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Resumo

Introducao: O objetivo deste estudo foi investigar o papel e a integracdo das informagdes
sensoriais em individuos neurologicamente normais e portadores da sindrome de Down
durante a manuten¢do do equilibrio em condi¢do de grande instabilidade. Métodos:
Participaram deste estudo 8 sujeitos portadores da sindrome de Down (SD) pareados por
sexo e idade com o grupo controle que balancaram em uma gangorra de 60cm de raio com
combinacdo de 3 alturas (7,12 e 17cm). As informacdes sensoriais foram manipuladas pela
oclusdo da visdo, aplicacdo da estimulacdo galvanica nos processos mastdideos e vibragao
no tendao de Aquiles. Os angulos das articulacdes do quadril, joelho e tornozelo e a
atividade eletromiografica de alguns miusculos da perna e do tronco foram registrados.
Resultados: Na auséncia de manipulagdo sensorial os dois grupos analisados mantiveram o
equilibrio na gangorra utilizando principalmente o deslocamento e contracdo dos musculos
do tornozelo. Os individuos controle adotaram um padrio alternado de ativacdo muscular,
sendo que a magnitude da resposta postural foi modulada com a altura da gangorra. Em
contrapartida os individuos portadores da SD apresentaram um padrdo generalizado de co-
contragdo e ndo foram de capazes de modular sua resposta com a demanda mecanica da
tarefa. No grupo controle a estimulagdo galvanica reduziu a magnitude da resposta
muscular, mas ndo alterou o padrdo alternado de contracdo. J4 a vibracdo alterou este
padrdao de ativagdo, tornando-o de certa forma semelhante ao observado nos individuos
portadores da SD. Nos individuos portadores da SD a estimulagdo galvanica reduziu
significantemente a habilidade de manutencdo do equilibrio na gangorra, ao passo que a
vibrac¢do ndo alterou nem o equilibrio nem a estratégia postural. Discussao. Os individuos

controle se adaptaram a redu¢do de uma modalidade sensorial. A perda da modulacdo do



padrao alternado com a vibragdo indicou a grande importancia da propriocep¢do na
elaboracdo de respostas coordenadas ao nivel do tornozelo. Por outro lado, os individuos
portadores da SD apresentaram déficits na elaboracdo das respostas posturais. A perda do
equilibrio com a estimulagdo galvanica e a falta de efeito da vibracdo nos permite sugerir
que, devido a déficits proprioceptivos a importancia destas informagdes € reduzida
acarretando em um aumento da importancia das informag¢des vestibulares durante o balango

na gangorra.



Abstract

Introduction: The main of this study was investigates the sensory integration and function
in neurological (CG) and Down syndrome (DS) subjects during balance on unstable
seesaw. Methods: Eight individuals with DS and eight CG were studied. Six balancing
conditions were collected combining 3 seesaw heights and two manipulations: Galvanic
Vestibular Stimulation (GVS) and Achilles tendon vibration. The angles and EMG
activities of the some leg and trunk muscles were collected. Results: The CG adopted an
alternated pattern of ankle muscle activation during balance and modulated the balance
with the seesaw height. The individuals with DS showed the co-contraction muscle pattern
during balance and were not able to modulate the muscle answer with the seesaw height.
The GVS did not affect CG pattern of muscle contraction although the muscle activation
has been partially inhibit. However the detriment of reciprocal pattern was observed due to
vibration and under this perceptual condition the control subjects adopted a muscle pattern
that remember the ones used by individuals with DS. On the other hand, individuals with
DS lack the ability to keep balance during the vestibular manipulation and were no affected
by vibration. Discussion: The CNS of CG rapidly assess and re-weigh available sensory
inputs, assuring the balance success. On the other hand, individuals with DS showed a
deficit in the mechanism responsible to elicit an appropriate postural response. They
increased the postural response with GVS and decreased with vibration. This fact may
indicate that because of proprioceptive dysfunctions the individuals with DS re-weigh the
organization of sensory systems increasing the importance of vestibular system and

decreasing the proprioceptive importance.
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L. Introducao

O estudo da regulacdo da postura constitui um tépico essencial do Controle Motor
devido a sua importancia universal. A manuten¢ao da postura estdtica, assim como a
estabilizacdo durante a locomog¢do e execucdo de varios movimentos depende desta
complexa regulagdo.

Estudos recentes tém fornecido uma nova visdo sobre o controle postural.
Anteriormente o equilibrio era visto como resultado de um sistema de respostas reflexas
desencadeadas por estimulos sensoriais. Atualmente o equilibrio tem sido visto como uma
habilidade que o sistema nervoso adquire utilizando multiplos sistemas, incluindo
elementos biomecédnicos e estruturas cerebrais (Horak et al, 1997). Sendo assim, o
equilibrio ndo pode ser visto como uma simples resposta reativa a um estimulo sensorial.

Estudos tém mostrado que o controle do equilibrio € bastante adaptativo e
centralmente organizado baseado em experiéncia e inten¢ao (Woollacott & Shumway-
Cook, 2002). As informagdes sensoriais sdo organizadas seguindo uma ordem hierarquica
que assegura a selecao da informagao mais precisa e adequada durante a execucdo de uma
tarefa. (Shumway-Cook & Woollacott, 1995). A funcdo especifica de cada sistema
sensorial € bem conhecida e descrita em inimeros trabalhos. No entanto, a interacdo e
organizacdo destas informacdes para a elaboracao de ajustes posturais em diferentes
contextos ambientais e em condi¢des patolégicas ainda ndo € totalmente compreendida.

Visando compreender os mecanismos envolvidos no Controle Postural, propusemos
analisar os ajustes posturais durante a manutencdo do equilibrio em condicdo de grande
instabilidade como o balanco em gangorra. A fim de entender o papel das informacgdes

sensoriais na elaboracdo das respostas posturais na gangorra as mesmas foram manipuladas.



No6s avaliamos a importancia das informagdes vestibulares pela aplicacdo da
estimulagdo galvanica e andlise de seu efeito nas repostas posturais durante o balango na
gangorra.

Aprimorando a investigacdo do papel das informagdes sensoriais na gangorra
utilizamos a vibragdo do tenddao de Aquiles para avaliar o impacto da reducdo da
propriocep¢ao no equilibrio.

O interesse pelos individuos portadores da sindrome de Down se explica pelos
déficits posturais freqiientemente descritos nesta populacdo. Estes déficits t€ém sido
relacionados a problemas na selecdo das informagdes sensoriais (Shumway-Cook &
Woollacott, 1985), disfun¢do de integracdo sensorial (Uyanik et al., 2003), assim como
alteracdes na estrutura neural e biomecanica.

O entendimento das estratégias de reajuste postural utilizadas em uma situacao de
desequilibrio pode contribuir na elaboracdo de novas condutas terapéuticas visando a
prevencao da queda que € uma das principais causas de traumatismo do ser humano.

Apresentaremos a seguir a revisao de literatura em forma de dois artigos nos quais
discutiremos os mecanismos envolvidos no controle postural normal “Controle postural:
perspectivas atuais” e de individuos portadores da SD “Controle Postural em individuos
portadores da sindrome de Down”. Os resultados serdo apresentados em capitulos
compostos por artigos desenvolvidos ao longo do trabalho sendo que o primeiro intitulado
“Vestibular evoked postural response on a seesaw” foi escrito baseado nos resultados
obtidos da andlise dos dados de individuos neurologicamente normais. O segundo artigo
intitulado “The effect of Galvanic Vestibular Stimulation on postural response of
individuals with Down syndrome on seesaw” foi escrito baseado nos resultados da

estimulagdo vestibular em individuos portadores da sindrome de Down e o terceiro



intitulado “The effect of ankle tendon vibration on seesaw balance in individuals with and
without Down syndrome” elaborado a partir dos dados da vibracdo do tenddo de Aquiles
em individuos normais e portadores da SD.

Na parte final da tese apresentamos uma conclusao geral.



I1. Capitulo 1: Artigo de Revisao

Controle Postural: Perspectivas atuais.

Carvalho RL, Almeida GL.

Na tltima década o controle da postura tem sido visto sob nova perspectiva. As
defini¢des tém se alterado com a evolugdo do conhecimento acerca dos mecanismos neurais
envolvidos neste controle. A teoria de que a postura e o equilibrio resultam de uma resposta
reflexa hierarquicamente organizada tem cedido lugar a uma visao sistémica que enfatiza a
multipla organizagdo e interacao neural (Horak, 1992). Estudos recentes tém indicado que o
controle do equilibrio ndo pode ser visto como simples resposta reativa a um estimulo
sensorial, mas sim como habilidade baseada na experiéncia, intencdo e com capacidade
adaptativa. Para Lackner & DiZio (2005) o controle e a percep¢do da orientacdo corpdrea
dependem desde mecanismos periféricos relativamente simples, a mecanismos complexos
envolvendo altos niveis de fun¢do cognitiva e integracdo sensorio-motora.

O eficiente controle postural é fundamental para o sucesso de grande parte das
tarefas didrias. O melhor conhecimento dos mecanismos envolvidos neste controle tem
implicacdes para a prética fisioterapéutica. As novas perspectivas abrem o leque de
atuacdo, possibilitando a aplicacdo de conceitos ja estabelecidos de aprendizado motor
como treino, “feedback’ e aten¢do na reabilitacdo de desordens do equilibrio.

De uma forma global duas fungdes principais podem ser atribuidas a postura. A
primeira é a fun¢do antigravitaria na qual os segmentos corporais superimpostos resistem as
forcas da gravidade. A segunda € de servir como interface com o exterior para a

interpretacdo sensorial e orientacio espacial (Massion 1992).



A manutencdo da postura envolve a orientagdo ativa de um ou varios segmentos
contra forcas desestabilizadoras geradas pelo ambiente ou por outros segmentos corporais.
O equilibrio entre as forcas atuantes no corpo ¢ denominado de estabilidade postural. Nesta
condicdo o centro de massa é controlado em relagdo a base de suporte tanto em uma
posicdo estdtica como durante o movimento (Horak et al. 1997). A estabilidade ¢é
dependente de controles antecipatdrios (proativos) e compensatorios (reativos) (Mochizuki
et al. 2004).

O controle antecipatério estd relacionado a corre¢do de distirbios gerados por
movimentos voluntdrios (focais) nas articulacdes nao focais. As respostas antecipatorias
sdo caracterizadas pela ativacdo da musculatura postural antes do inicio do movimento de
forma a minimizar o distirbio. O fato das reagdes antecipatdrias serem observadas também
em individuos deaferentados mostra que elas sdo elicitadas por um mecanismo
“feedforward” (Forget & Lamarre 1990).

O controle compensatorio estd relacionado a correcdo de distirbios posturais
gerados pela interagcdo com o ambiente (forca de gravidade, choques mecanicos) ou pelo
préoprio movimento (Oddsson 1990). Estas reacdes sdo disparadas por informacoes
aferentes na forma de um “feedback” sensorial.

Estudos das respostas posturais desencadeadas por distirbios ambientais tém levado
a nocdo de sinergias e estratégias (Macpherson 1991). As sinergias sdo definidas como
modelos de ativacdo muscular centralmente organizados. O conhecimento desta
organizagdo facilita a compreensdo da coordenagdo motora normal e anormal em caso de
lesdes cerebrais (Horak et al. 1997). Para Krishnamoorthy et al. (2003) as estratégias

posturais representam solucdes sensério-motoras para o controle da postura incluindo nao



apenas sinergias musculares, mas também padrdoes de movimentos articulares, torques e
forgas de contato.

As estratégias sdo limitadas por fatores externos (impostos pelo ambiente e tarefa) e
internos. Os fatores internos envolvem os aspectos biomecanicos e neurais. Os aspectos
biomecanicos sao caracterizados pelas propriedades visco-eldsticas dos musculos,
ligamentos, a configuracdo anatomica dos ossos, musculos, articulacdes e a maquinaria
contratil. Os fatores neurais envolvem a selecdo e processamento das informacdes
sensoriais, elaboracdo de sinergias coordenadas, aten¢do na tarefa, experiéncia dentre
outros (Horak et al. 1997). As informacdes de muiiltiplos sistemas sensoriais incluindo o
somatosensorial, visual e vestibular sdo integradas pelo sistema de controle motor para
orientar e alinhar a posi¢cao entre os segmentos corporeos e a sua localiza¢do em relagdo ao
meio externo (Bacsi & Colebatcg 2005). A interagdo multisensorial para o controle do
equilibrio ndo resulta de uma simples convergéncia das informacdes sensérias, mas sim de
transformagdes apropriadas e coordenadas. Cada canal sensorial tem qualidades diferentes
em termos de resolu¢do e importancia sendo que a fidedignidade de uma informacgao pode
alterar a confiabilidade em outras (Lackner & DiZio 2005).

O estudo da organizacdo sensorial tem possibilitado uma melhor compreensao do
controle postural normal e anormal. Um dos métodos classicos para o estudo da
organizacdo sensorial é a manipulacdo das informacdes sensoriais durante a aplicacdo de
um distirbio postural.

Informacodes visuais

As informacgdes visuais orientam a posi¢do e movimento da cabeca em relagcdo ao
ambiente sendo que, os multiplos graus de movimento da cabeca facilitam a exploracdo

ambiental.



Em condicdes estdticas as aferéncias visuais reduzem a oscilacdo corpérea em
aproximadamente 50% (Sasaki et al. 2002). Para (Allun et al. 1998) as informagdes visuais
tem um papel mais importante na estabilizacdo tardia das corre¢des posturais. Ja Vallis et
al. (2001) mostraram que elas podem ser utilizadas no planejamento de reacdes
antecipatorias

Lishman & Lee (1973) observaram um aumento da importancia das informacdes
visuais durante o aprendizado de uma nova tarefa. Estes autores sugerem que com a
automatizacdo da tarefa a dependéncia das informacdes visuais diminui e das
somatosensoriais aumenta.

Pozzo et al. (1995) tém sugerido que em superficies instiveis o papel das
informacdes visuais aumenta devido a desorganizagdo das informacdes somatosensoriais. O
aumento da importancia visual também tem sido observado em pacientes com desordens
vestibulares (Redfern et al. 2001).

As informacdes visuais podem ser manipuladas pela movimentacdo do cenério em
relacdo ao sujeito pela oclusdo da visdo ou por estimulos optocinéticos (Kuo et al. 1998;
Lee& Aronson 1974). Movimentos angulares ou lineares do campo de visdo geram uma
oscilagdo corporal na mesma direcao do estimulo visual. Estimulos optocinéticos criam um
conflito sensorial aumentando a dependéncia no sistema vestibular e proprioceptivo (Sasaki
et al. 2002)

Informagcées Proprioceptivas

A importincia da propriocep¢do para a manutengdo da postura fica evidente pelas
conseqiiéncias clinicas decorrentes da deficiéncia destas informacdes (Allum et al. 1998).
Apesar de numerosos estudos, o papel da propriocep¢do no controle postural ndo €

completamente compreendido. Para Massion (1992) a representacio da geometria estitica e



dinamica do corpo se baseia amplamente na propriocep¢do muscular que informa
continuamente ao SNC a posi¢do de cada segmento corpdéreo em relacdo ao outro.

Existem evidéncias de que as informacdes propriocepivas sao mais importantes para
a orientagdo postural durante a manuten¢do do equilibrio em superficie fixa (Horak &
Macpherson 1996). A amplitude e velocidade da oscilacdo aumentam significantemente
quando as informagdes somatosensoriais dos membros inferiores sao reduzidas por
isquemia ou em pacientes com neuropatia periférica. O risco de queda € vinte e trés vezes
maior nos portadores de neuropatia periférica (Richardson & Hurvitz 1995).

Segundo o modelo de Mergner (1997) as informagdes proprioceptivas estdo
envolvidas na estabilizacdo do corpo em relacdo a base de suporte e sdo primariamente
utilizadas quando o SNC interpreta a superficie de suporte como estavel. Para Mergner o
controle pelas informagdes proprioceptivas ocorre no sentido dos pés para a cabega ao
passo que o controle pelas informacdes vestibulares ocorre de uma maneira cranio-caudal
de forma a estabilizar o tronco no espagco. O SN compara as informacgdes proprioceptivas e
vestibulares. Se o resultado da comparagdo sugerir que a superficie é estavel a importancia
das informagdes proprioceptivas aumenta, mas se a comparagdo sugerir que a superficie é
instavel, a influéncia vestibular torna-se mais importante. Corroborando com o modelo de
Mergner, Allun et al. (1998) mostraram que individuos com neuropatia periférica
apresentam respostas posturais alteradas nos membros inferiores mas nao no tronco.

A propriocep¢do pode ser manipulada em individuos normais por vdrias técnicas
como bloqueio isquémico dos musculos, anestesia local (Mauritz & Dietz 1980) e vibragdao
dos tenddes musculares (Wierzbicka, et al. 1998; Ivanenko et al. 199, Hatzitaki et al. 2004).
A utilizacdo limitada da isquemia e anestesia se deve ao efeito ndo seletivo e de curta

duracdo. A vibracdo muscular altera a orientacdo postural por ativar as aferéncias fusais



produzindo uma situagdo de ilusdo da posi¢do do membro (De Nunzio 2005). Como
resultado da ativacdo fusal observa-se a contracdo muscular. Por exemplo, a vibracdo do
musculo tibial anterior resulta em inclinacdo anterior e do triceps sural em inclinagao
posterior. A vibragcdo induz nao apenas reacoes locais, mas reagdes globais relacionadas a
alteracdo de toda posi¢do corporal (Ivanenko et al. 1999).

A influéncia da vibracdo nos musculos do tornozelo tem sido diminuida quando
associada a informagdes proprioceptivas dindmicas como a permanéncia em superficie
instdvel (Ivanenko et al. 1999; Hatzitaki et al. 2004). Estes autores sugerem que a
associagdo da vibracdo a instabilidade da superficie leva a reducdo da importancia das
informacdes proprioceptivas do tornozelo para o controle postural e aumento da
importancia das informagdes vestibulares e sua interacdo com a superficie de suporte.

1.3- Informacoes vestibulares

O sistema vestibular consiste em dois sensores de movimento, Os canais
semicirculares que detectam o movimento rotacional da cabega e os 6rgaos otoliticos que
detectam a aceleracdo linear. O papel das informagdes vestibulares no controle das
respostas posturais geradas por distirbios externos tem sido debatido. Entretanto, alguns
estudos mostram que o sistema vestibular tem um papel importante na manutencdo do
equilibrio corporal tonico (Hlavacka et al.1999).

Relatos tém mostrado que as informagdes vestibulares desempenham um menor
papel na manutencdo de posturas fixas (Day et al. 1997). Por outro lado a reducdo destas
aferéncias leva a importantes déficits no controle de tarefas complexas com natureza
dindmica como a locomocdo (Inglis & Macpherson 1995). Buchanan & Horak (2002)
mostraram que a perda das informagOes vestibulares prejudica o controle do tronco e da

cabeca em uma plataforma moével sinusoidal. Peruch et al. (1999) examinaram a trajetdria



da locomog¢do em individuos com vestibulopatia cronica e observaram grande dificuldade
na manutencdo de uma trajetéria linear de marcha. Para Mergner. (1997) as informacoes
vestibulares controlam primariamente a orientagdo do tronco no espaco sendo que a
deficiéncia das informacdes vestibulares compromete a estratégia do quadril e ndo a do
tornozelo.

As informagdes vestibulares podem ser manipuladas pela aplicacdo de estimulacdo
galvanica (EGV). A aplicacdo de corrente galvanica nos processos mastéideos despolariza
o nervo vestibular e aumenta a freqii€ncia de disparo dos aferentes vestibulares do lado do
catodo e diminui do lado do anodo (Fitzpatrick & Day 2004). Esta aplicac¢do resulta em
uma oscilagdo corporal para o lado do anodo. Este comportamento é semelhante ao
observado em individuos com desordens no sistema vestibular. Estudos utilizando esta
técnica mostram que a estimulacdo vestibular iniciada 0.5s antes do inicio da translacdo da
plataforma altera o deslocamento do centro de pressio (Hlavacka et al.1999). A
estimulagdo galvanica permite avaliar os efeitos primérios das informacdes vestibulares na
postura ja que outras técnicas como a oscilagdo da cabeca ativam simultaneamente as
aferéncias proprioceptivas cervicais.

A oscilagdo decorrente da EGV é menor quando as informagdes visuais estdao
disponiveis. A mesma estimulacdo vestibular resulta em respostas posturais diferentes de
acordo com o estado do sistema somatosensorial indicando a interagc@o entre estes sistemas.
(Bacsi & Colebatcg, 2004; Mergner et al. 1997).A permanéncia em uma superficie de
espuma (Horak & Hlavacka, 2001) ou plataforma de translacdo (Fitzpatrick & Day 2004)
aumenta a magnitude da oscilacdo devido a EGV.

Estratégias Posturais



Como descrito anteriormente o SN utiliza as informagdes sensoriais na elaboracao
das estratégias. A implementagao de vdrias estratégias normais e patoldgicas tem sido bem
caracterizada na literatura. Em superficie fixa e estdvel o corpo se mantém ao redor do eixo
do tornozelo como um péndulo invertido. O torque do tornozelo necessario para o controle
da postura nesta situagdo € gerado por componentes passivos (rigidez ou viscosidade
produzido por musculos e tecidos ao redor como ligamentos e tenddes) e ativos (contragio
muscular regulada pelo sistema nervoso central) (Masani et al. 2006).

Em plataforma de translacio Horak & Nashner (1986) descreveram a estratégia do
tornozelo e do quadril. A estratégia do tornozelo € caracterizada pela ativacao estereotipada
da musculatura no sentido distal para proximal e a estratégia do quadril pela ativacao
precoce da musculatura proximal do tronco e quadril. A estratégia do quadril € utilizada
quando a base de suporte se torna menor e mais instdvel. Uma terceira estratégia é a do
passo utilizada em grandes perturbagcdes para evitar a queda, sendo caracterizada pela
ativacdo inicial dos abdutores do quadril e co-contracdo do tornozelo (Horak & Nashner
1986) Em plataforma de rotagdo como a gangorra, a estratégia adotada € a contragdo
alternada dos musculos agonistas e antagonistas do tornozelo (Almeida et al. 2006).

O conhecimento dos aspectos especificos das estratégias como laténcia das
respostas, coordenagdo espaco-temporal, modulacdo da forca e adaptacdo podem ajudar na
compreensdo do equilibrio assim como do desequilibrio. Por exemplo, o aumento da
laténcia das respostas posturais tem sido observado em portadores de neuropatias
periféricas (Inglis et al. 1994) e da sindrome de Down (Aruin & Almeida 1997).
Coordenacdo espago-temporal anormal tem sido comum em pacientes com
comprometimentos neuroldgicos (Horak et al. 1997). A falta de modulacdo da resposta

postural automdtica com a magnitude do desequilibrio foi observada em pacientes com



disfungdo cerebelar (Horak & Diener. 1994). Idosos apresentaram grande reducdo da
estabilidade postural com a execucdo de uma segunda tarefa associada a manuteng¢do do
equilibrio indicando uma grande dependéncia da ateng¢do para o sucesso do equilibrio
(Woollacott & Shumway-Cook 2002).

Implicacoes prdticas

A implementacdo de vdrias estratégias posturais assim como a descricio da
organizacdo neural do sistema de controle postural é muito importante para uma avaliagao
precisa e intervencdo mais eficaz.

Aspectos como o tempo de reagdo, coordenagdo das respostas musculares e da
organizacao sensorial devem ser levados em consideracdo durante a avaliagao do equilibrio,
assim como fatores relacionados a experiéncia, expectativa e atencao.

A 1identificacdo dos déficits posturais norteia o tratamento. Por exemplo, Hu &
Woollacott (1994) mostraram uma redugdo do tempo da resposta postural em idosos apds o
treino, que consistiu de manuteng¢do do equilibrio em diferentes superficies associado a
alteracdo da disponibilidade visual. Di Fabio et al. (1990) observaram uma melhora na
ordem de recrutamento muscular em pacientes com seqiiela de AVE depois do tratamento
com a utilizacdo de feedback.

Consideracoes Finais

O controle da postura depende de uma complexa interagdo do sistema neural e
musculo-esquelético com as forcas internas e externas que atuam deslocando o centro de
massa corporal. O sistema nervoso utiliza as informacOes aferentes na elaboragcdo dos
comandos que sdo enviados aos neurdnios motores de forma a gerar uma for¢ca muscular
que recupere o equilibrio. Estes comandos sdo modulados pelas caracteristicas sensoriais e

também por mecanismos relacionados a atengdo, experi€ncia, contexto, bem como a



modelos pré-programados de atividade muscular, denominados de estratégias (Horak et al.
1997). O sucesso do controle depende da flexibilidade do sistema e capacidade de
adaptacdo da organizacdo sensorial e das estratégias de manutencdo do equilibrio. A visdo
mais atual de controle postural e o melhor conhecimento dos sistemas envolvidos no
controle normal e anormal do equilibrio embasaram o avanco da reabilitacao das desordens
de equilibrio.
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II1. Capitulo 2. Artigo de Revisao

Controle Postural em individuos portadores da sindrome de Down

Carvalho RL, Almeida GL.

A sindrome de Down € a mais freqiiente anormalidade cromossdmica associada ao
retardo mental com incidéncia aproximada de 1 em cada 700 nascidos vivos. Ela se deve a
trissomia (92-95%), mosaico (2-4%) e translocacdo (3 a 4%) (Malini 2006) do cromossomo
21. O numero e localizacdo exata dos genes envolvidos assim como a patogé€nese
permanece indeterminada, sendo que o gene DCR-1 tem sido estudado como um candidato
(Rachidi 2005). Os fatores mais aceitos como predisponentes sdo exposicao a radiacoes,
infec¢des e idade materna (Malini 2006).

O fenoétipo € varidvel afetando diferentes 6rgados e tecidos, incluindo a musculatura
esquelética e o cérebro (Rachidi 2005). As alteracdes musculo-esqueléticas incluem baixa
estatura, frouxidao ligamentar, (Stein et al. 1991). Apresentam menor volume total do
cérebro, principalmente do cerebelo, alteragdes celulares na regido do hipocampo, redugao
das sinapses no cortex temporal (Saran et al. 2003). Evidéncias neuropatologicas sugerem
que as diferengas na estrutura cerebral ndo estdo presentes no utero, mas emergem durante
o desenvolvimento, devido a padrdes retardados de crescimento (Raz et al. 1995). Uma
caracteristica do desenvolvimento neural € o atraso na mielinizacao.

Alteragdes motoras e perceptivas que afetam o controle postural sdo freqiientes
nessa populacdo (Babul & Bown 2004). Os padrdes eletromiograficos sdo caracterizados

por uma co-activacdo, com acentuada diminui¢do da quantidade de atividade muscular,



gerando uma redugdo dos torques e movimentos lentos, pouco suaves e mais varidveis do
que os da populagdo em geral (Almeida et al. 2000).

Em relagdo ao desenvolvimento motor apresentam uma defasagem cronoldgica,
embora a sequéncia deste desenvolvimento se assemelhe a observada nos individuos
neurologicamente normais (Block 1991). Rauh et al. (1991) observaram que tarefas
motoras com alta dependéncia do equilibrio, como a marcha, desenvolvem-se mais
lentamente e de uma forma muito varidvel. Carr (1970) relatou o atraso de cerca de 10
meses na manutengdo do equilibrio sem apoio nos portadores da sindrome de Down. Haley
(1986) descreveu a defasagem na aquisi¢do das reacdes de equilibrio e a utilizagdo de
reagdes de protecao como mecanismo compensatorio.

Shumway-Cook & Woollacott (1985) analisaram as respostas posturais automaticas
em criancas portadoras da sindrome de Down de 4 a 6 anos, durante perturbacdes geradas
por plataforma movel. Padrées normais de respostas posturais ao distirbio externo foram
observados, entretanto a laténcia para o inicio da resposta foi muito grande, resultando em
aumento da oscilacdo corporal e em algumas vezes perda do equilibrio. Outras alteracdes
foram déficits de adaptacio ao longo das tentativas e de utilizacdio de reacdes
antecipatorias.

Problemas na sele¢cdo das informacdes sensoriais também t€m sido descritos. O
estudo de Shumway-Cook & Woollacott (1985) com alteracdo das condi¢des sensoriais
demonstrou que criancas portadoras da sindrome de Down tém grande dificuldade em
manter o equilibrio, na presenca de informagdes sensoriais incongruentes sendo que o
efeito da movimenta¢do do campo visual no deslocamento postural é consideravelmente
maior nas criancas portadoras da sindrome de Down . Este resultado indica que aos 10 anos

de idade os portadores dessa sindrome dependem muito da visdo, ao passo que as outras



criangas apresentam um controle multimodal. Estes estudos ndo determinam se o
desenvolvimento do processo de organizacdo de conflito sensorial estd ausente, ou
simplesmente atrasado, nessas criancas, ji que este processo se desenvolve normalmente
dos 7 aos 10 anos .

Para Ulrich et al. (1997), o atraso do desenvolvimento postural de criancas
portadoras da sindrome de Down pode ser explicado pela dificuldade da percepc¢dao das
respostas posturais, prejudicando a sensagdo do movimento e de suas conseqiiéncias.
Corroborando com esta idéia, Uyanik et al. (2003) sugerem a disfuncdo de integracao
sensorial como resultado da limitada experiéncia sensorial nesses individuos.

As dificuldades motoras e os déficits posturais parecem persistir ao longo da vida
dos portadores da sindrome de Down (Almeida et al 200; Aruin & Almeida 1997). Aruin &
Almeida, (1997) analisaram as respostas posturais geradas por movimentos rapidos de
flexao e extensdo bilateral dos ombros em adultos com e sem sindrome de Down. Modelos
diferentes de repostas posturais antecipatorias, precedendo movimentos voluntdrios foram
observados. Jovem adultos portadores da sindrome de Down, apresentaram grande
deslocamento do centro de pressdo sem correlacio com o distirbio e um padrao de co-
ativacdo muscular. A estratégia adotada pelos portadores da sindrome de Down em reagao
ao distdrbio foi de flexdo do quadril e extensdao do joelho, oposta a estratégia adotada pelo
individuos neurologicamente normais que estenderam o quadril e flexionaram o joelho. Os
portadores da sindrome de Down conseguiram manter o equilibrio usando uma estratégia
menos universal e de menor eficiéncia em relacdo ao gasto energético.

Os estudos sobre a manutencdo da postura em superficie estdvel mostram uma
maior velocidade de oscilagcdo postural tanto em adultos (Webber et al. 2004) quanto em

adolescentes portadores da sindrome de Down (Vuillerme 2001). O aumento da oscilagdao



parece ser uma caracteristica geral da postura desses individuos, da infancia a vida adulta.
Com o aumento da oscilagdo, os movimentos realizados sobre uma base de suporte mais
instavel sdo mais dificeis de serem controlados (Vuillerme et 1. 2001).

Além do aumento da oscilacdo postural, Webber et al. (2004) observaram um
padrao de co-contracdo muscular nessa populacdo. Este padrao também foi observado por
Ulrich et al. (2004) durante caminhada em uma esteira de baixa e alta velocidade. A co-
contragcdo tem sido uma caracteristica dos portadores da sindrome de Down em
movimentos uni-articulares (Aruin & Almeida 1997) e bi-articulares (Latash 1993), nos
musculos posturais em antecipacdo a perturbacdes posturais (Aruin & Almeida 1997) e em
reacOes preprogramadas (Latash 1992). Vdrios autores tentam explicar este padrdo de co-
activacdo. Para Virji-Babaul (2002) a co-contragdo se deve a dificuldade de gerar forgas
adequadas. Ele se baseia no fato de que atividade eletromiogréfica durante a extensao do
joelho estar diminuida nesta populagdo. Ulrich et al (2004) propde que a co-contracdo &
utilizada para compensar a frouxidao ligamentar e otimizar a estabilidade.

Latash (2000) tem proposto que a co-contracdo € uma caracteristica geral dos
movimentos dos SD utilizada em situacdes inesperadas para otimizar a seguranca € a
estabilidade. De acordo com Latash & Anson (1996), se uma resposta preprogramada de
padrao reciproco for ativada de forma erronea ela acentuard o distdrbio. Por outro lado, o
padrdo de co-contracdo € mais universal, e, neste sentido, atenua os efeitos da perturbagao,
independentemente da direcdo do distirbio. Portanto, a estratégia de co-contragcdo seria
aparentemente conseqiiéncia de desordens neuroldgicas provocadas pela sindrome, ja que
com a pratica extensiva esses individuos sdo capazes de adotar um padrio trifdsico de
ativacdo (Almeida et al, 1994). Latash & Anson (1996) sugerem que a co-contracdo € uma

escolha feita pelo sistema nervoso tendo em vista sua flexibilidade e adaptabilidade.



Embora seja uma escolha mecanicamente sub-6tima, a co-ativagao oferece mais seguranga
e reflete a inseguranga do sistema em gerar reacdes posturais corretas.

Adolescentes portadores da sindrome de Down que sdo caracterizados por baixo
tonus e baixa capacidade de gerar forca, mostraram altos niveis de co-contracdo em
superficie rigida (Webber et al. 2004) e durante a marcha em esteira (Ulrich et al. 2004).
Existe portanto uma inconsisténcia entre a avaliacdo clinica do tdnus nesta populacdo e os
achados acima citados, permanecendo a relacdo entre hipotonia (baixa rigidez) e co-
contragdo pouco compreendida. Weber et al. (2004) sugerem que a avaliagdo do tonus
sobre condi¢cdes passivas pode fornecer informacdes limitadas sobre as estratégias
utilizadas pelo SNC.

A maior oscilacdo postural, as anormalidades no tempo de ativacdo muscular, o
padrao de co-contracdo e a dificuldade de se adaptar as alteracdes do ambiente podem estar
relacionados aos movimentos desajeitados e instdveis. Embora existam teorias que
justifiquem o padrdo de co-contragdo, as razdes especificas das alteracdes motoras
observadas nos portadores da SD nao foram totalmente identificadas.

Alguns aspectos dos déficits de controle postural podem ser explicados pelas
alteracdes biomecanicas, como diferenca na densidade dssea, hipoplasia da cartilagem,
alteracdes nas propriedades dos ligamentos (Stein et al. 1991). Estas alteracdes podem
influenciar a habilidade de gerar torque articular ja que eles apresentam reduzidos niveis de
forca em contragdes isocinéticas (Cioni at al. 1994). Para Shields & Dodd (2004) a fraqueza
muscular também pode influenciar na habilidade de realizar tarefas didrias, como a
manutengdo do equilibrio e a marcha.

As alteracdes neurobioldgicas sdo de grande importancia para a compreensdo dos

distdrbios. Ao nivel central, o cerebelo seria um bom candidato devido a seu papel na



coordenagao muscular (Houk et al. 1996) e seu peso ser menor em individuos portadores da
Sindrome de Down (Bellugi et al. 1990). Segundo Latash (2000), o cerebelo tem um papel
importante na formagcdo de comandos coordenados a varios musculos, articulacdes ou
membros. Déficits cerebelares levam a dificuldade de ativacdo sinérgica dos musculos
contribuindo também para a lentidio dos movimentos. Finalmente, os portadores da
sindrome de Down apresentam um padrdao motor semelhante ao observado em portadores
de disfuncdo cerebelar durante a marcha em esteira (Rand et al. 1997).
Ao nivel periférico, o candidato seria distirbio no mecanismo proprioceptivo.

Brandt (1995) mostrou baixa amplitude do potencial de acdo devido a estimulagdo do
polegar, sugerindo fun¢cdo somatosensorial deficitdria. Cole et al. (1988) observaram falhas
na modulacdo da forca de preensdo sobre objetos de diferentes superficies. Entretanto,
Shumway-Cook, & Woollacott (1985) mostraram laténcias normais dos reflexos de
estiramento monossindpticos durante perturbacdes geradas por plataforma de forca. Além
de reflexos normais, o padrao adotado durante movimentos planares dos bragos diferiu do
observado em individuos com neuropatia periférica (Sainburg et al. 1995). No entanto,
acreditamos que os déficits observados nos portadores da sindrome de Down estejam mais
relacionados a comprometimentos em niveis centrais do que periféricos, corroborando com
a idéia de Courage et al. (1997) os quais sugerem a disfun¢@o de integracao sensorial.

Porém, as alteracOes do sistema nervoso ndo podem ser consideradas como o0s
unicos fatores responsdveis pelas alteracdes da performance motora. Caracteristicas como
contexto ambiental e experiéncia tem grande influéncia.

De uma forma geral os estudos de controle motor em portadores da SD indicam
déficits nos mecanismos envolvidos no controle postural. A aquisicdo deste controle €

atrasada e os mecanismos posturais parecem estar organizados de forma a maximizar a



estabilidade, como uma adaptacdo ao longo tempo de reagdo e pobre interacdo com as
alteracdes imprevisiveis do ambiente. A conseqiiéncia funcional deste principio é a redugao
da velocidade e coordenac¢do dos movimentos que se tornam desajeitados.

Implicacoes prdticas

O melhor conhecimento sobre os aspectos biomecanicos, neurolégicos € ambientais
envolvidos no controle postural, assim como as adapta¢des observadas em varias situacoes
facilitam a compreensdao dos déficits de equilibrio possibilitando uma intervencao mais
especifica.

Estudos em condi¢des de laboratério mostram que com o treino, os portadores da
sindrome de Down trocam o padrdo de co-activacdo por um padrao reciproco e trifasico,
melhorando a performance motora (Almeida et al. 1994). Similarmente Webber et al.(2004)
mostrou uma melhora na manutencdo da postura estdtica com a pratica. Entretanto ainda
existem duvidas sobre a capacidade de transferéncia deste aprendizado para situacdes
cotidianas.

Tem sido debatido na literatura se a reabilitacdo deve enfatizar a alteracdo das
estratégias (caracterizadas como sub-6timas) utilizadas pelos portadores da sindrome de
Down, jd que a escolha pela utilizagao destas parece ser uma adaptacdo aos déficits nos
mecanismos de controle postural (Latash & Anson 1996).

Sobre o nosso ponto de vista, e de acordo com Aruin & Almeida (1997), a
reabilitacdo deve enfatizar a funcdo e ndo o padrdo motor jid que o SNC pode adotar
inimeros padrdes motores capazes de acompanhar com sucesso as tarefas motoras

(variabilidade normal).
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IV. Capitulo 3.

Vestibular-evoked postural response on the seesaw.
Carvalho RL, Almeida G.L

ABSTRACT

The purpose of this experiment was to investigate the ways in which sensory
channels interact to control balance on seesaws using Galvanic Vestibular Stimulation
(GVS) and blindfolding to partially block the vestibular and visual feedback. Subjects stood
on seesaws of different heights during two sensory conditions (1) with GVS of 1.5mA
applied over the mastoid processes (2) without stimulation. The movement of hip, knee and
ankle were reconstructed using a 3-D motion analysis system, and the electromyography
activities of selected ankle, knee, and hip muscles were recorded. Three important results
were observed: GVS increases the ankle displacement due to a decrease of ankle muscle
activation and the alternated pattern of contraction on the seesaw was not affected. The
evidence presented here suggests that the effect of GVS was quantitative and not
qualitative. This may explain the fact that, despite these changes, all subjects were able to
keep their balance on the seesaw with GVS. Then, seesaw postural responses (in the
absence of visual information) are evoked by interaction of vestibular input with support-
surface information and the postural responses to the concurrent application of different
stimuli depend upon the ability of the central nervous system to rapidly assess and re-weigh
available sensory inputs. The flexible reweighing of the sensory information from the

sensory systems seems to be essential to the success of postural control.

Key words: Galvanic Vestibular Stimulation, seesaw, posture



INTRODUCTION

The control and perception of body orientation and motion are subserved by
multiple sensory and motor mechanisms, ranging from relatively simple, peripheral
mechanisms to complex ones involving the highest levels of cognitive function and
sensory-motor integration (Lackner & DiZio, 2005). Each sensory channel has different
qualities in terms of resolution, bandwidth, and importance for the whole body and
segmental balance, and the availability and sensitivity of one input can alter the confidence
placed on the others. For example, some reports have shown that the identical vestibular
stimulus results in different postural responses, depending on the state of the somatosensory
system, producing the most convincing evidence of vestibulo-somatosensorial interaction

(Bacsi & Colebatcg, 2004; Creath et al. 2002; Mergner et al. 1997).

Standing on compliant surfaces, such as a piece of foam rubber (Horak & Hlavacka,
2001) or translation surfaces (Fitzpatrick et al. 1994) increased the size of the sway
response due to vestibular manipulation using GVS. Like those unstable surfaces, the
seesaw requires an integration of the vestibular and somatosensorial information for the
success of balance. Indeed, we have shown that on a seesaw with blindfolded vision, the
balance is done mainly at the ankle joint. The EMG patterns of the gastrocnemius and
anterior tibialis alternated between agonist and antagonist bursts with the agonist burst
starting before the end of the lengthening phase and being prolonged until the end of the
shortening phase (Almeida et al. 2006).

We cannot define the exact contribution of vestibular and somatosensorial

information to the maintenance of equilibrium on the seesaw. Here we explore the effect of



the manipulation of vestibular information during balance on the seesaw using GVS and
blindfolding to respectively prevent the vestibular and visual feedback.

Our first hypothesis is that the joint displacements, mainly at the ankle, would
increase with GVS, providing evidence for an increase in the sensitivity of the vestibular-
evoked responses. This increase is expected since studies using the same GVS showed
greater body oscillation in individuals with loss of somatosensorial information, such as
with hypothermic anesthesia of the feet (Magnusson et al. 1990) and peripheral neuropathy
(Horak & Hlavacka, 2001) and in studies in which somatosensorial input was not accurate
such as on an unstable support surface (Fitzpatrick et al. 1994) and foam (Wardman et al.
2003).

The second hypothesis is that GVS will increase the muscle activation. This
increase has been described on a rigid platform, a translation surface and on compliant
foam (Fitzpatrick et al. 1994; Wardman et al. 2003). Apart from muscle increase, we did
not expect to see the effect of GVS on joint coupling nor on muscle activity patterns since
the subjects with vestibular loss lack the hip strategy but show normal ankle strategy

(Horak et al. 1990; Popov 1990).

METHODS
Eight individuals (4 male, 4 female, average age 27 years) were studied after they
had signed an institutional (UNICAMP) term of informed consent. Six balancing
conditions were collected combining 3 seesaw heights (7,12 and 17cm) to provide an

index of difficulty, and two GVS conditions (with and without stimulation).

Kinematic data



The X, Y and Z coordinates Light Emitting Diodes (LED) marks were recorded
using a 3D-motion- analysis system (OPTOTRAK 3020). The LED marks were attached
on the left side of the shoulder (lateral aspect of the humerus), hip (between the greater
trochanter and superior iliac crest), knee (lateral condyle), ankle (external malleolus),
foot (head of the 5th metatarsal), and on the seesaw. The (LED) coordinates were

recorded at 100 Hz and used to calculate the ankle, knee, and hip angular displacements.

EMG activities

The activities of the gastrocnemius medialis (GM), tibialis anterior (TA), biceps
femoris (BF), rectus femoris (RF), erector spinaec (ES) at the L4 level, and the rectus
abdominis (RA) were recorded using bipolar surface EMG electrodes (DeLSys). All data
were band pass filtered (45-450 Hz), amplified (x 2000) and digitized at 1000 Hz. The
EMG signals were rectified and smoothed using a second order Butterworth filter with 10

Hz. cutoff frequencies.

Procedure
Initially, the individual was blindfolded with a mask, than the researcher helped
him/her to stand on seesaw keeping the feet at the center. From this position, the
individual could start balancing with or without GVS. GVS of 1.5mA was applied via
2.5cm carbon-rubber electrodes placed behind the subject’s ears over the mastoid
processes. The anode was placed on the right ear. The balance began after 2s of
stimulation and lasted for 10s. During the balance, the individual held each shoulder

with the opposite hand, keeping the upper limbs crossed and in contact with the chest.



All trials were 10s in duration. The trials were recorded for a rigid floor (for
control) and for each seesaw, with and without GVS. All subjects completed two trials

in each condition.

Data quantification
The Matlab program was used to calculate the maximum plantar and dorsal ankle
flexion and the corresponding angular displacement of the hip and knee joints during
this time. The activities of the six muscles cited above were integrated during 50
milliseconds, just before and 50 milliseconds after the maximum dorsal and plantar
flexion time. The EMG values were normalized to the values obtained during stationary

standing condition.

All EMG and kinematic variables were studied using ANOVA (p<0,05) with one
factor (GVS) when standing still on rigid platform and two factors (GVS and ID) on
seesaw. The effect of GVS and index of difficulty was evaluated separately for the

groups and for the movement directions.

RESULTS

Figure 1 depicts the muscle activation patterns and ankle-joint displacement

during the balance of a representative individual on a seesaw 12cm high.

Insert here figure 1

It is interesting to observe that GVS did not alter the pattern of muscle activation
during the balance. In both conditions, the individuals kept balance by alternating the
activation of the TA and the GM muscles. The activation of the GM started before the

ankle moved from dorsal to plantar flexion and remained until the ankle shifted again



into dorsal flexion. The same occur with the TA when the ankle shifted into dorsal

flexion.

The effect of GVS on EMG and Kinematics strategy

Insert here figure 2

Figure 2 illustrates the joint displacements and muscle activities at maximal
plantar flexion (PF) and dorsal flexion (DF) on a rigid platform (RP) and on seesaws
with different indexes of difficulties. On a rigid platform, the displacement of ankle and
hip increase with GVS (See Table 1). On the seesaw, with or without GVS, the balance
was kept mainly at the ankle joint, which increased with the index of difficulty (seesaw
heights) for both directions (PF and DF). The maximal knee and hip displacement were
very small and this displacement was not modulated by the index of difficulty. GVS
increased the ankle sway and changed the direction of knee displacement, although the

magnitude of this displacement was less than 1 degree (Fig 2 and Table 1).

On a rigid platform, the activity of all muscles studied increased with GVS
excepted for the ES (Table 1). On the seesaw, we observed a decrease of TA and GM
activity when it functioned as the agonist of the movement, or else, TA for dorsal flexion
and GM for plantar flexion. Despite the decrease of muscle activity, the pattern of
activation was not affected. With or without GVS, the TA muscle was more active
during DF and the GM during PF. The ability of modulating the TA and GM responses
with the index of difficulty of the seesaw was not affected by GVS but this modulation

was less evident during stimulation (Table 1 and Fig 2).



In general, the GVS condition inhibits BF, RF, RA and ES activation during
balance on a seesaw, although these values were only statistically significant for ES. The
ability of the RA and ES to modulate the activation with the index of difficulty was not

affected by GVS.
DISCUSSION

The present data replicate previous studies showing that, on a rigid platform,

GVS increases the body oscillation and the muscle activities (Day et al. 1997).

As predicted by our first hypothesize, on a seesaw, the ankle-joint displacement
increases due to GVS. Increase in sway responses due to GVS on unstable supports have
been reported by Horak & Hlavacka, (2001) and Fitzpatrick et al. (1994). However,
contrary to our second hypothesize, the maximal activation of ankle muscles was
inhibited with GVS. These unexpected findings are in disaccord with support-surface
translation studies that show an increase in ankle EMG response with GVS (Inglis et al.

1995; Horak & Hlavacka, 2001).

Despite the increment in joint displacement associated with decrement in muscle
activation, all subjects were able to keep balance without falling, using an alternated
pattern between the anterior and posterior muscle activation and balancing mainly at the

ankle joint.

With the reduction of available vestibular and visual inputs, can be suggested that
the proprioception was enough to assure the equilibrium and balance strategy. Our data
do not fully support this view, since GVS associated with the sway on the seesaw

provoked additional changes in the muscle activities and in the amount of balance. Thus,



it is clear that GVS has a marked influence on the modulation of the motor neuron pool
on the seesaw. However, one must consider that the changes in the EMG and kinematic
strategy were quantitative and not qualitative. This may explain the fact that, despite

these changes, all subjects were able to keep the balance on the seesaw with GVS.

One can explain the quantitative effect of GVS on the seesaw-sway strategy
through the Mergner model in which the proprioceptive information is important to
stabilize the body motion relative to the support surface in a bottom up manner (Mergner
& Rosemeier, 1998). Thus, according to our data, the proprioceptive information from
the ankle joint prevails over the vestibular information. Also, based on this model, the
vestibular information would help to stabilize the trunk in space in a bottom down way.
In this sense, our data also support the observation that individuals with vestibular lesion
are able to keep balance on translation platforms, which requires the ankle strategy.

(Horak et al. 1990; Popov et al. 1999).

On a seesaw, postural responses (in the absence of visual information) are evoked
by interaction of vestibular input with support surface information (Ivanenko et al. 1999).
These two sensory systems converge anatomically, physiologically and functionally in the
vestibular nuclei, cerebellum, cortex, thalamus, brain stem and spinal cord, allowing
opportunities for many types of interactions (Wilson, 1995). The data presented here
suggest that postural responses to the concurrent application of different stimuli depend
upon the ability of the central nervous system to rapidly assess and re-weigh available
sensory inputs. The flexible reweighing of the sensory information from the sensory

systems seems essential to the success of postural control.
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CAPTIONS
Figure 1. Muscle activation patterns of the gastrocnemius medialis (GM), tibialis

anterior (TA) and ankle-joint displacement during the balance with or without GVS

Figure 2. Displacement of the ankle, knee and hip angular excursions and the
integrated EMG activities of the tibialis anterior (TA), gastrocnemius medialis (GM) rectus
femoris (RF), biceps femoris (BF), rectus abdominis (RA) and erector spinae (ES) during
maximum plantar flexion (open circles) and dorsal flexion (closed circles) with and without
Galvanic Vestibular Stimulation (GVS). Data represent mean values obtained from eight
individuals. The vertical lines represent the standard error.

Table 1. ANOVA results p<0,05 for the Kinematics, and Electromyography
variables on rigid platform, one way ANOVA (GVS) and on seesaw Two way ANOVA

( Index of Difficult and GVS).
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Table 1.

A- Rigid Platform

B- Seesaw
Plantar  Dorsal Plantar Flexion Dorsal Flexion
Flexion Flexion

GVS GVS GVS D GVS/ID GVS D GVSxID

F P F P F P F P F P F F P F P
Ankle 888 801 + 961 + 142 + 199 6.59 923  + 411 -
Knee 107 004 - 126 + 151 - 001 1.63 250 - 035 -
Hip 342 155 + 296 - 818 - 849 1.16 114 - 094 -
TA 4.27 420 + 000 - 177 - 038 8.16 128  + 158 -
GM 396 397 + 497 o+ 174  + 072 1.36 133 - 434 -
RF 28 509 + 029 - 557  + 049 0.05 1.4 - 102 -
BF 890 234  + 017 - 119 - 1.66 4.01 027 - 029 -
RA 726 447 + 074 - 319 - 092 0.06 397+ 034 -
E.S 2.36 004 - 68 + 316 - 042 0.06 001 - 057 -

+ p<0,05

_p>0,05



V. Capitulo 4.

The effect of Galvanic Vestibular Stimulation on postural response of
individuals with Down syndrome on seesaw

Carvalho RL, Almeida GL.

ABSTRACT

The purpose of this study was to investigate the partially block of vestibular
information on postural responses during balance on seesaw. Methods: Eight individuals
with Down syndrome (DS) and eight controls (CG) stood on seesaws of different heights
during two sensory conditions: with or without Galvanic Vestibular stimulation (GVS). The
movement of hip, knee and ankle and the EMG activities of selected ankle, knee, and hip
muscles were recorded. Results: Without GVS the balance was kept mainly at the ankle
joint for both groups. The CG adopted an alternated pattern of ankle muscles activation
during balance and was able to modulate the magnitude of postural response with the
seesaw height. The individuals with DS showed the co-contraction muscle pattern during
balance and were not able to modulate the postural response with the seesaw height. The
GVS neither affected the ability of CG maintain balance neither the pattern of muscle
contraction although the muscle activation has been partially inhibited. On the other hand,
individuals with DS lacked the ability to keep balance during GVS. Discussion and
Conclusion: The individuals with DS were not able to successfully balance whit the
detriment of vestibular and visual information. We suggest that due to impairment of
proprioception system the individuals with DS increase the vestibular weight during

balance control on unstable conditions

Key words: Down syndrome, galvanic vestibular stimulation, seesaw.



INTRODUCTION

It has been described in the literature several atypical behaviors in the postural
control of individuals with Down syndrome (DS) (Virji- Babul & Brown 2004; Ulrich et
al. 2004). They are unable to respond rapidly to changes in the environment (Haley
1986), typically they take more time to initiate and complete a motor task (Anson 1992;
Shumway-Cook & Woollacott 1985). The simultaneously activation of agonist and
antagonist (co-activation) has been reported during the performance of several motor
tasks, including pointing movements (Latash 2003) in anticipation of a perturbation
(Aruin & Almeida 1997) and in quiet standing (Weber et al. 2004). They also showed

this pattern of co-activation during balance on seesaw (Carvalho 2001).

Contrary to the individuals with DS, the control individuals kept balance on
seesaw mainly at the ankle joint using an alternated pattern of ankle muscles contraction
(Almeida et al 2006). The goal of this study was to asses the rule of vestibular

information to keep balance on the seesaw.

The contribution of vestibular information has been studied using vestibular
galvanic stimulation (GVS) in several motor tasks (Fitzpatrick & Brian 2004; Day et al
2002). The GVS serves to modulate the continuous firing level of the vestibular
afferents (Scinicariello et al. 2001) and causes a standing subject to lean in different
directions depending on the polarity of the current (Pavlik et al. 1999). Also when
standing on compliant surfaces, such as a piece of foam rubber (Horak & Hlavacka,
2001) or on translation surfaces (Fitzpatrick et al. 1994) the sway response due to GVS

was increased.



Individuals with vestibular lesion were able to keep balance on translation
platforms, which requires the ankle strategy. (Horak et al. 1990; Popov et al. 1999).0n
the other hand individuals with periferical neuropathies (lack of proprioception) lost
thecapability to use the ankle strategy moving more the hip than the ankle to active the

correction of postural response (Bloem et al.1998).

Based on the studies reported above our first hypothesis is that control individuals

will increase the EMG activity and sway amplitude with GVS.

We did not find any study exploring the effect of GVS in individuals with DS on
unstable platform including seesaw. We expected see a large sway increase in
individuals with DS as compared as control individuals. One explanation for this idea is
the possible organic deficits in proprioceptive system of individuals with DS. For
example deficits in proprioceptive level has been reported by Cole et al. (1988) showing
that they failed on modulate the grip force with object surface. Also Brandt et al. (1995)
showed reduction in the amplitude of the action potencial of sensory nerve. Thus, when
the CNS of these individuals relied only in reliable proprioception input to over come
the partially block of vestibular and visual information’s its possible that fail and lost the

ability of balance.

To test this hypothesis GVS was used as a means to manipulate vestibular spatial
reference frame and the blindfolding to prevent visual feedback during balance on

different seesaws.

METHODS
Eight individuals with DS (4 male, 4 female, average age 28.1years) and eight

age and sex-matched control subjects (CG) (average age 27.5) were studied after they or



their parents had signed an institutional (UNICAMP) term of informed consent. Six
balancing conditions were collected combining 3 seesaw heights (7,12 and 17cm) to
provide an index of difficulty (figure 1), and two GVS conditions (with or without

stimulation).

Insert here figure 1

Kinematic data

The X, Y and Z coordinates Light Emitting Diodes (LED) marks were recorded
using a 3D-motion- analysis system (OPTOTRAK 3020). The LED marks were attached
on the left side of the shoulder (lateral aspect of the humerus), hip (between the greater
trochanter and superior iliac crest), knee (lateral condyle), ankle (external malleolus),
foot (head of the 5th metatarsal), and on the seesaw. The (LED) coordinates were

recorded at 100 Hz and used to calculate the ankle, knee, and hip angular displacements.

EMG activities

The activities of the gastrocnemius medialis (GM), tibialis anterior (TA), biceps
femoris (BF), rectus femoris (RF), erector spinaec (ES) at the L4 level, and the rectus
abdominis (RA) were recorded using bipolar surface EMG electrodes (DeLSys). All data
were band pass filtered (45-450 Hz), amplified (x 2000) and digitized at 1000 Hz. The
EMG signals were rectified and smoothed using a second order Butterworth filter with 10

Hz. cutoff frequencies.

Procedure
The researcher helped the individuals to stand on seesaw keeping the feet at the

center, and the seesaw was kept parallel to the floor. From this position, the individual



could start balancing with or without GVS. Initially, the individual was blindfolded with
a mask, the face rotate to right and the seesaw was kept parallel to the floor. The GVS of
1.5mA was randomicaly applied via 2.5cm carbon- rubber electrodes placed behind the
subject’s ears over the mastoid processes. The anodo was placed on right ear. The
balance began after 2s of stimulation and lasted for 10s. During the balance, the
individual held each shoulder with the opposite hand, keeping the upper limbs crossed

and in contact with the chest

Two trials of 10 seconds each were recorded for each seesaw with and without
GVS, proceeding from the lower to the higher. This sequence was used to guarantee the
safety of the subject who might fall off the higher seesaw. After two trials of balancing

without getting off, the individual was evaluated on the subsequent seesaw.

Data quantification
The Matlab program was used to calculate the maximum plantar and dorsal ankle
flexion and the corresponding angular displacement of the hip and knee joints during
this time. The activities of the six muscles cited above were integrated during 50
milliseconds, just before and 50 milliseconds after the maximum dorsal and plantar
flexion time. The EMG values were normalized to the values obtained during stationary

standing condition.

To analyze the pattern of muscle contraction the index of co-contraction (ICC) was
calculate. This index was defined by the integrate (+-50ms) muscle activity at the
maximum plantar flexion divided by the same muscle activity at the maximal dorsal

flexion.

Statistical analysis



We run a two ways analyses of variance ANOVA (p<0,05) to test the effect of
stimulation (with or without GVS) and seesaws difficulty index (7, 12 and 17cm height)
on each variable analyzed. These variables were the displacement of hip, knee, ankle and
the EMG activity of the GM, TA, BF, RF, ES and RA at the time that the individuals
were maximally displaced in anterior and posterior direction. The effect of stimulation
and index of difficulty was evaluated separately for the groups. For individuals with DS
the effect of GVS was tested just for seesaw of height 7cm once a considerable number

of subjects lacked the equilibrium in another heights.

We also run the two ways analyses of variance ANOVA (p<0,05) to test the effect of

group (CG x DS) and index of difficulty (Height) for the index of co-contraction.

RESULTS

All CG subjects were able to keep balance in all experiment conditions with or without
GVS (Figure 2). On the other hand, the balance capacities varied among subjects with DS.
Without GVS just two subjects showed difficulties in balance on the most unstable seesaw,
but with GVS three individuals lost the equilibrium in medium and six on most unstable

seesaw.

Insert here figure 2

Figure 3 illustrates the CG individual using an alternated pattern of TA and GM
muscles activation during balance on seesaw. This pattern of muscle activation was not
affected by the GVS. On the other hand, the individual with DS kept balance by
continuously and simultaneously co-activation of TA and GM muscles. They were not able

to modulate the pattern of muscle contraction with the direction of movement (dorsal x



plantar flexion). When the balance was possible with GVS the pattern of co-activation was
not affected. The data of two individuals are representative in terms of muscle activity
pattern and joint displacement.

Insert here figure 3

When the CG individuals were under the effect of the GVS the ankle movement
increased in both directions (plantar x dorsal flexion) (see GVS effect on ANOVA Table I).
However the amount of TA muscle activity decreased during dorsal flexion and the GM
during plantar flexion, in other words, the amount of EMG activity when the muscle acted
as agonist decreased with GVS (See ANOVA effect on Table I). Also, the amount of these
movements and the muscle activities were modulate with the seesaw index of difficulty
(Table I). Knee and hip movements and activity amount of RF, BF, RA and ES were
neither affected by the GVS nor by the index of difficulty (see results of ANOVA Table I).

Contrary what was observed for the CG the GVS neither affected the amount of
ankle excursion nor the amount of TA and GM muscles activity of individuals with DS (see
GVS effect on Table II). Note that for the DS group we did not test the index of difficulty
effect for one simple reason, at the middle and at the height seesaw several subjects failed
to keep balance (Figure 2).

The muscle activity amount during plantar flexion was divided by their respective
amount during dorsal flexion (see methods). This ratio was called index of co-contraction
and was calculated for each muscle. The control individuals used, on average, half of the
amount of TA muscle activities into plantar flexion, as compared with dorsal flexion. The
opposite was observed for the GM. Note that during plantar flexion, these individuals used
on average one and half times more GM muscles activities as compared as dorsal flexion

(Figure 4).



The individuals with DS were not able to modulate the muscle contraction with the
direction of movement. They activated the ankle muscles (GM and TA) independently of
movement direction. This fact was reflected by an index of co-contraction near to 1. Than,
the main difference between groups for index of co-contraction was in the ability to
modulate the contraction of TA (F 62.9 p=0.00), GM (F 13.8 p=0.002) and BF (F 5.13
p=0.04) muscles with the movement direction. The GVS did not affect the index of co-
contraction for the muscles studies except by a decrease on GM that was not significant.
Also the application of GVS during balance on seesaw neither affected the alternated
pattern of CG contraction nor the co-contraction pattern chose by DS individuals.
DISCUSSION

The aim of this work was describe the maintenance of the postural equilibrium when

only the proprioceptive information was fully available during balance on seesaw.

Our first observation was that the CG were able to keep balance in all seesaw
conditions despite the lack of fully vestibular and visual information. We can partially
explain this finding based on Mergner model in which the proprioceptive information is
important to stabilize the body motion relative to the support surface in a bottom up
manner (Mergner & Rosemeier, 1998). Thus, according to our data, the proprioceptive
information, that was fully available, was enough to overcome the accuracy reduction of
the visual and vestibular information. Also in favor to this idea is the biomechanical
model showing that on seesaw the balance occur mainly at ankle joint (Ivanenko et al.

1997, Almeida et al. 2006).

The effects of GVS were the reduction on the agonist muscles activity (Table 1)

and increase on the ankle movement. One would expect observe a decrease in ankle



movement seems that the amount of agonist muscle activity were decreased. One
possible explanation for this finding is that on the seesaw the agonist activity has as
primer function prevents the disturbance (Almeida et al 2006). Finally it must point out
that the proprioceptive information alone or at least with part of the vestibular
information blocked was enough to allow the CNS to scale the muscle response with the
seesaw mechanical instability degree. This success of postural control can be attributed
to ability of CNS re-weight the sensory information to over came the decrement of one

system.

The more important findings were observed during balance of individuals with
DS. When the vestibular information was reliable they were able to keep balance (except
two subjects on the most unstable seesaw). This balance was possible due to a pattern of
muscles co-contraction and the level of joint displacements and muscles activation were
the same for seesaws with different indexes of difficulty. It seems that these individuals
can not discriminate the seesaw heights. The pattern of muscle co-activation has been
reported during several other tasks, including preprogrammed reactions (Latash 1992)
and in anticipation of a perturbation (Aruin & Almeida 1997). Latash (2000) has
proposed that co-contraction may be a general feature of movements in individuals with

DS and may be used during unexpected perturbations to optimize safety and stability.

Under the effect of GVS the balance performance deteriorated for the two more
unstable seesaws. (Figure 2). The balance lack under the GVS effect cannot be explained
by a change in the muscle strategy once the pattern of co-activation was not changed by

GVS. The pattern of co-contraction is a more generalized strategy that increases the



safety of the response by increasing the joint stiffness. However the joint stiffness

increase of the was not enough to guarantee the success of the balance on seesaw.

No GVS effect was observed for the index of co-contraction. Thus, one can say
that for individuals with DS the GVS has one unspecific effect on the muscles despite

the mode of activation.

Several studies indicate that individuals with DS may have problems with
proprioceptive information. At central level the cerebellum has been assumed to play a
central role in the coordination of afferent and efferent information to assure an optimal
coupling between the movements (Horak et al 1990). It was implicate in the
modification of several different motor behaviors (Bracha, 1995) and postural
adjustment to platform perturbation (Horak & Diener 1994). The cerebellum weight has
been reported to be lower in persons with DS compared with general population (Bellugi
et al 1990). Because of that one could associate the co-activation and the inability to

balance with reduced vestibular and visual input to a decrease of cerebellum function.

At peripherical level one could speculate that a proprioceptive deficit would
impair their ability to balance and to discriminate the different mechanical demand of
seesaw. Cole et al (1988) showed that individuals with DS failed to modulate the grip
force when they were asked to lift one object with different surfaces. Brandt (1995)
show low sensory nerve action potential amplitudes following stimuli of the thumbs
suggesting impaired peripherical somatosensory functions. On the other hand they have
a normal level of neuron pool excitability and intact stretch reflex (Shumway-Cook &

Woollacott 1985).



It’s important to point out that first the individuals with DS lacked the balance
ability with the detriment of vestibular information reliance. Second, contrary to control
individuals they were not able to compensate the detriment of vestibular and visual
information with proprioceptive system. The findings reported above indicate a possible
proprioception dysfunction in individuals with DS. Taking together all those findings we
can suggest that due to impairment of proprioceptive system the individuals with DS

increase the weight of vestibular information to control balance on unstable conditions.
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CAPTIONS
Figure 1. Representative experimental setup. 1 fixed force platform, 2 seesaw, 3 height,

4 LED marks.

Figure 2. Number of individuals with (square) or without (circle) Down syndrome able
to keep balance on seesaw of different heights (7, 12, 17cm) with (open symbol) or without

(closed symbol) GVS.

Figure 3. Balance of one control (left) and one individual with Down syndrome on
seesaw of height 12cm. Upper panel shows the ankle displacement and down panel shows
the activities of the gastrocnemius medialis (GM) negative and tibialis anterior (TA)
positive values with or without GVS.

Figure 4. Illustrate the index of co-contraction- ICC (activity amount during plantar
flexion divided by their respective amount during dorsal flexion) of TA, GM, RF, BF, RA,
ES muscles of individuals with (rhombus) or without (circle) Dow syndrome during
balance on seesaws of 7,12, 15cm heights (S1,S2,S3) with or without GVS

Table I. Two ways ANOVA (GVS and ID) for the Kinematics and Electromyography

variables of control individuals during maximal plantar flexion



Table II. One way ANOVA (GVS) for the Kinematics and Electromyography variables

of individuals with Down syndrome during maximal plantar and dorsal flexion.

Figure 1
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Table L.

Control Group

Plantar flexion

Dorsal Flexion

GVS ID GVSXID GVS ID GVSXID
F p F p F p F p F p F p
961 0.02 142 000 199 0.18 659 0.04 923 000 411 0.07
Ankle
Knee 126 0.00 151 025 001 098 163 024 250 0.11 035 0.06
Hip 296 0.2 818 040 849 098 116 031 114 034 094 041
TA 0.00 095 177 021 038 0.69 816 002 128 0.00 158 023
GM 497 006 174 000 072 050 136 028 133 029 434 0.06
RF 029 060 557 0.01 049 061 005 082 1.04 037 102 038
BF 017 069 119 0.17 166 022 401 009 027 076 029 0.75
R.A 074 042 319 008 092 042 006 080 397 0.05 034 071
ES 688 0.07 316 008 042 066 006 081 001 098 057 0.57
Table II.
Down syndrome Group
Plantar Flexion Dorsal Flexion
F p F p
0.78 0.40 0.46 0.68
Ankle
Knee 3.67 0.30 2.63 0.27
Hip 41.3 0.09 3.93 0.20
TA 0.64 0.44 1.40 0.31
GM 0.78 0.40 1.48 0.29
R.F 0.004 0.94 0.82 0.48
B.F 0.078 0.78 2.68 0.14
R.A 4.80 0,07 0.47 0.64
E.S 0.15 0.70 0.65 0.55




VI. Capitulo 5.
The effect of ankle tendon vibration on seesaw balance in individuals with and
without Down syndrome

Carvalho RL, Almeida GL

ABSTRACT

The purpose of this study was to investigate the tendon vibration effect on postural
responses during balance on seesaw. Methods: Eight individuals with Down syndrome
(DS) and eight controls (CG) stood on seesaws of different heights during two sensory
conditions: with or without Achilles tendon vibration. The movement of hip, knee and
ankle and the EMG activities of selected ankle, knee, and hip muscles were recorded.
Results and Discussion: Without vibration control subjects adopted an alternated pattern of
ankle muscles activation during balance and were able to modulate the magnitude of
postural response with the seesaw height. The individuals with DS used the lees efficient
strategy to keep balance on the seesaw and this strategy were not affected by vibration. On
the other hand CG change their muscle strategy with vibration adopting a similar behavior
observed for individuals with DS. Taking together all findings we are possible learning that
the proprioceptive information is essential for the motor control system to release the
appropriate motor strategy based on the reciprocal activation among the agonist and the
antagonist and that the individuals with SD probably have deficits in this system. .

Key words: Down syndrome, vibration, seesaw, proprioception.



INTRODUCTION

One of the most widely used experimental approaches to understand the sensory
contribution to postural control is the manipulation of sensory information during
postural disturbance. The vibration of muscle tendons has become a frequent tool for
studying the relative role of muscle proprioception in human posture control
(Wierzbicka et al. 1998). The magnitude of the response due to vibration has been found
to diminish when it is applied during balance on unstable rocking surface (Ivanenko et
al. 1999), translation surface (Hatzitaki et al. 2005) or even during normal walking
(Courtine et al. 2001). These authors suggest that when vibration is applied in
combination with unstable support surface the CNS reduces reliance on proprioceptive

information

On unstable rocking surface such seesaw, a typical strategy characterized by
maintenance of balance mainly at ankle joint with an alternated activation of the tibialis

anterior and gastrocnemius medialis muscles has been described (Almeida et al 2006).

Based on studies of Ivanenko et al. (1999) and Wierzbicka et al. (1998) we hypothesizes
that the Achilles tendon vibration on seesaw would not be detrimental to the level of
provoking a fail in control group. We would expect to see a decrease in postural
response but not the lost in the ability of modulate the muscle response with the seesaw
height. This hypothesis are based on the idea that under this perceptual condition the
postural control system rely on other sensorial information such as vestibular to keep the

balance.

The second hypothesis is relates with the effect of the proprioception detriment in

postural responses used by individuals with DS. These individuals are often described as



clumsy. Researchers have reported atypical movement sequence (Pitetti et al 2004),
longer reaction time (Anson 1992) and increased motor feasibility (Spano et. al 1999).
They are unable to respond rapidly to changes in the environment (Haley 1986). During
self-inflicted disturbance they reacting using the generalized pattern of co-activation
(Aruin & Almeida 1997). On the seesaw these individuals user a pattern of muscle co-
activation instead of using the reciprocal pattern showed by individuals with DS.

(Almeida et al 2006)

One possible explanation for the co-activation pattern is one deficit on the
proprioceptive level. In favor to this idea is the study of Cole et al (1988) showing the
fail on modulation of grip force with object surface. Also Brandt et al (1995) showed
low sensory nerve action potential amplitudes following stimuli of the thumbs. Other
possible explanation is a delay in central processing (Shumway-Cook & Woollacott
1985). This idea is based on the observation that they have a normal level of neuron pool
excitability and intact stretch reflex (Shumway-Cook & Woollacott 1985) as well

cerebellar dysfunctions (Bellugi et al.1990).

Based on those studies we hypothesize that the reduction of the proprioception due
to the vibration would not change the co activation pattern used by individuals with DS

that possibly have a organic deficit in proprioceptive system (Cole et al .1988).

We tested our hypotheses by asking to individuals with and with Down syndrome

balance on different seesaws with or without vibration.

METHODS
Eight individuals with DS (4 male, 4 female, average age 28.1years) and eight

age and sex-matched control subjects (CG) (average age 27.5) were studied after they or



their parents had signed an institutional (UNICAMP) term of informed consent. Six
balancing conditions were collected combining 3 seesaw heights (7,12 and 17cm) to
provide an index of difficulty, and two vibration conditions (with and without

stimulation).

Kinematic data

The X, Y and Z coordinates Light Emitting Diodes (LED) marks were recorded
using a 3D-motion- analysis system (OPTOTRAK 3020). The LED marks were attached
on the left side of the shoulder (lateral aspect of the humerus), hip (between the greater
trochanter and superior iliac crest), knee (lateral condyle), ankle (external malleolus),
foot (head of the 5th metatarsal), and on the seesaw. The (LED) coordinates were

recorded at 100 Hz and used to calculate the ankle, knee, and hip angular displacements.

EMG activities

The activities of the gastrocnemius medialis (GM), tibialis anterior (TA), biceps

femoris (BF), rectus femoris (RF), erector spinae (ES) at the L4 level, and the rectus

abdominis (RA) were recorded using bipolar surface EMG electrodes (DeLSys). All data

were band pass filtered (45-450 Hz), amplified (x 2000) and digitized at 1000 Hz. The

EMG signals were rectified and smoothed using a second order Butterworth filter with 10

Hz. cutoff frequencies.

Procedure

The researcher helped the individuals to stand on seesaw keeping the feet at the
center, and the seesaw was kept parallel to the floor. From this position, the individual

could start balancing with or without vibration. In some trials continuous tendon



vibration was applied transversally to the Achilles tendons at the ankle levels. A
moderate vibration (40Hz) was produced by two identical cylindrical vibrators attached
to the Achilles tendons by means of a rubber band. The rubber band ensure good
fixation of the vibrator on the tendon during the seesaw balance. The balance began after
2s of stimulation and lasted for 10s. During the balance, the individual held each
shoulder with the opposite hand, keeping the upper limbs crossed and in contact with the
chest. Two researchers stood all time close individuals to hold him/her in case of

complete loss of equilibrium and to avoid any accident during the experiment.

Two trials of 10 seconds each were recorded for rigid surface and seesaw with
and without vibration, proceeding from the lower to the higher. This sequence was used
to guarantee the safety of the subject who might fall off the higher seesaw. After two
trials of balancing without getting off, the individual was evaluated on the subsequent

seesaw.

Data quantification
The Matlab program was used to calculate the maximum plantar and dorsal ankle
flexion and the corresponding angular displacement of the hip and knee joints during
this time. The activities of the six muscles cited above were integrated during 50
milliseconds, just before and 50 milliseconds after the maximum dorsal and plantar
flexion time. The EMG values were normalized to the values obtained during stationary

standing condition.

To analyze the pattern of muscle contraction the index of co-contraction (ICC) was

calculate. This index was defined by the integrate (+-50ms) muscle activity at the



maximum plantar flexion divided by the same muscle activity at the maximal dorsal

flexion.

Statistical analysis

We run a two ways analyses of variance ANOVA (p<0,05) to test the effect of
stimulation (with or without vibration) and seesaws difficulty index (height) for each
variable analyzed. These variables were the displacement of hip, knee, ankle and the
EMG activity of the GM, TA, BF, RF, ES and RA at the time that the individuals were
maximally displaced in anterior and posterior direction. The effect of stimulation and

index of difficulty was evaluated separately for the groups.

We also run the two ways analyses of variance ANOVA (p<0,05) to test the effect

of group (CG x DS) and index of difficulty (Height) for the index of co-contraction.

RESULTS

Figure 1 shows that the control subject kept balance by alternating the activation of
the TA and the GM muscles. The detriment of this pattern of muscle activities was
observed with vibration of the Achilles tendon. The vibration leaded to a reduction in the
amount of GM and TA activities. On the other hand, the individual with Down syndrome
co-activated both the GM and TA during balance on the seesaw, instead of using the
alternated EMG pattern. Also the vibration neither affected the amount of GM and TA
activities, nor the movement at the ankle joint of the individuals with DS. The data of these
two subjects are representative of their respective groups.

Insert here figure 1
The effect of availability of proprioceptive information to the CNS (with or without

vibration) and the seesaw index of difficulty (ICC) were tested for each dependent variables



studied, for each group and movement direction separately, using two-way ANOVA.
During plantar-flexion, the control individuals increased the amount of ankle excursion
with the increment of seesaw instability. (Fig. 2 and index of difficulty effect on Table I)
and the vibration decreased this movement (See vibration effect Table I). Even thought the
individuals with DS balance mainly at ankle joint they were not able to modulate the
amount of ankle angular excursion with the ICC, and those movements were not affected
by vibration (Fig. 2 Table I).
Insert here figure 2 and Table |

Figure 2 also shows that the amplitude of sway at the ankle joint was larger for
control as compared with DS. We did not quantify the sway frequency but a visual analyze
revealed that the DS individuals sway more frequently than control.

The ANOVA analyses revealed that the minimal angular displacement at the knee
and hip joints (Figure 2) were did not affected by ICC and by vibration. These observations
extend for both groups (Tablel).

During sway into plantar flexion the CG modulated the amount of GM activity with
ICC and this activity decreased with vibration. The activities of RF, ES and RA muscles
were neither affected by ICC nor by vibration. The only exception was a decrease of BF
muscle activity (Fig. 2 Table I).

Contrary that was observed by CG the ICC and vibration did not affect the EMG
activity of any reported muscle of individuals with DS.

We are not showing the kinematics and EMG strategy when the ankle moved into
dorsal flexion. However as showed in Table II the same strategy reported during plantar
flexion was also observed during dorsal flexion. The only peculiarity was that during dorsal

flexion the agonist muscle was TA and vibration and ICC affected its activity for CG.



Insert here Table II and III

The muscle activity amount during plantar flexion was divided by their respective
amount during dorsal flexion (see methods). This ratio was called index of co-contraction
and was calculated for each muscle. The control individuals used, on average, half of the
amount of TA muscle activities into plantar flexion, as compared with dorsal flexion. The
opposite was observed for the GM. Note that during plantar flexion, these individuals used
on average one and half times more GM muscles activities as compared as dorsal flexion
(Figure 3). On the other hand the individuals with DS were not able to modulate the muscle
(GM and TA) contraction with the movement direction. This fact was reflected by an index
of co-contraction near to 1. Than, the main difference between groups for index of co-
contraction was in the ability to modulate the contraction of TA and GM (see group effect
on Table III)

With vibration the CG switched from the alternated pattern of ankle muscle activity
to one close to a pattern of co-activation typically present in individuals with DS (See
vibration effect on Table II). The vibration did not interfere on co-contraction pattern
chose by DS individuals.

DISCUSSION

As reported before on the seesaw a specifically muscle strategy has been used. This
strategy was characterized by alternated activation of the TA and the GM muscles and
by the modulation of these muscles response with the degree of seesaw stability
(Almeida et al 2006). In this sense the results presented here just reproduce previous

data.



Like previously reported the balance on the seesaw occurred mainly at the ankle
joint with very small involvement of the knee and hip joints (figure 2). With the partially
block of proprioceptive information by vibration the amount ankle angular excursion
decreased. The fact that vibration did not affect the movement in the hip and knee joints
favor the idea that the balance on the seesaw is programmed in terms of the ankle

movements.

Like our initial hypothesis vibration of Achilles tendon leaded to a decrease of the
muscle activity. These results confirm the previous data showing that under unstable
platform (Ivanenko et al. 1999; Ivanenko et al. 2000) or during normal walking
(Courtine et al 2001) the response to vibration are reduced. Also our results showed that
with vibration the CG lost their ability to modulate the amount of ankle muscle activities
with the movement direction, or else, with contraction mode. In this way the CG muscle
strategy with vibration remember the one reported for the individual with DS. The
balance of DS group was characterized by small amplitude, higher frequency and the

pattern of muscle co activation.

As we initially predicted the vibration was more detrimental to the balance
performance of CG as compared with DS. The possible reason is that the individuals
with DS have a kind of proprioceptive block due to several deficits. For example Cole et
al. (1988) showed that they fail to modulate the grip force whit object surface. Brandt et
al. (1995) described low sensory nerve action potential amplitudes following stimuli of
the thumbs. Also it has been advanced that the problem of individuals with DS are in

integrate the afferent and efferent information at cerebellum level.



The fact is that the DS is a multi modal disease affecting several areas of the motor
control system and because of that it is very difficulty pinpoint one specifically organic

dysfunction for all the balance problems of these individuals

Several authors have shown that under unstable conditions the CNS rely more on
the vestibular information than on the proprioception. For example, the sway response
due to galvanic vestibular stimulation has been increased when subjects stand on
compliant surfaces, such as a piece of foam rubber (Horak & Hlavacka, 2001) or
translation surfaces (Fitzpatrick et al. 1994). Our data showed that despite the changes in
postural strategy, provoked by vibration in the case of CG and disease in the case of DS,
all individuals were able to keep balance on the seesaw when just proprioception was
reliably. In other words functionally all subjects were able to sway on the seesaw even
thought the strategy was sub-optimal. So, our data is probably revealing that the
proprioceptive information is very important to elicit a muscle couple response as the
ones observed by CG without vibration. Favor to this idea are the study of Bloem et al.
(1998) suggesting that lower leg proprioception is used to trigger and modulate coupled

ankle reflexes.

In this sense we have reported some place also. The partially lack of the vestibular
information by galvanic vestibular stimulation did not affect the postural strategy
adopted by CG on seesaw. Under this condition they were able to couple the muscle
activation pattern. On the other hand individuals with DS failed to keep balance on

unstable seesaws.



Those findings favor the idea that under unstable platform the vestibular information
prevails to assure the functional balance and proprioception to elucidated an efficient

strategy in terms of joint and muscle coupling.

It’s very important to point out that: first the individuals with DS adopted one lees
efficient kinematics and EMG strategy to keep balance on the seesaw. Second this strategy
was not affected by vibration and finally the CG changed the strategy with vibration
adopting a similar ones used by individuals with DS. Taking together all those findings
reported above we are possible learning that the proprioceptive information is essential for
the motor control system to release the appropriate motor strategy based on the reciprocal

activation among the agonist and the antagonist to performer one efficiently balance.
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CAPTIONS

Figure 1. Balance of one control (left) and one individual with Down syndrome on
seesaw of height 12cm. Upper panel shows the ankle displacement and down panel shows
the activities of the gastrocnemius medialis (GM) negative and tibialis anterior (TA)
positive values with or without vibration.

Figure 2. Displacement of the ankle, knee and hip angular excursions and the integrated
EMG activities of the tibialis anterior (TA), gastrocnemius medialis (GM) rectus femoris
(RF), biceps femoris (BF), rectus abdominis (RA) and erector spinae (ES) during maximum
plantar flexion with (closed circles) and without (open circles) vibration. Data represent
mean values obtained from eight individuals. The vertical lines represent the standard error.

Figure 3. Illustrate the index of co-contraction- ICC (activity amount during plantar
flexion divided by their respective amount during dorsal flexion) of TA, GM, RF, BF, RA,
ES muscles of individuals with (rhombus) or without (circle) Dow syndrome during

balance on seesaws of 7,12, 15cm heights (S1,S2,S3) with or without GVS



Table I. Two ways ANOVA (Vibration and ID) for the Kinematics and
Electromyography variables of control and Down syndrome individuals during maximal

plantar flexion

Table II. Two ways ANOVA (Vibration and ID) for the Kinematics and
Electromyography variables of control and Down syndrome individuals during maximal

dorsal flexion

Table III. Two ways ANOVA (Group and vibration) results p<0,05 for the index of co-

contraction of Electromyography variables.
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Table 1.

Plantar Flexion

Control Group

Down syndrome

Vibration ID Vibration x Vibration ID Vibration x
ID ID
F p F p F p F p F F p
50.1 + 13.7 + 11.3 - 0.30 - 6.06 3.93 -
Ankle
Knee 0.05 - 0.29 - 0.31 - 2.12 - 0.11 0.95 -
Hip 3.79 - 0.58 - 2.81 - 2.58 - 3.49 2.12 -
TA  0.04 - 0.24 - 0.11 - 1.01 - 1.04 1.01 -
GM  3.06 + 3.94 + 3.90 - 2.19 - 0.37 0.07 -
RF 0.28 - 0.05 - 0.90 - 542 - 0.05 7.53 -
BF 165 + 2.82 + 0.82 - 2.78 - 3.00 2.24 -
R.A  0.03 - 1.47 0.28 0.80 - 1.66 - 0.50 0.31 -
ES 731 - 2.48 - 0.31 - 0.21 - 0.34 1.24 -
Table II. Dorsal Flexion
Control Group Down syndrome
Vibration ID Vibration x Vibration ID Vibration x
ID ID
F p F F p F p F F p
96.2 + 43.3 + 35.0 - 0.43 - 0.11 3.95 -
Ankle
Knee 1.39 - 0.05 - 0.27 - 1.04 - 1.71 4.36 -
Hip 0.63 - 0.59 - 2.06 - 4.25 - 1.44 1.80 -
TA  9.70 + 9.21 + 7.58 - 542 - 1.94 1.21 -
GM 2.08 - 5.14 - 1.23 - 0.15 - 2.90 0.53 -
RF 0.56 - 0.02 - 0.00 - 1.15 - 0.02 13.6 -
BF 023 - 0.32 - 0.35 - 4.76 - 3.10 2.66 -
R.A  0.04 - 3.04 - 1.83 - 1.64 - 1.83 1.05 -
ES 0.65 - 0.21 - 2.65 - 1.32 - 0.01 6.79 -




Table 111

INDEX OF CO-CONTRACTION

TA
GM
R.F
B.F
R.A
E.S

GROUP

77,8
12,86
0,057
4,34
2,36
0,45

0,00
0,002
0,81
0,05
0,14
0,83

VIBRATION
0,08 0,05
4.686 0,048
2,53 0,13
7,57 0,04
2,22 0,15
3,26 0,09

GROUP x
VIBRATION
5,25 0,03
5,38 0,03
0,71 0,41
10,1 0,00
1,65 0,22
2,72 0,12




VII. Consideracoes finais

Nosso estudo reproduz alguns conhecimentos ja descritos na literatura, assim como
¢ inovador em varios pontos. Replicamos os achados Almeida et al. (2006) mostrando
que manuten¢do do equilibrio na gangorra para ambos os grupos analisados, foi possivel

principalmente devido a movimentos da articulagdo do tornozelo.

Observamos primeiro que durante a manutencdo do equilibrio em gangorra sem
estimulagdo sensorial adicional (galvanica ou vibrag@o) os individuos do grupo controle
apresentaram um padrio alternado de ativagdo dos musculos agonistas e antagonistas do
tornozelo (Gastrocnémio Medial e Tibial Anterior) e foram capazes de modular a
magnitude da resposta postural com a altura da gangorra, ou seja, com a demanda mecanica
da tarefa.

Segundo, que a manipulacdo das informagdes vestibulares através da estimulacdo
galvanica ndo alterou este padrio alternado de ativagdo muscular. Os principais efeitos da
estimulagdo galvanica foram o aumento do deslocamento da articulacdo do tornozelo, assim
como a reducdo da atividade muscular do gastrocnémio medial e tibial anterior. Estas
alteracdes nos permitem sugerir o maior envolvimento do sistema vestibular na modulagao
da magnitude da resposta e ndo na elaboragdo do padrdo de ativagcdo muscular (sinergia).
De acordo com Bloem et al. (1998) a propriocepcao dos membros inferiores é importante
na modulacdo de respostas musculares coordenadas ao nivel do tornozelo. Sendo assim, a
imprecisdao das informagdes vestibulares provavelmente ndo alterou o padrdo de ativagdo
muscular pois o controle deste ficaria a cargo das informagdes proprioceptivas.

Colaborando com esta hipétese estd o modelo de Mergner (1997) que sugere um

maior envolvimento do sistema vestibular no controle do tronco do que do tornozelo. Em



contrapartida existem estudos mostrando que as informag¢des vestibulares se tornam mais
importantes para a manuten¢ao do equilibrio com a redugdo da precisd@o das informacdes
proprioceptivas como a permanéncia sobre espuma (Horak & Hlavacka 2001) ou
plataforma de translacdo (Fitzpatrick et al 1994). Nossos dados nao nos permitem discordar
destes estudos uma vez que a estimulag¢do galvanica alterou a magnitude da oscilagdo. No6s
apenas pontuamos que a maior importancia do sistema vestibular em superficies instaveis
deve estar relacionada ao controle funcional, ao passo que a coordenagdo sinérgica deve
estar relacionada a propriocepcao.

Ao analisarmos o efeito da vibracdo observamos uma reducdo da resposta a este
estimulo na gangorra. Este efeito tem sido descrito em outras tarefas de grande dificuldade
como superficie instavel (Ivanenko et al 1999) e durante a marcha (Courtine et al 2001).
Para estes autores a imprecisdo das informacdes proprioceptivas faz com que o sistema
nervoso desconsidere as mesmas para a manutencdo do equilibrio. Este fato poderia
explicar a alteracdo no acoplamento muscular observada na gangorra durante a vibragao.
Com a vibracdo os individuos do grupo controle passaram a utilizar um padrdao de
contragdo mais proximo ao observado nos individuos portadores da SD. Juntos estes dados
sinalizam a grande importancia das informacdes proprioceptivas na elaboracio de respostas
musculares coordenadas.

As respostas observadas nos individuos portadores da SD diferem das observadas
no grupo controle em varios aspectos. Primeiro, mesmo na auséncia de manipulacio
sensorial adicional os portadores da SD utilizaram um padrdo de co-ativacdo durante o
balangco na gangorra. Com o bloqueio parcial das informagdes vestibulares e oclusdo da
visdo a habilidade de manutencio do equilibrio na gangorra foi reduzida

consideravelmente. Quando apenas as informacdes proprioceptivas estiveram totalmente



disponiveis, a manuten¢ao do equilibrio ndo foi possivel indicando déficits a este nivel. Por
outro lado a vibra¢do ndo alterou nem a resposta postural nem a capacidade de balanco.
Provavelmente as deficiéncias do sistema proprioceptivo levem os portadores da SD a
reduzirem naturalmente a relevancia destas informagdes durante a elaboracdo de respostas

posturais, justificando assim a falta de efeito da vibragao.

A perda do equilibrio decorrente do bloqueio parcial das informagdes vestibulares
associado a falta de resposta a vibragdao, comprova a existéncia de déficits proprioceptivos
nos portadores da sindrome de Down.

Os nossos dados mostram a grande flexibilidade do SNC intacto e capacidade de se
reorganizar na auséncia ou imprecisdo de uma informacao sensorial. Por outro lado, esta

flexibilidade esta prejudicada nos individuos portadores da sindrome de Down.
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VIII. ANEXO 1.
Termo de Consentimento Livre e Esclarecido
Nome do projeto: Reajustes Posturais em Individuos Neurologicamente Normais e em

Portadores da Sindrome de Down na gangorra: Efeito da manipulagdo sensorial.

Nome completo:
Nome completo do responsavel:
Objetivo:

Sabe-se que o equilibrio em individuos portadores da Down € alterado. Observa-se
um aumento no nimero de quedas assim como base alargada durante a marcha. Este
projeto tem por objetivo estudar o efeito da manipulacdo das informacdes sensoriais no

controle postural em situagcdo de instabilidade como durante o balan¢o em gangorra.

Explicacao do procedimento:

A avaliacdo serd realizada em aproximadamente 2h30min, sendo que serdo fixados
com fita adesiva, eletrodos nos principais musculos dos membros inferiores, do tronco e
nas articulacdes. Os individuos balancardo em 3 gangorras de 7,12 e 17cm de altura com os
olhos abertos e fechados. Durante o balango receberdo vibracdo nos tenddes de Aquiles e

estimulagdo galvanica atras da nuca.

Beneficios esperados:

Contribuir para um melhor entendimento do ajuste de equilibrio em portadores da
sindrome de Down. Esta compreensao servird de base para elaboracdo de tratamentos mais
eficazes.

Desconfortos e riscos:



O risco de queda durante os exercicios serd minimizado com a presenca de um
experimentador proximo ao individuo. O estudo ndo apresenta demais riscos.
Liberdade de participacao:

A participacao do portador da sindrome de Down sob minha responsabilidade, neste
estudo é voluntéria. E meu direito interromper a participacio a qualquer momento sem que
isto incorra em qualquer prejuizo e penalidade. Estou ciente que ndo receberei nenhuma
remuneracdo ou forma de ressarcimento das despesas decorrentes da participagdo na
pesquisa.

Sigilo:

A identidade do individuo serd preservada assim como seus dados confidenciais,
assegurando a privacidade do mesmao.
Indenizacao:

Estou ciente que ndo receberei nenhuma indenizacao por algum dano decorrente da
pesquisa visto que os riscos sao minimos.

EU, , responsavel

por , declaro que concordo com a
participacdo do(a) mesmo(a) no experimento.

Responsavel pela pesquisa: Prof Ms.Regiane Luz Carvalho

Telefone do responsdvel 6037968

Assinaturas

Regiane Luz Carvalho Responsavel
Local e data

TCLE de acordo com RS CNS 196/96-1V



