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Resumo

Introdugdo: Estudos prévios mostraram que exercicios aerobicos com ciclo-
ergdbmetro podem melhorar o controle motor em individuos apds acidente
vascular cerebral, porém os efeitos dessa intervencao sobre o equilibrio dos
pacientes ndo sdo bem claros.

Objetivo: O objetivo desta revisdo sisteméatica e meta-analise € avaliar
evidéncias sobre os efeitos do exercicio aerébico com o ciclo-ergbmetro no
equilibrio, avaliado pela Escala de Equilibrio de Berg e capacidade funcional
avaliada pelo consumo maximo de oxigénio e pelo teste de caminhada de seis
minutos, em pacientes ap6s Acidente Vascular Cerebral.

Métodos: Pesquisa realizada nas bases de dados MEDLINE, LILACS,
Biblioteca Cochrane, EMBASE, Base de Dados de Evidéncia Fisioterapica e
Google Scholar at¢é marco de 2018 (CRD42015020146). Dois revisores
independentes realizaram selecao de artigos, extracéo de dados e avaliagdo da
qualidade metodoldgica. O desfecho principal foi o equilibrio avaliado pela
escala de Berg. A meta-analise foi realizada usando o método de efeitos
aleatorios, e diferenca média (MD) pré-pés-intervencdo com intervalo de
confianca de 95% (IC 95%).

Resultados: A reviséo incluiu 5 artigos e um total de 258 pacientes. Observou-
se que o ciclo-ergbmetro ndo melhorou o equilibrio nessa populacdo (MD =
0,03 [IC95% = -0,57 a 0,64]; 12 0%; p = 0,9148) e ndo melhorou a capacidade
funcional (VO2max - MD = 2,40). [95% IC = - 0,24 a 5,04]; 12 77%; p = 0,0752)
e (TC6 - (MD =-40,49 [95% IC = - 131,70 a 50,72], 1293%; p = 0,3842).
Conclusédo: O ciclo-ergdbmetro ndo melhorou o equilibrio e a capacidade

funcional em pacientes p6s-AVC.

Palavras-chave: AVC, exercicio, equilibrio postural, aptidao cardiorrespiratoria.



Abstract

Background: Previous studies have shown aerobic exercise with cycle-
ergometer improve motor control, but the effects of this intervention on patient
balance are not very clear.

Purpose: The objective of this systematic review and meta-analysis is to
evaluate evidences about effects of aerobic exercise with cycle-ergometer on
balance, evaluated by Berg Balance Scale and functional capacity evaluated by
maximum oxygen consumption and six-minute walk test in post stroke patients.
Methods: Search was conducted in MEDLINE, LILACS, Cochrane Library,
EMBASE, Physiotherapy Evidence Database and Google Scholar through
March 2018 (CRD42015020146). Two independently reviewers performed
articles selection, data extraction and methodological quality assessment. The
main outcome was balance assessed with Berg scale. Meta-analysis was
conducted using random effects method, and mean difference (MD) pre-post
intervention with 95% confidence interval (95%Cl).

Results: The review included 5 papers, and a total of 258 patients. It was
observed that cycle-ergometer not improved balance in this population (MD=
0.03 [95%Cl= -0.57 to 0.64]; 12 0%; p= 0.9148) and not improved functional
capacity in peak of (VO2max - MD= 2.40 [95%ClI= - 0.24 to 5.04]; 12 77%; p=
0.0752) and (BMWT - (MD= -40.49 [95%CI= - 131.70 to 50.72], 1?93%; p=
0.3842).

Conclusion: Cycle-ergometer not improved balance and functional capacity in

post stroke patients.

Keywords: stroke, exercise, postural balance, cardiorespiratory fitness.
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1. INTRODUGCAO

O Acidente Vascular Cerebral (AVC) representa a segunda maior
circunstancia de 6bito no mundo, representando 6,7 milhdes de mortes
somente em 2012. No Brasil, as doencas cerebrovasculares estdo na primeira
posicdo enquanto o infarto agudo do miocardio esta na segunda. A
Organizacdo mundial de saude (OMS) projeta que até 2030 o AVC continuara
sendo a segunda maior causa de falecimentos no mundo, representando
12,2% dos 0bitos previstos para o ano (ARAUJO, 2018).

Normalmente, apés um AVC, ocorre um grau de retorno da capacidade
motora e funcional, porém, muitos sobreviventes irdo conviver com sequelas
cronicas que muitas vezes sdo complexas e especificas, 0 que resulta em
alteracGes de diversos aspectos da funcionalidade. Tal habilidade refere-se a
capacidade de realizar tarefas diarias, como a comunicacdo, a mobilidade, o
auto-cuidado, a vida doméstica e a interacao social (ALMEIDA, 2012).

Entre as principais sequelas motoras estd o comprometimento do
equilibrio, que interfere de maneira importante na perfeita realizacdo de muitas
atividades cotidianas e infere um risco elevado de quedas. As quedas, por sua
vez, levam a complicacdes como a restricdo da mobilidade, diminuicdo das
atividades de vida diaria, aumento do risco de institucionalizacdo, lesées de
tecidos moles, fraturas, além de danos psicolégicos, como o medo de quedas e
a perda da confianca e auto-estima para manter-se ativo (KOPCZYNSKI,
2012).

O equilibrio pode ser definido como a habilidade do individuo de manter
0 centro de massa corporal sobre a base de suporte ou retornar o centro de
massa corporal sobre a mesma, apos a aplicacdo de uma forca desordenada
interna ou externa. Outra definicdo, também bastante adequada, refere-se ao
equilibrio como uma habilidade do sistema nervoso em perceber a instabilidade
antecipadamente e/ou momentanea, produzindo respostas coordenadas, com
0 objetivo de trazer o centro de massa corporal para dentro da base de suporte,
evitando, assim, a queda (KOPCZYNSKI, 2012).

Por se tratar de uma funcdo complexa, o equilibrio s6 é possivel devido

a integracdo de diversas estruturas como o sistema motor (forca muscular,
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tdbnus muscular, reflexos ténicos de postura); as sensibilidades proprioceptivas
(informagbes a partir dos masculos, tenddes e articulagdes informam ao
sistema nervoso central da posicdo dos segmentos corporeos e dos
movimentos do corpo); o sistema vestibular (onde os receptores informam ao
sistema nervoso central 0s movimentos e posicao da cabeca); o sistema visual
(responsavel pela percepcdo das relacbes espaciais) e o0 cerebelo
(encarregado da coordenacgao muscular) (SANVITO, 2005).

Outro importante comprometimento neurologico funcional é a perda do
dominio voluntario dos movimentos musculares, o que leva a um
comprometimento da capacidade funcional e aerdbica destes individuos. Tais
comprometimentos variam conforme a localizacdo e dimenséo da area lesada.
Nesse sentido, a incapacidade funcional é caracterizada pela dificuldade ou
necessidade de ajuda para concretizar tarefas basicas de cuidados pessoais,
denominadas atividades basicas de vida diaria (SOUZA et al., 2016).

Um estudo recente demonstrou que aproximadamente um ano apds o
primeiro AVC, a independéncia fisica funcional (para 66% dos sobreviventes) e
a ocupacao (para 75% dos sobreviventes) sdo os dominios mais afetados. A
sequela observada com maior frequéncia apés o AVC é a motora. Cerca de
85,2% dos sobreviventes apresenta algum grau de comprometimento motor.
Em decorréncia das sequelas, os sujeitos, na maioria das vezes, exibem
comprometimento da capacidade para executar atividades béasicas de vida
diaria (DUTRA et al., 2017).

Em estudo semelhante, foi encontrado algum tipo de dependéncia em
76% dos pacientes em fase subaguda de AVC, e, apos reabilitacdo fisica, 54%
ainda permaneceram dependentes de cuidados (SOUZA et al., 2008). Outros
estudos demonstraram indices maiores de individuos com dependéncia grave
e total, também em fase subaguda de AVC, que variaram de 78 a 100%,
(MORONE G.; PAOLUCCI S.; IOSA M. 2015) o que confirma as implicacdes
funcionais dessa patologia e a necessidade da continuidade do cuidado,
visando o alcance de maior autonomia para os individuos.

Quando ocorre comprometimento da capacidade funcional a ponto de
impedir o cuidado de si, a carga sobre a familia e sobre o sistema de saude
pode ser muito elevada. Embora o conceito de capacidade funcional seja
bastante complexo abrangendo outros como os de deficiéncia, incapacidade,
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desvantagem, bem como os de autonomia e independéncia, na pratica
trabalha-se com o conceito de capacidade/incapacidade. A incapacidade
funcional é definida pela presenca de comprometimento no desempenho de
certos gestos e de certas atividades da vida diaria ou mesmo pela
impossibilidade de desempenha-las (ROSA et al., 2003).

Os comprometimentos funcionais apos o AVC variam de um paciente
para o outro e o desempenho das habilidades de Atividades Basicas de Vida
Diaria (ABVD's), como, por exemplo, vestir-se, comer, banhar-se sozinho e, até
mesmo, deambular pequenas distancias de maneira independente sédo
fortemente prejudicadas, predispondo o individuo a um quadro de incapacidade
funcional. Da mesma forma, também s&o prejudicadas as Atividades
Instrumentais de Vida Diaria (AIVD's), que se referem as atividades mais
complexas do cotidiano, tais como passear, fazer compras, limpar a casa, lavar
roupa, dirigir, utilizar meios de transporte coletivo entre outros (RIZZETTI,
TREVISAN, 2008).

Atualmente, a fisioterapia utiliza varias alternativas terapéuticas que ja
demonstraram seus efeitos positivos para atenuar os déficits causados pelo
AVC e manter e/ou melhorar a qualidade de vida destes individuos. Dentre elas
constam: crioterapia, cinesioterapia, terapia de espelho, realidade virtual,
terapia de contencao induzida (CORREIA, 2010; MOTA et al, 2016; POMPEU
et al, 2014; SILVA; TAMASHIRO; ASSIS, 2010). E figurando entre as principais
alternativas terapéuticas utilizadas na fisioterapia, esta o ciclo-ergbmetro, que é
um aparelho estacionério ciclico, com funcionamento mecénico ou elétrico, que
possibilita aos usuarios exercicios passivos, ativos e resistidos (NEEDHAM,;
TRUONG; FAN, 2009).

Em revisdo sistematica recente, o treinamento em ciclo-ergdmetro foi o
treinamento aerobico mais comumente utilizado, e a fisioterapia convencional
(baseada em alongamento, fortalecimento, equilibrio, coordenacédo e
treinamento de marcha) foi a terapia de controle mais frequente (FRANCICA et
al., 2014). Estudos demonstraram que o exercicio com ciclo-ergbmetro para
membros inferiores melhora a funcdo muscular, o controle do tronco e a
velocidade da marcha em pacientes pos-AVC (AMBROSINI et al., 2011).
Outros relataram melhora da capacidade funcional e aerébica (JANSSEN et al.,
2008; SANDBERG et al., 2016), funcdo motora, distancia percorrida e tonus
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muscular (YANG, et al., 2014) forca muscular (JIN et al., 2013) e desempenho
da marcha (SANDBERG et al., 2016). No entanto, estudos que avaliam os
efeitos do cicloergbmetro no equilibrio de pacientes pds-acidente vascular
cerebral ndo sdo muito claros.

Dessa forma, o presente estudo é uma revisdo sistematica com meta-
andlise de ensaios clinicos randomizados e buscou avaliar as evidéncias
cientificas disponiveis acerca do uso do ciclo-ergbmetro em busca da melhora
do equilibrio e da capacidade funcional de individuos apds acidente vascular

cerebral.
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2. REVISAO DE LITERATURA — CONTEXTUALIZACAO

2.1. ACIDENTE VASCULAR CEREBRAL

O acidente vascular cerebral (AVC) caracteriza-se pela diminuicdo ou
interrupgdo completa do aporte sanguineo ao tecido cerebral. Ambos os tipos
de AVC, isquémico ou hemorragico, geram déficits transitorios ou
permanentes, tanto na area cerebral quanto na funcionalidade desses
individuos, entretanto o tipo isquémico mostra-se com maior frequéncia, em
torno de 80% quando comparado ao tipo hemorragico (LIMA et al., 2016).

Atualmente, o AVC é considerado um problema de saude publica, pois
em escala mundial, € a segunda principal causa de morte, ocorrendo
predominantemente em adultos de meia idade e idosos. Nas ultimas décadas,
o AVC no Brasil vem liderando entre as principais causas de internagdes e
mortalidade, causando na grande maioria dos pacientes algum tipo de
deficiéncia, seja parcial ou completa. Foram registradas no pais 160.621
internacbes por doencas cerebrovasculares em 2009, sendo a taxa de
mortalidade de 51,8 a cada grupo de 100.000 habitantes (ALMEIDA, 2012;
LIMA et al., 2016).

Depois da doenca coronariana e do cancer, € a terceira causa mais
comum de morte em paises ocidentais, sendo a causa mais importante de
incapacidade grave. Afeta quase 700.000 individuos por ano no mundo, dos
quais 500.000 sé&o novos eventos e 200.00 sdo eventos recorrentes. Em
comparacao aos brancos, os afro-americanos apresentam um risco duas vezes
maior de sofrerem um AVC; as taxas também sdo maiores em mexicanos-
americanos, indios-americanos e individuos nativos do Alasca (AMERICAN
HEART ASSOCIATION., 2005).

No Brasil, s6 em 2011 foram mais de 100.000 mortes devido as doencas
cerebrovasculares, aumentando a incidéncia conforme o aumento da idade.
(“DATASUS”, 2011). No Brasil, foram registradas 160.621 internacdes por
doencas cerebrovasculares em 2009, segundo os dados de dominio publico do
Sistema Unico de Saude, do Ministério da Saude. A taxa de mortalidade foi de
51,8 a cada grupo de 100.000 habitantes. O grupo acima de 80 anos
representou quase 35% dos 99.174 6bitos (ALMEIDA, 2012).



17

O AVC hemorragico ocorre quando ha o rompimento dos vasos,
causando o derramamento de sangue no interior ou ao redor do encéfalo, o
que pode levar a morte do tecido cerebral devido a compressdo de areas
adjacentes pela hemorragia. Existe ainda o ataque isquémico transitorio (AIT),
gue se caracteriza pela interrupcéo temporaria do suprimento sanguineo para o
cérebro. Sintomas de déficit neuroldégico podem durar apenas alguns minutos
ou varias horas, porém nao permanecem por mais de 24 horas. Apds a
estabilizacdo do quadro, ndo ha dano cerebral nem disfuncdo neurologica
permanente (O’'SULLIVAN; SCHIMITZ, 2010).

A interrupcdo do fluxo sanguineo por apenas alguns minutos causa
danos celulares irreversiveis em uma area central de infarto focal. A area de
transicdo ao redor deste centro é chamada de area penumbra isquémica e
consiste de células viaveis, porém letargicas em seu metabolismo. A isquemia
dispara varios eventos lesivos e potencialmente reversiveis, denominada
cascata isquémica. A liberacdo excessiva dos neurotransmissores, como
glutamato e aspartato, leva a uma perturbacdo progressiva do metabolismo
energético e despolarizacdo anodxica. Assim as células cerebrais ficam
incapazes de produzir energia, particularmente a adenosina trifosfato (ATP).
Em seguida, ocorre um influxo excessivo de ions de célcio e ha faléncia da
bomba da membrana neuronal. O excesso de célcio reage com os fosfolipidios
intracelulares para formar radicais livres. O influxo de céalcio também estimula a
liberac@o de Oxido nitrico e citocinas. Ambos os mecanismos danificam ainda
mais as células cerebrais. A aterosclerose € o principal fator que contribui para
a doenca cerebrovascular. Caracteriza-se por acumulo de lipidios, fibrina,
carboidratos complexos e depdsitos de célcio nas paredes arteriais, levando ao
estreitamento progressivo do lumen dos vasos e reduzindo o fluxo sanguineo
devido a presenca das placas ateroscleroticas (O’SULLIVAN; SCHIMITZ,
2010).

Nas fases iniciais apos o AVC, verifica-se edema cerebral juntamente com
disfuncdo da via cortico-espinhal, que é responsavel pela transmissdo do
comando motor. O paciente vai apresentar envolvimento do hemisfério
contralateral a lesdo cerebral, que, nesta fase, € evidenciado por paralisia

flacida do membro superior e/ou membro inferior. A auséncia de movimento ira
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fornecer ao cérebro um feedback visual negativo que gera uma forma de
paralisia aprendida (MOTA et al., 2016).

Um AVC produz muitas mudancas repentinas, mas a alteracao de tonus
€ uma das mais significativas. O paciente ndo tem tempo para se ajustar
gradualmente. Ele esta confuso e desorientado, e os dois lados do corpo
produzem sensagfes diferentes. O estagio inicial de flacidez (hipotonia) se
apresenta logo apos a instalacdo da hemiplegia e dura de alguns dias a varias
semanas, ou até um periodo de tempo maior. O paciente hdo consegue mover
o lado afetado e muitas vezes nédo sente o braco e a perna desse lado. H4 uma
perda dos antigos padrées de movimento, e no inicio até mesmo o0s
movimentos do lado sadio s&o inadequados para compensar a perda da
atividade do lado afetado. Nesse estagio ndo ha restricdo da amplitude de
movimento passiva no lado afetado (BOBATH, 2001).

A espasticidade (hipertonia) aparece em cerca de 90% dos casos e se
d& no lado oposto ao lado da lesédo cortical. Na sindrome do neurdénio motor
superior, a espasticidade ocorre predominantemente nos musculos
antigravitacionais. No membro superior do paciente, a espasticidade é
frequentemente forte nos retratores escapulares, adutores do ombro,
depressores e rotadores internos, flexores do cotovelo e pronadores do
antebraco, e nos flexores dos punhos e dos dedos das méaos. No pescoc¢o e no
tronco, a espasticidade pode causar aumento da flexdo lateral para o lado
hemiplégico. No membro inferior, muitas vezes a espasticidade é forte nos
retratores pélvicos, adutores do quadril e rotadores internos, nos extensores do
guadril e do joelho, nos flexores e supinadores plantares e nos flexores dos
dedos do pé. A espasticidade faz com que os musculos figuem tensos (rigidos),
resistindo aos movimentos volitivos (O’'SULLIVAN; SCHIMITZ, 2010). Enquanto
a espasticidade é transitoria durante o estagio de flacidez, no segundo estagio
encontramos uma hipertonia mais constante. O brago e a mao assumem uma
postura permanente e bastante tipica: o bragco e a méo fletidos com rotacéo
interna e pronagdo, e a perna estendida com o pé em flexdo plantar e
supinacao (BOBATH, 2001).

Os varios déficits na sensacdo, forca muscular, tbnus muscular e
movimento sinergista nos membros hemiparéticos dos pacientes com AVC

geralmente afetam as atividades de sua vida diaria. Caminhar, um dos meios
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mais importantes e eficazes de treinamento de reabilitacdo, muitas vezes é
demorado e requer ampla assisténcia por causa do potencial risco de quedas
(LO et al., 2012).

Os reflexos sofrem alteracbes e também podem variar de acordo com o
estagio da recuperacédo. Inicialmente, resulta em hiporreflexia com flacidez.
Quando surgem espasticidade e sinergias, observa-se hiperreflexia. Os
reflexos de estiramento se tornam hiperativos e os pacientes podem apresentar
clénus, sinal do canivete e sinal de Babinski, sendo todos achados
relacionados com a sindrome do neurdnio motor superior. Perdas
proprioceptivas podem levar a ataxia sensorial. Lesdes que afetam o cerebelo
normalmente produzem ataxia cerebelar e fraqueza motora. Os problemas
musculares temporais e sequencias associados a reducdo da amplitude de
movimento podem comprometer a funcao e limitar a capacidade de adaptacao
as mudancas de tarefas e demandas ambientais. O envolvimento dos ganglios
basais (sindrome da artéria cerebral posterior) pode fazer com que o0s
movimentos se tornem lentos (bradicinesia) ou involuntarios (coreoatetose,
hemibalismo) (O’'SULLIVAN; SCHIMITZ, 2010).

A capacidade de planejar e executar movimentos coordenados é
chamada de praxis motora. Lesdes do cortex frontal pré-motor de qualquer um
dos hemisférios, do lobo parietal inferior esquerdo e do corpo caloso podem
produzir apraxia. A apraxia € mais evidente na lesdo do hemisfério esquerdo
que na do hemisfério direito. O individuo apresenta dificuldade de planejar e
executar os movimentos desejados. Existem dois tipos principais de apraxia. A
apraxia ideacional que é a incapacidade de produzir movimentos comandados
ou automadticos, representando um completo colapso da conceitualizagdo da
tarefa. O paciente ndo tem ideia de como realizar 0 movimento e por iSSo n&do
pode formular as atividades motoras requeridas. Na apraxia ideomotora o
paciente é incapaz de se movimentar sob comando, mas é capaz de se mover
automaticamente (O’SULLIVAN; SCHIMITZ, 2010)..

A menor capacidade de gerar forca muscular e uma diminuicdo no
volume muscular sdo consequéncias comuns das lesdes do neurdnio motor
superior. Embora os termos, paresia e plegia, sejam frequentemente usados

como sinGnimos, tecnicamente plegia significa a perda total da contracdo
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voluntaria e paresia designa uma perda parcial. A diminuicdo do volume
muscular € chamada atrofia (LUNDY-EKMAN, 2004).

Ainda que seja uma doenca que acomete milhares de pessoas por todo
mundo, e com fatores de risco, diagnosticos e tratamento bem definidos, o AVC
apresenta-se como um agravo a saude de dificil combate, devido a falta de
praticas alimentares saudaveis adotadas pela populacdo, ao sedentarismo, ao
aumento das doencas crbnicas ndo transmissiveis, como hipertensdo e
diabetes, e principalmente pelo déficit da atencao primaria a saude em atuar na
prevencdo das doencas cerebrovasculares, como o Acidente Vascular
Encefalico (LIMA et al, 2016).

O comprometimento do equilibrio em pacientes hemiplégicos €
esperado, uma vez que o equilibrio normal exige desempenho efetivo dos
sistemas sensoriais (visual, vestibular e somatossensorial) e controle motor
(forca muscular, coordenacdo e taxa de resposta do individuo) e essas
capacidades estdo normalmente comprometidas apés um AVC. Os déficits de
equilibrio influenciam diretamente no nivel funcional destes individuos,
dificultando a realizacao de diversas atividades de vida diaria. Um bom controle
de tronco e equilibrio satisfatorios desempenham importante papel na
efetividade das tarefas realizadas pelo membro superior e inferior do lado
acometido. A deambulacdo, por exemplo, esta associada ndo sé com a forca
muscular de membros superiores e inferiores do lado clinicamente afetado,
mas também com a manutencao do equilibrio. Assim, é importante enfatizar o
trabalho de equilibrio e de controle de tronco, jA que a auséncia de uma
estabilizacdo proximal ira influenciar diretamente nos membros (FERLA et al.,
2015).
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2.2. CICLO-ERGOMETRO

Devido ao interesse em investigar a atividade elétrica do coragdo humano,
em 1903 William Einthoven realizou os primeiros registros eletrocardiograficos,
através de um rudimentar galvanbmetro. Como também, de grande
importancia, foi a criacdo do primeiro estressor fisico, por Artur M. Master em
1929. Ele empregou degraus padronizados, denominados Escada de Master,
inicialmente com a intencdo de avaliar o pulso e a frequéncia cardiaca, ao
esforco fisico (AIRES, 2015).

No Brasil, a histéria da ergometria comecou em 1960, no Rio de Janeiro,
especificamente no Instituto Estadual de Cardiologia Aloysio de Castro
(IECAC), primeiramente, iniciado pela bicicleta ergométrica e,
aproximadamente 12 anos ap0s, deu-se inicio ao uso da esteira ergométrica na
realizacdo dos testes ergométricos (AIRES, 2015).

Em outras partes do mundo, como nos Estados Unidos, ja se fazia uso de
bicicletas ergométricas e esteira, desde a década de 1950. E surpreendente
observar que no ano de 1951 ja existia uma publicacdo do primeiro trabalho
cientifico empregando a esteira como estressor fisico, onde eletrocardiogramas
precordiais foram tomados antes, durante e apds o exercicio, em 20 individuos
normais e 48 pacientes com doenca cardiopulmonar. Foram realizadas
analises de achados de alteracdes em intervalo QT, alteracfes no QRS, ondas
T e a presenca ou auséncia de batimentos prematuros, demonstrando que a
terapia com ergometria provoca alteracdes no sistema cardiovascular (AIRES,
2015).

A reabilitagdo do paciente ap0s esse tipo de leséo est4 relacionada com a
plasticidade neural. A tarefa especifica de aprendizagem motora pode ser um
importante estimulo para promover a neuroplasticidade e corrigir padrdes
patolégicos ap6s o AVC (BORELLA; SACCHELLLI, 2008).

Em relacdo aos efeitos do uso do ciclo-ergbmetro sobre o equilibrio
destes pacientes, um estudo investigou os efeitos do treinamento fisico
aerobico com ciclo-ergdmetro combinado com exercicios de fortalecimento no
equilibrio de pacientes hemiplégicos. 21 sujeitos com AVC cronico que
frequentavam um centro de reabilitagéo foram aleatoriamente alocados em dois

grupos: um grupo de treinamento fisico combinado (n = 11) e um grupo de
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exercicio convencional (n = 10). Ambos os grupos fizeram 60 minutos de
exercicio por dia, 5 vezes por semana durante quatro semanas. O equilibrio foi
mensurado antes e apos a intervencao atraves da Escala de Equilibrio de Berg
(EEB). Ambos 0s grupos mostraram aumentos significativos no equilibrio
estatico e dinamico, e o exercicio combinado mostrou maior aumento no
equilibrio dindmico. Sendo assim, o resultado deste estudo sugere que o0
treinamento fisico combinado com exercicios de fortalecimento funcional e
aerobico foi eficaz na melhora da capacidade de equilibrio estatico e dinamico,
e foi mais eficaz do que o exercicio convencional na melhora do equilibrio
dindmico. Isso sugere que o treinamento fisico combinado pode ser prescrito
para pacientes com AVC para reduzir o risco de quedas e levar a AVD
independentes (SHIN et al., 2011).

Corroborando com tais resultados, outro estudo investigou os efeitos do
exercicio com ciclo-ergdmetro sobre as habilidades de equilibrio e marcha de
pacientes com AVC cronico, onde 32 pacientes foram randomizados
aleatériamente em grupo experimental (n=16) e grupo controle (n=16). Todos
os individuos receberam a reabilitacdo padrdo, com duracdo de 30 minutos,
enquanto o grupo experimental realizou adicionalmente uma sesséo diaria de
exercicio aerébico no ciclo-ergbmetro, com duracdo de 30 minutos, 5 vezes por
semana, durante 6 semanas, Para avaliar a funcdo de equilibrio, foram
utilizados a Escala de Equilibrio de Berg e o teste time up-and-go. O teste de
caminhada de 10 metros foi realizado para avaliar a fungdo da marcha. Ambos
0s grupos mostraram melhorias significativas nas habilidades de equilibrio e
marcha. As melhorias na Escala de Equilibrio de Berg e pontuacdes do teste
“‘up-and-go” (equilibrio) e no teste de caminhada de 10 metros (grupo
experimental) foram significativamente maiores do que no grupo controle.
Dessa forma, os autores concluem que o estudo demonstrou que o treinamento
de exercicio com ciclo-ergbmetro € uma intervencgéo eficaz para aumentar as
habilidades de equilibrio e marcha de pacientes com AVC crdnico. Sugerindo
portanto que o treinamento em bicicleta estacionaria é adequado para a
reabilitacdo de acidente vascular cerebral e pode ser usado na pratica clinica
(KIM et al. 2015).

Por outro lado, um estudo examinou o impacto do treinamento fisico em

pacientes apos injuria cerebral recente. Do total de 157 pacientes recrutados,
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70 deles foram acomentidos por um AVC, os demais tinham lesbes cerebrais
traumaticas. Os pacientes foram randomizados em dois grupos: treinamento
aerébico com ciclo-ergbmetro (n=38) e uma condicdo de controle de
treinamento de relaxamento (n=32) e ambos os tipos de intervencdo foram
durante 3 sessdes semanais de meia hora por dia, durante 12 semanas. A
funcdo fisica foi mensurada através da analise do equilibrio pela Escala de
Equilibrio de Berg, e a capacidade funcional através da velocidade no teste de
caminhada de 10 metros. Os resultados demonstraram melhora significativa na
capacidade funcional do grupo de treinamento aerdbico em relacdo ao grupo
controle, o que nao foi verificado na avaliagdo comparativa nos escores do
equilibrio (BATEMAN et al., 2001).

Embora seja sabido que individuos apds AVC tem baixa resisténcia aos
exercicios (King et al., 1989), ha pouca documentacdo sobre a necessidade e o
papel do treinamento com exercicios aerdbicos para aumentar o desempenho
funcional. Potempa et al. (1995) relataram os resultados de um estudo
controlado e randomizado de sujeitos com AVC: um grupo recebeu exercicios
passivos para ganho de amplitude de movimento durante 30 minutos, 3 vezes
por semana, por 10 semanas e outro grupo foi exercitado em uma bicicleta
ergométrica adaptada durante 30 minutos, trés vezes por semana, durante 10
semanas. A capacidade aerdbica de base dos sujeitos foi menor que de outras
pessoas da mesma idade, a excec¢ao dos hipertensos. Na conclusao do estudo,
apenas o grupo de exercicios demonstrou melhora significativa no consumo
maximo de 02, carga de trabalho e tempo de exercicio. O mesmo grupo
também mostrou pressao arterial sistolica significativamente mais baixa.

Indo ao encontro destes achados, Brinkmen & Hoskins (1979) relataram
os beneficios de um programa de exercicios aerbbicos em bicicleta
estacionaria para individuos apés alta da reabilitacdo do AVC. Os resultados
mostraram melhora da aptiddo fisica na maioria dos individuos, jA que a
resposta da frequéncia cardiaca para uma carga constante foi mais baixa ao
término do programa de 12 semanas. Completando o estudo, foi verificado
aumento na auto-estima e varios pacientes informaram mudancas em diversos
aspectos do seu comportamento geral. Por exemplo, uma pessoa comegou a
fazer jardinagem e outra conseguiu voltar a pentear o proprio cabelo como

antigamente.
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Em um estudo duplo-cego, randomizado e controlado, 35 pacientes foram
incluidos para receber treinamento com ciclo-ergbmetro induzido por
estimulacdo elétrica funcional ou ciclo-ergbmetro com estimulacdo elétrica
placebo, sendo que o tratamento foi realizado durante 4 semanas, totalizando
20 sessbes com uma duracdo de 25 minutos. ApGs analise pré, pos e com
follow-up de 3 e 5 meses, foi demonstrado um aumento significativo no grupo
ciclo-ergbmetro + estimulagéo elétrica para o indice de motricidade, no teste de
controle de tronco, no teste de controle motor na posicdo vertical, na
velocidade de marcha e na média de trabalho da perna parética, comparado
com o grupo placebo (AMBROSINI et al., 2011).

Corroborando com a pesquisa anterior, um estudo randomizado
controlado avaliou se o treinamento com ciclo-ergdbmetro em membros
inferiores de sujeitos pds AVC poderia melhorar o desempenho do ciclismo,
capacidade aerobica, forca muscular e desempenho funcional e determinar se
0 uso concomitante da estimulacdo elétrica no membro parético poderia ter
efeitos adicionais sobre o ciclismo. 12 pacientes foram randomizados
aleatoriamente em grupo ciclismo + estimulacao elétrica e grupo ciclismo com
estimulacdo elétrica placebo, realizando o treinamento 2 vezes por semana,
durante 6 semanas. Os desfechos avaliados foram alteragcdes na capacidade
aerdbica, desempenho funcional, poténcia maxima e forca muscular do
membro inferior parético. Os resultados, em comparacdo com a linha de base,
demonstraram aumento da capacidade aerdbica e da poténcia maxima, porém
a forca muscular do membro parético ndo demonstrou aumentos significativos
apos o treinamento. O desempenho funcional demonstrou aumento e o teste
de caminhada de seis minutos também. As mudancas induzidas pelo
treinamento ndo foram diferentes entre os 2 grupos, sendo assim o0 presente
estudo demonstrou que um treinamento com ciclo-ergbmetro pode melhorar o
desempenho no ciclismo, capacidade aerdbica, e performance funcional em
individuos ap6s AVC, e o uso da estimulacdo elétrica associada né&o
demonstrou efeitos adicionais (JANSSEN et al., 2008).

Por outro lado, um estudo objetivou investigar se as mudancas na forca
ou aptiddo fisica apOs exercicio aerdbico com ciclo-ergbmetro melhora a
capacidade de locomog¢do em individuos apés AVC. Com um desenho placebo,

randomizado, controlado por exercicio, dois experimentos fatoriais, nos quais
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os dois fatores investigados foram o treinamento de ciclismo (aerdbico) e
treinamento de resisténcia (for¢a). 52 pacientes foram randomizados em 4
grupos: ciclo-ergdbmetro + treino progressivo de resisténcia placebo (n=13),
treino progressivo de resisténcia + ciclo-ergdbmetro placebo (n=13), ciclo-
ergbemtro + treino progressivo de resisténcia (n=14) ou ciclo-ergbmetro
placebo + treino progressivo de resisténcia placebo (n=12). Os desfechos
primarios mensurados foram a distancia no teste de caminhada de 6 minutos,
as velocidades de marcha habitual e rapida e o poder de subir escadas.
Desfechos secundarios incluiram medidas de aptiddo cardiorrespiratéria, forca
muscular, resisténcia e atributos psicossociais. Os resultados demonstraram
gue nem o grupo ciclo-ergdmetro, nem o grupo de treinamento progressivo de
resisténcia melhoraram significativamente a distancia de caminhada ou a
velocidade de marcha, ndo sendo superior ao exercicio simulado (LEE et al.
2008).

Sendo assim, os dados referentes aos efeitos do exercicio aerébico com
ciclo-ergbmetro no equilibrio e capacidade funcional em individuos ap6s AVC,
em fase crbnica, ainda parecem inconclusivos em relacdo a estes desfechos,
por isso tal revisdo sisteméatica tem relevancia fundamental, pois busca elucidar
tais questionamentos acerca do tema. Portanto, o objetivo principal deste
estudo foi avaliar as evidéncias acerca dos efeitos do exercicio aerébico com
ciclo-ergbmetro, sobre o equilibrio e capacidade funcional de pacientes apos

AVC em estégio crbnico, através de uma revisao sistematica com meta-analise.
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3. JUSTIFICATIVA

O Acidente Vascular cerebral representa um grave problema de saude
publica, que afeta milhares de pessoas por ano no Brasil e no mundo. Dentre
as alternativas terapéuticas utilizadas para a reabilitacdo apés AVC encontra-
se o ciclo-ergbmetro. Porém, ndo existe um protocolo padronizado para 0 uso
do ciclo-ergbmetro em pacientes ap6s Acidente Vascular cerebral. Portanto o
presente estudo tem importancia tanto para a comunidade cientifica quanto
para a prestacdo de servico no sistema uUnico de saude (SUS), pois com o
objetivo de realizar uma revisdo sistematica de ensaios clinicos randomizados
e controlados que avaliaram os efeitos do ciclo-ergdbmetro em pacientes ap0s
AVC, poderemos buscar uma padronizacdo do atendimento com essa
alternativa terapéutica de grande importancia no ambiente clinico, e assim

melhorar o atendimento e possivelmente a reabilitacdo dessa populagao.
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4. METODOLOGIA

4.1. DELINEAMENTO

Revisdo sistematica de ensaios clinicos randomizados e controlados

com meta-analise.

4.2. LOCAL DA PESQUISA

A pesquisa foi realizada na biblioteca da Universidade Federal de
Ciéncias da Saude de Porto Alegre (UFCSPA), através do uso de

computadores com acesso a internet.

4.3. AMOSTRA

4.3.1. TIPO DE ESTUDO: Ensaios clinicos randomizados e controlados.

4.3.2. TIPO DE PARTICIPANTE: Individuos apés AVC em fase cronica.

4.3.3. TIPO DE INTERVENCAO: Intervencdo com cicloergbmetro.

4.3.4. COMPARACAO: Comparando com grupo controle (fisioterapia
convencional).

4.3.5. DESFECHOS: Primério: Equilibrio (Escala de Equilibrio de Berg).
Secundario: Capacidade Funcional (VO2max e Teste de caminhada de 6

minutos)

4.4. AMOSTRAGEM

4.4.1. FONTES DE ESTUDOS

Foi feita uma busca nas bases de dados cientificos MEDLINE (PubMed),
LILACS, Physiotherapy Evidence Database (PEDro), EMBASE, Cochrane
CENTRAL e Google Académico.
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4.4.2. ESTRATEGIAS DE BUSCA

Foram utilizados os seguintes descritores em inglés: (stroke OR
cerebrovascular accident OR cerebrovascular disease OR CVA OR hemipleg*
OR hemipar*) AND (cycle OR cycling OR "aerobic cycling" OR "cycling
exercise" OR "cycle ergometer" OR pedaling OR “pedaling exercise”),
paralelamente também sera feita uma busca dos mesmos descritores na lingua

portuguesa.

4.4.3. SELECAO DE ESTUDOS

Inicialmente os artigos foram selecionados através da busca com os
descritores acima mencionados. ApOs isso, foi feita a leitura dos titulos e
resumos dos artigos encontrados para selecionar somente aqueles estudos
que fossem ensaios clinicos randomizados e controlados. Na segunda etapa 0s
artigos duvidosos foram lidos na integra para verificar sua inclusao ou exclusédo
na pesquisa. Dois revisores independentes fizeram a busca e avaliacdo dos
artigos, e posteriormente discutiram a qualidade metodoldgica dos estudos. Em
caso discordancia entre os revisores, a resolucdo se dara através de um

CONSeNnso entre 0S mMesmos.

4.4.4. EXTRACAO DE DADOS

Os dados primarios extraidos dos artigos foram o desenho
metodoldgico, numero de sujeitos, grupos de comparagdo, protocolo de
intervencéo, variaveis analisadas e resultados dos desfechos. Caso houvesse
alguma duavida quanto aos estudos inclusos, os autores seriam contatados
através de e-mail. A extracdo dos dados foi feita por dois investigadores

independentes.
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4.5. AVALIACAO DA QUALIDADE METODOLOGICA

Os critérios metodologicos avaliados nos estudos foram: geracdo da
sequéncia aleatoria, sigilo da alocacdo, cegamento, cegamento dos
avaliadores dos desfechos, descricdo das perdas e exclusdes e analise da
intencdo de tratar. O grafico do risco de viés foi gerado no Review Manager,

versao 5.3.5.

4.6. ANALISE ESTATISTICA

A meta-andlise foi realizada usando o modelo de efeitos aleatorios. O
tamanho do efeito foi calculado usando a diferenca entre a média e o desvio
padrdo antes e depois da intervencdo, comparando 0 grupo intervencao e o
grupo controle. A heterogeneidade estatistica foi avaliada por meio do teste Q
de Cochran e do teste de inconsisténcia (I12), onde valores acima de 25% e
50% foram considerados indicativos de moderada e alta heterogeneidade,
respectivamente. Um valor de alfa < 0,05 e um intervalo de confianga de 95%
(IC 95%) foram considerados estatisticamente significativos. Todas as meta-

analises foram realizadas com a linguagem R no software RStudio.

5. ORCAMENTO

O presente estudo ndo acarretou custos a instituicdo de realizacdo da
pesquisa (UFCSPA). Todo e qualquer gasto foi de responsabilidade dos
pesquisadores envolvidos.
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Background: Previous studies have shown aerobic exercise with cycle-
ergometer improve motor control.

Purpose: The objective of this systematic review and meta-analysis is to
evaluate evidences about effects of aerobic exercise with cycle-ergometer on
balance, evaluated by Berg Balance Scale and functional capacity evaluated by
maximum oxygen consumption and six-minute walk test in post stroke patients.
Methods: Search was conducted in MEDLINE, LILACS, Cochrane Library,
EMBASE, Physiotherapy Evidence Database and Google Scholar through
March 2018 (CRD42015020146). Two independently reviewers performed
articles selection, data extraction and methodological quality assessment. The
main outcome was balance assessed with Berg scale. Meta-analysis was
conducted using random effects method, and mean difference (MD) pre-post
intervention with 95% confidence interval (95%CI).

Results: The review included 5 papers, and a total of 258 patients. It was
observed that cycle-ergometer not improved balance in this population (MD=
0.03 [95%ClI= -0.57 to 0.64]; 1> 0%; p= 0.9148) and not improved functional
capacity in peak of (VO2max - MD= 2.40 [95%ClI= - 0.24 to 5.04]; 1> 77%; p=
0.0752) and (6MWT - (MD= -40.49 [95%CI= - 131.70 to 50.72], 1°93%; p=
0.3842).

Conclusion: Cycle-ergometer not improved balance and functional capacity in
post stroke patients.
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Introduction

Stroke is characterized by a decrease or complete discontinuation of blood
supply to brain tissue causing transient or permanent deficits in cerebral area
and in functional status of individuals [1]. The ischemic type is 80% more
frequent when compared to haemorrhagic type [1] and, currently, stroke is
considered a public health problem [1, 2]. Stroke is the second leading cause of
death in the world, behind only ischemic heart disease, and the leading cause
of disability in adults, it affects almost 700,000 individuals per year worldwide, of
which 500,000 are new stroke events and 200,000 are recurring events [1, 2, 3].
In Brazil, cerebrovascular diseases lead to 160.621 hospitalizations with
mortality rate of 51.8/100.000 habitants in 2009 [1, 2]. Besides, there were more
than 100.000 deaths due to cerebrovascular diseases in 2012 showing
correlation of old age with increasing of stroke incidence [4].

After injury, patients show significant balance deficits, which is a complex
process that depends on the integration of the visual, vestibular and central and
peripheral nervous systems. Balance control is critical to maintaining orthostatic
posture and dynamic posture, such as ambulation [5]. In dynamic activities,
such as gait, the weight transfer of the paretic limb during the posture phase is
difficult, and changes in the space-time variables, including velocity, are also
observed [6]. Recent meta-analysis with 729 post stroke patients shown
interventions with physical exercises appear to be effective in improving
balance self-efficacy in this population [7]. Cycle-ergometer is one of
therapeutic alternatives used in physical therapy which allows passive, active
and resisted exercises by mechanical or electrical system [8]. In recent

systematic review, cycle-ergometer training was the most commonly used
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aerobic training, and conventional physiotherapy (based on stretching,
strengthening, balance, coordination and gait training) was the most frequent
control therapy [9].

Studies demonstrated exercise with cycle-ergometer for lower limbs
improves muscle function, trunk control and gait speed in post stroke patients
[10]. Others, reported an improvement in functional and aerobic capacity [11,
12], motor function, distance travelled and muscle tone [13], muscle strength
[14] and gait performance [12]. However, studies evaluating the effects of cycle-
ergometer on balance of post stroke patients are not very clear.

Thus, the purpose of this study was to systematically analyze the effects
of aerobic training with cycle-ergometer on balance and functional capacity in

post stroke patients.

Methods

Design and search strategy
This systematic review was reported according to PRISMA Statement [15] and
the Cochrane Collaboration [16]. Its protocol was registered in the International
Prospective Register of Systematic Reviews (PROSPERO: CRD42017060748)
and can be fully assessed online at
http://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD420170607
48.

Literature searches were conducted at electronic databases (no year
restriction, but until March 2018), MEDLINE (accessed by PubMed), LILACS,
Physiotherapy Evidence Database (PEDro), EMBASE, Cochrane Central

Register of Controlled Trials (Cochrane CENTRAL) and Google Scholar. The
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search strategy used the individual or combined indexed terms “stroke”,
‘exercise”, “exercise therapy”, “physical exertion”, non-indexed words related to
the intervention such as “stationary cycling” and variations of these added to a
previously proposed sequence of words with high sensitivity in the search for
RCTs [17]. Words related to outcomes of interest were not included to enhance
the sensibility of our search. Search terms were adjusted to fit the requirements

of each electronic database. The search strategy used in PubMed may be

observed in Appendix S1.

Eligibility criteria, intervention and participants

It was included only randomized clinical trials (RCT’s) with at least one
intervention group by aerobic exercise with cycle-ergometer and one
comparator group, which assessed the effects of interventions on balance of
post stroke patients. The comparisons were made between aerobic exercise
with cycle-ergometer and placebo, control or other treatment. Editorial
comments, reviews and meta-analysis were excluded. The languages were
restricted for English, Portuguese and Spanish. RCT’s should include adult
patients, men and women, of any race or ethnic background, with a diagnosis of
ischemic or hemorrhagic stroke. Were not included post stroke patients at acute

period (until three months).

Outcome Measures
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The primary outcome was balance assessed by Berg Balance Scale (BBS). The
secondary outcome was functional capacity assessed by Six-minute Walk Test

(6MWT) and/or Maximum Oxygen consumption (VO2max).

Study selection and data extraction

Two independent reviewers assessed the titles and abstracts of all articles
identified by the search strategy. Studies potentially eligible and uncertain were
retrieved for full text evaluation. Then, the same reviewers, independently
assessed the full text to perform the selection according to pre-specified
eligibility criteria. Data extraction was done using a standardized form by two
reviewers independently, and included the methodological design, number of
subjects, comparison groups, intervention protocol, and results of outcomes of

interest. Extracted outcomes were related to balance and functional capacity.

Assessment of risk of bias

The assessment of methodological quality was made descriptively, according to
the method proposed by the Cochrane Collaboration [16], considering the
following characteristics of the studies: random sequence generation,
concealed allocation, blinding of participants and investigators (professional
who administered the training), blinding of outcome assessors, incomplete
outcome data, selective reporting and other bias. The judgment was

categorized as low, high or unclear risk of bias.

Data analysis
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The meta-analysis was performed using the random effects model. Effect size
was calculated using the difference between the mean and the standard
deviation before and after the intervention, comparing the intervention group
and control group. Statistical heterogeneity was assessed using the Cochran’s
Q test and the inconsistency test (12), where values above 25% and 50% were
considered indicative of moderate and high heterogeneity, respectively. An
alpha value <.05 and a confidence interval of 95% (95% CI) were considered
statistically significant. All meta-analyses with forest plots were performed with
R language in the RStudio software. Risk of bias graphic was generated in

Review Manager, version 5.3.5.

Results

Flow of studies

In the search strategy 10.835 papers were found, but 517 were duplicates. After
reviewing titles and abstracts, 20 papers were selected for full-text evaluation.
Of these, 10 were excluded because they used another method of intervention,
4 because they were not a randomized clinical trial and 1 because they were
Chinese. Finally, five papers were included in the systematic review and meta-

analysis (Figure 1).

<Figure 1 near here>

Descriptions of studies
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All studies included in this systematic review and meta-analysis evaluated
balance through the BBS [14, 18, 19, 20, 21], three studies evaluated VO2max
[14, 19, 21], and three studies evaluated 6MWT [14, 18, 21]. Table 1 shows the
characteristics of the studies with author, year, number of patients, training
protocol, comparator group, measured outcomes and features.

There was a great variability between the training protocols regarding the
intervention time, at 6 weeks [20], 8 weeks [19], 12 weeks [14, 21] and up to 4
months [18]. The number of protocol days during the week and the intervention
time was also varied, with 2 times a day for at least 10 minutes [18], three times
a week for 45 minutes [19], 3 times a week for 36 minutes with a rest interval of
5 -10 minutes [21], 5 times a week for 30 minutes [20] and 5 times a week for

40 minutes [14].

<Table 1 near here>

Risk of bias

In the random sequence generation, two studies presented a low risk of bias
[14, 21], one study presented high risk of bias [19] and two studies presented
unclear risk of bias [18, 19] (selection bias), all studies presented a unclear risk
for allocation concealment (selection bias). Only one of the studies presented
adequate blinding of participants and personnel [13], two studies presented high
risk of bias [19, 21] and two presented unclear risk of bias [14, 18] (performance
bias). In the blinding of outcome assessment, three studies presented a low risk
of bias [19, 20, 21] and two presented unclear risk of bias [14, 18] (detection
bias). Three studies presented low risk of bias for incomplete outcome data [14,

19, 20] (attrition bias). Three studies presented low risk of bias for selective



42

reporting [14, 19, 20] and two studies presented high risk of bias (reporting
bias). Four studies presented low risk of bias for other bias [14, 19, 20, 21], and
only one study presented high risk of bias [18] (Figure 2).

<Figure 2 near here>

Effects of interventions

Balance

Five studies evaluated balance through the BBS [14, 18, 19, 20, 21], totalling
258 patients. It was observed that the cycle-ergometer not increased the
balance (MD= 0.03 [95%CI= -0.57 to 0.64]; 120%; p= 0.9148 — Figure 3)

<Figure 3 near here>

Functional capacity

Three studies [14, 19, 21] evaluated VO2max totalling 195 patients. The
intervention does not improved peak VOZ2, also with high heterogeneity (MD=
2.40 [95%CI= - 0.24 to 5.04]; 12 77%; p= 0,0752 — Figure 4).

<Figure 4 near here>

Meta-analysis for functional capacity included three [14, 18, 21] studies that
evaluated functional capacity through 6MWT, totalling 188 patients. It was

observed that the intervention not increased functional capacity, with high
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heterogeneity (MD= -40.49 [95%CI= - 131.70 to 50.72], 1293%; p= 0.3842 —
Figure 5).

<Figure 5 near here>

Discussion

This systematic review with meta-analysis of RCTs showed aerobic exercise
with cycle-ergometer does not improve balance assessed with BBS and
functional capacity assessed with 6MWT or VO2max in post stroke patients
when compared to conventional physical therapy. To the best of our knowledge
this is the first systematic review to verify the effect of aerobic training with
cycle-ergometer in balance of post stroke patients. Five studies were included
in it, but in only one study [20] there was an increase in balance scores of
interventional group when compared to control group, although this result has
not been found in meta-analysis.

Some authors reported that cycle-ergometer may have more positive
effects in balance accessed differently. Sung et al. [20] and Kamps and Schile
[18] reported a positive effect of intervention with cycle-ergometer in functional
variables, like dynamic balance assessed by TUG. This result is similar to study
of Kim and Bae [22] that compared training with cycle ergometer to treadmill
and observed significant improvement in both groups. Even though the
difference between groups was not significant, is possible that TUG is more
sensitive scale for detecting changes in the balance in post stroke patients. In
addition, BBS scale may be not an instrument sensitive enough to evaluate the

balance in patients after stroke, because it is evaluator-dependent and a
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guantitative scale with values expressed by evaluator after qualitative view of
the individual's movement [18].

The variation of exercises during constant practice can improves
muscular strength and motor control in physically active individuals [23], as it
promotes a process of memory consolidation involving the prefrontal cortex,
which is associated with higher level of planning. In practice of a single
exercise, the part of brain involved is primary motor cortex, which is associated
with simple motor learning [24]. Two studies that employed exercise variation in
control group showed greater gains in balance in comparison to aerobic
exercise with cycle-ergometer [14, 21]. Jin et al. [14] showed greater
improvement in conventional physiotherapy group without significant superiority
to intervention group with cycle-ergometer. Lund et al. [21] showed superiority
to improving balance performing seven upper limb exercises performed during
the same period (36-minute-a-day, 3 times a week) than intervention with cycle-
ergometer [21]. Possibly, the variation of upper limb exercises may have been
the positive influence in control group. Since is know that practice of motor acts
induces plasticity in the central nervous system, the repeated practice for days
or weeks of a new motor skill expands the focus representation in the primary
motor area to create some new synaptic connections [25, 26].

The aerobic capacity is reduced with the advanced age mainly due to the
cardiac and peripheral alterations, and the significant reduction of skeletal
muscle mass. In sedentary elderly subjects undergoing regular and intense
physical training, VO2max may increase from 30% to 40%. However, beneficial
changes can be seen after 12 to 14 weeks of training, and are dependent of the

initial level of physical fithess of each individual [28]. Recent systematic review
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with meta-analysis including 15 studies, and totalling 598 participants pointed
moderate and vigorous aerobic exercise with cycle-ergometer and treadmill can
increase the VO2max scores in post stroke patients, and higher intensities
would be associated with better results [29]. In meta-analysis by Pang et al.
[27], it was demonstrated aerobic training with cycle-ergometer, treadmill,
exercises in water and functional exercises is effective to improves VO2max in
patients after stroke. However, in review of Pang et al. [27], the only study that
failed to demonstrate significant effect of aerobic training performed a 4-week
intervention. Possibly this period would not be enough to cause substantial
cardiovascular changes in post stroke patients. Our meta-analysis showed that
aerobic exercise with cycle-ergometer was not able to cause significant
improvements in the VO2max scores. Two studies included in our meta-
analysis performed the intervention protocol for 12 weeks [9, 14], while one
study performed the intervention for 8 weeks [12]. Beyond lack of protocol’s
intensity reporting, it is believed that the time may not have been enough to
promote significant gains in groups after intervention. Therefore, increasing in
aerobic capacity may be associated with intervention time, and employment of
cycle-ergometer during longer periods may provide the best results in VO2max.
Three studies evaluated 6MWT [14, 18, 21]. Our meta-analysis showed
that aerobic exercise with cycle-ergometer was not able to cause significant
improvements in the 6MWT scores. In the study of Kamps et al. [18] the
intervention protocol was 4 months, while in the Jin [14], and Lund [21] studies it
was 12 weeks. Two studies [14, 18] demonstrated a significant increase in
cycle-ergometer group compared to the control group with conventional

therapy. The Lund et al. [21] study showed intervention group remained with the
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same values of 6GMWT in the pre-and post-intervention comparison, whereas
the control group had a significant increase in this outcome. The author does
not explain the reason for the better performance in 6MWT, but possibly it's
because of an exercises’ series. Exercises are more dynamic and involve
multiple joints, while aerobic exercise with a cycle-ergometer is a static activity
with cyclic movements of lower or upper limbs and does not exercise the gait.
Curiously, only Lund et al.[21] described in details the population included in the
sample, like years-old (40 to 80) and months post stroke (between 6 and 36),

which may have influenced these results.

Conclusion

This systematic review with meta-analysis suggests that aerobic exercise in
rehabilitation with cycle-ergometer not improved balance and functional
capacity in post stroke patients. Evidences regarding improvement in functional
capacity seem more promisors, suggesting that a minimum training of 12 weeks
may bring satisfactory results. However, as only few studies were found, with
high risk of bias and very heterogeneous results, more randomized clinical trials
with better methodological quality are required to provide a more conclusive

evidence about this topic.
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Author, Patients (n) | Training Protocol Comparator | Measured Features
year outcomes
Kim et | 32 chronic | Cycling exercise | Traditional Balance  with | There was no
al. 2015 | stroke 30 minutes a day, | therapy for | BBS*. significant
[20] patients. 5 times a week for | 30 minutes difference in
Intervention: | 6 weeks. per session, pre- and
16 Control: 5 times a post-training
16 week for 4 outcome in
weeks. balance.
Kamps 31 stroke | Cycling exercise at | Physio and | Balance  with | There was no
A. et al. | patients with | least 10 minutes, 2 | ergotherape | BBS* and | significant
2005 hemiparesis | times a day, for 4 | utic BMW T**+*, difference in
[18] . months in addition | intervention pre- and
Intervention: | to their | s post-training
16 conventional outcome in
Control: 15 therapy. balance.
Quaney | 38 chronic | Progressive 45 minutes | Balance  with | There was no
B. et al. | stroke resistive stationary | of upper | BBS* and | significant
2009 patients. bicycle training for | and lower | VO2max**. difference in
[19] Intervention: | 45 minutes, 3 | extremity pre- and
19 times per week for | stretching post-training
Control: 19 8 weeks. activities, 3 outcome in
times  per balance and
week for 8 functional
weeks (24 capacity.
sessions) at
home.
Jin H. et | 128 chronic | Progressive Convention | Balance*, There was no
al. 2013 | stroke aerobic cycling | al therapy VO2max** and | significant
[14] patients. training 40 minutes | during the | BMWT***, difference in
Intervention: | a day, 5 times a | same period pre- and
65 Control: | week for 12 week. | of time. post-training
63 Intensity of 50% to outcome in
70% heart rate balance and
reserve. 6MWT, but
improved
significantly
peak of VO2.
Lund C. | 29 chronic | Cycling exercise 3 | Seven Balance*, There was no
et al. | stroke X 12 minutes with | different VO2max** and | significant
2017 patients. resting periods of | exercises BMW T***, difference in
[21] Intervention: | 5-10 min, 3 times a | for the pre- and
13 Control: | week for 12 weeks. | upper post-training
16 Target exercise | extremities. outcome in
intensity balance and
was set at 75% of functional
heart rate reserve. capacity.

Table 1: Shows the characteristics of the included studies. *BBS = Berg

Balance Scale **VO2max = Maximum Oxygen Consumption, **6MWT = Six-

minutes Walking Test (6MWT).
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Cycle-ergometer

Study Total Mean SD Total
Kim et al, 2015 16 1.75 369 16
Kamps, 2005 16 444 540 15
Quaney, 2009 19 1.31 6.1 19
Jin, 2013 65 080193 63
Lund, 2017 13 193175 16

Random effects model 129

Heterogeneity: 12=0%, =0, p =061

129

Control
Mean SD

0.40 3.55
187 7.19
0.16 917
0.90 245
210 1.33

Mean Difference MD

—_—— 1.35

257
1.15

-0.10
-0.17

[ I
-6 -4

1
-2 0

1 1
2 4 6

56

95%~Cl Weight

J16;3.868]  5.9%
93;707] 1.8%
80;6.10]  1.5%
B87;067] 63.0%
232,0.98] 27.8%

[-0.57; 0.64] 100.0%

Figure 3: Meta-analysis of balance. It was observed that the cycle-ergometer

not increased the balance (MD= 0.03 [95%CI= -0,57 to 0,64]; 120%; p= 0.9148).
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Cycle-ergometer Control
Study Total Mean  SD Total Mean SD Mean Difference MD 95%~-Cl Weight
Quaney, 2009 19 071 308 19 0.3 331 i 041 [-162; 2.44] 396%
Jin, 2013 65 360 100 63 0.1 063 350 [321; 379] 514%
Lund, 2017 13 1105 1374 16 6.2 581 —— 485 [-3.14;12.84] 9.0%
Random effects model 97 98 — 2.40 [-0.24; 5.04] 100.0%
1

Heterogeneity: /* = 77%, ° = 3515, p = 0.01 ' ' '
-20 =10 0 10 20
Figure 4: Meta-analysis of (VO2max), demonstrated the intervention does not
improved peak VOZ2, also with high heterogeneity (MD= 2.40 [95%ClI= - 0.24 to

5.04]; 12 77%; p= 0,0752).
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Cycle—ergometer Control
Study Total Mean SD Total Mean sD Mean Difference MD 95%~Cl Weight
Kamps, 2005 16 49.56 6942 15 1.28 55.13 4828 [ 429 92.27] 34.3%
Jin, 2013 65 690 4060 63 1.30 3251 560 [ -7.12; 18.32] 37.0%
Lund, 2017 13 17.00 11460 16 223.00 107.68 -206.00 [-287.64; -124.36] 287%

Random effects model 94 94 -40.49 [-131.70; 50.72] 100.0%

Heterogeneity: /- = 93%, 1> = 5810, p < 0.01 '
-400 200 0 200 400

Figure 5: Meta-analysis of 6MWT, demonstrated the intervention does not
improved this variable, also with high heterogeneity (MD= -40.49 [95%ClI= -

131.70 to 50.72], 1293%; p= 0,3842).
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8. CONCLUSAO GERAL

Esta revisdo sistematica com meta-andlise sugere que o exercicio
aerobio com ciclo-ergbmetro ndo melhorou o equilibrio e a capacidade
funcional em pacientes p6s-AVC. Assim, ha uma falta de evidéncia para apoiar
0 uso do modo terapéutico com ciclo-ergdmetro em busca de melhorias no
equilibrio de pacientes ap6s AVC. Mas as evidéncias sobre a melhoria da
capacidade funcional parecem mais positivas, sugerindo que um treinamento
de 12 semanas no minimo pode trazer resultados satisfatorios. Dessa forma,
outros ensaios clinicos randomizados com melhor qualidade metodologica séo
necessarios. No entanto, como apenas alguns estudos foram encontrados, com
alto risco de viés e resultados muito heterogéneos, sdo necessarios mais
ensaios clinicos randomizados com melhor qualidade metodolégica para

fornecer uma evidéncia mais conclusiva sobre esse topico.
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9. ANEXOS

9.1. SUBMISSAO PROSPERO

UNIVERSITY gFfork o R
Centre for Reviews and Dissemination m:",';’m‘h

PROSPERO International prospective register of systematic reviews

Review title and timescale

Review fitle

Give the working title of the review. This must be in English. Ideally It should state succinctly the interventions or
exposures being reviewed and the associated health or soclal problem being addressed in the review.

Effects of aerobic exercise with cycle-ergometer on balance of post stroke patients: a systematic review of
randomized dinical trial.

Original language title

For reviews In languages other than English, this field should be used to enter the title in the language of the review.
This will be displayed together with the English language titie.

Effects of aerobic exercise with cycle-ergometer on balance of post stroke patients: a systematic review of
randomized dinical trial.

Anticipated or actual start date
Give the date when the systematic review commenced, or is expected 1o commence.
03/04/2017

Anticipated completion date
Give the date by which the review s expected 1o be completed.
05/03/2018

Stage of review at time of this submission

Indicate the stage of progress of the review by ticking the relevant boxes. Reviews that have progressed beyond the
point of completing data extraction at the time of initial registration are not eligible for inclusion In PROSPERO. This
field should be updated when any amendments are made to 8 published record.

The review has not yet started -J

Review stage

Preliminary searches

Plloting of the study selection process

Formal screening of search results against eligiblity criteria
Data extraction

Risk of bias (quality) assessment

Data analysis

Provide any other relevant information about the stage of the review here.

zzzssig
szssssg

Review team details

10

Named contact
The named contact acts as the guarantor for the accuracy of the information presented In the register record.
Femanda Cechettl

Named contact email
Enter the electronic mall address of the named contact.
nandacechetti@gmail.com

Named contact address
Enter the full postal address for the named contact.
R. Sarmento Leite, 245 - Centro Histérico, Porto Alegre - RS, 80050-170

Named contact phone number
Enter the telephone number for the named contact, including international dialing code.
55 51 982307733

Organisational affiliation of the review

Page:1/0
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About the journal

Disability and Rehatifitation is an international, peer reviewed journal, publishing high-guality, original research.
Flease see the journal's Aims & Scope for information about its focus and peer-review palicy.

From 20118, this journal will be online only, and will no longer pravide print copies.

Flease note that this journal only publishes manuscripts in English.

Disability and Rehabifitation accepts the following types of article: Reviews, Research Papers, Case Studies,
Perspectives on Rehabilitation, Reports on Rehabilitation in Practice, Education and Training, and Correspondence.
Systematic Reviews should be submitted as "Review” and Marrative Reviews should be submitted as "Perspectives
in Rehahilitation”.

Special Issues and specific sections on contemparary themes of interest to the Journals readership are published.

Please contact the Editor for more information.

Peer review

Taylor & Francis is committed to peer-review integrity and uphaolding the highest standards of review. For
submissions to Disability and Rehabilitation authors are given the option to remain anonymeous during the peer-
review process. Authors will be able to indicate whether their paper is ‘Anonymeous’ or ‘Not Anonymous’ during

submission, and should pay particular attention to the below:

o Authors who wish to remain anenymeous should prepare a complete text with information identifying the
authoris) rernoved. This should be uploaded as the “Main Document” and will be sent to the referees. A separate
title page should be included providing the full affiliations of all authors. Any acknowledgements and the
Declaration of Interest statement must be included but should be worded mindful that these sections will be
rade available to referees.

e Authors who wish to be identified should include the name(s) and affiliation(s) of author(s) cn the first page of
the manuscript. The complete text should be uploaded as the "Main Document”.

Once your paper has been assessed for suitability by the editor, it will be peer-reviewed by independent,
anonymous expert referees, Find out more about what to expect during peer review and read our guidance cn

publishing ethics,
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Preparing your paper

All authors submitting to medicine, biomedicine, health sciences, allied and public health journals should conform
to the Uniform Requirements for Manuscripts Submitted to Biomedical Journals, prepared by the International
Committee of Medical Journal Editors (ICMJE).

We also refer authors to the community standards explicitin the American Psychological Association's (APA)

Ethical Principles of Psychologists and Code of Conduct.

We encourage authors to be aware of standardised reporting guidelines below when preparing their manuscriprs:

¢ (Casereports - CARE

¢ Diagnostic accuracy - STARD

¢ Observational studies - STROBE

¢ Randomized contrelled trial - CONSORT

¢ Systematic reviews, meta-analyses - PRISMA

Whilst the use of such guidelines is supported, due to the multi-disciplinary nature of the Journal, it is not

compulsory.

Structure

Your paper should be compiled in the following order: title page; abstract; keywords; main text, introduction,
materials and methods, results, discussion; acknowledgments; declaration of interest statement; references;

appendices (as appropriate); table(s) with caption(s); figures; figure captions (as a list).

In the main wext, an introductory section should state the purpose of the paper and give a brief account of
previous work., New techniques and modifications should be described concisely but in sufficient detail to permit
their evaluation. Standard methods should simply be referenced. Experimental results should be presented in the
most appropriate form, with sufficient explanation to assist their interpretation; their discussion should form a

distinct section.

Tables &nd figures should be referred to in text as follows: figure 1, table 1, i.e. lower case. The place at which a
table or figure is to be inserted in the printed text should be indicated clearly on a manuscript. Each table and/or

figure must have a title that explains its purpose without reference to the text.

The title page should include the full names and affiliations of all authors involved in the preparation of the
manuscript. The corresponding author should be clearly designated, with full contact information provided for this

person.

Word count

Please include a word count for your paper. There is no word limit for papers submitted to this journal, but

succince and well-constructed papers are preferred,
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Style guidelines

Please refer to these style guidelines when preparing your paper, rather than any published articles or a sample

copy.
Please use any spelling consistently throughout your manuscript.

Please use double quotation marks, except where "a quotation is 'within' a quotation”. Please note that long

queotations should be indented without quotation marks.

For tables and figures, the usual statistical conventions should be used,

Drugs should be referred to by generic names, Trade names of substances, their sources, and details of
manufacturers of scientific instruments should be given only if the information is important to the evaluation of

the experimental data.

Formatting and templates

Papers may be submitred in any standard formar, including Word and LaTeX. Figures should be saved separately

from the text. To assist you in preparing your paper, we provide formatting template(s).

Word templates are available for this journal. Please save the template to your hard drive, ready for use,

A LaTeX template is available for this journal. Please save the template to your hard drive, ready for use,

If you are not able to use the templates via the links (or if you have any other template queries) please contact

authortemplate@randf.co.uk

References

Please use this reference guide when preparing your paper. An EndMNote cutput style is also available to assist you.

Checklist: what to include

1. Auther details. Please ensure everyone meeting the International Committee of Medical Journal Editors (ICJME)
requirements for authership is included as an author of your paper. Please include all authors’ full names,
affiliations, postal addresses, telephone numbers and email addresses on the cover page. Where available, please
alzo include ORCiD= and social media handles (Facebook, Twitter or Linkedln). One author will need to be
identified as the corresponding author, with their email address normally displayed in the article PDF (depending
on the journal) and the enline article. Authors’ affiliations are the affiliations where the research was conducted. If
any of the named co-authors maoves affiliation during the peer-review process, the new affiliation can be given as a
footnote. Please note that no changes to affiliation can be made after your paper is accepted. Read more on
authorship.

2 A structured abstract of no more than 200 words. A structured abstract should cover (in the following order): the
purpose of the article, its marerials and methods (the design and methodological procedures used), the results
and conclusions (including their relevance to the swudy of disability and rehabilitation). Read tps on writing your
abstract,

3. You can opt to include a video abstract with your article, Find out how these can help your work reach a wider
audience, and what to think about when filming.

4, 5-8 keywords. Read making your article more discoverable, including information on choosing a title and search

engine optimization,
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5. A feature of this journal is 3 boxed insert on Implications for Rehakilitation, This should include between two to
four main bullet points drawing out the implications for rehabilitation for your paper. This should be uploaded as
a separate document. Below are examples:
Example 1: Leprosy
= Leprosy is a disabling disease which not only impacts physically but restricts quality of life often through
stigmatisation.
= Reconstructive surgery is a technique available to this group.
= In a relatively small sample this study shows participation and social functioning improved after surgery.
Example 2: Multiple Sclerosis
= Exercise is an effective means of improving health and well-being experienced by people with multiple sclerosis
(M5).
= People with M5 have complex reasons for choosing to exercise or not.
= |ndividual structured programmes are most likely to be successful in encouraging exercise in this cohort
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8. Data availability statement. If there is a data set associated with the paper, please provide informartion abour
where the data supporting the results or analyses presented in the paper can be found. Where applicable, this
should include the hyperlink, DOl or other persistent identifier associated with the data set(s). Templates are also

available to support authors,

9, Data deposition. If you choose to share or make the data underlying the study open, please deposit your data in
a recognized data repository prior to or at the time of submission. You will be asked to provide the DOI, pre-
reserved DO, or other persistent identifier for the data set.

10. Supplemental online material. Supplemental material can be a video, dataset, filesert, sound file or anything
which supports (and is pertinent to) your paper. We publish supplemental material online via Figshare. Find ourt
more about supplemental material and how to submit it with your article,

11, Figures. Figures should be high quality (1200 dpi for line art, 600 dpi for grayscale and 300 dpi for colour), Figures
should be saved as TIFF, PostScript or EPS files.

12, Tables. Tables should present new information rather than duplicating what is in the text, Readers should be able
to interpret the table without reference to the text, Please supply editable files.

13. Equatiens. If you are submitting your manuscript as a Word document, please ensure that equations are editable.
More information about mathematical symbaols and equations.

14, Units. Please use S units (non-italicized).

Using third-party material in your paper
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text and some other types of material is usually permitted, on a limited basis, for the purposes of criticism and
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under copyright.
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Clinical Trials Registry

In order to be published in a Taylor & Francis journal, all clinical trials must have been registered in a public
repository at the beginning of the research process (prior to patient enrolment). Trial registration numbers should
be included in the abstract, with full details in the methods section, The registry should be publicly accessible (at
no charge), open to all prospective registrants, and managed by a not-for-profit organization. For a list of registries
that meet these requirements, please visit the WHO International Clinical Trials Registry Platform (ICTRP). The
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enhances public confidence in research, and is in accordance with the ICMJE guidelines.

Complying with ethics of experimentation

Please ensure that all research reported in submitted papers has been conducted in an ethical and responsible
manner, and is in full compliance with all relevant codes of experimentation and legislation. All papers which
repart in vivo experiments or clinical trials on humans or animals must include a written statement in the Metheds
section. This should explain that all work was conducted with the formal approval of the local human subject or
animal care committees (institutional and national), and that clinical trials have been registered as legislation
requires. Authors who do not have formal ethics review committees should include & statement that their study

fallows the principles of the Declaration of Helsinki.
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All authors are required to follow the ICMJE requirements on privacy and informed consent from patients and
study participants. Please confirm that any patient, service user, or participant (or that person’s parent or legal
guardian) in any research, experiment, or clinical trial described in your paper has given written consent to the
inclusion of material pertaining to themselves, that they acknowledge that they cannot be identified via the paper;
and that you have fully ancnymized them. Where someone is deceased, please ensure you have written consent
from the family or estate. Authors may use this Patient Consent Form, which should be completed, saved, and

sent to the journal if requested.

Health and safety

Please confirm that all mandatory laboratory health and safety procedures have been complied with in the course
of conducting any experimental work reported in your paper. Please ensure your paper contains all appropriate
warnings on any hazards that may be involved in carrying out the experiments or procedures you have described,

or that may be invelved in instructions, materials, or formulae.

Please include all relevant safety precautions; and cite any accepted standard or code of practice. Authors working
in animal science may find it useful to consult the International Association of Veterinary Editors’ Consensus
Auther Guidelines on Animal Ethics and Welfare and Guidelines for the Treatment of Anirmals in Behavioural
Research and Teaching. When a preduct has not yet been approved by an appropriate regulatory body for the use

described in your paper, please specify this, or that the product is still investigational,
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human subjects or other valid privacy or security concerns.
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will be asked to provide the DOI, pre-registered DO, hyperlink, or other persistent identifier associated with the
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