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RESUMO

Introducdo: A COVID-19 induz predominantemente lesbes pulmonares. Entretanto,
alguns individuos podem apresentar manifestacdes clinicas persistentes por pelo
menos 2 meses apos a infec¢do, conhecida como COVID longa. Essas alteracdes
provocam, principalmente, a reducéo da capacidade de exercicio e da forca muscular,
gue pode perdurar meses ou anos. Embora, até o presente momento, ndo exista um
consenso para o0 seu tratamento, o exercicio de vibracao de corpo inteiro (VCI) surge
como possibilidade de intervencdo, sem impor esforco fisico adicional nem
desencadear dispneia. Objetivo: O presente estudo teve como objetivo avaliar a
eficacia de um programa de exercicio de VCI sobre a capacidade de exercicio, forca e
espessura muscular de pacientes com a COVID longa. Métodos: Trata-se de um
ensaio clinico randomizado, desenvolvido no periodo de setembro/22 a margo/24, com
individuos de ambos os sexos, com idade entre 30 e 70 anos, que se recuperaram da
forma moderada a grave da COVID-19. O estudo foi aprovado pelo comité de ética
institucional (parecer n°: 6.187.591) e registrado no Registro Brasileiro de Ensaio
Clinico ReBec (RBR-3gmk24m). A amostra foi composta por 20 pacientes,
randomizados em trés grupos para realizar o protocolo de treinamento de 12 semanas
na plataforma vibratoria, diferindo em grupos com 2mm e 4mm de amplitude (G 4mm e
G 2mm) e um grupo placebo (Sham). Os desfechos primarios do estudo foram a
capacidade de exercicio, avaliada por meio do teste de caminhada de 6 minutos e forca
muscular pela escala Medical Research Council. Os desfechos secundarios foram a
forca de preenséo palmar avaliada por meio da dinamometria, espessura de quadriceps
por meio da andlise ultrassonogréfica e o risco de quedas e mobilidade pelo teste Timed
Up and Go. Para comparacdo entre os grupos, foi utilizado o teste de ANOVA de
medidas repetidas, a partir das variacdes de tempo (pré e pos), dos grupos (Sham, G
4mm e G 2 mm) e da interagcdo grupo/tempo, seguido do teste post-hoc de Tukey.
Resultados: O exercicio de VCI nas amplitudes de 2mm e 4mm resultou em aumento
da capacidade de exercicio quando comparado ao Sham (p=0,01), com grande
tamanho de efeito (0,28). A forca muscular global também apresentou melhores
pontuacdes em ambos os grupos de vibragdo quando comparado ao Sham (p=0,01),
com tamanho de efeito de 0,39. Nao foram observadas mudangas para os demais
desfechos e efeitos adversos graves. Concluséo: Este estudo demonstrou que o

treinamento com VCI é eficaz na melhoria da capacidade de exercicio e forca muscular



global, apresentando grande tamanho de efeito para esses desfechos e demonstrando
ser uma modalidade terapéutica segura e bem tolerada por pacientes com COVID

longa.

Palavras-chave: Sindrome de COVID-19 Pd4s-Aguda; Exercicio; Doencas

Respiratorias; Métodos Terapéuticos Complementares.



ABSTRACT

Introduction: COVID-19 predominantly induces lung injuries. However, some
individuals may present persistent clinical manifestations for at least 2 months after
infection, known as Long COVID. These changes primarily lead to a reduction in
exercise capacity and muscle strength, which can last for months or years. Although
there is currently no consensus on its treatment, whole-body vibration (WBV) exercise
emerges as a potential intervention, without imposing additional physical effort or
triggering dyspnea. Objective: The present study aimed to evaluate the effectiveness
of a WBV exercise program on exercise capacity, muscle strength, and muscle
thickness in patients with Long COVID. Methods: This was a randomized clinical trial
conducted from September 2022 to March 2024, with individuals of both sexes, aged
between 30 and 70 years, who had recovered from moderate to severe COVID-19. The
study was approved by the institutional ethics committee (approval number: 6.187.591)
and registered in the Brazilian Clinical Trial Registry ReBec (RBR-3gmk24m). The
sample consisted of 20 patients, randomized into three groups to undergo a 12-week
training protocol on a vibration platform, differing in groups with 2mm and 4mm
amplitudes (G 4mm and G 2mm) and a placebo group (Sham). The primary outcomes
of the study were exercise capacity, assessed through the 6-minute walk test, and
muscle strength by the Medical Research Council scale. Secondary outcomes were
handgrip strength assessed by dynamometry, quadriceps thickness by ultrasonographic
analysis, and fall risk and mobility by the Timed Up and Go test. For comparison
between the groups, the repeated measures ANOVA test was used, based on time
variations (pre and post), of the groups (Sham, G 4mm, and G 2mm) and the group/time
interaction, followed by Tukey's post-hoc test. Results: WBV exercise at 2mm and 4mm
amplitudes resulted in an increase in exercise capacity compared to Sham (p=0.01),
with a large effect size (0.28). Overall muscle strength also showed better scores in both
vibration groups compared to Sham (p=0.01), with an effect size of 0.39. No changes
were observed for the other outcomes, and no severe adverse effects were reported.
Conclusion: This study demonstrated that WBV training is effective in improving
exercise capacity and overall muscle strength, showing a large effect size for these
outcomes and proving to be a safe and well-tolerated therapeutic modality for patients
with Long COVID.



Keywords: Post-Acute COVID-19 Syndrome; Exercise; Respiratory Tract Diseases;

Complementary Therapeutic Methods.
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1 APRESENTACAO

A presente dissertacdo foi desenvolvida na linha de pesquisa "Fisioterapia na
Atencdo a Saude”, no Programa de Pds-graduacao Strictu Sensu em Fisioterapia do
Centro de Ciéncias da Saude da Universidade Federal de Pernambuco. O estudo teve
como objetivo avaliar a eficacia de um programa de exercicio de vibracdo de corpo
inteiro (VCI) na capacidade de exercicio, espessura e forca muscular em pacientes com
COVID longa. Foi realizado um ensaio clinico randomizado e a partir deste, elaborado

um artigo original, sob orientacéo da Profa. Dra. Patricia Erika de Melo Marinho.

ARTIGO ORIGINAL: Whole body vibration exercise effects on exercise capacity and

muscle strength in long Covid-19 patients: A randomized clinical trial.

* Revista que foi submetido: Journal of Bodywork and Movement Therapies
* Qualis da revista: A2.

* Highest percentile 2023: 67%

Além do artigo original, outra producao cientifica foi desenvolvida durante o

programa de pds-graduacao (revisdo sistematica):

REVISAO SISTEMATICA: Effects of whole-body vibration exercise on functional
capacity, muscle strength, and quality of life in individuals with severe chronic

obstructive pulmonary disease: A systematic review and meta-analysis.
* Publicada na revista: Physiotherapy Theory and Practice
* Qualis da revista: A4

Além desses, foram produzidos e publicados outros trabalhos oriundos do
grupo de pesquisa “Avaliacao e intervengao fisioterapéutica de adultos, idosos e de
individuos com doenga pulmonar, doenga renal crénica e outras condigdes de saude”,

a saber:

ARTIGO ORIGINAL - Effects of whole-body vibration on functional capacity, muscle

strength and thickness, and quality of life of post-COVID-19 patients: A case series.
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* Publicada na revista: Journal of Bodywork and Movement Therapies
* Qualis da revista: A2.

ARTIGO ORIGINAL: Muscle strength and pulmonary function in individuals with chronic
kidney disease: a cross-sectional study.

* Publicada na revista: Manual Therapy, Posturology & Rehabilitation Journal
* Qualis da revista: B2.

REVISAO SISTEMATICA: Effectiveness of whole body vibration on quadriceps strength
and vertical jump in healthy athletes: a systematic review and meta- analysis

* Aceito para publicacao: Revista Interdisciplinar de Promocgéao a Saude

* Qualis da revista: B2

A dissertacéo foi elaborada de acordo com as normas vigentes do Programa
de Poés-graduacdo Strictu Sensu em Fisioterapia da Universidade Federal de

Pernambuco e o artigo foi redigido conforme as normas da revista a qual foi submetida.
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2 INTRODUCAO

2.1 COVID LONGA

A COVID-19 é uma doenca infecciosa potencialmente fatal, causada pelo
SARS-CoV-2, que se espalhou rapidamente pelo mundo, levando a Organizacdo
Mundial da Saude (OMS) a classifica-la como uma pandemia em marcgo de 2020 (Lippi,
Sanchis-Gomar e Henry, 2023). O virus SARS-CoV-2, agora é reconhecido ndo apenas
como causador de uma doenga pulmonar, mas como responsavel por uma sindrome
gue afeta multiplos 6rgdos com uma variedade de sintomas persistentes apos a

infeccdo aguda inicial (Ramakrishnan et al., 2021).

A carga clinica da COVID-19 pode se estender muito além do periodo
infeccioso agudo, resultando em consequéncias a médio e longo prazo que impactam
nao s6 o doente, mas também representa um desafio primordial para a saude global
(Munblit et al., 2022). Embora a maioria dos pacientes infectados com SARS-CoV-2 se
recupere em algumas semanas, estima-se que cerca de 10 a 20% dos casos
apresentam sintomas persistentes. Esses sintomas podem afetar pessoas de todas as
idades, sendo mais comuns em pacientes que tiveram a doenca aguda leve (The
Lancet, 2023).

A condicdo de recorréncia de sintomas em pacientes com histérico de infeccéo
provavel ou confirmada por SARS-CoV-2, que persiste por pelo menos dois meses e
ndo pode ser explicada por diagndsticos alternativos, € atribuida a definicdo de COVID
longa (Soriano et al., 2022). Esses sintomas podem variar, persistindo desde a doenca
original, desenvolvendo-se ap0s a recuperacgéo da infeccéo aguda inicial, flutuando ou
até mesmo recaindo ao longo do tempo (World Health Organization, 2021). Ainda, de
acordo com essa definicdo, para se caracterizar como COVID longa € necessaria a
presenca de pelo menos um sintoma tipico da doenca original. O termo sindrome pos-
COVID apenas pode ser utilizado, para se referir a mesma condicdo com duracao
limitada a 12 meses, enquanto a COVID longa se estende por um periodo
indeterminado (World Health Organization, 2021).
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2.2 ALTERACOES MUSCULO-ESQUELETICAS DA COVID LONGA

A COVID longa pode afetar multiplos sistemas de 6rgdos, manifestando-se por
meio de variados sintomas. As manifestacdes clinicas da doenca podem incluir o
sistema cardiovascular, sistema nervoso, gastrointestinal, sistema endoécrino e
musculoesquelético (Davis et al.,, 2021). As condi¢bes clinicas sdo bastante
heterogéneas e incluem fadiga cronica, dor muscular, palpitagbes, comprometimento
cognitivo, dispneia, ansiedade, dor toracica e artralgia (Carfi, Bernabei e Landi, 2020).
Os fatores mais predisponentes para 0s sintomas persistentes em pacientes com a
COVID longa incluem idade avancada, sexo feminino, estado clinico grave na fase
aguda, alto numero de comorbidades, depressdo ou ansiedade pré-existentes,
hospitalizacdo e necessidade de suplementacdo de oxigénio na fase aguda (Cabrera
Martimbianco et al., 2021).

Pesquisas indicam que a fadiga, dispneia e o mal-estar pds-esforco fisico
(MPE) séo os sintomas mais prevalentes entre os individuos com COVID longa (Davis
et al., 2021; Kerkhoff et al., 2022). Estudos recentes (Malik et al., 2022; Natarajan et al.,
2023) confirmam a alta prevaléncia desses sintomas, com a fadiga sendo o mais
frequentemente relatado. Os sintomas cardiopulmonares incluem dor no peito,
dispneia, palpitacdes e tosse, com a dispneia sendo 0 mais comum dentre eles. Entre
0s sintomas neurolégicos, destacam-se dor de cabeca, comprometimento cognitivo e
perda de olfato, paladar e audicdo, sendo o comprometimento cognitivo o mais
prevalente. Sintomas de comprometimento da salde mental sdo frequentemente
relatados, como depressdo, ansiedade, transtorno de estresse poés-traumatico e
distarbios do sono (Malik et al., 2022; Natarajan et al., 2023).

A fadiga na COVID longa é caracterizada por diminuicdo no desempenho fisico
e/ou mental, resultante de alteracdes em fatores centrais, psicologicos e/ou periféricos
decorrentes da infeccao viral (Rudroff et al., 2020). Esta fadiga pode ter origem em
diversas disfuncdes bioldgicas ou fisicas, como fatores genéticos. A elevacao dos
niveis de citocinas ocasionadas pela infec¢ao pelo SARS-CoV-2, pode comprometer 0s
mecanismos de defesa psicolégica, contribuindo para o seu desenvolvimento. Fatores

sociais (status socioecondmico) e psicoldgicos (estresse emocional) podem também
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desempenhar um papel, seja de forma individual ou combinada, no surgimento da

fadiga (Weingartner e Stengel, 2021).

A intolerancia ao exercicio e o mal-estar pés-esforco na COVID longa estéo
relacionados a fatores ainda nao completamente elucidados, como disfungbes
mitocondriais, inflamacdo sistémica e local, respostas imunologicas alteradas,
desequilibrio hormonal e persisténcia viral (Appelman et al., 2024). A fisiopatologia da
COVID longa esta associada a menor capacidade de fosforilagdo oxidativa do musculo
esquelético, sugerindo mudancga no tipo de fibra muscular para um fen6tipo menos
oxidativo e mais glicolitico (Appelman et al., 2024). A diminuicdo sustentada da
capacidade de exercicio esta relacionada ao consumo desproporcional de oxigénio,
resultando em baixa eficiéncia metabdlica e lenta recuperacéo apos o esforco, além de
estar associada ao metabolismo anaerdbico persistente (Joris et al., 2021).

As alteracdes metabdlicas decorridas favorecem o precoce acumulo de lactato
no metabolismo, contribuindo para sintomas exaustivos persistentes durante a
realizacdo de esforco e de atividade fisica (Mohr et al., 2021). Essas mudancas
contribuem para a piora do metabolismo do musculo esquelético e da producao de forca
ao longo do tempo, causando um ciclo vicioso que pode persistir por meses ou anos
(Appelman et al., 2024). Além disso, indicam que a fadiga e a capacidade reduzida de
exercicio sdo distintas do rapido desenvolvimento de mal-estar pds-esforco (Appelman
et al., 2024).

2.3 REABILITACAO NA COVID LONGA

Apesar de algumas diretrizes terem sido divulgadas para o manejo da COVID
longa (Faghy et al., 2021; National Institute for Health and Research (NIHR), 2021),
ainda existe significativa deficiéncia na aplicagcdo pratica dessas orientacbes e
consenso para seu tratamento (Jimeno-Almazan et al.,, 2021). A sintomatologia da
COVID longa se apresenta de forma heterogénea entre os individuos, sendo necessario
tratamento individualizado (Koc et al., 2022). A pratica de exercicio fisico para
individuos afetados pela COVID-19 pode resultar em aumento da tolerancia ao
exercicio, diminuicdo da fadiga e aprimoramento da qualidade de vida (Aradjo et al.,
2023).
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No entanto, durante a pandemia, houve reducdo substancial nos niveis de
atividade fisica, embora o exercicio tenha se mostrado benéfico na recuperacdo de
condi¢cdes com sintomas semelhantes aos da COVID longa (Jimeno-Almazéan et al.,
2021). Atualmente, o manejo da reabilitacdo dos individuos com a COVID longa ainda
€ bastante heterogéneo e as interven¢cdes mais comuns no tratamento desses
pacientes foram exercicios respiratorios, isoladamente ou em combinacdo com
treinamento de resisténcia e/ou aerdbico, exercicios de fortalecimento e apenas
exercicios aerobicos (Pouliopoulou et al., 2023). E importante gerenciar com cautela o
uso do exercicio como parte do tratamento, devido as possiveis manifestacoes apds

atividades fisicas, exercicios e estresse (Davis et al., 2021).

Os programas de reabilitacdo cardiopulmonar sdo amplamente utilizados no
manejo de pessoas afetadas por doencas pulmonares crénicas e cardiovasculares
(Maki et al., 2018). Esses programas oferecem uma série de beneficios, incluindo
melhora na aptiddo cardiorrespiratéria, aumento da forca e resisténcia muscular dos
membros superiores e inferiores, e reducao da sensacgéao de dispneia (Rochester et al.,
2015; Sanz-Santiago et al., 2020). Eles sao fundamentados na prescri¢cao de exercicios
fisicos aerodbicos, de fortalecimento muscular e respiratérios, realizados de forma

supervisionada e individualizada (Schroeder et al., 2019).

Individuos com COVID longa que participam de programas de reabilitacdo
experimentam melhorias na capacidade funcional de exercicio, sintomas de dispneia e
gualidade de vida em comparacgao aos pacientes que recebem apenas cuidados usuais
gue nao incluiam atividades fisicas, mas apenas um treinamento respiratério e
educacéo de autogerenciamento baseada em exercicios (Pouliopoulou et al., 2023). No
entanto, apoés a alta hospitalar, € comum que pacientes que sofreram formas graves da
doenca apresentam baixa resisténcia ao exercicio, dispneia leve e ansiedade,
destacando a necessidade de programas de intervencgao que gradualmente aumentam

a dificuldade dos exercicios (Li, 2020).

Alguns estudos sugerem o desenvolvimento de programas de reabilitacdo para
pacientes com COVID longa (Simpson e Robinson, 2020; Thomas et al., 2020). No
entanto, a reabilitacdo fisica ndo parece ser bem tolerada por esses pacientes,
especialmente por aqueles que passaram tempo prolongado na UTI (Kiekens et al.,
2020). Considerando os beneficios que programas de exercicios de reabilitacdo
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convencional podem proporcionar (Borg e Stam, 2020; Dwyer et al., 2020), esses
pacientes podem ndo estar aptos a participar de programas que exigem esforco
adicional (Safudo et al., 2020). Dessa forma, considerando as repercussoées clinicas
da patologia, o exercicio de vibragdo de corpo inteiro (VCI) pode ser considerado uma
intervencdo ndo invasiva recomendada como opcado de exercicio que ndo impde

esforco fisico adicional significativo (Rittweger, 2010).
2.4 VIBRAC}AO DE CORPO INTEIRO

A vibracéo de corpo inteiro (VCI) proporcionada por uma plataforma vibratéria
consiste em um estimulo mecanico caracterizado por movimento oscilatério, que resulta
em alteracOes periddicas de forca, aceleracdo e deslocamento (Cardinale e Bosco,
2003; Rittweger, 2010). Essas oscilagbes séo transmitidas ao corpo por meio de um
dispositivo de vibracdo, que gera estimulos no sistema osteomuscular quando o
paciente esta em postura estatica ou dinamica (Bautmans et al., 2005; Haas et al., 2006;
Park et al., 2017; Trans et al., 2009). Esse processo promove contraces musculares
por meio da ativagdo de receptores sensitivos nos fusos musculares (Cardinale e
Bosco, 2003).

A VCI transmite oscilagdes mecanicas baseadas em variacdes periddicas de
forca, aceleracdo e deslocamento ao longo do tempo que permitem o treinamento
neuromuscular eficaz através de diferentes frequéncias estimulantes de contracfes
musculares repetidas. Esse estimulo ativa o reflexo do fuso muscular (Rittweger, Beller
e Felsenberg, 2000), desencadeando contracdes musculares involuntarias,
especialmente nas extremidades inferiores, por meio do reflexo vibratorio ténico central,
principalmente o reflexo monossinptico (Ritzmann et al., 2010). A contracdo reflexa
dos grupos musculares contribui para o aumento de forca, poténcia muscular periférica

e massa magra, devido ao estimulo de contracdo constante (Bosco et al., 1999).

Durante o treinamento com a VCI, o individuo adota uma posi¢do ortostatica,
permitindo que os membros inferiores recebam vibracées de uma plataforma que se
move principalmente na direcdo vertical, resultando em movimentos simultaneos e
simétricos em ambos os lados do corpo (Cochrane, 2011). Esses movimentos S&ao
propagados de forma triaxial nos eixos antero-posterior (x), latero-lateral (y) e axial (z)
(Erskine et al., 2007). Os dispositivos que fornecem vibragdes variam em frequéncia de
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15 a 60 Hz sendo consideradas frequéncias ideais para saude e amplitude de 1 a 10
mm (Cardinale e Wakeling, 2005).

O exercicio de VCI é uma terapia amplamente utilizada em diversas
modalidades fisioterapéuticas, com ampla gama de aplicacdbes em diferentes
populacdes (Stania et al.,, 2016). Sua aplicacdo em pacientes com DPOC tem
contribuido para o aumento da capacidade ao exercicio sem induzir maior estresse
cardiopulmonar nesses individuos (Gloeckl et al., 2017). Além disso, uma recente
revisdo sistematica destacou os efeitos positivos da VCI na melhoria da capacidade de
exercicio e forca muscular em individuos com DPOC grave, que frequentemente

apresentam maior intolerancia ao exercicio (Cunha et al., 2024).

Estudos indicam que o exercicio de VCI demonstrou aumentar a forca
muscular, o equilibrio e a densidade mineral 6ssea em idosos frageis, pessoas com
doencas neuromusculares e mulheres pés-menopausa (Goncalves de Oliveira et al.,
2023; Jepsen et al., 2017). Nesse contexto, o exercicio de VCI pode ser viavel para
populacdes de individuos com dificuldades para realizar exercicios dinAmicos visando
0 aumento da forca muscular (Gloeckl et al., 2017).

Atualmente, alguns estudos (Amorim et al., 2024; Moura et al., 2024; Safiudo
et al., 2020) se propuseram a investigar a atuacédo da VCI na COVID longa. Uma série
de casos investigou a capacidade de exercicio, forca muscular e qualidade de vida em
pacientes acometidos pela sindrome p6s COVID-19 e evidenciaram beneficios nestes
desfechos para essa populagédo (Moura et al.,, 2024). Ainda em relacdo a esses
pacientes, outro estudo demonstrou melhora no risco de quedas, sem alteracdes
significativas para o equilibrio e variabilidade da frequéncia cardiaca em pacientes pés
COVID-19 (Amorim et al., 2024).

3 OBJETIVOS

3.1 Geral

) Avaliar a eficacia de um programa de exercicio de VCI sobre a capacidade de
exercicio, for¢ca e espessura muscular de pacientes com a COVID longa.
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3.2 Especificos:
° Avaliar a capacidade de exercicios antes e ap0s intervencgao.
) Mensurar forca muscular global e forca de preensdo manual dominante e antes

e apos intervengao.

° Analisar a espessura do musculo quadriceps dominante antes e apoés
intervencao.
) Verificar mobilidade e equilibrio dindmico antes e apds intervencéo.

4 METODOLOGIA

4.1 ASPECTOS ETICOS

Este estudo foi aprovado pelo Comité de Etica em Pesquisa do Centro de
Ciéncias da Saude da Universidade Federal de Pernambuco, sob o parecer 6.187.591
(Anexo A), atendendo as normas da resolucdo 466/12 de setembro de 2012 do
Conselho Nacional de Saude. Os individuos participaram do estudo somente mediante

a assinatura do termo de consentimento livre e esclarecido.

4.2 DELINEAMENTO DO ESTUDO

Trata-se de um ensaio clinico randomizado, duplo cego, controlado e dotado
de sigilo de alocacao, seguindo as normas do Consolidated Standards of Reporting
Trials (CONSORT) (Schulz, Altman e Moher, 2010) e registrado na plataforma de

Registro Brasileiro de Ensaios Clinicos (ReBEC) sob o numero RBR-3gmk24m.
4.3 PERIODO E LOCAL DE REALIZAC}AO DA PESQUISA

A coleta foi realizada apés a aprovacdo do Comité de Etica em Pesquisa do
Centro de Ciéncias da Saude no periodo de setembro de 2022 a mar¢co de 2024. O
estudo foi desenvolvido no formato unicéntrico e seu recrutamento, as avaliacdes
fisioterapéuticas e intervencdes foram realizadas no Laboratério de Fisioterapia
Cardiopulmonar no Departamento de Fisioterapia da Universidade Federal de

Pernambuco.
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4.4 CALCULO AMOSTRAL

O calculo amostral a posteriori foi conduzido utilizando o software GPower 3.1,
empregando analise post-hoc para Anova de medidas repetidas, com o objetivo de
determinar o niUmero necessario de pacientes para atingir um poder estatistico de 80%
(1- beta) e um nivel de significancia de 5% (alfa), considerando dois graus de liberdade
e um intervalo de confianca de 95%. De acordo com essas consideracfes, estimou-se

gue seriam necessarios 7 individuos em cada grupo para o nosso estudo.

4.5 RANDOMIZACAO, ALOCACAO E CEGAMENTO

O processo de randomizacéo foi realizado por meio de um software especifico
(randomization.com), por um pesquisador que nao participou do estudo. Apds a criacdo
de uma lista gerada pela randomizacéo em blocos, as informa¢des foram anonimizadas
em envelopes opacos e lacrados, numerados em ordem crescente para distribuicdo

dos trés grupos de intervencao (G 2mm, G 4mm e Sham).

Os voluntarios entrevistados e aptos a participar do estudo foram numerados
conforme a ordem de avaliacdo. A alocacéo dos participantes aos grupos foi realizada
por sorteio, por meio de envelopes lacrados, que foram abertos apenas nho momento
da alocacao. Os pacientes ndo tinham conhecimento do grupo de intervencao ao qual
foram designados (cegamento dos participantes). Além disso, apds a conclusdo da
coleta de dados, a analise estatistica foi conduzida por um estatistico independente,
gue também estava cego quanto a identidade dos participantes e aos grupos a que

pertenciam, garantindo a imparcialidade dos resultados.
4.6 POPULACAO ESTUDADA

Trata-se de amostra de conveniéncia, composta por participantes com a COVID
longa e historia de internamento hospitalar, de ambos os sexos, com idade estabelecida
entre 30 a 70 anos, que aceitaram voluntariamente os termos do estudo e se

enquadraram nos critérios de elegibilidade propostos.
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4.7 CRITERIOS DE ELEGIBILIDADE
4.7.1 Critérios de Incluséao

Foram incluidos no estudo individuos que obtiveram o diagnostico de COVID-
19 estabelecido por meio do exame de RT-PCR, IgG ou IgM positivo e se recuperaram
das formas moderada e/ou grave da doenca, necessitando de internamento hospitalar
em enfermaria e/ou unidade de terapia intensiva, de ambos os sexos, com idade entre
30 e 70 anos e que tiverem recebido alta hospitalar hd pelo menos 4 meses antes de

sua participacéo no presente estudo.
4.7.2 Critérios de Excluséo

Foram excluidos do estudo os individuos com hipertensdo arterial nao
controlada (Sistolica > 140mmHg e diastdlica > 90mmHg); comprometimento do
aparelho neuro-musculo-esquelético que prejudicasse a participacdo na avaliacdo ou
no treinamento proposto; comprometimento cognitivo que impedisse a resposta aos
guestionarios do estudo; a presenca de préteses ou pinos e implantes metalicos em
membros inferiores; marcapasso; mulheres gravidas; fratura recente ndo consolidada;
risco de tromboembolismo; vertigens e labirintite; peso corporal acima de 120 kg - carga
maxima tolerada pela plataforma; e aqueles que participassem de programas de

exercicio apos o internamento hospitalar.
4.8 COLETA DE DADOS
4.8.1 Instrumentos para coleta de dados

Foi desenvolvida e utilizada uma ficha de avaliacao fisioterapéutica proposta pelos
autores, que dispOs informacbes sobre o estado de saude do paciente, historia da
doenca, tratamento, dados sociodemograficos, queixas frequentes sobre sua condicéo

de salde, habitos de vida, anamnese e testes fisicos.

4.9 PROCEDIMENTOS OPERACIONAIS

4.9.1 Procedimentos para captacao dos participantes

O recrutamento dos participantes foi realizado por meio de um informativo digital
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contendo os dados do projeto, elaborado na forma de um convite. Esse informativo foi
amplamente divulgado em redes e midias sociais, permitindo que os interessados
tivessem acesso as informacgbes. Os interessados entraram em contato com O0sS
pesquisadores por telefone e obtiveram explicagbes sobre os objetivos e procedimentos
da pesquisa. Aqueles que eram elegiveis foram convidados a participar do estudo e
receberam esclarecimentos sobre 0s objetivos, riscos e beneficios de sua participacéo.
Em caso de concordancia, os voluntarios foram encaminhados para avaliagdo
fisioterapéutica e assinaram previamente o termo de consentimento livre e esclarecido
(TCLE).

4.9.2 Avaliacéao fisioterapéutica

Os patrticipantes da pesquisa foram submetidos a avaliacéo fisioterapéutica
antes do inicio e ap6s a finalizacao do protocolo de exercicio com a VCI. Essa avaliacdo
ocorreu em dois dias e incluiu os seguintes aspectos: anamnese dos participantes,
coleta de dados sociodemograficos (idade, sexo, endereco pessoal e renda familiar),
histéria clinica da doenca e histérico médico. O exame fisico envolveu a avaliagédo pelo
Medical Research Council (MRC), andlise ultrassonografica do musculo quadriceps
femoral, realizacdo do teste Timed Up and Go (TUG), do teste de caminhada de seis

minutos (TC6min) e da dinamometria.

Dia 1: Dia 2:
Anamne§e_, MRC e TUG, TC6m e
Andlise

‘e Dinamometria
ultrassonografica

Figura 1: Fluxograma das avaliagdes

4.9.3 Desfechos Priméarios

- Capacidade de Exercicio

A avaliacdo da capacidade cardiorrespiratoria e de exercicio foi realizada por

meio do teste de caminhada de seis minutos (TC6min) e seus valores preditos obtidos
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a partir da equacéo de predicdo para distancia percorrida de Britto et al (2013). O
objetivo deste teste € determinar a maior distancia percorrida em um trajeto plano,
refletindo adequadamente a capacidade fisica dos pacientes para executar tarefas
rotineiras (Soares; Pereira, 2011). O teste foi realizado seguindo as diretrizes da
ATS/ERS (Statement of the American Thoracic Society, 2002) com em corredor plano,
livre de transeuntes, com a metragem demarcada a cada metro, totalizando uma
distancia de 30 metros. O circuito foi delimitado por cones de sinalizacdo indicando o
inicio e o final da pista. O participante percorreu a maior distancia possivel em um
periodo de 6 minutos, podendo fazer pausas se necessario, porém, o tempo continuou

sendo contabilizado.

Antes da realizagdo do TC6min, imediatamente apds o término e dois minutos
depois, foram registrados os seguintes parametros: pressao arterial (PA), frequéncia
respiratoria (FR), saturacéo periférica de oxigénio (SpO32) e frequéncia cardiaca (FC). A
SpO:2 e a FC foram obtidas por meio de um oximetro de pulso (Multilaser- HC261). A
percepcao subjetiva de esforco e a dispneia foram avaliadas utilizando a escala de Borg
(Borg, 1982).

- Forca Muscular Global

O Medical Research Council (MRC) avalia a forca muscular global
bilateralmente. Nesta escala, sdo avaliados trés movimentos para membros superiores
(abducdo de ombro, flexdo de cotovelo e extensdo de punho) e trés para membros
inferiores (flexdo de quadril, extensdo de joelho e dorsiflexdo de tornozelo), totalizando
12 grupamentos musculares periféricos. Esses movimentos foram demonstrados
previamente antes do inicio do teste. Para cada movimento executado, foi atribuida
uma nota de zero a cinco (Tabela 1), e as pontuacdes foram somadas para atribuicéo
do escore total, que pode variar entre zero e 60 (Hermans et al., 2012). O escore total
abaixo de 48/60 pode indicar fraqueza significativa e escore total MRC abaixo de 36/48

indica fraqueza grave (Hermans et al., 2012).

Ao iniciar o exame, foi solicitado que o participante realizasse o0s seis
movimentos bilateralmente que foram anteriormente indicados, enquanto o examinador
exerce forca externa de resisténcia. A pontuacao final foi atribuida pelo somatério da

pontuacdo adquirida em cada movimento realizado de forma individualizada e
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bilateralmente. A tabela 1 demonstra a pontuacdo de cada movimento.

Tabela 1: Grau de forgca muscular da Escala MRC

Grau de forca muscular

0 = Nenhuma contracéo visivel

1 = Contracao visivel sem movimento do segmento
2 = Movimento ativo com eliminag&o da gravidade

3 = Movimento ativo contra a gravidade

4 = Movimento ativo contra a gravidade e resisténcia

5 =Forca normal

494 Desfechos Secundarios

- Forga de preenséo palmar e dos flexores do punho e dedos

A dinamometria é uma ferramenta objetiva e sensivel para a mensuracdo da
forca volitiva da preensdo palmar e dos flexores do punho e dedos no membro
dominante, além de se relacionar com a forca muscular global (Frederiksen et al.,
2006).

Para o inicio do teste, o individuo foi sentado, com o tronco e os pés totalmente
apoiados, segurando o dinamdémetro com o membro dominante, cotovelo fletido a 90°,
antebraco e punho em posicéo neutra. A manobra possui facil execucao e consistiu na
preensdo palmar e dos flexores do punho e dedos sobre o dinamémetro (Dinamémetro
manual Saehan SH5001). Sua execucéo foi previamente explicada ao participante, e
foram realizadas trés medidas, assumido como medida final o maior valor dentre as
trés, desde que ndo houvesse diferenca maior que 10% e o valor fosse expresso em
quilogramas de forga com intervalo de 30 segundos entre cada manobra (Shyam Kumar
et al., 2008).
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Figura 2: Posicdo para o teste de dinanometria (Dinandmetro manual Saehan
SH5001).
Fonte: Acervo pessoal do autor (2024)

- Risco de Quedas e Mobilidade

O Timed Up and GO (TUG) é um teste diretamente associado ao risco de
quedas, mobilidade e equilibrio. E um teste simples que consiste em levantar-se de
uma cadeira com bracgos, percorrer uma distancia de trés metros, realizar uma volta em
torno de um cone delimitador, retornar pelo mesmo percurso e sentar-se novamente. O
desempenho no teste é avaliado pelo tempo de duracdo da tarefa, que sera
cronometrado a partir da ordem de "Va" do examinador. Valores de tempo menores que
10 segundos sugerem que os individuos séo totalmente livres e independentes, com

baixo risco de quedas (Podsiadlo e Richardson, 1991).
- Espessura Muscular do Quadriceps Femoral

A ultrassonografia periférica (Samsung Medison — Coreia do Sul) foi utilizada
para avaliar a espessura do musculo quadriceps femoral de maneira ndo invasiva e
especifica, por meio da mensuracado dos musculos vasto intermédio e reto femoral. Foi
utilizado um transdutor linear de 10 MHz em modo B para captagcdo de imagens
ultrassonograficas do reto femoral (RF) e vasto intermédio (VI). As imagens foram

obtidas transversalmente no compartimento anterior da coxa do membro dominante.

Antes do inicio do exame, com o paciente em p€, demarcou-se a regiao a ser

avaliada, utilizando fita métrica. Foi localizado o ponto médio entre a espinha iliaca
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antero-superior e a borda superior da patela e demarcou-se com um traco feito com
uma caneta demarcadora (Lima, De et al., 2020). Posteriormente, o individuo foi
posicionado em decubito dorsal em uma maca para o inicio da captura das imagens
ultrassonogréaficas do membro dominante. O gel de acoplamento foi aplicado em
abundancia para minimizar as distorcbes, e o0 transdutor posicionado
perpendicularmente a regido previamente demarcada. O avaliador capturou trés
imagens com o minimo de pressao sobre a pele, contendo dados da espessura do RF,
VI e o somatério das duas anteriores para determinar o valor total do quadriceps
femoral. A espessura final foi determinada pela maior das trés medidas capturadas,

expressas em milimetros (mm) (Figura 3).

Musculoskeletal  LN5-12120 gop. mg_;zaoﬁo;

0)&b / P30 12045
FAS /FSI1 {1 PGCO Image Stored

MI0.0/TIs0.0!

Figura 3: Analise ultrassonografica do musculo quadriceps femoral dominante.
Fonte: Acervo pessoal do autor (2024)
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5 PROGRAMA DE TREINAMENTO EM PLATAFORMA VIBRATORIA

O programa com a plataforma vibratoria (Power Plate®, MY3, Reino Unido)
consistiu em um protocolo de 12 semanas, com 3 sessdes semanais em dias alternados,
totalizando 36 sessfes, seguindo protocolo adaptado do estudo de Braz Junior et al.

(2015) para esses individuos.

Os individuos de todos os grupos realizaram alongamento muscular para os
membros superiores (triceps, braquial, flexores e extensores dos dedos) e inferiores
(quadriceps, isquiotibiais, gastrocnémio e séleo) cinco a dez minutos antes do treinamento
na plataforma vibratéria, desenvolvido com uma Unica repeticdo de 30 segundos de
duracéo.

Em seguida ao alongamento, o individuo foi dirigido a plataforma vibratoria,
assumindo a posicao ortostatica e em semi-agachamento (joelhos com 15° de flexao),
com os pés distanciados em 20 cm e maos completamente apoiadas sobre o suporte da
plataforma (Moura et al., 2024).

O exercicio de vibragao teve duragado de 60 segundos seguido de 30 segundos de
pausa, realizando 20 repeticdes de um minuto cada. O tempo total de vibracéo foi de 20
minutos por sessao durante as 12 semanas do treinamento, conforme observado no
protocolo da tabela 1. Antes e durante a execuc¢ao do treinamento, 0s pacientes tiveram a
PA, FC, SpO: e o indice de percepcao de esforco pela escala de Borg (Borg, 1982)

monitorados e devidamente registrados em sua ficha de treinamento (APENDICE F).

A frequéncia utilizada para o treinamento foi de 35 Hz (frequéncia constante
oferecida pelo modelo), e a amplitude de 2mm e de 4mm dependendo da alocacdo do
paciente. Para os pacientes alocados no grupo Sham o mesmo protocolo de treinamento
foi realizado, entretanto com um equipamento acoplado a base da plataforma vibratéria
(Figura 8), produzido para simular a vibrag&o e seus ruidos (patente: BR 102016006148-
2 A2), apresentando frequéncia de 8Hz, considerada incapaz de gerar estimulo

terapéutico (Pereira e Neves, 2006).
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Figura 4: Power Plate MY 3, London, UK. Figura 5: Posicionamento do paciente.
Fonte:htpps//www.powerplate.com Fonte: Acervo pessoal do autor (2024)

Tabela 2. Protocolo de treinamento por grupos

Tempo Duracéo da

Grupos Frequéncia  Amplitude ON/OEE vibracso ativa Protocolo
Sham 8Hz 0 mm 60s/30s 20 minutos 3x/semana,
36 sessodes
G 2mm 35 Hz 2 mm 60s/30s 20 minutos 3x/semana,
36 sessodes
G 4mm 35 Hz 4 mm 60s/30s 20 minutos 3x/semana,
36 sessodes

}J\EL"/’L CA& ?gxﬂ}*zmn_

Das C&,‘j‘;(gﬁ UC Lar.

Figura 6: Dispositivo Sham acoplado a base da plataforma para simular a vibragao.
Fonte: Acervo pessoal do autor (2024)
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5.1 CRITERIOS PARA DESCONTINUAR O ESTUDO

Foram adotados os seguintes critérios de descontinuidade e interrupcédo do
exercicio: falta de interesse em continuar com o programa de exercicio de VCI,
presenca de doenca durante o tratamento que impossibilita a continuidade; e um

numero superior a cinco faltas nao justificadas.

5.2 EFEITOS ADVERSOS DA VCI

Foram considerados como efeitos adversos experiéncias de prurido nos
membros inferiores durante o treinamento, episodios de tontura, enxaqueca, labirintite
e dor muscular decorrentes do estimulo vibratorio. No entanto, esses desconfortos séo

de natureza passageira e geralmente cessam apoés a atividade.

6 ANALISE ESTATISTICA

Os dados foram apresentados por meio de medidas de tendéncia central (média
e mediana) e disperséo (desvio padrdo) para variaveis quantitativas, e distribuicdo de
frequéncia absoluta e relativa para variaveis qualitativas. Para verificar a distribuicdo de
normalidade e homogeneidade da variancia da amostra, foram utilizados os testes de

Shapiro-Wilk e Levene, respectivamente.

O teste ANOVA para medidas repetidas ou o teste de Kruskal-Wallis foi utilizado
para comparar a capacidade de exercicio, forca de preenséo palmar, forca muscular
periférica, espessura muscular do quadriceps, mobilidade e risco de quedas em relacéo
a interacao entre os grupos (G2mm, G4mm e Sham) e o tempo (pré e pos intervengao).
As andlises foram seguidas pelos testes post-hoc de Tukey ou de Nemenyi. O
coeficiente eta parcial ao quadrado (n?p) foi computado para avaliar a magnitude do
feito da intervencéo. Foram adotados os <0,01 (insignificante), 20,01 (pequeno), 20,06
(moderado), e 20,14 (grande). (Drapper, 2020). A relacéo linear entre as covariaveis e
a variavel de resposta foi determinada por meio da estatistica F. analise por intencéo
de tratar foi realizada se a perda nos grupos fosse superior a 20%.
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Os dados coletados foram tabulados em um banco de dados do Excel XP 2010
Microsoft® e a analise dos dados foi realizada por meio do software estatistico “R”

versdo 4.1.2. Foi atribuido um nivel de significancia de 95% (p<0,05).

7 RESULTADOS

Como produto principal desta dissertacéo, foi elaborado um artigo original e

uma revisao sistematica.

ARTIGO ORIGINAL- Whole body vibration exercise effects on exercise capacity and
muscle strength in long Covid-19 patients: A randomized clinical trial.
(Apéndice G)

e Revista a qual foi submetida: Journal of Bodywork and Movement Therapies

e Qualis da Revista: A2

A dissertacédo foi elaborada de acordo com as normas vigentes do Programa
de Pés-Graduacdo Stricto Sensu em Fisioterapia da Universidade Federal de
Pernambuco e os artigos publicados, redigidos conforme as normas das revistas

publicadas.
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8 CONSIDERACOES FINAIS

Com as primeiras altas hospitalares durante a pandemia e a persisténcia dos
sintomas da COVID-19, a fraqueza muscular e dispneia por periodo indeterminado, se
fez necessario investigar protocolos de tratamento eficazes e seguros para esses
pacientes. Apesar de atualmente existirem algumas diretrizes para o manejo da COVID
longa, ainda h& caréncia significativa na aplicacdo pratica dessas orientacbes e na
obtencdo de um consenso para o tratamento eficaz. Neste contexto, a aplicacdo do
exercicio de VCI é uma alternativa bem documentada em outras condi¢cdes de saude e

promove o estimulo terapéutico sem desencadear a dispneia.

Este estudo demonstrou que o treinamento com VCI é eficaz na melhoria da
capacidade de exercicio e forca muscular global, apresentando grande tamanho de
efeito, demonstrando ser uma modalidade terapéutica segura e bem tolerada para
pacientes com COVID longa. Foram observadas reacdes adversas leves, como prurido
leve nos membros inferiores e dor muscular pés-intervencao, tontura, enxaqueca,
labirintite que cessaram rapidamente apds o término do estimulo na populacao

estudada e ndo constituiram motivo para interrupgdo do tratamento.

Além dos beneficios diretos observados na capacidade de exercicio e forca
muscular, o uso do exercicio VCI para pacientes com COVID longa tem implicacdes
significativas para a préatica clinica. A capacidade da VCI de fornecer estimulo
terapéutico sem induzir dispneia é particularmente relevante em um contexto onde
pacientes enfrentam limitacdes fisicas persistentes apés a infec¢cdo. Essa abordagem
nao s6 pode melhorar a qualidade de vida desses pacientes, permitindo-lhes retomar
atividades diarias de maneira mais eficaz, como também sugere um caminho promissor
para a reabilitacdo de longo prazo. A implementacdo bem-sucedida deste protocolo
baseado em VCI pode ajudar a estabelecer novos padrdes de cuidados para pacientes
com COVID longa, oferecendo uma alternativa vidvel e segura para o manejo dos

sintomas persistentes associados a doenca.

Iniciar este ensaio clinico durante a pandemia de COVID-19 apresentou
desafios significativos. A principal limitacdo do estudo foi a baixa adesé&o de pacientes,
decorrente do retorno as atividades profissionais, o que os obrigou a declinar da

participacdo nas sessfes de treinamento. Entretanto, o estudo apresenta relevancia
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clinica consideravel, pois foi um dos primeiros estudos pds pandémicos com objetivo
de tratar a COVID longa por meio da VCI, permitindo a observacéo das repercussdes
fisicas e funcionais desses pacientes. A proposta de um protocolo de intervencdo com
a VCI que néo exigia esforco fisico adicional pode ter contribuido para a boa aceitacao

do tratamento pelos pacientes acompanhados.
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Declaramos para os devidos fins, a pesquisadora BEATRIZ LUIZA MARINHO
CUNHA, desenvolvera o seu projeto de pesquisa: EFICACIA DO EXERCICIO DE
VIBRACAO DE CORPO INTEIRO SOBRE A QUALIDADE DE VIDA, CAPACIDADE
FUNCIONAL, FORCA E ESPESSURA MUSCULAR DE PACIENTES COM A COVID
LONGA que esta
sob a coordenagcao/orientacdo do (a) Profa. Patricia Erika de Melo Marinho. O objetivo do
presente estudo é: avaliar a eficacia de um programa de exercicio de VCI sobre a forca
muscular respiratoria e periférica, capacidade funcional, funcionalidade e qualidade de vida de
pacientes que tiveram a COVID-19 na forma moderada e grave.

O presente estudo sera desenvolvido no Laboratdrio de Fisioterapia Cardiopulmonar
(LACAP) do Departamento de Fisioterapia desta instituicdo e a mestranda podera utilizar os
equipamentos pelo periodo da pesquisa a qual estara sob a sua responsabilidade.

A autorizacdo esta condicionada ao cumprimento do (a) pesquisador (a) aos requisitos
das Resolugdes do Conselho Nacional de Salude e suas complementares, comprometendo-se
utilizar os dados pessoais dos participantes da pesquisa, exclusivamente para os fins
cientificos, mantendo o sigilo e garantindo a ndo utilizacdo das informagdes em prejuizo das
pessoas e/ou das comunidades.

Antes de iniciar a coleta de dados o/a pesquisador/a devera apresentar a esta Instituicdo
o Parecer Consubstanciado devidamente aprovado, emitido por Comité de Etica em Pesquisa
Envolvendo Seres Humanos, credenciado ao Sistema CEP/CONEP.

Recife, 11 de abril de 2023.
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Convidamos o (a)Sr.(a) para participar como
voluntario (a) da pesquisa intitulada A EFICACIA DO EXERCICIO DE VIBRACAO DE
CORPO INTEIRO SOBRE A QUALIDADE DE VIDA, CAPACIDADE FUNCIONAL,
FORCA E ESPESSURA MUSCULAR DE PACIENTES COM A COVID LONGA, que
esta sob a responsabilidade de Beatriz Luiza Marinho Cunha, mestranda do Programa de
Pos-Graduacdo em Fisioterapia, Universidade Federal de Pernambuco, Av. Jorn. Anibal

Fernandes, 173 - Cidade Universitaria, Recife - PE, 50740-560.
E-mail: beatriz.luiza@ufpe.br, Fone: (81) 99589-62009.

Caso este Termo de Consentimento contenha informacgdes que ndo lhe sejam
compreensiveis, as davidas podem ser tiradas com a pessoa que estd lhe entrevistando e
apenas ao final, quando todos os esclarecimentos foram dados, caso concorde com a
realizacdo do estudo pedimos que rubrique as folhas e assine ao final deste documento, que
estd em duas vias, uma via lhe sera entregue e a outra ficara com o pesquisador responsavel.
Caso ndo concorde, ndao havera penalizacdo, bem como seré possivel retirar o consentimento
a qualguer momento, também sem nenhuma penalidade.

INFORMACOES SOBRE A PESQUISA
INFORMACOES/OBJETIVO: O (a) senhor (a) esta sendo convidado (a) a participar,
voluntariamente, de uma pesquisa com o objetivo de realizar um programa de treinamento
muscular através de uma plataforma de vibracdo de corpo inteiro para fortalecimento
muscular e condicionamento cardiovascular. Este projeto sera desenvolvido no Laboratorio
de Fisioterapia Cardiopulmonar do Departamento de Fisioterapia da Universidade Federal de
Pernambuco.

DESCRICAO DA PESQUISA: Serd preenchido um formulario com dados
sociodemograficos (idade, sexo, endereco pessoal, renda familiar), a historia clinica da
doenca, medicamentos em uso, dados de peso, altura, IMC, quantidade de musculo e gordura
do corpo, aplicacdo do questionario sobre o nivel de atividade fisica e sobre o risco de quedas,
além de avaliacdo da mobilidade e do equilibrio. Os voluntarios deverdo responder algumas
perguntas sobre o impacto que a COVID-19 causou. O treinamento na plataforma vibratoria,
sendo realizado trés vezes por semana, com duracdo de 12 semanas. Esse programa nédo
envolve esforco fisico e pode ser facilmente realizado. Apds esse periodo, seréo reavaliados
com 0s mesmos testes/exames acima.

RISCOS E DESCONFORTOS: Os riscos que 0 presente estudo o pode oferecer sdo a
utilizacdo de gel condutor e a ligeira pressdo do transdutor sobre a area examinada.

durante a realizacao da ultrassonografia das pernas.

O risco de constrangimento durante as avaliagdes sera minimizado por meio da realizacédo
dos procedimentos em sala reservada, onde apenas estardo presentes o profissional e o
paciente. Todos os instrumentos de avalia¢do sdo de amplo conhecimento no meio cientifico
e geram desconforto minimo relativo ao ato de caminhar. Para minimizar essa possibilidade,
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serd realizada monitorizagdo dos sinais vitais e 0s procedimentos avaliativos serdo realizados
em local reservado, com intervalo de repouso entre 0s testes, sempre que necessario.

A avaliacdo sera realizada em mais de um dia para evitar cansaco e fadiga, especialmente
para os testes funcionais. Havendo necessidade, sera respeitado um tempo de repouso maior
e a avaliacdo sera agendada de acordo com a disponibilidade do paciente e sera assegurado
ao paciente remarcar a avaliagdo se achar necessario. Bem como, o sigilo de todas as
informagdes advindas dos voluntarios do estudo e o seu anonimato. As avaliagGes propostas
no presente estudo séo rotineiramente realizadas na pratica clinica do profissional de satde e
nédo incorrem em risco adicional ou impossibilidade de realizagdo uma vez que ndo envolve
procedimentos invasivos ou exaustivos. Serdo respeitadas as condi¢des de cada participante
de forma a que 0 mesmo se sinta disposto e confortavel para a realizag&o.

BENEFICIOS: os beneficios esperados sdo aqueles decorrentes de um programa de
treinamento fisico, a saber: melhora do condicionamento cardiovascular, da performance
fisica e equilibrio e da forca muscular periférica, reduzindo o sedentarismo como nesse grupo
de pacientes.

Todas as informagdes desta pesquisa serdo confidenciais e serdo divulgadas apenas
em eventos ou publicacGes cientificas, ndo havendo identificacdo dos voluntarios, a ndo ser
entre 0s responsaveis pelo estudo, sendo assegurado o sigilo sobre a sua participacdo. Os
dados coletados nesta pesquisa ficardo armazenados em computador pessoal, sob a
responsabilidade da pesquisadora, no endereco Avenida Jornalista Anibal Fernandes, s/n —
Cidade Universitaria — CEP: 50740-560 — Recife (PE), pelo periodo de minimo 5 anos.

Conforme Resolugdo CNS n°466/2012, para participar deste estudo vocé néo tera
nenhum custo, e nem sera cobrado para participar desta pesquisa, mas fica também garantida a
indenizacdo em casos de danos, comprovadamente decorrentes da participacdo na pesquisa,
conforme decisdo judicial ou extrajudicial. A sua participacdo é voluntaria e a recusa em
participar ndo acarretara qualquer penalidade ou modificacdo na forma em que € atendido pelo
pesquisador. O pesquisador ird tratar a sua identidade com padrdes profissionais de sigilo. Os
resultados da pesquisa estardo a sua disposic¢do quando finalizada. Seu nome ou o material que
indique sua participacdo ndo sera liberado sem a sua permissdo. O Sr. ndo sera identificado em
nenhuma publicacdo que possa resultar deste estudo.

(assinatura da pesquisadora)

CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO VOLUNTARIO (A)

Eu, , CPF , apos a leitura (ou a
escuta da leitura) deste documento e de ter tido a oportunidade de conversar para esclareceram
minhas davidas de maneira detalhada com a pesquisadora responsavel, concordo em participar
do estudo intitulado A eficacia da vibracéo de corpo inteiro sobre a forca muscular respiratoria e
periférica em individuos adultos com sindrome p6s-covid: um ensaio clinico randomizado, como
voluntério (a). Sei que a qualquer momento poderei solicitar novas informacdes e modificar
minha decisdo de participar se assim o desejar, os procedimentos nela envolvidos, assim como
0s possiveis riscos e beneficios decorrentes de minha participagdo. Foi-me garantido que posso
retirar 0 meu consentimento a qualquer momento, sem que isto leve a qualquer penalidade (ou
interrupgdo de meu acompanhamento / assisténcia / tratamento).

Local e data: . de 20
Assinatura do participante:




Presenciamos a solicitacdo de consentimento, esclarecimentos sobre a pesquisa e 0
aceite do voluntario em participar. (02 testemunhas ndo ligadas a equipe de
pesquisadores):

Nome: Nome:

Assinatura; Assinatura:

Em caso de duvidas relacionadas aos aspectos éticos deste estudo, vocé podera
consultar o Comité de Etica em Pesquisa Envolvendo Seres Humanos da UFPE no
endereco: Avenida da Engenharia s/n — 1° Andar, sala 4 - Cidade Universitéria,
Recife-PE, CEP: 50740- 600, Tel.: (81) 2126.8588

E-mail: cephumanos.ufpe@ufpe.br
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e, P62 graduacio em Flsicterapla - UFPE -
ESTAMOS OFERECENDO AVALIACAO
FISIOTERAPEUTICA E TREINAMENTO FisSICO

GRATUITOS PARA PESSOAS QUE TIVERAM
INTERNADAS DEVIDO A COVID-19

® ® ® ® ® © ® ® ® ® 9 9 " " " ®" " 9 0
Quem pode participar?
- Historia de internamento hospitalar em enfermaria
ou UTI decorrente da COVID-12
- ldade entre 18 e 70 anos
- Moradores de Recife e Regiao Metropolitana
- Confirmacgao da doenca pelo teste RT-PCR ou por
deteccao de anticorpos, ha mais de 4 meses
® ® ® ® © ® ® © ® ® O " o " 9% o0
O que sera feito?

Avaliacao fisica e funcional de pacientes que
tiveram COVID-19 e um programa de
reabilitacao através de treinamento com vibracao
de corpo inteiro em plataforma vibratodria, realizada

em 3 sessdes por semana., durante 3 meses.
® ® ® © ©® ® © ©® © 9 ® ® ® O ® ® o o o o0

Local
Departamento de Fisioterapia da UFPE (Recife)

Laboratdrio de Fisioterapia Cardiopulmonar (LACAP)

Pesquisadoras
Prof.® Dr.” Patricia Erika de Melo Marinho
Fisioterapeuta: Beatriz Marinho

Informacoes e agendamentos
Yzaabel (81) 99500-5165
Ana Isabel (81) 99784-2539
e Vinicius Porfirio (81) 99395-4400
Bianca Freitas (81) 99741-5664
Thayane Patricio (81) 98766-5547
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APENDICE D- FICHA DE AVALIACAO

FICHA DE AVALIACAO

I e Pt

UFPE

CARACTERISTICAS SOCIODEMOGRAFICAS
Nome: Data da Avaliagio:
DN: [Idade:
|S-E:m: M{JF( ) [Eﬁt. Civil: Solteiro { ) Casado () Divorciado () Vidvo ()
|E:|1dtrﬂ;u: Telefone: ()
[Bairro: Cidade:

|Etnin: Branco () Pardo () Negro () Outros ()

|Helig;i§u: () Catdlico () Protestante () Ateu () Outros

Renda Familiar: Nenhuma renda {_)
Até 1 salario ()
De 1 a 3 saldrios ()
De 3 a 6 salarios ()

Escolaridade: Educacio Infantil {_) Ensino Fundamental {_) Ensino Médio () Ensino Superiorn(_)

ANAMNESE

MEDICO ACOMPANHANTE:

PESO: ALTURA: IMC:

PA: FC: FR: Sp0::

Circunferéncia Abdominal:

HD:

Tabagismo ativo: Sim (_) Nao (_) Ja fumon? Sim {_) Nio () Consumo de dlcool ativo: Sim (_) Nao (_)

COMOREBIDADES: HAS ( ) DMI{ )DMIL( ) ICC{ ) DRC( )DPOC{ ) ASMA ()
Outras:

Historico familiar:

MEDICACOES EM LSO

NOME DOSAGEM POSOLOGIA




FICHA DE AVALIACAO

UFPE e
HISTORIA DO INTERNAMENTO NA UTI

Tempo de internagiio na UTI: Dias de AVM: Dias de TOT:
TOT?S(_) Ni_) Dias de TOT: Namero TRE:

Sedacio + Analgesia? S (JN () BNM:S () N

Tempao: Tempao:

Qual? Qual?

Corticoide? S () N () Amsiolitico: S(_) Ni_)

Tempo: Qual? Tempo: Qual?

Apresentou Delirinm? S(_) N{() Necessidade de HD? S [_:- N [_J

Nutrigio parenteral? S () N() Transfusdo? S(_) N{ )

Sepse? S N Chogue séptico? S () N{()

SARATSIL) N Poeumonia? S(_) N{()

Infecciio de cateter? S(_) N{() ITU?S() N2

Internagio prévia no hospital? S (_) N() Local: Enfm®*({ ) UTI:{ ) Tempuo:

Tempo de UTL:

Tempo de internamento na enfermaria:

Re-internaciio na UTI:

Tempo de internacio Hospitalar:

Tempao de alta hospitalar:

Escore IPAQ) - versiio curta PREVIO:

ATUAL:

EXAMES FiSICOS

MOBILIDADE, EQUILIBRIO E RISCO DE QUEDAS

TIMED UP AND GO (AVALIACAQ)

TIMED UP AND GO [Rlih‘u"ﬁl.lhifﬁ[}}

Obs.:

Obs._:
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FICHA DE AVALIACAO

UFPE
MANOVACUOMETRIA
PRE REABILITACAQ DATA: | PImdax:
I/ PEmix:
POS REABILITACAO PImdx:
DATA: ¢ f PEmix:

EQUACAO DE PREDIC AD:
Plmix (emH2 O)= 63,27-0,55 (idade)+17,96 (sexo)+0,58 (peso) 34 26,3
PEm&x (emH2 O)= —61_41+2,29 (idade)—0,03 (idade2 y+33,72 (sexo)+ 1,40 (cintura)

FPimdx = pressdo inspiraidria mdxima,; PEmdx=pressdo expiraioria mdaxima, cinfura

circunferéncia abdominal em

cm; pesa em Kg; Para o sexo feminino, multiplica-se a constante por zero (sexo=0). Para o sexo masculing,

multiplica-se a constanie por um (Sexo=1)

Pessoa et al. (2014)

MRC

Movimento Dyir
eito

Esquerdo

Abd. Ombro

Flex. Cotovelo

Ext. Punho

Flex. Quadril

Ext. Joelho

Daorsiflex.
Tornozelo

Pontuacio Total Final:
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UFPE =
DINAMOMETRIA MANUAL
TESTE Direito Esquerdo
1
2
3
Valor Final
Qual ¢ o membro dominante: D(_)  E{_)
ULTRASSONOGRAFIA PERIFERICA
MEDIIDAS 1 2 3 4 5
Espessura
W, 1 {mm)
Espessura
F_F. (mm)
Espessura
Quadriceps
EXAMES COMPLEMENTARES
HX de torax:

Tomografia de torax:

Ecocardiograma:

Exames laboratoriais:
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FICHA DE AVALIACAO
Lacrrsizrw Sr Moot veps
UFPE r—
FICHA DE AVALIACAO
TESTE DE CAMINHADA DE 6 MINUTOS
FRE [(DATA: PFOS [IDDATA:
DIS [FAD [ Sp0: [FC__|[FR __|[FPA DIS [FAD | Sp0: [FC___|FR | PA
REPOUSO REPOUSO
Distdncia Tempo Spid: FC Distdincia Tempo Spi: FC
F] 30 7 30
= i z L]
K] ELL E] a0
Fl 120 Fl 120
5 150 5 150
[ 180 [ 180
7 Z10 7 Z10
& 30 ¥ Ian
9 70 C] 70
Ia T I 300
17 330 T7 330
12 I iz 360
13 350 i3 390
14 420 T4 420
I 450 I3 450
16 480 16 AR0
17 s10 17 510
I8 40 IE] 530
19 570 79 570
20 600 20 600
2r 630 2T 630
22 GH0 27 [T0]
23 60 23 630
DIS | FAD | Sp0O: | FC | FR FA DIS [FAD | Sp0s: | FC |FR | PA
FINAL FINAL
o — DIS | FAD | Sp0O: [ FC | FR PA —— DIS |[FAD| Sp0D: | FC | FR PA
DEPOLS DEPOIS
DISTANCIA TOTAL: DISTANCIA TOTAL:

OBSERVACOES:




Nome:
Protocolo:

Data:

APENDICE E- FICHA DE TREINAMENTO

Repouso

5 minutos

10 minutos

15 minutos

20 minutos

PA

FC

Spo2

IPE/ Borg

Observacdes:

Data:

Repouso

5 minutos

10 minutos

15 minutos

20 minutos

PA

FC

Spo2

IPE/ Borg

Observacdes:

Data:

Repouso

5 minutos

10 minutos

15 minutos

20 minutos

PA

FC

SpO?

IPE/ Borg
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NO
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ABSTRACT

Background: Whole body vibration (WBV) may be a therapeutic rehabilitation strategy for
patients with long Covid. Objective: To evaluate the effects of a WBV protocol on exercise
capacity and peripheral muscle strength in patients with long Covid. Methods: This is a
randomized clinical trial developed with individuals of both sexes with long COVID. The study
was approved by the institutional ethics committee (opinion no. 6,187,591) and registered with
ReBec (RBR-3gqmk24m). The distance walked (DW) in the 6-minute walk test and peripheral
muscle strength [Medical Research Council (MRC)] were considered as outcomes. The study
consisted of two WBYV groups with amplitudes of 2mm (G2mm) and 4mm (G4mm) and a Sham
group, trained 3x/week, for 12 weeks. Results: The WBV exercise resulted in an improvement
in DW for G2mm (F=7.42, dof=2, p=0.01) in relation to G4mm (82.6m=86.00 and 1.86m=26.00,
respectively) and Sham (SD=41.3m+62.00). The MRC also obtained better scores in favor of
G2mm (5.43+3.90 points) and G4mm (1.57+2.40 points) in relation to Sham (0.66+1.00 points)
(F=5.49, dof=2, p=0.01). The other outcomes did not show changes at the end of the intervention.
Conclusion: WBYV exercise increased exercise capacity and muscle strength in patients with long

Covid.

Descriptors: Long Covid; Functional Physical Performance; Therapeutic Exercise; Vibration;

Muscle strength.
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INTRODUCTION

Long Covid is a condition characterized by persistent symptoms after acute infection with
the SARS-CoV 2 virus, which include dyspnea, extreme fatigue, post-exertional malaise and
musculoskeletal disorders (sarcopenia, myalgias and arthralgias) (Desai et al. 2022; Nalbandian
etal. 2021). The recurrence of prolonged symptoms can lead to deterioration in patients’ physical
and mental health (Nalbandian et al. 2021), which can persist for years and present as a permanent

condition (Demko et al. 2022).

Considering that no consensus to date has been found for treating these symptoms (Davis
et al. 2023), this condition presents a clinical challenge and requires effective rehabilitation

strategies to assist patients in complete recovery and return to a healthy life (Chuang et al. 2024).

Cardiopulmonary rehabilitation programs are used in managing people affected by
chronic lung and cardiovascular diseases and their benefits include improvements in exercise
capacity, peripheral muscle strength and dyspnea in the short and long term (Rochester et al.
2015; Sanz-Santiago et al. 2020). However, despite the benefits, some individuals, especially
patients who have had the most severe form of the disease, may experience exhausting symptoms

(Twomey et al. 2022).

Whole-body vibration exercise (WBYV) is a therapy which has been used in different
health conditions (Stania et al. 2016) as it helps to increase exercise capacity and muscle strength,
without inducing greater cardiopulmonary stress (Gloeckl et al. 2017). However, few studies
have been found approaching this theme (Moura et al. 2024; Amorim et al. 2024), and these
presented a small number of patients. Thus, the present study aimed to evaluate the effect of a
WBY protocol of 36 sessions on the exercise capacity and peripheral muscle strength in patients

with long Covid.
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METHODS

Study design

This is a blind, controlled, randomized clinical trial with allocation secrecy, developed
with patients with long Covid, and followed the rules of the Consolidated Standards of Reporting
Trials (CONSORT) (Schulz et al. 2010). The study was approved by the institutional ethics
committee (approval number: 6,187,591) and submitted to the Brazilian Clinical Trials Registry
(ReBEC) under number RBR-3gmk24m, being developed at the Cardiopulmonary
Physiotherapy Laboratory of the Physiotherapy Department of the Federal University of

Pernambuco, from September 2021 to March 2024.

Study population

Individuals of both sexes, aged between 30 and 70 years old and who recovered from the
moderate to severe form of Covid-19, were included in the study. The presence of uncontrolled
arterial hypertension, impairment of the neuro-musculoskeletal or cognitive system that
prevented participation in the study, use of a pacemaker, prostheses or pins and metallic implants
in the lower limbs, pregnancy, recent non-union fractures, risk of thromboembolism, vertigo and
labyrinthitis, body weight above 120 kg or participation in exercise programs after hospital
discharge were considered as exclusion criteria. Of the 186 eligible patients, 26 met the inclusion

criteria and were included in the study (Figure 1).

Randomization, allocation concealment and blinding
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Randomization was conducted in blocks and using software (www.randomization.com),
generating a randomization list containing three blocks with a 1:1:1 ratio, by a professional not
involved in the study. The information was placed in opaque and sealed envelopes, then
numbered in ascending order for distribution among the groups considered in the study: a WBV
group which trained with an amplitude of 2mm (G2mm), a group which trained with 4mm
(G4mm), and a simulated WBYV group (Sham). Allocation to these groups was performed at the
end of the initial assessment by opening the sealed envelope by another professional not involved
in the study. Patients were blinded to the intervention group, as was the person responsible for

data analysis.

Primary outcome

Exercise capacity

The distance walked in the 6-minute walk test (6MWT) was used as an assessment
measure for exercise capacity, and was measured in meters (m). The 6MWT was performed

following the guidelines of ATS/ERS (ATS Statement 2002).

Secondary outcomes

Handgrip strength (HGS)

HGS corresponded to the maximum voluntary handgrip strength and was quantified in
kilogram-force (Kgf) using a manual hydraulic dynamometer (Smedley Dinamometer, type
hand, Saehan, SH5001, South Korea), according to previously established criteria (Policarpo et
al. 2022). The measurement was done in triplicate on the dominant upper limb with an interval
of 30 seconds between each measurement. In the end, the highest value among the values

obtained was considered, as long as they differed from each other by up to 10% (Dias et al. 2010).
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Quadriceps femoris muscle thickness

The thickness of the quadriceps femoris muscle was measured using ultrasound
(Samsung Medison — South Korea) with a 10MHz linear transducer in B mode to capture
ultrasound images of the rectus femoris (RF), vastus intermedius (V1) and the sum of two
previous ones to determine the value for the quadriceps femoris (QF) (Moura et al. 2024). Images
were obtained transversely in the anterior compartment of the dominant thigh. The final thickness
was determined by the largest of the three measurements captured in the images, and expressed

in millimeters (mm).

Peripheral muscle strength

The Medical Research Council (MRC) scale was used to assess peripheral muscle
strength (Paternostro-Sluga et al. 2008). The patient first receives guidance on how to perform
pre-established movements that involve the specific muscle groups to be evaluated. The evaluator
then observes the intensity with which the patient performs these movements and evaluates their
strength, assigning a score according to the MRC Scale with values ranging from zero to 60.
Values below 48 were classified as muscle weakness, and above 48 indicate preserved muscle

strength in each limb segment (De Jonghe et al 2002).

Risk of falls and mobility

The Timed Up and Go (TUG) test was performed following its standardization (Podsiadlo
& Richardson 1991) to assess the risk of falls, mobility and balance. Test times of less than 10

seconds were adopted as independent individuals with a low risk of falls.

Adverse effects



59

The main events may include general discomfort, itching in the lower limbs, headache,

dizziness and sleep disturbances in case of prolonged exposure.

Intervention protocol

The training program was conducted on a Power Plate® vibrating platform (model MY3,
United Kingdom), with a fixed frequency of 35Hz, and considered amplitudes of 2mm and 4mm. A
device externally attached to the base of the platform and created specifically for this purpose was

used for the platform sham group (frequency of 8 Hz) (Fuzari et al. 2018).

The protocol consisted of exposure to vibration lasting a total of 20 minutes, interspersed
with 30 seconds of rest between vibrations. The patients were positioned on the platform in a static
position and in a semi-squat (knees flexed at 15°), with their feet 20 cm apart, and hands completely
supported on the platform support (Fuzari et al. 2018). Patients had their blood pressure, heart rate,
peripheral oxygen saturation and perceived exertion index measured using the Borg effort scale
(Borg 1982) before and during training for monitoring. All patients performed stretching for the

upper and lower limbs in a single repetition of 30 seconds in duration before training.

Statistical methods

The data are presented using central tendency (mean and median) and dispersion
(standard deviation) measures for quantitative variables and absolute and relative frequency
distribution for qualitative variables. The Shapiro-Wilk and Levene tests were used to verify the

normal distribution and homogeneity of the sample variance, respectively.

The ANOVA test for repeated measures or the Kruskal-Wallis test was used to compare
exercise capacity, handgrip strength, peripheral muscle strength, quadriceps muscle thickness,

mobility and risk of falls in relation to time and the interaction between groups (G2mm, G4mm
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and Sham) and time (pre and post intervention). Analyzes were followed by Tukey’s or

Nemenyi’s post-hoc tests.

The partial eta squared coefficient (n2p) was computed to evaluate the magnitude of
the intervention effect. Values of <0.01 (insignificant), 20.01 (small), 20.06 (moderate), and
20.14 (large) were adopted (Draper, 2020). The linear relationship between covariates and
the response variable was determined using the F statistic. Intention-to-treat analysis was
performed if loss in any of the groups was greater than 20%. All analyses were performed

using the R version 4.0 software. The significance level considered in all tests was 0.05.

RESULTS

A total of 160 from the 186 individuals eligible for the study were excluded: 126 did not
meet the inclusion criteria and 34 refused to participate (incompatibility of schedules, distance
to the service location, change of city and return to in-person work). Thus, 26 patients were
randomized, and then five of these withdrew from treatment and one interrupted their
participation due to needing a surgical procedure due to a previous health condition. Finally, 20
individuals participated in the study, with an average age of 57.9 years, an average time from
diagnosis to the start of treatment of 13.8 months. The initial characteristics of the groups are

found in Table 1.

WBYV exercise with amplitudes of 2 mm and 4 mm resulted in an improvement in exercise
capacity (6MWT) when compared to Sham (F = 7.42, dof = 2, p = 0.01), with an effect size of
0.28. The MRC also resulted in better scores in both vibration groups when compared to Sham
(F = 5.49, dof = 2, p = 0.01), with an effect size of 0.39. The other outcomes showed no
differences at the end of the intervention, however, a large effect size can be observed for the

outcomes of handgrip strength (n?p = 0.15), VI muscle thickness (n*p = 0.08), RF (n*p = 0.08),
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QF (m*p = 0.13) and mobility and balance (n?p = 0.08). Table 2 presents the results of the

outcomes evaluated in the study (Table 2).

DISCUSSION

This study evaluated the effects of a WBV program in patients presenting late effects and
manifestations of long Covid on exercise capacity and peripheral muscle strength. Considering
the outcomes analyzed, an increase in exercise capacity and peripheral muscle strength was

observed. No changes were observed for the other outcomes.

The 2mm WBYV was enough to improve the exercise capacity of patients with long Covid
compared to the group that trained with 4mm of amplitude. Although the study by Moura et al.
(2024) was a series of cases developed with patients similar to ours, they reported gains in the
distance walked at the end of a WBV protocol for patients who performed the training protocol
with 2mm. According to the aforementioned authors, the three patients reported in the case series
showed significant gains at the end of training (86m, 116m and 257m, respectively) (Moura et

al. 2024).

The increase in distance walked in the 6MWT of patients in the 2mm WBYV group exceeds
the minimum clinically significant difference for lung diseases (COPD, idiopathic pulmonary
fibrosis and pulmonary hypertension), or other respiratory conditions (Bois et al. 2011;
McLaughlin et al. 2009; Puhan et al. 2008). Although previous studies have reported benefits in
exercise capacity (Gloeckl et al. 2012; Kortajarena et al. 2019), no such improvement was
observed in the 4mm WBYV group in our study. A possible explanation for this result may be
related to the profile of the participants in this group, who were characterized by having higher
body weight and BMI, and a lower participation rate in the sessions. Excess weight is associated

with reduced exercise capacity, cardiovascular and muscular endurance, strength and physical
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performance (Dreher & Kabitz 2012), as well as increased physical inactivity (Silveira et al.

2022).

An increase in relation to peripheral muscle strength measured by the MRC was observed
for the 2mm WBYV group, unlike the results obtained for the same outcome in the study by Araujo
et al. (2022), who found better results for the older adult female group undergoing 4mm WBYV.
Some considerations need to be made to interpret the divergence in findings found in this study.
The acute effect of WBV was evaluated in the study by Araujo et al. (2022), in which only a
single session of WBYV exercise was performed in older adult females, and muscle strength was

measured using the 30-second sit-to-stand test, differently from what was proposed in our study.

In our study, the 2mm and 4mm groups showed increases in HGS after applying the
protocol, and although there was no difference between the groups, the effect size was considered
large. The fact that individuals remained with their upper limbs supported on the platform during
training may have been sufficient to modify this outcome (Neves et al. 2018). Although the upper
limbs were exposed to a lower vibration intensity than that provided by the platform,
physiological adaptations capable of improving muscular performance may have occurred to a
lesser extent (Cochrane & Stannard 2005; Torvinen et al. 2002; Marin & Reha 2010). However,

this finding needs to be interpreted with caution.

No increase in quadriceps muscle thickness was observed at the end of training for any
of the groups in this study. WBV exercise promotes activation of reflex muscle contractions
during exercise (Neves et al. 2018), resulting in better efficiency in general muscular
performance (Cochrane 2011; Rittweger 2010), without this change reflecting muscular

hypertrophy (Cardinale & Bosco 2003).

In addition, no changes were observed in the mobility of individuals at the end of the

protocol in our study. Previous studies have demonstrated conflicting results regarding this
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outcome. Claerbout et al. (2012) and Sitja-Rabert et al. (2015) did not verify changes in the
mobility of individuals hospitalized with multiple sclerosis and older adults, while studies by
Zhang et al. (2014) and Sucuoglu et al. (2015) reported significant changes for the group that
used WBV. Different WBYV exercise prescription protocols used among the studies cited, as well
as different health conditions, need to be taken into consideration when interpreting these
findings. Further investigations need to be conducted in order to verify the benefits of WBV for

this outcome, which in clinical practice proves to be relevant.

Limitations

The main limitation of this study is the reduced participation of patients resulting from
their return to professional activities, preventing them from participating in the training sessions.
At the same time, this study has considerable clinical relevance as it was developed during the
pandemic period, where monitoring of the physical and functional repercussions of patients who
had moderate and severe forms of Covid-19 could be observed. In this context, having proposed
a WBYV intervention protocol that did not require additional physical effort to perform may have

contributed to the good acceptance of the treatment by the patients being monitored.

We suggest that more studies should be conducted using WBYV, since our results were
restricted to a sample of patients with long Covid. In understanding that the 2mm amplitude
proved to be more effective for the outcomes considered in the present study, developing studies
which analyze different WBV prescriptions that suit the needs of patients is necessary and

constitutes a great challenge.

Clinical relevance
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The main contribution of this study lies in its potential application in clinical practice as
an effective alternative therapy for the outcomes considered for individuals with long Covid,

especially for those who have suffered the most severe form of the disease.

CONCLUSION

The present study showed that WBYV exercise can be a promising training modality for
patients with long Covid who often face significant limitations in their ability to perform
exercises. WBV exercise has demonstrated efficacy in improving exercise capacity and

peripheral muscle strength.
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Sham G2 mm G4 mm p
Variables
Mean £ SD/ (n/%) Mean £ SD/ (n/%) Mean £ SD/ (n/%) value

Sex
Female 3.00 (50.00) 3.00 (42.90) 6.00 (85.70)

0.22
Male 3.00 (50.00) 4.00 (57.10) 1.00 (14.30)
Age (years) 57.83£7.02 58.14 + 8.31 57.57 £ 7.63 0.99
BMI (kg/m2) 32.77 + 4.57 27.02 +4.20 33.47+7.61 0.08
Comorbidities
SAH 5.00 (83.30) 4.00 (57.10) 4.00 (57.10) 0.53
Diabetes 2.0 (33.30) 2.00 (28.60) 0.00 (0.00) 0.25
COPD 1.00 (16.70) 0.00 (0.00) 1.00 (14.30) 0.54
Heart Disease 1.00 (16.70) 0.00 (0.00) 3.00 (66.70) 0.32
Smoking
Former-Smoker 2.00 (33.30) 1.00 (14.30) 4.00 (57.10)

0.24
Non-Smoker 4.00 (66.70) 6.00 (85.70) 3.00 (42.90)
N° of sessions 27.50 £ 9.75 36.00 + 0.00 26.00 £ 9.79 NaN



%o of sessions

79.10 + 25.37

completeds

Time diagnosis

13.83 +6.49

(months)

100.00 + 0.00

12.57 +4.89

73

72.19 £ 27.25 NaN

14.86 + 8.82 0.83

Table 1: Anthropometric characteristics, comorbidities, number of sessions performed by

participants in the Sham, G2mm and G4mm groups.

SD: standard deviation; BMI: body mass index; SAH: systemic arterial hypertension; COPD:

chronic obstructive pulmonary disease.

Table 2: Pre- and post-intervention behavior for the outcomes of exercise capacity, handgrip

strength, quadriceps femoris muscle thickness, muscle strength, risk of falls, and mobility in the

Sham, 2mm and 4mm Groups.

Groups Baseline Final p Partial
Outcomes
(n) Mean + SD Mean + SD value n’
G Sham (6) 462.00 + 124.00 503.00 + 136.00
6MWT (m) G 2mm (7) 422.00 + 67.00 504.00 + 33.00 0.01 0.28
G 4mm (7) 505.00 + 131.00 507.00 = 114.00
G Sham (6) 86.40 + 23.00 92.00 + 24.00
PRED 6MWT (%) G 2mm (7) 78.70 £ 15.00 93.50 + 3.80 0.11 0.23
G 4mm (7) 88.70 £ 14.00 90.20 +£12.00



HGS (Kgf)

VI (mm)

RF (mm)

QF (mm)

MRC

TUG (s)

G Sham (6)

G 2mm (7)

G 4mm (7)

G Sham (6)

G 2mm (7)

G 4mm (7)

G Sham (6)

G 2mm (7)

G 4mm (7)

G Sham (6)

G 2mm (7)

G 4mm (7)

G Sham (6)

G 2mm (7)

G 4mm (7)

G Sham (6)

G 2mm (7)

G 4mm (7)

29.70 £ 4.70

25.80 £ 2.70

32.00 +11.00

15.20 £ 3.90

13.40 £ 3.40

14.50 £ 2.40

13.80 £ 2.40

1410 £ 2.20

14.20 £ 2.40

29.80 +6.30

29.00 = 4.20

28.20 +5.20

58.00 + 2.80

53.90 + 3.40

57.10 £ 4.50

58.24 + 2.20

8.83 +1.50

8.32+3.70

31.50 + 6.60

27.10 = 3.60

37.10 +13.00

15.50 + 3.60

15.40 £ 4.60

15.60 + 3.00

14.50 £ 2.20

14.60 +£1.10

16.30 +4.40

29.90 +£5.20

29.30 +£5.80

32.20 +£5.40

58.70 = 2.80

59.30 +1.90

58.70 + 2.40

57.44 +1.10

8.00 £ 3.20

7.50+1.20

0.26

0.49

0.49

0.32

0.01

0.49

74

0.14

0.08

0.08

0.13

0.39

0.02

6MWT distance: 6-minute walk test; Pred 6MWT (%): percentage of predicted in the 6-minute
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walk test; MIP: maximum inspiratory pressure; MEP: maximum expiratory pressure; HGS:
dominant hand grip strength; VI: vastus intermedius; RF: rectus femoris; QF: quadriceps femoris;
MRC: medical research council; TUG: timed up and go. *p-value of repeated measures ANOVA

with group X time interaction and partial ) of the group x time interaction.
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Beatriz Luiza Marinho Cunha PT, M5c®, Layane Santana P, Costa PT, M5c®, Pedro Vinicius Porfirio®,
Diego de Sousa Dantas PhDP, and Patricia Erika de Melo Marinho PhD®

*Post-graduation Program in Physical Therapy, Health Sciences Center, Universidade Federal de Pemambuce, Recife, Pernambuca, Braal;
EUndergraduation Course in Physical Therapy, Health Sciences Cemter, Universidade Federal de Pernambuco, Recfe, Pernarmbuce, Brazil

ABSTRACT ARTICLE HISTORY
Background: Whole body vibration (WBV] exercise is a therapy used for individuals with low Feceived 29 dprl 2024
tolerance to conventional exercises, such as patients with chronlc obstructive pulmonary disease  Pewsed 18 June 2024
(COPD}, This study aimed to assess the impact of WBV exercise on the functional capacity, musele  Aecested 18 June 2024
strength, and health-related quality of life (HRQoL) in severe COPD patients. KEYWORDS
Methods: Studies published until March 2024 were reviewed, encompassing randomized clinical Chronic ohstructive
trials (RCTs) without temporal or linguistic constraints, comparing WEY exercise with other inter- pulmonary disease; dyspnea;
wventiens, The PubMed/MEDLINE, Scopus, Cochrane Airways Trials Register, and CINAHL databases exarce tolevance; muscle
were queried. The Revised Cochrane risk-of-blas tool for randomized trials 2.0A was employed for stremgth; quality of ife
quality assessment,

Results: Among 3571 screened studies, 7 met the criteria, totaling 356 participants (WBV group,

n=182; contrel group, n=174}. Meta-analysis revealed a significant mean difference of £1.36m

[25%C1 {13.28-69.44); p=.004] in the 6-minute walk test distance favoring the WBY group for

functional capacity. Lower limb muscle strength Improved in 57.14% of included studies. HROoL

meta-analysis demonstrated a 1.713-peint difference [95%C1 —1.24-3.51; p=.35] favering WEY,

although group differences were not significant, A mean difference of 2.31 points favored the

control growp in health condition [95%CI (—1.32-5.94); p = 021].

Conclusion: WEY exercize is recognized as a promising therapeutic modality for severe COPD

patlents, notably enhancing functional capadty. Although heterogenecus study protocols weaken

the evidence for dinically relevant outcomes, improvements in lewer imb musde strength and

HRCoL were alse chserved, differences between groups were not significant.

Introduction

Chronic Obstructive Pulmonary Disease {COPD) is one
of the main causes of death in the world (Celli et al,
2022; Fan et al,, 2024}, A pulmonary rehabilitation pro-
gram is an intagral part of the treatment, however the
severity of the disease m its advanced stages makes
adherence to the program difficult due to its limitations
in physical acnivities, and so whole body wibration exer-
cise (WEV) presents itself as a viable alternative for its
treatment{(zarvey <t al., 2016).

WHBV promotes reflex muscle contraction, favoring
strength, peripheral power and lean mass gains without
generating dyspnes (Dong et al,, 2020; Koczulla et al,
2020; 54-Caputo et al,, 2016; Zhang et al,, 2021), making
it a viable proposal to improve adherence of patients
with severe COPD to sxercise programs. The effacts of
this exercise modality are well understood in relation to

its potential as a therapeutic strategy for increasing
exercise capacity, muscular steength and balance.
Compared to traditional training, it reduces stress on
the musculogkeletal, cardiovascular and respiratory sys-
tems, especially for respiratory conditions that result in
redoced exercise capacity and musele mass loss
{Bemben, Slark, Taiar, and Bernardo-Filhe, 2018; Liu
st al, 2020; Troosters, Janssens, Demeyer, and
Rabinovich, 2023; Tseng et al., 2023; Yoon et al, 2022).

Although the benefits of WBY have already been
investigated in different populations and pathologies,
as well as in healthy individuals (Ings Gongzdles et al,
2023; Nantakool =t al, 2023; Troostars, Janssens,
Demeyer, and Rabinovich, 2023; Yang, Xue, Tu, and
Li, 2023; Zhang et al, 2021), no systematic reviews
have been found that have investigated the effects of
WRBV in patients with COPD in more advanced stages

COMNTACT Patricla Enka de Melo Marinho @ patroz.manmha@ufpe b c Post-graduation Program in Piysical Therapy, Health Sciences Center,
Universidade Federal de Pernambuco, Avenida Jomalista Anibal Femandes, 173, Cidade Univarsitina, Recie, Pesnambuca 50740-560, Brazil
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of the diszase {Cardim er al., 2016; Fischer =t al., 2019;
Zhou et al,, 2018). Thus, the objective of this review and
the meta-analysis was to investigate the effects of WEV
exercise on the functional capacity, muscle sirength and
quality of life of these patients.

Methods

This review was registered in the Prospective Repister of
Systematic Reviews (PROSPERO)} under number
CRD42023418808, and conducted in aceordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (Page et al, 20213 (PRISMA), with
the PICO guestion: Dozs whole body vibration exercise
for patients with severe COPD improve their functional
capacity, muscle strength and quality of life compared to
patienis who do not receive this intervention?

Eligibility criteria

Randomized clinical trials that evaluated the effects of
WHY compared to any other intervention (squats,
calisthemics, aerobics, respiratory exercises, resistance
training and health guidance alone) on at lzast one of
the following cutcomes of interest were included in this
review: guality of life, effects adverse effects, functional
capacity, respiratory muscle strength and global muoscu-
lature. The participants included in the studies wers of
both sexes, aged over 40 years, and with a clinical diag-
nosis of COPD in advanced stages, such as 11T and IV,
according to the classification of the Global Initiative for
Chronic Obstructive Lung Disease (GOLD), Pilot stu-
dies and mtervention siudies which were not rando-
mized clinical trials were excluded, as well as studies
with patients who are not classified in grades 111 and IV
of the GOLD 2020.

Search strategy and data sources

Two reviewers [BLMC, LSPC) independently searched
the following databases: PubMed/MEDLINE, Scopus,
Cochrane Airways Trials Register, and CINAHL for
studies published op to March 2024, The search strat-
egy used was: "Lung Diseases Obstructive™ OR
“Chronic  obstructive pulmonary  disease”™ OR
"COPD” OR "Pulmonary Disease OR Chronic
Obstructive® OR  “Chronic  Obstructive Lung
Disease” OR “Chronic Obstructive Airway Disease”
AND "WBV" OR "Whele Body WVibration” OR
“Whole Body Vibration Exercise” OR “Vibration
Therapy” OR "Vibration training” Meither temporal
nor linguistic restrictions were considered for the

searches.We did not perform individual article
searches outside the mentioned databases.

The reviewers independently screened the studies
by reading the titles and absiracts. Studies were
classified as “retrievable” (eligible or potentially eli-
gible/vague} or ineligible. Eligible articles were then
read in full and those that met the eligibility criteria
were incloded. Any reasons which led w a study
being excluded, including duplicates, were recorded
at all stages. A third researcher was appointed to
resolve possible disagreements in the study screen-
ing and selection process, however there were no
disagreements.

Secreening and data extraction

The extraction process was also performed by two inde-
pendent reviewers and data relating to the disease stage,
intervention group, WBV parameters and modes, train-
ing preseription, training frequency and duration for at
l=ast one of the outcomes considered were extracted.
This data was synthesized into tables, compared and
subsequently inserted into Review Managsr 5.4
(Review Manager, 2020). Analyzes and disagrezments
were resolved by consensus between the authors,

The primary outcome was considered functional
capacity measured using the &-minute walk test
(BMWT). Secondary outcomas included: health-related
quality of life (HROQoL) assessed through speafic ques-
tionnaires for patients with respiratory diseases Lower
limbk muscle strength, assessed through isokinetic
strength tests for knee extension or maximum strength
in the l=g press; respiratory muscle strength, measured
by maximum inspiratory pressure (MIP) and maximum
expiratory pressure (MEP), Adverse effects related to the
traiming program, such as injuries, cardiac symploms or
increased respiratory distress.

Risk-of-bias assessment

The methodological quality of each study was inde-
pendently assessed by two reviewers (BLMC and
LSPC), verified according to the Revised Cochrane
Risk-of-Rias itool for randomized trials 2.0 (RoBR
2.0). The five domaing for risk of bias were analvzed
{randomization and allocation concealment; blind-
ing of participants and staff; loss of data and follow-
up ol participants; blinding of oulcome assessors;
and bias in reporting outcomes). The discrepancies
identified were addressed through open discussions,
further review, and consultation with a third
reviewer to reach a consensus.
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Data synthesis

The main characteristics of each study were grouped in
a table baszd on disease stage, nterventon group, WBY
parameters and modes, training prescription, training
frequency and duration for at lzast one of the outeomes
considered. The meta-analysis was performed using the
Review Manager 5.4 software program and included
application of the heterogeneiry test to assess homoge-
neity between trials. We considered studies homoge-
neous when the p-value was greater than 0.05, and the
heterogeneity index (I*) was classified as low (=30%),
intermediate (50% to 75%) and high (>75%) (Miggins,
Sumon, Jonalthan, and Douglas, 2003).

Random models were wsed for meta-analyses with
moderate o greater heteropeneity, and a forest plot was
evaluated using the I* statistic. Continuous variables
[distance walked in the §-minute walk test and scores
from HRQoL gquestdonnaires and instuments which
assess the health status of patients with COPDY) were
sypressed in the meta-analysis as mean difference with
95%CL Data from each group were presented as mean
+ stancard deviation, and p<.05% was considerad
significant.

When studies did not present standard deviation,
confidence intzivals weie calculatad using the Review
Managsr version 5.4 program (Revhdan 5 Cochrane
Collaboration, Oxford, United Kingdom). Subgroup
analyzes were performed on the included RCTs based
on the difference between the interventions used in the
eontrol group (general controls vs training) and HRQaoL
(COPD Assessment Test - CAT, Saint George Quality
of Life Questionnaire - 3GRQ and Chronic Respiratory
Disease Questionnaire — CRIDQ).

The subgroup analysis was conducted in this review
and meta-analysis to examine heterogensity due to spe-
cific differences among the studies, including variations
in the characteristics of the interventions applied in both
study groups and differences i the methodologies
employed to assess the same outcores. This approach
allows us to more pracisely idantify the sources of varia-
tion in the results, contributing to a more refined inter-
pretation of the findings. When it was not possible 1w
perform a meta-analysis, the results were presented
through qualitative analysis due fo discrepancies in the
syaluation methods and results presented.

Results

A total of 351 studies were imfially identified through
database searches, After methodological evaluation,
seven randomized clinical wials (RCTs) were selected
for inclusion (Gloeckl et al., 2012; Greulich et al., 2014;
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Pleguezuelos et al., 2013; Salhi er al., 2015 2017;
Spielmanns et al, 2017), and the search results are
summarized in the flowchart (Figarz 1). The RCTs
mncluded were pubhished between 2012 and 2021 and
invalved a total of 356 participants, of both sexes, aged
between 58 and 75 years.

Among the studies included, five were conducted in
Germany, one in 3pain and one in Belgium. All smudies
included in the review investigated the effects of WBV
in  patients  diagnosed with  severe COPD.
A methodological summary of the articles included in
the review is presented in Table 1.

The smdies differed regarding the parameters
adopted for WBV, prescription, duration and follow-
up and their control groups. The vibration frequency
varied between SHzand 35Hz and the peak-to-peak
displacement {amplitude) between 2 mm to §mm. In
training programs, different frequencizs and amplitudes
are used to achieve various nmeuromuscular response
objectives. These objectives include increased muscle
activatdon, muscle tone and motor coordination, as
well as muscle power. The selection of frequencies and
amplitudes is based on the patient’s level of comfort and
tolerance.

The exercises were mostly performed three times
a week and the duration of the wrervention varied
between 3 and 12 weeks. Six studies presented interven-
tipns in their contral group which varied between
strength and/or resistance training, mobilization and
breathing exercises, respiratory training associated
with calisthenic exercises, and balance training, while
one only received general guidance on heslth described
in Table 1.

The nsks of bias m the studies were considered
acceptable, All studies had low risk of bias for random
sequence ganeration, incomplete outcoms data, and
selective reporting, Of these, three studies described
their allocation concealment methods and were assessed
as low risk of bias, Most studies did not report blinding
of participants and staff in the studies due to the nature
of the WBV intervention (Figures 2a,b).

Functional capacity

All studies included mn this review imvestgated func-
tional capecity as primary outcomes. According to
Figure 3a, the group of patients who performed inter-
vention with WBV exercise showed better results com-
pared to controls when analyzing the increase in
distance covered {DC) in the sMWT, with an average
difference in DC of 41.36 meters [95%CT (13.28-69.44),
p=.004].
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When subgroup analysis was conducted for this out-
came, comparing the WRY group with a general control
group that did not include physical exercise practics
[gzneral controls), the WEBY group achievad an increase
in DC with a mean difference of 55.54 meters [95%CI
(2.67, 108.41); p = .04]. However, when comparing DC
between the WEBV group and a confrol group that
included physical exercises in their intervantons,
a smaller mean difference of 31.73 meters [$5%CI
[—7.08-70.54); p=.11] was observed, still favonng the
WEV group. The results shown m Figure 3a imdicate
that the WEYV is significantly superior. Towever, due to
high statistical heterogeneity, subgroup analysis
revealsd that WBY was significantly superior only in
the general control subgroup (Figure 3b).

Muscle strength

Reparding muscular sirength, a study (Pleguezuelos
st al., 2013)investigated the effects of WBV exercise
exclusively on the muscular strength of the lower
limbs. However, they did not observe significant
mecreases in muscle sirength at the end of the traiming,
On the other hand, another study (Spielmanns et al.
2017) evaluated the maximum swength of the
lower limbs using the leg press and found a
significant improvement in maximum strength [A:
28.7 (16.7-33.3), p=.001]in the WEV group compared
to the control group.

Gloeckl et al. (2017) evaluated the strength of the
lower limbs through the peak strength of knee exten-
sion, and although they found an increase in strength in
both groups, no difference was observed betwesn them.
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Table 1. Summary of the description and main findings of each study.

Authar, year, Intervention Frequency and

country oroups Training prescription duration Main findings

Glosck et al. WEVEG (n=4% WBVG: squats on a vibrabion platfom. 3 sessians per week for  WBVG showed an increase in functienal capaaiy
(20712, G [ =40} (& floor squat exercise pragram 3 wreeks, tataling ¥ when compared o £8 and improvement in
Garmany SAEBI0NS HROoL dua to CRIG

Pleguezuelos  WEVG [n=26] WEVG: squats =+ WEV #xercive, 3 sessians per week for  WEBVG showed gaims In respiratary musche
et al (2013), 06 [m=125} O general health recommendations oweeks tataling 18 strenath and functional capacity arnd bewer
Barcelona SEEEI0Ng Iimb strength in relation to CG
[Spain}

Greulich et al.  WENG (o200 WBVG: mobilization, passive movenants 3 sessions of 20min WEBVG showed an increase in functional capadity,
(2014}, G (=120} B bresthing susrases + axerciss waigiong per day imprevemant in HRQoL by CAT and speafic
Germany sessions with WEY. duwing the SGERO domams.

CG: mohilizatien, passive movements hospitalization
and breathing exercises periad

Salh et al, WBVG (n=26] WBVG: 15 min serabie traiming on 3 sesuans per week for  WBV exercise combined with 15 minutes of
(2015}, G [n=25} ergumetry + upper and lower limb 12wk, totaling Ferobic trairng mcreed the furchanal
Belgiurmn exercises oft the wibraomg platfurm 36 s&ssiong capacity of the WEVG compared to the (G

6 15 min of aerchic training on CRDD scores improved far both groups.
ergometry + resistance exercse

pratocel for upper imbs and lowar

limbs on mul-gym egquipment

Gloeckl et al. WEVG [n=37)  WBVG: resistance and strength exerases = 3 sessians per week for  WBVG showed miprovernent in funobanal
2017}, C6 (n=37L squats an a vibration platform. 12 weeks, totzling capacity when compared ta (&

Germany & resistznce and strength exercises + 35 sessions
squat exercises on the floor,

Gloeckl et al.  WEVG [n=24] WBVG: Balance traming on a full-bedy 3 sessians per week for  WBVG showed improvement i funstional
(F021}, CG [n=24} wibratan platfomy yresks, totaling & capacity and muscle power when compared to
Germany Control Group: balance training on SEEE|0NS. 4.

proprioception disc

WEVGE whaole body vibration group; CG: cantrol graup; Fi frequency; & amplitude; COPDx chronic nbstructive pulmonary disezse; GOLD: Global Initiativee For
Chirame Obstructivg Pulmonary Dissase; CRDG: chronic respreatony dissases quastonnaire; HRQoL: health-related quality of Ife; SGRD: Sairt Georgs Quality of
Life Questinnnaire; CAT: COPD Assesament Test: UL upger limb muscles: LU lawer limb muscles; BMWT: G-milnute walk test; FEV: farced expiratonrvalume in
15: WEV: whale body wibration; C54: Cress-sectional areas; MIP: Masmmum mspiratory pressure; MEP: Mammum expiratory pressure; MOD: Minimal Clinically

Important Differanca; TS5T: Timed Sit-to-Stand Tast.

These same authors carried out another study of Gloeckl
et al. (2021) measuring maximum strength through
isomelric knee extension, and [ound increases in both
the WBY group [35.1 (16.6 to 53.6), p=.001] and the
control group [25.9 (15.3-36.4) p < .001], but no differ-
ence was obssived betwesn them.

Quadriceps strength was asssssed by isomeiric
peak torque in the study by Salhi et al. (2015).
These authaors compared the WBY exercise group
with the group that performed resistance training,
and observed improvement in both groups[A WEV
group: 9 (-16-29); and RT gromp: 12 (-3-44),
p=.009), respeclively].

Maximum inspiratory (MIP} and expiratory pres-
sure (MEF) muscle strength were evaluated in a RCT
in a single study of Pleguszuslos et al. (2013). The
WBY group showed an increase in both MIP and
MEP ([5.0cm H;0 (2.1), p=.03] and [9.7cm H,
0O (2.2), p<.001]), respectively, compared to the
control group.

Glosck] =t al (2017, 2021). Salhi et al. (2015), and
Pleguezuelos =t al. (2013) have shown that both
whole body vibration (WBV)} groups and control
groups experienced strength gains. Of these studies,
three involved interventions in the control groups,
which included resistance and/or strength training

(Gloeclk] et al. (2017) and Salhi et al. (2015)), and
balance traiming (Gloeckl et al, 2021}, These results
indicate a tendency toward increased muscle
strength in the WBY groups, although they are not
superior to the exercise groups.

Health-related quality of life and health status
assessment

Quality of life mn the studies by Salhi et al. (2015)
and Gloeckl et al. (2012) was assessed using the
CRDQ). However, no diffsrence was observed in ths
questicnnaire scores when performing the meta-
analysig to combine the results of these studies
[1.13 95%CL (-1.24-3.51); p=.35]. According to
the results of the study by Salhu et al. (2015), it was
observed that 65% of patients in the WBV group
reached the minimum clinically important difference
(MCID) compared to 52% in the control group. In
the study by Gloeckl et al. (2012) both groups
demonstrated improvements in MCID after the
intervention, but no diflzrences were observad
between the groups.

The studies by Greulich et al. (2014) and
Spielmanns et al. (2017) used the CAT and SGRQ
to assess health status and HRQoL. Data from these
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Figure 2, (a) Risk-of-bias graph for included studies. (b) Risk-of-bias summary chart for included studies.

studies were aggrvegated and analyzed, as shown in
Figure 4B, and reflect a decrsase in instrument
scores in both groups, indicating improvement in
this cutcome. However, this decrease was more pro-
nounced in the control group.

Adverse effects

No serious adverse events were reported or observed in
patients who received the WBV exercise intervention in

the studies considered. The studies did not report other
possible adverse events,

Discussion

This review evaluated the results of studies involving
WBYV exercise on outcomes related to functional capa-
city, muscle strength and quality of life in patients
diagnosed with severe COPD. The mera-analysis
showed benefits in functional capacity assessed through
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Figura 3. (a) Forest plot the difference between the distance coverad () in the 6MWT before and after the intervention. (b} Forest plot
subgroup analysis of the difference between the distance covered (m} in the 6MWT before and after the intervention.

the distance covered in the 8MWT, although heteroge-
neity was observed between the studies and the adopted
protocols.

The studiss included in this review found gains of
over 35 meters following WRV exercise in patients
with advanced-stage COPD, which 15 considered
a clinically significant minimum difference in the
SMWT (Puhan =t al., 2008) for this disease
Howewver, their results were interpreted cautiously
due to the high heterogeneity found during their ama-
lysis, whach may be attributed to the different metho-
dological characteristics in their interventions and
contiol groups. Therefore, gains wers assessed based
on subgroups, with sxercise in their control group and
without associated exercises.

After analyzing a subgroup, 1t was discovered that
their performance in terms of distance covered was
betler than the gensral control greup. This could be
attributed to the cardiorespiratory adaptations that
weve promoted by WEY training, The changes in oxy-
gen saturation and heart rate (as suggested by
Fleguezuelos et al, 2013}, along with the alterations in

type Il muscle fibers resulting from WEBV twraining
(Furness and Maschette, 2009), played a significant
role in this improvement. This is sspecially trae when
compared fo individuals who did not recsive intsrven-
tions invalving physical exercise,

Muscle wealness in COPD worsens as the disease
progresses due to biological and biochemical processes
such as muscle remodeling, oxidative stress, and meta-
bolic disorders, leading te atrophy. weakness, and
reduced muscular resistance (Barreiro and Jaitovich,
2018; Chen et al., 2018).

Four out of the geven ttudies included in this
veview assessad the muscle strength of the lower
limbs (Glosckl et al., 2017, 2021; Pleguszuelos et al,
2013%; Salhi et al,, 2015), and found improvements in
muscle power, which may be related 1o neuromuscular
adaptations favored by WBV (Lamont et al, 2011).
The groups thal undzrwenl whele body vibration
{WEV) exercise reported improvements in their mus-
cle strength, However, their results were not signifi-
cantly better than the control groups that incorparated
physical exercises into thew interventions, involving
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Figure 4. {(a) Forest plot comparison between CRDQ scores after intervention. (b) Forest plot of subgroup analysis of HRQoL scores

assessed by the SGRO and CAT.

resistance and/or strength training (Gloeckl et al,
2017; Salhi =t al, 2015), and balance training
(Gloeckl et al., 2021).

The benefits of physical activity are well docu-
mented in the literature, which can include increased
muscle strength, reduction of exhaustion symptoms,
and deereased risk of exacerbations in patents with
severe COPD (Rochester et al, 2015). Howsver,
many of these patients have a low tolerance for
physical exercise, which can reduce adherence to
traditional rehabilitation programs (Maltais et al,
2014). In thiz systematic review, we observed
increases in muscle strength in pafients undsrgeing
WEV, Although these increases were not superior to
resistance training, they are clinically significant for
these individuals.

The strength changzs induced by whols-body vibra-
tion (WBWV) exercise seem to be related fo its ability to
increage muscle activation and effectively recruit
mator units {Miyara et al, 2022). Muscle contrachons
during vibration are triggered by passive stretch
rellexes (Cardinale and Rittweger, 2006), uotilizing
micromovements that enhance spinal reflex excitabil-
ity (Wirth, Zurfluh, and Muller, 2001}, Tt is suggested
that proprioceptive neuromuscular facilitation, tonic
vibration reflex, and incremsed contractile muscle

activities may be responsible for the physiological
changss inducad by WBY training (Zaidell, Mileva,
Sumners, and Bowtell, 2013). This modality can be
a ugeful alternative therapeutic option for patients
with low tolerance to physical exercize (Pleguernelos
et al. 2013),

While the studies do not show a clear advantage of
whele-body vibration (WEBV) group, it is worth noting
that the lower limb muscles are more affected than the
upper hmb muscles. Therefore, the improvements
observed could be considered significant from
a functional perspective. This is especially tiue as the
patients included in the siudy had a low tolerancs to
physical exertion and were in advanced stages of their
condition (Maltais et al,, 2014).

The quality of life of patients with zevere COPD iz
affected due to dyspnea intensity progressing, ths
decrease in functional capacity and the consequent
reduction in daily activity (Bouza et al,, 2020; Ceyhan
and Telunsoy Kartin, 2022). Braz Jumor et al. (2015}
found improvement in all domains assessed by the
SGRQ, indicating that WEV can be an ellective inter-
veniion in improving the quality of lifz in these patients
with severe airway obstruction. However, the studies
reviewed did not reveal substantial changes in HRQoL
for this group of patients, possibly as a consequence of



intrinsic factors {progressive deterioration of lung func-
tion and chronic dyspnea) or extrinsic factors (socio-
environmental condition and access to healtheare).

The studies used the CAT, SGRQ and CRDQ ques-
tionnaires to assess HRQoL and reported impeovements
1n some domains, but the findings were inconclusive
regarding the benefit of this exercise modality in
improving this ontcome (Glozckl et al, 2012; Greulich
et al., 2014; Salhi et al., 2015; Spielmanns et al., 2017).
Previous studies have identified the role of physical
training for this populadon, especially in relation io
functional capacity and activities of daily living (Lin
et al, 201%; Neunhauserer et al,, 2021), possibly becanse
it results in participating in functional daily activites
which improve the perception of quality of life
(Chuatrakoon et al, 2022).

Changes in HRQoL may be limited and affected in
some domains of these guestionmairss, especially in
advanced cases of the disease due to intrinsic restric-
tions cauged hy the disease progiession, greater propen-
sity for serious complications such as respiratory
infections and heart failure. In addition to these, other
factors need to be considered that influence quality of
life, such as access to healthcare, social supporl, socio-
ecgnomic eonditions, emotional state and adherence 1o
treatraent (loanna et al, 2011).

No adverse events were reported for patients with
severe  COPD  who underwent WBV  exsrcise.
Considering the low tolerance to efforts presented by
these patisnts, WBV exercise appears to be a safe exer-
cise modality at all frequencies, without causing dyspnea
or fatigue {Atalay, A, Bahtiyar, and G, 2022).

According to the smdies evaluated in this review,
WBV exercise for patients with severe COPD promaotes
an increase in the distanes eovered in the 6MWT and in
muscle strength, especially in the lower limbs. The find-
ings are associated with the potential of WBV exercise to
improve muscle strenpth, resulting in improved fune-
tional capacity. HRQoL was indirectly influenced by
WEBV exercise, however, these results require further
evidence. WBY exercise is an aliernaiive intervention
modality for patients with severe COPD who are intol-
erant to physical exertion, especially those exercises
provided by conventional pulmonary rehabilitation
programs {Ceyhan and Tekinsoy Kartin, 2022; O"Neill,
O'Donnell, and Bradley, 2019; Patsl et al,, 2019).

Limitations and future perspectives

The small sample size of each group represented in the
RCTs included in this review may have had limited
capacity to idemtify the results conmdered, especially
considering the COPD stage. The studies showed

considerable heterogeneity atributed 1o the different
experimental protocols used, which attenuated the
evidence for clinically relevant outcomes.
Additionally, the blinding of the studies was compro-
mised doz to the natare of the intsrvention, which
could have possibly been mimmized if the studies had
used a sham WBV group Furthermore, a meta-
analysis of muscle strength outcomes was not possible
due to wvariations in study designs and reported
measures,

Considering the advanced siage of the disease and the
patients who composed the sample submitted to WBV
exercise, and also that these patients have a clinical and
functional condition that limits basic actviites of life,
developing exercise protecols which promote muscle
strengthening with minimal effort and respiratory dis-
cornfort may be a useful alternative in clinical practice.
However, further stndies with a larger number of
patients need to be conducted to verify the effectiveness
of this type of treatment on muscle strength (periphesal
and respiratory) and HRQoL.

Conclusion

Ths present review demonstrated that WBY exzrcise is
a poteniial training modality for patients with
advanced-stage COPD, which presents significant lim-
itation in exercise capacity. The studies have shown var-
iations due to different experimental protocols, which
has weakenad the evidence for clinically relevant out-
comes. Despite this, whole body vibration (WBV) exer-
cise has still demonstrated effective improvements in
functional capacity. All studies evaluating it observed
increases in lower limb muscle strength; however, these
increases were not better than interventions involving
physical exercises. Furthermore, certain areas of health-
related quality of life (HRQoL) have shown benefits.
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Apresentagdo do Projeto:

Corresponde a um projeto de dissertagdo de Beatriz Luiza Marinho Cunha, sob a orientagio da Profa. Dra.
Patricia Erika de Melo Marinho, do Programa de Pos-Graduagao em Fisioterapia, do Centro de Ciéncias da
Sadde. O estudo visa avaliar a eficacia de um programa de exercicio de VCI sobre a forga muscular
respiratoria e periférica, capacidade funcional e qualidade de vida de pacientes com a COVID longa. Trata-
se de um ensaio clinico randomizado, duplo cego, controlado e dotado de sigilo de alocagao, para
distribuigdo de trés grupos de intervengio. Todos procedimentos serdo realizados no Laboratorio de
Fisioterapia Cardiopulmonar gue funciona no Departamento de Fisioterapia da Universidade Federal de
Pernambuco. Serdo incluidos oa individuos gue se recuperaram da COVID-19 nas formas moderada elou
grave, que requerem internamento hospitalar em enfermaria efou unidade de terapia intensiva, confirmados
pelo teste RT-PCR ou a sorclogia dos anticorpos IgA, IgM e 1gG, de ambos os sexos e com idade entre 30 e
70 anos. Serdo excluidos os pacientes gue aprezentarem hipertensao arterial ndo controlada: apresentem
comprometimento do aparelho neuro-musculo-esguelético gue prejudique a participagdo na avaliagdo ou ao
treinamento proposto; apresentem comprometimento cognitive gque impega a resposta aos gquestiondrios do
estudo; protese efou pinos e implantes metalicos em membros inferiores & marcapasso; mulheres gravidas;
fratura recente nao consolidada; risco de tromboembolismo; vertigens e labirintite; peso corporal acima de
120 Kg (carga maxima tolerada
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pela plataforma); que tenham participado de programas de exercicio apos o internamento hospitalar. O
recrutamento dos participantes sera realizado através de um informativo digital com os dados referentes ao
projeto, idealizado em forma de convite e os participantes poder8o recebé-lo através de ampla divulgagao

deste informativo em redes & midias sociais.

Objetive da Pesquisa:
Geral: Avaliar a eficacia de um programa de exercicio de VCI sobre a forga muscular respiratoria e

periférica, capacidade funcional e gualidade de vida de pacientes com a COVID longa.

Especificos:

- Avaliar a capacidade funcional antes & apos intervencio.

- Mensurar forga muscular inspiratana (Pimax) e expiratona (Femax), forca de preensdo manual dominante
g espessura do mosculo guadriceps dominante antes e apos intervencao.

- Analisar a qualidade de vida antes e apos intervencio.

- erificar mobilidade, equilibrio dinamico e desempenho funcional antes e apos intervencao.

Avaliagdo dos Riscos e Beneficios:

Foi pontuado como riscos: o desconforto da utilizagSo do gel sobre a pele do participante & a ligeira pressao
do transdutor do aparelho de ultrassonografia sobre a area examinada, o que sera minimizado através de
profissionais qualificados para realizag8o do exame, tornando o mais rapido e eficiente possivel; fadiga e
dispneia podem ocorrer durante o treinamento com VCI e avaliacdo fisica, e serdo utilizados a escala Borg
para guantificar a sensacdo de cansacgo e dispneia e o participante podera interromper os exercicios caso
sinta necessidade; sensacdo de cansago podera ser referida pelo participante durante a avaliaco fisica, ja
gue possui muitos pontos de coleta de dados devido aos seus testes funcionais e para minimizar tal
eventualidade, esta etapa sera realizada em trés dias tornando-se menos cansativa; risco de
constrangimento, & para minimizar os participantes serdo entrevistados em uma sala individualizada, com
profissionais gualificados e apenas estardo presentes o profissional e o paciente. Todos os instrumentos de
avaliagdo s3o de amplo conhecimento no meio cientifico & geram desconforto minimo relativo.

Os beneficios previstos serdo aqueles decorrentes de um programa de treinamento fisico, como: melhora do
condicionamento cardiovascular, da performance fisica, equilibrio e da forgca e espessura muscular
periférica, reduzindo o sedentarismo nesse grupo de pacientes, bem como melhora geral na qualidade de

vida, reducdo da fadiga e do risco de dispneia.
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Comentdarios e Consideragbes sobre a Pesquisa:
O projeto apresenta um referancial de literatura atual & de ampla descrigde. Os tdpicos cbrigatorios foram
discriminados.

Consideragoes sobre os Termos de apresentagdo obrigatoria:

Os termos estdo apresentados de forma coerente.

Conclusoes ou Pendéncias e Lista de Inadequagoes:

Mao ha pendéncias.

Consideragoes Finais a critério do CEP:

As exigéncias foram atendidas e o protocolo esta APROVADO, sendo liberado para o inicio da coleta de
dados. Conforme as instrugdes do Sistema CER/CONEP, ao término desta pesquisa, o pesguisador tem o
dever e a responsabilidade de garantir uma devolutiva acessivel e compreensivel acerca dos resultados
encontrados por meio da coleta de dados a todos os voluntarios que participaram deste estudo, uma vez
gue esses individuos tém o direito de tomar conhecimento sobre a aplicabilidade & o desfecho da pesquisa
da qual participaram.

Informamos gue a aprovacdo definitiva do projeto 56 serd dada apds o envio da NOTIFICACAD COM O
RELATORIO FINAL da pesguisa. O pesguisador devera fazer o download do modele de Relatdrio Final
disponivel em www.ufpe. bricep para envia-lo via Notificagdo de Relatorio Final, pela Plataforma Brasil. Apos
apreciacao desse relatdrio, o CEP emitird novo Parecer Consubstanciado definitivo pelo sistema Plataforma
Brasil.

Informamos, ainda, gue o (8) pesquisador (a) deve desenvolver a pesquisa conforme delineada neste
protocolo aprovado. Eventuais modificagbes nesta pesguisa devem ser solicitadas atraves de EMENDA ao

projeto, identificando a parte do protocolo a ser modificada e suas justificativas.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situacao
informagdes Basicas| PB_INFORMACOES BASICAS DO P 10/07/2023 Aceito
do Projeto ROJETO 2114579 pdf 21:55:23
Projeto Detalhado / |BROCHURA_CEP pdf 10/07/2023 |BEATRIZ LUIZA Aceito
Brochura 21:51:38 | MARINHO CUMHA

|Investigador
TCLE f Termos de | TCLE pdf 10/07/2023 | BEATRILZ LULZA Aceito
Assentimento / 214536 | MARINHO CUNHA
Justificativa de
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ANEXO B- ESCALA DE PERCEPCAO DE ESFORCO (BORG)

ESCALA DE ESFORCO PERCEBIDO
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