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PREFÁCIO 

 

O presente trabalho foi elaborado conforme as normas do Colegiado do Programa 

de Pós-Graduação em Ciências da Reabilitação da Universidade Federal de Minas 

Gerais e acordadas previamente com The University of Sydney. O trabalho foi 

desenvolvido como requisito parcial à obtenção do título de Doutor em Ciências da 

Reabilitação pela Universidade Federal de Minas Gerais (UFMG) e de Doctor of 

Philosophy por The University of Sydney (USYDNEY) em acordo de cotutela entre 

as duas instituições e o discente (ANEXO A). 

 

O programa de doutorado do Programa de Pós-Graduação em Ciências da 

reabilitação da UFMG pressupõe: (1) cumprimento de créditos acadêmicos por meio 

de produção científica, aulas e workshops em programas de pós-graduação; (2) 

elaboração e desenvolvimento de uma tese, (3) produção de artigos científicos e (4) 

defesa oral da tese. O programa de doutorado da USYDNEY pressupõe: (1) 

elaboração e desenvolvimento de uma tese, (2) produção de artigos científicos.  

 

Dessa forma, a fim de atender as exigências de ambas as Instituições de Ensino, o 

programa de doutorado cotutela compreendeu três fases. A primeira fase foi 

realizada na UFMG durante o período de 2011-2012 e compreendeu: (i) 

cumprimento de créditos exigidos pelo programa, (ii) desenvolvimento do projeto de 

pesquisa, (iii) atualização bibliográfica com produção de artigos científicos para 

desenvolvimento intelecto-científico do discente em relação ao tema da tese 

(ANEXOS B, C e D): 

1. Nascimento LR, Resende RA, Carvalho AC, Fonseca ST, Teixeira-Salmela LF 

(2012). Marcha humana: teorias, contribuições musculares e indicações 

clínicas. Ter Man. 10: 537-543. 

2. Nascimento LR, Caetano LCG, Freitas DCMA, Morais TM, Polese JC, 

Teixeira-Salmela LF (2012). Different instructions during the ten-meter walking 

test determined significant increases in maximum gait speed in individuals with 

chronic hemiparesis. Braz J Phys Ther. 16: 122-127. 



3. Polese JC, Ada L, Dean CM, Nascimento LR, Teixeira-Salmela LF (2013). 

Treadmill training is effective for ambulatory adults with stroke: a systematic 

review. J Physiother. 59: 73-80. 

 

A segunda fase foi realizada na USYDNEY durante o período de 2012-2013 e 

compreendeu: (i) aprendizado e desenvolvimento do método para produção das 

revisões sistemáticas que compõem a tese, (ii) definição do projeto de pesquisa do 

estudo experimental que compõe a tese. 

 

A terceira fase foi realizada na UFMG durante o período de 2013-2015 e 

compreendeu: (i) submissão e publicação das revisões sistemáticas que compõem a 

tese, (ii) coleta de dados e produção do artigo relacionado ao estudo experimental 

que compõe a tese, (iii) redação da tese.  

 

A presente tese é composta por três partes e um resumo substancial redigido em 

português e em inglês. A primeira parte é constituída pela INTRODUÇÃO – que 

contém uma revisão bibliográfica sobre o tema proposto, a problematização e a 

justificativa dos estudos – e pelo MÉTODO utilizado para condução das revisões 

sistemáticas e do estudo experimental. A segunda parte é constituída por quatro 

artigos científicos, redigidos na língua inglesa de acordo com as normas das revistas 

para as quais os manuscritos foram ou serão submetidos para publicação. No início 

de cada artigo são apresentados dados embasados na literatura que justificam 

brevemente a realização de cada um dos estudos. Nos artigos apresentados nesta 

tese estão descritos os resultados e a discussão dos estudos propostos. A terceira e 

última parte contém as CONSIDERAÇÕES FINAIS acerca dos resultados 

encontrados nesta tese e as implicações clínicas, apresentadas na língua 

portuguesa. 

 

 

 

 

 

 

 



PREFACE 

 

This thesis was written according to the guidelines of the Graduate Program in 

Rehabilitation Sciences of the Universidade Federal de Minas Gerais (UFMG), and 

previously agreed with The University of Sydney (USYDNEY). The thesis is a partial 

requirement for a jointly awarded degree of Doctor in Rehabilitation Sciences 

conferred by UFMG, and Doctor of Philosophy conferred by USYDNEY, through a 

cotutelle arrangement (ANNEXE A). 

 

The requirements of the Graduate Program in Rehabilitation Sciences of the UFMG 

comprise: (i) the fulfillment of academic credits (scientific production, workshops, and 

the accomplishment of a coursework offered by graduate programs), (ii) the writing 

and development of a thesis, (iii) the production of scientific papers, and (iv) an oral 

defense of the thesis. The requirements of the doctoral program of the USYDNEY 

comprise: (i) the writing and development of a thesis, and (ii) the production of 

scientific papers. 

 

In order to meet the requirements of both Institutions, this cotutelle arrangement was 

conducted in three phases. The first phase was held at UFMG in the period of 2011-

2012 and included: (i) the completion of the required coursework and the fulfillment of 

academic credits, (ii) the writing of the research project, (iii) the writing of basic 

scientific papers related to the thesis topic, aimed at improving student’s scientific 

and technical abilities (ANNEXES B, C, and D).  

1. Nascimento LR, Resende RA, Carvalho AC, Fonseca ST, Teixeira-Salmela LF 

(2012). Marcha humana: teorias, contribuições musculares e indicações 

clínicas. Ter Man. 10: 537-543. 

2. Nascimento LR, Caetano LCG, Freitas DCMA, Morais TM, Polese JC, 

Teixeira-Salmela LF (2012). Different instructions during the ten-meter walking 

test determined significant increases in maximum gait speed in individuals with 

chronic hemiparesis. Braz J Phys Ther. 16: 122-127. 

3. Polese JC, Ada L, Dean CM, Nascimento LR, Teixeira-Salmela LF (2013). 

Treadmill training is effective for ambulatory adults with stroke: a systematic 

review. J Physiother. 59: 73-80. 



The second phase was held at USYDNEY in the period of 2012-2013 and included: 

(i) the learning of the basis of writing systematic reviews, and the development of the 

method of the systematic reviews included in the thesis, (ii) the refinement of the 

research project related to the experimental study included in the thesis.   

 

The third phase was held at UFMG in the period of 2013-2015 and included: (i) the 

submission and publication of the systematic reviews included in the thesis, (ii) the 

data collection and the writing of the paper related to the experimental study included 

in the thesis, and (iii) the writing of the thesis.  

 

This thesis contains a substantial abstract written in Portuguese and English, and 

was structured in three parts. The first part includes the INTRODUCTION – which 

contains a literature review on the topic, the rationality of the studies, and the 

research questions – followed by a detailed description of the METHOD used to 

conduct the systematic reviews, and the experimental study. The second part 

includes four scientific papers related to the research questions, which were written 

in English according to the journals’ style to which papers have been or will be 

submitted for publication. At the beginning of each paper, a rationality of each study 

was provided. The results and discussion of the studies included in the thesis were 

described in these papers. The third and last part contains the FINAL 

CONSIDERATIONS and the clinical implications regarding the results of the studies, 

which were written in Portuguese. 

 

 

 

 

 

 

  



RESUMO 

 

Dados recentes indicam que mais de 30 milhões de pessoas no mundo 

sobreviveram a um episódio de Acidente Vascular Encefálico (AVE). Após a 

ocorrência do AVE, observa-se que mais de 80% dos sobreviventes apresentam 

fraqueza muscular contralateral à lesão encefálica e consideráveis limitações para 

deambulação, o que compromete a participação social desses indivíduos. Estudos 

prévios indicaram que Indivíduos pós-AVE apresentam deficiência em força 

muscular e limitações em marcha com valores aproximadamente 50% inferiores em 

comparação a idosos saudáveis. Por isso, esforços contínuos têm sido realizados na 

tentativa de identificar as mais eficazes formas de intervenção capazes de 

determinar modificações clínicas nas deficiências relacionadas à força muscular e 

nas limitações relacionadas à marcha de indivíduos pós-AVE, visando a uma prática 

clínica baseada em evidências. Entretanto, as principais barreiras para 

implementação de uma prática baseada em evidências são a falta de tempo dos 

clínicos para a leitura científica e a falta de habilidades para selecionar e 

compreender os estudos. O aumento no número de publicações científicas 

associado à falta de tempo e treinamento adequado para leitura e síntese da 

evidência desafiam pesquisadores a produzir informações sumarizadas de modo a 

facilitar o acesso clínico à informação de alta qualidade metodológica.  

 

Embora Guias Clínicos sejam uma alternativa para sumarizar as informações sobre 

uma determinada condição de saúde, o desenvolvimento de um Guia Clínico é um 

processo longo, e mesmo seu processo de atualização requer tempo e dedicação de 

inúmeros profissionais. Dessa forma, por vezes, a informação contida em Guias 

Clínicos não contempla o estado atual do nível de evidência, e os profissionais 

devem recorrer a estudos experimentais ou preferencialmente às revisões 

sistemáticas para atualização da prática clínica. Revisões sistemáticas, por sua vez, 

são consideradas a melhor forma de sintetizar a informação existente sobre um 

determinado tópico específico com a vantagem de serem, usualmente, atualizadas 

com mais frequência do que os Guias Clínicos. Embora revisões sistemáticas sobre 

efeitos de intervenção sejam a melhor estratégia para fornecer as respostas clínicas 

necessárias, as mesmas são dependentes da existência de ensaios clínicos de alta 



qualidade metodológica. Sabemos, entretanto, que a realização de ensaios clínicos 

aleatorizados fica limitada por fatores como dificuldades de captação de recursos 

pecuniários e recrutamento de participantes. Nesse contexto, pesquisadores devem 

ainda, ser capazes de ajustar as perguntas clínicas, de modo a concluir pesquisas 

de alta qualidade em tempo hábil e, ainda assim, fornecer repostas imediatas para 

auxiliar intervenções clínicas destinadas a uma população.  

 

O objetivo geral da presente tese foi fornecer evidências clínicas de alta qualidade 

sobre efeitos de intervenções destinadas à população de indivíduos pós-AVE e/ou 

fornecer indicações clínicas que pudessem potencializar o efeito de uma 

intervenção. Os desfechos clínicos estão relacionados à principal deficiência 

negativa (i.e., fraqueza muscular) e às limitações em marcha. O processo de 

definição dos estudos que compuseram a tese teve início pela leitura criteriosa do 

Clinical Guidelines for Stroke Management – um guia clínico desenvolvido com o 

propósito de fazer recomendações clínicas para prevenção e tratamento de 

indivíduos pós-AVE, a partir de pesquisa clínica de alta qualidade. Foi realizada a 

leitura do capítulo referente à reabilitação com propósito de compreender o estado 

da evidência científica atual, identificar áreas de carência de informação científica e 

propor estudos capazes de auxiliar a prática clínica do fisioterapeuta em relação à (i) 

fraqueza muscular e (ii) deambulação. Para tanto, quatro estudos foram realizados, 

sendo três revisões sistemáticas com meta-análise e um estudo experimental.  

 

Artigo 1: Cyclical electrical stimulation increases strength and improves 

activity after stroke: a systematic review. 

 

Este estudo avaliou o efeito de elestroestimulação cíclica em medidas de força 

muscular e atividades de indivíduos com AVE. As perguntas clínicas foram: (i) 

Eletroestimulação é efetiva para aumentar força muscular pós-AVE? (ii) Esses 

benefícios são mantidos após o período de intervenção e/ou são transferidos para 

atividade? Uma revisão sistemática com meta-análise de ensaios clínicos 

aleatorizados ou controlados foi realizada. Os participantes eram adultos com 

diagnóstico de AVE e a intervenção considerada foi eletroestimulação cíclica com 

objetivo de promover aumento de força muscular. As medidas de desfecho deveriam 

ser relacionadas à força muscular e/ou atividade. As medidas de força deveriam ser 



representativas de contração voluntária máxima e foram obtidas como medidas 

contínuas de força ou torque, ou medidas ordinais (e.g., teste manual de força 

muscular). Atividade, por sua vez, foi mensurada utilizando medidas diretas de 

desempenho que produziram dados contínuos ou ordinais, ou por meio de escalas 

que produziram dados ordinais. Dezesseis estudos, representando 17 comparações, 

foram incluídos. Os tamanhos de efeito foram calculados por meio de diferença de 

Cohen (SMD), pelo fato de diferentes músculos com variados instrumentos de 

medida terem sido utilizados. De modo geral, eletroestimulação aumentou a força 

muscular em 0.47 SMD (95% CI 0.26 a 0.68) e este efeito foi mantido além do 

período de intervenção (SMD 0.33, 95% CI 0.07 a 0.60). Eletroestimulação também 

melhorou os parâmetros de atividade (SMD 0.30, 95% CI 0.05 a 0.56) com 

manutenção dos resultados além do período de intervenção (SMD 0.38, 95% CI 0.09 

a 0.66). Em conclusão, eletroestimulação cíclica aumentou força muscular e 

melhorou atividade de indivíduos pós-AVE. Esses benefícios foram mantidos além 

do período de intervenção com tamanhos de efeito variando entre pequeno e 

moderado. Os efeitos mantidos em atividade sugerem que os benefícios tenham 

sido incorporados nas atividades de vida diária.  

 

Artigo 2: Walking training with cueing of cadence improves walking speed and 

stride length after stroke more than walking training alone: a systematic 

review. 

 

Este estudo avaliou o efeito da adição de pistas auditivas rítmicas ao treino de 

marcha para melhora de velocidade de marcha, comprimento de passada, cadência 

e simetria em indivíduos com AVE. A pergunta clínica foi: Após AVE, o treino de 

marcha com pistas auditivas rítmicas é superior ao treino de marcha isolado para 

melhorar velocidade de marcha, comprimento de passada, cadência e simetria? 

Uma revisão sistemática com meta-análise de ensaios clínicos aleatorizados ou 

controlados foi realizada. Os participantes eram adultos com diagnóstico de AVE e a 

intervenção considerada foi treino de marcha associado a pistas auditivas rítmicas 

guiando cadência durante o treino de marcha. Foram quatro as medidas de 

desfecho de interesse: velocidade de marcha, comprimento da passada, cadência e 

simetria. A revisão incluiu sete estudos envolvendo 211 participantes. Um dos 

estudos incluídos causou substancial heterogeneidade estatística e, portanto, as 



análises foram conduzidas com e sem este estudo. Treino de marcha associado a 

pistas auditivas rítmicas aumentou velocidade de marcha em 0.23 m/s (95% CI 0.18 

a 0.27, I2 = 0%), comprimento da passada em 0.21 m (95% CI 0.14 a 0.28, I2 = 

18%), cadência em 19 passos/minuto (95% CI 14 a 23, I2 = 40%), e simetria em 15% 

(95% CI 3 a 26, random effects) quando comparado ao treino de marcha isolado. Em 

conclusão, esta revisão indicou que o treino de marcha associado a pistas auditivas 

rítmicas melhora velocidade de marcha e comprimento de passada mais que o treino 

de marcha isolado. A intervenção também aparenta produzir benefícios em cadência 

e simetria. A evidência encontrada é suficiente para recomendar a adição de pistas 

auditivas rítmicas ao treino de marcha por 30 minutos, quatro vezes por semana, 

durante quatro semanas visando melhorar habilidade de marcha em indivíduos pós-

AVE com comprometimento moderado. 

 

Artigo 3: Walking training associated with virtual reality-based training 

increases walking speed of individuals with chronic stroke: systematic review 

with meta-analysis. 

 

Este estudo avaliou o efeito da adição de elementos de realidade virtual ao treino de 

marcha para melhora de velocidade de marcha de indivíduos pós-AVE. As 

perguntas clínicas foram: (i) O treino direcionado à marcha associado à realidade 

virtual é eficaz para promover aumento em velocidade de marcha de indivíduos com 

hemiparesia? (ii) Essa modalidade de intervenção promove maior aumento em 

velocidade de marcha comparada a outras intervenções sem uso de realidade 

virtual? Foi realizada uma revisão sistemática com meta-análise de ensaios clínicos 

aleatorizados. Os participantes eram adultos pós-AVE e a intervenção experimental 

considerada foi o treino direcionado à marcha associado ao uso de realidade virtual 

com o objetivo de melhorar a velocidade de marcha. Os dados referentes à 

velocidade de marcha foram extraídos para combinação por meta-análise. Sete 

estudos, representando oito comparações, foram incluídos nesta revisão 

sistemática. O treino de marcha associado à realidade virtual aumentou a velocidade 

de marcha dos participantes, em média, 0.17 m/s (IC 95% 0.08 a 0.26) comparado à 

intervenção placebo, não-intervenção ou intervenção não específica para os 

membros inferiores. Adicionalmente, o treino associado à realidade virtual aumentou 

a velocidade de marcha dos participantes, em média, 0.15 m/s (IC 95% 0.05 a 0.24) 



comparado a diferentes intervenções destinadas aos membros inferiores sem uso de 

realidade virtual associada. Em conclusão, esta revisão sistemática apresentou 

evidência clínica de que a adição da realidade virtual ao treino de marcha 

demonstrou ser eficaz para aumentar a velocidade de marcha de indivíduos com 

hemiparesia e apresentou melhores resultados, quando comparada outras 

intervenções sem uso de realidade virtual. 

 

Artigo 4: The provision of a cane provided greater benefit to the group of 

community-dwelling people with chronic stroke with speed between 0.4 and 0.8 

m/s. 

 

Este estudo avaliou o efeito da provisão de uma bengala em variáveis relacionadas 

à marcha (i.e., velocidade de marcha, comprimento do passo e simetria) de 

indivíduos pós-AVE. As perguntas clínicas foram: (i) Qual o efeito da provisão de 

uma bengala em variáveis relacionadas à marcha (i.e., velocidade de marcha, 

comprimento do passo e simetria) de indivíduos em fase crônica do AVE, capazes 

de deambular independentemente? (ii) O efeito é diferente quando os indivíduos são 

agrupados de acordo com a velocidade de marcha confortável? (< 0.4 m/s versus 

0.4-0.8 m/s versus > 0.8 m/s)? Vinte e quatro indivíduos com AVE crônico, que não 

faziam uso regular de dispositivos de auxílio à marcha, foram avaliados em duas 

diferentes condições experimentais: (i) deambulação sem auxílio de bengala; (ii) 

deambulação com auxílio de uma bengala ajustável. As variáveis de desfecho foram 

reportadas como velocidade (m/s), comprimento do passo (m) e cadência 

(passos/minuto). Os participantes foram divididos em três grupos e categorizados 

como indivíduos lentos (<0.4 m/s), indivíduos intermediários (0.4-0.8 m/s) e 

indivíduos rápidos (>0.8 m/s), baseados em sua velocidade de marcha confortável. A 

provisão da bengala aos indivíduos intermediários produziu um aumento em 

velocidade de marcha de 0.27 m/s (95% CI 0.18 a 0.36) em comparação aos 

indivíduos rápidos e um aumento de 0.12 m/s (95% CI 0.03 a 0.21) em comparação 

aos indivíduos lentos. Também produziu um aumento de 0.05 m (95% CI 0.02 a 

0.08) no comprimento do passo e de 20 passos/min (95% CI 12 a 28) em 

comparação aos indivíduos rápidos. Em síntese, a provisão da bengala determinou 

maiores benefícios aos indivíduos categorizados como intermediários e foi 

prejudicial à marcha de indivíduos rápidos. Os resultados indicaram que bengalas 



podem ser prescritas a indivíduos pós-AVE com limitações graves ou moderadas da 

marcha, mas não devem ser prescritas a indivíduos com alta velocidade de 

deambulação.  

 

Palavras-chave: Acidente vascular encefálico; Prática baseada em evidências; 

Revisões sistemáticas; Marcha; Fisioterapia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

 

Recent data indicated that more than 30 million people in the world have experienced 

and survived a stroke. As a consequence of stroke, more than 80% of the survivors 

experience muscle weakness contralateral to the brain lesion and walking limitations, 

which contribute to participation restrictions.  Previous studies have demonstrated 

that strength and walking parameters in ambulatory people after stroke are 

approximately half of the values expected for older, able-bodied adults. Thus, there is 

a constant move in order to examine the most efficient interventions capable of 

improving weakness and walking limitations after stroke, and several clinical trials to 

support an evidence-based practice have been conducted. However, the main 

barriers to the implementation of an evidenced-based practice are the lack of time for 

reading all the published evidence, and the lack of skills in finding and understanding 

the randomised clinical trials. The increase in the number of published papers 

associated with the lack of time for reading and synthesizing the available evidence 

challenge researchers to produce summarized information, in order to enhance 

clinical access to the most updated evidence. 

 

Clinical Guidelines represent good alternatives for clinicians to obtain summarized 

information regarding a specific health condition. However, the development of a 

clinical guideline is a long process, and even its update process requires time and 

dedication of many professionals. Thus, sometimes, the information provided by 

Clinical Guidelines does not represent the most updated evidence, and clinicians 

may have to read numerous clinical trials or, preferably, systematic reviews in order 

to update the knowledge that will help with clinical practice. Systematic reviews of 

randomised clinical trials are the most robust source of information to answer 

questions regarding the efficacy of an intervention, with the advantage of being 

updated more frequently in comparison with Clinical Guidelines. Although systematic 

reviews are the best design to provide evidence of effect of interventions, they are 

dependent on the publication of clinical trials with good methodological quality. The 

development of clinical trials, however, is not an easy procedure, and it is constantly 

limited due to difficulties in funding and participants’ recruitment. In this case, 



researches should also be able to produce trials with the potential of immediately 

answering clinical questions that may improve clinical practice. 

 

The overall purpose of this thesis was to provide clinical evidence, based on high 

quality research, regarding effects of interventions delivered to people after stroke, 

and to provide clinical implications with the potential to enhance the effect of an 

intervention. Clinical interests are related to a major impairment after stroke (i.e., 

muscle weakness) and to walking limitations. The definition of each study which 

comprised the thesis and its research design began by carefully reading the Clinical 

Guidelines for Stroke Management – a clinical guideline developed with the purpose 

of making clinical recommendations for prevention and treatment of patients after 

stroke. The rehabilitation chapter of the guideline was analyzed in order to 

understand the current level of evidence, to identify areas with lack of evidence, and 

to develop studies capable of providing evidence that could help clinical practice 

regarding muscle weakness and walking limitations after stroke. Four studies were 

planned: three systematic reviews and one experimental trial.   

 

Study 1: Cyclical electrical stimulation increases strength and improves 

activity after stroke: a systematic review. 

 

This study examined the effect of cyclical electrical stimulation on muscle strength 

and activities after stroke. The research questions were:  Does electrical stimulation 

increase strength after stroke? Are any benefits maintained beyond the intervention 

period or carried over to activity? A systematic review with meta-analysis of 

randomised or controlled trials was conducted. Participants were adults who have 

had a stroke, and the intervention was cyclical electrical stimulation applied in order 

to increase muscle strength. The outcome measures were related to muscle strength 

and to activity. Strength measures had to be representative of maximum voluntary 

contraction and were obtained as continuous measures of force or torque, or as 

ordinal measures such as manual muscle tests. Activity was measured using direct 

measures of performance that produced continuous or ordinal data, or with scales 

that produced ordinal data.  Sixteen trials, representing 17 relevant comparisons, 

were included in this systematic review. Effect sizes were calculated as standardised 

mean differences because various muscles were studied and different outcome 



measures were used. Overall, electrical stimulation increased strength by a 

standardised mean difference (SMD) of 0.47 (95% CI 0.26 to 0.68) and this effect 

was maintained beyond the intervention period (SMD 0.33, 95% CI 0.07 to 0.60). 

Electrical stimulation also improved activity (SMD 0.30, 95% CI 0.05 to 0.56) and this 

effect was also maintained beyond the intervention period (SMD 0.38, 95% CI 0.09 to 

0.66). In conclusion, cyclical electrical stimulation increased strength and improved 

activity after stroke. These benefits were maintained beyond the intervention period 

with a small-to-moderate effect size. The sustained effect on activity suggests that 

the benefits were incorporated into daily life. 

 

Study 2: Walking training with cueing of cadence improves walking speed and 

stride length after stroke more than walking training alone: a systematic 

review. 

 

This study examined the effect of the addition of cueing of cadence to walking 

training for improving walking speed, stride length, cadence and symmetry after 

stroke. The research question was: After stroke, is walking training with cueing of 

cadence superior to walking training alone in improving walking speed, stride length, 

cadence and symmetry? A systematic review with meta-analysis of randomised or 

controlled trials was conducted. Participants were ambulatory adults who have had a 

stroke. The intervention was walking training with cueing of cadence, and four 

walking outcomes were of interest: walking speed, stride length, cadence and 

symmetry. This review included seven trials involving 211 participants. Because one 

trial caused substantial statistical heterogeneity, meta-analyses were conducted with 

and without this trial. Walking training with cueing of cadence improved walking 

speed by 0.23 m/s (95% CI 0.18 to 0.27, I2 = 0%), stride length by 0.21 m (95% CI 

0.14 to 0.28, I2 = 18%), cadence by 19 steps/minute (95% CI 14 to 23, I2 = 40%), and 

symmetry by 15% (95% CI 3 to 26, random effects) more than walking training alone. 

In conclusion, this review provided evidence that walking training with cueing of 

cadence improves walking speed and stride length more than walking training alone. 

It may also produce benefits in terms of cadence and symmetry of walking. The 

evidence appears strong enough to recommend the addition of 30 minutes of cueing 

of cadence to walking training, four times a week for 4 weeks, in order to improve 

walking in moderately disabled individuals with stroke. 



 

Study 3: Walking training associated with virtual reality-based training 

increases walking speed of individuals with chronic stroke: systematic review 

with meta-analysis. 

 

This study examined the effect of the addition of virtual reality-based training to 

walking training for improving walking speed after stroke. The research questions 

were: (i) Is walking training associated with virtual reality-based training effective in 

increasing walking speed after stroke? (ii) Is this type of intervention more effective in 

increasing walking speed, than non-virtual reality-based walking interventions? A 

systematic review with meta-analysis of randomised clinical trials was conducted. 

Participants were adults with chronic stroke and the experimental intervention was 

walking training associated with virtual reality-based training to increase walking 

speed. The outcome data regarding walking speed were extracted from the eligible 

trials and were combined using a meta-analysis approach. Seven trials, representing 

eight comparisons, were included in this systematic review. Overall, the virtual reality-

based training increased walking speed by 0.17 m/s (IC 95% 0.08 to 0.26), compared 

with placebo/nothing or non-walking interventions. In addition, the virtual reality-

based training increased walking speed by 0.15 m/s (IC 95% 0.05 to 0.24), compared 

with non-virtual reality walking interventions. In conclusion, this review provided 

evidence that walking training associated with virtual reality-based training was 

effective in increasing walking speed after stroke, and resulted in better results than 

non-virtual reality interventions. 

 

Study 4: The provision of a cane provided greater benefit to the group of 

community-dwelling people with chronic stroke with speed between 0.4 and 0.8 

m/s. 

 

This study examined the effect of the provision of a cane to ambulatory people after 

stroke on walking speed, step length, and cadence. The research questions were: (i) 

What is the effect of the provision of a cane on speed, step length, and cadence in 

people with chronic stroke who are independently ambulatory? (ii) Is there a 

differential effect according to comfortable walking speed (<0.4 versus 0.4-0.8 versus 

>0.8 m/s)? Twenty-four people with chronic stroke, who were not regular users of 



walking sticks, were evaluated under two different experimental conditions: walking 

with and without a cane. Walking was reported as speed (m/s), step length (m), and 

cadence (steps/min). Participants were categorized as slow (<0.4 m/s), intermediate 

(0.4-0.8 m/s), and fast walkers (>0.8 m/s). The provision of a cane to the intermediate 

walkers produced a 0.27 m/s (95% CI 0.18 to 0.36) increase in speed compared with 

the fast walkers, and a 0.12 m/s (95% CI 0.03 to 0.21) increase compared with the 

slow walkers. It also produced 0.05 m (95% CI 0.02 to 0.08) increase in step length 

and 20 steps/min (95% CI 12 to 28) increase in cadence compared with the fast 

walkers. The provision of a cane produced the most benefit in intermediate walkers, 

and was detrimental to the fast walkers. Canes can be prescribed to stroke survivors 

with moderate and severe walking limitations, but caution should be taken regarding 

their prescription for fast walkers.  

 

Key-words: Stroke; Evidence-based practice; Systematic review; Gait; 

Physiotherapy. 
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1 INTRODUÇÃO 

 

Considerado um problema de saúde mundial e representando a principal causa de 

morte no Brasil e a terceira causa de morte nos Estados Unidos (LESSA, 1999; 

KAISER, 2004), o Acidente Vascular Encefálico (AVE) é conceituado como uma 

síndrome clínica decorrente de uma redução do suprimento sanguíneo para 

estruturas encefálicas, caracterizado por rápido desenvolvimento de sinais focais ou 

globais de perturbação das funções encefálicas (ROYAL COLLEGE OF 

PHYSICIANS, 2004). Descreve-se, entretanto, a partir da década de 70, uma 

tendência ao declínio da mortalidade por doenças cerebrovasculares e, 

consequentemente, um maior número de indivíduos enfrenta as incapacidades 

decorrentes do AVE (UEMURA; PISA, 1988). Dados recentes indicam que mais de 

30 milhões de pessoas no mundo sobreviveram a um episódio de AVE (NORRVING; 

KISSELA, 2011). Após a ocorrência do AVE, observa-se que mais de 80% dos 

sobreviventes apresentam fraqueza muscular contralateral à lesão encefálica e 

consideráveis limitações para deambulação o que compromete a participação social 

desses indivíduos (NAKAYAMA et al., 1994; LEBRAUSSER 2006; ALZAHRANI et 

al., 2011; NASCIMENTO et al., 2015).  

 

No fim do século XIX, o neurologista Hughlings Jackson descreveu que os 

problemas estruturais resultantes de lesões no sistema nervoso central, incluindo os 

causados pelo AVE, poderiam ser categorizados em positivos ou negativos. As 

deficiências negativas foram, por definição, consideradas aquelas que representam 

a perda ou redução de uma função pré-existente, como perda de força muscular e 

de destreza; as deficiências positivas, por sua vez, os elementos adicionais não 

existentes pré-lesão, tais como padrões posturais anormais e hiperreflexia 

(espasticidade) (O’DWYER; ADA, 1996; REFSHAUGE et al., 2005).  

 

Os fatores positivos, especialmente a espasticidade, eram considerados os 

principais contribuintes para as incapacidades pós-AVE, uma vez que as relações 

com a funcionalidade não estavam bem estabelecidas. Esta visão ainda é mantida 

por muitos clínicos que trabalham no processo de reabilitação desses pacientes 
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(CARR; SHEPHERD, 2006; NASCIMENTO et al., 2012). Entretanto, diversas 

pesquisas científicas questionaram este postulado e demonstraram que a maioria 

dos pacientes após lesões encefálicas não apresenta espasticidade, apesar de uma 

maior resistência à movimentação passiva (hipertonia) (LANDAU, 1974, O’DWYER; 

ADA, 1996, O’DWYER et al., 1996). Ademais, uma mudança de paradigma na 

compreensão dos modelos de saúde-doença com maior atenção direcionada à 

funcionalidade, e não apenas às deficiências estruturais, incitou a realização de 

pesquisas que indicaram que presença de espasticidade não está relacionada à 

perda de funcionalidade em pacientes pós-AVE (ADA et al., 1998; SOMMERFIELD 

et al., 2004; HARRIS; ENG, 2007; FARIA-FORTINI et al., 2011). Nesse contexto, 

não apenas os fatores negativos começaram a ser mais investigados, mas também 

suas relações como contribuintes às limitações funcionais. Como exemplo, um 

estudo longitudinal acompanhou a evolução de espasticidade (uma deficiência 

positiva), fraqueza muscular (uma deficiência negativa) e contratura (uma deficiência 

secundária) em pacientes com AVE durante um ano e suas relações com 

incapacidades. A espasticidade contribuiu pouco para a limitação funcional e apenas 

aos quatro meses pós-lesão, sendo que a contratura foi preditora de função já aos 

dois meses pós lesão, com piora progressiva ao longo do tempo. A fraqueza 

muscular, por sua vez, sempre esteve correlacionada às limitações funcionais 

durante o período avaliado (CANNING et al., 2004). Esses dados, associados a 

outros estudos (HSU et al., 2003; HARRIS; ENG, 2007; ROBINSON et al., 2007; 

FARIA-FORTINI et al., 2011), indicaram que as deficiências negativas são os 

maiores contribuintes para as incapacidades pós-AVE, com possíveis contribuições 

de deficiências secundárias. De modo mais abrangente, perceba que, embora as 

definições de Hughlings Jackson tenham sido propostas em séculos anteriores, sua 

relação é notória com os pressupostos da Classificação Internacional de 

Funcionalidade, Incapacidade e Saúde (CIF) como modelo que enfoca não apenas a 

condição de saúde, mas os diferentes domínios de funcionalidade e suas relações 

que norteiam contemporaneamente os modos de pensar e agir no processo de 

reabilitação (OMS, 2003). 
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A CIF foi desenvolvida com o propósito de oferecer uma estrutura que permita a 

visualização das consequências da condição de saúde na funcionalidade, auxiliando 

os profissionais de reabilitação na compreensão e descrição dos diferentes impactos 

que uma condição de saúde, como o AVE, pode ter na funcionalidade do indivíduo, 

bem como na definição de estratégias de avaliação e elaboração do plano de 

tratamento (OMS, 2003; SVESTKOVA, 2008). Segundo o modelo da CIF, as 

manifestações de uma condição de saúde são didaticamente divididas em duas 

partes: (i) Funcionalidade e Incapacidade, e (ii) Fatores Contextuais. Na primeira 

parte, reconhecem-se dois componentes. As funções e estruturas do corpo 

compreendem o primeiro componente e são, por definição, as partes anatômicas 

tais como, órgãos, membros e suas funções. Problemas nas funções ou na estrutura 

do corpo, tais como um desvio importante ou uma perda, são denominados 

deficiências. As atividades e a participação compreendem o segundo componente. 

Por definição, atividade é a execução de uma tarefa ou ação por um indivíduo. 

Problemas na execução de atividades são denominados limitações em atividades. 

Por definição, participação é o envolvimento do indivíduo em uma situação de vida. 

Dificuldades na participação social são denominadas restrições. Cada um dos 

componentes citados pode ser influenciado por fatores relacionados à condição de 

saúde e/ou por fatores relacionados à segunda parte, ou seja, os fatores contextuais 

(ambientais e pessoais), que podem exercer efeito positivo ou negativo na 

funcionalidade do indivíduo (OMS, 2003; SVESTKOVA, 2008). 

 

No contexto do AVE, atualmente, a fraqueza muscular é descrita como a principal 

deficiência (ou deficiência negativa) estando diretamente relacionada à limitação de 

atividades e restrições na participação social (HARRIS; ENG, 2007; ALZAHRANI et 

al., 2011). Em 2004, Canning et al. demonstraram que a perda de força muscular 

contribuiu mais para as incapacidades do que a perda de destreza (outra deficiência 

negativa decorrente do AVE). Os esforços clínicos e científicos direcionados à 

tentativa de aumentar a força muscular pós-AVE estão relacionados à alta 

correlação entre grau de força muscular e desempenho em atividades de vida diária 

(ALZAHRANI et al., 2011; FARIA-FORTINI et al., 2011; DORSCH et al., 2012). 

Dentre as principais atividades comprometidas após o AVE e que apresentam 
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relações significativas com a fraqueza muscular, destacam-se as limitações em 

marcha.  

 

Após AVE, os indivíduos tipicamente apresentam redução da velocidade de marcha, 

do comprimento da passada e da cadência, além de assimetria temporal. Uma 

recente revisão sistemática reportou que indivíduos pós-AVE apresentam 

usualmente valores de velocidade de marcha entre 0.4 e 0.8 m/s (POLESE et al., 

2013), ao passo que indivíduos idosos saudáveis apresentam valores entre 1.0 e 1.2 

m/s (HOLLMAN et al., 2011). Estudos prévios (THAUT et al., 1997; THAUT et al., 

2007) reportaram valores de comprimento de passada em indivíduos pós-AVE entre 

0.50 a 0.64 m, enquanto o observado em indivíduos idosos saudáveis varia entre 1.1 

e 1.4 m (HOLLMAN et al., 2011); bem como reportaram valores de cadência entre 

50 a 63 passos/minuto, enquanto o observado em indivíduos idosos saudáveis varia 

entre 102 e 114 passos/minuto. Em relação à razão de simetria temporal do membro 

inferior parético em relação ao membro inferior não-parético, observam-se valores 

variando entre 0.40 e 0.64, enquanto 1.00 seria considerado simetria perfeita 

(THAUT et al., 1997; THAUT et al., 2007). Em síntese, indivíduos pós-AVE 

apresentam deficiência em força muscular e limitações em marcha com valores 

aproximadamente 50% inferiores em comparação a idosos saudáveis 

(NASCIMENTO et al., 2015; NASCIMENTO et al., 2014; DORSCH et al., 2012). 

Dessa forma, esforços contínuos são feitos na tentativa de identificar as mais 

eficazes formas de intervenção capazes de determinar modificações clínicas nas 

deficiências relacionadas à força muscular e nas limitações relacionadas à marcha 

de indivíduos pós-AVE, ambas foco de estudo da presente tese. 

 

Fisioterapia baseada em evidências 

 

A demanda por qualidade máxima do cuidado em saúde, combinada com a 

necessidade de uso racional de recursos tanto público quanto privado, tem 

contribuído para aumentar a pressão sobre os profissionais da área de reabilitação 

no sentido de assegurar a implementação de uma prática baseada em evidências 

científicas (SAMPAIO; MACINI, 2007). Por definição, fisioterapia baseada em 
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evidências é a integração entre pesquisa científica de alta qualidade, conhecimento 

prático e preferências do cliente (HERBERT et al., 2005; SARAGIOTTO et al., 2014; 

SILVA et al., 2014). Esta definição contemporânea difere da visão clássica na qual 

opiniões de expertos e as pesquisas de baixa qualidade eram consideradas como 

prática baseada em evidência na ausência de evidências de alta qualidade. No 

conceito atual, a prática somente deve ser considerada baseada em evidência 

quando é derivada de pesquisa científica de alta qualidade (HERBERT et al., 2005, 

SILVA et al., 2014). É importante ressaltar, entretanto, que essa definição não 

negligencia a recepção de informações não provenientes de pesquisas de alta 

qualidade quando tais pesquisas ainda não estiverem disponíveis. A definição 

apenas indica que o termo “fisioterapia baseada em evidência” deve ser restrito à 

prática da fisioterapia que está baseada em pesquisa científica de alta qualidade. 

Essa restrição muda o conceito prévio de reabilitação uma vez que incentiva 

pesquisadores a produzir pesquisa científica de alta qualidade e informa aos clínicos 

que o uso da melhor informação disponível para a tomada de decisões clínicas é 

essencial. 

 

Um desafio aos consumidores da informação científica é identificar quais são as 

pesquisas clínicas de alta qualidade. Do ponto de vista do consumidor da 

informação, pesquisa clínica de alta qualidade é aquela confiável em relação aos 

seus resultados (apresenta poucos vieses) e é relevante para responder às 

questões clínicas (HERBERT et al., 2005). Essa visão não deve ser antagônica ao 

ponto de vista do produtor da informação. Este apenas difere do anterior no sentido 

de que é o responsável por produzir resultados confiáveis e eminentemente capazes 

de responder a perguntas clínicas reais. Nesse contexto, é possível compreender 

que a qualidade da pesquisa, apesar de ser influenciada, não é determinada apenas 

pelo desenho de um estudo científico, uma vez que perguntas clínicas diferentes 

podem ser respondidas por métodos diferentes. Entretanto, apesar do significativo 

aumento na produção de pesquisa clínica na área de fisioterapia, nem todos os 

estudos disponíveis são bem desenvolvidos ou capazes de responder a uma 

pergunta clínica específica.  
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Os maiores interesses de pesquisadores e clínicos envolvidos na área de 

reabilitação são: (i) pesquisas capazes de atestar a eficácia (ou ineficácia) de uma 

intervenção, e/ou (ii) pesquisas capazes de fornecer subsídios práticos que possam 

ser incorporados a uma intervenção. Em relação às pesquisas relacionadas à 

eficácia de intervenção, é consenso que os ensaios clínicos aleatorizados (ECA) são 

os estudos mais adequados para fornecer as evidências necessárias sobre os 

efeitos de uma intervenção (SAMPAIO; MANCINI, 2007; KOCAK et al., 2011). No 

entanto, usualmente, os resultados de apenas um desses estudos não são 

suficientes para esclarecer sobre determinada questão de pesquisa ou pergunta 

clínica o que pode ser justificado por inúmeros fatores tais como: diferenças no nível 

de incapacidade em uma mesma população de interesse, características específicas 

de uma intervenção, dificuldades em obtenção de amostra suficiente em um único 

estudo, dificuldades em obtenção de recursos para manutenção de um estudo, 

dentre outras (DEAN et al., 2012; SCIANNI et al., 2012; DEAN et al., 2014; LIMA et 

al., 2014). Dessa forma, inúmeros ensaios clínicos são realizados, e esse número 

elevado dificulta a obtenção de uma resposta clínica objetiva pelo fisioterapeuta ou 

profissional de reabilitação. Em números gerais, atualmente, estão disponíveis 

aproximadamente 20 mil estudos relacionados à eficácia de intervenções em 

fisioterapia, sendo que 16 mil correspondem a ensaios clínicos aleatorizados 

(PEDro, 2011; PADULA et al., 2012). Ao tomarmos como exemplo um tópico 

específico como ‘reabilitação da marcha pós-AVE’, somente na base de dados 

PEDro há cerca de 250 ensaios clínicos aleatorizados o que corresponde a 85% do 

total de publicações sobre o tema. Como a base de dados contém apenas estudos 

considerados nível A de evidência científica sobre estudos de intervenção, apenas 

15% dos estudos incluídos são revisões sistemáticas ou guias clínicos, reforçando a 

necessidade de condensar toda essa quantidade de informação atualmente 

produzida para facilitar a tomada de decisão clínica.  

 

Uma recente revisão sistemática (SILVA et al., 2014) indicou que dentre as 

principais barreiras para a implementação da fisioterapia baseada em evidências 

estão incluídas a falta de tempo dos profissionais para leitura científica, inabilidade 

para a compreensão da informação (e.g., análise estatística, linguagem), e 
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dificuldade para generalização e aplicação dos resultados. Especificamente em 

relação à reabilitação de indivíduos pós-AVE, Salbach et al. (2007), investigaram os 

possíveis fatores pessoais e organizacionais que afetavam a implementação da 

fisioterapia baseada em evidências por 240 fisioterapeutas canadenses que proviam 

atendimento a indivíduos com hemiparesia decorrente de AVE. Apesar de 93% 

considerarem a prática baseada em evidências necessária e 80% considerarem que 

ela melhora a qualidade do cuidado e auxilia a tomada de decisões clínicas, apenas 

44% relataram ter recebido formação específica sobre prática baseada em 

evidência. Em relação ao acesso à evidência, apenas 47% receberam treinamento 

formal para busca e análise da informação, e somente 49% se julgaram 

responsáveis por conduzir suas próprias revisões. Surpreendentemente, 90% dos 

fisioterapeutas indicaram que o uso da evidência em sua prática clínica não é 

satisfatório.  

 

Devido ao alto volume de artigos publicados – incluindo ensaios clínicos 

aleatorizados – e dificuldade de fisioterapeutas em implementar a evidência na 

prática clínica, devido à falta de tempo e treinamento adequado para leitura e 

síntese da evidência, estratégias devem ser adotadas de modo a facilitar o acesso 

clínico à informação de alta qualidade metodológica. Sumarizar o conteúdo quando 

há informações suficientes derivadas de pesquisa clínica de alta qualidade sobre um 

determinado tópico, e/ou produzir pesquisa experimental capaz de influenciar 

diretamente a prática clínica em áreas de conhecimento ainda baseadas em crenças 

e opiniões de expertos deve ser responsabilidade de pesquisadores interessados 

em modificar a prática clínica e estimular as relações entre pesquisa e clínica. 

 

Duas fontes de informação capazes de sintetizar o conhecimento disponível com 

potencial para direcionar a prática clínica são os Guias Clínicos (Guidelines) e as 

Revisões Sistemáticas. Essas duas fontes de informação, por sua vez, cooperam 

entre si num ciclo contínuo em que revisões sistemáticas são as fontes de evidência 

mais fortes para as recomendações estabelecidas nos guias clínicos, e os guias 

clínicos sinalizam as áreas em que a evidência disponível é insuficiente para guiar a 
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prática e carecem de maior pesquisa de alta qualidade. Por definição, Guias Clínicos 

são um conjunto de 

 

[...] afirmações que incluem recomendações com objetivo de otimizar o 
cuidado a pacientes; essas afirmações são baseadas em uma revisão 
sistematizada da evidência disponível, bem como na avaliação para 
estabelecimento de benefícios e riscos de possíveis cuidados alternativos 
(ANN, 2011). 

 

Embora tenham a vantagem de conter o máximo de indicações clínicas sobre uma 

condição de saúde, o desenvolvimento de um Guia Clínico é um processo longo, e 

mesmo seu processo de atualização requer muito tempo e dedicação de inúmeros 

profissionais. Dessa forma, por vezes, a informação contida em Guias Clínicos não 

contempla o estado atual do nível de evidência e os profissionais devem recorrer a 

estudos experimentais ou preferencialmente às revisões sistemáticas para 

atualização da prática clínica. Revisões sistemáticas, por sua vez, são consideradas 

a melhor forma de sintetizar toda a informação existente sobre um determinado 

tópico específico com a vantagem de serem, usualmente, atualizadas com mais 

frequência do que os Guias Clínicos (HERBERT et al., 2005; PADULA et al., 2012).  

 

Como indicado pelo nome, revisões sistemáticas são realizadas seguindo um 

método de características sistemáticas e explícitas. Uma boa revisão sistemática irá 

incluir: uma pergunta clínica precisa, descrição dos critérios de inclusão dos estudos, 

avaliação individual da qualidade dos estudos incluídos, descrição da extração dos 

dados e uma síntese dos resultados encontrados. De acordo com Herbert et al. 

(2005): 

 

Revisões sistemáticas de alta qualidade proveem uma descrição detalhada, 
transparente e com diminuto risco de vieses da literatura científica. 
Revisões sistemáticas de ensaios clínicos aleatorizados ou controlados 
usualmente constituem a melhor fonte de informação acerca dos efeitos de 
uma dada intervenção (HERBERT at al., 2005). 

 

Os resultados de uma revisão sistemática devem considerar fatores como 

contingente amostral e qualidade metodológica de cada estudo, utilizando, sempre 

que possível a combinação de dados por métodos estatísticos como a meta-análise 

(PADULA et al., 2012). Pelo fato de as revisões sistemáticas apresentarem dados 
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combinados das pesquisas clínicas incluídas, há um consequente aumento na 

precisão da informação fornecida ao clínico em relação ao tamanho de efeito de 

uma determinada intervenção (HERBERT et al., 2005).  

 

Salbach et al. (2011) conduziram um estudo visando explorar as preferências de 

fisioterapeutas canadenses em relação a estratégias (educação, recursos, 

tecnologia) que poderiam facilitar o acesso e implementação das evidências clínicas 

para reabilitação de indivíduos pós-AVE na prática clínica. Os fisioterapeutas 

indicaram maior necessidade de tempo para pesquisas e de necessidade de acesso 

a computadores no ambiente de trabalho, e demonstraram interesse na realização 

de cursos presenciais que ensinassem as novas técnicas. A sugestão, entretanto, 

que mais emergiu no discurso dos profissionais foi a necessidade de síntese das 

informações por meio de revisões sistemáticas.  Os profissionais sugeriram que as 

revisões fossem redigidas com informações específicas para auxiliar a prática clínica 

contendo: (i) pergunta clínica específica, (ii) informação detalhada sobre a 

intervenção, (iii) síntese do resultado por meio de meta-análise e (iv) mensagem final 

em linguagem não-técnica. É recomendado, portanto, que esforços sejam realizados 

por pesquisadores de modo a sumarizar a evidência proveniente de diferentes 

pesquisas clínicas visando fornecer respostas imediatas a clínicos e clientes por 

meio de revisões sistemáticas com meta-análise. Embora revisões sistemáticas 

sobre efeitos de intervenção sejam a melhor estratégia para fornecer as respostas 

clínicas necessárias, as mesmas são dependentes da existência de ensaios clínicos 

de alta qualidade. Sabemos que a realização de ensaios clínicos aleatorizados, por 

vezes, fica limitada por fatores como dificuldades de captação de recursos 

pecuniários e recrutamento de participantes (DEAN et al., 2012; SCIANNI et al., 

2012; DEAN et al., 2014; LIMA et al., 2014). Nesse contexto, pesquisadores devem 

ainda, ser capazes de ajustar as perguntas clínicas de modo a concluir pesquisas de 

alta qualidade em tempo hábil que sejam capazes fornecer repostas imediatas para 

auxiliar intervenções clínicas para uma dada população.  

 

O objetivo geral da presente tese foi fornecer evidências clínicas de alta qualidade 

sobre efeitos de intervenções destinadas à população de indivíduos pós-AVE e 



33 

 

fornecer indicações clínicas que possam potencializar o efeito de uma intervenção. 

Os desfechos clínicos estão relacionados à principal deficiência negativa (i.e., 

fraqueza muscular) e às limitações em marcha. O processo de definição dos estudos 

que compõem a tese teve início pela leitura criteriosa do Clinical Guidelines for 

Stroke Management (NATIONAL STROKE FOUNDATION, 2010), um guia clínico 

desenvolvido com o propósito de fazer recomendações clínicas para prevenção e 

tratamento de indivíduos pós-AVE, a partir de pesquisa clínica de alta qualidade. Foi 

realizada a leitura do capítulo referente à reabilitação com propósito de compreender 

o estado da evidência científica atual, identificar áreas de carência de informação 

científica e propor estudos capazes de auxiliar a prática clínica do fisioterapeuta em 

relação à (i) fraqueza muscular e (ii) limitações na marcha. Uma breve descrição dos 

achados encontrados é sintetizada, seguida pelas perguntas clínicas propostas que 

constituem os objetivos específicos da presente tese. 

 

Reabilitação da força muscular e da marcha pós-AVE: evidências atuais e 

perspectivas futuras 

 

O Clinical Guidelines for Stroke Management (NATIONAL STROKE FOUNDATION, 

2010) é um Guia Clínico relacionado à prevenção, tratamento e reabilitação pós-

AVE, publicado pelo National Stroke Foundation, uma organização sem fins 

lucrativos que trabalha para reduzir o impacto do AVE na comunidade australiana. A 

edição atual é composta por nove capítulos e provê uma série de recomendações 

baseadas em evidência científica para auxiliar a tomada de decisão clínica. Cada 

recomendação clínica, apresentada separadamente de acordo com a estratégia de 

intervenção, foi baseada nos critérios do National Health and Medical Research 

Council (NHMRC) para classificação dos níveis de evidência, no qual revisões 

sistemáticas de ensaios clínicos aleatorizados constituem o maior nível de evidência 

para efeitos de intervenção. As recomendações no guia clínico são apresentadas de 

acordo com o quadro da próxima página: 
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Quadro 1: Significado dos níveis de recomendação do Clinical Guidelines for Stroke 
Management 
 
Nível da Recomendação Descrição 

A Corpo de evidência suficiente para guiar a prática clínica 

B Corpo de evidência suficiente para guiar a prática clínica na maioria das 

situações 

C Corpo de evidência provê algum suporte para recomendações, mas 

cuidados devem ser tomados na aplicação da técnica 

D Corpo de evidência é fraco e a recomendação deve ser aplicada com 

cautela 

Good Practice Point  Prática recomendada baseada em experiência clínica e opinião de 

expertos 

Fonte: NATIONAL STROKE FOUNDATION (2010). 

 

Foi realizada uma análise do Capítulo 6, relacionado à reabilitação de indivíduos 

com AVE, mais especificamente dos sub-itens 6.2.2 – Fraqueza Muscular e 6.3.4 – 

Deambulação, antes da definição dos estudos que compuseram a tese. Em 

sequência, estão apresentadas as estratégias de intervenção indicadas no guia 

clínico com respectivo nível de recomendação e evidência que sustentou a 

indicação. Dessa forma, foi possível identificar as estratégias com nível baixo de 

recomendação clínica e investigar o estado da evidência científica atual. Os 

objetivos específicos da presente tese, bem como os estudos e desenhos de estudo 

que a compõem foram determinados pela necessidade de fortalecer a evidência 

sobre cada estratégia de intervenção com baixo nível de recomendação decorrente 

de falta de pesquisa de alta qualidade.  

 

Em relação à fraqueza muscular, o guia clínico indicou três possibilidades de 

intervenção com potencial para aumento de força muscular pós-AVE: biofeedback 

por eletromiografia em conjunto com reabilitação convencional, exercícios de 

resistência com progressão e eletroestimulação. 

 

Biofeedback por eletromiografia em conjunto com reabilitação convencional (nesse 

caso o termo convencional não foi esclarecido pelo guia clínico) foi apresentado com 

nível de recomendação C. A recomendação é baseada nos resultados de uma 

revisão sistemática que investigou os efeitos de diferentes técnicas de fortalecimento 
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muscular para melhora de força muscular pós-AVE, dentre as quais apenas dois 

ensaios clínicos avaliaram a eficácia do biofeedback para fortalecimento muscular 

(ADA et al., 2006). O número de novos ensaios clínicos visando aumento de força 

ainda é insuficiente para uma revisão sistemática sobre o tema. Embora a ausência 

de forte recomendação no guia clínico sugira maiores investigações, esforços já 

foram feitos na tentativa de investigar os efeitos do biofeedback como alternativa 

para melhorar atividade (STANTON et al., 2011), ao invés de focar em força 

muscular. O nível de evidência relacionado ao uso de biofeedback para melhora de 

atividade pós-AVE é apresentado a seguir, na presente tese, em conjunto com as 

estratégias para melhora de atividade da marcha pós-AVE. 

 

Exercícios de resistência com progressão foram apresentados com nível de 

recomendação B. A recomendação é baseada nos resultados de três revisões 

sistemáticas (ADA et al., 2006; PAK; PATTEN, 2008; HARRIS; ENG, 2010;). De 

modo geral, está bem estabelecido que programas de fortalecimento baseados em 

exercícios progressivos são benéficos para aumento de força, e não são prejudiciais 

(i.e., não resultam em aumento de espasticidade) a indivíduos pós-AVE. Entretanto, 

os tamanhos de efeito ainda apresentam-se pequenos e heterogeneidade foi 

descrita entre os estudos, refletindo, possivelmente diferentes critérios na seleção 

dos participantes, diferentes grupos musculares e diferentes características de 

intervenção (e.g., intensidades diferentes). Ensaios clínicos são recomendados de 

modo a estabelecer critérios específicos para as intervenções e subgrupo de 

população de indivíduos com AVE com maior potencial para se beneficiar dessa 

estratégia de intervenção. Novas revisões sistemáticas ficam, portanto, 

condicionadas à publicação de novos ensaios clínicos. 

 

Eletroestimulação foi apresentada com nível de recomendação B. A recomendação 

é baseada nos resultados de apenas uma revisão sistemática (GLINSKY et al., 

2007) que investigou os efeitos da eletroestimulação para fortalecimento em 

diferentes condições neurológicas, dentre as quais o AVE foi incluído. Embora 11 

ensaios clínicos tenham sido incluídos, não há síntese dos resultados por meio de 

meta-análise, os resultados foram publicados há mais de sete anos, e foram 
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incluídas ambas eletroestimulação funcional e eletroestimulação cíclica. De acordo 

com de Kroon et al. (2002), o termo eletroestimulação deve ser dividido em duas 

categorias: eletroestimulação funcional e cíclica. Na eletroestimulação funcional, um 

ou mais músculos são eletricamente estimulados durante a realização de uma 

atividade específica, com o objetivo de melhorar o desempenho dessa atividade. Por 

outro lado, durante a eletroestimulação cíclica, um músculo ou grupo muscular é 

estimulado repetitivamente em limiar próximo à contração máxima com objetivo de 

fortalecimento muscular. Dado o fato de que essas categorias apresentam objetivos 

clínicos diferentes, bem como diferentes métodos de aplicação, torna-se importante 

avaliar seus efeitos separadamente. A ausência de evidência específica atualizada 

sobre efeito da eletroestimulação cíclica para aumento de força muscular, específica 

à população de indivíduos pós-AVE, motivou a realização do primeiro estudo da 

presente tese: “Cyclical electrical stimulation increases strength and improves activity 

after stroke: a systematic review”.  

 

Em relação às estratégias para melhorar a atividade de marcha pós-AVE, o guia 

clínico indicou três possibilidades de intervenção: treino intensivo e repetitivo da 

atividade ou partes da atividade, adição de terapia específica ao treino de marcha 

(biofeedback, marcha com auxílio mecanizado, pistas auditivas rítmicas, realidade 

virtual) e uso de órteses do tipo tornozelo-pé (AFO). 

 

Treino intensivo e repetitivo da marcha (ou partes da marcha) foi apresentado com 

nível de recomendação A. A indicação é baseada em uma revisão sistemática com 

14 ensaios clínicos aleatorizados, indicando melhora em velocidade de marcha 

(SMD 0.29, IC 95% 0.04 a 0.53) e em capacidade de marcha (diferença média (MD) 

55 m, IC 95% 18 a 92), além de benefícios em escalas e testes funcionais (FRENCH 

et al., 2007; FRENCH et al., 2010). 

 

Biofeedback foi apresentado com nível de recomendação C. A indicação é baseada 

em duas revisões sistemáticas que incluíram biofeedback em sua estratégia de 

busca. A primeira revisão é não-específica, apresenta diferentes estratégias de 

intervenção usualmente conduzidas em indivíduos pós-AVE, e incluiu cinco ensaios 
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clínicos aleatorizados sobre efeito de biofeedback na marcha, sem eficácia 

comprovada (LANGHOME et al., 2009). A segunda revisão sistemática incluiu 13 

ensaios clínicos aleatorizados e indicou que biofeedback por eletromiografia não foi 

superior à terapia convencional para melhorar comprimento do passo ou velocidade 

de marcha (WOODFORD et al., 2007). Embora o nível de recomendação no guia 

clínico ainda seja fraco, uma revisão sistemática recente incluiu 22 ensaios clínicos 

aleatorizados ou controlados e demonstrou que biofeedback foi mais eficaz para 

melhora de atividades gerais do membro inferior (incluindo marcha) do que terapia 

usual/placebo (SMD 0.49, IC 95% 0.22 a 0.75), e que os benefícios foram mantidos 

no período de um a cinco meses após o término da intervenção (SMD 0.41, IC 95% 

0.06 a 0.75) (STANTON et al., 2011). Portanto, há evidência científica de alta 

qualidade suficiente para iminente atualização do guia clínico em relação à 

estratégia ‘biofeedback’. 

 

Marcha com auxílio mecanizado (e.g., esteira ergométrica, movimentação mecânica) 

foi apresentada com nível de recomendação B. A indicação é baseada em duas 

revisões sistemáticas, sendo que a primeira, baseada em 11 ensaios clínicos 

aleatorizados, indicou que o treino com auxílio mecanizado aumenta as chances de 

adquirir marcha independente (RD 3.06, IC 95% 1.85 a 5.06) (MEHRHOLZ et al., 

2007). A segunda revisão sistemática sugeriu que em indivíduos capazes de 

deambular no início da intervenção, o treino em esteira com suporte parcial de 

massa corporal possa produzir maiores ganhos em velocidade de marcha (MD 0.09 

m/s, IC 95% -0.02 a 0.20), embora os resultados não tenham atingido significância 

estatística (MOSELEY et al., 2005). A versão mais recente, ainda não incluída no 

guia clínico, incluiu 44 ensaios clínicos (n=2568 participantes) e indicou que, embora 

o treino em esteira associado ao suporte parcial de peso não tenha aumentando as 

chances de marcha independente em comparação a demais intervenções 

fisioterapêuticas (RD 0.00, IC 95% -0.02 a 0.02), de modo geral, essa modalidade 

aumentou velocidade de marcha em 0.07 m/s (IC 95% 0.01 a 0.12) e capacidade de 

marcha em 26 m (IC 95% 2.5 a 50) (MEHRHOLZ et al., 2014). Em adição, duas 

revisões sistemáticas recentes, ainda não incluídas no guia clínico, investigaram o 

efeito do treino em esteira ergométrica para melhora da marcha pós-AVE (ADA et 
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al., 2010; POLESE et al., 2013). A primeira revisão incluiu seis ensaios clínicos 

aleatorizados e indicou que o treino ergométrico com suporte parcial de peso para 

indivíduos pós-AVE não-deambuladores resultou em maior número de indivíduos 

com marcha independente após quatro semanas (RD 0.23, IC 95% 0.15 a 0.30) e 

maior velocidade de marcha após seis meses (MD 0.12 m/s, IC 95% 0.02 a 0.21), 

em comparação ao treino de marcha em solo (ADA et al., 2010). A segunda revisão 

incluiu nove ensaios clínicos aleatorizados e indicou que o treino de marcha em 

esteira foi eficaz para melhora de velocidade de marcha (MD 0.14 m/s, IC 95% 0.09 

a 0.19) e capacidade de marcha (MD 40 m, IC 95% 27 a 53), mas apresentou 

ganhos similares comparados ao treino de marcha em solo para velocidade de 

marcha (MD 0.05 m/s, IC 95% -0.12 a 0.21) e capacidade de marcha (MD -6 m, IC 

95% -45 a 33) (POLESE et al., 2013). Em síntese, há evidência científica de alta 

qualidade suficiente para iminente atualização do guia clínico em relação à 

estratégia ‘marcha com auxílio mecanizado’. 

 

A estratégia ‘pistas auditivas rítmicas’ foi apresentada com nível de recomendação 

B. A indicação é baseada em uma revisão sistemática não-específica, sobre 

diversas estratégias de intervenção usualmente conduzidas em indivíduos pós-AVE, 

e incluiu três ensaios clínicos aleatorizados sobre efeito de pistas auditivas na 

marcha, sugerindo melhora em velocidade de marcha (SMD 0.91, IC 95% 0.40 a 

1.42) e comprimento de passo (SMD 0.68, IC 95% 0.06 a 1.30) (van PEPPEN et al., 

2004). Uma recente atualização incluiu três ensaios clínicos aleatorizados e 

apresentou resultados conflitantes, indicando que pistas auditivas não promoveram 

benefício adicional em velocidade de marcha (SMD 0.6, IC 95% -1.8 a 3.0) ou 

comprimento de passada (SMD 0.15, IC 95% -1.4 a 1.7) (VEERBEEK et al., 2014). 

O fato de as revisões apresentarem resultados conflitantes e terem incluído poucos 

ensaios clínicos com diferentes características de intervenção (e.g., uso de terapia 

musical e uso de pistas auditivas para guiar cadência) motivou a realização do 

segundo estudo da presente tese: “Walking training with cueing of cadence improves 

walking speed and stride length after stroke more than walking training alone: a 

systematic review”.  
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Uso de realidade virtual foi apresentado com nível de recomendação C. A indicação 

é baseada na descrição de cinco ensaios clínicos, sem evidências sumarizadas em 

revisão sistemática. A ausência de evidência científica de alta qualidade, sumarizada 

em revisão sistemática para embasar a prática clínica motivou a realização do 

terceiro estudo da presente tese: “Walking training associated with virtual reality-

based training increases walking speed of individuals with chronic stroke: systematic 

review with meta-analysis”. 

 

Uso de órteses do tipo tornozelo-pé (AFO) foi apresentado com nível de 

recomendação C. A indicação é baseada em uma revisão sistemática que incluiu 13 

ensaios não-aleatorizados, com sugestão de que o uso de AFO está associado a 

uma tendência, não-significativa, para melhorar a velocidade de marcha em 

indivíduos com dorsiflexão insuficiente durante a marcha (LEUNG; MOSELEY, 

2003). Embora o nível de recomendação no guia clínico ainda seja fraco, uma 

recente revisão sistemática identificou 13 ensaios clínicos aleatorizados ou 

controlados e os resultados da meta-análise indicaram que o uso de AFO aumentou 

velocidade de marcha em 0.06 m/s (IC 95% 0.03 a 0.08) e comprimento de passo ou 

passada em SMD 0.28 (IC 95% 0.05 a 0.51) em comparação à deambulação sem 

uso da órtese (TYSON; KENT, 2013). Em adição, os mesmos pesquisadores 

publicaram uma revisão sistemática, que incluiu 20 estudos experimentais sobre uso 

de AFO em participantes pós-AVE, indicando aumentos angulares estatisticamente 

significativos em tornozelo e joelho durante a marcha (TYSON et al., 2013). Em 

síntese, há evidência científica de alta qualidade suficiente para iminente atualização 

do guia clínico em relação ao uso de órteses AFO. 

 

Embora o guia clínico tenha incluído o uso de AFO na lista de possíveis 

intervenções para melhora do desempenho da marcha pós-AVE, o uso de 

dispositivos de auxílio à marcha tais como bengalas ou muletas como estratégia de 

intervenção não foi mencionado. De acordo com Eng e Tang (2007), como o 

exercício é a forma de intervenção mais correntemente empregada na reabilitação 

de indivíduos pós-AVE, poucos estudos são direcionados à verificação dos efeitos 

de intervenção de dispositivos auxiliares (e.g., AFO, bengalas). Poucos estudos 
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(POLESE et al., 2012; MAGUIRE et al., 2010; BEAUCHAMP et al., 2009; BUURKE 

et al., 2005; KUAN et al., 1999; TYSON, 1999) avaliaram o efeito do uso de 

dispositivos auxiliares à marcha em variáveis como velocidade da marcha e 

comprimento do passo de indivíduos com AVE, com consideráveis variações no 

desenho do estudo, método empregado e características dos participantes, 

anulando a possibilidade de condução de uma revisão sistemática de alta qualidade 

sobre o tema. Diante do impasse de condução de uma revisão sistemática, e da 

impossibilidade de traçar direcionamentos clínicos adequados com o nível de 

evidência existente, um estudo experimental foi incluído na presente tese de modo a 

contribuir com a prática clínica: “The provision of a cane provided greater benefit to 

the group of community-dwelling people with chronic stroke with speed between 0.4 

and 0.8 m/s”. 

 

Um quadro síntese contendo as estratégias de intervenção, o nível de 

recomendação do guia clínico, as evidências prévias e atuais, bem como as 

perspectivas futuras, foi incluído como APÊNDICE A. 

 

1.1 Objetivos específicos 

 

Apresentadas as devidas justificativas para a realização dos estudos propostos na 

presente tese, os objetivos específicos foram apresentados em formas de perguntas 

clínicas. As perguntas clínicas específicas foram: 

 

Estudo 1 

Eletroestimulação cíclica é eficaz para aumentar força muscular e melhorar atividade 

após AVE? Esses benefícios são mantidos após o período de intervenção?  

 

Estudo 2 

Treino de marcha associado a pistas auditivas rítmicas é superior ao treino de 

marcha isolado para melhorar velocidade de marcha, comprimento de passada, 

cadência e simetria pós-AVE? 
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Estudo 3 

Treino de marcha associado ao uso de realidade virtual é eficaz para melhorar 

velocidade de marcha pós-AVE? Esse treinamento é superior ao treino de marcha 

sem uso de realidade virtual?  

 

Estudo 4 

A provisão de uma bengala a indivíduos com AVE crônico residentes em 

comunidade altera velocidade de marcha, comprimento de passo e cadência durante 

a marcha? O efeito da provisão de uma bengala é diferente quando os indivíduos 

são agrupados de acordo com a velocidade de marcha usual (velocidade <0.4 m/s, 

velocidade entre 0.4 e 0.8 m/s, e velocidade >0.8 m/s)? 

 

A escolha do desenho de estudo foi determinada de acordo com a pergunta clínica 

proposta e com a evidência clínica disponível na literatura. Dessa forma, para 

responder às questões de 1 a 3, foram realizadas três revisões sistemáticas com 

meta-análise, e para responder à questão 4 foi conduzido um estudo experimental. 

O método utilizado para a condução das revisões sistemáticas foi apresentado na 

Parte 1 do capítulo seguinte, e o método utilizado para a condução do estudo 

experimental na parte 2.  
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2 MÉTODO 

 

2.1 Parte 1: Revisões Sistemáticas 

 

A Parte 1 desse capítulo apresenta o método comum utilizado para a condução das 

revisões sistemáticas incluídas na presente tese. Características específicas do 

método empregado em cada um dos estudos (i.e., estratégia de busca, bases de 

dados, critérios de inclusão) estão detalhadas no capítulo específico de cada estudo. 

Um quadro resumindo os critérios de inclusão por estudo foi apresentado nesta 

parte, bem como as perguntas clínicas de cada uma das revisões, visando facilitar a 

leitura.  

 

2.2 Perguntas Clínicas 

 

Estudo 1: Eletroestimulação cíclica é eficaz para aumentar força muscular e 

melhorar atividade após AVE? Esses benefícios são mantidos após o período de 

intervenção?  

Estudo 2: Treino de marcha associado a pistas auditivas rítmicas é superior ao treino 

de marcha isolado para melhorar velocidade de marcha, comprimento de passada, 

cadência e simetria pós-AVE? 

Estudo 3: Treino de marcha associado ao uso de realidade virtual é eficaz para 

melhorar velocidade de marcha pós-AVE? Esse treinamento é superior ao treino de 

marcha sem uso de realidade virtual?  

 

2.3 Identificação e seleção dos estudos 

 

As buscas foram conduzidas em bases de dados relacionadas à área da saúde, tais 

como: MEDLINE, CINAHL, EMBASE e PEDro sem restrições de data ou idioma 

(MICHALEFF et al., 2011). As palavras-chave incluíram termos relacionados a 

stroke, e randomised, quasi-randomised ou controlled trials, e termos relacionados à 

intervenção específica. Uma estratégia de busca foi desenvolvida para cada uma 
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das bases de dados e para cada um dos estudos desenvolvidos. As estratégias de 

busca relacionadas a cada revisão sistemática foram incluídas como APÊNDICES B, 

C e D. Os títulos e resumos identificados a partir da estratégia de busca foram 

inicialmente verificados por dois revisores, de modo a identificar os potenciais 

ensaios clínicos a serem incluídos na revisão. A versão completa dos estudos pré-

selecionados foi obtida e a lista de referências analisada para identificação de outros 

potenciais estudos. A seção Método dos estudos foi extraída e analisada 

independentemente por dois revisores seguindo critérios de inclusão pré-

determinados (Quadro 2), dentre os quais se destaca a inclusão apenas de ensaios 

clínicos aleatorizados ou controlados. Ambos os revisores estavam cegados em 

relação aos autores, revista e resultados. Discordâncias foram resolvidas em 

consenso, após análise por um terceiro revisor. 

 

2.4 Avaliação das características dos estudos 

 

2.4.1 Qualidade 

 

A qualidade metodológica dos estudos incluídos foi avaliada de acordo com a escala 

PEDro, descrita na base de dados Physiotherapy Evidence Database 

(www.pedro.org.au). A escala, composta por 11 itens, avalia a qualidade 

metodológica (validade interna e informação estatística) de ensaios clínicos 

aleatorizados. Cada item, exceto o primeiro, contribui com um ponto para o escore 

final de 10 pontos.  Foi utilizada a pontuação dos estudos descrita no endereço 

eletrônico da base de dados. A pontuação dos estudos não incluídos na base de 

dados PEDro ou não pontuados foi realizada pelos autores do estudo. 

 

2.4.2 Participantes 

 

Foram incluídos estudos envolvendo participantes adultos (>18 anos de 

idade) com diagnóstico de hemiparesia decorrente de Acidente Vascular Encefálico, 

de ambos os sexos, independente do tempo lesão (Quadro 2). O número de 

participantes, idade e tempo pós-AVE foram registrados para descrever similaridade 
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entre estudos. Participantes incapazes de movimentar o membro parético (superior 

ou inferior) em toda amplitude de movimento contra ação da gravidade foram 

categorizados como muito fracos, e aqueles capazes de movimentar o membro em 

toda amplitude contra a ação da gravidade, mas com força muscular abaixo do 

normal foram categorizados como fracos (ADA et al., 2006). Participantes cujo 

tempo de lesão na admissão do estudo era inferior a seis meses, foram 

categorizados como subagudos, e aqueles cujo tempo de lesão era superior a seis 

meses, foram categorizados como crônicos (ADA et al., 2006). Participantes foram 

definidos como deambuladores quando a velocidade de marcha inicial era superior a 

0.2 m/s, ou quando houvesse descrição de que os participantes eram capazes de 

deambular, de modo independente, com ou sem auxílio de dispositivos auxiliares à 

marcha (POLESE et al., 2013; MEHRHOLZ et al., 2014).  

 

2.4.3 Intervenção e Medidas 

 

A intervenção experimental considerada e as medidas de desfecho foram 

específicas a cada um dos estudos realizados. Um quadro resumindo os critérios de 

inclusão estabelecidos em cada um dos estudos é apresentado na sequência 

(Quadro 2). 

 
 

Quadro 2: Síntese dos critérios de inclusão estabelecidos em cada revisão 
sistemática 
 

 

 
Estudo 1: Eletroestimulação pós-AVE – critérios de inclusão 

 
Desenho 

    Ensaio clínico aleatorizado ou controlado 
 
Participantes 

    Adultos (> 18 anos) 
    Diagnóstico de AVE 
    Fraqueza muscular (Força muscular < 4) 
 
Intervenção 

    Eletroestimulação para aumento de força muscular (i.e., objetivo claramente estabelecido e/ou força é 
    uma medida de desfecho) 
 
Medida de desfecho 

    Medida de força muscular como pico de força/torque e congruente com os músculos estimulados 
 
 



46 

 

Estudo 2: Uso de pistas auditivas pós-AVE – critérios de inclusão 

 
Desenho 

    Ensaio clínico aleatorizado ou controlado 
 
Participantes 

    Adultos (> 18 anos) 
    Diagnóstico de AVE 
    Deambuladores (velocidade de marcha > 0.2 m/s, ou capazes de deambular independentes com ou  
    sem dispositivos de auxílio) 
 
Intervenção 

    Treino de marcha associado a pistas auditivas rítmicas, determinando cadência durante a marcha 
 
Medida de desfecho 

    Velocidade de marcha, comprimento de passada, cadência e simetria 
 

Estudo 3: Uso de realidade virtual pós-AVE – critérios de inclusão 

 
Desenho 

    Ensaio clínico aleatorizado ou controlado 
 
Participantes 

    Adultos (> 18 anos) 
    Diagnóstico de AVE 
    Deambuladores (velocidade de marcha > 0.2 m/s, ou capazes de deambular independentes com ou    
    sem dispositivos de auxílio) 
 
Intervenção 

    Treino de marcha associado ao uso de realidade virtual imersiva ou não-imersiva, incluindo consoles  
    comerciamente disponíveis 
 
Medida de desfecho 

    Velocidade de marcha habitual 
  
 

 

 

2.5 Análise dos dados 

 

Informações sobre o método dos estudos (desenho, participantes, intervenção e 

medidas de desfecho) e resultados (número de participantes e médias e desvio-

padrão) foram extraídas por dois revisores e checadas por um terceiro revisor. Caso 

informações necessárias não estivessem presentes na versão publicada dos 

estudos, detalhes adicionais foram solicitados ao autor de correspondência. Valores 

de pós-intervenção foram utilizados para estimar o tamanho de efeito agrupado 

entre os estudos. O tamanho de efeito foi extraído utilizando preferencialmente 

análise por fixed effects model e reportado como diferença padronizada de Cohen 

(SMD) em caso de desfechos representados por meio de diferentes unidades de 

medidas, e como diferença média ponderada (MD) em caso de medidas com 
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unidades equivalentes ou congruentes. Em ambos os casos, as diferenças foram 

apresentadas com os respectivos intervalos de confiança de 95% (IC 95%) 

(HIGGINS; GREEN, 2011). 

 

Em caso de heterogeneidade estatística significativa entre os estudos (I2>50%), o 

tamanho de efeito foi analisado utilizando random effects model para avaliar a 

robustez dos resultados (HIGGINS; GREEN, 2011). Análise de sensibilidade foi 

conduzida nos casos em que os resultados nos diferentes métodos foram 

conflitantes. As análises foram realizadas utilizando o programa estatístico The MIX-

Meta-Analysis Made Easy – Versão 1.7 (BAX et al., 2006; 2009), considerando nível 

de significância de 5% (two-tailed). Quando os dados não estavam disponíveis para 

serem incluídos na meta-análise, a diferença entre os grupos de comparação foi 

descrita. 

 

2.6 Parte 2: Estudo Experimental 

 

A Parte 2 desse capítulo apresenta o método utilizado para a condução do estudo 

experimental incluído na presente tese, sendo iniciado pela pergunta clínica que 

direcionou o estudo. 

 

2.7 Pergunta Clínica 

 

Estudo 4: A provisão de uma bengala a indivíduos com AVE crônico residentes em 

comunidade altera velocidade de marcha, comprimento de passo e cadência durante 

a marcha? O efeito da provisão de uma bengala é diferente quando os indivíduos 

são agrupados de acordo com a velocidade de marcha usual (velocidade <0.4 m/s, 

velocidade entre 0.4 e 0.8 m/s, e velocidade >0.8 m/s)? 

 

2.8 Delineamento do estudo 

 

Foi realizado um estudo experimental para avaliar o efeito da provisão de uma 

bengala na velocidade de marcha, comprimento do passo e cadência de indivíduos 
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com hemiparesia decorrente de AVE. Os voluntários foram recrutados na 

comunidade geral ou em clínicas de atendimentos fisioterapêuticos. As medidas 

relacionadas à capacidade de deambular foram coletadas em único dia, em duas 

diferentes condições experimentais (i.e., deambulação com e sem auxílio de uma 

bengala ajustável). A ordem das condições de avaliação foi aleatorizada. Este 

estudo foi aprovado pelo Comitê de Ética em Pesquisa da Universidade Federal de 

Minas Gerais (ANEXO E), e todos os participantes assinaram o Termo de 

Consentimento Livre e Esclarecido (APÊNDICE E). 

 

2.9 Amostra 

 

Indivíduos com diagnóstico de AVE foram recrutados de acordo com os seguintes 

critérios de inclusão: (1) idade ≥ 18 anos; (2) tempo de lesão superior a seis meses; 

(3) habilidade para deambular ao menos 14 m; (4) não fazer uso habitual de 

dispositivos de auxílio à marcha (i.e., bengalas ou muletas); (5) capacidade para 

compreender e seguir instruções verbais. Os participantes foram excluídos quando 

apresentaram déficits cognitivos (escore< 24 pontos no Mini-exame do Estado 

Mental ou ajustados de acordo com o nível de escolaridade) (BRUCKI et al., 2003) 

ou qualquer outra doença neurológica ou ortopédica associada. O n amostral foi 

determinado de modo a garantir variabilidade dos participantes em relação à 

capacidade de deambulação: n equivalente a dois participantes a cada variação de 

0.1 m/s na velocidade de marcha (variação entre 0.1 m/s e 1.2 m/s), totalizando 24 

participantes. Esforços foram feitos na tentativa de recrutar oito participantes com 

velocidade de marcha <0.4 m/s, oito participantes com velocidade de marcha entre 

0.4 e 0.8 m/s, e oito participantes com velocidade de marcha >0.8 m/s. 

 

Características dos participantes tais como idade, sexo, tempo pós-AVE, lado da 

hemiparesia, tônus muscular dos flexores plantares (Escala de Ashworth Modificada) 

(BOHANNON; SMITH, 1987), recuperação motora dos membros inferiores (Escala 

de Fugl-Meyer) (MAKI et al., 2006), e coordenação (Lower Extremity Motor 

Coodination Test) (PINHEIRO et al., 2014) foram coletadas para caracterização da 

amostra. Medidas de velocidade de marcha (habitual e máxima) foram coletadas 
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seguindo instruções de Nascimento et al. (2012), e uma análise por grupos baseada 

na classificação de incapacidade pela velocidade de deambulação habitual foi 

planejada. Para análise, os participantes foram divididos em três grupos: velocidade 

<0.4 m/s, velocidade entre 0.4 e 0.8 m/s, e velocidade >0.8 m/s) (PERRY et al., 

1995; DEAN et al., 2014). Os pontos de corte foram definidos antes da coleta dos 

dados (SUN et al., 2010). 

 

2.10 Condições experimentais 

 

Os participantes foram convidados a participar da pesquisa por meio de contato 

telefônico. Aqueles que concordaram em participar da pesquisa foram solicitados a 

comparecer ao laboratório, em único dia, por aproximadamente 45 minutos. Uma 

avaliação inicial sociodemográfica e física para fins de caracterização da amostra foi 

realizada, seguida por uma detalhada descrição das condições experimentais: (i) 

deambular independente, sem auxílio de dispositivos auxiliares; (ii) deambular 

independente, com auxílio de uma bengala de ponto único, ajustável, com pega 

ergonômica (FIGURA 1). Este tipo de bengala é descrita como preferida pela maioria 

dos pacientes e requer menor consumo energético em determinada velocidade 

(ALLET et al., 2009; JEONG et al., 2014). 

 

A altura da bengala foi ajustada à altura do processo ulnar do membro superior não-

parético de cada participante, estando os participantes em posição ortostática e 

cotovelo em extensão (ALLET et al., 2009). Um fisioterapeuta foi responsável por 

fornecer as instruções e o treinamento de como deambular utilizando a bengala: “O 

Sr(a). vai dar o primeiro passo movendo a perna mais fraca e a bengala juntos para 

frente. Em seguida irá mover a perna boa. E assim sucessivamente”. Um período de 

prática de aproximadamente cinco minutos, ou até que o participante se sentisse 

confortável, foi permitido antes do início da coleta de dados. 
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Figura 1 - Bengala de ponto único, ajustável, com  
                 pega ergonômica, utilizada no presente estudo. 

        FONTE: ACERVO DO AUTOR 

 

 

2.11 Medidas de desfecho 

 

O desempenho durante a marcha foi mensurado por meio do Teste de Caminhada 

de 10 metros, e reportado por meio de variáveis clínicas: velocidade de marcha 

(m/s), comprimento do passo (m) e cadência (passos/minuto). Os participantes 

foram instruídos a deambular em sua velocidade de marcha habitual em um corredor 

plano de 14 metros, seguindo o comando: “Caminhe dessa cadeira até a seguinte 

cadeira, na sua velocidade habitual e confortável para andar”, em cada uma das 

condições experimentais. Tempo e número de passos utilizado pelos participantes 

para percorrer os 10 metros intermediários do corredor plano foi registrado, 

desconsiderando, assim, os períodos de aceleração e desaceleração 

(NASCIMENTO et al., 2012). Esses dados foram utilizados para o cálculo dos 

valores de velocidade de marcha, comprimento do passo e cadência. Os comandos 

foram fornecidos sempre pelo mesmo pesquisador, e duas tentativas válidas para 

cada condição experimental foram registradas para análise dos dados. 
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2.12 Análise dos dados 

 

Estatísticas descritivas, testes de normalidade (Shapiro-Wilk) e de homogeneidade 

de variância (Levene) foram realizados para todas as medidas. Os valores de média 

e desvio-padrão (DP) para as variáveis de desfecho – velocidade de marcha, 

comprimento do passo e cadência – ao andar com e sem auxílio da bengala foram 

apresentados. Diferença média de todas as variáveis de desfecho entre condições 

(andar com e sem bengala) foram calculadas e apresentadas com respectivo 

Intervalo de Confiança de 95% (IC 95%). Para determinar se a provisão da bengala 

apresentou efeito diferente de acordo com a medida inicial de velocidade de marcha, 

as diferenças médias (IC 95%) entre condições (andar com e sem bengala) entre 

grupos (<0.4 m/s, 0.4 a 0.8 m/s e >0.8 m/s), foram calculadas (DEAN et al., 2014). 
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3 ARTIGO 1  

STUDY 1 
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Title: Cyclical electrical stimulation increases strength and improves activity 

after stroke: a systematic review 

 

Abstract 

Question: Does electrical stimulation increase strength after stroke and are any 

benefits maintained beyond the intervention period or carried over to 

activity? Design: Systematic review with meta-analysis of randomised or controlled 

trials. Participants: Adults who have had a stroke. Intervention: Cyclical electrical 

stimulation applied in order to increase muscle strength. Outcome 

measures: Strength measures had to be representative of maximum voluntary 

contraction and were obtained as continuous measures of force or torque, or ordinal 

measures such as manual muscle tests. Activity was measured using direct 

measures of performance that produced continuous or ordinal data, or with scales 

that produced ordinal data. Results: Sixteen trials representing 17 relevant 

comparisons were included in this systematic review. Effect sizes were calculated as 

standardised mean differences because various muscles were studied and different 

outcome measures were used. Overall, electrical stimulation increased strength by a 

standardised mean difference (SMD) of 0.47 (95% CI 0.26 to 0.68) and this effect 

was maintained beyond the intervention period (SMD 0.33, 95% CI 0.07 to 0.60). 

Electrical stimulation also improved activity (SMD 0.30, 95% CI 0.05 to 0.56) and this 

effect was also maintained beyond the intervention period (SMD 0.38, 95% CI 0.09 to 

0.66). Conclusion: Cyclical electrical stimulation increases strength and improves 

activity after stroke. These benefits were maintained beyond the intervention period 

with a small-to-moderate effect size. The sustained effect on activity suggests that 

the benefits were incorporated into daily life. Review registration: PROSPERO 

(CRD42013003895).  

 

[Nascimento LR, Michaelsen SM, Ada L, Polese JC, Teixeira-Salmela LF (2014) 

Cyclical electrical stimulation increases strength and improves activity after 

stroke: a systematic review. Journal of Physiotherapy 60(1): 22–30]1. 

                                                           
1
 Este trabalho recebeu apoio financeiro de The University of Sydney (AU$1000.0) para apresentação no 21st 

Annual Scientific Meeting of the Australasian Faculty of Rehabilitation Medicine, Sydney, 2013. 
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INTRODUCTION 

Recent data indicates that 30.7 million people in the world have experienced and 

survived a stroke.1 After a stroke, the loss of ability to generate normal amounts of 

force is a major contributor to activity limitations and also contributes to participation 

restrictions.2, 3 Consequently, there has been a move to implement strengthening 

interventions into rehabilitation after stroke. Strength training is commonly considered 

to be progressive resistance exercise, but any intervention that involves attempted 

repetitive effortful muscle contraction can result in increased motor unit activity and 

strength after stroke.4 For example, electrical stimulation may have the potential to 

improve strength after stroke by increasing the activation of motor units and/or the 

cross sectional area of a muscle, even when patients are unable to undertake 

interventions involving resistance exercises.5 

 

According to de Kroon et al6, electrical stimulation can be broadly divided into two 

categories: functional electrical stimulation and cyclical electrical stimulation. In 

functional electrical stimulation, one or more muscles are electrically stimulated 

during the performance of an activity with the aim of improving that activity. In cyclical 

electrical stimulation, a muscle is repetitively electrically stimulated at near maximum 

contraction with the aim of strengthening that muscle. Given that these two 

categories of electrical stimulation have different purposes, as well as different 

methods of application, it is important to examine them separately. There have been 

two systematic reviews examining the efficacy of electrical stimulation at increasing 

strength after stroke. A Cochrane review7 reported an effect size of 1.0 (95% CI 0.5 

to 1.6) on wrist extensor strength; this was based on one randomised trial8 of cyclical 

electrical stimulation to the wrist and finger extensors versus no intervention. A 

second review5 reported a modest beneficial effect on strength based on 11 trials of 

both functional and cyclical electrical stimulation versus no intervention or any other 

intervention. However, a meta-analysis was not performed due to statistical 

heterogeneity. Furthermore, both reviews are now over five years old. In addition, 

there has been no examination of the efficacy of electrical stimulation compared with 

other strengthening interventions or the efficacy of different doses or modes of 

electrical stimulation. 
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Therefore, the aim of this systematic review was to examine the efficacy of cyclical 

electrical stimulation (from now on referred to as electrical stimulation). The specific 

research questions were: 

1. Does electrical stimulation increase strength after stroke? Are any benefits 

maintained beyond the intervention period or carried over to activity? 

2. What is the effect of electrical stimulation on strength after stroke compared 

to each other type of strengthening intervention? 

3. What is the effect of different doses or modes of electrical stimulation on 

strength after stroke? 

In order to make recommendations based on a high level of evidence, this review 

included only randomised or controlled trials. Subgroup analyses based on time after 

stroke and initial level of strength were planned. 

 

METHOD 

Identification and selection of trials 

Searches were conducted in MEDLINE (1946 to December 2012), CINAHL (1986 to 

December 2012), EMBASE (1980 to December 2012) and PEDro (to December 

2012) for relevant studies without date or language restrictions. Search terms 

included: words related to stroke; words related to randomised, quasi-

randomised or controlled trials; and words related to electrical stimulation (such as 

electric stimulation, neuromuscular stimulation, nerve stimulation and functional 

stimulation) (see Appendix 1 on the eAddenda for the full search strategy). Title and 

abstracts were displayed and screened by two reviewers in order to identify relevant 

studies. Full text copies of peer-reviewed relevant papers were retrieved and their 

reference lists were screened to identify further relevant studies. The method section 

of the retrieved papers was extracted and reviewed independently by two reviewers 

using predetermined criteria (Box 1). Both reviewers were blinded to authors, 

journals and results. Disagreement or ambiguities were resolved by consensus after 

discussion with a third reviewer. 
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Assessment of characteristics of trials 

Quality 

The quality of the included trials was assessed by extracting PEDro scores from the 

Physiotherapy Evidence Database26. The PEDro scale is a 11-item scale designed 

for rating the methodological quality (internal validity and statistical information) of 

randomised trials. Each item, except for Item 1, contributes one point to the total 

PEDro score (range: 0–10 points). Where a trial was not included in the database, it 

was scored by a reviewer who had completed the PEDro Scale training tutorial. 

 

Participants 

Trials involving adult participants of either gender at any time following stroke were 

included. The number of participants, age and time since stroke were recorded in 

order to describe the trials. Participants who were unable to move a limb through full 

range of movement against gravity were categorised as very weak; participants who 

could move through full range against gravity, but had less than normal strength, 

were categorised as weak. At admission to the trial, participants who were less than 

six months after stroke were categorised as sub-acute and those who were more 

than six months after stroke were categorised as chronic. 

 

Intervention 

The experimental intervention was electrical stimulation that produced strong 

repetitive muscle contractions applied in order to increase muscle strength. The 

control intervention was defined according to each research question: (1) to examine 

the efficacy of electrical stimulation, the control intervention could be nothing, 

placebo or any other non-strengthening intervention; (2) to examine the effect of 

electrical stimulation compared with other strengthening interventions, the control 

intervention could be any other type of strengthening intervention; (3) to compare 

different doses or modes of electrical stimulation, the control intervention could be 

any other dose or mode. 
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Measures 

The strength measurement had to be reported as peak force/torque generation and 

representative of maximum voluntary contraction (e.g., manual muscle test or 

dynamometry). When multiple measures of strength were reported, the measure that 

reflected the trained muscle/s was used. If it was appropriate to use the measures 

from several different muscles (i.e., these muscles had been targeted in the 

intervention), the means and SD of the individual measurements were summed.4 For 

measurement of activity, direct measures of performance were used regardless of 

whether they produced continuous data (e.g., The Box and Block Test) or ordinal 

data (eg, Action Research Arm Test). Measures of general activity (e.g., Barthel 

Index) were used if they were the only available measure of activity. 

 

Data analysis 

Information about the method (i.e., design, participants, intervention and measures) 

and results (i.e., number of participants, mean and SD of strength and activity) were 

extracted by two reviewers and checked by a third reviewer. Where information was 

not available in the published trials, details were requested from the corresponding 

author. 

 

Since more trials reported pre-intervention and post-intervention scores than change 

scores, post-intervention scores were used to obtain the pooled estimate of the effect 

of intervention immediately (i.e., post intervention) and long-term (i.e., after a period 

of no intervention). Sub-group analyses were performed for the primary outcome 

(i.e., strength measure) according to the time after stroke (sub-acute, chronic), and 

the initial level of strength (very weak, weak). If only the median and range of 

outcomes were available, additional data were requested from the author. The effect 

size was reported as Cohen's standardised mean difference (95% CI), because 

different outcome measures were used. A fixed-effects model was used. In the case 

of significant statistical heterogeneity (I2 > 50%), a random effects model was applied 

to check the robustness of the results. Post-hoc sensitivity analysis was performed if 

there was significant statistical heterogeneity. The analyses were performed using 

The MIX-Meta-Analysis Made Easy program27 Version 1.7.9, 10 Where data were not 
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available to be included in the pooled analysis, the between-group result was 

reported. For all outcome measures, the critical value for rejecting H0 was set at a 

level of 0.05 (2-tailed). 

 

RESULTS 

Flow of trials through the review 

The electronic search strategy identified 6796 papers (excluding duplicates). After 

screening titles, abstracts and reference lists, 64 potentially relevant full papers were 

retrieved. Forty-eight papers failed to meet the inclusion criteria; therefore 16 papers 

were included in this systematic review. One of the papers reported a trial with three 

arms (cyclical electrical stimulation group, no-intervention group and alternative 

strengthening intervention group). Therefore, 17 relevant comparisons were reported 

among the 16 included trials. Figure 1 presents the flow of papers through the 

review. See Appendix 2 on the eAddenda for a summary of the excluded papers. 

 

Characteristics of included trials 

The 16 trials involved 638 participants and investigated the efficacy of electrical 

stimulation for increasing muscle strength after stroke. Details of the individual trials 

are presented in Table 1. Thirteen trials compared electrical stimulation with 

nothing/placebo, providing data to answer the first study 

question.8, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22Three trials compared electrical 

stimulation with other strengthening interventions, providing data to answer the 

second study question.16, 23, 24 One trial25 compared different doses/modes of 

electrical stimulation (ie, the third study question). Additional information was 

obtained from the authors for four papers.8, 11, 18, 21 

 

Quality 

The mean PEDro score of the papers was 5 (range 2 to 7) (Table 2). The majority of 

trials: randomly allocated participants (88%); had similar groups at baseline (75%); 

had blinded assessors (56%); reported loss to follow-up of 15% or less (69%); 

reported between-group differences (81%); and reported point estimate and 

variability (94%). However, the majority of trials did not report that they concealed 
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allocation (81%) or carried out an intention-to-treat analysis (88%). All trials, except 

one, did not blind therapists and participants, which is difficult for this intervention 

involving near maximum muscle contraction. 

 

Participants 

The mean age of participants ranged from 52 to 75 years old. In the trials of sub-

acute participants, the mean time after stroke ranged from 1 week to 6 months (nine 

trials), whereas in trials of chronic participants it ranged from 2 to 5 years (seven 

trials) including additional information from the authors for two trials.11, 18Ten trials 

included very weak participants and six trials included weak participants. 

Intervention 

The experimental intervention was electrical stimulation (ten trials), position-triggered 

electrical stimulation (one trial), EMG-triggered electrical stimulation (three trials), and 

a combination of EMG-triggered or position-triggered electrical stimulation and 

electrical stimulation (two trials). Ten trials delivered usual therapy to both 

experimental and control groups. Fourteen trials applied electrical stimulation to one 

or two muscles per limb with only two trials13, 22 applying it to four different muscles. 

 

Outcome measures 

Measures of strength were mainly maximum voluntary force production, either 

continuous measures of force or torque (14 trials), or ordinal measures such as 

manual muscle tests (two trials). Most trials used direct measures of activity (five 

trials reported continuous data, and three trials reported ordinal data), and only one 

trial used an indirect measure. Seven trials did not measure activity. 

 

Effect of electrical stimulation 

Strength 

The overall effect of electrical stimulation on strength immediately after intervention 

was examined by pooling post-intervention data from 11 trials with a mean PEDro 

score of 5.1, representing moderate quality (Figure 2a, see Figure 3a on the 

eAddenda for the detailed forest plot). Overall, the effect size was 0.47 (95% CI 0.26 

to 0.68) in favour of electrical stimulation. Two trials,8, 12 that were unable to be 
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included in the pooled analysis, also reported significant between-group differences 

in strength in favour of electrical stimulation. Maintenance of the benefit was 

examined by pooling post intervention data from five trials that measured strength 

beyond the intervention period. Overall, the increase in strength was maintained with 

an effect size of 0.33 (95% CI 0.07 to 0.60) (Figure 2b, see Figure 3b on the 

eAddenda for the detailed forest plot). 

 

When the trials were grouped according to the initial level of strength, electrical 

stimulation increased the strength in very weak participants (eight trials) with an 

effect size of 0.40 (95% CI 0.17 to 0.65), and in weak participants (three trials) with 

an effect size of 0.66 (95% CI 0.21 to 1.11). When the trials were grouped according 

to the time after stroke, electrical stimulation increased the strength in sub-acute 

participants (six trials) with an effect size of 0.55 (95% CI 0.28 to 0.81), while in 

chronic participants (five trials) the effect size was 0.33 (95% CI −0.02 to 0.69). 

 

Activity 

The overall effect of electrical stimulation on activity immediately after intervention 

was examined by pooling post intervention data from six trials with a mean PEDro 

score of 5.7 out of 10 (Figure 4a, see Figure 5a on the eAddenda for the detailed 

forest plot). Overall, electrical stimulation improved activity with an effect size of 0.30 

(95% CI 0.05 to 0.56). Of the two trials unable to be included in the pooled analysis, 

one trial16 reported that most of the participants were not able to perform the activity 

tests, and one trial8 reported a significant between-group effect on activity in favour of 

the electrical stimulation group. Maintenance of the benefit was examined by pooling 

data from the four trials that reported results beyond the intervention period. A 

significant improvement in activity was maintained with an overall effect size of 0.38 

(95% CI 0.09 to 0.66) (Figure 4b, see Figure 5b on the eAddenda for the detailed 

forest plot). 
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Effect of electrical stimulation on strength compared with other strengthening 

interventions 

The effect of electrical stimulation compared with other strengthening interventions 

was examined by three trials, with a mean PEDro score of 4 out of 10. The 

alternative strengthening interventions were maximum voluntary effort,23 external 

resistance applied during proprioceptive neuromuscular facilitation,16 or isotonic 

exercises.24 Although two trials16, 23reported no significant difference between 

electrical stimulation and another strengthening intervention, a meta-analysis was not 

possible because only one trial23 reported post-intervention data. The mean 

difference between groups in this trial was 4 N (95% CI −2.0 to 10.0). A third 

trial24 did not report a between-group statistical comparison. 

 

Effect of different dose/mode of electrical stimulation on strength 

One trial,25 with a PEDro score of 6 out of 10, compared the effect of electrical 

stimulation with EMG-triggered electrical stimulation. There was no significant 

difference in the ratio of paretic/non-paretic strength between the groups (MD 0.04, 

95% CI −0.04 to 0.12). 

 

DISCUSSION 

This systematic review provides evidence that electrical stimulation can increase 

strength and improve activity after stroke, and that benefits are maintained beyond 

the intervention period. However, the evidence about whether electrical stimulation is 

more beneficial than another strengthening intervention is sparse, and the relative 

effect of different doses or modes is still uncertain. 

 

This systematic review set out to answer three questions. The first examined 

whether electrical stimulation increases strength and improves activity after stroke. 

The meta-analyses show that the implementation of electrical stimulation has a 

moderate positive effect on strength, which is accompanied by a small-to-moderate 

positive effect on activity. The slightly smaller effect on activity may be because only 

one trial22 applied electrical stimulation to more than two muscles per limb. This is 

unlikely to have a large impact on activities performed by that limb, because most 
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activities require contraction of many muscles at one time or another. The 

improvements in strength and activity were maintained beyond the intervention 

period with a small-to-moderate effect size, suggesting that the benefits were 

incorporated into daily life. Furthermore, meta-analyses of the subgroups suggest 

that electrical stimulation can be applied effectively to both weak and very weak 

people after stroke, subacutely, and may be applied chronically. 

 

Two previous systematic reviews5, 7 concluded that electrical stimulation was 

beneficial in increasing muscle strength after stroke. However, these conclusions 

were based on few trials, no meta-analysis and included trials of both cyclical and 

functional electrical stimulation. The results of the current systematic review provide 

stronger evidence of the efficacy of electrical stimulation for increasing strength and 

improving activity; this is because the conclusions are based on a meta-analysis of 

nine randomised trials and two controlled trials of reasonable quality. In addition, the 

trials included in the meta-analysis were similar with regard to the stimulation 

parameters (frequency and duration of the stimulus) and the amount of intervention 

delivered. Although the length of the individual sessions varied (mean 45 min per 

muscle, SD 38), the trials were very similar in their frequency (mean 4.6/wk, SD 0.7) 

and duration (mean 5.8 wk, SD 3.0) of intervention. The evidence appears strong 

enough to recommend that daily sessions of electrical stimulation with high 

repetitions of maximum muscle contractions be used to increase strength after 

stroke. 

 

The second question examined whether electrical stimulation is more effective than 

other strengthening interventions for increasing strength after stroke. There are 

insufficient data to determine whether electrical stimulation is better than another 

strengthening intervention. Only three trials investigating this question were included 

and a meta-analysis could not be performed. Furthermore, the mean PEDro score of 

4.0 from the three trials related to this question represents low quality, with 

considerable performance, attrition and detection bias present. 

 

javascript:void(0);
javascript:void(0);


63 

 

The third question examined the most effective dose or mode of electrical stimulation 

for increasing strength after stroke. There are insufficient data to provide evidence 

regarding the effect of different doses/modes of electrical stimulation. Only one 

trial25 directly compared two different modes and found no difference between 

electrical stimulation and EMG-triggered electrical stimulation, with an effect size 

near zero. 

 

This review has both strengths and limitations. The mean PEDro score of 5.0 for the 

16 trials included in this review represents moderate quality. A source of bias in the 

included trials was lack of blinding of therapists and participants, since it is very 

difficult to blind therapists or participants during the delivery of complex interventions. 

Other sources of bias were lack of reporting concealed allocation or whether an 

intention-to-treat analysis was undertaken. On the other hand, the main strength of 

this review is that only trials where electrical stimulation was applied in order to 

increase strength and with a clear measure of force generation were included; this 

makes the results specific to the research questions. Additionally, publication bias 

inherent to systematic reviews was avoided by including studies published in 

languages other than English.17, 24 

 

In conclusion, this systematic review provides evidence that cyclical electrical 

stimulation is effective (i.e., it results in a greater increase in muscle strength 

compared with placebo/nothing). Electrical stimulation appears to be effective 

regardless of the initial level of strength or the time after stroke and the benefits are 

maintained beyond the intervention period. Clinicians should therefore be confident in 

prescribing daily electrical stimulation for people after a stroke, when the primary 

objective of the intervention is to increase muscle strength. In particular, it may be a 

useful intervention in the presence of cognitive impairments or profound weakness 

when it is difficult for the person to carry out strengthening exercises independently. 

In addition, the results of this systematic review are valuable since they show that 

electrical stimulation can have a beneficial effect not only on strength but also on 

activity, with improvements maintained beyond the intervention period. Further 
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studies are necessary to investigate whether electrical stimulation is more effective 

than other strengthening interventions. 
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Figure 1. 

Flow of studies through the review. 
a
Papers may have been excluded for failing to meet more than one 

inclusion criterion. 
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Table 1 Characteristics of included papers (n=16) 

Study Design Participants Intervention Electrical Stimulation Outcome measures 

Bakhtiary and 
Fatemy (2008) 

 
RCT 

n = 40 
Age (yr) = 55 (range 42-65) 
Time since stroke (mth) = not reported 
Weakness = very weak 

Exp = ES 
   9 min x 5/wk x 4 wk 
Con = nothing 
Both = usual therapy (Bobath) 

Muscles = ankle DF 
Frequency = 100 Hz 
Duration = 4 s 
Progression = ↑ intensity 

 

Strength = MMT (0-5); 
ankle DF 
Activity = not measured 
Timing: 0, 4 wk 

Bowman, 
Baker and 

Waters (1979) 

 
RCT 

n = 30 
Age (yr) = not reported 
Time since stroke (mth) = range 0.7 to 4 
Weakness = weak  

Exp = Position-triggered ES    
   100 contractions x 5/wk x 4 wk 
Con = nothing 
Both = usual therapy 

Muscles = wrist extensors 
Frequency = 35 Hz 
Duration = 8 s 
Progression = ↑ # contractions 

Strength = dynamometry (Nm); 
wrist ext 
Activity = not measured 
Timing: 0, 4 wk 

de Kroon and 
Jzerman 
(2008) 

 
RCT 

n = 22 
Age (yr) = 59 (SD 9) 
Time since stroke (months) = 22 (range 6-
115) 
Weakness = weak 

Exp = ES  
   30 min x 5/wk x 6 wk 
Con = EMG-triggered  ES   
   30 min x 5/wk x 6 wk 

Muscles = wrist and finger 
extensors  
Frequency =  35 Hz 
Duration = 6 s 
Progression = ↑ threshold 

Strength = dynamometry (Kg); 
grip strength 
Activity = ARAT (0-57) 
Timing: 0, 4, 6, 12  wk 

Heckmann et 
al (1997) 

 
RCT 

n = 28 
Age (yr) = 52 (SD 23)  
Time since stroke (months) = 2 (SD 0.1) 
Weakness = very weak 
 

Exp = EMG-triggered  ES 
   15 contractions x 5/wk x 4wk 
Con = nothing 
Both = usual therapy (Bobath) 
 

Muscles = elbow and wrist 
extensors; knee flexors and 
ankle PF 
Frequency = 80 Hz 
Duration = 1 s 
Progression = ↑ threshold 

Strength = MMT (0-5); 
Σ wrist ext and PF 
Activity = Barthel Index 
Timing: 0, 4 wk 

Hui-Chan, Ng 
and Mak 
(2009) 

RCT n = 109 
Age (yr) = 57 (SD 8) 
Time since stroke (months) = 56 (SD 41) 
Weakness = weak 

Exp = ES 
   60 min x 5/wk x 4 wk 
Con = nothing 

Muscles = ankle DF and PF 
Frequency = 100 Hz 
Duration = not reported 
Progression = not reported 

Strength = dynamometry (Nm); 
Σ DF and PF 
Activity = TUG (s) 
Timing: 0, 4, 8 wk 

Kimberley et al 
(2004) 

 
RCT 

(Cross- 
over) 

n = 16 
Age (yr) = 60 (SD 15) 
Time since stroke (months) = 35 (SD 25) 
Weakness = very weak 

Exp =  EMG-triggered  ES  + ES 
   6 hr x 3.3/wk x 3wk 
Con = voluntary effort + nothing 
   6 hr x 3.3/wk x 3wk 

Muscles = wrist and finger 
extensors 
Frequency = 20 Hz 
Duration = 5 s 
Progression = not reported 

Strength = dynamometry (N); 
finger ext 
Activity = BBT (# blocks) 
Timing: 0, 3 wk 
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Kobayashi et 
al (1999) 

 
RCT 

n = 24 
Age (yr) = 64 (SD 11) 
Time since stroke (months) = 31 
Weakness = very weak 

Exp = ES 
   30 min x 5/wk x 6 wk 
Con = nothing 
Both = usual therapy 
 

Muscles = shoulder abductors 
Frequency = 20 Hz 
Duration = 10 s 
Progression = not reported 

Strength = dynamometry (N); 
shoulder abd 
Activity = not measured 
Timing: 0, 6  wk 

Kraft et al 
(1992) 

 
CT 

n = 22 
Age (yr) = 63 (SD 7) 
Time since stroke (months) = 21 (range 11) 
Weakness = weak 

Exp = EMG-triggered ES 
   60 min x 3/wk x 12 wk 
Con 1 = nothing  
Con 2 = strengthening (PNF) 
   60 min x 3/wk x 12 wk 
 

Muscles = wrist extensors 
Frequency = 30 to 90 Hz 
Duration = 10 s 
Progression = ↑ threshold 

Strength = dynamometry (lb); 
grip strength 
Activity = JTHFT (s) 
Timing = 0, 12, 24, 48 

Lima et al 
(2008) 

 
CT 

n = 17 
Age (yr) = not reported 
Time since stroke (months) = not reported 
Weakness = weak 

Exp = ES 
   15min x 10 sessions 
Con = strengthening (isotonic) 
3 x 15 reps x 10 sessions 
 

Muscles = knee extensors 
Frequency =50 Hz 
Duration = 10 s 
Progression = not reported 

Strength = dynamometry 
(Nm/s); knee ext. 
Activity = not measured 
Timing: 0, 10 sessions 

Mano et al 
(2011) 

 
RCT 

n = 18 
Age (yr) = 74 (SD 7) 
Time since stroke (months) = 6 (SD 3)  
Weakness = very weak 

Exp = ES 
   30 min x 3/wk x 8 wk 
Con = nothing 
Both = usual therapy 

Muscles = wrist and finger 
extensors 
Frequency = 50 Hz 
Duration = 5 s 
Progression = ↑ # contractions 

Strength = dynamometry (Kg); 
grip strength 
Activity = not measured 
Timing: 0, 8 wk 

Powell et al 
(1999) 

 
RCT 

n = 60 
Age (yr) = 68 (SD 12) 
Time since stroke (months) = 0.8 (SD 0.2) 
Weakness = very weak 
 

Exp = ES  
   90 min x 5/wk x 8wk 
Con = nothing 
Both = usual therapy 

Muscles = wrist and finger 
extensors 
Frequency =20 Hz 
Duration  = 5 s 
Progression = ↑ # contractions 

Strength = dynamometry, Nm 
(15 degrees); wrist ext  
Activity = ARAT (0-57)  
Timing: 0, 8, 20, 32 wk 

Rosewilliam et 
al (2012) 

 
RCT 

n = 90 
Age (yr) = 75 (SD 11) 
Time since stroke (months) = not reported 
Weakness = very weak 
 

Exp = ES 
   60 min x 5/wk x 6wk 
Con = nothing 
Both = usual therapy 

Muscles = wrist and finger 
extensors 
Frequency = 40 Hz 
Duration = 3 s 
Progression = ↑ intensity 

Strength = dynamometry (N); 
wrist ext 
Activity = ARAT (0-57) 
Timing: 0, 6, 12, 24, 36 wk 
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Shin et al 
(2008) 

 
RCT 

n = 14 
Age (yr) = 58 (SD 10) 
Time since stroke (months) = 19 (SD 6) 
Weakness = weak 

Exp = EMG-triggered ES 
   30 min x 5/wk x 10wk 
Con = nothing 

Muscles = wrist and finger 
extensors 
Frequency =35 Hz 
Duration = 5 s 
Progression = ↑ threshold 

Strength = dynamometry, (Kg); 
wrist ext 
Activity = BBT (# blocks) 
Timing: 0, 10 wk 

Winchester et 
al (1983) 

 
RCT 

n = 40 
Age (yr) =  58 (SD 12)  
Time since stroke (months) = 2 (SD 1) 
Weakness = very weak 

Exp = Positional-triggered ES + ES 
   30 min x 5/wk x 4 wk + 2hr x 5/wk x 4 wk 
Con = nothing 
Both = usual therapy 

Muscles = knee extensors 
Frequency = 30 Hz 
Duration = 10 s 
Progression = ↑ # and duration of 

contractions 

Strength = dynamometry (Nm); 
knee ext 
Activity = not measured 
Timing: 0, 4 wk 

Yan, Hui-Chan 
and Li (2005) 

 
RCT 

n = 46 
Age (yr) = 71 (SD 8) 
Time since stroke (months) = 0.3 (SD 0.1) 
Weakness = very weak 

Exp = ES 
   30 min x 5/wk x 3wk 
Con = Sham stimulation 
   30 min x 5/wk x 3wk 
Both = usual therapy 

Muscles = knee flexors and 
extensors, ankle DF and PF 
Frequency =30Hz 
Duration = not reported 
Progression = not reported 

Strength = dynamometry (Nm); 
ankle DF 
Activity = TUG (s) 
Timing: 0, 3, 8 wk 

Yan and Hui-
Chan (2009) 

 
RCT 

n = 62 
Age (yr) = 70 (SD 7) 
Time since stroke (months) = 0.3 (SD 0.1) 
Weakness = very weak 

Exp = ES 
   60 min x 5/wk x 3 wk 
Con = nothing 
Both = usual therapy 
 

Muscles = ankle DF and PF 
Frequency = 100 Hz 
Duration = not reported 
Progression = not reported 

Strength = dynamometry (Nm); 
ankle DF 
Activity = TUG (s) 
Timing: 0, 3, 8 wk 

# groups and outcome measures listed are those that were analysed in this systematic review; there may have been other groups or measures in the paper. RCT = randomised 
clinical trial, CT = controlled trial, Exp = experimental group, Con = control group, ES = electrical stimulation, TENS = transcutaneous electrical nerve stimulation, DF = 
dorsiflexion, PF = plantarflexion, ext. = extensors; PNF = proprioceptive neuromuscular facilitation, MVC = maximum voluntary contraction, MMT = manual muscle test, BBT = 
box and block test, ARAT = action research arm test, MAL = motor activity log, JTHFT = Jebsen-Taylor hand function test, Σ = summed. 
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Table 2: PEDro criteria and scores for included papers (n = 16). 
 

Study Random 
allocation 

Concealed 
allocation 

Groups similar 
at baseline 

Participant 
blinding 

Therapist 
blinding 

Assessor 
blinding 

< 15% 
dropouts 

Intention-to-
treat analysis 

Between-group 
difference 
reported 

Point estimate and 
variability reported 

Total 
(0 to 10) 

Bakhtiary and Fatemy (2008) Y N Y N N Y Y N Y Y 6 

Bowman, Baker and 

Waters(1979) 
Y N N N N Y N N Y N 3 

de Kroon and Jzerman (2008) Y Y N N N Y Y N Y Y 6 

Heckmann et al (1997) Y N Y N N N Y N Y Y 5 

Hui-chan, Ng and Mak (2009) Y N Y N N Y Y Y Y Y 7 

Kimberley et al (2004) Y N Y Y N Y Y N N Y 6 

Kobayashi et al (1999) Y N N N N N Y N N Y 3 

Kraft et al (1992) N N Y N N N Y N Y Y 4 

Lima et al (2008) N N N N N N Y N N Y 2 

Mano et al (2011) Y N Y N N N Y N Y Y 5 

Powell et al (1999) Y Y Y N N Y Y N Y Y 7 

Rosewilliam et al (2012) Y Y Y N N Y N Y Y Y 7 

Shin et al (2008) Y N Y N N N N N Y Y 4 

Winchester et al (1983) Y N Y N N N N N Y Y 4 

Yan, Hui-Chan and Li (2005) Y N Y N N Y Y N Y Y 6 

Yan and Hui-Chan (2009) Y N Y N N Y N N Y Y 5 

Y= yes; N=no 
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Figure 2. 

(a) Standardised mean difference (95% CI) of effect of electrical stimulation versus nothing/placebo on 

strength immediately after intervention (n = 359). (b) Standardised mean difference (95% CI) of effect 

of electrical stimulation versus nothing/placebo on strength beyond the intervention period (n = 211). 
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Figure 4. 

(a) Standardised mean difference (95% CI) of effect of electrical stimulation versus nothing/placebo on 

activity immediately after intervention (n = 242). (b) Standardised mean difference (95% CI) of effect of 

electrical stimulation versus nothing/placebo on activity beyond the intervention period (n = 198).  
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Title: Walking training with cueing of cadence improves walking speed and 

stride length after stroke more than walking training alone: a systematic review 

 

Abstract 

Question: After stroke, is walking training with cueing of cadence superior to walking 

training alone in improving walking speed, stride length, cadence and symmetry? 

Design: Systematic review with meta-analysis of randomised or controlled trials. 

Participants: Adults who have had a stroke. Intervention: Walking training with 

cueing of cadence. Outcome measures: Four walking outcomes were of interest: 

walking speed, stride length, cadence and symmetry. Results: This review included 

seven trials involving 211 participants. Because one trial caused substantial 

statistical heterogeneity, meta-analyses were conducted with and without this trial. 

Walking training with cueing of cadence improved walking speed by 0.23 m/s (95% 

CI 0.18 to 0.27, I2 = 0%), stride length by 0.21 m (95% CI 0.14 to 0.28, I2 = 18%), 

cadence by 19 steps/minute (95% CI 14 to 23, I2 = 40%), and symmetry by 15% 

(95% CI 3 to 26, random effects) more than walking training alone. Conclusions: 

This review provides evidence that walking training with cueing of cadence improves 

walking speed and stride length more than walking training alone. It may also 

produce benefits in terms of cadence and symmetry of walking. The evidence 

appears strong enough to recommend the addition of 30 minutes of cueing of 

cadence to walking training, four times a week for 4 weeks, in order to improve 

walking in moderately disabled individuals with stroke. Review Registration: 

PROSPERO (CRD42013005873).  

 

[Nascimento LR, de Oliveira CQ, Ada L, Michaelsen SM, Teixeira-Salmela LF 

(2015) Walking training with cueing of cadence improves walking speed and 

stride length after stroke more than walking training alone: a systematic 

review. Journal of Physiotherapy 61(1): 10-15]2 

  

                                                           
2
 Trabalho premiado como “Melhores trabalhos apresentados” no III Congresso Brasileiro de Fisioterapia 

Neurofuncional (COBRAFIN), Belo Horizonte, 2014. Resumo publicado no Journal of Neurological Physical 
Therapy. 
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INTRODUCTION 

Recent data indicates that over 30 million people in the world have experienced and 

survived stroke.1 Despite recent advances in medical and rehabilitation sciences, 

many individuals have residual walking disability after stroke, which has long-lasting 

implications for quality of life and ability to participate in activities of daily living.2, 3 If 

walking performance is poor after stroke, community activity may be limited and 

people may become housebound and isolated from society.4, 5One of the main aims 

of rehabilitation is to enhance community ambulation skills. 

 

After stroke, individuals typically demonstrate reduced walking speed, decreased 

stride length and cadence, as well as temporal asymmetry. A systematic review6 of 

ambulatory people after stroke reported mean walking speeds ranging from 0.4 to 0.8 

m/s, compared with 1.0 to 1.2 m/s in healthy, older adults.7 Previous studies8, 9 have 

also reported mean stride lengths ranging from 0.50 to 0.64 m in people after stroke, 

compared with 1.1 to 1.4 m in healthy, older adults, and mean cadence of 50 to 63 

steps/minute, compared with 102 to 114 steps/minute in healthy, older 

adults.7 Temporal symmetry of the affected leg to the non-affected leg is reported as 

ranging from 0.40 to 0.64, where 1.00 is symmetrical.8, 9 In summary, walking 

parameters in ambulatory people after stroke are approximately half of the values 

expected in older, able-bodied adults. 

 

One approach that has the potential to improve multiple parameters of walking after 

stroke is cueing of cadence delivered via an external auditory cue during walking. 

Using a metronome or specifically prepared music tapes, the patient's steps are 

matched to the beat of the metronome or music in order to synchronise motor 

responses into stable time relationships.8, 9 The patient is asked to take steps 

according to the beat, so the rhythmic beat acts as a cue. If the beats are of a 

consistent frequency, this cueing will promote the temporal symmetry of walking. If 

the frequency of these consistent beats is increased, cadence and, therefore, speed 

will also increase. Whether stride length is also increased is an unanswered 

question. Therefore, cueing of cadence is an inexpensive adjunct to walking training, 
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whether overground or on a treadmill, that has the potential to improve walking after 

stroke. 

 

Three previous reviews have examined cueing of cadence but these have not used 

meta-analysis.10, 11, 12 All three reviews included studies of all neurological conditions, 

but reported the studies relating to stroke separately. Thaut and Abiru10 concluded 

that rhythmic auditory stimulation has a strong facilitating effect on walking, based on 

three trials.8, 9, 13Bradt et al11 concluded that it may increase walking parameters such 

as step length, cadence and symmetry, based on two trials.8, 9 More recently, Wittner 

et al12 concluded that there is moderate evidence that rhythmic auditory cueing 

improves walking speed and step length, but insufficient evidence of its effect on 

cadence and symmetry, based on three trials.8, 9, 14 Two systematic reviews have 

examined the effect of exercise after stroke, which reported results on rhythmic 

auditory cueing separately. van Peppen et al15 reported a standardised mean 

difference (SMD) of 0.91 (95% CI 0.40 to 1.42) on walking speed and 0.68 (95% CI 

0.06 to 1.30) on step length, based on three trials,8, 13, 16 whereas more recently, 

Veerbeek et al17 reported a non-significant SMD of 0.6 (95% CI –1.8 to 3.0) on 

walking speed and 0.15 (95% CI –1.4 to 1.7) on stride length, based on two trials of 

early rehabilitation.9, 18 Given that different trials have been examined in different 

reviews, a meta-analysis of the current evidence for this promising intervention is 

warranted. 

 

The aim of this systematic review was to examine the efficacy of the addition of 

cueing of cadence to walking training for improving walking after stroke. The specific 

research question was: 

 

After stroke, is walking training with cueing of cadence superior to walking 

training alone in improving walking speed, stride length, cadence and 

symmetry? 

 

In order to make recommendations based on a high level of evidence, this review 

included only randomised or controlled trials. 
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METHOD 

Identification and selection of trials 

Searches were conducted of Medline (1946 to August 2013), CINAHL (1986 to 

August 2013), EMBASE (1980 to August 2013) and PEDro (to August 2013) for 

relevant studies without date or language restrictions. The search strategy was 

registered at PubMed/Medline and the authors received notifications about potential 

papers related to this systematic review. Search terms included words related 

to stroke, words related to randomised, quasi-randomised or controlled trials, and 

words related to cueing of cadence (such as auditory cueing, rhythmic cueing, 

acoustic cueing and external cueing) (see Appendix 1 on the eAddenda for the full 

search strategy). In order to identify relevant studies, the titles and abstracts of the 

retrieved records were displayed and screened by two reviewers (LRN and CQO). 

Full paper copies of peer-reviewed relevant papers were retrieved and their 

reference lists were screened to identify further relevant studies. The method section 

of the retrieved papers was extracted and reviewed independently by two reviewers 

(LRN and CQO) using predetermined criteria (Box 1). Both reviewers were blinded to 

authors, journal and results. Disagreement or ambiguities were resolved by 

discussion with a third reviewer (LA). 

 

Assessment of characteristics of trials 

Quality 

The quality of included trials was assessed by extracting PEDro scores from the 

Physiotherapy Evidence Database (www.pedro.org.au). The PEDro scale is an 11-

item scale designed for rating the methodological quality (internal validity and 

statistical information) of randomised trials. Each item, except for Item 1, contributes 

one point to the total score (range 0 to 10 points). Where a trial was not included on 

the database, it was scored by a reviewer who had completed the PEDro Scale 

training tutorial. 

 

Participants 

Ambulatory adults at any time following stroke were included. Ambulatory was 

defined as having a walking speed of at least 0.2 m/s at baseline or when the 

http://www.journalofphysiotherapy.com/article/S1836-9553(14)00163-5/fulltext#tb0010
http://www.pedro.org.au/
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participants were able to walk without help, with or without walking aids. Studies were 

included when at least 80% of the sample comprised ambulatory participants. To 

assess the similarity of the studies, the number of participants and their age, time 

since stroke and baseline walking speed were recorded. 

 

Intervention 

The experimental intervention was any method of walking training accompanied by 

cueing of cadence delivered to individuals after stroke. The control intervention could 

be any walking training without cueing of cadence. To assess the similarity of the 

studies, the session duration, session frequency and program duration were 

recorded. 

 

Measures 

Four walking outcomes were of interest: speed, stride length, cadence and 

symmetry. To assess the appropriateness of combining studies in a meta-analysis, 

the timing of the measurements of outcomes and the procedure used to measure the 

different walking outcomes were recorded. 

 

Data analysis 

Information about the method (ie, design, participants, intervention and measures) 

and results (ie, number of participants and means (SD) of walking outcomes) were 

extracted by two reviewers and checked by a third reviewer. Where information was 

not available in the published trials, details were requested from the corresponding 

author. 

 

The post-intervention scores were used to obtain the pooled estimate of the effect of 

intervention, using the fixed effects model. In the case of significant statistical 

heterogeneity (I2 > 50%), a random effects model was applied. Post-hoc sensitivity 

analysis was performed if the result of the random effects model was different from 

that of the fixed effect model. The analyses were performed using The MIX–Meta–

Analysis Made Easy program Version 1.7.19, 20 Where insufficient data were available 

for a study result to be included in the pooled analysis, the between-group difference 
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was reported. For all outcome measures, the critical value for statistical significance 

was set at a level of 0.05 (two-tailed). The pooled data for each outcome were 

reported as weighted mean differences (MD) with a 95% CI. 

 

RESULTS 

Flow of trials through the review 

The electronic search strategy identified 3830 papers, but 23 were duplicates. After 

screening titles, abstracts and reference lists, 32 potentially relevant full papers were 

retrieved. Twenty-five papers failed to meet the inclusion criteria (see Appendix 2 on 

the eAddenda for a summary of the excluded papers) and, therefore, seven papers 

were included in the review (Figure 1). 

 

Characteristics of included trials 

The seven trials involved 211 participants and investigated the efficacy of cueing of 

cadence for improving walking speed (n = 7), stride length (n = 7), cadence (n = 6) 

and symmetry (n = 5) after stroke (Table 1). All included trials compared walking 

training with and without cueing of cadence. 

 

Quality 

The mean PEDro score of the trials was 4.4 (range 3 to 7) (Table 2). All of the trials 

had similar groups at baseline and reported between-group differences. The majority 

of the trials (86%) randomly allocated participants and reported point estimate and 

variability. However, the majority of the trials did not: report concealed allocation 

(86%), carry out an intention-to-treat analysis (86%), have blinded assessors (86%), 

or have less than 15% dropout (70%). No trials blinded participants or therapists, 

which is difficult or impossible during complex interventions. 

 

Participants 

The mean age of participants ranged across the trials from 55 to 72 years. The mean 

time after stroke ranged across the trials from 2 weeks to 15 months. The majority of 

trials (71%) comprised participants in the acute/sub-acute phases of stroke on 

admission to the trial. 

http://www.journalofphysiotherapy.com/cms/attachment/2022335502/2042023442/gr1.jpg
http://www.journalofphysiotherapy.com/article/S1836-9553(14)00163-5/fulltext#tbl0005
http://www.journalofphysiotherapy.com/article/S1836-9553(14)00163-5/fulltext#tbl0010
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Intervention 

In all trials, the experimental intervention was overground walking training with cueing 

of cadence. Cueing of cadence was delivered via metronome beats in two 

trials,21, 22 via music beats in three trials,14, 18, 23and via music enhanced by 

metronome beats in two trials.8, 9 Participants undertook training for 10 to 30 minutes, 

once or twice a day, three to five times per week, for 3 to 6 weeks. The control group 

received overground walking training without cueing of cadence in all trials. 

 

Outcome measures 

Three trials8, 9, 18 used foot sensors during a timed walk test to obtain the walking 

parameters, two trials21, 22 used computerised platforms, and two trials14, 23 used a 

timed walk measure. 

 

Only two trials9, 18 reported walking symmetry as a ratio of a temporal aspect of the 

affected leg to the non-affected leg. Walking symmetry for another three 

trials8, 21, 22 was calculated from available data and reported as a ratio of a temporal 

aspect of the affected leg and the non-affected leg. Cycle time values were used for 

calculations in one trial,21 support time was used in one trial,22 and swing time was 

used in one trial.8 Two trials14, 23 did not provide data related to walking symmetry. 

Walking speed was converted to m/s, stride length to m, cadence to steps/minute, 

and symmetry to a ratio where 1.0 is symmetrical. 

 

Effect of cueing of cadence 

Walking speed 

The effect of cueing of cadence during walking training on speed was examined by 

pooling post-intervention data from seven trials involving 211 participants. There was 

substantial statistical heterogeneity (I2 = 75%), indicating that the variation between 

the results of the trials is above the variation expected by chance. When a random 

effects model was applied, the mean effect was different and a sensitivity analysis 

was therefore performed. The sensitivity analysis revealed that the heterogeneity 

was not explained by the quality of the trials, assessor blinding, numbers of 
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participants or initial walking speed, but was explained by one trial that was so 

different from the other trials that the lower limit of the confidence interval of the 

meta-analysis did not cross that trial's mean effect; therefore, the meta-analyses 

were conducted both with this outlying trial18 included and excluded. The data from 

the remaining six trials involving 171 participants indicated that walking training with 

cueing of cadence improved walking speed by 0.23 m/s (95% CI 0.18 to 0.27, I2 = 0) 

more than walking training alone (Figure 2, see Figure 3 on the eAddenda for the 

detailed forest plot and the meta-analysis with the outlying trial included). 

 

Walking stride length 

The effect of cueing of cadence during walking training on stride length was 

examined by pooling post-intervention data from six trials involving 171 participants. 

Walking training with cueing of cadence improved walking stride length by 0.21 m 

(95% CI 0.14 to 0.28, I2 = 18%) more than walking training alone (Figure 4, see 

Figure 5 on the eAddenda for the detailed forest plot and the meta-analysis with the 

outlying trial included). 

 

Walking cadence 

The effect of cueing of cadence during walking training on cadence was examined by 

pooling post-intervention data from five trials involving 151 participants. Walking 

training with cueing of cadence improved walking cadence by 19 steps/minute (95% 

CI 14 to 23, I2 = 40%) more than walking training alone (Figure 6, see Figure 7 on the 

eAddenda for the detailed forest plot and the meta-analysis with the outlying trial 

included). 

 

Walking symmetry 

The effect of cueing of cadence during walking training on symmetry was examined 

by pooling post-intervention data from four trials involving 136 participants. Walking 

training with cueing of cadence improved walking symmetry by 13% (95% CI 11 to 

16). There was, however, substantial statistical heterogeneity (I2 = 80%), indicating 

that the variation between the results of the trials was above the variation expected 

by chance. A random effects model was applied and the results indicated that 

javascript:void(0);
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walking training with cueing of cadence improved walking symmetry by 15% (95% CI 

3 to 26) more than walking training alone (Figure 8, see Figure 9 on the eAddenda 

for the detailed forest plot and the meta-analysis with the outlying trial included). 

 

DISCUSSION 

This systematic review provides evidence that walking training with cueing of 

cadence can improve walking parameters after stroke more than walking training 

alone. Meta-analysis with low statistical heterogeneity indicated that the addition of 

cueing of cadence produced more benefit in terms of walking speed and stride length 

than walking training alone. Meta-analysis with higher heterogeneity also suggested 

that the addition of cueing of cadence produced more benefit in terms of cadence 

and symmetry than walking training alone. 

 

The pooled effect from the meta-analysis indicated that walking training with cueing 

of cadence resulted in 0.23 m/s faster walking and 0.21 m longer stride length than 

walking training alone. A recent meta-analysis17 of rhythmic gait cueing produced 

non-significant results for walking speed and stride length, based on two trials with 

97% statistical heterogeneity. A previous meta-analysis15 of external auditory 

rhythms produced significant results for walking speed (MD 0.22 m/s) and stride 

length (MD 0.18 m), based on three trials. Although effect sizes from the earlier 

review15 are similar to those found in our review, only one of the included trials is 

common to both reviews. Our review strengthens the evidence about the efficacy of 

the addition of cueing of cadence to walking training for increasing walking speed 

and stride length after stroke; this is because the conclusions are based on a meta-

analysis of six trials that provided a specific intervention (ie, beats from metronome or 

beats from music delivered during walking). 

 

These results have important clinical implications. The improvement of 0.23 m/s on 

walking speed appears to be clinically meaningful. According to Tilson et al,24 people 

with sub-acute stroke, whose gait speed increases by at least 0.16 m/s, are more 

likely to experience a meaningful reduction in disability. A second study has also 

indicated that an improvement in gait speed of 0.13 m/s or more, over the course of 
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rehabilitation, is clinically important in people with stroke.25 In addition, the 

improvement in walking speed was accompanied by an improvement in stride length, 

which suggests that the addition of cueing of cadence to walking training is not 

detrimental to the quality of movement. This is an important finding because 

clinicians have been cautious about increasing the tempo of beats during walking 

training in case any increases in cadence and speed occur at the expense of stride 

length, which would be undesirable. Moreover, the addition of cueing of cadence to 

walking training has larger effects than other interventions, such as treadmill training 

(MD 0.05 m/s, 95% CI –0.12 to 0.21, meta-analysis of three trials)6 and virtual-reality 

training (MD 0.15 m/s, 95% CI 0.05 to 0.24, meta-analysis of five trials),26 compared 

with walking training alone. Clinically, cueing of cadence is an easy intervention to 

implement, not only because it is inexpensive, but also because it can be applied in 

community settings and does not require close professional supervision for safety. 

Cueing of cadence can also be added to different walking interventions (eg, treadmill 

training) and may thereby increase the effect of the intervention. 

 

This review has both limitations and strengths. The mean PEDro score of 4.4 for the 

included trials represents moderate quality. A source of bias in the included trials was 

lack of blinding of therapists and participants, since it is very difficult to blind either 

during the delivery of complex interventions. Other sources of bias were non-blinding 

of assessors, not reporting concealed allocation, or not reporting that an intention-to-

treat analysis was undertaken. The number of participants per group (mean 15, 

range 5 to 39) was quite low, opening the results to small trial bias. In addition, 

maintenance of benefits beyond the intervention period was not examined. On the 

other hand, after removal of one trial,18statistical heterogeneity of the trials pooled in 

the meta-analysis was low for walking speed and stride length, leading to robust 

findings about the effect of cueing of cadence. Overall, the included trials were 

similar regarding their clinical characteristics. Most of trials included participants in 

the sub-acute phase of rehabilitation (five out of seven trials) and initial walking 

speed ranging between 0.23 and 0.63 m/s across trials, indicating that most of the 

participants could be classified as moderately disabled.27 A major strength of this 

review is that only trials whose intervention was cueing of cadence via beats from a 
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metronome or beats from music during walking training were included; this constrains 

the results to a specific intervention. Although the session duration between trials 

included in the meta-analysis varied (mean 33 minutes, SD 22), the trials had similar 

session frequencies (mean 4.3 per week, SD 1.0), and program durations (mean 4.3 

per week, SD 1.6). Publication bias inherent to systematic reviews was avoided by 

including studies published in languages other than English.18 The evidence, 

therefore, appears strong enough to recommend the addition of cueing of cadence to 

daily walking training in order to increase walking speed and stride length after 

stroke. In addition, walking training with cueing of cadence may have positive effects 

on cadence and symmetry; however, additional randomised clinical trials are 

warranted in order to reduce the level of uncertainty related to the wide confidence 

intervals regarding the difference between groups for those outcomes. 

 

In conclusion, this systematic review provides evidence that an inexpensive and 

easy-to-implement intervention – walking training with cueing of cadence – is more 

effective than walking training alone in improving walking after stroke. Walking 

training with cueing of cadence produced faster walking and longer stride length, and 

may have positive effects on cadence and symmetry. The results of a meta-analysis 

based on six trials indicate that the addition of 30 minutes of cueing of cadence to 

walking training four times a week for 4 weeks can be expected to improve walking in 

moderately disabled individuals with stroke. Future studies are recommended to 

verify if the benefits of cueing of cadence to walking training are maintained beyond 

the intervention period. 
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Figure 1. 

Flow of studies through the review. 
a
Papers may have been excluded for failing to meet more than one 

inclusion criterion. 

 

Titles and abstracts screened (n=3830) 

From MEDLINE (n=426) 

From CINAHL (n=40)                         

From EMBASE (n=3324)                            

From PEDro (n=40) 

Potentially relevant trials retrieved for 

evaluation of full text (n=32) 

From electronic databases (n=32) 

From reference lists (n=0) 

Papers included in systematic 

review (n=7) 

Trials excluded after screening 

titles/abstracts (n=3775) 

Trials excluded after evaluation of full text 

(n=25) 
a 

Research design not RCT or CT (n=9) 

Experimental intervention is not walking 

training with cueing of cadence (n=11) 

Outcome measure is not gait speed, 

stride length, cadence or symmetry (n=4) 

Control intervention is not walking training 

alone (n=2) 

Baseline walking speed lower than 0.2 

m/s (1) 

Duplicate trials between databases 

(n=23) 
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Table 1 Characteristics of included papers (n=7) 

Study Design Participants Intervention Progression Outcome measures 

Argstetter et al 
(2007) 

RCT 
 

n = 40 
Age (yr) = 55-80 
Time since stroke (mth) = <1 
WS (m/s) = 0.23 (0.13) 

Exp = CoC delivered via music (beats related to 
cadence) during walking training  
    10min x 5/wk x 4 wk 
Con = Walking training without CoC 
    10 min x 5/wk x 4 wk 

CoC increased by 5-10% of the 
initial walking speed 

- speed 
- stride length 
- cadence 
- symmetry 
 
Timing: 0, 4 wk 

Hayden et al 
(2009) 

CT 
 

n = 10 
Age (yr) = 55-80 
Time since stroke (mth) = <1 
WS (m/s) = 0.49 (0.32) 

Exp = CoC delivered via music (beats related to 
cadence) during walking training  
    10min x 5/wk x 4wk 
Con = Walking training without CoC 
    10 min x 5/wk x 4 wk 

CoC increased to match or 
slightly exceed patient’s cadence 
by 1-3 beats/min 

- speed 
- stride length 
- cadence 
 
Timing: 0, 4 wk 

Kim et al 
(2012)

a
 

RCT n = 20 
Age (yr) = 55(13)   
Time since stroke (mth) = 5 (2) 
WS (m/s) = 0.54 (0.22) 

Exp = CoC delivered via metronome during 
walking training 
     30min x 3/wk x 5 wk 
Con = Walking exercises without CoC 
     30min x 3/wk x 5 wk 
Both = usual therapy 

CoC increased by 5% of 
comfortable speed and by 
lowering volume of the 
metronome. 

- speed 
- stride length 
- cadence 
- symmetry 
 
Timing: 0, 5 wk 

Kim et al
 
 

(2012)
b
 

RCT 
 

n = 20 
Age (yr) = 65 (7)   
Time since stroke (mth) = 15 (3)  
WS (m/s) = 0.63 (0.13) 

Exp = CoC delivered via metronome during 
walking training  
     10 min x 3/wk x 6 wk 
Con = Walking training without CoC 
     10 min x 3/wk x 6 wk 

CoC increased by 20 beats/min 
every 2 min 

- speed 
- stride length 
- symmetry  
 
Timing: 0, 6 wk 

Park et al 
(2010) 

 n= 25 
Age (yr) = 56 (12) 
Time since stroke (mth) = 15 (7) 
WS (m/s) = 0.37 (0.14) 

Exp = CoC delivered via music (beats related to 
cadence) during walking training 
2 x 30 min x 5/wk x 2 wk 
Con = Walking training without CoC 
2 x 30 min x 5/wk x 2 wk 

Not stated  -speed 
-stride length  
-cadence 
 
Timing: 0, 2 wk 

Thaut et al 
(1997) 

RCT 
 

n = 20  
Age (yr) = 72 (7)  
Time since stroke (mth) = 0.5 (0.1) 
WS (m/s) = 0.31 (0.20) 

Exp = CoC delivered via musical feedback 
enhanced by metronome beats during walking 
training 
2 x 30 min x 5/wk x 6wk 
Con = Walking training without CoC 
2 x 30 min x 5/wk x 6wk 
Both: pre gait exercises if indicated 

Cadence measured at the 
beginning of each session and 
CoC increased from 5-10% at 
the second and third quarter 

- speed 
- stride length 
- cadence 
- symmetry 
 
Timing: 0, 6 wk 
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Thaut et al 
(2007) 

RCT n = 78 
Age (yr) = 69 (11)   
Time since stroke (mth) = 0.7 (0.4) 
WS (m/s) = 0.23 (0.11) 

Exp: CoC delivered via musical feedback 
enhanced by metronome beats during walking 
training  
     30 min x 5/wk x 3wk 
Con: Walking training without CoC 
     30 min x 5/wk x 3wk 
Both: pre gait exercises if indicated 

Cadence measured at the 
beginning of each session and 
CoC increased 5% during the 
second quarter 

- speed 
- stride length 
- cadence 
- symmetry  
 
Timing: 0, 3 wk 

# groups and outcome measures listed are those that were analyzed in this systematic review; there may have been other groups or measures in the paper. RCT = randomised 
clinical trial, WS = walking speed, CT = controlled trial, Exp = experimental group, Con = control group, CoC = cueing of cadence. 
 
 
 

 
 
 
 
Table 2: PEDro criteria and scores for included papers (n = 7). 
 

Study Random 
allocation 

Concealed 
allocation 

Groups 
similar at 
baseline 

Participant 
blinding 

Therapist 
blinding 

Assessor 
blinding 

< 15% 
dropouts 

Intention-to-
treat 

analysis 

Between-group 
difference 
reported 

Point estimate 
and variability 

reported 

Total 
(0 to 10) 

Argstatter et al (2007) 
Y N Y N N N N N Y Y 4 

Hayden et al (2009) 
N N Y N N N N N Y Y 3 

Kim et al (2012)
a
 

Y N Y N N N Y N Y Y 5 

Kim et al (2012)
b
 

Y N Y N N N N N Y Y 4 

Park et al (2010) 
Y N Y N N N Y N Y Y 5 

Thaut et al (1997) Y N Y N N N N N Y N 3 

Thaut et al (2007) 
Y Y Y N N Y N Y Y Y 7 

Y= yes; N=no 
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Figure 2. 

Mean difference (95% CI) of walking training with cueing of cadence versus walking training alone for 

walking speed (n = 171). 

 

 

Figure 4. 

Mean difference (95% CI) of walking training with cueing of cadence versus walking training alone for 

stride length. (n = 171).  
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Figure 6. 

Mean difference (95% CI) of walking training with cueing of cadence versus walking training alone for 

cadence (n = 151). 

 

 

 

Figure 8. 

Mean difference (95% CI) of walking training with cueing of cadence versus walking training alone for 

symmetry (n = 136). 
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Title: Walking training associated with virtual reality-based training increases 

walking speed of individuals with chronic stroke: systematic review with meta-

analysis 

 

Abstract 

Objective: To systematically review the available evidence on the efficacy of walking 

training associated with virtual reality-based training in patients with stroke. The 

specific questions were: Is walking training associated with virtual reality-based 

training effective in increasing walking speed after stroke? Is this type of intervention 

more effective in increasing walking speed, than non-virtual reality-based walking 

interventions? Method: A systematic review with meta-analysis of randomized 

clinical trials was conducted. Participants were adults with chronic stroke and the 

experimental intervention was walking training associated with virtual reality-based 

training to increase walking speed. The outcome data regarding walking speed were 

extracted from the eligible trials and were combined using a meta-analysis approach. 

Results: Seven trials representing eight comparisons were included in this 

systematic review. Overall, the virtual reality-based training increased walking speed 

by 0.17 m/s (IC 95% 0.08 to 0.26), compared with placebo/nothing or non-walking 

interventions. In addition, the virtual reality-based training increased walking speed 

by 0.15 m/s (IC 95% 0.05 to 0.24), compared with non-virtual reality walking 

interventions. Conclusions: This review provided evidence that walking training 

associated with virtual reality-based training was effective in increasing walking 

speed after stroke, and resulted in better results than non-virtual reality interventions. 

 

[Rodrigues-Baroni JM, Nascimento LR, Ada L, Teixeira-Salmela LF (2014) 

Walking training associated with virtual reality-based training increases 

walking speed of individuals with chronic stroke: systematic review with meta-

analysis. Brazilian Journal of Physical Therapy 18(6): 502-512]. 
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INTRODUCTION 

After stroke, individuals often exhibit motor impairments, which are associated with 

activity limitations and social participation restrictions. Walking limitations is one of 

the main causes of disabilities after stroke, as the ability to walk is directly related to 

functional independence1 , 2. According to Alzahrani et al.,3, if walking performance is 

poor after stroke, activities at home and in the community will be limited, so that 

people may become housebound and isolated from society. 

 

The mean walking speed after stroke varies from 0.4 to 0.8 m/s4 - 6. Walking speeds 

of less than 0.4 m/s define household ambulation; speeds between 0.4 and 0.8 m/s 

define limited community ambulation; and speeds greater than 0.8 m/s define full 

community ambulation. Consequently, a significant focus of interest in rehabilitation 

trials is to identify the effectiveness of interventions, which are able to increase 

walking speed after stroke, as greater speed is related to improved social 

participation and quality of life3 , 4. Although previous systematic reviews have 

evidenced the efficacy of both overground and treadmill training in improving walking 

speed5 - 7, new techniques and instruments can be added to usual walking training, 

to optimize the effect of interventions aimed at improving walking ability after stroke. 

 

Some studies have suggested that virtual reality might be a useful tool in the 

rehabilitation of individuals after stroke, and its effect on walking speed have started 

being investigated8 - 11. By definition, virtual reality is the use of interactive 

simulations created with computer hardware and software to provide users with 

opportunities to engage in environments that appear and feel similar to real-world 

objects and events5. A wide variety of interfaces that allow the interactions with virtual 

environments is currently available. Components may be common devices, such as 

mouse, keyboards or joysticks, or more complex systems with cameras, sensors, and 

feedback devices, providing the users with the sensation of touching targets or 

deviating from objects, which are similar to obstacles present in the real world11 , 12. 

 

According to Dobkin13, the addition of virtual reality elements to walking interventions 

is advantageous, as it provides training in an enriched environment similar to the real 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B1
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B2
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B3
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B4
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B6
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B3
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B4
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B5
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B7
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B8
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B11
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B5
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B11
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B12
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B13
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environment patients experience in daily life. In addition, virtual tasks have been 

described as more interesting and enjoyable by both children and adults, thereby, 

encouraging more time of practice and higher number of repetitions, which are 

considered to be important factors in the rehabilitation of individuals with neurologic 

disorders8 , 14. Concerning walking rehabilitation, the use of virtual environments 

enables therapists to progressively modulate the levels of difficulty of the tasks to 

challenge patients and to provide them with immediate feedback regarding their 

performance. Furthermore, clinicians are able to train tasks that are unsafe to 

practice in the real world, such as overcoming obstacles or crossing streets8 , 13. 

 

Two previous systematic reviews have examined the effect of walking training 

associated with virtual reality-based training in improving walking ability after stroke. 

A Cochrane 8 review reported a non-significant increase in walking speed of 0.07 m/s 

(95% CI:-0.09 to 0.23), based upon three randomised clinical trials. A more recent 

review9 included four randomised clinical trials and indicated that the addition of 

virtual reality-based training was beneficial to walking ability after stroke. However, 

the authors reported clinical heterogeneity between the trials, and a meta-analysis 

was not performed. Therefore, the results regarding the addition of virtual reality-

based training to walking interventions aimed at improving walking ability after stroke 

remain inconclusive. In addition, there were not found any reviews that separately 

examined the efficacy of walking training associated with virtual reality-based training 

and the superiority of this association, compared with other walking interventions. 

 

Therefore, the aim of this systematic review was to examine the effect of the addition 

of virtual reality-based training to walking training for improving walking speed after 

stroke. The specific research questions were: 

 

1. Is walking training associated with virtual reality-based training effective in 

increasing walking speed after stroke? 

2. Is walking training associated with virtual reality-based training more effective 

than non-virtual reality-based interventions? 

 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B8
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B14
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B8
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B13
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B8
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B9
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In order to make recommendations based upon a high level of evidence, this review 

planned to include only randomised or controlled trials. 

 

METHOD 

Identification and selection of trials 

Searches were conducted at the MEDLINE (1946 to July 2013), PEDro (to July 

2013), and EMBASE (1980 to July 2013) databases for relevant studies without 

language restrictions. Search terms included words related tostroke, virtual reality 

training (such as virtual reality, video-games, flow optic) and gait (Appendix 1). Titles 

and abstracts were displayed and screened by one reviewer to identify relevant 

studies. Full paper copies of relevant peer-reviewed papers were retrieved and their 

reference lists were also screened to identify further relevant studies. The selection 

of the retrieved papers was conducted by two reviewers, using predetermined 

criteria, which are summarized in the supplementary materials related to this paper 

(Appendix 1S[1]). 

 

Assessment of characteristics of the trials 

 

Quality  

The quality of the included trials was assessed by extracting PEDro scores from the 

Physiotherapy Evidence Database15. PEDro is an 11-item scale designed for rating 

the methodological quality (internal validity and statistical information) of randomised 

trials. Each item, except for Item 1, contributes one point to the total score (range: 0 

to 10 points). Where a trial was not included on the database, it was scored by a 

reviewer, who had completed the PEDro scale training tutorial. 

 

Participants 

Trials involving ambulatory adults after stroke were included. The number of 

participants, age, time since stroke, and baseline walking speed were recorded to 

assess the similarity of the studies. 

 

 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B15
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Intervention  

The experimental intervention was walking training associated with virtual reality-

based training aimed at improving walking speed after stroke. Virtual reality was 

defined as a simulation of a real environment created by a computer software which 

allowed users to interact with elements within a simulated scenario by using different 

interfaces, such as mouse, keyboards, joysticks, gloves, and/or motion capture 

systems11 , 12. We included trials using any form of non-immersive or immersive 

virtual reality, and those that used commercially available gaming consoles8. 

 

The control intervention was defined according to the research questions: (i) to 

examine the efficacy of walking training associated with virtual reality-based training, 

the control intervention could be nothing/placebo or any other non-walking 

intervention; (ii) to examine the superiority of walking training associated with virtual 

reality-based training, the control intervention could be any other non-virtual reality 

walking intervention. 

 

Outcome measure 

The outcome measure of interest was comfortable walking speed, provided, in this 

review, in meters per second (m/s). The timing of the measurements and the 

procedure used to measure walking speed were recorded to assess the 

appropriateness of combining the studies in a meta-analysis. 

 

Data analysis 

Information about the method (i.e., design, participants, interventions, and outcome 

measures) and results (i.e., number of participants, and means (SD) of walking 

speed) were extracted by one reviewer and checked by a second one. Where 

information was not available in the published trials, details were requested from the 

corresponding author. 

 

The post-intervention scores were used to obtain the pooled estimate of the effect of 

intervention. The effect size was obtained using the fixed effects model and reported 

as weighted mean differences (MD) with 95% confidence intervals (95% CI). In the 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B11
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B12
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1413-35552014000600502&lng=en&nrm=iso&tlng=en#B8
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case of significant statistical heterogeneity (I2>50%), a random effects model was 

applied to check the robustness of the results. The analyses were performed using 

the MIX-Meta-Analysis Made Easy program Version 1.716 , 17; the significance level 

for statistical heterogeneity was set at 5% (two-tailed). Where data were not available 

to be included in the pooled analysis, the between-group results were reported. 

 

RESULTS 

Flow of trials through the review 

The electronic search strategy identified 999 relevant papers for the analysis of titles 

and abstracts. After screening titles and abstracts, 15 potentially relevant full papers 

to answer the research questions were retrieved. Following the analysis, according to 

the predetermined inclusion criteria, eight papers were retrieved. After data 

extraction, one paper18 was removed from the review, because its results included 

duplicate data of a second paper19. Therefore, seven papers were included in this 

review (Figure 1). 

 

Characteristics of the included trials 

Seven randomized clinical trials involving 154 participants examined the efficacy of 

walking training associated with virtual reality-based training for increasing walking 

speed after stroke, and therefore were included in this review (Table 1). Since one of 

the trials20 included two control groups, a total of eight comparisons were performed. 

Three trials20 - 22 compared walking training associated with virtual reality-based 

training with nothing/placebo or non-walking intervention (Question 1). Five 

trials19 , 20 , 23 - 25 compared walking training associated with virtual reality-based 

training with a non-virtual reality walking intervention (Question 2). 

 

Quality 

The mean PEDro score of the included trials was 6.1, ranging from 4 to 8 points 

(Table 2). All the trials randomly allocated participants, had similar groups at 

baseline, and reported point estimate and variability. The majority of trials reported 

concealed allocation (57%), had less than 15% drop-outs (57%), reported between-

group differences (86%), and had blinded assessors (86%). However, the majority of 
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trials did not report whether and intention-to-treat analysis was undertaken (86%). 

Only one trial22 blinded participants, and no trials blinded therapists, which is 

considered difficult or impossible during complex interventions. 

 

Participants  

The mean age of participants ranged from 52 to 66 years across trials. All trials 

included participants with time after stroke greater than six months (ranging from 10 

to 72 months across trials), which defines chronic hemiparesis. The sample size of 

the included trials ranged between 14 and 30 participants, who were allocated to the 

experimental or control groups. All of the participants were ambulatory adults at the 

time of entry into the trial, with mean baseline walking speed ranging from 0.46 to 

0.70 m/s across trials. 

 

Intervention 

In all trials, the experimental intervention was walking training associated with virtual 

reality-based training. Virtual reality-based training was associated with treadmill 

training in four trials20 , 23 - 25, with video-games exercises in two trials21 , 22, and with 

kinesiotherapy involving specific ankle movements in one trial19. Three 

trials20 , 22 , 23 delivered usual therapy to both experimental and control groups. 

The majority of trials delivered immersive virtual reality training to the experimental 

group. In these trials20 , 23 -25, virtual images were coupled to the treadmill, and 

treadmill speed was changed as a function of the generated visual images. Non-

immersive virtual reality was used in three trials19 , 21 , 22: two21 , 22 employed video 

cameras to capture the patient's body image and to enable interactions with virtual 

objects; one trial19 employed visual feedback on the computer screen and tactile 

feedback related to the patient's movements. Only one trial21 used a commercially 

available virtual reality device (Nintendo Wii) during the delivery of the experimental 

intervention. 

 

Outcome measures 

The majority of trials used a timed walk measure based upon the 10-Meter Walk 

Test26 to measure walking speed, with variations on the length of the corridor: 1225, 
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1020 , 22, seven19, six24, and three meters21. One trial23 used foot sensors during a 

timed walk test from a specific device (GAITRite; CIR System Inc, New Jersey) to 

measure walking speed. All the data in this review reflects comfortable gait speed 

and were converted to m/s. 

 

Effect of walking training associated with virtual reality-based training on 

walking speed 

The overall effect of walking training associated with virtual reality-based training on 

walking speed immediately after intervention was examined by pooling post-

intervention data from three trials20 - 22 with a mean PEDro score of 7.0, indicating 

good quality27. Virtual reality-based training increased walking speed by 0.17 m/s 

(95% CI 0.08 to 0.26; fixed effects model I2=0%), compared with placebo/nothing or 

non-walking interventions (Figure 2A). 

 

Effect of walking training associated with virtual reality-based training, 

compared with non-virtual reality walking interventions on walking speed 

The superiority of walking training associated with virtual reality-based training on 

walking speed immediately after intervention was examined by pooling post-

intervention data from five trials19 , 20 , 23 - 25 with a mean PEDro score of 5.8, 

indicating moderate quality27. Virtual reality-based training increased walking speed 

by 0.15 m/s (95% CI 0.05 to 0.24; fixed effects model I2=0%), compared with non-

virtual reality walking interventions (Figure 2B). 

 

DISCUSSION 

This systematic review provided clinical evidence that walking training associated 

with virtual reality-based training was effective in increasing walking speed after 

stroke. Clinically, the results indicated that the addition of virtual reality-based training 

is more effective than no intervention, placebo, or non-walking interventions. The 

results also indicated that walking training associated with virtual reality-based 

training produced faster walking speed, compared with non-virtual reality walking 

interventions. 
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The meta-analysis demonstrated that the addition of virtual reality-based training 

increased walking speed by 0.17 m/s. This meta-analysis was the first to examine the 

efficacy of this type of intervention to improve walking speed with individuals after 

stroke. Importantly, these benefits appear to be clinically meaningful. For example, 

Tilson et al.28 demonstrated that a between-group difference in walking speed after 

stroke greater than 0.16 m/s resulted in improvement in the patients' levels of 

disability, and suggested this value as a rehabilitation goal. The meta-analysis also 

demonstrated that walking training associated with virtual reality-based training 

produced 0.15 m/s faster walking, than other non-virtual walking interventions. A 

previous systematic review8 have reported a non-significant between-group 

difference after the addition of virtual reality-based training. The inclusion of two extra 

clinical trials in the present meta-analysis increased its statistical power and 

strengthens the evidence the efficacy of the addition of virtual reality-based training 

for increasing walking speed after stroke. 

 

This review examined the effect of the addition of virtual reality-based training to 

various types of walking intervention after stroke. Although various types of walking 

training have been employed across trials (i.e., treadmill training20 , 23 - 25, exercises 

using videogames21 , 22, or ankle exercises19), overall, the included trials were similar 

in terms of session duration (mean 41 min, SD 18), session frequency (mean 3.3/wk, 

SD 0.5), program duration (4 weeks, SD 1), participants' characteristics, and aim of 

intervention. In addition, statistical analysis (I2=0%) indicated that the trials were 

clinical and statistically similar, which allowed for the data to be combined in meta-

analyses. The data suggested similarity across trials and indicated lack of clinical or 

statistical heterogeneity, supporting the clinical evidence that the addition of virtual 

reality-based training is effective in improving walking speed after stroke. 

 

Although the improvement in walking speed was superior with the addition of virtual 

reality-based training, other factors not examined in this review, such as clients' 

values and expectations, clinical expertise, and costs of implementation should be 

taken into consideration before deciding the most appropriate type of intervention for 

each client. The gaming industry has recently released low-cost virtual reality 
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systems, such as Nintendo Wii,Kinect, and Playstation, thus facilitating the access of 

rehabilitation centers and home users to this technology29, 30. However, only one 

trial21 included in this review used commercially available devices, and the between-

group difference was not clinically significant for walking speed (mean difference: 

0.04 m/s, 95% CI:-0.22 to 0.30). Subgroup analysis based upon the type of virtual 

reality delivered could not be performed, because there were not enough trials. Thus, 

new clinical trials examining the efficacy of the addition of virtual reality-based 

training using commercially available devices are encouraged. 

 

This review has both strengthens and limitations. A source of bias in the included 

trials was lack of blinding of therapists and participants, since it is very difficult or 

unpractical to blind either during the delivery of complex interventions, such as 

walking training. In addition, the majority of the included trials did not report whether 

an intention-to-treat analysis was carried-out. On the other hand, the mean PEDro 

score of 6.1 for the included trials indicated good methodological quality27. One 

second positive aspect was the inclusion of trials that examined the same outcome 

measure - walking speed; this allowed the exhibition of results in weighted mean 

difference, which is clinically intelligible. Furthermore, the inclusion of only trials 

whose intervention was walking training associated with virtual reality-based training 

constraints the results to a specific intervention. 

 

CONCLUSIONS 

This systematic review provided clinical evidence for the efficacy of the addition of 

virtual reality-based training to walking training in improving walking speed after 

stroke, compared with placebo or no intervention. In addition, this review 

demonstrated that walking training associated with virtual reality-based training was 

more effective in improving walking speed, compared with non-virtual reality walking 

interventions. The results are based on a meta-analysis of seven randomized clinical 

trials with good methodological quality. Clinicians should, therefore, be confident in 

prescribing walking training associated with virtual reality-based training to improve 

walking speed after stroke. Other factors, such as clients' values and expectations, 
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clinical expertise, and costs of implementation should also be considered, when 

deciding on the most appropriate type of intervention for each client. 
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Figure 1. Flow of studies through the review. RCT = randomised clinical trial; CT = controlled trial.  
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Figure 2. A. Mean difference (95% CI) of the effect of virtual reality-based intervention versus 
nothing/placebo or non-walking intervention on walking speed immediately after intervention (n=72). B. 
Mean difference (95% CI) of the effect of virtual reality-based intervention versus non-virtual reality 
walking intervention on walking speed immediately after intervention (n=92).   
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Title: The provision of a cane provided greater benefit to the group of 

community-dwelling people with chronic stroke with speed between 0.4 and 0.8 

m/s 

 

Abstract 

Background: The most logical time to prescribe walking aids to people with stroke is 

after their independent walking has stabilized. Thus, the question as to whether 

walking aids can improve walking can be answered, without being confounded by 

natural recovery. The aims of this study were: (i) to investigate the effect of the 

provision of a cane on walking ability in ambulatory people after stroke; (ii) to 

examine if there is a differential effect according to participants’ comfortable walking 

speed.  Method: Twenty-four people with chronic stroke, who were not regular users 

of walking sticks, were evaluated under two different experimental conditions: 

walking with and without a cane. Walking was reported as speed (m/s), step length 

(m), and cadence (steps/min). Participants were categorized as slow (<0.4 m/s), 

intermediate (0.4-0.8 m/s), and fast walkers (>0.8 m/s). Findings: The provision of a 

cane to the intermediate walkers produced a 0.27 m/s (95% CI 0.18 to 0.36) increase 

in speed compared with the fast walkers, and a 0.12 m/s (95% CI 0.03 to 0.21) 

increase compared with the slow walkers. It also produced 0.05 m (95% CI 0.02 to 

0.08) increase in step length and 20 steps/min (95% CI 12 to 28) increase in cadence 

compared with the fast walkers. Interpretation: The provision of a cane produced the 

most benefit in intermediate walkers, and was detrimental to the fast walkers. Canes 

can be prescribed to stroke survivors with moderate and severe walking limitations, 

but caution should be taken regarding their prescription for fast walkers.  

 

[Nascimento LR, Ada L, Teixeira-Salmela LF (submitted). The provision of a 

cane provided greater benefit to the group of community-dwelling people with 

chronic stroke with speed between 0.4 and 0.8 m/s. Clinical Biomechanics]. 
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INTRODUCTION 

Although most stroke survivors regain their walking ability, their speed, step length, 

and cadence remain significantly reduced (Nascimento et al., 2015; Thaut et al., 

2007). Deficits in the temporal and spatial parameters of walking, in combination with 

fear of falling and lack of confidence, have repercussions on the ability to ambulate in 

the community and participate in social activities (Allet et al., 2009, Robinson et al., 

2007). Therefore, improving walking is one of the main ways to improve social 

participation and quality of life (Alzahrani et al., 2011; Schimid et al., 2007). 

 

Walking aids are sometimes prescribed after stroke with the aim of improving safety 

and walking ability. However, there is no consensus regarding whether or when to 

prescribe these aids (Bateni and Maki, 2005; Polese et al., 2012). Walking aids are 

not usually prescribed early after stroke because it is believed that they will be 

detrimental to long-term walking ability. Although previous studies have indicated that 

a single-point cane is less detrimental than a quad stick (Buurke et al., 2005; 

Beauchamp et al., 2009; Allet et al., 2009), results regarding the prescription of a 

single-point cane remain inconclusive. In the first two months after stroke, when 

newly ambulatory people with stroke were given a cane during rehabilitation, it 

improved symmetry in a subset of very asymmetrical patients (Beauchamp et al., 

2009), but worsened hip abductor muscle activation (Macguire et al., 2010). When 

newly ambulatory patients had practiced walking with a cane for two weeks, the 

removal of the cane did not decrease walking speed, but did decrease step length by 

6 cm and increase step width by 2 cm (Kuan et al., 1999). By seven months after 

stroke, when slow walkers (0.45 m/s) who had been habitually using a cane had their 

cane removed, small clinically insignificant changes in muscle activation were 

observed with no changes in walking speed (Buurke et al., 2005). By ten months 

after stroke, when intermediate walkers (0.6 m/s) who had been habitually using a 

cane had their cane removed, there were also no changes in walking speed (Tyson 

et al., 1999). However, by seven years of habitual cane use, when it was removed in 

a group of fast walkers (0.84 m/s), walking speed decreased a small amount (by 0.08 

m/s) (Polese et al., 2012).  
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The most logical time to prescribe walking aids to people with stroke is after their 

independent walking has stabilized. By this time, there is no likelihood of interfering 

with the development of independent walking, and the question as to whether 

walking aids can improve walking ability can be answered without being confounded 

by natural recovery. Therefore, the aim of this study was to investigate the effect of 

the provision of a single-point cane on walking (i.e., speed, step length, and cadence) 

in community-dwelling independently ambulating people with chronic stroke, i.e., 

people whose walking had stabilized and did not habitually use a walking cane. 

Furthermore, the prescription of a cane could be more helpful to people who already 

have some ability to ambulate around their community, in comparison to those who 

rarely venture outside their homes or to those who fully ambulate around their 

community. Sub-group analyses have demonstrated that people with stroke respond 

differently to walking interventions, according to their walking ability (Dean et al., 

2014; Dean et al., 2012). Therefore, the specific research questions were: 

 

1. What is the effect of the provision of a cane on speed, step length, and 

cadence in ambulatory people with chronic stroke?  

2. Is there a differential effect according to comfortable walking speed (<0.4 

versus 0.4-0.8 versus >0.8 m/s)? 

 

METHOD 

Design 

An experimental study of the effect of the provision of a cane on walking speed, step 

length, and cadence was conducted. Volunteers with stroke were recruited from the 

local community and out-patient clinics. Measures of walking were collected on one 

day in a research laboratory, under two different experimental conditions (i.e., 

walking with and without a cane). The order of the conditions was randomized and 

counterbalanced so that each order of data collection was equally represented 

across the sample. This study was approved by the Universidade Federal de Minas 

Gerais Ethical Review Board, and all participants provided written consent prior to 

data collection. 
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Participants 

People with stroke were included if they: were ≥18 years old; had a mean time since 

the onset of stroke of at least six months; were able to walk at least 14 m 

independently; and were not regular users of walking sticks. They were excluded if 

they had cognitive deficits (scores < 24 out of 30 on the Mini-mental state 

examination) (Brucki et al., 2003) or any other neurological or orthopedic disorders.  

 

Characteristics of participants, such as age, gender, side of weakness, time since 

stroke, cognition (Brucki et al., 2003), dexterity (Lower Extremity Coordination Test 

score, Pinheiro et al., 2014), tonus of the plantarflexor muscles (modified Ashworth 

scale, Bohannon and Smith, 1987), motor recovery (Fugl-Meyer Scale – lower limb 

section, Maki et al., 2006), were collected for characterization purposes. Comfortable 

and fast walking speed was collected (10-m walk test, Nascimento et al., 2012), and 

the participants were categorized as slow (<0.4 m/s), intermediate (0.4-0.8 m/s), and 

fast walkers (>0.8 m/s) according to their comfortable walking speed (Dean et al., 

2014; Perry et al., 1995). These cut-off values were decided prior to data collection 

(Sun et al., 2010).  

 

Experimental conditions 

There were two experimental conditions – walking with and without a cane. The cane 

was a single-point cane with ergonomic handgrip. This type of cane is usually 

preferred by patients, and requires less oxygen use at a given speed (Jeong et al., 

2014; Allet et al., 2009). The height of the cane was individually adjusted to the 

height of the ulnar process of each participant, and measured in a standing position 

with the elbow extended (Allet et al., 2009). A physiotherapist provided instructions 

on how to walk with the cane, and a minimum period of five minutes of practice was 

allowed. When necessary, extra time was allowed until participant was feeling 

comfortable to walk with the cane.  

 

Measurement of walking 

Walking was measured and reported as speed (m/s), step length (m), and cadence 

(steps/min). Time and number of steps were recorded, while participants 
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independently walked with their own low-heeled shoes over the middle 10-m of a 14-

m track (to allow for acceleration and deceleration). They were instructed to walk at 

their comfortable speed following the command: “Walk at your normal speed on the 

walkway” (Nascimento et al., 2012). All commands were given by the same 

researcher, and two analyzable trials for each condition were registered, and the 

mean value was stored for analyses. Participants were closely supervised by a 

registered physiotherapist, and a period of rest between measurements was allowed 

as needed.   

 

Data analysis 

Descriptive statistics, tests for normality (Shapiro-Wilk), and homogeneity of variance 

(Levene) were carried out for all outcomes. Mean (SD) of speed, step length, and 

cadence of the participants walking with and without a cane were determined for all 

participants combined, and for the slow, intermediate, and fast walkers separately. 

Mean difference (95% CI) between conditions (i.e., with and without a cane) were 

calculated for all participants combined, and for the slow, intermediate, and fast 

walkers separately. Mean difference (95% CI) between conditions (with and without a 

cane) and between groups (slow, intermediate and fast walkers) were calculated.  

 

RESULTS 

Flow of participants through the study 

A total of 50 stroke survivors were screened for eligibility from September to 

December, 2014. Of these, nine (18%) declined at first contact and 13 (26%) were 

excluded because they did not meet the inclusion criteria leaving 28 eligible to 

participate. Four (8%) were absent on the day of the test. Therefore, 24 volunteers 

(13 men and 11 women) participated in the study (Figure 1). Characteristics of the 

participants are reported in Table 1. The mean age of the participants was 61 years 

(SD 12), with a mean time since the onset of stroke of 6 years (SD 5). The mean 

comfortable speed during the 10MWT was 0.67 m/s (range 0.10-1.30 m/s), and 

participants were categorized as slow (< 0.4 m/s; n = 6), intermediate (0.4-0.8 m/s; n 

= 9), and fast walkers (> 0.8 m/s; n = 9). 
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Effect of a cane on speed, step length, and cadence for all participants 

Table 2 provides the mean (SD) speed, step length, and cadence for both conditions 

(i.e., walking with and without a cane), and the mean differences (95% CI) between 

conditions. There was a small increase of 0.04 m (95% CI 0.03 to 0.06) in step length 

walking with the cane, compared with walking without the cane. There were no 

significant changes for speed (MD 0.05 m/s; 95% CI -0.01 to 0.11) or cadence (MD -

3 steps/min; 95% CI -8 to 3). 

 

Effect of a cane on speed, step length, and cadence according to walking 

speed  

Table 3 provides the mean (SD) speed, step length, and cadence for both conditions 

(i.e., walking with and without a cane) separated according to participants’ 

comfortable walking speed (slow, intermediate and fast walkers). The provision of a 

cane increased speed by 0.06 m/s (95% CI 0.01 to 0.10), step length by 0.04 m (95% 

CI 0.01 to 0.08), but not cadence, for the slow walkers. The provision of a cane 

increased speed by 0.18 m/s (95% CI 0.11 to 0.24), step length by 0.07 m (95% CI 

0.05 to 0.09), but not cadence, for the intermediate walkers. The provision of a cane 

reduced speed by 0.09 m/s (95% CI 0.15 to 0.02), and cadence by 14 steps/min 

(95% CI 20 to 8), but not step length in the fast walkers. 

 

The provision of a cane to the intermediate walkers produced a 0.27 m/s (95% CI 

0.18 to 0.36) increase in speed compared with the fast walkers, and a 0.12 m/s (95% 

CI 0.03 to 0.21) increase compared with the slow walkers. It also produced 0.05 m 

(95% CI 0.02 to 0.08) increase in step length and 20 steps/min (95% CI 12 to 28) 

increase in cadence compared with the fast walkers.  

 

DISCUSSION 

The results of this study showed that the effect of the provision of a cane on walking 

after chronic stroke was different depending on participants’ comfortable walking 

speed. Little or no effect on walking was observed when participants with different 

levels of walking ability were analysed all together. The provision of a cane produced 

the most benefit in intermediate walkers, smaller benefits in slow walkers and was 
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detrimental to walking speed and cadence of fast walkers. Furthermore, the benefit to 

intermediate walkers was significantly greater than that to slow walkers.  

 

In this group of independent ambulatory people with stroke (0.67 m/s), the provision 

of a cane produced a non-significant increase of 0.05 m/s in speed, a non-significant 

decrease of 3 steps/min in cadence, and a statistically but not clinically significant 

increase of 4 cm in step length. In other words, the increased step length was 

balanced by a small decrease in cadence, resulting in a small increase in speed. 

Previously, people with stroke walking at 0.6 m/s did not decrease their walking 

speed when their cane was removed after 10 months of habitual use (Tyson et al., 

1999). However, those walking at 0.84 m/s did decrease their walking speed when 

their cane was removed after 7 years of habitual use (Polese et al., 2012), probably 

due to loss of confidence (Polese et al., 2012; Polese et al., 2011).  

 

In the current study, participants were divided into slow, intermediate and fast 

walkerson the basis of Perry’s findings (Perry et al., 1995) that people with stroke 

who walked <0.4 m/s (slow) were largely housebound, those who walked 0.4-0.8 m/s 

(intermediate) were limited community ambulators and those who walked >0.8 m/s 

(fast) were unlimited community ambulators. Previous studies (Dean et al., 2014; 

Dean et al., 2012; Duncan et al., 2011) have found these cutoffs to produce useful 

categories. The provision of a cane produced most benefit to the intermediate 

walkers with an increase of 0.18 m/s in walking speed and 7 cm in step length, both 

of which are clinically meaningful (Tilson et al., 2010; Bohannon et al., 2013). 

Furthermore, this increase in walking speed was 0.12 m/s greater compared with the 

slower walkers, and 0.27 m/s compared with the fast walkers, indicating that the 

benefits were differential according to their comfortable walking speed. According to 

Kuan et al. (1999), a cane has the potential to increase stability during the single limb 

support phase, allowing sufficient time for the contralateral limb to swing, which may 

explain the observed improvements in both step length and speed. The persistent 

belief that the use of walking canes is detrimental to the quality of walking was not 

supported by the findings of this study, as the improvements in speed were not 

obtained at the expense of step length or cadence. 
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The provision of a cane also provided some benefit to the slow walkers with an 

increase of 0.06 m/s in walking speed and 4 cm in step length, although these 

changes are not clinically meaningful. Probably, the provision of a cane also 

improved stability and confidence for walking in this group of slow walkers, but other 

impairments, such as pronounced muscle weakness and lack of coordination may 

compromise their ability to improve walking. On the other hand, the provision of a 

cane reduced speed and cadence in the group of fast walkers. The provision of a 

cane to people who are already able to fully ambulate around their community 

without help may have introduced a confounding factor that reduced walking 

automaticity. Probably, part of their attentional resources was deviated to the new 

motor task (i.e., using a cane), thus, compromising walking performance. Similar 

decreases in speed and cadence have been reported for full community ambulatory 

post-stroke participants when performing a motor dual-task (Manaf et al., 2014; Yang 

et al., 2007). 

 

The findings of the present study have certain implications for clinical practice. First, 

the study reinforces the need to target intervention to those who will most benefit. 

Given the heterogeneity of stroke, the ‘one size fits all’ approach runs the risk of not 

implementing worthwhile intervention or implementing it inappropriately (Dean et al., 

2014). Second, canes should be prescribed for intermediate walkers with chronic 

stroke (i.e., after their walking had stabilized) without the fear that their use will 

negatively interfere with their walking pattern. Third, caution should be taken 

regarding the prescription of canes for fast walkers, because they have the potential 

to negatively interfere with walking. Last, canes may be prescribed for slow walkers, 

but they may have little effect on community ambulation. They may need additional 

interventions to enhance their community participation, e.g., the provision of electric 

wheelchairs or scooters may be a more appropriate intervention to maximize their 

opportunity to engage in activities outside the house (Alzahrani et al., 2011).  

 

On the other hand, this study has some limitations. First, the small sample, in 

particular in the group of slow walkers reduces the generalizability of the results, 
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although this study is the largest carried out so far on the use of canes following 

stroke. Ironically, it was particularly difficult to recruit slow walkers because of 

difficulties in transporting them to the university laboratory, ie., their lack of 

community ambulation was restricting their life. Second, the effect of only one type of 

cane was evaluated in this study. A single-point cane was chosen for investigation 

because it has been shown to be less detrimental to walking (Buurke et al., 2005; 

Beauchamp et al., 2009; Allet et al., 2009). Other types of walking devices may have 

different effects on walking after stroke. Third, only the immediate effects of the 

provision of a cane after a short period of practice were measured. It would be useful 

for future studies to investigate the long-term effect of the provision of a cane, and its 

effect on daily activities that require acceleration, such as crossing streets to catch a 

bus or running to answer the phone.  

 

In conclusion, this study indicated that the provision of a cane resulted in faster 

speed and longer step length in community-dwelling people after stroke with slow 

and intermediate walking speeds. Clinically-significant benefits were only observed in 

the group of intermediate walkers, and this suggests that slow walkers may need 

additional and/or other interventions to improve their community ambulation. 

Increases in speed were not obtained at the expense of step length, suggesting that 

the provision of the cane was not detrimental to the quality of movement. Therefore, 

canes can be prescribed to community-dwelling stroke survivors with moderate and 

severe walking limitations, but caution should be taken regarding their prescription for 

fast walkers.  
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Table 1. Characteristics of participants. 

 

Characteristic All 

(n = 24) 

Slow 

(n = 6) 

Intermediate 

(n = 9) 

Fast 

(n = 9) 

Age (yr), mean (SD) 61 (12) 70 (9) 66 (8) 51 (8) 

Gender, number male (%) 13 (54) 4 (77) 6 (67) 3 (33) 

Side of weakness, number right side (%) 13 (54) 2 (33) 3 (33) 8 (89) 

Time since stroke (yr), mean (SD) 6 (5) 5 (4) 7 (6) 6 (6) 

Cognition (MMSE, 0-30), mean (SD) 27 (3) 24 (3) 25 (2) 24 (3) 

Dexterity – paretic (LEMOCOT taps/s), mean (SD) 0.6 (0.6) 0.1 (0.1) 0.6 (0.3) 1.0 (0.8) 

Dexterity – non-paretic (LEMOCOT, taps/s), mean (SD) 1.3 (0.5) 1.1 (0.5) 1.2 (0.3) 1.5 (0.6) 

Muscle tone (Modified Ashworth Scale, 0-4), n (%)     

0 6 (25) 0 (0) 3 (33) 3 (33) 

1 6 (25) 1 (17) 4 (44) 1 (11) 

1+ 6 (25) 1 (17) 1 (11) 4 (44) 

2 4 (17) 2 (33) 1 (11) 1 (11) 

3 1(4) 1 (17) 0 (0) 0 (0) 

4 1(4) 1 (17) 0 (0) 0 (0) 

Motor recovery (Fugl-Meyer LL, 0-34), mean (SD) 25 (7) 17 (6) 27 (4) 28 (5) 

Comfortable walking speed (10MWT, m/s), mean (SD) 0.67 (0.35) 0.19 (0.06) 0.64 (0.11) 1.01 (0.15) 

Fast walking speed (10MWT, m/s), mean (SD) 0.88 (0.52) 0.19 (0.06) 0.86 (0.16) 1.38 (0.33) 

MMSE = Mini-mental state examination; LL = lower limb; LEMOCOT = Lower extremity motor coordination test 
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Table 2. Mean (SD) of both conditions for all participants (n=24) and mean difference (95 % CI) between 

conditions. 

 

Outcome Conditions  Difference between 

conditions 

 With cane Without cane  With minus 

without cane 

Speed 

(m/s) 

0.70 

(0.30) 
0.65 

(0.30) 
 0.05 

(-0.01 to 0.11) 

Step length  
(m) 

0.44 

(0.17) 
0.40 

(0.17) 
 0.04 

(0.03 to 0.06) 

Cadence  

(steps/min) 

89 

(24) 
92 

(25) 
 -3 

(-8 to 3) 
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Table 3. Mean (SD) of both conditions by walking speed, mean difference (95% CI) between conditions within groups, and mean difference (95% CI) between conditions 
between groups. 
 

Outcome Groups  Difference between conditions  
within groups 

 Difference between conditions  
between groups 

 Slow 

< 0.4 m/s 

 Intermediate 

0.4-0.8 m/s 

 Fast 

> 0.8 m/s 

 Slow  Intermediate  Fast  Intermediate 

minus slow 

 Intermediate 

minus fast 

 With 

cane 

(n = 6) 

Without 

cane 

(n = 6) 

 With 

cane 

(n = 9) 

Without 

cane 

(n = 9) 

 With 

cane 

(n = 9) 

Without 

cane 

(n = 9) 

 With minus 

without cane 

 With minus 

without cane 

 With minus 

without cane 

 With minus 

without cane 

 With minus 

without cane 

Speed 

(m/s) 

0.22 

(0.08) 

0.16 

(0.07) 

 0.82 

(0.15) 

0.65 

(0.14) 

 0.90 

(0.11) 

0.99 

(0.13) 

 0.06 

(0.01 to 0.10) 

 0.18 

(0.11 to 0.24) 

 -0.09 

(-0.15 to -0.02) 

 0.12 

(0.03 to 0.21) 

 0.27 

(0.18 to 0.36) 

Step length  
(m) 

0.21 

(0.07) 

0.17 

(0.05) 

 0.46 

(0.11) 

0.40 

(0.10) 

 0.58 

(0.07) 

0.57 

(0.07) 

 0.04 

(0.01 to 0.08) 

 0.07 

(0.05 to 0.09) 

 0.01 

(-0.01 to 0.04) 

 0.03 

(0.0 to 0.06) 

 0.05 

(0.02 to 0.08) 

Cadence  

(steps/min) 

60 

(6) 

58 

(14) 

 106 

(25) 

100 

(21) 

 92 

(9) 

106 

(10) 

 2 

(-11 to 13) 

 6 

(-1 to 13) 

 -14 

(-20 to -8) 

 4 

(-7 to 15) 

 20 

(12 to 28) 

 

 

 

 

 

 

 

 



131 

 

 

 

Figure 1. Flow of participant recruitment into the study. 
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7 CONSIDERAÇÕES FINAIS 

 

O presente trabalho foi estruturado de modo a realizar contribuições clínicas à 

prática do profissional de reabilitação, visando melhorar incapacidades de indivíduos 

com AVE, relacionadas a deficiências em força muscular e a limitações em marcha. 

As principais contribuições clínicas serão descritas nos parágrafos sequentes de 

modo a sumarizar os achados da presente tese e fornecer informações sobre efeitos 

de intervenção em linguagem objetiva e não-técnica. 

 

Os resultados do presente trabalho indicaram que o uso de eletroestimulação cíclica 

em indivíduos pós-AVE, considerados fracos ou muito fracos, é capaz de promover 

aumento moderado de força muscular e, consequente, melhora na capacidade e/ou 

desempenho de atividades. Sessões diárias de 45 minutos de eletroestimulação 

cíclica, durante um período de seis semanas, com elevado número de contrações 

musculares máximas são recomendadas para indivíduos na fase aguda ou crônica 

do AVE para promover aumento de força muscular. A intervenção pode ser uma boa 

alternativa para ganhos de força muscular em pacientes com deficiências cognitivas 

ou fraqueza acentuada, quando se torna difícil a realização independente de 

exercícios de resistência. Os resultados indicaram que os efeitos de intervenção são 

mantidos além do período de intervenção. 

 

Os resultados do presente trabalho indicaram, ainda, que duas diferentes estratégias 

de intervenção podem ser adicionadas ao treino de marcha usual para potencializar 

os efeitos de intervenção: treino de marcha associado ao uso de pistas auditivas e 

treino de marcha associado ao uso de realidade virtual. Adição de 30 minutos de 

pistas auditivas determinando cadência ao treino de marcha, quatro vezes por 

semana, durante quatro semanas é recomendada para melhorar velocidade de 

marcha, comprimento do passo, cadência e simetria de indivíduos com AVE. Trata-

se de uma estratégia simples e de fácil aplicação, que pode ser aplicada em 

diferentes ambientes (i.e., clínico, hospitalar ou comunitário) e não requer supervisão 

constante de um profissional para questões relacionadas à segurança. Novos 
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estudos devem ser realizados para verificar se os efeitos de intervenção são 

mantidos além do período de intervenção. 

 

Treino de marcha associado ao uso de realidade virtual, embora não tenha as 

mesmas facilidades de implementação comparadas ao uso de pistas auditivas, 

também se mostrou eficaz para aumentar a velocidade de marcha de indivíduos 

pós-AVE. Adição de elementos de realidade virtual ao treino de marcha, por 40 

minutos, três vezes por semana, durante quatro semanas é recomendada para 

melhorar velocidade de marcha pós-AVE. A recomendação é baseada no 

agrupamento de estudos que incluíram diferentes tipos de realidade virtual 

existentes, e uma análise de subgrupos considerando a especificidade de cada tipo 

não foi possível devido ao baixo número de ensaios clínicos. Dessa forma, estudos 

explorando os diferentes tipos de realidade virtual são encorajados, principalmente 

para avaliar a eficácia de dispositivos comercialmente disponíveis para uso na 

prática clínica. 

 

O presente trabalho avaliou, ainda, o efeito da provisão de uma bengala simples 

com pega ergonômica na marcha de indivíduos pós-AVE da comunidade, separados 

em grupos de acordo com a velocidade de deambulação confortável: indivíduos 

lentos (velocidade <0.4 m/s), indivíduos intermediários (velocidade entre 0.4 e 0.8 

m/s) e indivíduos rápidos (velocidade >0.8 m/s). Os resultados sugeriram que 

bengalas não devem ser prescritas a indivíduos rápidos, mas podem ser prescritas a 

indivíduos lentos e intermediários, sem que haja prejuízo na qualidade do 

movimento. Benefícios clinicamente importantes com o uso da bengala foram 

obtidos pelos indivíduos com velocidade intermediária em relação à velocidade de 

marcha e comprimento do passo. Outras estratégias de intervenção tais como 

prescrição de scooters ou cadeiras elétricas podem ser mais indicadas para 

melhorar a participação social dos indivíduos lentos, mas carecem de maiores 

investigações.  

 

Dessa forma, o presente trabalho, estruturado de acordo com o raciocínio teórico da 

Classificação Internacional de Funcionalidade e Saúde, contribuiu com achados 
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clínicos para linha de pesquisa de Estudos em Reabilitação Neurológica do Adulto 

do Programa de Pós-Graduação em Ciências da Reabilitação, apresentado 

evidências clínicas de efeitos de intervenções destinadas à melhora de força 

muscular e da marcha de indivíduos com incapacidades decorrentes de AVE. 
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ANEXOS B, C e D 

Artigos científicos complementares à tese publicados em 

revistas especializadas 
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ANEXO E 

Aprovação do projeto pelo Comitê de Ética em Pesquisa 
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APÊNDICE A 
Quadro: Intervenções para melhora de força muscular e marcha pós-AVE: nível de evidência prévio, atualizações e perspectivas futuras. 
Incapacidade Intervenção Nível  Evidências Utilizadas Atualizações e Perspectivas Futuras 

 

 

 

 

Fraqueza 

muscular 

 

 

 

 

Biofeedback por EMG C Uma revisão sistemática não-específica (2 ECA), sem 

benefício de meta-análise. 

Limitado número de ensaios clínicos para permitir atualizações; 

Foco em biofeedback para melhora de atividade. 

 

Exercícios de resistência 

 

B Três revisões sistemáticas apresentando resultados 

com tamanho de efeito pequeno-moderado, e 

heterogeneidade entre estudos. 

Incentivo à condução de ensaios clínicos com maior 

homogeneidade nos critérios de intervenção e seleção dos 

participantes. 

 

Eletroestimulação B Uma revisão sistemática não-específica (11 ECA ou 

ECC). Dois tipos de eletroestimulação (cíclica e 

funcional), sem benefício de meta-análise. 

Revisão sistemática com meta-análise sobre 

eletroestimulação cíclica como parte do projeto dessa tese. 

    

 

 

 

 

 

Limitações em 

marcha 

Treino intensivo e 

repetitivo da atividade 

A Uma revisão sistemática (14 ECA ou ECC).  

Velocidade: SMD 0.29 (IC 95% 0.04 a 0.53) 

Capacidade: MD 55 m (IC 95% 18 a 92) 

 

Intervenção com nível de recomendação A. 

Biofeedback C Duas revisões sistemáticas (5 ECA e 13 ECA ou ECC). 

Ausência benefícios adicionais do treinamento em 

relação à velocidade de marcha ou capacidade. 

Uma revisão sistemática (22 ECA ou ECC) sobre uso de 

biofeedback para melhora de atividades de membro inferior. 

Efeito imediato: SMD 0.49 (IC 95% 0.22 a 0.75) 

Longo prazo: SMD 0.41 (IC 95% 0.06 a 0.75) 

 

Marcha com auxílio 

mecanizado 

B Uma revisão sistemática (11 ECA ou ECC; esteira). 

Marcha independente: RD 3.06 (IC 95% 1.85 a 5.06) 

Uma revisão sistemática (15 ECA ou ECC; esteira + 

suporte). 

Velocidade: MD 0.09 m/s (IC 95% -0.02 a 0.20) 

Atualização de revisão sistemática (44 ECA ou ECC) 

Velocidade: MD 0.07 m/s (IC 95% 0.01 a 0.12) 

Capacidade: MD 26 m (IC 95%2.5 a 50) 

 

Uma revisão sistemática (6 ECA; esteira + suporte; não-
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deambuladores) 

Marcha independente: RD 0.23 (IC 95% 0.15 a 0.30) 

Velocidade: MD 0.12 m/s (IC 95% 0.02 a 0.21) 

 

Uma revisão sistemática (9 ECA; esteira; deambuladores) 

Velocidade: MD 0.14 m/s (IC 95% 0.09 a 0.19) 

Capacidade: MD 40 m (IC 95% 27 a 53) 

Não é superior ao treino de marcha em solo. 

 

Pistas auditivas rítmicas B Uma revisão sistemática não-específica (3 ECA) 

Velocidade de marcha: SMD 0.91 (IC 95% 0.40 a 1.42) 

Comprimento de passo: SMD 0.68 (IC 95% 0.06 a 1.30) 

Uma atualização de revisão sistemática (3 ECA), resultados 

conflitantes. 

Velocidade de marcha: SMD 0.6 (IC 95% -1.8 a 3.0) 

Comprimento de passada: SMD 0.15 (IC 95% -1.4 a 1.7) 

 

Revisão sistemática com meta-análise sobre pistas auditivas 

rítmicas como parte do projeto dessa tese. 

 

Realidade virtual C 5 ECA, sem evidências sumarizadas em revisão 

sistemática com meta-análise. 

Revisão sistemática com meta-análise sobre treino de marcha 

associado à realidade virtual como parte do projeto dessa 

tese. 

 

Órteses tornozelo-pé C Uma revisão sistemática com estudos experimentais, 

sem indicação clara de benefício da técnica. 

Uma revisão sistemática (13 ECA ou ECC) 

Velocidade de marcha: MD 0.06 m/s (IC 95% 0.03 a 0.08) 

Comprimento de passo/passada: SMD 0.28 (IC 95% 0.05 a 0.51) 

 

Dispositivos de auxílio 

(marcha, bengala) 

- Não incluída. Estudo experimental sobre efeito de bengala no desempenho 

da marcha como parte do projeto dessa tese. 

ECA: ensaio clínico aleatorizado; ECC: ensaio clínico controlado; EMG: eletromiografia 
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APÊNDICE B 

Material suplementar referente ao Estudo 1 

Estratégia de Busca 
 

1. exp Electric Stimulation/ 
2. exp Electric Stimulation Therapy/ 
3. “neuromuscular stimulation*”.mp. 
4. electrostimulation*.mp. 
5. exp Transcutaneous Electric Nerve Stimulation/ 
6. “Nerve stimulation*”.mp 
7. (FES or TENS or ES or NMES).tw. 
8. neuromuscular electric$ stimulation.mp. 
9. exp Electroacupuncture/ 
10.  (Electric$ adj5 stimulat$).tw. 
11.  (peroneal adj5 stimulate$).tw. 
12.  1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 
13.  exp Cerebrovascular Disorders/ 
14. exp Brain Ischemia/ 
15.  exp Cerebral Hemorrhage/ 
16.  Exp Brain Injuries/ 
17.  exp “Intracranial Embolism and Thrombosis”/ 
18.  exp Intracranial Aneurysm/ 
19.  (Eva or cerebrovascular accident).mp. 
20.  (Stroke or apoplexy).mp. 
21.  (cerebral infarct$ or cerebral ischemis$ or cerebral thrombo$ or cerebral 

embolis$).mp. 
22.  (brain infarct$ or brain ischemis$ or brain thrombo$ or brain 

embolis$).mp. 
23.  (cerebral hemorrhage or cerebral haemorrhage or cerebral hematoma or 

cerebral haematoma).mp. 
24.  (brain hemorrhage or brain haemorrhage or brain hematoma or brain 

haematoma).mp. 
25.  exp Stroke/ 
26.  exp Cerebral Infarction/ 
27.  13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 

or 26 
28.  exp Hemiplegia/ 
29.  exp Paresis/ 
30.  (Hemiplegi$ or Hemipar$).mp. 
31.  28 or 29 or 30 
32.  12 and 27 
33.  12 and 31 
34.  32 or 33 
35. limit 34 to humans 

 



176 

 

Estudos excluídos (n = 48). 

Estudo Razões para exclusão 

1 2 3 4 5 6 

Baker et al. (1979)       

Bello, Rockson and Olaogun (2009)       

Burridge et al. (2002)       

Cauraugh et al (2000)       

Cauraugh and Kim (2002)       

Cauraugh and Kim (2003)       

Cauraugh and Kim (2003)       

Cauraugh, Kim and Duley (2005)       

Chae et al. (1998)       

Chae et al. (2009)       

Cheng et al. (2010)       

Church et al. (2006)       

Conforto et al. (2010)       

Cozean, Pease and Hubbell (1998)       

de Kroon et al. (2004)       

Faghri et al. (1994)       

Faghri (1997)       

Francisco et al. (1998)       

Gabr, Levine and Page (2005)       

Hara, Ogawa and Muraoka (2006)       

Hara et al. (2008)       

Hong, Choi and Lee (2012)       

Hsu et al. (2010)       

Hummelsheim et al. (1996)       
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Hummelsheim et al. (1997)       

Johansson et al. (2001)       

Knutson et al. (2012)       

Liu, You and Sun (2005)       

Mangold et al. (2009)       

Mann et al. (2005)       

McDonnell et al. (2007)       

Merletti (1978)       

Mesci et al. (2009)       

Ng and Hui-Chan (2007)       

Ng and Hui-Chan (2009)       

Pehlivan and Armagan (2011)       

Rydwik et al. (2006)       

Sabut et al. (2011)       

Sahin et al. (2012)       

Shindo et al. (2011)       

Sonde et al. (1998)       

Sonde et al. (2000)       

Wang et al. (2002)       

Wu et al. (2006)       

Yamaguchi et al. (2011)       

Yavuzer et al. (2006)       

Yavuzer et al. (2007)       

Yozbatiran et al. (2006)       

1 = Desenho de estudo não é ECA ou EC 

2 = Eletroestimulação não foi direcionada para fortalecimento (i.e., não é objetivo e/ou não há medida de força) 

3 = Medida de força não representativa de força máxima 
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4 = Grupo controle não é placebo, não-fortalecimento, outra forma de fortalecimento ou outra dose de ES 

5 = Estudo não disponível 

6= Dados duplicados 
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Gráficos detalhado

 

Figura 3a. Diferença media de Cohen (IC 95%) do efeito da eletroestimução versus não-intervenção/placebo em força muscular imediatamente após a 

intervenção (n = 359).  

Experimental  Control Weight   Association measure  
Study Year n/mean/SD  n/mean/SD  (95% CI)  

Bakhtiary  2008 18/0.95/0.83  17/1.2/1.5  10.18%  -0.21 (-0.87 to 0.45)  

Heckmann  1997 14/6.9/2.5  14/5.2/2.6  7.74%  0.67 (-0.09 to 1.42)  

Hui-Chan 2009 28/38.9/16.9  29/31.2/18.3  16.28%  0.44 (-0.09 to 0.96)  

Kobayashi  1999 6/63.2/22.6  5/68.8/34.9  3.18%  -0.19 (-1.38 to 0.99)  

Kraft  1992 6/15.2/12.3  5/4.2/6.3  2.71%  1.09 (-0.18 to 2.36)  

Mano      2011 10/3.46/2.01  8/2.67/1.99  5.09%  0.39 (-0.54 to 1.33)  

Rosewilliam  2012 39/0.7/1.5  41/0.2/0.5  22.81%  0.45 (0.01 to 0.89)  

Shin 2008 7/1.93/0.37  7/1.51/0.18  3.14%  1.44 (0.26 to 2.62)  

Winchester  1983 20/45.2/28.3  20/31.9/29.4  11.39%  0.46 (-0.16 to 1.09)  

Yan  2005 13/9/4.6  15/4.6/3  6.93%  1.15 (0.35 to 1.95)  

Yan  2009 19/6.4/5.9  18/4/4.8  10.55%  0.44 (-0.21 to 1.09)  

Pooled:  100% 0.47 (0.26 to 0.68)  
-3 -2 -1 0 1 2 3 
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Figura 3b. Diferença media de Cohen (IC 95%) do efeito da eletroestimução versus não-intervenção/placebo em força muscular além do período de 

intervenção (n = 211). 

Experimental  Control Weight   Association measure  
Study    Year n/mean/SD  n/mean/SD  (95% CI)  

Hui-Chan  2009 28/32/16  29/32.1/19.5  27.78%  0.00 (-0.52 to 0.51)  

Kraft  1992 6/16.2/12.6  5/4/5.8  4.36%  1.20 (-0.09 to 2.49)  

Rosewilliam  2012 38/0.9/1.7  40/0.5/1  37.59%  0.29 (-0.16 to 0.73)  

Yan  2005 13/9.9/5.2  15/6.8/3.8  12.77%  0.69 (-0.07 to 1.45)  

Yan  2009 19/8.2/5.3  18/6/3.8  17.50%  0.47 (-0.17 to 1.13)  

Pooled:  100% 0.33 (0.07 to 0.60)  
-3 -2 -1 0 1 2 3 
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Figura 5a. Diferença media de Cohen (IC 95%) do efeito da eletroestimução versus não-intervenção/placebo em atividade imediatamente após a intervenção 

(n = 242).  

 

Experimental  Control Weight   Association measure  
Study   Year n/mean/SD  n/mean/SD  (95% CI)  

Heckmann  1997 14/89.3/13.6  14/77.1/23  11.40%  0.65 (-0.11 to 1.40)  

Hui-Chan  2009 29/22.9/13.2  28/20.6/10.4  24.38%  0.19 (-0.33 to 0.71)  

Rosewilliam  2012 39/5/11.7  41/3.1/10.2  34.24%  0.17 (-0.26 to 0.61)  

Shin  2008 7/31.86/4.77  7/23/3.24  3.56%  2.17 (0.85 to 3.49)  

Yan  2005 13/32/19.7  13/39.2/30.4  11.06%  -0.28 (-1.05 to 0.49)  

Yan  2009 18/41.1/27.9  19/30/13.5  15.36%  0.51 (-0.14 to 1.17)  

Pooled: 100% 0.30 (0.05 to 0.56)  
-3 -2 -1 0 1 2 3 



182 

 

 

 

 

 

Figura 5b. Diferença media de Cohen (IC 95%) do efeito da eletroestimução versus não-intervenção/placebo em atividade além do período de intervenção (n 

= 198). 

Experimental  Control Weight  Association measure  
Study  Year n/mean/SD  n/mean/SD  (95% CI) 

Hui-Chan  2009 29/22.2/12.5  28/21/9.9  29.58%  0.11 (-0.41 to 0.63)  

Rosewilliam  2012 38/7.7/14.6  40/3.3/12.6  39.99%  0.32 (-0.12 to 0.77)  

Yan  2005 13/39.7/30.1  13/28.4/21  13.18%  0.43 (-0.34 to 1.21)  

Yan  2009 18/34.5/28.5  19/15.2/8.4  17.25%  0.93 (0.25 to1.61)  

Pooled:  100% 0.38 (0.09 to 0.66)  
-3 -2 -1 0 1 2 3 
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APÊNDICE C 

Material suplementar referente ao Estudo 2 

Estratégia de Busca 
 
1. exp Cerebrovascular Disorders/ 
2. exp Cerebral Hemorrhage/ 
3. exp Brain Ischemia/ 
4. exp Brain Injuries/ 
5. exp Intracranial Aneurysm/ 
6. exp Stroke/ 
7. exp "Intracranial Embolism and Thrombosis"/ 
8. exp Cerebral Infarction/ 
9. (eva or cerebrovascular accident).mp.  
10. apoplexy.mp. 
11. (cerebral infarct$ or cerebral ischemi$ or cerebral thrombo$ or cerebral 
emboli$).mp. 
12. (brain infarct$ or brain ischemi$ or brain thrombo$ or brain emboli$).mp. 
13. (cerebral hemorrhage or cerebral haemorrhage or cerebral hematoma or cerebral 
haematoma).mp. 
14. (brain hemorrhage or brain haemorrhage or brain hematoma or brain 
haematoma).mp. 
15. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 
16. exp Hemiplegia/ 
17. exp Paresis/ 
18. (hemiplegi$ or hemipar$).mp.  
19. 16 or 17 or 18 
20. exp Gait Disorders, Neurologic/ 
21. exp Walking/ 
22. exp Gait/ 
23. exp Locomotion/ 
24. (walk$ or gait$ or ambulat$ or mobil$ or locomot$ or balanc$ or stride).mp.  
25. 20 or 21 or 22 or 23 or 24 
26. exp Cues/ 
27. cueing.mp. 
28. (external rhythm$ or external stimul$ or external feedback).mp. 
29. exp Music Therapy/ 
30. (auditory stimul$ or auditory feedback).mp.  
31. (acoustic stimul$ or acoustic feedback).mp. 
32. (music$ stimul$ or music$ feedback).mp.  
33. (sensorial stimul$ or sensorial feedback).mp. 
34. (audio or sound or rhythm$).mp. 
35. 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 
36. 15 and 25 and 35 
37. 19 and 25 and 35 
38. 36 or 37 
39. limit 38 to humans 
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Estudos excluídos (n = 25). 
 

Estudos 

 Razões para exclusão 

1 2 3 4 5 6 

Boonsinsukh, et al. (2009)       

Boonsinsukh, et al. (2011)       

Bradley, et al. (1998)       

Cheng, et al. (2004)       

Chouhan and Kumar (2012)       

Chouhan and Kumar (2012)       

Colbourne, et al. (1993)       

Ford, et al. (2007)       

Hausdorff and Ring (2008)       

Jeong and Kim (2007)       

Kang, et al. (2012)       

Kim, et al. (2011)       

Mandel, et al. (1990)       

Malucci, et al. (2011)       

Muto, et al. (2012)       

Pelton, et al. (2010)       

Petersen, et al. (1996)       

Prassas, et al. (1997)       

Roerdink, et al. (2007)       

Roerdink, et al. (2009)       

Schauer and Mauritz (2003)       

Suh, et al (2014)       

Sungkarat, et al. (2012)       

Walker, et al. (2000)       



185 

 

Wong, et al. (2007)       

1 = Desenho de estudo não é ECA ou EC 

2 = Grupo experimental não realizou treino de marcha associado a pistas auditivas 

3 = Medidade de desfecho não é velocidade de marcha, comprimento de passada, cadência ou simetria 

4 = Grupo controle não realizou treino de marcha isolado 

5 = Dados duplicados 

6 = Velocidade de marcha dos participantes inferior a 0.2m/s 
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Gráficos detalhados 

 

 

 

 

 

Figura 3. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em velocidade de marcha em m/s (n = 

171). 

 

Experimental Control Weight Association measure 

Study  Year n/Mean/SD n/Mean/SD 

 

 with 95% CI 

Hayden 2009 5/1.1/0.41 5/0.6/0.19 1.28% 0.50 (0.11 to 0.90) 

Kim 2012a 9/0.75/0.27 9/0.66/0.2 4.17% 0.09 (–0.13 to 0.31) 

Kim 2012b 10/1.03/0.14 10/0.8/0.08 20.10% 0.23 (0.13 to 0.33) 

Park 2010 13/0.54/0.21 12/0.37/0.15 9.92% 0.17 (0.03 to 0.31) 

Thaut 1997 10/0.8/0.3 10/0.53/0.17 4.40% 0.27 (0.06 to 0.48) 

Thaut 2007 43/0.58/0.15 35/0.34/0.11 60.14% 0.24 (0.18 to 0.30) 

Pooled: 100% 0.23 (0.18 to 0.27) 
–0.2 0 0.2 0.4 0.6 0.8 1 
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Figura 5. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em comprimento de passada em m (n = 

171). 

Experimental Control Weight Association measure 

Study  Year n/Mean/SD 

 

n/Mean/SD 

 

with 95% CI 

Hayden 2009 5/1.22/0.33 5/0.76/0.19 4.65% 0.46 (0.13 to 0.79) 

Kim 2012a 9/0.9/0.24 9/0.87/0.19 12.96% 0.03 (–0.17 to 0.23) 

Kim 2012b 10/0.92/0.32 10/0.72/0.6 2.92% 0.20 (–0.22 to 0.62) 

Park 2010 13/0.81/0.22 12/0.6/0.21 18.24% 0.21 (0.04 to 0.38) 

Thaut 1997 10/1/0.3 10/0.69/0.19 10.70% 0.31 (0.09 to 0.53) 

Thaut 2007 43/0.88/0.21 35/0.67/0.24 50.52% 0.21 (0.11 to 0.31) 

Pooled 100% 0.21 (0.14 to 0.28) 
–0.4 –0.2 0 0.2 0.4 0.6 0.8 1 
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Figura 7. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em cadência em passos/minuto (n = 

151). 

 

 

Experimental Control Weight Association measure 

Study Year n/Mean/SD 

 

n/Mean/SD 

 

with 95% CI 

Hayden 2009 5/104.9/17.7 5/93.7/12.4 5.22% 11.20 (–7.74 to 30.14) 

Kim 2012a 9/102.7/19.3 9/91.1/11.3 8.78% 11.60 (–3.01 to 26.21) 

Park  2010 13/80/27 12/75/28.5 3.94% 5.00 (–16.80 to 26.80) 

Thaut 1997 10/98/17 10/90/16 8.95% 8.00 (–6.47 to 22.47) 

Thaut 2007 43/82/12.9 35/60/9.9 73.11% 22.00 (16.93 to 27.06) 

Pooled 100% 19.0 (14.0 to 23.0) 
–20 –10 0 10 20 30 40 
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Figura 9. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em simetria (razão temporal entre 

membro parético e não-parético) (n = 136).  

 

 

Experimental Control Weight Association measure 

Study Year n/Mean/SD n/Mean/SD with 95% CI 

Kim 2012a 9/0.98/0.22 9/1/0.14 19.10% –0.02 (–0.19 to 0.15) 

Kim  2012b 10/0.94/0.09 10/0.65/0.1 28.46% 0.29 (0.21 to 0.37) 

Thaut 1997 10/0.82/0.14 10/0.68/0.23 19.44% 0.14 (–0.02 to 0.31) 

Thaut 2007 43/0.58/0.05 35/0.46/0.07 33.01% 0.12 (0.09 to 0.15) 

Pooled: 100% 0.15 (0.03 to 0.26) 
–0.4 –0.2 0 0.2 0.4 0.6 
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Figura 3b. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em velocidade de marcha em m/s, 

incluindo estudo outlier (n = 211), random effects. 

 

 

Experimental Control Weight Association measure 
Study  Year n/M/SD n/M/SD 

 

 with 95% CI 

Argstatter 2007 20/0.35/0.17 20/0.55/0.38 13.91% -0.2 (-0.3824  to  -0.0176) 

Hayden 2009 5/1.1/0.41 5/0.6/0.19 5.81% 0.5 (0.1039  to  0.8961) 

Kim 2012a 9/0.75/0.27 9/0.66/0.2 11.91% 0.09 (-0.1295  to  0.3095) 

Kim 2012b 10/1.03/0.14 10/0.8/0.08 18.86% 0.23 (0.1301  to  0.3299) 

Park 2010 13/0.54/0.21 12/0.37/0.15 16.31% 0.17 (0.0278  to  0.3122) 

Thaut 1997 10/0.8/0.3 10/0.53/0.17 12.20% 0.27 (0.0563  to  0.4837) 

Thaut 2007 43/0.58/0.15 35/0.34/0.11 21.00% 0.24 (0.1822  to  0.2978) 

Pooled: 100% 0.1664 (0.0553 to 0.2775) 
-0.5 0 0.5 1 

MD 
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Figura 5b. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em comprimento de passada em m, 

incluindo estudo outlier (n = 211), random effects. 

 

Experimental Control Weight Association measure 
Study Year n/M/SD n/M/SD 

 

with 95% CI 

Argstatter 2007 20/0.66/0.15 20/0.83/0.33 16.92% -0.17 (-0.3289  to  -0.0111) 

Hayden 2009 5/1.22/0.33 5/0.76/0.19 10.15% 0.46 (0.1262  to  0.7938) 

Kim 2012a 9/0.9/0.24 9/0.87/0.19 15.18% 0.03 (-0.17  to  0.23) 

Kim 2012b 10/0.92/0.32 10/0.72/0.6 7.77% 0.2 (-0.2215  to  0.6215) 

Park 2010 13/0.81/0.22 12/0.6/0.21 16.51% 0.21 (0.0414  to  0.3786) 

Thaut 1997 10/1/0.3 10/0.69/0.19 14.34% 0.31 (0.0899  to  0.5301) 

Thaut 2007 43/0.88/0.21 35/0.67/0.24 19.13% 0.21 (0.1087  to  0.3113) 

Pooled: 100% 0.1573 (0.0094 to 0.3052) 
-0.5 0 0.5 1 

MD 
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Figura 7b. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em cadência em passos/minuto, 

incluindo estudo outlier (n = 191), random effects. 

 

 

Exposed Control Weight Association measure 
Study Year n/M/SD n/M/SD 

 

with 95% CI 

Argstatter 2007 20/59.1/19.8 20/72.7/23.5 17.46% -13.6 (-27.0675  to  -0.1325) 

Hayden 2009 5/104.9/17.7 5/93.7/12.4 14.49% 11.2 (-7.7428  to  30.1428) 

Kim 2012a 9/102.7/19.3 9/91.1/11.3 16.83% 11.6 (-3.0113  to  26.2113) 

Park  2010 13/80/27 12/75/28.5 13.04% 5 (-16.8045  to  26.8045) 

Thaut 1997 10/98/17 10/90/16 16.91% 8 (-6.4693  to  22.4693) 

Thaut 2007 43/82/12.9 35/60/9.9 21.27% 22 (16.938  to  27.062) 

Pooled: 100% 7.8863 (-4.4233 to 20.1959) 
-40 -20 0 20 40 

MD 
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Figura 9b. Diferença média (IC 95%) do treino de marcha associado a pistas auditivas versus treino de marcha isolado em simetria (razão temporal entre 

membro parético e não-parético), incluindo estudo outlier (n = 136), random effects.  

 

Exposed Control Weight Association measure 
Study Year n/M/SD n/M/SD 

 

with 95% CI 

Argstatter 2007 20/0.74/0.43 20/0.73/0.27 12.46% 0.01 (-0.2125  to  0.2325) 

Kim 2012a 9/0.98/0.22 9/1/0.14 16.44% -0.02 (-0.1904  to  0.1504) 

Kim  2012b 10/0.94/0.09 10/0.65/0.1 25.03% 0.29 (0.2066  to  0.3734) 

Thaut 1997 10/0.82/0.14 10/0.68/0.23 16.74% 0.14 (-0.0269  to  0.3069) 

Thaut 2007 43/0.58/0.05 35/0.46/0.07 29.33% 0.12 (0.0924  to  0.1476) 

Pooled: 100% 0.1292 (0.0264 to 0.232) 
-0.4 -0.2 0 0.2 0.4 0.6 

MD 
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APÊNDICE D 

Material suplementar referente ao Estudo 3 

Estratégia de Busca 

 

1. Cerebrovascular Disorders.mp. or exp Cerebrovascular Disorders/ 
2. Brain Ischemia.mp. or exp Brain Ischemia/ 
3. Cerebral Hemorrhage.mp. or exp Cerebral Hemorrhage/ 
4. Brain Injuries.mp. or exp Brain Injuries/ 
5. (Intracranial Embolism and Thrombosis).mp. 
6. Intracranial Aneurysm.mp. or exp Intracranial Aneurysm/ 
7. (Eva or cerebrovascular accident).mp. 
8. apoplexy.mp. or exp Stroke/ 
9. (cerebral infarct$ or cerebral ischemis$ or cerebral thrombo$ or cerebral 

embolis$).mp. 
10. (brain infarct$ or brain ischemis$ or brain thrombo$ or brain embolis$).mp. 
11. (cerebral hemorrhage or cerebral haemorrhage or cerebral hematoma or cerebral 

haematoma).mp. 
12. (brain hemorrhage or brain haemorrhage or brain hematoma or brain 

haematoma).mp. 
13. Cerebral Infarction.mp. or exp Cerebral Infarction/ 
14. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 
15. Hemiplegia.mp. or exp Hemiplegia/ 
16. exp Paresis/ or Paresis.mp. 
17. (Hemiplegi$ or Hemipar$).mp. 
18. 15 or 16 or 17 
19. exp Walking/ or Walking.mp. 
20. Gait.mp. or exp Gait/ or exp Gait Disorders, Neurologic/ 
21. Locomotion.mp. or exp Locomotion/ 
22. (walk$ or gait$ or ambulat$ or mobil$ or locomot$ or balanc$ or stride).mp. 
23. 19 or 20 or 21 or 22 
24. User-computer interface/ 
25. computers/ or exp microcomputers/ or computer systems/ or software/ 
26. computer simulation/ or computer-assisted instruction/ or therapy, computer-

assisted/ 
27. computer graphics/ or video games/ or *touch/ 
28. virtual reality.mp. 
29. (computer adj3 (simulat$ or graphic$ or game$ or interact$)).tw. 
30. video games.mp. or "Play and Playthings"/ or exp Video Games/ or exp 

Television/ or exp Electronics/ 
31. (haptics or haptic device$).tw. 
32. optic flow.mp. or exp Optic Flow/ 
33. 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 
34. 14 or 18 
35. 34 and 23 and 33 
36. limit 35 to humans 
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Gráficos detalhados 

 

 

 

 

 

Figura 2 A – Diferença media (IC 95%) sobre o efeito do treino de marcha associado à realidade virtual versus não-intervenção/placebo ou intervenção não-

específica aos membros inferiores em velocidade de marcha imediatamente após a intervenção (n = 72). 

 

 

 

Experimental Control Weight Association measure 
Study Year n/M/SD n/M/SD with 95% CI 

Fritz 2013 15/0.59/0.32 13/0.55/0.35 13.82% 0.04 (-0.21 to 0.29) 

Kang 2012 10/0.7/0.2 10/0.5/0.1 44.91% 0.2 (0.06 to 0.34) 

Kim 2009 12/0.64/0.22 12/0.46/0.13 41.27% 0.18 (0.03 to 0.32) 

Pooled: 100% 0.17 (0.08 to 0.26) 
-0.4 -0.2 0 0.2 0.4 0.6 

MD 
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Figura 2 B – Diferença media (IC 95%) sobre o efeito do treino de marcha associado à realidade virtual versus treino de marcha isolado em velocidade de 

marcha imediatamente após a intervenção (n = 92). 

 

 

Experimental Control Weight Association measure 
Study Year n/M/SD n/M/SD with 95% CI 

Cho 2013 7/0.79/0.13 7/0.61/0.2 30.94% 0.18 (0.003 to  0.37) 

Jaffe 2004 10/0.69/0.33 10/0.72/0.28 13.43% -0.03 (-0.29 to  0.24) 

Kang 2012 10/0.7/0.2 10/0.5/0.2 31.44% 0.2 (0.02 to 0.37) 

Mirelman 2010 9/0.81/0.18 9/0.68/0.29 19.43% 0.13 (-0.09 to 0.35) 

Yang 2008 11/0.85/0.31 9/0.73/0.63 4.76% 0.12 (-0.33 to 0.57) 

Pooled: 100% 0.15 (0.05 to 0.24) 
-0.4 -0.2 0 0.2 0.4 0.6 

MD 
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APÊNDICE E 

Termo de Consentimento Livre e Esclarecido 

 

TÍTULO DO PROJETO 

INFLUÊNCIA DO USO DE DISPOSITIVOS AUXILIARES NAS VARIÁVEIS 

CINÉTICAS, CINEMÁTICAS E ESPAÇO-TEMPORAIS DA MARCHA DE 

HEMIPARÉTICOS CRÔNICOS. 

 

INFORMAÇÕES 

Você está sendo convidado a participar de uma pesquisa a ser 

desenvolvida no Departamento de Fisioterapia da Escola de Educação Física, 

Fisioterapia e Terapia Ocupacional da Universidade Federal de Minas Gerais. 

Este projeto de pesquisa tem como objetivo avaliar se o uso de 

dispositivos auxiliares melhora a capacidade de andar de indivíduos que 

sofreram derrame. 

Para realizá-lo você será convidado a responder alguns questionários e 

realizar uma avaliação da sua marcha. 

  

DESCRIÇÃO DOS TESTES A SEREM REALIZADOS 

Avaliação  

Inicialmente, serão coletadas informações específicas para a sua 

identificação, além de alguns parâmetros clínicos e físicos. A sua capacidade 

funcional será avaliada a partir do seu desempenho em testes muito utilizados 

na prática clínica e em estudos científicos. Todos esses testes são 

constituídos de tarefas que você realiza corriqueiramente no seu dia a dia.  

Avaliação da marcha 

Para realizar este teste, você será solicitado a caminhar num corredor 

em velocidades habitual e máxima, selecionadas por você, considerando a 

sua segurança e o seu conforto. 

Para análise da marcha serão utilizados os seguintes procedimentos: 
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• Utilização do sistema de análise de movimento para avaliar o seu 

desempenho nos testes. Este sistema é constituído por câmeras que captam 

a imagem de marcadores, que são pequenas esferas de plástico, 

posicionados em locais específicos do seu corpo. Para posicionar estes 

marcadores, você deverá utilizar roupas apropriadas que permitam a 

exposição dos seus pés, pernas, coxas, tronco e braços. Estas roupas serão 

disponibilizadas pela equipe de pesquisa. Com fita dupla-face, anti-alérgica, 

serão posicionados os marcadores em pontos de referências do seu corpo.  

Estes marcadores refletem uma luz que é captada pelas câmeras do sistema 

de análise de movimento. Tais marcadores não provocam dor. A partir do 

posicionamento desses marcadores durante o seu desempenho no teste, é 

possível determinar os ângulos de diferentes partes do seu corpo (como do 

pé, da perna e da coxa) em diferentes momentos e, desta forma obter 

informações mais detalhadas e objetivas. Você caminhará normalmente sobre 

uma plataforma, em condições diferentes: utilizando a sua bengala ou muleta 

e sem a utilização destas. Você pisará sobre uma plataforma que captará 

informações sobre a transferência de peso do seu corpo.  

 

Riscos 

Os testes e procedimentos adotados não apresentam riscos específicos além 

daqueles presentes no seu dia-a-dia. Durante o teste, você pode vir a sentir-

se fadigado. Caso isto aconteça, períodos de repouso serão permitidos entre 

um teste e outro. Qualquer tipo de desconforto vivenciado durante os testes 

deve ser revelado para que os pesquisadores tomem as devidas providências 

com o objetivo de minimizá-lo. Você poderá se desequilibrar enquanto 

caminha. Portanto, todos os testes serão acompanhados por uma pessoa 

posicionada ao seu lado.  

Benefícios 

Você não obterá benefícios imediatos por participar desta pesquisa. Na 

realidade, você estará contribuindo para a nossa melhor compreensão dos 

prováveis benefícios dos dispositivos auxiliares são realizados. A partir daí, 

poderemos indicá-los com maior segurança. 

 

Confidencialidade 
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Você receberá um código que será utilizado em todos os seus testes e 

não será reconhecido individualmente. 

 

Natureza voluntária do estudo 

A sua participação é voluntária e você tem o direito de se retirar por 

qualquer razão e qualquer momento. 

 

Pagamento 

Você não receberá nenhuma forma de pagamento pela participação no 

estudo. Custos de transporte para o local dos testes e seu retorno poderão, se 

necessários, ser arcados pelos pesquisadores. 

 

 

DECLARAÇÃO E ASSINATURA 

Eu, _____________________________________________________ 

li e entendi toda a informação repassada sobre o estudo, sendo que os 
objetivos, procedimentos e linguagem técnica satisfatoriamente 
explicados. Tive tempo suficiente, para considerar as informações acima 
e tive a oportunidade de tirar todas as minhas dúvidas. Estou assinando 
este termo voluntariamente e tenho direito de agora, ou mais tarde, 
discutir qualquer dúvida que venha a ter com relação à pesquisa com: 

Lucas Rodrigues Nascimento  (31) 7591-6000 

Janaine Cunha Polese                   (31) 3498-3217 

Prof. Luci Fuscaldi Teixeira-Salmela      (31) 3409-7403 

Comitê de Ética em Pesquisa da UFMG (31) 3409-4592 

Endereço: Avenida Antônio Carlos, 6627,  

Pampulha, BH/MG Campus – UFMG –  

Unidade Administrativa II – 2º andar. 
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Assinando esse termo de consentimento, estou indicando que concordo 

em participar deste estudo. 

 

__________________________  __________________________ 

  Assinatura do Participante         Assinatura da Testemunha 

 

 

Data: ______________________ Data: _____________________ 

RG: ______________________ RG: _____________________ 

CPF: ______________________  CPF: _____________________ 

End: ______________________ End: _____________________ 

 

Responsáveis 

 

 

_________________________________________ 

Lucas R Nascimento / Janaine C Polese  

 

 

_________________________________________ 

Prof. Luci F Teixeira-Salmela 
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APÊNDICE F 

Currículo resumido do discente referente ao período do doutorado (2011-2015) 

 

Produção Científica 

Artigos completos publicados em periódicos 

1. NASCIMENTO, Lucas Rodrigues, OLIVEIRA, Camila Quel, ADA, Louise, MICHAELSEN, Stella 
Maris, TEIXEIRA-SALMELA, Luci Fuscaldi. Walking training with cueing of cadence improves walking 
speed and stride length after stroke more than walking training alone: a systematic review. Journal of 
Physiotherapy, v.61, p.10-15. 2015. 
 
2. LIMA, Renata Cristina Magalhães, MICHAELSEN, Stella Maris, NASCIMENTO, Lucas Rodrigues, 
POLESE, Janaíne Cunha, PEREIRA, Natália Duarte, TEIXEIRA-SALMELA, Luci Fuscaldi. Addition of 
trunk restraint to home-based modified constraint-induced movement therapy does not bring additional 
benefits in chronic stroke individuals with mild and moderate upper limb impairments: A pilot 
randomized controlled trial. NeuroRehabilitation (Reading, MA). , v.35, p.391 - 404, 2014. 
 
3. NASCIMENTO, LUCAS R, MICHAELSEN, STELLA M, ADA, Louise, POLESE, JANAINE C, 
TEIXEIRA-SALMELA, LUCI F. Cyclical electrical stimulation increases strength and improves activity 
after stroke: a systematic review. Journal of Physiotherapy, v.60, p.22 - 30, 2014. 
 
4. LIMA, Renata Cristina Magalhães, NASCIMENTO, Lucas Rodrigues, MICHAELSEN, Stella Maris, 
POLESE, Janaíne Cunha, PEREIRA, Natália Duarte, TEIXEIRA-SALMELA, Luci Fuscaldi. Influences 
of hand dominance on the maintenance of benefits after home-based modified constraint-induced 
movement therapy in individuals with stroke. Brazilian Journal of Physical Therapy / Revista 
Brasileira de Fisioterapia , v.18, p.435 - 444, 2014. 
 
5. Nascimento, Lucas R., Teixeira-Salmela, Luci F., Polese, Janaine C., ADA, Louise, FARIA, 
CHRISTINA D. C. M., LAURENTINO, GLÓRIA E. C. Strength deficits of the shoulder complex during 
isokinetic testing in people with chronic stroke. Revista Brazilian Journal of Physical Therapy / 
Revista Brasileira de Fisioterapia, v.18, p.268 - 275, 2014. 
 
6. RODRIGUES-BARONI, Juliana M, NASCIMENTO, Lucas Rodrigues, ADA, Louise, TEIXEIRA-
SALMELA, Luci Fuscaldi. Walking training associated with virtual reality-based training increases 
walking speed of individuals with chronic stroke: systematic review with meta-analysis. Brazilian 
Journal of Physical Therapy, v.18, n.6, p.502-512, 2014. 
 
7. RESENDE, Renan Alves, NASCIMENTO, Lucas Rodrigues, SILVA, Maria Clarice Lopes, 
PINHEIRO, Ana Cisalpino, FONSECA, Sérgio Teixeira da, KIRKWOOD, Renata Noce. 
Desenvolvimento de um modelo de pé segmentado para avaliação de indivíduos calçados. 
Fisioterapia em Movimento (PUCPR. Impresso). , v.26, p.95 - 105, 2013. 
 
8. POLESE, Janaíne Cunha, ADA, Louise, DEAN, Catherine M, NASCIMENTO, Lucas Rodrigues, 
TEIXEIRA-SALMELA, Luci Fuscaldi. Treadmill training is effective for ambulatory adults with stroke: a 
systematic review. Journal of Physiotherapy. , v.59, p.73 - 80, 2013. 
 
9. BRAGA, Isabela de Resende, RAMOS, Lidiane Mara Miranda, SILVA, Maria Clarice Lopes, 
NASCIMENTO, Lucas Rodrigues, POLESE, Janaíne Cunha, TEIXEIRA-SALMELA, Luci Fuscaldi. 
Correlações de força isométrica de elevação de ombro no plano escapular e de preensão palmar com 
medidas de capacidade e desempenho dos membros superiores em indivíduos com hemiparesia 
crônica. Terapia Manual. , v.10, p.12 - 18, 2012. 
 
10. Nascimento, Lucas R., Caetano, Lívia C. G., Freitas, Daniele C. M. A., Morais, Tatiane M., 
Polese, Janaine C., Teixeira-Salmela, Luci F. Different instructions during the ten-meter walking test 
determined significant increases in maximum gait speed in individuals with chronic hemiparesis. 
Brazilian Journal of Physical Therapy, v.16, p.122 - 127, 2012. 
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11 NASCIMENTO, Lucas Rodrigues, Polese, Janaine Cunha, Faria, Christina D.C.M., TEIXEIRA-
SALMELA, Luci Fuscaldi. Isometric hand grip strength correlated with isokinetic data of the shoulder 
stabilizers in individuals with chronic stroke. Journal of Bodywork and Movement Therapies. , v.16, 
p.275 - 280, 2012. 
 
12. NASCIMENTO, Lucas Rodrigues, RESENDE, Renan Alves, CARVALHO, Augusto Cesinando, 
FONSECA, Sérgio Teixeira da, TEIXEIRA-SALMELA, Luci Fuscaldi. Marcha humana: teorias, 
contribuições musculares e implicações clínicas. Terapia Manual. , v.10, p.537 - 543, 2012. 
 
13. ARAUJO, Fabio Campos de, NASCIMENTO, Lucas Rodrigues, TEIXEIRA-SALMELA, Luci 
Fuscaldi, FONSECA, Sérgio Teixeira da, RESENDE, Renan Alves. Mecanismos de estabilização 
muscular da cintura escapular e relações com a cinemática do complexo do ombro: uma revisão da 
literatura. Terapia Manual. , v.10, p.346 - 352, 2012. 
 
14. PEREIRA, Natália Duarte, OVANDO, Angélica Cristiane, MICHAELSEN, Stella Maris, ANJOS, 
Sarah Monteiro, LIMA, Renata Cristina Magalhães, NASCIMENTO, Lucas Rodrigues, TEIXEIRA-
SALMELA, Luci Fuscaldi. Motor Activity Log-Brazil: reliability and relationships with motor impairments 
in individuals with chronic stroke. Arquivos de Neuro-Psiquiatria. , v.70, p.196 - 201, 2012. 
 
15. Polese, Janaine Cunha, TEIXEIRA-SALMELA, Luci Fuscaldi, NASCIMENTO, Lucas Rodrigues, 
Faria, Christina Danielli Morais, KIRKWOOD, Renata Noce, Laurentino, Glória Carneiro, ADA, Louise. 
The effects of walking sticks on gait kinematics and kinetics with chronic stroke survivors. Clinical 
Biomechanics (Bristol). , v.27, p.131 - 137, 2012. 
 
16. MORAES, Geraldo Fabiano Souza, NASCIMENTO, Lucas Rodrigues, GLORIA, Adam Edwards, 
PAIVA, Célia Maria Rocha, LOPES, Thiago de Arruda Teixeira, PEREIRA, Shelley Caroline, SOUZA, 
Aline Cristina, OLIVEIRA, Edênia Santos Garcia, OLIVEIRA, Daniela Matos Garcia. Fortalecimento 
dos músculos estabilizadores da escápula e qualidade de vida de indivíduos com hemiparesia. 
ConScientiae Saúde. , v.10, p.356 - 362, 2011. 
 
17. POLESE, Janaíne Cunha, NASCIMENTO, Lucas Rodrigues, FARIA, Christina Danielli Coelho de 
Morais, LAURENTINO, Glória Elizabeth Carneiro, RODRIGUES-DE-PAULA, Fátima, ADA, Louise, 
TEIXEIRA-SALMELA, Luci Fuscaldi. Percepção de hemiplégicos crônicos sobre o uso de dispositivos 
auxiliares na marcha. Revista Panamericana de Salud Pública / Pan American Journal of Public 
Health, v.30, p.204 - 208, 2011. 
 
18. Glória, Adam Edwards, NASCIMENTO, Lucas Rodrigues, Paiva, Célia Maria Rocha e, 
Fernandes, Marcela Sales, LIMA, Renata Cristina Magalhães, MOURA, Regina Márcia Faria de. 
Treinamento global na pressão inspiratória máxima e funcionalidade de um indivíduo com 
hemiparesia crônica. ConScientiae Saúde. , v.10, p.555 - 562, 2011. 

 

Capítulo de livro  

1. NASCIMENTO, Lucas Rodrigues. Functional Disability Scales In: Encyclopedia of Quality of Life 

and Well-Being Research.1 ed.Dordrecht, Netherlands : Springer, 2014, p. 2370-2373. 

 
Experência Docente: Graduação 

2012-2013 The University of Sydney; PG Fellow 
  Disciplina: Neurological Physiotherapy 
 

2011-2012 Universidade Federal de Minas Gerais; Professor Substituto 
  Disciplinas: Próteses e Órteses; Fisioterapia aplicada à Pediatria II; Estágio 
             Supervisionado III 

 


