunk and pelviss RMS data revealed the same
significant interactions: (1) group x task ID x pointer adequacy [F(1,16) = 8.27, p =
011, n® = .34; F(1,16) = 11.13, p = .004, n* = .41, for trunk and pelvis, respectively]
and (2) upper limb x task ID [F(1,16) = 13.42, p = .002, n*> = .46; F(1,16) = 7.81, p =
.013, n* = .33, for trunk and pelvis, respectively]. There were no other significant
effects or interactions (all p’s > .063 for the trunk data and all p’s > .101 for the pelvis
data). With respect to the first interaction, contrast analysis showed that only the CP
group demonstrated significant difference in the magnitude of trunk and pelvis
rotation between pointer conditions for the task with higher ID [t (6) = -3.15, p = .020;
t (6) = -4.86, p = .003, for trunk and pelvis, respectively]. As illustrated in Fig. 6,
higher magnitudes of trunk and pelvis rotation were observed when teenagers from
the CP group used the pointer with lower adequacy to perform the task with higher
accuracy demands. It is possible that the challenge imposed by the use of a tool with
lower adequacy for precision tasks has been greater for teenagers from the CP
group than for their typically developing peers, which may have caused only the
former to show adjustments in their trunk and pelvis kinematics. However, because
the effect of pointer adequacy on teenagers’ performance was similar for both groups
(no interactions involving pointer adequacy and group were found for MT variable), it
is reasonable to suppose that the adjustments in movement strategy shown
exclusively by hemiplegic teenagers when handling a less appropriate tool did not

affect their performance in a negative manner.
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Fig. 6 The Root Mean Square (RMS) of trunk and pelvis’ rotation (Figure 6a
and 6b, respectively) increasing as a function of rod type, but only for CP group

during the task with higher ID. Vertical lines indicate standard deviations.
*Significant difference (p < 0.05)

While the group x task ID x pointer adequacy interaction revealed adjustments
that were specific to the CP group, the upper limb x task ID interaction indicate
similarities in the trunk and pelvis kinematics of both groups. In particular, for both
groups, increases in task ID led to increases in the magnitude of trunk and pelvis
rotation, but only when the task was performed with the non-preferred upper limb [t
(17) =-3.63, p =.002; t (17) = -2.73, p = .014, for trunk and pelvis, respectively] (Fig.
7). This result points to similarities in the behavior of individuals with and without CP
when facing a more difficult task condition with their less skilled upper limb. More
specifically, in such condition, individuals from both groups increased the contribution

of more proximal body segments (i.e. trunk and pelvis) in order accomplish the task.
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Fig. 7 The Root Mean Square (RMS) of trunk and pelvis’ rotation
increasing as a function of task ID for both groups, but only for the
non-preferred upper limb. Vertical lines indicate standard deviations.
*Significant difference (p < 0.05)

Discussion

This study showed that the widely reported differences between teenagers
with and without CP in their performance of upper limb tasks and related movement
strategies are modified by the conditions under which the task is performed.
Strikingly, differences in movement strategy between hemiplegic and typically
developing individuals were not even observed under less challenging conditions.
Moreover, when observed, those differences were not always related to worse
performance as typically assumed. These results suggest that the relation between
performance and movement strategy is not direct and linear. Assuming this form of
relation might lead to ineffective rehabilitation strategy to improve functionality of
individuals with CP.

Teenagers with CP took longer to move between targets than typically
developing teenagers regardless of the conditions involved in task performance. This
result is in line with available evidence pointing to worse performance of hemiplegic

teenagers during upper limb tasks (Jaspers et al. 2011 and 2009; Smits-Engelsman
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et al. 2007; Mackey et al. 2006; Ronngvist and Rosblad 2007; Steenbergen and
Meulenbroek 2006). The present study further demonstrated, however, that the
extent to which hemiplegic teenagers differ in performance from their typically
developing peers was highly dependent on the particular conditions under which the
task was performed. While both groups decreased performance when the task was
executed under more challenging conditions, performance of the CP group suffered
more when targets were smaller and when they had to use their non-preferred limb.
As a result, differences between groups were accentuated under these more
challenging conditions. Relatedly, differences between groups were attenuated
(albeit not eliminated) when task was performed with the preferred upper limb and
when accuracy requirements were less stringent. These results indicate that the
presence of pathology does not produce a rigid and fixed negative effect on task
performance regardless of task condition.

The effect of pathology on performance seems to depend on how it affects the
particular skills that are required for the execution of a task under a given set of
conditions. Pointedly, task conditions that yield similar relations between what a task
requires (task demands) and the resources available to respond to such
requirements (individual’s capability), seem to also vyield similar performance,
regardless of the presence of pathology. Considering this argument, the observed
differences between groups were possibly larger in the most challenging
experimental condition (small target and use of non-preferred upper limb) because
the capability/demand relation was more dissimilar between groups than in the least
challenging condition (large target and use of the preferred limb). In other words, the
task in the former condition was relatively much more difficult for the teenagers with
CP because of their reduced set of resources to respond to task demands, such as
active range of motion and force generation capability. This can be expected
because the size of the smaller target was selected to generate the highest accuracy
demand that teenagers with CP could deal with when performing the task with their
non-preferred upper limb. While the relative task demand was also higher for the TD
group participants when the target was smaller and when using their non-preferred
upper limb, it was not the most difficult condition in which they could successfully
execute the task. Perhaps, similar performance would be observed if individuals with

CP and their typically developing peers executed the task at their particular “most
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difficult condition possible”. This hypothesis can be directly tested by future
experiments.

As noted above, the performance of the CP group was more affected by the
accuracy demands and by the upper limb used to perform the task than the
performance of typically developing teenagers. In contrast, the effect of contextual
support, characterized by the adequacy of the pointer used to execute the task,
equally affected the performance of both groups. In particular, movement time
demonstrated by both groups increased to a similar extent when the less adequate
pointer was used. It would be expected, given the lower capabilities of the upper limb
of children with CP, specifically their lower levels of force generation (Klingels et al.
2012; Smits-Engelsman et al. 2004), that their performance would be more affected
when using a pointer that generated greater resistance torques. However, the
absence of significant group x pointer adequacy interaction indicates that the
capabilities of these children, albeit deficient, were sufficient to compensate for the
inadequacy of the pointer. It is likely, however, that variations in contextual support
that cannot be easily compensated by children with CP given their deficiency, would
differentially affect their performance. In any case, the similar effect of pointer
adequacy on the performance of both groups suggest that the relevance of the
deficiencies observed in children with CP should always be considered with respect
to the demands involved in the performance of relevant tasks.

In conjunction, the effects of task demands and individual’s capabilities on
performance have direct implication to the planning of rehabilitation interventions to
improve functional performance of individuals with CP. First, performance should be
evaluated under varying conditions that differ with respect to the demands of the task
and the contextual support offered. Second, therapists should strive to achieve a
suitable capability/demand fit to optimize performance by either adjusting task
requirements or by improving the skills that are needed for task performance. Third,
the preferred upper limb of hemiplegic teenagers with CP, frequently regarded as
non-affected, should be addressed in the rehabilitation programs of those individuals,
as the use of this limb also revealed deficits in performance compared to typically
developing teenagers.

With respect to teenagers’ movement strategies and in agreement with
previous studies (see Jaspers et al. 2009, for a review), the present contribution also
revealed differences between CP and TD groups. For example, when performing the
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task with their non-preferred upper limb, teenagers with hemiplegic cerebral palsy
exhibited lower magnitudes of elbow movement and higher magnitudes of shoulder
movement compared to their typically developing peers. The use of such strategy
seems to have detrimental consequences to task performance. Using the shoulder in
horizontal adduction/abduction to move the pointer between the targets not only
implies in moving a larger amount of mass compared to the mass one has to move
when using elbow movements, but also causes the center of mass of the effector
(upper limb plus the tool used to aim at the targets) to be shifted forward, increasing
the inertia of the segment.

Given the mechanical disadvantages imposed by using a proximal upper limb
joint to aim at the targets, we asked why hemiplegic teenagers exhibited such
strategy. Previous studies have also demonstrated increased involvement of
proximal joints in the movement strategies exhibited by individuals with hemiplegic
CP during performance of upper limb tasks. The authors of these studies have raised
possible explanations for this observed phenomenon. Jaspers et al. (2011), Barela
and Almeida (2006) and Mackey et al. (2006) claimed that using proximal joints might
be a compensatory strategy for distal movement deficits. This argument is reinforced
by the results of Klingels et al. (2012), which revealed that weakness in the upper
limb of children and adolescents with hemiplegic CP is more pronounced in distal
muscles, rather than in proximal ones.

An alternative explanation for the upper limb movement strategy exhibited by
hemiplegic teenagers when performing the task with their affected upper limb is that
it might reflect an attempt to freeze some of the degrees of freedom of that limb to
simplify the task in order to comply with its demands. This strategy is also shown by
infants learning to reach. During this period, it is suggested that infants increase joint
stiffness by means of muscle co-contraction, locking distal joints and performing the
reaching movements with proximal shoulder musculature (Spencer and Thelen 2000;
Berthier et al. 1999). Such strategy increases the limb’s resistance to potential
perturbing forces that can be either external (e.g. a rapid shift in the direction of the
pointer held in teenagers’ hands) or internal (e.g. reaction forces produced by distal
joints’” motion) (Gribble et al. 2003; Spencer and Thelen 2000). Additionally,
increased co-activation levels of antagonist muscles around the elbow and shoulder
have been associated with increased movement accuracy (i.g. lower trajectory

variability and higher endpoint accuracy) in young adults (Gribble et al. 2003). Thus,



47

the hemiplegic teenagers that took part in the present study might have used this
strategy in order to increase their affected upper limb stability and hence their
movement accuracy. In order to further explore this hypothesis we performed a
subsequent analysis to verify whether the endpoint accuracy achieved by hemiplegic
teenagers with their affected upper limb would be comparable to the one achieved by
typically developing teenagers. As expected, neither a group effect nor interactions
involving the group factor were revealed on the spatial variability data, indicating that
both groups were equally accurate when hitting the targets. The downside is that in
order to explore the benefits of having a more stable upper limb, teenagers with CP
paid a price in terms of performance.

Another difference in movement strategy between CP and TD groups was
revealed. Only hemiplegic teenagers demonstrated greater magnitudes of trunk and
pelvis movements when using the pointer with lower adequacy to aim at small
targets. Interestingly, in this case, the adjustments in movement strategy were not
associated with worse performance. Pointedly, performance of teenagers with CP
was not particularly worse in such condition. The effect of pointer adequacy on
teenagers’ performance was similar for both CP and TD groups (no interactions
involving pointer adequacy and group were found for MT variable). Thus, the
observed change in movement strategy exhibited exclusively by the CP group cannot
be regarded as detrimental to their performance; rather, it may have been what
assured that the effect of pointer adequacy was not greater for the CP group
compared to the TD group. This finding suggests that a direct or linear relation
between movement strategy and task performance should not be expected.

Although traditionally more emphasis has been directed to identifying
differences between individuals with and without CP, the present study demonstrated
that the movement strategies exhibited by hemiplegic teenagers did not differ from
those exhibited by typically developing teenagers in all experimental situations. For
example, teenagers from both CP and TD groups showed comparable increases in
their trunk and pelvis rotation in order to deal with higher accuracy demands using
their non-preferred upper limb. Research in non disabled individuals suggests that
increasing the contribution of more proximal body segments towards the
accomplishment of an upper limb task is an efficient strategy to cope with higher task
accuracy demands (Van der Kamp and Steenbergen 1999; Steenbergen et al. 1995).

More specifically, Steenbergen et al. (1995) suggested that moving body segments
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which have a large mass and inertia, such as the trunk, might help stabilize the arm—
hand system because a reduction in the movement speed and, thus, in the reactive
forces produced, might occur (they called that a damping effect). Additionally, and in
agreement with our results, Van Roon et al. (2004) found that increasing the
precision requirements of an upper limb task (i.e. emptying the content of a spoon in
a smaller bowl compared to a larger one) led adolescents with and without
tetraparetic CP to increase their trunk displacement. These authors claimed that an
increased trunk involvement during upper limb tasks might be used as an adaptive
mechanism to improve the accuracy of reaching movements instead of being a
primarily symptom of the cerebral disorder.

Another adjustment in movement strategy that was observed for all teenagers,
regardless of group, was an increased elbow flex/extension when they were handling
a tool with lower adequacy for precision tasks. A careful inspection of the videos
obtained during data collection has allowed us to speculate on what might be
underlying such adjustment. The heavy tip of the rod with lower adequacy for
precision tasks seemed to have hit the targets with such intensity that a rebound
effect might have occurred causing the rod and the forearm to be passively driven in
the opposite direction, that is, upwards. This speculation is reinforced by the fact that
the targets were covered with a rubberized material, which makes the rebound effect
more likely to happen. Although it is not possible to be certain of the underlying
reasons for the emergency of such movement strategy, the fact is that similar
adjustments in the elbow and trunk motion were observed for individuals with and
without hemiplegic CP, indicating that there are changes in movement strategy that
cannot be exclusively explained by the fact that an individual has a neurological
damage, but instead, by the fact that individuals adapt their movements in order to
respond to the set of constraints involved in task performance. Previous studies
comparing the movement strategies exhibited by teenagers with and without
hemiplegic CP did not vary the demands within upper limb tasks (Jaspers et al. 2011
and 2009; Butler et al. 2010; Reid et al. 2010; Domell6f et al. 2009; R6nnqvist and
Rosblad 2007; Mackey et al. 2006), which might have led to the simplistic
assumption that the differences found between groups were exclusively due to the
existence of a neurological damage in the CP group, rather than being a result of the

dissimilar capability/demand between groups.
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The aforementioned increases in the magnitude of trunk, pelvis and elbow
motion associated with increases in task demands seem to be related with longer
movement times, that is, worse performance. For example, teenagers from both
groups demonstrated greater contribution of trunk and pelvis motion when performing
the task with higher ID using their non-preferred upper limb. This was also the
experimental condition in which teenagers from both groups exhibited worse
performance. Likewise, both groups demonstrated increased magnitude of elbow
movements when handling the less appropriate tool and this experimental condition
coincided with a worse performance of all teenagers, regardless of group. By
changing their movement strategies in order to overcome challenging task
conditions, teenagers with and without CP had their performance affected. Since
teenagers with and without CP used similar movement strategies, the interpretation
that such strategies are pathological is not warranted. A more plausible interpretation
is that the adjustments in movement strategy were necessary to guarantee the best
performance possible under the particular task conditions.

Finally, it must be pointed out that no differences between CP and TD groups
were revealed for the movement strategy of the preferred upper limb. However, using
similar strategies to perform the task with their more skilled upper limb did not
guaranteed similar performance between hemiplegic and typically developing
teenagers. It is possible that although hemiplegic teenagers, compared to their
typically developing peers, were able to show similar magnitudes of shoulder and
elbow motion when using their preferred upper limb, they did that at a slower pace,
perhaps to avoid postural disturbances provoked by rapid limb movements. The fact
that participants were required to perform the task in the standing position may
represent an extra challenge for the maintenance of postural balance under the
performance of rapid upper limb movements (Berrigan et al. 2006). This might have
been more problematic to hemiplegic teenagers due to their reduced postural stability
(Donker et al. 2008), leading them to exhibited slower upper limb movements,
compared to typically developing teenagers, even when performing the task with their
preferred upper limb. These results reinforce the argument that the movement
strategy used to perform a particular task should not be used to make assumptions

about task performance.
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Conclusions

The results of the present study point to the strong influence of task demands
and individual’'s capabilities on the performance and movement strategies exhibited
by teenagers with and without CP during a reciprocal aiming task. Although
hemiplegic teenagers exhibited worse task performance compared to their typically
developing peers, this difference was more pronounced in more difficult task
conditions and when the task was performed with their less skilled upper limb. The
observed differences in task performance between teenagers with and without CP
could not be fully explained by variations in their movement strategies. Differences in
movement strategy were present only under more challenging task conditions and
were not always detrimental to task performance. Additionally, the use of similar
movement strategies was not sufficient to guarantee comparable performance
between teenagers with and without CP. Thus, a direct and linear relationship
between movement strategy and performance should not be assumed. The
movement strategies implemented by hemiplegic teenagers to accomplish a given
task, rather than being conceived as pathological and readily elected for intervention,
should be carefully examined according to the task demands and to the extent that

these strategies influence their performance.
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4 CONSIDERACOES FINAIS

O desenvolvimento deste estudo acrescenta informacdes relevantes ao corpo
de conhecimento disponivel sobre (1) o desempenho de adolescentes com
hemiplegia espéstica e com desenvolvimento normal em tarefas de membro superior
e (2) as estratégias de movimento empregadas por esses individuos na realizacao
dessas tarefas. Embora o desempenho dos adolescentes com hemiplegia tenha sido
inferior ao daqueles com desenvolvimento normal, confirmando evidencias
disponiveis na literatura, os resultados do presente estudo demonstram que a
magnitude das diferencas entre grupos é mais pronunciada quando a demanda da
tarefa € aumentada e quando o membro superior ndo preferencial é usado. Esse
resultado sugere que o que pode estar por tras das diferencas entre individuos com
e sem PC é a discrepancia na relacado capacidade/demanda dos mesmos, e ndo a
presenca ou auséncia de leséo cerebral em si. Além disso, diferentemente do que é
comumente difundido no meio cientifico e terapéutico, as estratégias de movimento
exibidas por individuos com PC ndo devem ser assumidas como patologicas ou
ineficientes. Ao contrario, essas estratégias muito provavelmente refletem a
necessidade de adaptacdes as condicbes em que a tarefa é realizada, dado as
capacidades do individuo, e parecem garantir o melhor desempenho possivel diante
de tais condicbes. Algumas dessas adaptacbes sao, inclusive, exibidas por
adolescentes com desenvolvimento normal quando estes sdo expostos a condi¢cdes
experimentais mais desafiadoras. Os resultados deste estudo ampliam o
entendimento dos fatores que permeiam o uso de determinada estratégia de
movimento para realizar tarefas que envolvem o0s membros superiores.
Adicionalmente, uma anélise mais exploratéria dos resultados possibilita um melhor

entendimento da natureza da relagéo entre desempenho e estratégia de movimento.
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ANEXO A

('NI\'I-II{SII).'\'I)E FEDERAL DE MINAS GERAIS
('()'.\IITIC DE ETICA EM PESQUISA - COEP

Projeto: CAAE - 0923771 3.0.0000.5149

Interessado(a): Profa. Marisa Cotta Mancini

Departamento de Terapia Ocupacional
EEFFTO - UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG - COEP aprovou, no
dia 15 de abril de 2013, o projeto de pesquisa intitulado "Efeito da
distribuicdo de massa de objeto no desempenho de criangas
hemiplégicas e com desenvolvimento normal em tarefa de
precisdo™ bem como o Termo de Consentimento Livre e Eéclarecido.

O relatorio final ou parcial devera ser encaminhado ao COEP um
ano apoés o inicio do projeto.

Profgﬂ«a(ri&%arques Amaer

Coordenadora do COEP-UFMG

v. Pres. Anmtomio Carfos, 6627 | tidade Admnistranva Ul - 2" andar - Sala 2005 Cep:312°0-901  BH-AG

Felefax: (031) 3409-4592 - c-mun LOep g g
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APENDICE A

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE) PARA
SUJEITOS DE 11 A 12 ANOS E SEUS RESPONSAVEIS

Vocé e seu filho(a) estdo sendo convidados a participar de uma pesquisa
intitulada: “Efeito da distribuicdo de massa de objeto no desempenho de criancas
hemiplégicas e com desenvolvimento normal em tarefa de precisdo”. A pesquisa é
coordenada pela Professora Marisa Cotta Mancini e contard ainda com a aluna de
mestrado Priscilla Figueiredo, do programa de Pds-graduacdo em Ciéncias da
Reabilitacdo da Escola de Educacdo Fisica, Fisioterapia e Terapia Ocupacional da
UFMG. A participagdo de sua crianca neste estudo é inteiramente voluntaria, e vocé
(s) é (s&o) livre (s) para concordar ou nao com a participacdo. Caso desejado, vocés
poderdo abandonar o estudo a qualquer momento sem nenhum prejuizo a relacéao
de vocés com o pesquisador, com a UFMG ou com a Associacdo Mineira de
Reabilitagéo.

O nosso objetivo é investigar se o uso de objetos com diferentes
caracteristicas (distribuicdo de massa) pode influenciar o desempenho (rapidez e
precisao) de criancas em uma tarefa de precisdo. Para isso, crian¢as e adolescentes
com idades entre 11 e 13 anos serdao avaliados. Todos os participantes realizardo a
mesma tarefa e deverdo comparecer, apenas uma vez, ao Laboratério de Andlise de
Movimento da Universidade Federal de Minas Gerais, localizado no primeiro andar
da Escola de Educacédo Fisica, Fisioterapia e Terapia Ocupacional. A avaliacao
acontecera nesse local, em data e horario combinados com antecedéncia. ApGs a
obtencdo do consentimento de vocés, sera pedido que seu filho(a) fique de pé em
frente a uma mesa com um par de alvos e toque-o0s, alternadamente, com o menor
intervalo de tempo possivel e 0 maximo de precisdo. Para acionamento dos alvos,
sera utilizada uma varinha na qual sera colocado um cilindro de 20 gramas em locais
diferentes. Serdo utilizados dois pares de alvos de diferentes tamanhos e dois
posicionamentos do cilindro na varinha e o participante realizar4 a tarefa com as
duas maos. O tempo total estimado para coleta dos dados é de aproximadamente
uma hora e meia. Esse é o tempo esperado que a crianca fique no laboratorio. A

crianca podera sentir desconforto ou cansaco por se manter na posicao de pé
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durante a realizacdo da tarefa. Para minimizar esse efeito, serdo feitos intervalos
para descanso entre a realizacdo da tarefa com cada condicao.

A participacdo de seu(sua) filho(a) neste estudo contribuirA para o
conhecimento e aprendizado de profissionais de saude que trabalham com criancas,
como terapeutas ocupacionais e fisioterapeutas, e ajudara esses profissionais a
modificar objetos (como lapis, tesoura e colher) para que eles possam ser usados de
forma mais facil nas atividades feitas no dia-a-dia.

Os resultados desta pesquisa poderdo ser apresentados em seminarios,
congressos e similares, entretanto, os dados obtidos por meio da participacdo de
vocés serdo confidenciais e sigilosos, ndo possibilitando a identificacdo da crianca,
gue sera sempre representada por um numero.

Depois de ter lido as informagbes acima, se for da vontade de vocés
participar, por favor, preencha o consentimento abaixo.

Declaro que li e entendi as informacfes contidas acima. Todas as minhas
duvidas foram esclarecidas e recebi uma cépia deste formulario de consentimento.

Dou minha permisséo para participacdo do meu filho(a) neste estudo.

Nome do responsavel pelo sujeito da pesquisa:

Assinatura do responsavel pelo sujeito da pesquisa:

Nome do sujeito da pesquisa:

Assinatura do sujeito da pesquisa:

Profa. Dra. Marisa Cotta Mancini
Coordenadora do Projeto de Pesquisa

Priscilla Rezende P. Figueiredo
Aluna de mestrado Telefone (31) 9239-7400

/ /
Data

Telefones para Contato/Informacgdes:
- Profa. Dra. Marisa C. Mancini, Departamento de Terapia Ocupacional UFMG, fone: (31) 3409-4790.
- Priscilla Rezende Pereira Figueiredo, Fisioterapeuta, fone: (31) 3491-8492; celular: (31) 9239-7400.
Em caso de diavidas relacionadas a questdes éticas: COEP — Comité de Etica em
Pesquisa/lUFMG Av. Pres. Anténio Carlos, 6627 —Unidade Administrativa Il 2°. Andar —Sala 2005 —
Cep 31270-901 Belo Horizonte — MG Telefone: (31) 3409-4592 Email:coep@prpg.ufmg.br
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE) PARA
SUJEITOS DE 13 ANOS

Vocé esta sendo convidado a participar de uma pesquisa com o titulo: “Efeito
da distribuicdo de massa de objeto no desempenho de criangas hemiplégicas e com
desenvolvimento normal em tarefa de precisdo”. Essa pesquisa é coordenada pela
Professora Marisa Cotta Mancini e contara ainda com a aluna de mestrado Priscilla
Figueiredo, do programa de Pds-graduagdo em Ciéncias da Reabilitacdo da Escola
de Educacao Fisica, Fisioterapia e Terapia Ocupacional da UFMG. Sua patrticipacéo
nesta pesquisa € inteiramente voluntéaria, e vocé ¢ livre para concordar ou ndo com a
participacdo. Caso desejado, vocé podera desistir de participar do estudo a qualquer
momento sem nenhum prejuizo a sua relagdo com o pesquisador, com a UFMG ou
com a Associacao Mineira de Reabilitacao.

O nosso objetivo é investigar se o uso de objetos com diferentes
caracteristicas (distribuicdo de massa) pode influenciar o desempenho (rapidez e
precisao) de criancas e adolescentes em uma tarefa de precisdo. Para isso, criancas
e adolescentes com idades entre 11 e 13 anos serdo avaliadas. Todos os
participantes realizardo a mesma tarefa e deverdo comparecer, apenas uma vez, ao
Laboratorio de Andlise de Movimento da Universidade Federal de Minas Gerais,
localizado no primeiro andar da Escola de Educacéo Fisica, Fisioterapia e Terapia
Ocupacional. A avaliacdo acontecera nesse local, em data e horario combinados
com antecedéncia com vocé e com seus pais e/ou responsaveis. Apos a obtencéo
do seu consentimento, sera pedido que vocé fique de pé em frente a uma mesa com
um par de alvos e toque-0s, alternadamente, o mais rapido possivel e com o maximo
de precisdo. Para acionamento dos alvos, sera utilizada uma varinha na qual sera
colocado um cilindro de 20 gramas em locais diferentes. Seréo utilizados dois pares
de alvos de diferentes tamanhos e dois posicionamentos do cilindro na varinha e
vocé realizara a tarefa com as duas maos. O tempo total estimado para coleta dos
dados € de aproximadamente uma hora e meia. Esse é o tempo esperado que vocé
fiqgue no laboratorio. Vocé podera sentir desconforto ou cansago por se manter na
posicdo de pé durante a realizacdo da tarefa. Para minimizar esse efeito, seréo
feitos intervalos para descanso entre a realizagéo da tarefa com cada condicgé&o.

A sua participacdo neste estudo contribuirda para o conhecimento e

aprendizado de profissionais de saude que trabalham com criangcas, como
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terapeutas ocupacionais e fisioterapeutas, e ajudara esses profissionais a modificar
objetos (como lapis, tesoura e colher) para que eles possam ser usados de forma
mais facil nas atividades feitas no dia-a-dia.

Os resultados desta pesquisa poderdo ser apresentados em seminarios,
congressos e similares, entretanto, os dados obtidos por meio da sua participacao
serdo confidenciais e sigilosos, ndo possibilitando a sua identificacdo, ja que vocé
sera sempre representado(a) por um nuamero.

Depois de ter lido as informagdes acima, se for de sua vontade participar, por

favor, preencha o consentimento abaixo.

Declaro que li e entendi as informacBes contidas acima. Todas as minhas
davidas foram esclarecidas e recebi uma cépia deste formulario de consentimento.

Dou minha permisséo para minha participacao neste estudo.

Nome do sujeito da pesquisa:

Assinatura do sujeito da pesquisa:

Profa. Dra. Marisa Cotta Mancini
Coordenadora do Projeto de Pesquisa

Priscilla Rezende P. Figueiredo
Aluna de mestrado Telefone (31) 9239-7400

/ /
Data

Telefones para Contato/Informacgdes:
- Profa. Dra. Marisa C. Mancini, Departamento de Terapia Ocupacional UFMG, fone: (31) 3409-4790.
- Priscilla Rezende Pereira Figueiredo, Fisioterapeuta, fone: (31) 3491-8492; celular: (31) 9239-7400.
Em caso de dividas relacionadas a questdes éticas: COEP — Comité de Etica em
Pesquisa/lUFMG Av. Pres. Anténio Carlos, 6627 —Unidade Administrativa Il 2°. Andar —Sala 2005 —
Cep 31270-901 Belo Horizonte — MG Telefone: (31) 3409-4592 Email:coep@prpg.ufmg.br
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE) PARA OS
RESPONSAVEIS PELOS SUJEITOS DE 13 ANOS

Seu filho(a) estd sendo convidados a participar de uma pesquisa intitulada:
“Efeito da distribuicdo de massa de objeto no desempenho de criangas hemiplégicas
e com desenvolvimento normal em tarefa de precisdo”. A pesquisa € coordenada
pela Professora Marisa Cotta Mancini e contara ainda com a aluna de mestrado
Priscilla Figueiredo, do programa de Pés-graduacdo em Ciéncias da Reabilitacdo da
Escola de Educacdo Fisica, Fisioterapia e Terapia Ocupacional da UFMG. A
participacdo de seu(sua) filho(a) neste estudo € inteiramente voluntaria, e vocé (s) é
(sdo) livre (s) para concordar ou ndo com a participacdo. Caso desejado, vocés
poderdo abandonar o estudo a qualquer momento sem nenhum prejuizo a relagéo
de vocés com o pesquisador, com a UFMG ou com a Associacdo Mineira de
Reabilitacao.

O nosso objetivo é investigar se o uso de objetos com diferentes
caracteristicas (distribuicdo de massa) pode influenciar o desempenho (rapidez e
precisao) de criancas e adolescentes em uma tarefa de precisdo. Para isso, criangas
e adolescentes com idades entre 11 e 13 anos serdo avaliados. Todos o0s
participantes realizardo a mesma tarefa e deverdo comparecer, apenas uma vez, ao
Laboratorio de Andlise de Movimento da Universidade Federal de Minas Gerais,
localizado no primeiro andar da Escola de Educacédo Fisica, Fisioterapia e Terapia
Ocupacional. A avaliacdo acontecera nesse local, em data e horario combinados
com antecedéncia. Apés a obtencdo do consentimento de vocés, sera pedido que
seu filho(a) fiqgue de pé em frente a uma mesa com um par de alvos e toque-o0s,
alternadamente, com o menor intervalo de tempo possivel e 0 maximo de precisao.
Para acionamento dos alvos, sera utilizada uma varinha na qual sera colocado um
cilindro de 20 gramas em locais diferentes. Serdo utilizados dois pares de alvos de
diferentes tamanhos e dois posicionamentos do cilindro na varinha e o participante
realizara a tarefa com as duas méos. O tempo total estimado para coleta dos dados
€ de aproximadamente uma hora e meia. Esse é o tempo esperado que 0
participante fique no laboratorio. A crianga ou adolescente podera sentir desconforto
OuU cansago por se manter na posicdo de pé durante a realizacdo da tarefa. Para
minimizar esse efeito, serédo feitos intervalos para descanso entre a realizacdo da

tarefa com cada condicéo.
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A participacdo de seu(sua) filho(a) neste estudo contribuira para o
conhecimento e aprendizado de profissionais de saude que trabalham com criancas,
como terapeutas ocupacionais e fisioterapeutas, e ajudara esses profissionais a
modificar objetos (como lapis, tesoura e colher) para que eles possam ser usados de
forma mais facil nas atividades feitas no dia-a-dia.

Os resultados desta pesquisa poderdo ser apresentados em seminarios,
congressos e similares, entretanto, os dados obtidos por meio da participacdo de
vocés serdo confidenciais e sigilosos, nao possibilitando a identificacdo de seu (sua)
filho(a), que serd sempre representado(a) por um numero.

Depois de ter lido as informacdes acima, se for da vontade de vocés

participar, por favor, preencha o consentimento abaixo.

Declaro que li e entendi as informac¢des contidas acima. Todas as minhas
duvidas foram esclarecidas e recebi uma coépia deste formulario de consentimento.

Dou permissao para participacdo do meu filho(a) neste estudo.

Nome do responsavel pelo sujeito da pesquisa:

Assinatura do responsavel pelo sujeito da pesquisa:

Profa. Dra. Marisa Cotta Mancini
Coordenadora do Projeto de Pesquisa

Priscilla Rezende P. Figueiredo
Aluna de mestrado Telefone (31) 9239-7400

/ /
Data

Telefones para Contato/Informacgdes:
- Profa. Dra. Marisa C. Mancini, Departamento de Terapia Ocupacional UFMG, fone: (31) 3409-4790.
- Priscilla Rezende Pereira Figueiredo, Fisioterapeuta, fone: (31) 3491-8492; celular: (31) 9239-7400.
Em caso de davidas relacionadas a questdes éticas: COEP — Comité de Etica em
Pesquisa/lUFMG Av. Pres. Anténio Carlos, 6627 —Unidade Administrativa Il 2°. Andar —Sala 2005 —
Cep 31270-901 Belo Horizonte — MG Telefone: (31) 3409-4592 Email:coep@prpg.ufmg.br
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