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RESUMO

As lesdes neurologicas abrangem um grupo de patologias decorrentes de
doencas cerebrais vasculares, neurodegenerativas ou traumaticas. Entre seus
principais comprometimentos a funcionalidade pode ser afetada temporaria ou
permanentemente. A abordagem precoce na reabilitacdo neurolégica determina
a recuperacao motora e cognitiva, entre elas a reabilitacdo robotica pode otimizar
a recuperacao desses pacientes. O primeiro estudo desta dissertacao revisou
sistematicamente os efeitos do dispositivo Erigo® em pacientes com leséo
neuroldgica sobre a seguranca, espasticidade, forca muscular, funcionalidade e
alteracdo do nivel de consciéncia. Cinco bases de dados foram pesquisadas e
nove ensaios clinicos (totalizando 347 pacientes) foram incluidos. Foi avaliado o
efeito crénico da reabilitacdo robotica de forma isolada ou associada a outra
terapia fisica, comparado a terapia placebo ou fisioterapia convencional. Os
resultados indicaram que o dispositivo Erigo® como estratégia de reabilitacdo
robética € seguro para pacientes com lesdo neurolégica e parece reduzir a
espasticidade em pacientes apos acidente vascular encefalico (AVE). Os efeitos
sobre a funcionalidade, o nivel de consciéncia e a forca muscular parecem
incertos. O segundo estudo apresenta um protocolo de ensaio clinico
randomizado que objetiva avaliar os efeitos da reabilitagdo robdtica utilizando o
dispositivo Erigo® sobre a funcionalidade de pacientes com AVE na fase
subaguda. Quarenta pacientes com AVE serdo randomizados para um grupo
controle (fisioterapia da rotina) ou grupo intervencao (fisioterapia de rotina mais
reabilitacdo robdtica). As intervengdes ocorrerdo todos os dias na fase hospitalar
e 3 vezes/semana apos a alta, totalizando aproximadamente 18 sessfes. Os
grupos serdo avaliados previamente as intervencdes, apos a décima sesséo e
ao final de seis semanas de tratamento ou 18 sessfes. A funcionalidade sera
considerada o desfecho primario do estudo. Forca muscular, espasticidade,
arquitetura muscular de quadriceps e ecogenicidade, mobilidade, grau de
incapacidade e dependéncia, qualidade de vida, seguranca da terapia, tempo de
permanéncia hospitalar e mortalidade serdo considerados desfechos

secundarios.



Palavras-chaves: doengas arteriais intracranianas; robotica; reabilitagdo
neuroldgica.

ABSTRACT

Neurological injuries include a group of pathologies resulting from vascular,
neurodegenerative or traumatic brain diseases. Among its main commitments,
functionality can be affected temporarily or permanently. The early approach in
neurological rehabilitation determines motor and cognitive recovery and the
robotic rehabilitation can optimize the recovery of these patients. The first study
in this dissertation systematically reviewed the effects of robotic rehabilitation with
the Erigo® device on patients with neurological injury on safety, spasticity,
muscle strength, functionality and changes in the level of consciousness. Five
database were searched and nine clinical trials (totalizing 347 patients) were
included. The chronic effect of robotic rehabilitation was evaluated alone or in
association with other therapy, compared to placebo or conventional physical
therapy. The results indicated that the Erigo® device as robotic rehabilitation
strategic is safe for patients with neurological injury and appears reduce spasticity
in patients after stroke. The effects on functionality, level of consciousness and
muscle strength seem uncertain. The second study presents a randomized
clinical trial protocol that aims to evaluate the effects of robotic rehabilitation using
the Erigo® device on the functionality of patients with stroke in the subacute
phase. Forty patients with stroke will be randomized to a control group (routine
physical therapy) or intervention group (routine physical therapy plus robotic
rehabilitation). Interventions will take place every day in the hospital phase and 3
times/week after discharge, totalizing approximately 18 sessions. The groups will
be evaluated before the interventions, after the tenth session, and at the end of
six weeks of treatment or 18 sessions. Functionality will be considered the
primary outcome of the study. Muscle strength, spasticity, quadriceps muscle
architecture and echogenicity, mobility, degree of disability and dependence,
quality of life, cardiorespiratory repercussions, length of hospital stay and

mortality will be considered as secondary outcomes.

Keywords: Brain Diseases; Robotics; Neurological Rehabilitation;



1. INTRODUCAO

As lesBes neuroldgicas abrangem um grupo de patologias decorrentes de
doencas cerebrais vasculares, neurodegenerativas ou traumaticas. As
consequéncias dessas lesbes podem levar a transtornos temporarios ou
permanentes, conforme a regido afetada. As lesdes neurolégicas sdo uma das
principais causas de incapacidades e mortes mundiais, afetando a qualidade de
vida e gerando grandes encargos socioecondmicos (1).

O acidente vascular encefalico (AVE) trata-se de uma doenca
cardiovascular, tendo duas grandes categorias de classificacdo, isquémica e
hemorragica (2). O AVE esta classificado como segunda causa de mortalidade
mundial e esta no grupo das doencas cardiovasculares que permanecem como
as principais causas de 0bitos nos ultimos 15 anos (3). A urgéncia no tratamento
ao paciente com AVE determina seu comprometimento cerebral e motor, do
mesmo modo que a precocidade na reabilitacdo € recomendada a partir da
estabilidade hemodinamica (4).

Entre os comprometimentos, podemos citar déficits motores, sensoriais,
de comunicacdo e/ou cognitivos. A apatia se manifesta em 50% dos
sobreviventes em um ano apos o0 evento, sendo o isolamento social e a
depressdo um grande contribuinte para a reducéo das atividades de vida diaria
(5).

Da mesma forma, as doencas neurodegenerativas fazem parte de um
processo natural de envelhecimento celular, as quais por uma agao cronico-
degenerativa trazem alteracdes cognitivas, sensoério-motoras, prejuizo da
independéncia funcional e da qualidade de vida (6). O diagnéstico e as
intervencdes terapéuticas precoces, através das tecnologias assistivas e 0
acompanhamento multidisciplinar, conseguem minimizar os desfechos naturais
das doencas e aumentara sobrevida (7,8).

Ainda no grupo de lesBes cerebrais, o traumatismo cranioencefalico (TCE)
decorre de uma forca externa no cranio, a qual ndo seja apenas lesdes
superficiais no rosto. A incidéncia global de TCE para todas as causas e
gravidades séo de 939 casos por 100.000 pessoas. Estimativas mostram que 64

a 74 milhdes de novos casos de TCE ocorrerdo no mundo a cada ano (9).
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Na sua fisiopatologia pode-se identificar lesbes primarias, resultante
imediato ao trauma, e secundarias, as quais decorrem de alteracdes estruturais
devido a lesdo primaria. A gravidade do TCE é comumente classificada pela
Escala de Coma de Glasgow (ECG) e a maioria dos desfechos fatais estdo no
grupo de lesBes moderadas a graves (10). Considerando a morbidade fisica e
psicolégica em um paciente apés TCE, surge a necessidade da reabilitacdo
precoce com o objetivo de melhorar o nivel de consciéncia, as sequelas motoras
e os déficits sensoriais, assim como para auxiliar o retorno as atividades de vida
diarias (11,12).

O uso de tecnologias assistivas, como a reabilitacao robotica, trata-se de
um recurso adicional a fisioterapia convencional e que acelera a recuperacao
(13).

O uso de pranchas ortostaticas na reabilitacdo de pacientes criticos em
unidades de terapia intensiva ja se mostrou um recurso seguro e eficaz para a
readaptacdo do paciente na posicao vertical (14). Na mesma linha de tratamento,
a prancha robotica Erigo® permite além dos beneficios do ortostatismo passivo,
a movimentacao passiva de joelhos e quadril associado a estimulacao elétrica
neuromuscular (EENM) (15).

A evidéncia disponivel até o presente momento, no que tange a
reabilitacdo robdtica através do dispositivo Erigo® para pacientes com lesdes
neurolégicas é escassa e apresenta protocolos heterogéneos, além disso, no
melhor do nosso conhecimento ndo existem estudos com delineamento
adequado que avaliaram a seguranca deste dispositivo para a reabilitacdo desta
populacao, por isto a necessidade deste estudo.

Esta dissertacdo esta estruturada no formato de: referencial tedrico
contextualizando as lesdes neurolégicas e a reabilitacdo robdtica com o
dispositivo Erigo®; artigo 1 abordando a seguranca do dispositivo em pacientes
com lesdes neurologicas através de uma revisdo sistematica e artigo 2,
apresentando um protocolo de ensaio clinico randomizado para avaliar o efeito

da reabilitagéo robotica com Erigo® em pacientes pos AVE.
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2. OBJETIVOS
2.10bjetivo Geral

Verificar o efeito cronico da reabilitacdo roboética utilizando o dispositivo

Erigo® em pacientes com lesGes neuroldgicas sobre a seguranca.
2.20bjetivos Especificos
e Revisar sistematicamente os efeitos da reabilitagdo robdtica utilizando o
dispositivo Erigo® em pacientes com lesBes neurologicas sobre os
desfechos de seguranca, forca muscular, funcionalidade, espasticidade

e estado de coma.

e Propor um protocolo de ensaio clinico randomizado para reabilitagdo de

pacientes com AVE utilizando a mesma tecnologia.
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3. FUNDAMENTAGCAO TEORICA

As lesBes neuroldgicas apresentam uma grande incidéncia mundial e afetam
diretamente a qualidade de vida dos pacientes. Dentre as quais, as doencas
cerebrovasculares apresentam maior numero de internacfes, seguidas das
lesBes neurodegenerativas; e devido a alta complexidade anatémica e funcional
do sistema nervoso central, o paciente pode apresentar uma variedade de
alteracbes motoras e cognitivas (1). Na sequéncia sado apresentados o0s

principais grupos de leses e seus comprometimentos.

3.1 Acidente vascular encefalico

O acidente vascular encefalico é caracterizado pela interrupcdo subita do
fluxo sanguineo central, o qual gera prejuizos a funcao cerebral e repercussdes
periféricas. O seu diagndstico precoce visa em minimizar lesdes cerebrais, tratar
complicacBes médicas, identificar a etiologia precisa do evento e o tratamento a
longo prazo com fisioterapia (16).

Entre seus efeitos socioecondmicos estd a associacdo entre nivel
educacional e o pior estado funcional até 1 ano apo6s evento. Em consequéncia,
0 risco de um novo evento vascular cerebral e maior risco de mortalidade, estéo
relacionados a um baixo status socioeconémico. O investimento em atencao
primaria e énfase nos fatores de risco consiste na tentativa de alguns centros
para a reducao da disparidade no tratamento aos pacientes (17).

No AVE isquémico ocorre uma ocluséo arterial, que leva a morte celular
progressiva dos tecidos irrigados. A reversdo precoce dessa oclusao vai
determinar a area afetada e seus respectivos comprometimentos cognitivos e
motores. Essa reversdo pode ocorrer com intervencdes endovasculares
medicamentosas e mecanicas (18).

Os tratamentos com tromboliticos intravenosos consistem na terapia
padrdao em um paciente com AVE isquémico agudo, porém com uma janela de
tempo pequena desde o inicio dos sintomas. A trombectomia também passou a
ser uma opcao terapéutica para grandes oclusdes arteriais, dentro das 24 horas
do evento. Tal abordagem pode ser realizada usando dispositivos que

interrompem, aspiram ou recuperam 0s coagulos. A trombectomia mecanica

13



consiste em um tratamento isolado ou como um complemento a trombdlise
quimica (19).

No estudo de Rodrigues et al (20) foi avaliado a eficacia e seguranca do
tratamento endovascular em pacientes com AVE isquémico. O grupo que
recebeu tratamento endovascular (trombectomia com stent) em adicdo a
trombdlise intravenosa tiveram bons resultados, sem aumento prejudicial dos
efeitos, e o0s pacientes tornaram-se independentes funcionalmente em
comparacao ao grupo que recebeu os cuidados usuais da medicina (ativador do
plasminogénio tecidual recombinante).

No AVE hemorragico, ocorre um sangramento intracerebral agudo
associado, na maioria dos casos, com hipertenséao arterial, angiopatia amildide,
aneurisma sacular rompido e mal formacéo vascular (21). E menos prevalente
gue o AVE isquémico e em relagcdo ao seu manejo pode haver necessidade de
ventilacdo mecanica, reversdao de medicamentos de anticoagulantes e
antiagregantes plaquetarios, controle da pressdo arterial e pressdo
intracraniana, como também intervencdes cirdrgicas para evacuacdo do
hematoma (22). Entre suas medidas de tratamento, o controle da hipertenséo
nao apresenta consenso entre os estudos sobre qual alvo pressoérico a ser
seguido. Na metanalise de Qureshi et al (23) em que usou dados de dois
ensaios, INTERACT2 e ATACH-2, em pacientes com controle pressérico no AVE
hemorragico, sugeriram que a reducdo intensiva no nivel da presséo arterial
sistolica nao fornece um beneficio clinico incremental. Quando analisados o0s
desfechos morte e incapacidade em até 3 meses apoOs intervencdes, néo
mostraram diferenca nos escores finais da Escala Modificada de Rankin,
conforme o grupo de tratamento para 0 manejo da pressao arterial.

Todo paciente pds AVE isquémico ou hemorragico, com algum
comprometimento fisico ou cognitivo, deve passar por uma avaliagdo
multidisciplinar e iniciar a reabilitacdo. Os beneficios do cuidado especializado
conseguem reduzir os indices de mortalidade, aumentando a independéncia
funcional e qualidade de vida. Entre os comprometimentos com alta prevaléncia,
estd a hemiplegia e hemiparesia, que afeta principalmente o equilibrio e a
marcha. A abordagem precoce € fundamental, porém a reabilitagdo pode ndo
trazer a funcionalidade total do membro afetado. Os recursos utilizados para

melhorar as habilidades, contam com equipamentos que promovem O
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ortostatismo, treinamentos eletromecanicos para a marcha, uso de EENM e

realidade virtual (24).

3.2 Doencas neurodegenerativas

As doencgas neurodegenerativas sdo o grupo de patologias que afetam o
sistema nervoso central e que ocasionam uma degeneracao progressiva e morte
de neurdnios. Os pacientes com diagnéstico de alguma doenca
neurodegenerativa vao apresentar acometimentos cognitivos e motores
conforme o curso das desordens. Tais enfermidades ainda nao apresentam
terapias curativas e conforme a progressdo das doencas ocorrem um
agravamento dos sintomas, interferindo diretamente na qualidade de vida de
seus portadores (25).

Nesse cendrio a reabilitacdo tenta restaurar a capacidade fisica,
psicolégica e social para reduzir a incapacidade a longo prazo. O uso de novas
abordagens, como a realidade virtual, vem auxiliando na reabilitacdo motora
convencional para facilitar o processo de reaprendizagem (26).

Entre uma das doencas neuroldgicas, crénica e progressiva, a esclerose
multipla apresenta como principal sintoma o comprometimento motor. O estudo
de Russo et al (27) trouxe novas estratégias de reabilitacdo a esses pacientes,
o qual hipotetizou que o uso intensivo da reabilitacdo roboética associada a
realidade virtual bidimensional teria seu beneficio motor potencializado, em
comparacao a fisioterapia convencional. Em seus resultados ocorram uma
melhora significativa para todos os desfechos avaliados no grupo intervencao,

enquanto, o grupo controle s6 apresentou melhora no teste Timed Up and Go.

3.3 Traumatismo créanio encefalico
O traumatismo cranio encefélico é provocado por uma forca fisica externa
ao cranio resultando em alteracdes cerebrais momentaneas ou permanentes
(28). O TCE causa grande comprometimento fisico e cognitivo, e em sua forma
moderada e grave levara a algum grau de incapacidade ao paciente, que por sua
vez impedira o retorno as suas atividades de vida diaria (29). Seu tratamento ira
depender da avaliagédo inicial do nivel de consciéncia ou sinais e sintomas que

indicam leséo intracraniana (30).
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A avalicdo da gravidade e deterioracdo neurolégica do TCE é auxiliada
pela Escala de Coma de Glasgow (ECG), e assim como a tomografia
computadorizada detectara fraturas do cranio, hematomas intracranianos e
edema cerebral (31).

Os comprometimentos cognitivos incluem alteragbes na atencéao,
memoria e funcdes executivas, podendo também apresentar incapacidades
comportamentais e emocionais. As lesbes motoras em decorréncia do TCE se
apresentam conforme a area cerebral afetada. A ocorréncia de ataxias, esta
relacionada a lesdes a nivel do cerebelo, como também, tremores intencionais,
resultante de lesfGes extrapiramidais. Na avaliacdo da resposta motora também
pode-se identificar lesbes mais complexas, como hemiparesias, as quais
sugerem lesdes intracraniana contralateral ao déficit, e comprometimentos
bilaterais, paralisias ou tetraparesias, sugerindo lesbes medulares (11).

No contexto da reabilitacdo de pacientes com TCE, esta pode exigir maior
complexidade e limitacdo, pela frequéncia de paraplegias ou paraparesias
comparando com os acometimentos por um AVC, que na sua maioria exibem
hemiparesias ou hemiplegias unilaterais. No entanto, muitos individuos com TCE
sdo mais jovens e tém menos comorbidades em comparacdo aos acometidos
por AVC, pontos que auxiliam na maior neuroplasticidade durante a reabilitacédo
(25).

Na revisao sistematica de Morris et al (32) avaliou-se o efeito do exercicio
fisico no comprometimento cognitivo de pacientes apdés TCE. As intervencdes
utilizadas nos programas de reabilitacdo estavam segmentadas em intervencdes
Unicas ou combinadas a outras tecnologias, como a realidade virtual. No entanto,
os resultados séo inconsistentes em relacdo aos beneficios do exercicio fisico
para 0s comprometimentos cognitivos, além de alto risco de vieses nos estudos
selecionados.

O estudo de Esquenazi et al (33) abordou intervencdes terapéuticas no
comprometimento da locomocédo de pacientes com TCE crénico. Os individuos
foram randomizados para reabilitacdo em 3 modos diferentes de intervencao:
robé efetor final (G-EO), exoesqueleto robdtico (Lokomat) ou esteira manual com
assisténcia parcial. Todos os participantes eram hemiparéticos e tiveram ganhos

positivos em relacéo a velocidade da marcha, independente da intervencao. A
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velocidade da marcha auto selecionada teve um aumento em todas as
intervencdes, com acréscimo maior no grupo que utilizou o dispositivo Lokomat.

Na revisdo de Synnot et al (34) foi avaliado os efeitos de intervencdes
para a espasticidade muscular esquelética em pacientes com TCE. Entre as
intervengbes farmacolégicas mais estudadas estavam o baclofeno e toxina
botulinica, ja entre os tratamentos nao farmacoldgicos mais frequentes
encontravam-se fisioterapia, talas, pranchas ortostaticas e EENM. A qualidade
dos estudos foi limitada, devido aos vieses metodolégicos. Desse modo, ndo ha
evidéncias suficientes para orientar a melhor conduta na pratica clinica para
manejo da espasticidade.

As lesBes cerebrais adquiridas, resultantes de eventos traumaticos ou hao
traumaticos podem levar ao estado vegetativo ou minimo estado da consciéncia.
No estado vegetativo 0s pacientes podem apresentar reflexos complexos,
manter a pressao arterial, funcdes respiratorias e cardiacas, mas ndo demostrar
funcdes cognitivas. JA& no minimo estado de consciéncia 0s pacientes
apresentam interagao limitada com o ambiente e pode ocorrer alguma melhoria
com tempo (35). Apesar do progndstico incerto, a reabilitacdo deve iniciar o mais
precoce possivel (36), tendo como um componente importante a mudanca de
posicdo e verticalizacdo no caso destes pacientes. O estimulo de vérias vias
sensoriais e reac¢des posturais permite a otimizacdo do nivel de consciéncia e o

despertar (37).

3.4 Reabilitacdo robotica

A reabilitacdo robdtica trata-se de uma tecnologia assistida que
complementa as técnicas da fisioterapia convencional. Diversos dispositivos
foram criados para melhorar a recuperacédo dos pacientes de forma nao invasiva,
visando a estimulacdo compensatéria das regibes ndo danificadas e
posteriormente 0 mecanismo de neuroplasticidade para restaurar fungdes
motoras perdidas (38).

Ha& uma ampla gama de dispositivos roboticos disponiveis no mercado
que auxiliam no ganho de funcionalidade, mobilidade e forga muscular (37,39).
Serdo abordados aqui brevemente os mais utilizados: cicloergdmetro, prancha

ortostatica e prancha robotica.
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O cicloergbmetro permite a rotacdo ciclica dos membros inferiores ou
membros superiores e esta entre as intervencdes mais adotadas na reabilitacédo
(40). Sua programacéao disponibiliza a realizacdo do movimento passivo e/ou a
transicdo do movimento passivo para 0 movimento ativo pelo paciente (41).
Estudos j& demostram resultados positivos em relacéo ao uso desta tecnologia
sobre desfechos como atividade motora, capacidade funcional submaxima e
funcionalidade (42).

A prancha ortostatica consiste em outro recurso para a reabilitacdo de
pacientes criticos. Esta permite a verticalizagdo do paciente em até 90°, mesmo
em ventilacdo mecanica. Entre seus beneficios, pode-se citar a readaptacéo a
posicdo vertical, uma vez que, o0 sistema nervoso central tem seus ajustes
autondmicos prejudicados, como também, o alongamento das cadeias
musculares posteriores, evitando contraturas. Ainda, a funcdo dos sistemas
pulmonar e gastrico sao favorecidas. (43).

Nesse mesmo contexto do ortostatismo, a simulacdo da marcha também
pode ser realizada com uso de rob6s exoesqueletos ou dispositivos robéticos
associados a EENM. Em uma revisao sistematica de Bruni et al (44), foi avaliado
a funcédo motora em pacientes pés AVE, usando diversas terapias assistidas por
robd versus fisioterapia convencional. Pode-se concluir que os pacientes com
AVC subagudo treinados com dispositivos robéticos em combinacdo com o
tratamento da fisioterapia convencional, alcancaram melhores resultados para
uma marcha independente, do que aqueles submetidos a fisioterapia
convencional isoladamente. Além disso, o treinamento robé6tico quando
associado a EENM produziram mais beneficios na recuperagcdo da marcha,
quando comparados a terapia robética isolada.

Nesse cenario, a prancha robdtica Erigo® (Hocoma, Volketswil,
Switzerland) apresenta todas as vantagens do movimento dos membros
inferiores e do ortostatismo. Permite uma inclinacéo em até 90°, a movimentacao
passiva de joelhos e quadril associado a EENM (45).

No estudo de Geiger et al (46) foi avaliado o perfil eletromiografico de
guatro musculos dos membros inferiores, em individuos saudaveis. A atividade
muscular foi avaliada durante a terapia com Erigo®, durante a tarefa de subir

escadas e durante a subida real de escadas. O principal resultado encontrado
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foi o padréo similar de estimulagéo eletromiografico durante a pisada no Erigo®
em comparacao ao desempenho real de subir escadas.

Ja o estudo de Kuznetsov et al (47) avaliou a seguranca e a viabilidade,
especialmente nas reacdes de ortostatismo, de pacientes apdés AVE na
reabilitacdo robdtica. Os pesquisadores selecionaram uma amostra de
conveniéncia, e alocaram em trés grupos: 1) Reabilitacdo robdtica com o robd
Erigo® e estimulacéo elétrica funcional (rob6-FES); 2) Somente Erigo® (robd) e,
3) Somente verticalizagcdo na prancha do Erigo® (controle). Em seus achados,
nenhum dos pacientes no grupo robo-FES e robd tiveram hipotenséo postural ou
reacdes ortostaticas quando em verticalizacdo, considerando a diminuicdo da
pressao arterial sistdlica de 220mmHg e na presséo diastolica de 210mmHg. No
entanto, 52% dos pacientes do grupo controle apresentaram hipotensédo, mas
sem necessidade de interromper a terapia.

Em relacdo ao nivel de consciéncia, o estudo de Krewer et al (48),
randomizou 50 pacientes em estado vegetativo ou minimo estado de
consciéncia, com tratamento convencional em prancha ortostatica versus robd
Erigo®. A escala de coma (Coma Recovery Scale-revised - CRSr) foi utilizada
para a avaliacdo neurocomportamental dos pacientes apés trés semanas de
intervencdes. Os resultados da CRSr tiveram melhora em ambos os grupos,
porém a prancha ortostatica apresentou resultados superiores a terapia com o
robd Erigo®.

Em contrapartida, no estudo de Frazzitta et al (15), com 40 pacientes que
apresentavam 0 mesmo acometimento, o grupo reabilitado com o rob6 Erigo®
apresentou melhora nos escores da CRSr comparado ao grupo controle apés

seis semanas de tratamento.
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Abstract

Introduction: The early approach in neurological rehabilitation determines the
motor and cognitive recovery of patients. Robotic rehabilitation can be a strategy
to optimize the recovery of patients with neurological injuries.

Objective: To systematically review the effects of robotic rehabilitation with the
Erigo® device on patients with neurological injury on safety, spasticity, muscle
strength, functionality, and changes in the level of consciousness.

Methods: MEDLINE, SciELO, EMBASE, The Cochrane Library - CENTRAL, and
PEDro databases were consulted without the restriction of date and language.
Randomized controlled trials that evaluated the chronic effect of robotic
rehabilitation and compared it to conventional or placebo therapy, isolatedly or in
association with other therapy, were selected. The risk of bias was assessed with
the use of the RoB 2.0 tool.

Results: Nine studies were included, totaling 347 patients. The robotic
rehabilitation performed by the Erigo® device proved to be safe for neurological
patients. The meta-analysis showed an improvement for spasticity (MD = 0.29;
95% CI = -0.49 to -0.08; 12 = 0%), but there was no significant increase in muscle
strength in patients with stroke (MD = 0.25; Cl 95% = -0.22 to -0,71; I°> = 0%)).
Erigo® seems to have positive effects on functionality and level of consciousness
in patients with severe acquired brain injury and vegetative or minimally
conscious state. All studies present some concerns for the risk of bias.
Conclusion: Erigo® as a robotic rehabilitation strategy is safe for patients with
neurological injury appears to reduce spasticity in patients with stroke. The effects

on muscle strength, functionality, and level of consciousness remain uncertain.

Keywords: Neurological Rehabilitation; Robotics; Systematic Review.
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Introduction

Neurological injuries cover a group of vascular, neurodegenerative, or
traumatic brain diseases and can lead to temporary or permanent disorders,
depending on the affected brain region. They are one of the main causes of
disabilities and deaths worldwide, impacting the quality of life and generating
great socioeconomic burdens.! Among the diseases that cause neurological
damage, it is important to highlight, mainly, traumatic brain injury (TBI), stroke,
and neurodegenerative diseases. Together, the people affected with these kinds
of disease represent the largest number of patients who need assistance in their
leisure activities and specialized care.?

Stroke is classified as the second cause of mortality worldwide and it is in
the group of cardiovascular diseases that remain as the main causes of death in
the last 15 years.® The overall incidence of TBI for all causes is 939 cases per
100.000 people. Estimates show that 64 to 74 million new cases of TBI are
expected each year in the world.* Besides, concerning neurodegenerative
diseases, a worldwide incidence of approximately 135 million cases is forecast
for the coming decades, and they progress as the patient ages.® As a the great
complexity of the brain structure, damage to a part of the brain results in
characteristic clinical manifestations, among them the pattern and distribution of
weakness, type of weakness (upper motor neuron versus lower motor neuron
type), and presence or absence of sensory deficit.® These diseases cause a
series of complications and physical and cognitive deficiencies, with reduced
functionality being one of the main changes, with an impact on the activities of
daily living and on the quality of life of these patients.”

Rehabilitation is essential to improve the quality of life and gain
functionality. The early approach to the rehabilitation of physical impairments in
a neurological patient determines motor and sensory recovery, as well as the
return to activities of daily living.8 Among the resources to optimize the
rehabilitation process, there is the Erigo® robotic board (Hocoma, Volketswil,
Switzerland). This resource presents all the advantages for the movement of the

lower limbs and orthostatism. It allows an inclination of up to 90° and the passive
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movement of the knees and hips associated with functional electrical stimulation
(FES).®

Calabro et al'® demonstrated in a preliminary randomized controlled
clinical trial that robotic rehabilitation with the Erigo® device can be a safe and
viable therapy, especially for orthostatic reactions in patients with stroke. On the
other hand, Krewer et al,!! in a randomized clinical trial with Vegetative State or
Minimally Conscious State patients, observed that the most cause for an
interruption in treatment with Erigo® was the occurrence of hypotension, with a
reduction in symptoms over the course of time.

Considering the lack of robust evidence, this study aimed to answer,
through a systematic review of randomized clinical trials, the following
questions:1) Is robotic rehabilitation using the Erigo® device safe for patients with
neurological injuries? 2) Does the Erigo® device improve the functionality and
muscle strength of patients with neurological injuries? 3) Does the Erigo® device

change the spasticity and levels of consciousness of this population?

Methods

This study is a systematic review of randomized clinical trials (RCTs) with
meta-analysis, carried out according to the recommendations proposed by the
Cochrane Handbook for Systematic Reviews of Interventions!? and reported as
specified by the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA).*® The protocol is registered on the PROSPERO platform
(CRD42020173603).

Data sources and search strategy

The databases MEDLINE (via PubMed), Scientific Electronic Library
Online (SciELO), EMBASE, The Cochrane Library — Cochrane Central Register
of Controlled Trials (CENTRAL), Physiotherapy Evidence Database (PEDro)
were searched. Besides, a manual search was performed in the bibliographic
references of already published studies. The search terms included “Spinal Cord

Injuries”, “Stroke”, “Persistent Vegetative State”, “Brain Injury”, “Chronic”,
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“‘Robotics”, “ERIGO”. Keywords related to the outcomes of interest and the type
of publication were not included to increase the sensitivity of the search. There
were no language or publication date restrictions. The complete search strategy

is available in Table 1 (Supplementary material).

Selection of studies

The RCTs that evaluated the chronic effect of robotic rehabilitation using
the Erigo® device and compared it to placebo or conventional physical therapy,
isolated or in association with other therapy, in patients diagnosed with
neurological disease or injury, with impairment of functionality, were included.
Studies in which the treatment time was less than 10 sessions and studies with
incomplete data (abstracts) were excluded.

The safety of the therapy assessed by monitoring the cardiac parameters
(blood pressure, heart rate, oxygen saturation) was defined as the primary
endpoint explored by this systematic review. Among the secondary studied
outcomes, the following outcomes were investigated: functionality assessed by
the Fugl Meyer, Functional Independence Measure or Tinetti scale; muscle
strength evaluated by the Medical Research Council (MRC) scale or
dynamometry; spasticity appraised by the Ashworth scale; coma state and level
of consciousness assessed by the Coma Recovery Scale-Revised (CRSr).

All identified publications were inserted into software for managing
references and duplicates were excluded. Initially, studies were selected by titles
and abstracts by two independent reviewers (ABG and NCR). Abstracts that did
not provide sufficient information for eligibility at this stage were selected for full-
text evaluation, which was also performed independently by peers (ABG and
NCR). Disagreements in the two stages of study selection were discussed
between ABG and NCR, and if there was no consensus, a third reviewer was
consulted (JS).

Data extraction and risk of bias assessment
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After selecting the studies, the reviewers (ABG and NCR) extracted the
data on a standardized form. Variables such as author and year of publication,
type of study, population, sample size, gender and age, comparator group, type
and protocol of intervention, outcomes of interest, and instruments for measuring
outcomes were collected.

The evaluation of the methodological quality of the studies was carried out
using the “Risk of Bias Toll for Randomized Trials” (RoB 2.0) scale of the
Cochrane collaboration for RCTSs, in which the following items are considered:
“‘Randomization process”; “Deviations from intended interventions”; “Missing

", ",

outcome data”; “Measurement of the outcome”; “Selection of the reported result”.
The quality of each item was categorized into “low risk of bias”, “high risk of bias”
or “some concerns” and, then, a global score (overall) was given for each

outcome assessed.

Data synthesis and analysis

Most of the results of the studies contemplated in this systematic review
were presented descriptively due to the variety of populations as well as the
measurement instruments and/or intervention protocols.

When possible, data were grouped with the aid of a meta-analytical
approach. After data extraction, pooled effect estimates were obtained by the
comparison of the change from baseline at the end of the study for each group.
A random-effects model was, then, used, with the DerSimonian and Laird
variance estimator, and the results were presented as mean difference (MD) with
a 95% confidence interval (95%ClI). A value of p<0.05 was considered significant.
Statistical heterogeneity between studies was assessed via I%. Finally, meta-

analyses were performed by means of the R statistical software, version 3.5.2.

Results

Description of the studies
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The search strategy identified a total of 2,482 studies, of which nine met
the eligibility criteria, totaling 347 patients. Only two studies with stroke patients
were included in the meta-analysis and, since the others did not present
comparative values (pre and post-intervention), the data were incomplete or
represented different populations. Figure 1 shows the flowchart of the selection
of studies.

The most frequent neurological injury in the studies was brain injury,
represented by ischemic and hemorrhagic stroke, which is predominant in males
(57.34%). Also, all studies (347 patients) reported the monitoring of
cardiorespiratory signs during the interventions. However, two studies**® did not
describe the absolute values in the manuscript.

The comparison groups to the therapy with the Erigo® device performed
conventional physiotherapy, associated or not with verticalization. One study?®
used it as a comparator for robotic rehabilitation with Erigo® with conventional
physiotherapy sessions associated with a device for mobilizing the legs in the
supine position.

Regarding the protocol with the Erigo® device, there was a variation in the
maximum angle of the board from 60° to 90°. Only three studies'>17:18 reported
the steps/minutes ratio used in their protocols, which varied between 18 to 40
steps/minute. The parameters used for the FES were reported in only one
study,'9 but it only mentions the muscle groups in which the electric current was
applied and its intensity (30mA) (table 1).

In general, the protocols included 10 to 24 sessions, lasting 15 to 60
minutes, and a weekly frequency of three to six times/week. Table 1 shows in
detail the main characteristics of the studies.

Risk of bias assessment

According to the RoB 2.0 tool, all studies included in this systematic review
presented a low risk of bias for the “Missing outcome data” category. For the
randomization process, five studies!?®16.18-20 presented “some concerns”.
Similarly, for the domain “Measurement of the outcome”, five studies'®20
presented “some concerns”. For the domain “Selection of the reported result’,

only two studies!!'®> were considered as “low risk of bias”. All studies presented
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“some concerns” for the category “Deviations from intended intervention”. The
overall for all included RCTs showed "some concerns". The assessment of the

risk of bias is fully presented in table 2.

Effects of the intervention

Stroke and Severe Brain Trauma

There was no evidence of postural hypotension or other adverse events
during the intervention with the Erigo® device in five study!%16.18-20 included in
this systematic review. One study?! did not describe whether or not there was an
adverse event during the protocol.

Regarding the spasticity outcome, the meta-analysis (figure 2)
included two articles with patients com stroke,'%?! totaling 140 patients, and
showed improvement of spasticity in the group that performed the robotic
intervention with Erigo® (MD = 0.29; Cl 95% = -0.49 to -0.08; I1°> = 0%).

The assessment of muscle strength is reported in three of the included
studies (160 patients),'%2921 and all used the Medical Research Council scale as
a measuring instrument. The meta-analysis (figure 3) performed with two
articles?%2! did not show a significant increase in muscle strength in patients with
stroke when compared to the control group (MD = 0.25; Cl 95% = -0.22 to -0.71,
1> = 0%) in stroke patients.

The study by Calabro et al 1° did not enter the quantitative analysis due to
the presentation of the MRC scale scores in a different format. Their sample was
composed of patients in the sub-acute phase of stroke, who underwent the
intervention with Erigo® and showed an increase in the muscle strength of the
lower limbs compared to the control group that received Bobath sessions and
training for the vertebral position sitting and standing (Erigo®: 2 + 1 vs control: 1
+1;p=0.03).

Functionality after robotic rehabilitation with Erigo® was verified in two0:18
of the included studies (64 patients) in this systematic review. The evaluation was
carried out with three scales: in the study by Ancona et al,’® the Tinetti and
Functional Independence Measure (FIM) scales were used, while the Fugl-Meyer
scale for lower limbs was used in the study by Calabro et al.*°
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Ancona et al*® presented the results for functionality to patients with severe
acquired brain injury in relation to the baseline (TO) after the 10" session with
Erigo® (T1) and at the end of the treatment cycle (after the 20" session with
Erigo® - T2). An improvement was observed in the intervention group with the
Erigo® device in the Tinetti scale scores (T0: 2.73 + 3.73; T1: 6.14 =+ 4.06; T2:
8.50+4.82; p<0.001) and in the FIM scale (T0: 52.82 + 16.60; T1: 58.55 + 18.71;
T2: 62.59 + 21.54; p < 0.001). In the control group, an analogous response was
observed in the improvement from TO to T2 and from T1 to T2, respectively, in
the Tinetti (TO-T2: 4.00 + 4.04 to 7.77 £ 5.04; T1-T2: 5.68 £ 4.39to 7.77 £ 5.04;
p < 0.05) and in the FIM scales (TO-T2: 52.55 + 23.92 to 61.23 + 26.93; T1-T2:
55.64 + 24.80 to 61.23 + 26.93; p < 0.001). The authors did not present a
comparison between groups for this outcome.

Regarding the study by Calabro et al,'? the group the patients with stroke
that received the Erigo® intervention performed better in its score for the Fugl-
Meyer scale, compared to the control group (Erigo®:+92 + 10; control:+58 + 7; p
=0.008).

Vegetative State or Minimally Conscious State

One study®® did not evidence of postural hypotension or other adverse
events during the intervention with the Erigo®. In the studies by Krewer et al'!
and Taveggia et al,*” the highest number of therapy interruptions occurred due to
postural hypotension, with greater frequency in patients who performed only the
verticalization of the table in comparison to those who performed the mobilization
of the lower limbs in addition to the verticalization (Erigo®).

In relation to the assessment of the spasticity outcome, in the study by
Krewer et al,!! 44 patients were randomized for treatment with the Erigo® device
versus tilt table. At the initial evaluation, 29 patients had mild spasticity (n = 14
Erigo®; n = 15 tilt table) and seven presented moderate spasticity (n = 4 Erigo®;
n = 3 tilt table). After three weeks of interventions, there was no difference
between the groups for this outcome (p = 0.277).

The level of consciousness was assessed in six of the studies!011.1517-19
that were included in this systematic review, with the aim of identifying changes
in cognitive function after robotic treatment with the Erigo® device or control.
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However, the Coma Recovery Scale-Revised (CRSr) proposed as an evaluation
method for this outcome in this systematic review was only used by three
studies,*1>17 which represents 83 patients.

In the rehabilitation protocol used by Frazzitta et al,*® it is possible to
identify that 11 patients in the intervention group with the Erigo® device (73.3%)
versus seven in the control group (43.7%) reached the maximum CRSr score (23
points). Comparing the groups, there was a significant improvement for the group
that performed the verticalization with Erigo® (p = 0.03).

Krewer et al'' compared the rehabilitation with the Erigo® device versus
verticalization only. After three weeks of treatment, both groups increased their
scores, indicating an improved level of consciousness [Erigo®:12 (10-14, 5-18)
to 14 (10-18, 4-23); verticalization: 12 (9-14, 3-15) to 17 (12-20, 8-23)].
Considering the comparison of intra-individual changes, the verticalization group
showed significantly higher CRSr score values, when compared to individuals
rehabilitated with the Erigo® device (p = 0.02).

The study by Taveggia et al,'” involving only eight patients, showed no
change in the level of consciousness regarding the interventions made with the

Erigo® versus verticalization, after 24 sessions.

Discussion

This is the first systematic review with meta-analysis to demonstrate that
the robotic rehabilitation performed by the Erigo® device is safe and appears to
reduce the spasticity of patients with stroke. The effects on muscle strength,
functionality, and level of consciousness in patients with stroke, severe acquired
brain injury and vegetative or minimally conscious state remain uncertain.

The safety of robotic rehabilitation with the Erigo® device was assessed
by the analysis of the variation in vital signs such as heart rate and blood
pressure. The main adverse effect of immobilization and bed rest is the alteration
of the cardiovascular system, leading to a sharp reduction in blood pressure when
patients face orthostasis. Physiologically, in the supine position, there is an
accumulation of 500 to 1000ml of blood in the lower extremities and in the chest,

which temporarily leads to a reduction in venous return to the heart, the
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subsequent reduction in cardiac output, and in blood pressure. When the
individual transfers from the supine position to the standing position, in response
to the baroreflex, there is an increase in the sympathetic activity, subsequent
increase in peripheral vascular resistance, venous return, and cardiac output.
This compensatory mechanism, due to the change in posture, leads to a drop in
systolic blood pressure (5 to 10mmHg), an increase in diastolic blood pressure
(5 to 10mmHg), and an increase in heart rate (10 to 25 beats).??23

Six studies included in this systematic review,0.1516.18-20 did not show
adverse effects or significant reactions to orthostatism. In two studies,'%’
patients in a vegetative or minimal state of consciousness, had postural
hypotension during training with Erigo®. Taveggia et al*’ reported that there was
a reduction in reactions to orthostatism with the course of treatment. Krewer et
al*! report that training interruptions occurred less frequently in the Erigo®
intervention group.

Postural hypotension has a multifactorial etiology, including
neurodegenerative conditions and neuropathies. Also, the use of
antihypertensive drugs and even the reduced sensitivity of baroreceptors, which
is related to age, may justify the inability that some patients have to adapt.?®

Spasticity consists of a motor disorder characterized as a component of
the upper motor neuron syndrome and of multifactorial origin, including stroke,
cerebral palsy, trauma, and spinal cord injury.?4#25 According to the meta-analysis
presented in this review, training with the Erigo® device showed improvement in
spasticity in stroke patients. However, the quantitative analysis included small
sample size, wide confidence interval, and clinical trials that presented some
concerns for methodological biases, indicating the need for further studies to
strengthen this finding.

Our results corroborate the systematic review carried out by Fang et al,?®
who investigated the effect of robot-assisted gait training on spasticity and pain
in patients with spinal cord injury. The authors highlight that such results can be
justified by the sensory information that the rhythmic movement provided by
robotic devices generates, reducing, hence, reflexes and joint stiffness.

In addition to the verticalization and rhythmic movement of the lower limbs,

the Erigo® device enables simultaneous neuromuscular electrical stimulation for
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the leg muscles. Thus, the improvement in spasticity evidenced by this review
may also be related to this therapeutic resource.

Sharif et al,?” compared the efficacy of FES versus conventional electrical
stimulation in the gait rehabilitation of patients after stroke and showed a superior
benefit of FES therapy regarding the reduction of spasticity. A justification for the
positive results with the use of FES is that its application increases motor
coordination, reducing spasticity, whereas conventional electrical stimulation
presents greater gains for strength and muscle mass.

Some of the clinical trials included in this systematic review that evaluated
muscle strength in stroke patients did not present complete data (pre and post-
intervention), so the meta-analysis was performed with only two studies and the
results were not significant when comparing robotic rehabilitation to the control
group. Similarly, to the spasticity outcome, the sample size of the analyzed
studies was small, the confidence intervals wide, and there were concerns related
to the risk of bias, indicating the need for studies with greater methodological
rigor.

Corroborating our findings, the systematic review by Ambrosini et al,?®
subjected patients with sub-acute stroke to cycling training versus cycling
associated with FES. The findings showed no significant difference between the
groups for the increase in muscle strength, tone, and static balance. Also, the
quality of the evidence was limited (low to moderate), since the results were
based on publications with small sample sizes and high heterogeneity.

On the other hand, the lack of positive effects on muscle strength can be
attributed to the training volume. Kuznetsov et al?® through a controlled, but non-
randomized study (convenience sample), obtained an increase in lower limb
muscle strength in stroke patients who had performed 30 sessions of robotic
rehabilitation and FES, compared to the group that used only the tilt table training.

Regarding functionality, robotic rehabilitation using the Erigo® device
seems to have positive effects on this outcome in patients with neurological
lesions, as demonstrated by Calabro et al.1° In contrast, Ancona et al*® showed
positive results on functionality after robotic rehabilitation, but they did not present
a comparison between the intervention and control groups. For this reason, we

cannot affirm that Erigo® is superior to conventional neurorehabilitation therapy.
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Other systematic reviews3%3! reiterate that robotic rehabilitation by means
of different devices significantly improves functionality in patients with
neurological injuries when compared to conventional treatment. This is
supposedly due to the mechanism of neural plasticity since new neural
connections are favored when high-intensity, repetitive training occurs.

The level of consciousness seems to improve for patients who perform
robotic rehabilitation using Erigo®, in comparison to conventional physical
therapy, as demonstrated by Frazzita et al.'®> However, considering the studies
by Krewer et al'! and Taveggia et al,}” Erigo® was not shown to be superior to
tilt table verticalization therapy for this outcome.

Multisensory stimulation helps to increase the consciousness of comatose
patients, who can be stimulated by recruiting the ascending reticular activator
system or collateral pathways if the former is injured. The ascending reticular
activator system is responsible for the state of cortical alertness and rehabilitation
with the use of verticalization. It can also assist in this system, favoring the
contralateral sensorimotor cortical organization and reducing adverse actions to
orthostatism.32:33

In general, this systematic review highlights the low reproducibility of RCTs
published so far on the effects of Erigo® in patients with neurological injury. The
lack of information on the applied protocols, such as angulation of the orthostatic
board, number of steps per minute, electrical stimulation parameters, and data
on monitoring vital signs (before, during, and after interventions) precludes
greater inferences about this technology.

Although the reproducibility of the studies is impaired and the risk of bias
presented by all RCTs is moderate, this systematic review synthesized the
panorama of robotic rehabilitation with the Erigo® device in the literature, making
it possible to guide the application of this technology in clinical practice for the
treatment of patients with neurological injuries.

Robotic rehabilitation using the Erigo® device can be an initial
rehabilitation strategy during hospitalization and after hospital discharge for
patients with motor and cognitive impairments after brain and spinal cord injuries.
However, better-designed RCTs with larger sample sizes are needed to

strengthen these findings and elucidate the real benefits of this therapy.
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Conclusion

Robotic rehabilitation using the Erigo® device is safe for patients with
neurological injury and appears to reduce spasticity in patients with stroke. The
effects on muscle strength, functionality, and level of consciousness remain
uncertain. It is important to reiterate that the methodological quality of the clinical
trials included in this review is limited. Therefore, the results should be interpreted

with caution.
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Table 1. Characteristics of included studies

Author, Participants Intervention / Sample(  Age+SD Protocol Outcome measures of interest
Year Comparison %F/M) (years-old) and instruments

Ancona Severe ERIGO 44 IG: 59,52 + IG: Protocol - Cardiorespiratory signs: blood
etal., acquired brain + 22,16 12 session: 60°; 22 session: 65°%; 32 session: 70° 42 session;  pressure, heart rate, peripheral
2019 injury Convencional 1G:22 75°; 52 session: 80°. Progression. oxygen saturation.

(Ischemic Neurorehabilitati  (36,3/63,6) CG: 68,12 Step not reported;
stroke, on +1,60 FES not reported; - Functionality: Tinetti scale.
hemorrhagic / CG: 22 45 min of Convencional Neurorehabilitation + 30 min of Functional Independence
stroke, Convencional (31,8/68,1) verticalization with ERIGO; 20 sessions; 5 days/week. Measure.
traumatic brain  Neurorehabilitati

injury). on CG: Protocol - Level of consciousness:
Passive and active joint mobilization, maintenance of sitting  Scores of the National Institutes
position on the bed and wheelchair, facilitation of transfers of Health Stroke Scale
from bed to wheelchair and verticalization with a traditional

tilting table.
75 min; 20 sessions; 5 days/week.

Calabro Stroke sub- ERIGO 20 IG:71£3 IG: Protocol - Cardiorespiratory signs: mean
et al., acute + 12 a 32 session: 10 a 30° over 15 min. 30 steps/min. blood pressure, mean heart rate,
2015 Conventional IG: 10 CG:70+5 52 session: 60° over 15 min. 35 steps/min. mean oxygen saturation.

Physiotherapy (60/40) 102 session: 90°. 40 steps/min. Fatigue and discomfort: Visual
/ FES: intensity 30 mA, shift of £10 mA, Six-channel analogic scale.
Verticalization CG: 10 stimulator (biceps femoris, quadriceps femoris, tibialis
+ (50/50) anterios and gastrocnemius); - Functionality: Fugl-Meyer scale
Conventional for lower limbs.
Physiotherapy CG: verticalization

Protocol: 15 min based on Bobath method. 15 min simples

tilt-table.

45 min of standard physical treatment program, followed by

verticalization.

30 sessions; 5 days/week for 6 weeks.

- Muscle Strength: Muscle
Research Council.

- Level of consciousness

Ravens Coloured Progressive
Matrices test.
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Frazzitta
et al.,
2016

Krewer et
al., 2015

Kumar et
al., 2020

Vegetative
State or
Minimally
Conscious
State

Vegetative
State or
Minimally
Conscious
State

Stroke
(Ischemic or
hemorrhagic)

ERIGO
+
Conventional
Physiotherapy
/

Conventional
Physiotherapy

ERIGO
+
Conventional
Physiotherapy
/

Tilt table
+
Conventional
Physiotherapy

ERIGO
/
Conventional
Physiotherapy

31 IG: 53+ 15
IG: 15 CG: 69 +
(40/60) 16
CG: 16
(31,25/68,
75)
44 IG: 53+ 15
1G: 22 CG:52 +
(45,4/54,4) 14
CG: 22
(36,3/63,6)
110 1G: 50,80 +
6,86
IG: 55
(45,5/54,5) CG: 51,36
+8,10
CG: 55
(45,5/54,5)

IG: Protocol
Gradually increased from 0°to 20°,40° and then 60° in a
time span of nine min.
20 steps/min. Not reported FES;
30 min of conventional in-bed physiotherapy + 30 min of
ERIGO;
15 sessions; 5x/week (Monday-Friday).

CG:

Conventional in-bed physiotherapy (mobilization exercises
in the supine and sitting position on bed, without out-of-bed

mobilization nor verticalization).
60 min/day, from Monday to Friday, throughout the ICU
stay. 15 sessions; 5x/week (Monday-Friday).

IG: 70°
Not reported steps; Not reported FES;
60min; 10 sessions over 3 weeks; 3 to 4 sessions/week.

CG:
Tilt table + conventional physiotherapy
60min; 10 sessions over 3 weeks;
3 to 4 sessions/week.

IG: Protocol
1 week: 30° for 40 min; 2-3 week: 50° for 40 min; 4 week:
75° for 40 min.
Not reported steps; Not reported FES;
40 min + 15 min exercise program for upper extremities;
6x/week; 4 weeks.

CG:

Mobilization exercises in supine and sitting position on bed,

without out-of-bed mobilization nor verticalization.
50 to 60 min/day; 30 days.
IG+CG: During 30 and 90 days, subjects were asked to
perform a home exercise program.

- Cardiorespiratory signs: mean
arterial pressure, heart rate,
oxygen saturation. (no data)

- Level of consciousness: Levels
of Cognitive Functioning,
Disability Rating Scale, Glasgow
Coma Scale, Coma Recovery

Scale-Revised.

- Cardiorespiratory signs: Blood
pressure, heart rate, oxygen
saturation. (not data).

- Spasticity: Modified Ashworth

Scale.

- Level of consciousness: Coma
Recovery Scale-Revised,

- Cardiorespiratory signs: Blood
pressure. (only pre-

intervention data)

- Muscle Strength: Medical

Research Council.

- Spasticity: Modified Ashworth

Scale
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Rocca et Severe brain
al., 2016 trauma
Taveggia Vegetative
etal., State or
2015 Minimally
Conscious
State
Yadav et Stroke
al., 2018

ERIGO
+
Conventional
Physiotherapy
/

CG 1-
Conventional
Physiotherapy

CG 2-
MOTOmed
Letto®
+
Conventional
Physiotherapy

ERIGO
/
Verticalization

ERIGO
/
Conventional
Physiotherapy

30

IG: 10
(40/60)

CG1: 10
(40/60)

CG2: 10
(50/50)

8

IG:4
(50/50)

CG:4
(50/50)

30

IG: 15
(33,3/66,6)

CG1: 50,5
CG2:53,5

IG: 58,8

IG:65+8

CG: 63+
16

IG: 49,87
8,41

CG: 49,53
*+6,22

IG: Protocol - Cardiorespiratory signs: Blood
First step: 0°, started leg movements. 5 min. pressure, heart rate. respiratory
Secund step: progressively put in a vertical position (at rate
30°-50°-70° for 10 min each). Started leg movements. 30
min.
Third step: the patient was returned to a supine position. 10
min.

Not reported steps;
Not reported FES;

CG1: Protocol
mobilized out of bed only by physiotherapists.

CG2: Protocol
MOTOmed Letto® 30 min, 5 days/week.

IG+CG1+CG2
Patients in groups 1 and 3 were mobilized in bed by
physiotherapists, according to usual clinical physiotherapy
standard recommendations in our hospital. Patients in
group 2 were mobilized in bed by either physiotherapist and
with a MOTOmed® session of almost 30 min 5 days/week.

IG: Protocol
Verticalization with a tilt table at 30°, after 10 min, 65°.
18 steps/min;
Not reported FES;
30 min; 24 sessions; 3x/week.

- Cardiorespiratory signs: mean
arterial pressure, heart rate.

- Level of consciousness: Levels
of Cognitive Functioning, Coma
Recovery Scale-Revised.
CG:

Robotic verticalization system, but an inactive lower-limb
movement system.
Verticalization with a tilt table at 30°, after 10 min, 65°.
30 min; 24 sessions; 3x/week.

IG: Protocol - Cardiorespiratory signs: Blood
Phase 1: 30° for 40 min, after 12 min at 0°. Legs moved pressure.
passively.
Phase 2: 50° for 40 min, after 12 min at 0°. Legs moved - Muscle Strength: Medical
passively. Research Council.

45



Yadav et Stroke ERIGO
al., 2018 (Ischemic and /
(pilot) hemorrhagic) Conventional
Physiotherapy

CG: 15 Phase 3: 75° for 40 min, after 12 min at 0°. Legs moved
(53,3/46,6) passively.
Not reported steps;
Not reported FES;
40 min + 15 min exercise program for the upper extremities;
6x/week; 4 weeks.

CG:

Range of motion; prevent spasticity; common mat activities;
Bridging exercises; Stretching; Gentle and controlled
weight-bearing exercises; Balance and coordination

exercises.
50 to 60 min/day; 6x/week; 4 weeks.

30 IG 49,87 IG: Protocol
8,41 Phase 1: 30° for 40 min, after 12 min at 0°. Legs moved
IG: 15 CG 49,53+ passively.
(33,3/66,6) 6,22 Phase 2: 50° for 40 min, after 12 min at 0°. Legs moved
passively.
CG: 15 Phase 3: 75° for 40 min, after 12 min at 0°. Legs moved
(53,3/46,6) passively.

Not reported steps;
Not reported FES;

40 min + 15 min exercise program for the upper extremities;
6x/week; 4 weeks.

CG:

Range of motion; prevent spasticity; common mat activities;
Bridging exercises; Hamstring; Gentle and controlled
weight-bearing exercises; Balance and coordination

exercises.
50 to 60 min/day; 6x/week; 4 weeks.

- Cardiorespiratory signs: Blood
pressure, heart rate.

- Spasticity: Modified Ashworth
Scale

- Level of consciousness:
Glasgow Coma Scale, Mini-
Mental State Examination,
National Institutes of Health
Stroke Scale.

Legend: F: female; M: male; CG: control group; IG: intervention group; FES: functional electrical stimulation;
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Identification

Screenina

Eliaibilitv

Included

Records identified through
database searching

(n=2.482)
PubMed=1565
Embase:_651 Additional records identified through
Cochrane=216
€ other sources
PEDro= 50 (n=0)
Scielo=0 -

Records after duplicates removed
(n=2.002)

¥ Records excluded
Records screened - (n=1.991)
(n=2.002) ”| - Intervention = 1985
- Type of study (design) = 6
A 4 .
Full-text articles excluded,
Full-text articles assessed with reasons
for eligibility L 5 (n=2)
(n=11) - Intervention = 1
- Type of study (design) = 1

A 4

Studies included in
qualitative synthesis
(n=9)

A 4

Studies included in
guantitative synthesis
(meta-analysis)
(n=2)

Figure 1. Flowchart of study selection



Table 2. Evaluation of the risk of bias using the Rob 2 tool from Cochrane

Deviations Missin Measurement Selection
Author, Randomization from 9 of the Overall
. outcome of the .
Year process intended reported bias
. . data outcome
intervention result
Anconaet al.,
2019
Some Some Some Some
Some concerns Low
. . concerns concerns concerns concerns
Cardiorespiratory
signs,
Functionality
Calabro et al.,
2015
Some Some Some
. . Some concerns Low Low
Cardiorespiratory concerns concerns concerns
signs,
Functionality,
Muscle Strength
Frazzitta et al.,
2016 Some Some
Low Low Low Low
concerns concerns
Level of
consciousness
Krewer et al.,
2015
Some Some
Low Low Low Low
- concerns concerns
Spasticity,
Level of
consciousness
Kumar et al.,
2020 Some Some Some
Low Low Low
concerns concerns concerns
Muscle Strength,
Spasticity
Rocca et al.,
2016 Some Some Some Some
Some concerns Low
concerns concerns concerns concerns
Cardiorespiratory
signs
Taveggia et al.,
2014
Low Some Low Some Some Some
Cardiorespiratory concerns concerns concerns  concerns
signs
Level of
consciousness
Yadav et al.,
2018 (pilot
(pilot) Some Some Some Some
Some concerns Low
. . concerns concerns concerns concerns
Cardiorespiratory
signs,
Spasticity
Yadav et al.,
2018
Some Some Some Some
Some concerns Low
concerns concerns concerns concerns

Cardiorespiratory
signs,
Muscle Strength
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Study Total

Kumar et al., 2020
Yaday et al., 2018 (pilot)

Random effects model 70

Experimental
SD Total Mean SD

Mean

55 0.22 0.5800
15 0.14 0.7100

Heterogeneity: 2=0%, =0, p =045

Spasticity

55
15

70

Control

0.47 0.6100
0.60 0.6700

Mean Difference

MD 95%=Cl Weight
-0.25 [-0.47:-0.03] 83.1%
-0.46 [-0.95; 0.03] 16.9%

-1

-0.5 0 0.5

: -0.29 [-0.49; -0.08] 100.0%

1

Figure 2. MD and 95% CI on spasticity evaluated by Scale Modified Ashworth for Erigo® vs control group.
Abbreviations: CI, confidence interval; MD, mean difference.

Muscle Strength

Experimental

Study

Kumar et al_, 2020 55
Yaday et al., 2018 15

Random effects model 70

Heterogeneity: %= 0%, £ =0, p=

Total Mean

1.46 1.2800
1.47 1.5500

0.94

55
15

T0

Control

SD Total Mean sD

1.22 1.4500
1.18 1.6100

Mean Difference

MD 95%—-Cl Weight

B83.0%
17.0%

0.24 [-0.27;0.75]
0.29 [-0.84; 1.42]

0.25 [-0.22; 0.71] 100.0%

Figure 3. MD and 95% CI on muscle strength evaluated by Medical Research Council for Erigo® vs
control group. Abbreviations: Cl, confidence interval; MD, mean difference.
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Abstract

Background: Individuals who have suffered a stroke may present motor impairment,
sensory and cognitive changes, which negatively affect functionality. The objective of
this study protocol is evaluating the effect of robot-assisted orthostatic board training and
neuromuscular electrical stimulation (robotic rehabilitation) on the functionality of
subacute stroke patients. Methods/Design: Forty patients with stroke will be randomized
to a control group (conventional physical therapy) or intervention group (conventional
physical therapy plus robotic rehabilitation). Interventions will take place every day in
the hospital phase and 3 times/week after discharge, totaling approximately 18 sessions.
The groups will be evaluated before the interventions, after the tenth session, and at the
end of six weeks of treatment or 18 sessions. Functionality will be considered the primary
outcome of the study and will be assessed using the Fugl-Meyer Scale. We considered as
secondary outcomes muscle strength (Medical Research Council and maximum repetition
test), spasticity (Modified Ashworth Scale), quadriceps muscle architecture and
echogenicity (ultrasound), mobility (Time Up Go test), degree of disability and
dependence (Rankin scale), quality of life (EQ-5D questionnaire), cardiorespiratory
repercussions (monitoring vital signs), length of hospital stay (in days) and mortality
(number of deaths). For data analysis, repeated-measures ANOVA with Bonferroni post
hoc will be used to compare the effect of the groups' interaction with time. The level of
significance adopted will be 5%. Trial registration: Clinical Trial Registry number
NCT04494685.

Keywords: Brain Diseases; Robotics; Clinical trial; Rehabilitation; Electrical

stimulation.
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Background

Stroke is among the most prevalent cardiovascular diseases in the world, and in
Brazil it represents 20.73% of cases of hospitalization in patients over 40 years, strongly
impacting the costs to the health system [1]. Affected patients have different functional
impairments, depending on the location on the brain and the type of injury. Motor
paralysis or paresis are the main outcomes that result in detriment to performance in
carrying out activities of daily living [2] and impaired quality of life [3].

The rehabilitation process, including physical therapy should be started as early
as possible, once the patient is hemodynamically stable. Prolonged bed rest, besides
causing muscle atrophy and deconditioning, affects adequate cerebral blood flow. Such
long-term changes may affect the sympathetic nervous system and contribute to
intolerance to orthostasis [4, 5]. Early rehabilitation, besides reducing complications
resulting from prolonged bed rest, stimulates the afferent sensory nervous system and
reduces spasticity in patients [6]. In this context, in order to improve patient care in the
subacute stroke innovations are necessary in the rehabilitation process and early
interventions.

The robotic board emerges as a new ergometric technology, which facilitates
lower limb exercises through a robot associated with neuromuscular electrical stimulation
(NMES) [6]. Itis a resource that allows passive orthostasis up to 90°, as well as the passive
movement of knees and hips [7]. Among the benefits of orthostasis are biomechanical
alignment, with stretching and unloading of weight in the joints, optimization of volumes
and lung expansion, in addition to spatial information on adjustments to the central
nervous system allowing better stimuli and autonomic adaptations [8].

The Erigo® robotic board (Hocoma, Volketswil, Switzerland) proved to be a safe

and effective device for stroke patients [9, 10], however, the literature lacks robust
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evidence, with well-defined protocols, reproducible and with adequate sample size. Thus,
further research is needed to assess the effects of this therapy on stroke patients, for
subsequent implementation of this resource in rehabilitation centers.

The objective of this protocol is to evaluate through a randomized, single-blind
clinical trial, the effect of robot-assisted orthostatic board training and neuromuscular
electrical stimulation (robotic rehabilitation) on the functionality, muscle strength,
spasticity, quadriceps muscle architecture and echogenicity, mobility, degree of disability
and dependence, quality of life, cardiorespiratory repercussions, length of hospital stay

and mortality of subacute stroke patients.

Methods/Design

Design and ethical aspects

The study was designed as a randomized, single-blind clinical trial. The research
project was approved by the Ethics Committee of the Irmandade da Santa Casa de
Misericérdia de Porto Alegre (ICSMPA) and of the Universidade Federal de Ciéncias da
Salde de Porto Alegre (UFCSPA), Porto Alegre, RS, Brazil (CAEE:
21991819.5.3001.5345; report number 4.096.671) and the protocol was registered at
ClinicalTrials.gov (NCT04494685). All patients will sign the free and informed consent
form prior to carrying out any procedure and in the case of incapacity, the consent will be
given by the relative.

Any changes that occur in the study protocol during the recruitment of volunteers
or data collection will be communicated to the institution's Ethics Committee and

ClinicalTrials.gov.
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Participants

The study population consists of stroke patients. The sample will consist of
patients with ischemic stroke, in the subacute phase (48 hours after the event), admitted
to Hospital S&o Jose in the ISCMPA hospital complex. They are patients of both sexes,
aged between 18 and 85 years and who have hemiparesis or muscle weakness defined by
the Medical Research Council (MRC) with a score of less than 48 points[11]. In addition,
the selected patients must be able to understand simple commands and report signs of
discomfort. Neither a history of stroke without motor sequelae prior to current
hospitalization, nor the need for ventilatory support or tracheostomy will be considered
exclusion criteria.

Patients with an evolution from ischemic to hemorrhagic events, those who do not
develop compensatory hemodynamic adjustments after the postural change in the
orthostatic board or who present important hemodynamic changes during training will be

excluded.

Randomization

Randomization will be carried out through the www.randomization.com website.
The sequence of numbers will be generated by a researcher "blind" to the study, ata 1:1
ratio. The sequence of numbers will be revealed to the physiotherapists who will carry
out the proposed protocols only at the beginning of the intervention program in order to
guarantee the concealment of the allocation. Patients will be randomized to the control
group (CG) which will receive conventional physical therapy or to the intervention group
(1G), which will perform robotic rehabilitation using Erigo® equipment (Hocoma,

Volketswil, Switzerland) in addition to conventional physical therapy.
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Outcomes and evaluations

Functional independence will be considered the primary outcome of the study.
Muscle strength, spasticity, quadriceps muscle architecture and echogenicity, mobility,
degree of disability and dependence after stroke, quality of life, cardiorespiratory
repercussions, length of hospital stay, and mortality will be measured as secondary
outcomes.

Prior to the evaluations, medical records will be consulted to collect personal,
demographic, anthropometric data, medical diagnosis, previous comorbidities, and

information on medications used by patients.

Functionality evaluation

Functionality will be assessed using the Fugl-Meyer Scale. This scale allows
assessing the mobility and the ability to perform different activities that require from
sensorimotor functions to walking after stroke. It consists of six domains: a range of
motion, pain, sensitivity, motor function of the upper and lower extremities, balance,
coordination, and speed. The score for each item ranges from 0 to 2, where 0 = cannot be
performed; 1 = partially accomplished; 2 = completely accomplished. The total score
ranges from 0 to 266 points. The higher the score the better is the functionality. Less than
50 points in the score indicate severe motor impairment, 50-84 marked, 85-95 moderate,
and 96-99 light, patients must have at least moderate impairment to be enrolled in the

study [12].

Muscle Strength evaluation
For the evaluation of muscular strength, the MRC scale and the test of maximum

repetition (L1RM) will be used.
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The MRC scale comprises a score of 1 to 5 for each muscle group, as follows: 0
= no contraction, 1 = flicker or trace contraction; 2 = active movement, with gravity
eliminated; 3 = active movement against gravity; 4 = active movement against gravity
and resistance; and 5 = normal muscle strength. The total score ranges from 0 (for
quadriplegia) to 60 points (for preserved muscle strength), including shoulder abduction,
elbow flexion, wrist extension, hip flexion, knee extension and dorsiflexion of the ankle
movements, all scored bilaterally. A score below 48 is conclusive for muscle weakness
acquired in the intensive care unit [11].

The 1RM test will be performed to evaluate the dynamic strength of the
quadriceps muscle. For this, an extension chair will be used (7Cinco - Pro Sport Fitness,
Porto Alegre / RS, Brazil). In the sitting position, with the hips and knees at 90 flexion,
the patient will be instructed to extend both knees against the resistance placed in the
anterior region of the ankles until the maximum range of motion. If two repetitions are
completed, the load will be increased until the patient can perform a single maximum

repetition across the range of motion without postural compensations [13].

Spasticity evaluation

The modified Ashworth Scale will be used to evaluate spasticity. This scale
consists of an ordinal classification of 5 points for grading the resistance found during
passive stretching, where 0 indicates normal muscle tone and 4 indicates a severe increase
in tone, causing flexion or extension stiffness.

The patient will be placed in the supine position and the tests will be applied to
the lower and upper limbs. When a muscle with flexion function is tested, the joint will
be positioned in maximum flexion and the extension will be performed in one second and

the same process will be carried out for a muscle that performs the extension [14].
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Muscle architecture and echogenicity evaluation

The assessment of muscle architecture and echogenicity will occur by acquiring
ultrasound images of the medial and lateralis vastus and rectus femoris by a high-
resolution ultrasound device (Vivid-i, GE, USA). Specifically, the quadriceps muscle
thickness (vastus lateralis, vastus medialis, and rectus femoris), the cross-sectional area
of the rectus femoris, and its echogenicity will be evaluated. To assess the thickness of
the vastus lateralis and rectus femoris the midpoint between the greater trochanter and the
lateral condyle of the femur will be used as a reference point, while measurements of the
vastus medialis will be performed at 25-30% of this distance, according to patient
characteristics. Three images will be obtained with the ultrasound transducer
longitudinally positioned on the muscle fibers of each of the knee extensor muscles to
assess muscle thickness [15]. To assess the cross-sectional area and echogenicity of the
rectus femoris, three images will be obtained, however, the ultrasound transducer will be
positioned transversely on the rectus femoris, with the midpoint between the greater
trochanter and the lateral condyle of the femur being used as a reference [16]. Finally, all

images will be analyzed using the ImageJ software.

Mobility evaluation

Mobility will be assessed by the Timed Up and Go (TUG) test. This test consists
of transferring from a sitting to a standing position, walking for three meters, changing
direction during gait, and transferring from a standing to a sitting position. The shorter
the time to perform the test the better is the performance [17].

During the TUG test, an inertial sensor (BTS G-Walk, Kinetec, Porto Alegre, RS,

Brazil) will be attached to the patient's waist, at the height of the L4-L5 spaces, using a
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semi-elastic band. This sensor will allow monitoring gait phases and linear accelerations
in three orthogonal axes (anteroposterior, medio-lateral and vertical) through a wireless
network, transmitting the signals via Bluetooth to a computer. The time required to get
up, acceleration, time, and speed of rotation will be monitored as well as the time required

to sit [18, 19].

Degree of disability and dependence evaluation

The modified Rankin scale will be used to determine the degree of disability and
dependence after a stroke. This instrument has 6 scores, where: 0 = asymptomatic; 1 =
symptoms without disabilities; 2 = mild disability; 3 = moderate disability; 4 = moderate

to severe disability; 5 = severe disability and 6 = death [20].

Quality of life evaluation

Quality of life will be assessed using the EuroQol-5D (EQ-5D) questionnaire. This
is a generic instrument that assesses mobility, personal care, usual activities, pain/malaise,
and anxiety/depression and allows to create a general index of the value of an individual's
health status. The number 1 indicates the best state of health (perfect health) and 0 the

worst state of health (death) [21].

Cardiorespiratory parameters evaluation

Vital signs will be checked prior to the first intervention and during the 18 sessions
to assess the cardiorespiratory response and intervention safety. The following will be
measured: systolic and diastolic blood pressure; heart rate; peripheral arterial oxygen
saturation; and also the dyspnea index using the modified Borg effort scale and pain using

the visual analog scale (VAS).
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Length of hospital stay
The days between the patient's admission and hospital discharge will be counted

to assess the total length of hospital stay.

In general, the evaluations will be carried out by a researcher who is blind to the
interventions at three moments, at baseline, after the 10th session, and at the end of the
protocols (18th session). Some particularities: the application of the Fugl-Meyer scales,
MRC, Modified Ashworth Scale, Rankin Scale, and the assessment of quadriceps muscle
architecture and quality of life will be performed prior to interventions. In the 10th
session, the Fugl-Meyer Scale, MRC, the Modified Ashworth Scale will be reapplied and
the mobility and muscle strength tests will be performed (TUG and 1RM test
respectively). At the end of the protocols or after the 18th session, all evaluations will be

repeated.

Study Protocol
Intervention

Interventions will take place during the hospital phase and after discharge. During
hospitalization, protocols will be performed daily, once a day. After discharge, patients
from both groups will be seen at the Rehabilitation Center of Pavilhdo Pereira Filho of
ISCMPA, by physiotherapists specialized in robotics, three times a week, on alternate
days, totaling 18 sessions at the end of the protocols. It is observed that resistance training
with shorter protocols has been able to contribute to neural adaptation and increased

muscle fiber cross-sectional area in healthy patients [22, 23].
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The CG will perform conventional physical therapy during the hospital phase,
conducted by physiotherapists at the hospital. The exercises proposed during
hospitalization aim at early mobilization, tone modulation, maintenance of joint
amplitudes, maintenance/gain of muscle strength, improvement of balance, and gain of
functional independence. After hospital discharge, in the outpatient phase, the same group
will perform an exercise protocol according to the objectives established by the
Guidelines for Adult Stroke Rehabilitation and Recovery [24]. Knee and hip flexion and
extension movements will be worked on; hip adduction and abduction, respecting the
articular physiology of each joint; weight transfer in the sitting position and in orthostasis;
mini-squat and gait training. In the end global stretching of the upper and lower limbs
will be carried out. Outpatient care will last 30 minutes and three series with 10 repetitions
for each exercise will be performed. A progression to four series will be established from
the 10" session, as well as a maximum therapy time of 40 minutes.

The IG will perform robotic rehabilitation in the hospital phase, replacing the
conventional physiotherapy session conducted by physiotherapists in hospital as well as
after discharge. Robotic rehabilitation performed using the Erigo® device (Hocoma,
Volketswil, Switzerland) provides orthostasis assisted by an orthostatic board, passive
and assisted movement of the legs, in addition to NMES of the quadriceps and hamstring
muscles simultaneously with the mobilization of the legs. The NMES will be applied
through self-adhesive electrodes size 7.5x13 (model CF7515, Arktus, Sdo Paulo, SP,
Brazil), with the following parameters: 50 Hz frequency, 500 ps pulse width, three
seconds of ramp and current intensity according to the patient's tolerance, as long as the
muscle contraction is visible [25, 26].

The rehabilitation protocol performed using the Erigo® device will be based on

the overload principle [27] as proposed below:
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1st session: Initially the orthostatic board will be tilted until reaching 30°. If there is no
hemodynamic decompensation, the inclination will be increased to 80° and the patient
will remain in this position for 15 to 20 minutes, not exceeding the 500-step mark until
the end of the therapy. The robot will perform the hip and knee flexion/extension
movements at a cadence of 16-20 steps/minute. The driving force will be between 100-
80%. For the remaining sessions, the patient will be vertical and the mobilization of the
lower limbs associated with NMES will begin immediately. The return to the starting
position will have a progression similar to the initial one.

2nd to 4th session: If the patient is adapted to the inclination of the board when it reaches
90° the robot will perform the flexion/extension movements of the hip and knee
respectively for 30 minutes. Cadence: 20-24 steps/minutes; driving force 80-60%.

5th to 7th session: At 90° angle; 30-minute session; cadence 24-28 steps/minutes; driving
force 60-40% by the end of the protocol.

8th to 10th session: At 90° angle; 40-minute session; cadence 28-32 steps/minutes.
11th to 13th session: At 90° angle; 40-minute session; cadence 32-36 steps/minutes.
14th to 18th session: At 90° angle; 40-minute session; cadence 36-40 steps/minutes. The
18th session will be performed with a driving force of 40%.

Vital signs will be continuously monitored during robotic rehabilitation.
Hemodynamic decompensation (systolic pressure with reduction > 20 mmHg and
diastolic pressure > 10 mmHg or heart rate with elevation > 30 bpm from baseline), a
significant fall in peripheral arterial oxygen saturation, tachypnea, ventilatory effort,
sweating, malaise reported by the patient will be considered criteria for the interruption
of training. If, in the second subsequent session of the protocol, the patient does not

tolerate the intervention again or presents hemodynamic instability, he will be excluded
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from the study. The group composition flowchart, assessment, and intervention
procedures are shown in Figure 1.

To ensure adherence to treatment, all patients need to perform at least 15 out of
the 18 robotic rehabilitation or conventional physical therapy sessions provided by the
protocol. In addition, if any major adverse effect occurs as a result of the interventions
proposed in this protocol, the researchers will provide medical assistance to the patient

and the protocol will be reviewed.

Data analysis

The sample was calculated using the Gpower® software version 3.1 and was
based on a study by Calabro et al. [9] that evaluated the effect of robotic rehabilitation
using the Erigo® device in stroke patients. The muscle strength assessed by the MRC
scale was adopted as the outcome to estimate the sample size, using a mean difference
between the control and intervention groups of +1 and +2 respectively, the standard
deviation of * 1, alpha error of 5% and 80% power. Thus, the sample size was estimated
to be 17 patients per group. Predicting losses, 20 patients will be recruited per group.

After data collection, for data analysis, generalized estimating equation (GEE)
will be used to analyze the effect of the intervention between the groups. The level of
significance adopted will be 5% (p<0.05).

All data collected during the study will be stored on a computer by one of the
team's researchers and copies will be made daily to a second device for security reasons.
Patient identification data will be kept confidential by identifier numbers and the results

of the study will be disclosed only at events and in scientific journals.
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Discussion

This protocol of a randomized clinical trial may bring a new perspective on the
rehabilitation of patients with subacute stroke, demonstrating whether robotic
rehabilitation using the Erigo® device has positive effects on functionality and whether
robotic rehabilitation is better than conventional physical therapy for this population.

In addition, this study intends to establish a reproducible protocol for the
rehabilitation of stroke patients in the Erigo® device, establishing a progression of steps

and muscle activation by the patient, following the principle of work overload.

List of abbreviations

CG: Control group; EQ-5D: EuroQol-5D; IG: Intervention group; ICSMPA: Irmandade
da Santa Casa de Misericordia de Porto Alegre; MRC: Medical Research Council;
NMES: Neuromuscular electrical stimulation; 1RM: Test of maximum repetition; TUG:

Timed Up and Go; VAS: Visual analog scale.
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Figure 1: Flowchart of groups composition, evaluations and intervention
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CONCLUSOES FINAIS

A partir dos achados contemplados na revisdo sistematica apresentada
nesta dissertacdo podemos concluir que o dispositivo robético Erigo® € seguro
para a mobilizacdo de pacientes com lesdes neurolégicas, como também
apresenta alguns beneficios em relacéo a espasticidade de pacientes com AVE
e severa desordem da consciéncia.

O segundo artigo apresentado nesta dissertacdo buscou reproduzir um
protocolo de ensaio clinico randomizado com o uso da reabilitacdo robotica em
pacientes pés AVE isquémico. Nosso protocolo sera utilizado como base para a
realizacdo de um ensaio clinico randomizado devido a heterogeneidade dos
estudos publicados até o momento, visando fortalecer a evidéncia existente.

Novos ensaios clinicos se fazem necessarios nesta tematica com maior
namero de pacientes e protocolos de reabilitacdo passiveis de reprodutibilidade,
a fim de reforcar nossos achados e elucidar outros beneficios do dispositivo
Erigo® para pacientes com les6es neuroldgicas.
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Anexo B- Normas de formatacdo do peridédico Brazilian Journal of Physical
Therapy.

GUIDE FOR AUTHORS

INTRODUCTION

Types of article

The Brazilian Journal of Physical Therapy (BIPT) publishes original research articles, reviews,
and brief communications on topics related to physical therapy and rehabilitation, induding clinical,
basic or applied studies on the assessment, prevention and treatment of movement disorders. Our
Editorial Board is committed to disseminate high-guality research in the field of physical therapy. The
BIFT follows the principle of publication ethics included in the code of conduct of the Committee on
Publication Ethics (COPE).The BIPFT accepts the submission of manuscripts with up to 3,500 words
(excluding title page, abstract, references, tables, figures and legends). Information contained in
appendices will be included in the total number of words allowed. A total of five (5) combined tables
and figures is allowed.

The following types of study can be considered for publication, if directly related to the journals scope:
a) Intervention studies (clinical trials): studies that investigate the effect(s) of one or more
interventions on outcomes directly related to the BIFTs scope. The World Health Organization
defines a dinical trial as any research study that prospectively allocates human participants
or groups of humans to onme or more health-related interventions to evaluate the effect{s)
on health outcome(s). Clinical trials indude single-case experimental studies, case series, non-
randomized controlled trials, and randomized controlled trials. Randomized controlled trals
(RCTs) must follow the CONSORT (Consolidated Standards of Reporting Trials) recommendations,
which are awvailable at: http://www.consort-statement.org/ consort-statement/overview(/.
The CONSORT checklist and Statement Flow Diagram, available at
http:/fwww.consort-statement.org/consort-statement/flow-diagram, must be completed and
submitted with the manuscript. Clinical trials must provide registration that satisfies the requirements
of the International Committee of Medical Joumnal Editors (ICMIE), e.g. http://clinicaltrials.gov/
andfor http://www.anzctrorg.au. The complete list of all clinical trial registries can be found
at: http:/fweww. who.int/ictrp/ network/ primary/en/index.html. We suggest that all authors register
clinical trials prospectively via the website http://www.clinicaltrials.gov.

Note: We do not accept single case studies and series of cases (i.e. clinical trials without a comparison
group).

b) Observational studies: studies that investigate the relationship(s) between variables of interest
related to the BIFTs scope. Observational studies include cross-sectional studies, cohort studies, and
case-control studies. All observational studies must be reported following the recommendation from
the STROBE statement (http://strobe-statement.org/index. php?id=strobe-home).

c) Qualitative studies: studies that focus om understanding needs, motivations, and human
behavior. The object of a gualitative study is guided by in-depth analysis of a topic, induding opinions,
attitudes, motivations, and behavioral patterns without guantification. Qualitative studies include
documentary and ethnographic analysis.

d) Systematic rewviews: studies that analyze and/or synthesize the literature on a topic related to
the scope of the BIPT. Systematic reviews that indude meta-analysis will have priority over other
systematic reviews. Those that have an insufficient mumber of articles or articles with low quality in
the Methods section and do not include an assertive and valid conclusion about the topic will not be
considered for peer-review analysis.

The authors must follow the Preferred Reporting ltems for Systematic Reviews and Meta-
Analyses (PRISMA) checklist to format their systematic reviews. The checklist is available
at http://www.prisma-statement.org/PRISMAStatement/Default.aspx and must be filled in and
submitted with the manuscript.

Potential authors are encouraged to read the following twtorial, which contaims the minimum
requirements for publication of systematic reviews in the BIPT: Mancini MC, Cardoso IR, Sampaio RF,
Costa LCM. Cabral CMN. Costa LOP. Tutorial for writino svstematic reviews for the Brazilian Journal of

Physical Therapy (BIPT). Braz 1 Phys Ther. 2014 Nov-Dec; 18{6):471-480.
e) Studies on the translation and cross-cultural adaptation of questionnaires or assessment

tools: studies that aim to translate and/or cross-culturally adapt foreign questionnaires to a language
other than that of the original version of existing assessment instruments. The authors must use the

75



checklist (Appendix) to format this type of paper and adhere to the other recommendations of the
BIPFT. The answers to the checklist must be submitted with the manuscript. At the time of submission,
the authors must also include written permission from the authors of the original instrument that was
translated and/or cross-culturally adapted.

f) Methodological studies: studies centered on the development and/or evaluation of
clinimetric properties and characteristics of assessment instruments. The authors are encouraged
to use the Guidelines for Reporting Reliability and Agreement Studies (GRRAS) to format
methodological papers, in addition to following BIFT instructions. Important: Studies that
report electromyographic results must follow the Standards for Reporting EMG Data
recommended by ISEK (International Society of Electrophysiology and Kinesiology), available at
http:/fwww.isek.org/wp-content/uploads/201 5/ 05/ Standards-for-Reporting-EMG-Data. pdf.

@) Clinical trial protocols: The BIJPFT welcomes the publication of clinical trial protocols. We only
accept trial protocols that are substantially funded, hawe ethics approval, have been prospectively
registered and of very high gquality. We expect that dinical trial protocols must be novel and
with a large sample size. Finally, authors have to provide that the dinical trial 5 on its first
stages of recruitment. Authors should use the SPIRIT statement while formatting the manuscript
(htbp://www. spirt-statement.org). Funding solely based upon scholarships or fellowships are not
considered as substantially funded.

h) Short communications: the BIJPT will publish one short communication per issue {up to six a
year) in a format similar to that of the original articles, containing 1200 words and up to two figures,
one table, and ten references.

i) Masterclass articles: This type of article presents the state of art of any topic that is important
to the field of physical therapy. All masterclass articles are invited manuscripts and the authors must
be recognized experts in the field. However, authors can send e-mails to the editor in chief with an
expression of interest to submit a masterclass article to the BIPT.

Submission checklist
‘fou can use this list to carry out a final chedk of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
« E-mail address
# Full postal address

All necessary files have been uploaded:

Manuscript:

« Include keywords

« All figures (include relevant captions)

= All tables (including titles, description, footmotes)

# Ensure all figure and table citations in the text match the files provided
» Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations
# Manuscript has been 'spell checked' and 'grammar checked'
« All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been cbtained tor use of copynghted materal from other sources [including the
Internet)

» A competing interests statement is provided, even if the authors hawve no competing interests to
declare

# Journal policies detailed in this guide have been reviewed

» Referes suggestions and contact details provided, based on journal requirements
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For further information, visit our Support Center.

BEFORE YOU BEGIN

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.
Studies in humans and animails

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Assodation
(Declaration of Helsinki) for experiments invaolving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholary Work in Medical
Jowrnals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the UK. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EL
Directive 2010/63/EU for animal experiments, or the Mational Institutes of Health guide for the care
and use of Laboratory amimals {(NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
indude employment, consultancies, stock ownership, honoraria, paid expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file {if double-blind) or the
manuscript file (if single-blind ). If there are no interests to declare then please state this: "'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for pobential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see "Multiple, redundant or concurrent
publication® for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carmied out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, induding electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Chech.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opporbunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture andfor cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("dinicians, patients/clients”) as default/wherever possible

to avoid using “he, she,” or "hefshe." We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and walid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.
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Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, {2) drafting the
artide or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Amy
addition, deletion or rearrangement of author mames in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, remowal or rearrangement. In the case of addition or removal of authaors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors afber the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Clinical trial results

In line with the position of the International Committee of Medical Journal Editors, the joumal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication if the results posted are presented in the form of a brief structured (less than 500
waords) abstract or table. Howewver, divulging results in other droumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or dosely related work.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enroliment, rmndomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials

Registration in a public trials registry is @ condition for publication of clinical trials in this journal
in accordance with Intemational Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enroclment. The clinical trial registration number
should be included at the end of the abstract of the article. A clinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
indude any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
chamges). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Furely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the inwestigator)
will mot require registration.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement’ (see
more information on this) to assign to theAssociagdo Brasileira de Pesguisa e Pos-Graduacdo em
Fisioterapia (ABRAPG-FT) the copyright in the manuscript and any tables, illustrations or other
material submitted for publication as part of the manuscript (the “Article®™) in all forms and media
(whether now known or later developed), throughout the world, in all languages, for the full

term of copyright, effective when the Artide is accepted for publication. An e-mail will be sent to
the cormesponding author confirming receipt of the manuscript together with a "Jourmal Publishing
Agreement’ form or a link to the online version of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher and ABRAPG-FT is required for resale
or distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copynighted works are included, the authon{s) must obtain written
permission from the copyright owners and credit the source(s) in the article.

Author rights
As an author you [or your employer or institution) hawe certain rights to reuse your work. More
information.

Elsevier supports respansible sharing
Find out how you can share your research published in this journal.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to

submit the article for publication. If the funding source({s) had no such involvement then this should
be stated.

Open access

Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-leaming platform designed to support early and mid-career
researchers throughout their research journey. The "Leam" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free bo use these free resources
to Improve your submission and navigate the publicabon process with ease.

Language (usage and editing services)

Flease write your text in good English (American or British usage is accepted, but not a mixbure of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Informed consent and patient details

Studies on patients or volunteers reqguire ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials {including
all illustrations and videos) must be remowved before submission.

Submission

Our online submission systemn guides you stepwise through the process of entering your artide
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are reguired to typeset your article for
fimal publication. All cormespondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Swhmit your article
Please submit your artide via https://www_evise.com/profile/api/navigate/BIFT.

PREPARATION

Double-blind review

This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To facilitate this, please
indude the following separately:
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Title page (with author details): This should indude the title, authors' mames, affiliations,
acknowledgements and any Dedlaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Biinded manuscript (mo author details): The main body of the paper (incuding the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authars’ names or affiliations.

Lise of word processing soffware

It is important that the file be saved in the native format of the word processor used. The text
should be in simgle-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’
functions of your word processor

Article structure

Subdivision - unnumbered sections

Diwide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced.

Results

Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and eguations in
appendices should be given separate numbering: Eg. (A.1), BEq. (A.2), etc.; in a subsequent appendix,
Eq. {B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

# Title. Concise and informative. Titles are often used in information-retrieval systems. Awvoid
abbreviations and formulae where possible.

« Author names and affiliations. Please cearly indicate the given name(s) and family name(s)

of each author and check that all names are accurately spelled. You cam add your name between
parentheses in your own script behind the English trancliteration. Present the authors' affiliation
addresses (where the achual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages of referesing
and publication, also post-publication. This responsibility indudes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
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» Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a "Present address’ {or 'Permanent address') may be indicated as
a footnote to that author’s name. The address at which the author actually did the work must be
retained as the main, affiliabon address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your artide via
search engines. They consist of a short collection of bullet points that capture the movel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use 'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual structured abstract is reguired. The abstract should briefly state the purpose of
the research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be avoided,
but if essential, then dte the author(s) and year(s).

Keywords

Immediately after the abstract, provide a maximum of & keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: anly abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the tide or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the artice, etc.).

Formatting of funding souwrces
List funding sources in this standard way to facilitabe compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Malinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
imstitution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the researdch, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Linits
Follow internationally accepted rules and conventions: use the intermational system of units (SI). If
other units are mentioned, please give their equivalent in 51.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/¥. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).
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Footnotes

Footnotes should be used sparingly. Mumber them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
artide. Do not include footnotes in the Reference list.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for
purposes of deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present im the orginal. Monlinear adjustments (e.g. changes to gamma settings) must be disclosed
im the figure legend.

Electronic artwork

Ganeral points

# Make sure you use uniform lettering and sizing of your original artwork.

# Embed the used fonts if the application provides that option.

# Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

# Number the illustrations according to their sequence in the text.

# Use a legical naming convention for your artwork files.

# Provide captions to illustrations separately.

# Size the illustrations dose to the desired dimensions of the published version.

» Submit each illustration as a separate file.

# Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application {Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.

Regardless of the application used other tham Microsoft Office, when your electronic artwork is
finalized, please "Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and linefhalftone combinations given below):

EFS (or PDF): Vector drawings, embed all used fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped line/half-tone {color or grayscale), keep to a minimum of
500 dpi.

Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WFG); these typically have a
low number of pixels and limited set of colors;

# Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then the journal will ensure, at no additional charge, that these figures will appear in

color online (e.g., ScienceDirect and other sites). Further information on the preparation of electronic
artwork.

Illustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concermned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image "polishing” is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out maore.
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Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep

tewt in the illustratinns themeelves tn a minimuom hot explain all symbnls and ahhreviatinons zad

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables comsecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing im the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. PFlease avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
wersa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned im the text. If these
references are included in the reference list they should follow the standard reference style of the
journal and should include a substitution of the publication date with either "Unpublished results" or
'Personal communication'. Citation of a reference as 'in press' implies that the itemn has been accepted
for publication.

Reference links

Increased discoverability of research and high guality peer review are ensured by online links to
the sources cited. Im order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Flease
note that incorrect surmames, journalfbook titbes, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
D01 is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. {2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/200118000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be induded in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
im your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the referemce so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue” are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference style

Text: Indicate references by (consecutive) superscript arabic numerals in the order in which they
appear in the text. The numerals are to be used outside periods and commas, inside colons and
semicolons. For further detail and examples you are referred to the AMA Manual of Style, A Guide for
Authors and Editors, Tenth Edition, ISBN 0-978-0-19-517633-9.

List: Number the references in the list in the order im which they appear in the text.

Examples:

Reference to a journal publication:

1. Van der Geer ], Hanraads JAl, Lupton RA. The art of writing a scientific article. 1 Sd Commun.
2010;163:51-59. https:/fdei.org/10.1016/j.5c.2010.00372.

Reference to a journal publication with an artiche number:

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materals, visit the research data page.
Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research descoribed.
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your articke by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositones a repository banner will automatically appear next to your published
artide on ScenceDirect.

In addition, you camn link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFM).

AFTER ACCEPTANCE

Proofs

One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do not
have am e-mail address then paper proofs will be sent by post) or a link will be provided in the e-
mail so that authors can download the files themselves. To ensure a fast publication process of the
artide, we kindly ask authors to provide us with their proof corrections within two days. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to download the free
Adobe Reader, version 9 {or higher). Instructions on how to annotate PDF files will accompany the
proofs (also given online). The exact system requirements are given at the Adobe site.

If you do not wish to use the POF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections guoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(imcluding replies to the Query Form) on a printout of your proof and scam the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. We will do everything possible to get your
artide published quickly and acourately. It is important to ensure that all corrections are sent back
to us in one communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

AUTHOR INQUIRIES

Wisit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can ako check the status of your submitted article or find out when your accepted article will
be published.

£ Copyright 2018 Elsevier | htips: ffwww.elsevier.com
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Anexo C- Normas de formatacéo do periddico BMC Musculoskeletal Disorders.

Study protocol

Criteria

BicMed Central believes that publishing study protocols will help to improve the standard of
medical research. Study protocel articles can be for proposed or ongoing prospective clinical
research, and should provide a detailed account of the hypothesis, rationale and methadalogy
of the study. By publishing your protocol in BMC Musculoskeletal Disorders, it becomes a fully
citable open-access article. Publication of study protocols can reduce publication bias and
improwve reproducibility.

Submissicns of study protocols will be treated on a case by case basis and preference will be
given to submissions describing long term studies and those likely to generate a considerable
amocunt of cutcome data. Study protocol articles will only be considered for proposed or
ongeing studies that have not completed participant recruitment at the time of submission. BMC
Musculoskeletal Disorders advises that study protocols are submitted well before recruitment
completes, Authors will be asked to confirm the status of their study at submission, Study
protocols for pilot or feasibility studies are not usually considered. Authors are encouraged to
submit the results of the pilot as a research article and the study protocol for the definitive
study. Please note that study protocols for systematic reviews are not considered by the BMC
Series journals, Study protocols are generally not considered if the authors have other articles
relating to the protocol published or under consideration. The final decision on whether to
censider a study protocel for publication will rest with the Editor, and appeals will not be
considered,

Articles concerning proposed research will usually be considered for publication without peer
review if the study has received ethics approval, and undergone peer review and been awarded a
grant frem a major funding body. Procf of both ethics and funding will be required and authors
should submit the relevant documentation via the online system at submission. Study protocols
without major external funding or ethics approval will generally not be considered. Studies that
are commercially funded (or where the Editor considers it necessary) will be peer-reviewed.

Protocols of randomized trials should follow the SPIRIT guidelines, including the SPIRIT flow

diagram in the main body of the text, with the populated checklist provided as an additional file.
All protocels for clinical trials must have a trial registration number included as the last line of
the abstract, as described in our editorial policies.

Preparing your manuscript

The information below details the section headings that you should include in your manuscript
and what information should be within each section.

Please note that your manuscript must include a 'Declarations’ section including all of the
subheadings (please see below for more informaticn).
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Title page
The title page should:

= present a title that includes, if appropriate, the study design e.g.:

o "Awversus B in the treatment of C: a randomized controlled tnal®, "X is a risk factor for
Y¥: & case control study”, "What is the impact of factor X on subject ¥: A systematic
review"

& or for non-clinical or non-research studies: a description of what the article reports
+ ist the full names and institutional addresses for all authors

¢ if a collaboration group should be listed as an author, please list the Group name as
an author, If you would like the names of the individual members of the Group to be
searchable through their individual PubMed records, please include this infarmation in
the "Acknowledgements® section in accordance with the instructions below

* indicate the cerrespanding author
Abstract

The Abstract should not exceed 330 words, Please minimize the use of abbreviations and do not

cite references in the abstract. The abstract must include the following separate sections:

+ Background: the context and purpose of the study
* Methods: how the study will be performed
* Discussion: a brief summary and potential implications

= Trial registration: If your article reports the results of a health care intervention on human
participants, it must be registered in an appropriate registry and the registration number
and date of registration should be in stated in this section. If it was not registered
prospectively (before enrollment of the first participant), you should include the words
‘retrospectively registered'. See our editorial policies for more information on trial
registraticn

Keywords

Three to ten keywords representing the main content of the article,

Background

The Background section should explain the background to the study, its aims, a summary of the
existing literature and why this study is necessary or its contribution to the field.

Methods/Design

The methods section should include:

= the aim, design and setting of the study
= the characteristics of participants or description of materials

s aclear description of all processes, interventions and comparisons. Generic drug names
should generally be used. When proprietary brands are used in research, include the brand
names in parentheses

= the type of statistical analysis used, including a power calculation if appropriate.
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Discussion

This should include a discussion of any practical or operational issues involved in performing the
study and any issues not covered in other sections.

List of abbreviations

If abbreviations are used in the text they should be defined in the text at first use, and a list of
abbreviations should be provided.

Declarations

All rnanuscripts must contain the following sections under the heading "Declarations"

= Ethics approval and consent to participate
* Consent for publication

s Availability of data and materials

s Competing interests

= Funding

= Authors' contributions

= Acknowledgements

= Authors' informaticn (optional)

Flease see below for details on the information to be included in these sections.

If any of the secticns are not relevant to your manuscript, please include the heading and write
Mot applicable” for that section.

Ethics approval and consent to participate

Manuscripts reporting studies involving human participants, hurnan data or human tissue must:
* include a statement on ethics approval and consent (even where the need for approval was
waived)

s include the name of the ethics committee that approved the study and the committee’s
reference number if appropriate

Studies involving animals must include a statement on ethics approval and for experimental
studies invalving client-owned animals, authars must alsa include a statement on infermed
consent from the client or owner.

See our editorial policies for more information.

If your manuscript does not report on or involve the use of any animal or human data or tissue,
please state "Mot applicable” in this section,
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Consent for publication

If your manuscript contains any individual person’s data in any form (including any individual
details, images or videos), consent for publication must be obtained from that person, or in the
case of children, their parent or legal guardian. All presentations of case reports must have

consent for publication.
You can use your instituticnal consent form or cur consent form if you prefer. You should not
send the form to us on submission, but we may request to see a copy at any stage (including

after publication).

See our editorial policies for more information on consent for publication.

If your manuscript does not contain data from any individual person, please state "MNot
applicable” in this section.

Availability of data and materials

All manuscripts must include an "Awvailability of data and materials’ statement, Data availability
statements should include information on where data supporting the results reported in the
article can be found including, where applicable, hyperlinks to publicly archived datasets
analysed or generated during the study. By data we mean the minimal dataset that would be
necessary to interpret, replicate and build upon the findings reported in the article. We recognise
it is not always possible to share research data publicly, for instance when individual privacy
could be compramised, and in such instances data availability should still be stated in the
manuscript along with any conditions for access,

D'ata availability statements can take one of the following forms (or a combination of more than
one if required for multiple datasets):

+ The datasets generated and/or analysed during the current study are available in the
[MAME] repository, [PERSISTENT WEB LINK TO DATASETS]

s The datasets used and/or analysed during the current study are available from the
corresponding author on reasonable reguest.

* All data generated or analysed during this study are included in this published article [and

* The datasets generated and/or analysed during the current study are not publicly available
due [REASON WHY DATA ARE NCT PUBLIC] but are available from the corresponding
author on reascnable request.

= Data sharing is not applicable to this article as no datasets were generated or analysed
during the current study.

= The data that support the findings of this study are available from [third party name] but
restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available, Data are however available from the
authors upon reascnable request and with permission of [third party name].

= Mot applicable. If your manuscript does not contain any data, please state ‘Not applicable’

in this section.

More examples of template data availability statements, which include examples of openly

available and restricted access datasets, are available here.
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BioMed Central also requires that authors cite any publicly available data on which the
conclusions of the paper rely in the manuscript. Data citations should include a persistent
identifier (such as a DOI) and should ideally be included in the reference list. Citations of
datasets, when they appear in the reference list, should include the minimum informaticn
recommended by DataCite and follow journal style. Diataset identifiers including DOls should be
expressed as full URLs. For example:

Hao Z, Aghakouchak A, Makhjini M, Farahrnand A. Global integrated drought monitoring and
prediction system (GIDMaP3) data sets. figshare, 2014,
http:/Sdr.doi.orgd 10,6084/ m2 figshare.8 53801

With the corresponding text in the Availability of data and materials statement:

The datasets generated during and/or analysed during the current study are available in the
[MAME] repository, [PERSISTENT WEE LINK TO DATASETS) [Feference numbsd]

If you wish to co-submit a data note describing your data to be published in BMC Research
Notes, you can do so by visiting our submission portal. Data notes support open data and help
authors to comply with funder policies on data sharing. Co-published data notes will be linked
to the research article the data support (example).

Competing interests

All financial and non-financial competing interests must be declared in this section,

See our editorial policies for a full explanation of competing interests. If you are unsure whether

you or any of your co-authors have a competing interest please contact the editorial office.
Please use the authors initials to refer to each authors' competing interests in this section.

If you do not have any competing interests, please state "The authors declare that they have no

competing interests” in this section,
Funding

All sources of funding for the research reported should be declared, The role of the funding
body in the design of the study and collection, analysis, and interpretation of data and in writing
the manuscript should be declared.

Authors’ contributions

The individual contributions of authors to the manuscript should be specified in this section,
Guidance and criteria for authorship can be found in our editonal policies.

Please use initials to refer to each auther's contribution in this section, for example: "FC analyzed
and interpreted the patient data regarding the hematological disease and the transplant. RH
performed the histological examination of the kidney, and was a major contributor in writing the
manuscript. All authors read and approved the final manuscript.”
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for authorship including anyone who provided professional writing services or materials.

Authors should obtain permission to acknowledge frem all those mentioned in the
Acknowledgements section.

See our editorial policies for a full explanation of acknowledgements and authorship criteria.
If you do not have anyone to acknowledge, please write "Not applicable” in this section.

Group authorship (for manuscripts involving a collaboration greup): if you would like the names
of the individual members of a collaboration Group to be searchable through their individual
PubMed records, please ensure that the title of the collaboration Group is included on the title
page and in the submission system and also include collaborating author names as the last
paragraph of the "Acknowledgements” section. Please add authors in the format First Mame,
Middle initial(s) (optional), Last Mame, You can add institution or country information for each
author if you wish, but this should be consistent across all authors.

Please note that individual names may not be present in the PubMed record at the time a
published article is initially included in PubMed as it takes PubMed additicnal time to code this
information.

Authors’ information

This section is optional,

¥You may choose to use this section to include any relevant information about the author(s) that
may aid the reader's interpretation of the article, and understand the standpoint of the author(s).
This may include details about the authors” qualifications, current positions they hold at
institutions or societies, or any other relevant background information. Please refer to authors
using their initials. Mote this section should not be used to describe any competing interests.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a
reference included in the reference list. They should not consist solely of a reference citation, and
they should never include the biblicgraphic details of a reference. They should alsc not contain
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superscript lower-case letters (or asterisks for significance values and other statistical data).
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Always use footnotes instead of endnotes.
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