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RESUMO

MARCONI, Elo& Moreira. Exercicio de vibracao de corpo inteiro como intervencao ndo
farmacoldgica para melhorar a resposta funcional e reduzir a pressao arterial em individuos
hipertensos com osteoartrite do joelho e promover respostas relacionadas com
biomarcadores inflamatdrios em diferentes condig¢des clinicas. 2021. 104 f. Tese (Doutorado
em Fisiopatologia Clinica e Experimental) — Faculdade de Ciéncias Médicas, Universidade do
Estado do Rio de Janeiro, Rio de Janeiro, 2021.

A osteoartrite do joelho (OAJ) é uma doenca articular degenerativa que apresenta uma
inflamacéo cronica de baixo grau relacionada com o envelhecimento (Inflamm-Aging). Pode
estar associada com outras condi¢des clinicas como a hipertensdo arterial. A incapacidade
funcional é uma caracteristica importante da OAJ e pode atingir cerca de 20% das pessoas
com OAJ sintomatica, principalmente devido a fraqueza do quadriceps. O tratamento
farmacoldgico é indicado para a reducdo dos sinais e sintomas da OAJ e para o controle da
pressdo arterial (PA), no entanto, formas ndo farmacol6gicas de tratamento tem sido
sugeridas. O exercicio de vibracdo de corpo inteiro (EVCI) tem sido proposto como uma
intervencdo ndo farmacoldgica para essas condigcdes clinicas. Os objetivos desse trabalho
foram investigar se 0 EVCI poderia ser utilizado como uma ferramenta mais sustentavel para
melhorar a resposta funcional em individuos com OAJ, apresentar um efeito anti-hipertensivo
em individuos hipertensos com OAJ e sintetizar os efeitos dos EVCI nas respostas de
biomarcadores inflamatdrios (RBI) em diferentes condigdes clinicas. Foi realizado um estudo
experimental crossover de dois periodos (whashout 8 semanas). Dezenove individuos com
OAJ e hipertenséo controlada foram alocados em 2 grupos: (i) grupo submetido ao EVCI,
com deslocamento pico a pico de 2,5 a 7,5 mm, frequéncia de 5 a 14 Hz e pico de aceleragédo
de 0,12 a 2,95 g; (ii) grupo controle (0 Hz). Os participantes foram posicionados sentados em
uma cadeira em frente a plataforma vibratéria com os pés apoiados em sua base (2 x/semana,
durante 5 semanas). A afericdo da PA, o teste de sentar e levantar da cadeira 5 vezes (5CST) e
a eletromiografia de superficie dos muasculos Vasto Lateral foram avaliados antes e ap6s o
protocolo. Uma revisdo sistematica foi realizada seguindo as recomendacdes do Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) e foi registrada no
International Prospective Register of Systematic Reviews (PROSPERO). As pesquisas foram
realizadas utilizando 7 bancos de dados. Os resultados do estudo crossover mostraram que
ndo foram encontradas diferencas entre os grupos no baseline (antropometria, capacidade
funcional, parametros da PA e medicagdes). O EVCI reduziu a PA sistélica (p=0,02), a PA
média (p=0,02) e o tempo de execuc¢do do 5CST (p=0,018), enquanto ndo foram encontradas
diferencas na PA diastdlica (p=0,11) e no perfil eletromiogréafico. A revisdo sistematica
incluiu 4 ensaios clinicos randomizados que envolviam RBI e EVCI com diferentes
populacdes, protocolos e desfechos. Com base nos achados sobre os efeitos do EVCI nos
individuos com OAJ, foi possivel concluir que apenas 5 semanas de intervencdo em uma
postura confortavel apresentou um efeito anti-hipertensivo e melhorou a resposta funcional
nessa populacdo sem alteracdo da excitacdo muscular. Além disso, a revisdo sistematica
mostrou que o EVCI pode apresentar beneficios em condi¢fes inflamatorias através de
alteracdes nas RBI. Portanto, o EVCI poderia ser considerado uma ferramenta efetiva,
contribuindo para reduzir a necessidade farmacoldgica em diversas condigcdes clinicas,
melhorando a resposta funcional, reduzindo a PA em individuos hipertensos com OAJ e
promovendo respostas relacionadas com biomarcadores inflamatorios.

Palavras-chave: Exercicio de vibracdo de corpo inteiro. Osteoartrite de joelho.
Eletromiografia. Hipertensdo. Inflamacdo. Tratamento ndo farmacoldgico.



ABSTRACT

MARCONI, Elo& Moreira. Whole-body vibration exercise as a non-pharmacological
intervention to improve functional response and reduce blood pressure in hypertensive
patients with knee osteoarthritis and promote responses related to inflammatory biomarkers
in different clinical conditions. 2021. 104 f. Tese (Doutorado em Fisiopatologia Clinica e
Experimental) — Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de Janeiro,
Rio de Janeiro, 2021.

Knee Osteoarthritis (KOA) is a degenerative joint disease that presents a low-grade
chronic inflammation linked to aging (inflamm-aging) and may be associated with other
clinical conditions such as arterial hypertension. The functional disability is an important
characteristic of the KOA and can affect about 20% of people who have symptomatic KOA,
mainly due to the weakness of the quadriceps. Pharmacological treatment is usually used both
to reduce the signs and symptoms of KOA and to control blood pressure (BP), however, a
more sustainable form of treatment has been suggested. The whole-body vibration exercise
(WBVE) has been proposed as a non-pharmacological intervention for these clinical
conditions. The objective of this study was to investigate whether WBVE could be used as a
non-pharmacological tool to improve the functional response in KOA individuals, to present
an antihypertensive effect in hypertensive KOA individuals and to synthesize the effects of
WBVE on the inflammatory biomarkers response (IBR) in different clinical status. An
experimental crossover study of two periods (8 weeks washout) was carried out. Nineteen
KOA individuals and with hypertension were allocated into 2 groups: (i) group submitted to
WBVE, with peak to peak displacement from 2.5 to 7.5 mm, frequency from 5 to 14 Hz and
acceleration peak from 0.12 to 2.95g; (ii) group control (0 Hz). Participants were positioned
seated in a chair in front of the vibrating platform with their feet resting on its base (2 x/week,
for 5 weeks). The measurement of BP, 5-repetition chair stand test (5CST) and surface
electromyography of the vastus lateralis muscles were taken before and after the protocol. A
systematic review was carried out following the recommendations of the Preferred Reporting
Items for Systematic reviews and Meta-Analysis (PRISMA) and was recorded in the
International Prospective Registry of systematic reviews (PROSPERO). The searches were
realized using 7 databases. The results of the crossover study showed that no differences were
found between groups in the baseline (anthropometry, functional capacity, BP parameters and
medications). The WBVE reduced systolic BP (p=0.02), mean BP (p=0.02) and 5CST
execution time (p=0.018), while no differences were found in diastolic BP (p=0.11) and the
electromyographic profile. A systematic review included 4 randomized controlled trials
involving IBR after WBVE with different groups, protocols and outcomes. Based on the
findings on the effects of WBVE on individuals with KOA, it is possible to conclude that only
5 weeks of intervention with a comfortable posture showed an antihypertensive effect and
improved the functional response in this population without alteration of muscle excitation. In
addition, the investigation through systematic review showed that WBVE can be benefit in
management of inflammatory conditions through changes in IBR. Therefore, WBVE could be
considered a sustainable tool, contributing to reduce the pharmacological need in several
clinical conditions, improving functional response, reducing BP in hypertensive individuals
with KOA and promoting responses related to inflammatory biomarkers.

Keywords: Whole-body vibration exercise. Knee osteoarthritis. Electromyography.
Hypertension. Inflammation. Non-pharmacological treatment.
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INTRODUCAO

A osteoartrite do joelho (OAJ) é uma doenca que leva a incapacidade funcional
principalmente devido a dor, sendo o tipo de artrite mais prevalente em idosos (1-3). A
degradacdo da cartilagem com remodelacéo 6ssea, formacéo de ostedfitos, edema, baixa forca
muscular, estreitamento do espaco articular, inflamacéo, rigidez e perda da funcéo articular
podem estar presentes em individuos com OAJ (3,4). Além disso, é considerada uma doenca
sistémica, pois os fatores biomecénicos estdo acompanhados por um importante componente
inflamatorio, afetando todas as estruturas articulares e periarticulares (5,6). A OAJ também
pode ser associada a sindrome metabdlica (8), um importante fator de risco de mortalidade
precoce, caracterizada pelo agrupamento de fatores de risco cardiovascular (7), como a
obesidade (9), prevaléncia elevada de diabetes e aumento da pressdo arterial (PA) (7,10).
Alguns mecanismos podem ter influéncia sobre o elevado risco de doenga cardiovascular
entre os individuos com OAJ como: (i) presenca de inflamacdo crbnica de baixo grau
relacionada com o envelhecimento (inflamm-Aging) (11-13); (ii) presenca de adiponectinas e
outras citocinas pré-inflamatorias produzidas pelo tecido adiposo, no caso de individuos com
obesidade (5); (iii) alteracbes relevantes na matriz extracelular (14,15); (iv) dor e
incapacidade funcional que podem resultar em inatividade fisica (estilo de vida sedentario)
(16) e; (v) a associacdo com a presenca de PA elevada (17-19).

O tratamento farmacoldgico é recomendado para a reducédo dos sintomas relacionados
com a OAJ, assim como para outras comorbidades incluindo a hipertenséo (3,20,21), o que
leva esses individuos a um maior consumo de medicamentos, aumentando, assim, o custo de
vida. Além disso, a administracio de medicamentos pode gerar mais efeitos
adversos/colaterais para o individuo e para o meio ambiente e isto vem sendo trabalhado pela
“Quimica Verde” e a “Engenharia Verde” através do desenvolvimento de materiais e produtos
quimicos mais seguros através da avaliacdo do risco toxicologico tanto para 0 meio ambiente
qguanto para os consumidores (Green Toxicology) (22). No entanto, para se atingir uma
producdo sustentavel e segura de novos produtos quimicos, requer medidas importantes que,
no caso de compostos farmacéuticos, podem haver limitagdes na obtencdo de medicamentos
ecologicos que sejam seguros e eficazes, além de aumentar o custo final do produto para o
consumidor (22). Nesse contexto, uma boa estratégia seria investigar intervengdes nao

farmacoldgicas e de baixo custo para essa populagdo, como o exercicio fisico.
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O exercicio fisico tem sido prescrito como intervencdo ndo farmacoldgica tanto para
reduzir os sintomas relacionados com a OAJ quanto para controlar a PA (3,23). A maioria das
intervencdes incluidas em programas de reabilitacdo neuromuscular é baseada em exercicios
resistidos, promovendo a melhora da capacidade funcional em individuos com OAJ (24),
mostrando que a fungdo neuromuscular é relevante no desenvolvimento e na progressdo da
doenca (25,26). No entanto, muitas intervencGes podem levar a exacerbagdo dos sintomas e
crises de dor nessa populacdo (27). Dentre as diversas modalidades de exercicios propostas
para individuos com OAJ, o exercicio de vibragédo de corpo inteiro (EVCI) tem sido sugerido
por apresentar respostas relevantes relacionadas com a reducdo dos principais sintomas da
doenca como: diminuicdo do nivel de dor (28,29), melhora da funcdo do joelho (funcéo
neuromuscular, flexibilidade, poténcia e for¢ca muscular) (25,29-31) e reducdo de
biomarcadores inflamatérios (32).

O EVCI é realizado através de uma plataforma vibratdria (PV) que transmite vibrages
mecanicas a todo o corpo de um individuo que estd em contato sobre a sua base (33-37). Esse
estimulo vibratério produz respostas fisicas e/ou fisiologicas (38) como: (i) a excitacdo
vibratdéria dos fusos musculares e 0 aumento da sincronizacdo da unidade motora (35,39)
elou; (ii) producédo ou inibicdo de biomarcadores inflamatorios e hormonais (32,40-42). Por
isso, 0 EVCI pode ter uma importante aplicabilidade clinica no tratamento de diferentes
doencas como por exemplo: (i) OAJ (28,43), (ii) sindrome metabdlica (44), (iii) doenca
pulmonar obstrutiva cronica (45), (iv) fibromialgia (42,46,47) e (v) obesidade (48).

Uma das limitagdes mais comuns relatadas pelos individuos com OAJ é o levantar de
uma cadeira devido a um comprometimento importante do quadriceps (49), por isso, o teste
de sentar e levantar da cadeira 5 vezes (5-CST) tem sido usado para avaliar a capacidade
funcional e a mobilidade desses individuos (50-52). Uma outra avaliacdo importante é a
deteccdo do potencial elétrico resultante da corrente transmembrana das fibras musculares
(excitacdo muscular) atravées da eletromiografia de superficie (SEMG), pois mede a atividade
muscular e pode fornecer informagdes sobre as respostas neuromusculares aos exercicios e ao
envelhecimento (53,54). Além disso, como as pessoas com OAJ tém maior probabilidade de
desenvolver hipertensdo, podendo apresentar 13% mais chance de desenvolver a doenca do
que individuos sem OAJ, a monitorizacdo da PA e o tratamento da hipertensdo nesses
individuos (55) é muito importante.

A hipotese desse estudo é que o EVCI pode ser utilizado como uma intervencdo nao

farmacoldgica, ou seja, uma ferramenta mais sustentavel para melhorar as respostas funcional
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e neuromuscular e apresentar um efeito anti-hipertensivo em individuos hipertensos com OAJ
e, além disso, ter um efeito anti-inflamatdrio em diversas condigdes clinicas.

Para uma melhor compreensdo e possiveis esclarecimentos quanto ao contetdo do
estudo esta tese foi estruturada em duas partes. A primeira parte apresenta uma breve revisdo
da literatura com os elementos que fazem parte do contexto da tese. A segunda parte
apresenta a metodologia aplicada para a realiza¢do do ensaio clinico e da revisdo sistematica,
bem como os resultados encontrados referentes a capacidade funcional de membros
inferiores, o comportamento neuromuscular do musculo vasto lateral (VL) durante o 5-CST e
ao efeito anti-hipertensivo do EVCI em individuos com OAJ, além de uma sintese sobre a
acdo anti-inflamatdria do EVCI em diversas condigdes clinicas.
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1 OBJETIVOS

1.1 Objetivo geral

Avaliar efeitos do EVCI na capacidade funcional de membros inferiores, no
comportamento neuromuscular do muasculo VL durante o 5-CST e na PA de individuos
hipertensos com OAJ, alem de investigar a agdo anti-inflamatéria do EVCI em diferentes

condicdes clinicas.

1.2 Objetivos especificos

a) Medir a capacidade funcional dos membros inferiores pelo 5CST em individuos com
OAJ submetidas ao EVCI,

b) Quantificar a eficiéncia do musculo VL (bilateral) por meio da SEMG durante 0 5CST
em individuos com OAJ antes e ap6s 0 EVCI;

c) Verificar a resposta da PA de individuos hipertensos com OAJ submetidos ao EVCI;

d) Elaborar uma revisdo sistematica sobre os efeitos do EVCI nas respostas de

biomarcadores inflamatérios (RBI) em diferentes condi¢des clinicas.
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2 REVISAO DA LITERATURA

2.1 Osteoartrite do joelho

2.1.1 Fisiopatologia da osteoartrite do joelho

A OAJ é uma doenca que envolve uma série de fatores complexos que comprometem
a articulacdo do joelho. Embora a degradacéo da cartilagem articular seja a caracteristica mais
notavel da doenca, todas as estruturas peri e intra articulares (sindvia, ligamentos, musculos e
0sso subcondral) também sdo afetadas (7,56). Além de fatores estruturais, componentes
inflamatorios e metabdlicos, incluindo sinovite ativa e inflamacgdo sistémica, também
desempenham um papel fundamental na patogénese da doenca (7,56).

Até o presente momento ndo existe uma cura para a OAJ (56), pois existem fatores
ndo modificaveis que podem facilitar a instalacdo ou progressdao da doenca como: idade
avancada, género (mais comum em mulheres) e influéncia genética (OAJ primaria) (7,56).
Entretanto, quando a OAJ se instala ap6s algum trauma ou devido a comorbidades (OAJ
secundaria), pode apresentar alguns fatores modificaveis que, quando melhorados podem
estabilizar ou impedir a progressdo da doenca como: lesdo articular, fraqueza muscular,
inatividade fisica, desalinhamento articular, movimentos viciosos (7,56). Além disso, dentre
os fatores de risco sistémico existem algumas comorbidades como a obesidade e a sindrome
metabolica (7,56).

Um dos mecanismos de acdo que contribuem para a instalacdo e progressao da OAJ é
0 estresse biomecanico, pois gera um desequilibrio entre a destruicdo e o reparo dos tecidos
das estruturas articulares (7,57). A cartilagem articular € um tecido conjuntivo flexivel e
mecanicamente complacente, encontrado na extremidade dos ossos longos (articulagdo do
joelho), cuja principal funcéo é proporcionar uma superficie lisa e lubrificada para facilitar a
transmissdo de cargas com baixo coeficiente de atrito (57). Entretanto, quando ocorre um
estresse fisico intensivo e repetitivo, a cartilagem articular pode néo tolerar esse excesso de
carga, sofrendo erosbes superficiais que mais tarde tornam-se fissuras mais profundas
seguidas por expansdo da zona de cartilagem calcificada (osteéfitos) (7,57). Nesse caso, a

cartilagem articular acaba sendo incapaz de curar-se, pois apresenta um processo de
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remodelamento extremamente lento em adultos, podendo levar até 2 décadas (os condrécitos
substituem as macromoléculas da matriz degradada por componentes recém-sintetizados)
(57). Outro mecanismo de acdo possivel seria que a cartilagem degradada induziria a uma
reacdo de corpo estranho dentro das células sinoviais, podendo levar a producdo de
metaloproteases, angiogénese sinovial e producdo de citocinas inflamatorias (56). Isso poderia
causar mais destruicdo da cartilagem criando um ciclo degenerativo. Outra possibilidade seria
que, na tentativa de reparar as pequenas lesdes causadas pelo estresse articular, os condrocitos
hipertréficos aumentariam sua atividade sintética e com isso acabariam gerando produtos de
degradacdo da matriz extracelular e mediadores pro-inflamatdrios, agindo na sindvia
adjacente hipertrofiando o tecido e aumento vascularizagéo local (7).

O estresse, ou aumento da carga articular pode ser agravado pela fraqueza muscular
naturalmente presente nos idosos devido a diminuicdo dos horménios sexuais, disfuncbes
mitocondriais e apoptoses que acarretam uma perda de massa muscular relacionada com a
idade (sarcopenia) (58,59). Outro fator que pode aumentar o estresse ou aumentar a carga
articular é a obesidade e o sobrepeso, que nesse caso, também apresenta uma inflamacéo
sistémica, aumentando o risco para o desenvolvimento da OAJ (56). Kanthawang et al., 2020
(60) observaram uma alta correlagéo entre a degeneracgéo estrutural do joelho, degeneracédo da
composicdo da cartilagem e aumento do nivel de dor com o aumento de biomarcadores de
inflamac&o sinovial em individuos com obesidade e sobrepeso. Yusuf et al., 2010 observaram
uma associacao entre 0 aumento da massa corporal e o desenvolvimento de osteoartrite nas
méos, sugerindo gque outras consequéncias da obesidade poderiam estar relacionadas com a
doenca além da sobrecarga articular, possivelmente por meio da leptina e outras adipocinas
(61). Rajandran et al., 2020 observaram associagdes entre biomarcadores pré-inflamatorios e
varias caracteristicas da OAJ pela ressonancia nuclear magnética no estagio inicial da doenca
(62). Alguns estudos mostraram um envolvimento direto de tecidos adiposos locais e
sistémicos no inicio e na progressdo da OAJ (63,64), o que justificaria a associacdo da OAJ
com risco de desenvolvimento de doenca cardiovascular (aterosclerose, obesidade, sindrome
metabolica, diabetes e hipertensdo arterial) (7—10,55).

As disfuncBes do sistema imunoldgico relacionadas com a idade (imunossenescéncia )
e sua intima relagdo com a inflamagdo de baixo grau relacionada com o envelhecimento
(Inflamm-Aging) também podem justificar a alta incidéncia de OAJ em individuos mais
velhos (11). O fato de ambas (imunossenescéncia e Inflamm-Aging) apresentarem uma
resposta a uma situacdo de estresse fisiolégico demonstra a forte relacdo existente entre o

sistema imune e a presenca de respostas pré-inflamatorias relacionadas com o envelhecimento
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(11). Normalmente, estimulos gerados por estressores antigenos cronicos provocam uma
resposta imune no organismo de individuos jovens, porém essa resposta se apresenta mais
fraca em individuos idosos com sinais de imunossenescéncia e Inflamm-Aging, contribuindo

para uma maior incidéncia de doencas infecciosas ou mesmo crénico-degenerativas (11).

2.1.2 Diagnostico

O diagnostico da OAJ € clinico, baseado nos sintomas (dor, breve rigidez matinal e
limitacBes funcionais) e em um exame fisico especifico (crepitacdo, movimento limitado ou
doloroso, sensibilidade articular e edema) (7,56). Exames de imagem e laboratoriais ndo sdo
necessarios, porém podem ser considerados no caso de haver suspeita de outros diagnosticos
(7,56). No caso da OAJ, o critério de Ahlback pode ser realizado para determinar o grau de
degradacdo articular através de uma radiografia simples (65), e foi utilizado no presente

estudo para identificar e classificar o desgaste estrutural da articulacdo do joelho (Figura 1).

Figura 1 — Classificacdo adaptada do grau de osteoartrite do joelho pelo Critério de Ahlback.
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2.1.3 Tratamento

O tratamento da OAJ pode ser farmacoldgico, ndo-farmacologico ou cirargico quando
necessario, porém, como até o presente momento nao existe cura, € baseado na atenuacao dos
sinais e sintomas da doenca, bem como na reducdo dos fatores de risco modificaveis como
reducdo da obesidade e sobrepeso e fortalecimento muscular e o tratamento ndo-
farmacoldgico é altamente incentivado (3,7,56,66—71).

O tratamento da OAJ ndo é proposto isoladamente por um Unico profissional,. envolve
uma equipe multiprofissional composta por uma variedade de prestadores de servigos de
salde como: clinico geral, reumatologista, ortopedista, terapeuta ocupacional e fisioterapeuta
(71). Existe uma variedade de diretrizes para 0 manejo de individuos com OAJ (3,66-71). O
American College of Rheumatology & Arthritis Foundation sugere que a maioria dos
pacientes com OAJ pode se beneficiar do encaminhamento para fisioterapia em varios
momentos durante o curso de sua doenca devido a incorporacdo de diversos recursos
terapéuticos para a diminuicdo do nivel de dor e 0 aumento da capacidade funcional desses
individuos, incluindo o exercicio fisico (3,7,56). Embora nem todas as recomendacfes das
diretrizes atuais de OAJ estejam dentro do escopo da pratica de fisioterapia, o exercicio fisico
tem se destacado como tratamento ndo farmacolégico para individuos com OAJ, estando
associado a melhores resultados quando supervisionado (3,56). Dessa forma, essas diretrizes
destacam o importante papel dos fisioterapeutas, sendo muitas vezes essencial para o inicio e
para a manutencao adequada do exercicio fisico no manejo dessa doenca (3,66-71).

Existe uma gama de modalidade de exercicios fisicos que demonstram reduzir
efetivamente a dor e melhorar a funcdo na OAJ, por esse motivo, todos os pacientes devem
ser incentivados a considerar alguma forma de exercicio fisico como parte central do seu
plano de tratamento (3,7,56). Porém, os beneficios clinicos tendem a declinar ao longo do
tempo devido a baixa adesdo (20,71). Embora ndo exista um nivel de dor estabelecido para
avaliar se um paciente deva ou ndo fazer exercicio fisico, a dor e a incapacidade funcional
podem ser importantes barreiras na participacdo do individuo com OAJ em um programa de
exercicios fisicos (3). Dessa forma, é recomendavel uma abordagem compartilhada entre o
profissional e o paciente em relacdo a quando iniciar um programa de exercicios fisicos
concentrando a indicacdo nas preferéncias e no acesso do paciente ao tratamento (3). Fransen
et al., 2015 (72) mostraram em uma revisao sistematica que o exercicio fisico € capaz de

melhorar a dor e melhorar a capacidade funcional de individuos com OAJ, apoiando essas
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recomendacdes por meio de uma evidéncia de alta qualidade metodoldgica. Além disso, 0s
exercicios fisicos promovem muitos outros beneficios & saude, estando diretamente
relacionados com o tratamento e/ou prevencdo de comorbidades associadas com a OAJ como:
(i) obesidade (73), (ii) hipertensdo arterial (74) e (iii) fragilidade e sarcopenia em idosos (75).

A PV é um dos recursos que pode ser utilizado pelo fisioterapeuta, sendo estabelecido
como estratégia terapéutica pelo Conselho Federal de Fisioterapia e Terapia Ocupacional
(COFFITO) através da Resolucdo n° 482 (abril de 2017). Nesse contexto, 0 EVCI pode ser
introduzido no tratamento de individuos com OAJ como uma modalidade de exercicio fisico
(35,37,38). Estudos mostram que o EVCI pode trazer beneficios, ndo s6 para individuos com
OAJ como para as comorbidades associadas como: (i) estimular respostas imunolégicas,
metabolicas e miocinérgicas favoraveis em individuos obesos e com peso normal (76), (ii)
reducao do nivel de dor e melhora da capacidade funcional em individuos com OAJ (29), (iii)
melhora na velocidade de marcha, mobilidade funcional e reducdo do risco que quedas em
idosos (77).

2.2 Exercicios de vibracado de corpo inteiro

O EVCI, no sentido fisico, é caracterizado por uma oscila¢do forcada do corpo, onde a
energia € transferida de um atuador (PV) para um ressonador (corpo humano). Portanto, o
EVCI ¢ obtido devido a transmissdo de vibra¢fes mecanicas ao corpo todo de um individuo
gue posiciona uma regido do corporal sobre a base de uma PV em funcionamento (33-37).

Para se obter uma linguagem comum e uso consistente de terminologias, Rauch et al.,
2010 e, mais recentemente Wuestefeld et al., 2020 publicaram diretrizes para estudos sobre o
EVCI (33,78).

As vibragGes mecanicas produzidas por uma PV séo definidas como um movimento
oscilatdrio sinusoidal determinista (33,34,37). Para descrever uma vibracdo sinusoidal, é
necessario fornecer informacdes sobre a frequéncia (f) e a extensdo da vibracdo. A f é
expressa em hertz (Hz). Ela representa o numero de ciclos (periodo de dura¢do de uma onda)
por unidade de tempo, que neste caso € o segundo (s). A extensdo da vibragcdo pode ser dada
como o deslocamento pico a pico (D) que é a medida entre os valores correspondentes aos
pontos maximo e minimo do ciclo e & expresso em milimetros (mm). A amplitude (A),

também expressa em mm, e corresponde & metade do D (33,34,37) (Figura 2).
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Figura 2 — Representacdo da vibracdo mecanica com movimento sinusoidal
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Fonte: Extraida e adaptada de Rauch et al. 2010 (33).

Para identificar a magnitude da vibracdo mecéanica que é transmitida para o corpo e
facilitar as comparacdes entre os estudos, também é recomendado fornecer a aceleracdo de
pico (apico) em mltiplos da aceleracdo da gravidade da Terra (simbolo: g; 1 g = 9,81 ms™).
Dessa forma, pode-se considerar um exercicio de baixa intensidade se a ayic, for <19 e de alta
intensidade se a apico for >1g (79). A apico pode ser matematicamente derivado da f e do D

utilizando a seguinte equacéo:
apico=2 x> X x D (33,35)

Além desses parametros biomecanicos, o tempo de trabalho intercalado com o tempo
de repouso, o posicionamento do individuo e o tipo de PV utilizada (movimento alternado ou
vertical), sdo fundamentais para a elaboracdo de um protocolo de EVCI (33,34). No caso da
PV com movimentos alternados, o posicionamento dos pés precisam ser bem definidos, pois o
D dependera da distancia entre eles, visto que quanto mais distante do eixo central, maior é o
D (33-35,37). A quantidade de sessdes, a periodicidade (Ex. quantas vezes por semana), bem
como 0 numero de repeticdes do tempo de vibragdo em uma sessdo também séo essenciais
para a elaboragdo do protocolo. Considerando as inUmeras combinagdes entre os parametros

descritos acima, é viavel que exista uma grande variedade de protocolos de EVCI. Dessa
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forma, os estudos devem fornecer detalhes precisos da intervencdo para se ter maior

confiabilidade e capacidade de reprodutibilidade.
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3 MATERIAL E METODOS

3.1 Questoes éticas

Para a investigacdo dos efeitos dos EVCI nos individuos com OAJ, foi realizado um
estudo clinico submetido e aprovado pelo Comité de Etica em Pesquisa em seres humanos do
Hospital Universitario Pedro Ernesto (HUPE), Universidade do Estado do Rio de Janeiro
(UERJ) (CAAE 19826413.8.0000.5259) (Anexo-A) e no Registro Brasileiro de Ensaios
Clinicos (REBEC) (RBR-7dfwct) (Anexo-B).

Os procedimentos realizados foram considerados ndo invasivos, isentos de riscos
evidentes e todos os participantes do estudo foram orientados e tomaram conhecimento da
pesquisa e através da leitura e assinatura do Termo de Consentimento Livre e Esclarecido
(TCLE) antes de iniciar qualquer procedimento (Anexo-C).

A realizacdo deste trabalho contou com auxilios de projetos aprovados pela Fundagédo
de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ), pelo Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq) e pela Coordenacdo de Aperfeicoamento
de Pessoal de Nivel Superior - Brasil (CAPES) - codigo 001.

3.2 Critérios de inclusao

Foram incluidos no presente estudo, individuos de ambos 0s sexos em
acompanhamento no Servico de Ortopedia do HUPE, com diagndstico de OAJ (Grau 2 e 3
pelo critério de Ahlback) (65), idade > 60 anos.

3.3 Critérios de exclusao

Pacientes foram excluidos quando apresentaram no momento da avaliagdo:

hipertensdo arterial sem tratamento, doenca neuroldgica que gerasse “medo” aos movimentos
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na PV, doenca clinica grave ou incapacitante, ou que ndo concordaram em assinar o TCLE ou

a critério do investigador.

3.4 Desenho do estudo

Foi desenvolvido um estudo transversal, pseudorandomizado, intervencionista e cross-
over (dois periodos) (80). Apds uma triagem inicial, os participantes elegiveis foram
aleatoriamente designados por ordem de chegada para o primeiro periodo do protocolo em
dois grupos: (i) grupo submetido ao EVCI (GV) ou (ii) grupo controle (GC). Posteriormente,
0s grupos foram trocados para o segundo periodo de intervencdo. Cada periodo teve uma
duragdo de 5 semanas (2 dias por semana com pelo menos 48 h de descanso entre cada
sessdo) e foi separado por um washout de 8 semanas para permitir a eliminacao sistémica total
da vibracdo mecéanica com base em uma investigacdo anterior (81). Os dados foram coletados
no inicio e no final do protocolo (apds 5 semanas) sempre no mesmo horario (£ 1 hora), pela
manh&. Os participantes foram solicitados a manter os anti-hipertensivos e a ndo modificar
seus habitos de vida durante o estudo.

Para cada condicdo investigada foi realizado um célculo amostral, descrito nos

respectivos artigos e apresentados nos resultados dessa tese.

3.5 Participantes do estudo

Os participantes deste estudo foram diagnosticados com OAJ de acordo com o Critério
de Ahlb&ck (65) por medicos especializados, no ambulatério de ortopedia do HUPE. Apds a
confirmacdo do diagndstico, os pacientes foram convidados a participar do estudo. Aqueles
que concordaram foram encaminhados para o Laboratério de Vibragbes Mecénicas e Praticas
integrativas (LAVIMPI), localizado no Departamento de Biofisica e Biometria do Instituto de
Biologia Alberto Alcantara Gomes, onde foram avaliados de acordo com os critérios de

incluséo e exclusdo, receberam orientacdes e assinaram o TCLE.
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3.6 Intervencéo

O protocolo teve uma duracdo de 5 semanas, onde 0s participantes eram submetidos
ao EVCI 2 vezes por semana, com no minimo 48h de intervalo entre as sessdes, totalizando
10 sessdes. Caso 0 participante ndo comparecesse, a Sessdo era remarcada para a mesma
semana ou semana subsequente de forma que esse intervalo ndo ultrapassasse quatro dias,
dessa forma as dez sessbes puderam ser finalizadas.

Os participantes foram submetidos a vibracdo mecénica por meio de uma PV do tipo
alternada (Novaplate fitness evolution, DAF Produtos Hospitalares Ltda, de procedéncia da
Estek As, Sdo Paulo) (Figura 3).

Figura 3 - Plataforma vibratoria do tipo alternada utilizada no estudo.

Fonte: A Autora, 2020

Durante o EVCI, os pacientes ficavam sentados em uma cadeira posicionada na frente
da PV com os pés descalcos sobre a base da mesma e com as maos apoiadas nos joelhos. Esse
posicionamento das maos foi essencial para que houvesse melhor transmissédo da vibragdo

mecanica para o corpo inteiro (Figura 4).
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Figura 4 - Posicionamento do participante para a realizacdo do EVCI.

Legenda: As setas pontilhadas demonstram a decomposi¢do da vibragdo mecénica para todo o
corpo.
Fonte: A Autora, 2020.

Para uma padronizacdo do posicionamento, a base da PV foi demarcada previamente
onde os participantes deveriam manter os pés durante as sessdes onde foi estabelecido um D
de 2,5, 5,0 e 7,5 mm (Figura 5). Em cada sessao, o participante realizou 3 min de vibragcdo em

cada D com 1 min de repouso entre elas.

Figura 5 — Demarcacdo do deslocamento pico a pico na base da plataforma vibratoria.

Legenda: O deslocamento pico a pico (D) modifica de acordo com o posicionamento dos pés. a) D= 2,5
mm. b) D= 5,0 mm. ¢) D= 7,5 mm.
Fonte: A Autora, 2020.

A fvariou de 5 a 14 Hz (apico variou de 0,129 a 2,95g) conforme mostrado na Tabela 1.

O GC realizou 0 mesmo protocolo, porém com a PV desligada (0 Hz e D=0).
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Tabela 1 — Variagdo da frequéncia e da aceleracdo de pico de acordo com o

deslocamento pico a pico em cada sessao.

Sessédo f (Hz) 2ico (0)
D=2,5mm D=5,0 mm D=7,5mm

1 5 0,12 0,25 0,35
2 6 0,18 0,36 0,54
3 7 0,24 0,49 0,73
4 8 0,32 0,64 0,96
5 9 0,40 0,81 1,22
6 10 0,50 1,00 1,50
7 11 0,60 1,21 1,82
8 12 0,72 1,44 2,17
9 13 0,84 1,69 2,54
10 14 0,98 1,97 2,95

Legenda: f — frequéncia. Hz — hertz. ayc, — aceleracdo de pico. g — multiplo da gravidade. D —

deslocamento pico a pico. mm — milimetro.

Fonte: A Autora, 2020.

3.7 Avaliacoes

3.7.1 Presséo arterial

A PA e os dados antropométricos foram medidos em uma sala com temperatura

controlada (22 a 25 °C) e silenciosa. Utilizou-se uma balanca digital (WelmyTM, S&o Paulo,

SP Brasil) para medir a massa corporal (kg) e um estadidmetro de parede (American Medical

do Brasil, Sdo Paulo, SP, Brasil) para medir a altura (cm). Antes do inicio do protocolo

(primeira sessdo), a PA sistdlica (PAS) e a PA diastolica (PAD) foram medidas no brago

esquerdo, na posicdo sentada, usando um dispositivo automatico (dispositivo Omron 705IT;

OmronTM Healthcare Co., Kyoto, Japdo) ap6s 10 minutos de descanso. A PAS e PAD

também foram medidas imediatamente apos a Gltima sesséo. Trés medidas em intervalos de 1

minuto foram coletadas e a média dos trés valores foi considerada. A PA média (PAM) foi
calculada usando a equacdo PAM = (PAD.2) PAS/3 (82).
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3.7.2 Capacidade funcional

O 5CST foi utilizado para avaliar a mobilidade funcional e a forca muscular dos
membros inferiores. Os participantes foram instruidos a sentar em uma cadeira, com as costas
retas totalmente apoiadas em seu encosto, 0s bragos cruzados sobre o peito e 0s pés
totalmente apoiados no chéo e afastados aproximadamente na largura dos ombros. Iniciando
na posicao sentada, os individuos foram orientados a se levantarem completamente da cadeira
e depois retornarem a posicado inicial o mais rapido possivel por cinco vezes seguidas. Com 0
auxilio de um cronémetro (Cronobio SW2018, Brasil), o avaliador mediu o tempo (segundos)
que os individuos precisaram para realizar cinco subidas o mais rapido possivel, sem 0 uso
dos bragos (83). Este teste foi realizado antes e ap6s a realizacdo das 5 semanas de

intervencao.

3.7.3 Eletromiografia de superficie

A eletromiografia de superficie (SEMG) é uma ferramenta néo invasiva para deteccéo
do potencial elétrico resultante da corrente transmembrana das fibras musculares (excitacao
muscular). Pode ser usada para medir a atividade muscular e pode fornecer informacdes sobre
as respostas neuromusculares a exercicios, envelhecimento e doengas como KOA (53,54).
Para registrar a atividade SEMG do musculo VL durante o 5CST, a pele foi raspada e limpa
com alcool a 70% e a pele morta foi removida antes da colocacdo do eletrodo, de acordo com
as recomendacOes do Surface ElectroMyoGraphy for the Non-Invasive Assessment of Muscles
(SENIAM) (84). Os eletrodos foram colocados sobre o ventre muscular paralelamente as
fibras dos musculos VL direito e esquerdo. O eletrodo de referéncia foi anexado ao processo
espinhoso C7. Os sinais de SEMG foram coletados em microvolts (EMG832WF,
EMGSystem, Sao Paulo, Brasil) usando eletrodos bipolares de Ag/AgCl de superficie passiva
e auto-adesivos (Miotec Equipamentos biomédicos, Porto Alegre, Brasil). Um filtro passa-
alto de 20 Hz e um filtro passa-baixo de 500 Hz foram usados para minimizar a interferéncia
com ruidos de baixa frequéncia originados por movimentos indesejados de cabos e eletrodos.
Para determinar a estimulacdo do VL foi utilizado um eletromiografo com frequéncia de

amostragem ajustada em 2000 Hz. O perfil eletromiografico do VL foi avaliado durante o
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5CST (do movimento inicial de levantar até o ultimo movimento de levantar) antes e apds o
protocolo (5 semanas), e a raiz quadrada média (RMS) (uV) foi calculada pelo software (Tool
Box BR V1.0, EMG System do Brasil LTDA). A andlise foi realizada com base na medida
RMS (uV) fornecida pelo software do equipamento.

3.8 Analise estatistica

As andlises estatisticas utilizadas para cada variavel do estudo crossover sobre o efeito
do EVCI em individuos com OAJ estdo descritas nos artigos publicados. Ambos serdo

apresentados nos resultados dessa tese.

3.9 Revisdo sistematica sobre os efeitos do EVCI nas respostas de biomarcadores

inflamatorios.

A revisdo sistemética foi elaborada seguindo as recomendacGes do Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) (85) e registrada no
International Prospective Register of Systematic Reviews (PROSPERQO) (CRD42020187943).
A pesquisa foi feita em 20 de maio de 2020 e repetida em 30 de dezembro de 2020, em sete
banco de dados (Physiotherapy Evidence Database - PEDro, Medline/PubMed, Web of
Science, SPORTDiscus, The Cochrane Library, Cumulative Index to Nursing and Allied
Health Literature — CINAHL e Scopus). As estratégias de busca utilizadas foram: (i)
Medline/Pubmed - (((("inflammation™[All Fields]) OR (“inflammatory disease*"[All Fields]))
OR ("inflammatory marker*"[All Fields])) OR ("inflammation"[MeSH Terms])) AND
((("whole body vibration"[All Fields]) OR ("wbv"[All Fields])) OR ("vibration"[MeSH
Terms])); (i) Scopus - ((TITLE-ABS-KEY (“"whole body vibration™) OR TITLE-ABS-KEY
(wbv))) AND ((TITLE-ABS-KEY (inflammation) OR TITLE-ABS-KEY (“inflammatory
disease*") OR TITLE-ABS-KEY (“inflammatory marker*"))); (iii) Web of Science -
(TS=("inflammation™) OR TS=("inflammatory disease*") OR TS=("inflammatory marker*"))
AND (TS=("whole body vibration") OR TS=(wbv)); (iv) The Cochrane Library -

((inflammation):ti,ab,kw OR (“inflammatory disease™):ti,ab,kw OR ("Inflammatory
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marker™):ti,ab,kw") AND (("whole body vibration™):ti,ab,kw OR (“wbv"):ti,ab,kw"); (V)
SPORTDiscus and CINAHL - (whole body vibration or whole-body vibration or wbv) AND
(inflammation or inflammatory or inflammatory marker) e (vi) PEDro — (a) whole body
vibration or WBV and inflammation; (b) whole body vibration or WBV and inflammatory.

Todos os estudos incluidos foram ensaios clinicos randomizados, ou seja, com nivel de
evidéncia LIl pelo National Health and Medical Research Council (NHMRC) (86). A
qualidade metodoldgica foi classificada usando a escala PEDro (87,88) e o risco de viés foi
avaliado através da ferramenta Cochrane Collaboration's (89,90).

Todas as etapas desta revisdo sistematica 0s seus achados estdo detalhados na secédo de

resultados desta tese.
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4 RESULTADOS

4.1 Efeito do EVCI na capacidade funcional de individuos com OAJ pelo perfil

eletromiografico do musculo VL durante o 5CST.

Nesta tese sera apresentado um artigo publicado em 23 de junho de 2020, na revista
Applied Sciences, Fator de Impacto de 2,474 pelo Journal Citation Reports™ (JCR), que
apresenta os resultados relacionados com a aquisicao de informagdes sobre o efeito do EVCI
nas respostas funcionais avaliadas pela EMGs durante o 5-CST em um protocolo especial no
qual os individuos com OAJ estdo sentados em uma posi¢do confortavel em uma cadeira
auxiliar.

Dezenove participantes realizaram a SEMG durante o 5CST, em ambos os musculos
VL, antes e apds o protocolo de 10 sessdes de EVCI em uma postura confortavel. Houve uma
melhora da capacidade funcional com uma diminui¢do no tempo de execucdo do 5CST no
grupo submetido ao protocolo de EVCI, embora ndo tenham sido encontradas diferencas
significativas entre os grupos. No entanto, esses individuos ndo apresentaram alteracdo na
excitacdo muscular.

Maiores informacdes sdo encontradas a seguir, no artigo intitulado: “Effect of whole-

body vibration on the functional responses of the patients with knee osteoarthritis by the
electromyographic profile of the Vastus Lateralis muscles during the Five-Repetition Chair
Stand Test: A Randomized Crossover Trial.”
Moreira-Marconi, E.; Teixeira-Silva, Y.; Meirelles, A.G.; et al. Effect of Whole-Body
Vibration on the Functional Responses of the Patients with Knee Osteoarthritis by the
Electromyographic Profile of the Vastus Lateralis Muscles during the Five-Repetition Chair
Stand Test: A Randomized Crossover Trial. Appl. Sci. 2020, 10:4302.
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Abstract: Knee osteoarthritis (KOA) can cause functional disability. Neuromuscular function is
relevant in the development and progression of KOA. It can be evaluated by the analysis of the surface
electromyography (sEMG), which has an important role in the understanding of KOA. Whole-body
vibration (WBV) is an intervention suggested to treat KOA. The objective of this work was to verify
the effectiveness of WBV on the functionality of lower limbs by the electromyographic profile of
the vastus lateralis (VL) muscles during the five-repetition chair stand test (5CST) in patients with
KOA. This was a two-period crossover trial study (8-week washout). Nineteen patients with KOA
were allocated to the group submitted to WBV (WBVG), with peak-to-peak displacement of 2.5
to 7.5 mm, frequency from 5 to 14 Hz, and acceleration peak from 0.12 to 2.95 g, or to the control
group (0 Hz) (2 days per week for 5 weeks). The 5CST and the SEMG of the VL during 5CST were
evaluated before and after the interventions. Results: Significant differences in 5CST were evident
only in WBVG (p = 0.018), showing a decrease of the execution time. The sEMG profile showed no
significative difference. Therefore, only 10 sessions of WBV with comfortable posture can bring about
improvement in functionality of KOA patients without alteration of the muscle excitation.

Keywords: knee osteoarthritis; conservative treatment; whole-body vibration; electromyography;
physical and rehabilitation medicine

1. Introduction

Knee osteoarthritis (KOA) is the most prevalent type of arthritis that leads to disability in the
elderly, mainly due to pain [1-3]. Cartilage degradation with bone remodeling, joint space narrowing,
formation of osteophytes, swelling, low muscle strength, joint inflammation, stiffness, and loss of joint
function may be present in KOA patients [3,4]. Neuromuscular function is relevant in the development
and progression of KOA [5,6] and, as Mills et al. [7] reported, neuromuscular differences in muscle
activity and amplitude. Surface electromyography (SEMG) is a noninvasive tool for detection of the
electric potential resulting from the transmembrane current of muscle fibers (muscle excitation). It can
be used to measure the muscle activity and might provide insight into neuromuscular responses
to exercises, aging, and diseases such as KOA [8,9]. Bigham et al. [8] showed an alteration in
neuromuscular activation in individuals with KOA (male and female) compared to healthy individuals,
suggesting compensation due to knee extensor muscle strength reduction. Most of the interventions
included in neuromuscular rehabilitation programs are based on resistance exercises, promoting the
improvement of the pain level and function response in patients with KOA [10]. However, many
interventions can lead to symptom exacerbation and pain flares in this population [11]. Therefore,
feasible interventions that can induce clinical benefits in patients with KOA have been evaluated
in recent years, including whole-body vibration (WBV) [12-15]. An umbrella review reported that
moderate evidence supports the role of WBV as a viable clinical intervention for managing KOA,
although more studies are still warranted [15]. In a crossover investigation, Liphardt et al. [16] verified
that WBV can prevent the loss of tibial articular cartilage thickness (determined by magnetic resonance
image) after prolonged immobilization in healthy male individuals. Moreover, authors reported
that mechanical vibration can lead to adaptations in muscle and bone [16,17]. In rats, according to
Musumeci et al. [18], it is possible that the mechanical stimulation in the articular cartilage could release
lubricin antibodies that are capable of inhibiting caspase-3 activity, preventing chondrocyte death.
In consequence, mechanical stimulation could be a possible therapeutic treatment, as in osteoporosis,
and mild physical activity could also be used as a therapeutic treatment for cartilage disease such as
osteoarthritis [18]. Although WBV has shown importance in improving various parameters related to
the joint [16,18], it is relevant to consider some undesirable findings, such as the deleterious effect of
prolonged vibration from off-road motorcycling on the elbow joint [19].
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The clinical benefits of WBV are attributed to the vibratory excitation of muscle spindles and
increased motor unit synchronization [17,20]. The importance of this intervention lies in the positive
effects reported on muscle strength and flexibility and improvements in symptom severity (i.e., pain)
in various populations [21-27]. Until now, only one study showed a decrease in pain level (assessed
by the visual analogue scale) using sitting posture in an auxiliary chair with both feet placed on the
vibrating platform (VP) [13]. Several authors [13,28,29] have suggested that this posture can reduce
the load on the knee joint when compared to squat posture.

The aim of this investigation is to analyze the short-term effectiveness of WBV on lower-limb
functionality through examining the electromyographic activity of the vastus lateralis (VL) [30] muscle
during the five-repetition chair stand test (5CST). Therefore, the hypothesis was that the WBV can
improve the functional mobility and the neuromuscular response of patients with KOA.

2. Materials and Methods

2.1. Participants

Between March 2013 and July 2017, participants with KOA diagnosed according to the Ahlback
criteria [31] were referred by their physicians from the orthopedics department of the local hospital.
Inclusion criteria required participants to have a clinical diagnosis of KOA with Ahlback degree 2 or 3,
to be age 50 years or above, and to sign an informed consent form [31]. Exclusion criteria comprised
other musculoskeletal disorders, joint prosthesis or total knee replacement (TKR), neurological diseases,
and uncontrolled hypertension. Participants were instructed to discontinue pain medications during
the study period, which was checked before each session. The study was approved by the ethics
committee in accordance with the Declaration of Helsinki and the Brazilian clinical trial registry platform
(Certificado de Apresenta¢ao para Apreciagao Etica-CAAF-19826413.8.0000.5259 and RBR-7dfwct).

2.2, Sample Size

The sample size was determined using the formula by Miot [32] for an infinite population.
The time to perform the 5CST in individuals with KOA was used as an outcome, considering the
standard deviation of 2.4 and mean of 24.3 s [33]; and 16 individuals were established for each group.

2.3. Interventions and Groups

In this two-period crossover trial [34], 19 participants (age 6542 + 841 years, 3 males and
16 females) were assigned in order of referral by the researcher into two groups in the first period
of the intervention: the control group (CON) (n = 10) and the group that received mechanical
vibration (WBVG) (n = 9). After that, the groups were switched to the second intervention period.
Each intervention period was separated by an 8-week washout to allow for the effective systemic
elimination of the mechanical vibrating before initiation of the subsequent treatment based on a
previous protocol [35] so that all individuals participated in both groups. Each intervention period
lasted 5 weeks (2 days per week with at least 48 h of rest between each session).

Participants were seated in a chair with bare feet placed on a side-alternating VP (Novaplate
Fitness Evolution, DAF Produtos Hospitalares Ltd.a, Sao Paulo, Brazil) with knees flexed (100 to
120°—measured by a goniometer). The hands of participants were positioned on their knees to smooth
the transmission of the vibration to the whole body [28,29], as shown in Figure la. The vibration
protocol of Neto et al. [13] was implemented for this study. Briefly, this involved 10 sessions (two
sessions per week for 5 weeks), and participants had to place their feet on demarcated lines on the
VI that corresponded to peak-to-peak displacement of 2.5, 5.0, and 7.5 mm (amplitude of 1.25, 2.5,
and 3.75 mm) (Figure 1a). The initial vibration frequency was set at 5 Hz and progressively increased
by 1 Hz in subsequent sessions, with 14 Hz being the highest frequency attained in session 10. Peak
acceleration (apg,y), measured from a three-axial accelerometer attached to the VP using adhesive tape
(Vibration Data logger DT-178A, Ruby Electronics, Saratoga, NY, USA), ranged from 0.12 to 2.95 g over
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the 10 sessions. For each session, participants performed 3 min of vibration at the three peak-to-peak
displacements, with 1 min of rest between each bout (Figure 1b). During the entire intervention, the
participants were accompanied by the investigator to ensure that the feet were kept in contact with the
base of the VE, the hands remained facing the knees, and the effect of the mechanical vibration was
distributed throughout the body. The participants in the control group performed the same protocol as
the WBVG, but the VP was switched off (0 Hz), according to previous studies [13,28,29].
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Figure 1. (a) The position of participants on the vibrating platform. (b) The protocol of the whole-body
vibration group (WBVG) intervention.

2.4. Physical Performance Measures

2.4.1. Five-Repetition Chair Stand Test

The 5CST was used to evaluate the functional mobility and muscle strength of the lower limbs.
Participants were instructed to sit in the middle of the chair with arms crossed over the chest, feet
approximately shoulder-width apart and placed on the floor, and back straight. From the sitting
position, individuals ascended without the use of the arms to an upright position before sitting down
five consecutive times as quickly as possible [36]. Using a digital chronometer (Cronobio SW2018,
Brazil), the time to perform the test was recorded. The test was applied at baseline (before the
intervention) and immediately after the last intervention in both groups.

2.4.2. Measurement and Surface Electromyography Instrumentation

To record sEMG activity of the VL muscle during the 5CST, skin was shaved and cleaned with
70% alcohol and dead skin was removed before the electrode placement according to the Surface
Electromyography for the Noninvasive Assessment of Muscles recommendations [37]. The electrodes
were put over the mid-belly of the muscle parallel to the fibers on the right and left VL muscles. The
reference electrode was attached to the C7 spinous process. sSEMG signals were collected in microvolts
(EMGS832WF, EMGSystem, Sao Paulo, Brazil) using passive surface self-adhesive bipolar Ag/AgCl
electrodes (Miotec Equipamentos biomédicos, Porto Alegre, Brazil). A high-pass filter of 20 Hz and a
low-pass filter of 500 Hz were used to minimize interference from movement artifacts of cables and
electrodes. To determine the excitation of the VL, an electromyograph with sampling frequency set at
2000 Hz was used. The electromyographic profile of the VL was evaluated during the 5CST (from
the initial movement upward to the last upward movement) before and after the protocol (5 weeks),
and the root mean square (RMS) (uV) was calculated by the software (Tool Box BR V1.0 by EMG
System do Brasil LTDA). The analysis was conducted based on the RMS (11V) measure provided by the
equipment software, The test was applied at baseline (before the intervention) and immediately after
the last intervention.

39



40

Appl. Sci. 2020, 10, 4302 50f12

2.5. Statistical Analysis

R software, version 3.5.0 [38] with the R coin package [39], was utilized to perform the statistical
analyses. Results were considered significant when p < (.05, The Wilcoxon signed-rank test for paired
samples was used to compare the time (s) of the 5CST and the RMS values (1V) recorded before and
after the interventions (CON and WBVG). The Mann-Whitney test was used to compare the time (s) of
the 5CST and the RMS values (1V) between groups at baseline and after intervention.

3. Results

In this crossover study, 19 participants were assigned to two groups: CON (n = 10) and WBVG
(n=9). Three CON participants did not return to WBVG after the washout period (8 weeks). The
flowchart of the individuals throughout the work is reported in Figure 2. Table 1 shows some
anthropometric characteristics of the participants of both groups before the first intervention (baseline).
No participant used pain medication during the study period. After performing this protocol, none of
the individuals reported adverse effects,

N=19
s assessment
assessment
CON WBVG WBVG CON
N=10 N=9 N=7 N=9
Final Final
assessment assessment

Figure 2. Flowchart with some information about the individuals that participated in the study and
the crossover intervention. CON—control group; WBVG—vibration group.

Table 1. Mean (SD) of demographic characteristics of participants at baseline (n = 19).

Variables CON (n=10) WBVG(n=9 p-Value

Age (years) 66.89 (8.55) 64.1 (8.50) 0.4862
Stature (m) 1.592 (0.08) 1.568 (0.07) 0.4878

Body mass (kg) 84.91(147) 85.21 (16.28) 0.9671
Body mass index (kg.m™2) 33.73 (6.92) 34.98 (8.69) 0.9438

CON—control group; WBVG—vibration group. p < 0.05,

Considering that the intervention periods were separated by an 8-week washout period to allow
for the effective systemic elimination of the mechanical vibration, the analysis was performed per
group independent of the intervention period.

No significant differences were found between groups at the beginning regarding time to complete
the 5CST (p = 0.665) and RMS values (uV) in the right VL muscle (p = 0.481) and left VL muscle
(p = 0.800).

The effects of the interventions are reported in Table 2 and Figure 3. Significant differences in
completing 5CST were evident in WBVG, but no significant differences were found in CON. During
the 5CST, there was no significant difference in VL excitation (RMS) (V) between CON and WBVG of
right and left VL muscles.
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Figure 3. Outcome measures before and after intervention: (a) execution time of five-repetition chair
stand test, (b) electromyographic activity of the vastus lateralis right, and (c) electromyographic activity
of the vastus lateralis left. Legend: SCST—five-repetition chair stand test; VLR—vastus lateralis right;
VLL—vastus lateralis left; control group (n = 19); WBVG—vibration group (n = 16); RMS5—root mean
square, p < 0,05,
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The time required to perform the 5CST was reduced after intervention in both groups, but the
differences were only significant in the WBVG. Although there were no significant differences between
performance times of the test in both groups, it is interesting to note that there was a clear opposite
tendency regarding RMS values (V) in both VL muscles, with RMS values (1V) lowering in the WBVG
and increasing in the CON group.

After intervention, no significant differences were found between groups (n = 16) considering the

S5CST (p = 0.716) and RMS values (1V) in the right VL. muscle (p = 0.607) and left VL muscle (p = (1.128).

4. Discussion

This investigation analyzed the effectiveness of a 5-week, nonpharmacological intervention
(WBV) on lower-limb functionality and electromyographic activity during the 5CST. Although the
electromyographic profiles of the VL of both lower limbs did not change (p > 0.05), 5CST completion
time improved after 5 weeks of WBVG,

In the current study, subjects sat on an auxiliary chair with knees flexed and bare feet on the base
of the VP, aiming to decrease the knee load impact. Previous research observed a decrease of pain
level using the same position in patients with KOA [13], and this could justify the improvement in
functionality of the lower limbs evaluated by the 5CST, as shown in the current study. Fransen et al. [40]
suggested that any type of short-term physical activity program carried out repeatedly and monitored
can improve physical function and quality of life and reduce the pain related to KOA. Thus, the WBV
can be considered a type of regular exercise capable of promoting the improvement of physical capacity
in patients with KOA. Other studies present similar results concerning pain level and functional
performance using the squat position on the VI Prior research reported that a single bout of intermittent
WBV (10 x one minute of mechanical vibration with one minute rest) of 35 Hz and 4-6 mm significantly
improved the time taken to complete the step test after 5 min of performed [41]. In longer-term
investigations of WBVG, Avelar et al. [42] observed that KOA patients improved their functional test
scores and Western Ontario and McMaster Universities OA Index (WOMAC) values. However, the
improvements were not significantly different from the CG that performed squat training without
WBVG. Another study involving 8 weeks of WBV training showed a significant increase in muscle
strength and knee extension in women with KOA [43]. In a meta-analysis review [44], the authors
concluded that 8 to 12 weeks of WBV training could be beneficial in rehabilitation programs, especially
for KOA, leading to a decrease of the pain level and the enhancement of physical functions such as
walking and balance, suggesting that the WBV is an effective and safe approach for this population.

Despite the reduction in time taken to perform the 5CST, which suggests an improvement of
functionality, no significant differences were observed in sSEMG RMS (V) of the VL between pre- and
postintervention for CON and WBVG. Similarly, other research found no significant difference in SEMG
of KOA subjects that performed squats with or without WBV [45,46]. In contrast, Benedetti et al. [17]
reported increased muscle activity in patients with KOA that were treated with localized muscle
vibration, which is consistent with previous studies reporting that the vibratory stimulus increases
neuromuscular activity [45-50].

Although no consensus is established, as the vibratory stimulus affects the neuromuscular system,
it is suggested that the increase in sSEMG activity is related to an excitatory response of the muscle
spindles in consequence of the stretch reflex mechanism during WBV [45-50], However, the current
findings indicate that the excitatory responses of muscle fibers do not remain after the end of the
protocol, since we observed a tendency of the amplitude of the sSEMG to decrease in the group submitted
to mechanical vibration.

The strength of this study is related to the acquisition of information about the effect of WBV on
functional responses evaluated by sEMG in a special protocol in which the individuals with KOA are
seated in a comfortable position in an ancillary chair.

This work has limitations that must be considered in the interpretation of the results, There are a
myriad of different possibilities in selecting the biomechanical parameters, and to date there is still no
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optimal WBVG protocol. Moreover, the Ahlback grading, the osteoarthritis laterality, and the body
mass index were not indicated as inclusion criteria. Although there are studies considering the analysis
of various muscles [7,46], in the design of the current work, considering the clinical conditions of the
individuals with KOA, only the response of the VL muscle was investigated. Furthermore, following
this idea, no rigorous evaluation of the transmissibility was performed, and the results are presented
only as RMS values (uV). It is relevant to point out, not as a specific limitation but as a relevant
approach, that this study used a protocol with low vibration frequencies and with the participants
with KOA seated in an ancillary chair in front of the VP with their feet on the base of the VP. These
conditions could have had an influence on the findings described.

5. Conclusions

In the protocol of the 10 sessions of WBV with comfortable posture, patients with KOA presented
functional responses with a decrease in the time taken to perform the 5CST (WBV group p < 0.05),
although no significant differences were found between the groups. This suggests that further
investigation is needed to better understand the effect of WBV on functionality using the 5CST in
individuals with KOA. However, these individuals did not present any alteration in muscle excitation.
As a result, it is relevant to highlight the clinical evidence of the findings of the current study.
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4.2 Efeito do EVCI na presséo arterial de individuos hipertensos com OAJ.

Os resultados relacionados com o efeito do EVCI na pressdo arterial de individuos
hipertensos com OAJ apresentado atraves de um artigo publicado em 28 de outubro de 2020,
na revista Sustentability, Fator de Impacto de 2,576 pelo JCR.

Dezenove participantes realizaram o protocolo de 10 sessdes de EVCI em uma postura
confortavel (sentados em uma cadeira auxiliar). A pressao arterial dos individuos foi aferida
antes e apos o protocolo. Este estudo apresentou uma reducao da presséao arterial sistélica e da
pressdo arterial média, enquanto nenhuma alteracdo significativa foi encontrada na PA
diastdlica. Esse trabalho concluiu que o EVCI exerce um efeito anti-hipertensivo, podendo ser
considerado uma ferramenta importante no tratamento nado-farmacologico de individuos
hipertensos com OAJ.

Maiores informacGes sdo encontradas a seguir, no artigo intitulado: “Whole-body
vibration as antihypertensive non-pharmacological treatment in hypertensive individuals with
knee osteoarthritis: randomized cross-over trial”.

Moreira-Marconi, E.; Caiado, V. S.; Teixeira-Silva, Y.; et al. Whole-body vibration as
antihypertensive non-pharmacological treatment in hypertensive individuals with knee

osteoarthritis: randomized cross-over trial. Sustainability 2020, 12, 8944,
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Abstract: (1) Background: Hypertension is a serious medical condition characterized by a persistent
increase in blood pressure (BP), which is prevalent in individuals with knee osteoarthritis (KOA).
Pharmacological interventions are normally used to treat both hypertension and KOA; however,
a more sustainable form of treatment is desirable for these clinical conditions. Whole-body vibration
(WBV) exercise has been proposed as a non-pharmacological therapy for reducing both BP and KOA
symptomatology. This study aimed to evaluate the antihypertensive effect of WBV in hypertensive
individuals with KOA. (2) Methods: Nineteen hypertensive individuals with KOA were randomly
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allocated to either a control (CG) (n = 9) or a WBV group (WBVG) (n = 10). Subjects in the WBVG
were positioned sitting in a chair in front of a vibrating platform (VP) with the feet on the base
(peak-to-peak displacement 2.5, 5.0 and 7.5 mm; frequencies 5 to 14 Hz). In the CG, subjects assumed
the same position with the VP turned off. The protocols in the CG and WBVG were performed
2 days/week for a total of 5 weeks. (3) Results: No baseline differences (age, anthropometrics,
BP’ parameters and medications) between the groups were found (p > 0.05). WBV exercise reduced
systolic BP (SBP: 126.1 + 2.7 versus 119.1 £ 3.2 mmHg; p = 0.001; post hoc: p = 0.02; F = 23.97)
and mean BP (MBP: 82.6 + 1.8 versus 78.7 £ 1.8, p = 0,001, post hoc: p = 0.02; F = 23.97), while no
significant changes were found in diastolic BP (DBP: 68.5 + 2.2 versus 64.4 + 2.3; p = 0.11; F = 2.68).
(4) Conclusions: WBV might be considered a sustainable therapy for exerting an antihypertensive
effect in medicated hypertensive individuals with KOA. This decline in BP might translate to
a reduction in pharmacological need, although further studies are necessary to understand the
mechanisms underlying the described effect.

Keywords: hypertension; whole-body vibration; knee osteoarthritis; physical and Rehabilitation
medicine; non-pharmacological treatment; sustainability

1. Introduction

Currently, 1.13 billion people worldwide have hypertension [1]. This medical condition is
characterized by a persistent increase in blood pressure (BP) [1] that can be associated with several
chronic diseases (e.g., knee osteoarthritis - KOA [2], metabolic syndrome - MSyn [3,4], obesity [5] and
diabetes [3]).

KOA, considered a systemic disease, is connected with biomechanical factors and an important
inflammatory component affecting articular and periarticular structures [6,7]. In addition, KOA is also
linked with some cardiovascular risk factors, as MSyn [8], obesity [9], elevated prevalence of diabetes
and a rise in BP [10]. Liuetal. showed the association of mortality risk in individuals with symptomatic
KOA, including hypertension, as one of these factors [11]. The new classification for phenotyping
KOA involves components of MSyn, such as increased BP associated with cardiovascular risk factors
(i.e., “pre-hypertension or hypertension”) [12]. Although many studies reported the association
between KOA and hypertension [13-15]; to our knowledge, only a longitudinal investigation reported
the incidence of hypertension in individuals with KOA, The authors of this investigation concluded
that individuals with KOA are 13% more likely to develop hypertension than those without KOA [2].

Different mechanisms seem to influence the elevated risk of cardiovascular disease (CVD) among
KOA individuals, including: (i) the presence of low-chronic grade inflammation (inflamm-aging) [16,17];
(ii) relevant changes in extracellular matrix (ECM) [18,19] and (iii) pain and disability that may result
in physical inactivity (sedentary lifestyle) [20].

Since individuals with KOA are more likely to develop hypertension, monitoring and treating BP
in these individuals is desirable. Therefore, in order to obtain long-term health benefits and prevent
CVD, the close surveillance and better management of BP in this population is recommended [2].

The use of medications is indicated for the treatment of hy pertension and for the reduction of
symptoms related to KOA [21,22]. The presence of these two diseases leads to an increase in the
consumption of medicines, increasing the cost for the individual. In addition, the administration
of a greater number of medications can have greater adverse/side effects for the individual and
for the environment. Green Chemistry and Green Engineering have worked on the development
of safer materials and chemicals, assessing the toxicological risk for both the environment and
consumers (Green Toxicology) [23]. However, in order to achieve a sustainable and safe production
of new chemical products, this process requires important measures, In the case of pharmaceutical
compounds, there may be limitations on obtaining ecological medicines that are safe and effective
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without increasing the final cost for the consumer [23]. In this context, a good strategy would be to
investigate non-pharmacological and low-cost treatments in the health area. Tkeda et al. [24] reported
that in some low- and middle-income countries, the use of medications for hypertension is reduced.
This suggests that a comprehensive approach to the prevention and control of high BP has been
investigated since medication is an expensive alternative and most people are hypertensive. Following
these considerations, physical exercise has been prescribed to reduce both BP and symptoms related to
KOA [22,25].

Among the various modalities of exercise proposed for KOA individuals, whole-body vibration
(WBV) exercise has been suggested due to relevant responses related to the reduction of BP [26].
Morcover, WBV exercise promotes improvements in the quality of life, knee joint function
(neuromuscular function, flexibility, muscle power and strength), bone mineral density, and decreases
pain levels and number of falls [27-30]. WBV exercise has also been shown to have an important
clinical application for subjects with cardiovascular risk [26,31-33], particularly for individuals unable
to perform regular physical exercise, such as KOA individuals. Moreover, the WBV intervention
is a non-pharmacological treatment option that is economic and safe for individuals who cannot
use or refuse medication. Thus, the current study aimed to evaluate the antihypertensive effects of
WBV exercise in hypertensive individuals with KOA. The hypothesis is that a WBV exercise program
(5 weeks) would improve BP in hypertensive individuals with KOA.

2. Materials and Methods

2.1. Subjects

Nineteen outpatients from the Orthopedics Department of the Hospital Universitario Pedro Ernesto,
Universidade do Estado do Rio de Janeiro (HUPE-UER]) with KOA diagnostic according to the criteria
of the Ahlbdck [34] participated in the current study. Subjects were recruited between March 2014
and July 2017, This investigation with hypertensive KOA individuals is included in a general project
about the clinical intervention of WBV exercise in a KOA population, which was approved by
the Ethics Committee in Research of the HUPE-UER]. All the interventions are in accordance with
the Declaration of Helsinki and have a clinical trial registration (CAAE- 19826413.8.0000.5259 and
RBR-7dfwect, respectively).

2.1.1. Inclusion Criteria

Participants had a clinical diagnosis of KOA with Ahlbdck degree 2 and 3, were over 50 years of
age, and had low functional capacity (International Knee Documentation Committee (IKDC) score
between 20 and 50) [35]. All participants self-declared the continuous use of antihypertensive drugs
prescribed by their doctors and were unaware of their hypertension level.

2.1.2. Exclusion Criteria

Participants with joint prosthesis or total knee replacement, other musculoskeletal disorders,
neurological diseases or hypertension without treatment, and those that refused to sign the informed
consent were excluded.

2.2. Study Design

The study was a two step crossover trial [36] with a washout period for the total elimination of

the mechanical vibration effect, which is in accordance with a previous investigation [37] (Figure 1).

Following an initial screening that included medical history, anthropometric (age, stature, body mass
and body mass index (BMI)) and BP measurements, eligible participants were randomly assigned by
arrival order to either a WBV group (WBVG) or a control group (CG). In WBVG, the individuals were
exposed to mechanical vibration and in the CG, the individuals participated in the same protocol as
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the WBVG, but with the vibrating platform (VP) turned off. Following the initial intervention and an
8-week washout period, the groups were switched to the second intervention step.

CG (N=9) CG (N=5) N=14
N=19
(elegible)
WBVG (N=10) WBVG (N=4) N=14

Intervention Washout Intervention
A (5 weeks) ' (8 weeks) ' (5 weeks) R ) .
l l Timeline

Before interventions Before interventions
(Anthropometry and BP) (Anthropometry and BP)
After interventions After interventions
(BP) (BP)

CG - control group; WBVG - whole-body vibration group; BP ~ blood pressure

Figure 1. Randomized crossover clinical trial design.

Data were collected at baseline (before starting the protocol) and at the end of the protocol
(after 5 weeks) always at the same time (+1 h), in the morning,.

Participants were instructed to maintain the antihypertensive drugs prescribed by their doctors
and not to modify their lifestyle habits (diet, exercise) during the study.

2.3. Anthropometry and BP

BP and anthropometric parameters were measured in a silent temperature-controlled room
(22-25 °C). A digital scale (WelmyTM, Sao Paulo, SP, Brazil) was used to measure the body mass (kg)
and a wall mounted stadiometer (American Medical do Brazil, Sao Paulo, SP, Brazil) was utilized to
measure height (cm).

Before the start of the protocol (first session) the systolic BP? (SBP) and the diastolic BP (DBP)
were measured in a left arm, in the seated position, using an automatic device (Omron 705IT device;
OmronTM Healthcare Co., Kyoto, Japan) after 10 min of rest. The SBP and DBP were also measured
immediately after the last session. Three measurements at 1-min intervals were collected and the mean
of the three values was used for comparison. The mean of BP (MBP) was calculated using the equation
MBP = (DBP.2) SBP/3 [38]. A difference after and before the intervention (A = post - pre) was calculated
in each BP parameter (SBP, DBP and MBP).

2.4. Whole-Body Vibration Intervention

The WBV protocol was performed for 5 weeks, two days per week (10 sessions) with an interval of
atleast 2 days between sessions. The position of the subjects during the WBV session was in accordance
with previous studies [39—42]: (i) participant sitting in an ancillary chair in front of the VD, (ii) feet
on VP base (barefoot), (iii) knee with a comfortable flexion between 100-120° (measured by manual
goniometer), (iv) the hands on the knees to facilitate the transmission of the mechanical vibration for
the whole body of the individual. The VP used was a side alternated movement of the base (Novaplate
Fitness Evolution, DAF Produtos Hospitalares LTDA, Sao Paulo, Brazil). The participants were instructed
to maintain this position with feet in each peak-to-peak displacement (2.5, 5.0 and 7.5 mm) indicated on
the base of the VP for 3 min, resting 1 min after each bout. The frequency was increased in each session
from 5 Hz (first session) up to 14 Hz (last session), corresponding to peak acceleration (apg,x) from
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0.12 to 2.95 g [39-42]. The CG followed the same protocol as the WBVG, but with the VP turned off
(no vibration).

2.5. Statistical Analysis

The Kolmogorov-Smirnov test was used to test data normality. Mauchly’s and Levene's tests were
used to verify the sphericity and homogeneity of data and when necessary, the Greenhouse-Geisser
correction was applied.

Student-t test was performed for calculation of possible baseline differences between the two groups.

A 2-way ANOVA (group (G and WBVG) X time (pre and post treatments)) was performed to establish

the intervention effects over time. In case of significant F ratio, the Bonferroni post-hoc test was applied.

Data are expressed as mean + standard error (SEM). The software SPSS 20.0 (SPSS IncTM, Chicago,
IL, USA) was used for the statistical calculations and p < 0.05 was considered as probability level for
statistical significance.

Based on previous study [31], the software G*Power 3.1.5 (Universitat Dusseldorf, Dusseldorf,
Germany) performed a sample size taking into consideration a « error probability = 0.05;  error
probability = 0.80; effect size f = 0.25; correlation among repeated measures = 0.5; nonsphericity
correction € = 1. A statistical power of 0.82 was estimated and after calculations, it was determined to
be a total of n = 24 (12 participants per group).

3. Results

Nineteen individuals with KOA were randomly allocated in CG (n = 9) and WBVG (n = 10).
Five individuals from the WBVG returned to perform the second step of the treatment (CG) and four
individuals from the CG returned to the WBVG totaling fourteen people in each group (2 males and
12 females) (Figure 1). Therefore, 14 individuals in CG and 14 individuals in WBVG concluded all the
protocols proposed which were similar to previous studies [31,43,44].

Table 1 shows that anthropometric and BP parameters collected before the interventions and the
medications used by participants were not significantly different in the two groups (p > 0.05). Although
all individuals were taking antihypertensive drugs, the SBP levels of both groups were compatible
with prehypertension (n = 11) and hypertension (n = 3) [45].

Figures 2—4 show changes in BP data following the interventions of the two groups (WBVG
and CG). A significant Group versus Time interaction showed differences between WBVG and CG
decreasing the SBP (F = 23.97, p = 0.001) and MBP (F = 23.97, p = 0.007), as reported in the Figure 2A A,
respectively. No significant changes were found in DBP (F = 2.68, p = 0.11) (Figure 4A). In addition,
significant differences were found between post-conditions (WBVG versus CG) for SBP (119.1 + 3.2
versus 126.1 + 2.7 mmHg; A-9.6 mmHg; post hoc: p = 0.02), as shown in Figure 2B, and MBP (78.7 + 1.8
versus 82.6 + 1.8; A-5.0 mmHg; p = 0.04), as reported in Figure 3B, but not for DBP (64.4 + 2.3 versus
68.5 +2.2; A-4.1 mmHg, p = 0.2) (Figure 4B).
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Table 1. Anthropometric and blood pressure (BP) parameters and medications used by participants in
both study groups: control group (CG) and whole-body vibration group (WBVG),

Control Group Vibration Group
" (CG) (WBVG) Independent
Niable n=14 n=14 T-Test
2Mand 12F) 2Mand 12 F)
Age (year) 641+33 67.1+28 0.518
Body mass (kg) 528+28 868 +38 0.642
Stature (cm) 160.8 + 0.1 160.8 +0.2 0.431
BMI (kg/m?) 332416 352420 0.428
IKDC score 26.14 + 236 2945 £ 251 0.349
SBP (mmHg) 1272+1.7 1283+27 0.871
DBP (mmHg) 69.0+27 687 +23 0.881
MBP (mmHg) 88419 887 +15 0.943
AR Chi-Square
Medications Test
Diuretic + AT1 blocker or ACE

inhibitor . 2 o
AT1 blocker 6 6 0.64
ACE inhibitor 2 1 0.54
Beta-1 blocker 2 1 0.54
Calcium blocker 2 2 0.70
Metformin 2 1 054
Statins 3 K} 0.66
SAIDs 2 3 0.62
Chondroitin sulphate 1 1 0.75

M—males; F—females; BMI—body mass Index; IKDC—International Knee Documentation Committee;
SBP—systolic blood pressure; DBP—diastolic blood pressure; MBP—mean blood pressure. Data expressed
in mean + standard error. ACE = angiotensin-converting enzyme; AT1 = angiotensin [T receptor type 1; SAIDs
steroidal anti-inflammatory drugs.

* CGPe o0 CGPost = WBVGPre O WBVG Post Oace & A WBvG
A) B)
160, £037 — .
— 3 i | T
il — ;
z £ 4
_E, 1201 %ﬁ E
100+ 2 0
80
«154

SBP - systolic blood pressure; WBVG — whole-body vibration group; CG - control group: A=post-pre (diffecence). Significant
Group versus Time effect (F=23,97; p=0.001). Significant difference between WBVG versus CG (p=0.02),

Figure 2. Systolic blood pressure in knee osteoarthritis individuals of control group compared with
whole-body vibration group. (A) Group (CG and WBVG) X Time (pre and post treatments) and
(B) Difference of means (A = post-pre).
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MBP - mean blcod pressure; WBVG - whole-body vibration group; CG - control group; A=post-pre (difference). Significant
Group versus Time effect (F=8.56; p=0.007). Significant difference between WBVG versus CG (p=0.04).

Figure 3. Mean blood pressure in knee osteoarthritis individuals of control group compared with
whole-body vibration group. (A) Group (CG and WBVG) X Time (pre and post treatments) and

(B) Difference of means (A = post-pre).

® CGPre 0 CGPost = WBVGPre 0 WBVG Post O ace B A WBVG
A) 8)
1001 0-
- o -3
£ 80 =
2 £
o
8 001 - -94
40 -124

DBP - diastolic blood pressure; WBVG — whole-body vibration group; CG - control group: A=post-pre (difference). No significant
Group versus Time effect (F=2.68,0=0.114), No significant difference between WBVG versus CG (p=0.2).

Figure 4. Diastolic blood pressure in knee osteoarthritis individuals of control group compared with
whole-body vibration group. (A) Group (CG and WBVG) X Time (pre and post treatments) and

(B) Difference of means (A = post-pre).

4. Discussion

The association of KOA with cardiovascular risk factors has been discussed in several studies [10-12].
As far as we know, the current work is the first which aimed to evaluate the WBV exercise effects on
the BP levels in individuals who suffer with KOA. It is important to report that the washout period
of 8 weeks [37] was sufficient for a total elimination of the mechanical vibration effect, because the
comparison of the baseline in both groups was similar (SBP = p = 0.87; DBP - p = 0.881 and MBP -
p = 0.943). Although previous studies have used longer protocols (between 6 and 12 weeks) in non-KOA
populations [31,43-47], we showed that an even shorter duration protocol (5 weeks) provides promising
outcomes for hypertensive KOA individuals. This encourages further short studies in this population.
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4.1. Blood Pressure and Whole-Body Vibration

The most relevant results of the present investigation are that SBP and MBP had a significant
reduction after 5 weeks of WBV intervention in individuals with KOA compared with CG. These findings
are in line with several authors that have previously demonstrated that resting BP decreases after
WBYV in different populations. Alvarez-Alvarado et al. [32] and Figueroa et al. [26] reported reductions
at resting SBP (-5 mmHg) without changes in DBP in young women (overweight/obese) and
normotensive (Baseline: SBP/DBP < 120/80 mmHg) after 6 weeks of a WBV program. Furthermore,
authors observed SBP and MBP reduction after a WBV program versus a control group (6-12 weeks) in
obese postmenopausal women with both elevated BP and hypertension [31,43-47]. Other investigations
indicated a greater decrease in blood pressure between WBV intervention versus control group, when the
baseline BP is high (>120/80 mmHg). Figueroa et al. [31] reported a decrease in SBP (~9 mmHg) in obese
postmenopausal women with high BP. Figueroa et al. [44] showed a reduction of the SBP (~10 mmHg),
DBP (~5 mmHg) and MBP (~6 mmHg) in postmenopausal women with hypertension. Wang et al. [47]
found a decrease in SBP (~8 mmHg) and DBP (-3 mmHg) in obese hypertensive postmenopausal
women. In the current study, we found significant reductions in SBP and MBP between intervention
and control groups (~9.0 and 5.0 mmHg respectively). However, we note that three subjects that began
the study with SBP levels above 140 mmHg (143, 144 and 148 mmHg) had a major reduction in SBP
(~15 mmHg) after the WBV protocol. This find is similar to other studies [31,44,47], in which greater
reductions in BP can be achieved in individuals who begin the WBV exercise with higher BP. Further
studies are needed to confirm this suggestion.

Considering that the local vascular resistance was modulated by the high production of metabolites
after several muscle contractions during physical exercise [48], chronic reductions in BP after WBV have
been attributed to arterial vasodilation in the exercised limbs [31,44]. In the present study, reductions
in SBP and MBP would be elicited by means of WBV without voluntary contraction of the musculature,
due to the position of the individuals on the VP (sitting in an ancillary chair in front of the VP with the
feet supported on its base). This decrease is compatible with another study that showed a decrease in
SBP (—12 mmHg) and MBP (-9 mmHg) after WBV in obese postmenopausal women [44]. Despite this
study not showing any significant changes in DBP, Manimmanakorn et al. reported that 12 weeks of
WBYV improved resting DBP pressure in type II diabetic patients [49]. Beijer et al. compared a resistance
exercise with and without vibration performed by healthy males during 6 weeks of intervention.
They found a positive effect of vibratory stimulus in decreasing DBP [50]. No modification in the
antihypertensive treatment was detected in both groups during the study.

4.2. Association between Hypertension and Knee Osteoarthritis

Some symptoms of KOA may be related to hypertension; these include pain [51,52], physical
inactivity [53] and inflammatory factor [54,55]. Furthermore, the use of some analgesics can affect BP
and can interfere in the effects of antihy pertensive therapy [56]. Authors have shown that WBV exercise
might produce several benefits on the management of individuals with KOA such as a decrease in pain
levels [29,57,58], improvement of functional capacity [29,57-59] and the concentration of inflammatory
biomarkers [58]. Wang et al. found a decrease in the level of pain, joint stiffness (knee) and an
improvement of functional capacity in individuals with KOA after 12 weeks of WBV [29]. Zafar et al.
showed in a systematic review and meta-analysis that WBV reduces the level of pain and improves the
functional capacity in individuals with KOA [57]. Similarly, Wang et al. showed that WBV programs
of 8 and 12 weeks were beneficial for improving functional capacity in the same population; it is
suggested that WBV could be included in rehabilitation programs [59]. Simao et al. suggested that
12 weeks of WBV would improve the self-perception of pain level, functional capacity (balance and
gait quality) and inflammatory markers (reductions in the concentrations of soluble tumor necrosis
factor receptor - sSTNFR1 and sTNFR2) in elderly subjects with KOA [58]. These studies could justify
our findings about the BP reduction in this population after a WBV program.
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In addition, symptoms related to KOA can impair the maintenance of squat positioning which
is usually performed in studies with hypertensive patients without KOA [26,31,32,43,44,46,47].
The current work uses a protocol in which the KOA individuals are exposed to WBV exercise
in a comfortable and safe position [39—42]. The seated position in an ancillary chair allows patients to
perform the WBV protocol without increasing the load on their knee joints. Naturally, it is relevant to
highlight that this positioning could benefit other hypertensive individuals who have other clinical
limitations, such as obesity, wheelchair use or diseases that prevent the squat posture. Further studies
using the same protocol with hypertensive individuals without KOA but with other physical disabilities
are suggested.

4.3. Possible Mechanisms of the Whole-Body Vibration to Reduce Blood Pressure

Considering the WBV intervention, BP reductions could be associated with vasodilation of the
muscular arteries [60]. Some authors have shown WBV to acutely improve arterial function such as
leg’s skin blood flow in healthy persons [60-62]. Additionally, these studies indicated that vibratory
stimulus could produce local vasodilation of peripheral arteries, decreasing the Bl and reducing
cardiovascular strain, Indeed, it has been shown that WBV intervention increases blood flow [63] and
decreases arterial stiffness [60] as well as wave reflection [62] in the exposed limbs.

The same mechanisms that cause vascular improvements through vasodilation might justify
declines in resting BP after our WBV intervention. Another possibility for the significant BP reduction
after WBV intervention would be the increase in concentration of nitric oxide (NO) and endothelial
NO synthase activity [46,63]. Furthermore to NO, the reduction of endothelin-1 (a vasoconstrictor)
could be another endothelial factor involved with vasodilatory response to vibratory stimulus [64].
Another potential mechanism may be an improvement in autonomic nervous system activity.
Joyner et al. [65] reported that the autonomic nervous system and its sympathetic pathway performs a
great function in BP regulation. Furthermore, decreased parasympathetic and increased sympathetic
activities modify sympathovagal balance and it would be the main mechanism to establish hypertension
and pre-hypertension [66]. Previous research reported concomitant decreases in both resting BP and
sympathovagal balance after WBV intervention in overweight/obese women [26,47].

4.4. Limitations of Study

Some limitations of this work include that there was no separate osteoarthritis classification
by Ahlbick criteria. Moreover, vasoactive substances and sympathetic activity were not measured,
which would have helped in the explanation of the current findings. We also did not control for
some covariates, like Na+ intake, K+ intake, serum Na+, K+ levels, diuresis, sleep, and daily physical
activity and this may interfere in some responses to the investigation.

4.5. Strength of Study

The strength of this work is that it shows the effectiveness of a non-pharmacological and
low-cost intervention for the treatment of hypertensive individuals with KOA. Tt offers a more
sustainable treatment option, as this population could reduce the consumption of medications,
reducing adverse/side effects, improving not only health but helping to preserve the environment
(Green Toxicology) [23].

5. Conclusions

The current study showed that WBV exercise was able to produce antihypertensive effect on SBP
and MBP in medicated hypertensive KOA individuals. Thus, WBV exercise might be considered a
sustainable tool to decrease BP. Of importance, no participant increased the use of medications or left
the research due to BI’ related issues during the interventions. This suggests that further research
should be carried out to investigate the association between the use of WBV intervention and the
reduction of the consumption of antihypertensive medications.
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4.3 Efeito anti-inflamatoério do EVVCI em diferentes estados clinicos.

A inflamacdo é considerada um mecanismo de defesa vital para a saude, atuando
também como uma resposta protetora do sistema imunoldgico (91,92). Ela restaura e defende
fungdes fisioldgicas quando os mecanismos homeostaticos ndo sdo suficientes, substituindo
ou suprimindo controles homeostaticos incompativeis (91,92). Assim, Os mediadores
inflamatdrios atuam coordenando a RBI (91,92). Essas respostas podem ser agudas ou
cronicas, sendo protagonista na defesa contra insultos, infecgdes e lesbes que ameagam a vida
(enddgenos, exogenos, infecciosos ou ndo infecciosos) (91-93). RBI ocorrem em estados
patoldgicos agudos. Esses podem se tornar crénicos quando ndo ha controle, sendo
responsavel por uma variedade de doencas inflamatdrias crénicas (91-94).

Os exercicios fisicos podem desencadear adaptagbes importantes no sistema
imunolégico, podendo ter um impacto favoravel na patogénese imune (95-97). Tendo em
vista que o EVCI um tipo de exercicio fisico (35,37,38) e que fatores inflamatorios séo
relevantes na fisiopatogenia da OAJ (7,56), ao longo desta tese, foi desenvolvida uma revisao
sistematica visando apresentar os estudos mais atuais relacionados com os efeitos do EVCI
nas RBI. Foram encontrados e analisados 4 ensaios clinicos randomizados. Os estudos
incluidos mostraram beneficios relacionados com as RBI (citocinas, adipocinas e proteina C-
reativa) em diferentes condicdes clinicas (idosos saudaveis, obesos, homens saudaveis e
idosos com osteoartrite de joelho) usando varios protocolos de EVCI.

Nesta revisdo Moreira-Marconi et al., 2020, sugerem que o EVCI pode ser util no
tratamento das condi¢des inflamatdrias. No entanto, ndo ha evidéncias suficientes para apoiar
ou refutar essa hipotese. Portanto, mais investigaces com ensaios clinicos randomizados
devem ser realizadas.

Maiores informagdes sdo encontradas a seguir, na revisdo sistematica intitulada:
“Inflammatory biomarkers responses of whole-body vibration in several clinical status. A
systematic review.”, submetido para a revista Complementary therapies in medicine (ANEXO
D).
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Abstract

Objective: To summarize effects of whole-body vibration (WBV) on inflammatory
biomarkers response (IBR) in different clinical status by systematic review.

Design: Systematic Review according Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) and registered in International Prospective
Register of Systematic Reviews (PROSPERO) number CRD42020187943.

Method: Searches were conducted using Physiotherapy Evidence Database (PEDro),
Medline/PubMed, Web of Science, SPORTDiscus, The Cochrane Library, Cumulative
Index to Nursing and Allied Health Literature (CINAHL) and Scopus databases to
identify studies about the effect of WBV on IBR in different clinical status. The
methodological quality (PEDro scale), risk of bias (Cochrane Collaboration’s tool) and
level of evidence (National Health and Medical Research Council hierarchy of
evidence-NHMRC) were rated.

Results: Four randomized clinical trials (RCT) met the selection criteria. The studies
described different protocols and clinical status of the patients. Two works were
classified as 'high’, one ‘fair' and one ‘poor’ by PEDro score. One paper was classified
as low risk of bias, two as unclear risk and one as high in performance bias domain.
The studies included showed benefits related with IBR (cytokines, adipokines and c-
reactive protein) in various clinical conditions (healthy elderly, obese, healthy male and
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knee osteoarthritis elderly) using several WBV protocols. All studies described
modification on IBR.

Conclusion: WBV might be useful on the management of the inflammatory conditions.
However, there is no sufficient evidence that WBV could have relevant effects on IBR
due the diversity of protocols and clinical conditions. Therefore, investigations with
more RCT might be conducted.

Keywords: Inflammation, whole-body vibration exercise, cytokines, adipokines, c-
reactive protein, physical and rehabilitation medicine.

1.Introduction

Inflammation is considered a vital defense mechanism for health, acting as a
protective response of the immune system '2. It restores and defends physiological
functions when homeostatic mechanisms are not sufficient, by replacing or suppressing
incompatible homeostatic controls '2. Thus, inflammatory mediators act by temporarily
deactivating normal homeostasis with a higher physiological priority to achieve a
satisfactory inflammatory biomarkers response (IBR) 2. IBR (acute or chronic) is the
protagonist in defending against life-threatening insults, infection and injury -, and can
be triggered by several factors (endogenous, exogenous, infectious or non-infectious)
%% IBR, more than beneficial to the organism, is also a potential mechanism for the
onset of acute pathological states, which can become chronic when the acute form is
not controlled, being responsible for a variety of chronic inflammatory diseases ',
such as osteoarthritis , obesity , type 2 diabetes 7, fibromyalgia ?, cardiovascular
disease ? and chronic obstructive pulmonary disease (COPD) '°. IBR also can also be
found in elderly populations, leading to the Inflamm-Aging (chronic low-grade
inflammation relation to aging) '' as well in healthy individuals after physical exercises
"2 Therefore, it is important to identify physiological responses produced by
inflammation in different clinical status, as the persistence or non-resolution of
inflammation, that can cause changes in the defense mechanisms leading to an
excessive or abnormal IBR *. Thus, these mechanisms can be used for the
development of anti-inflammatory therapies in chronic inflammatory diseases, such as
physical exercises.

Physical exercises have been suggested as a non-pharmacological intervention
to management of different clinical status. The biological responses to them depend on
the type, duration and intensity '*>-'*. They can trigger important adaptations in the
immune system '*'°, Pereira et a.2012 ® have shown that a session of moderate-
intensity exercise promoted positive immediate IBR in individuals with heart failure.
Deckx et al. 2016 "7 found a reduction in the production of inflammatory mediators
upon Toll-like receptor stimulation and an increase in the immune-regulatory function of
circulating plasmacytoid dendritic cells after a program of 12-week of combined
endurance and resistance exercise program. This would be suggestive of a favorable
impact of exercise on the underlying immune pathogenesis of individuals with multiple
sclerosis. Whole-body vibration (WBV) exercise is a type of physical exercise that
might act on inflammation responses'®'® due the capacity of stimulating the sensory
components that promote systemic responses °. Another possible mechanism of the
WBYV act on IBR could be justified by the possibility of physical exercise to regulate the
immune system #'#?. This would be related to the ability in reducing the number of
senescent and exhausted T-cells, and increase the proliferative capacity of T cells,
decreasing the circulatory levels of inflammatory cytokines, improving the phagocytic
activity of neutrophils, raising the cytotoxic activity of Natural-Killer cells and increasing
the length of leukocyte telomeres in aging humans 2'22. Moreover, WBV is considered
a physical exercise that promotes physiological alterations, such as increased muscle
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performance and IBR, that are similar to those observed with traditional modalities of
physical exercise %%,

WBYV exercise is produced in individuals who are in contact with the base of a
vibrating platform (VP), that transmits mechanical vibration for them 2*?5. WBV exercise
has been suggested as a non-pharmacological intervention to treat different
inflammatory diseases #*?°, such as osteoarthritis /?*, metabolic syndrome #*, COPD
% fibromyalgia *-** and obesity *. Different WBV protocols have been described,
however, the mechanisms that underiine the IBR in these clinical statuses related to
the WBYV exercise are not fully clear yet. Therefore, the objective of this systematic
review was to summarize effects of WBV exercise on IBR in individuals with different
clinical status.

2.Material and Methods

2.1. Protocol and Registration

The methods of the analysis, inclusion and exclusion criteria were specified in
advance and documented in a protocol. This work was registered in International
Prospective Register of Systematic Reviews (PROSPERO) number
CRD42020187943.

2.2. Research question

This systematic review aimed to answer a question. Can \WWBV have anti-
inflammatory action in individuals with different clinical status? PICOS (P = Patients, | =
Intervention, C = Comparison, O = Outcomes, S = studies design) method was used to
define the five major components of the research question *: P = individuals that
presented inflammatory conditions; | = WBV: C = comparison of the interventions with
and without WBV exercise; O = inflammatory biomarkers response (blood markers of
inflammation), S = randomized controlled trial (RCT).

2.3. Search strategy used to find the publications

Three independently reviewers (EMM, ACGS and AGM) accessed
Physiotherapy Evidence Database (PEDro), Medline/PubMed, Web of Science,
SPORTDiscus, The Cochrane Library, Cumulative Index to Nursing and Allied Health
Literature (CINAHL) and Scopus databases. The search was carried out on May 20",
2020. The search was repeated on December 30", 2020. The search expression used
in this review was: (i) Medline/Pubmed - (((("inflammation”[All Fields]) OR
("inflammatory disease*"[All Fields])) OR ("inflammatory marker*"[All Fields])) OR
("inflammation"[MeSH Terms])) AND ((("whole body vibration"[All Fields]) OR ("wbv"[All
Fields])) OR ("vibration"[MeSH Terms])). (ii) Scopus - ((TITLE-ABS-KEY ("whole body
vibration™) OR TITLE-ABS-KEY (wbv))) AND ((TITLE-ABS-KEY (inflammation) OR
TITLE-ABS-KEY ("inflammatory disease*") OR TITLE-ABS-KEY ("inflammatory
marker*"))); {iii) Web of Science - (TS=("inflammation") OR TS=("inflammatory
disease™) OR TS=("inflammatory marker*")) AND (TS=("whole body vibration") OR
TS=(wbv)); (iv) The Cochrane Library - ((inflammation):ti,ab kw OR ("inflammatory
disease"):ti,ab kw OR ("Inflammatory marker"):ti,ab,kw") AND (("whole body
vibration"):ti,ab,kw OR ("wbv"):ti.ab.kw"); (v) SPORTDiscus and CINAHL - (whole body
vibration or whole-body vibration or wbv) AND (inflammation or inflammatory or
inflammatory marker). To PEDro database was used the sentences: (i) whole body
vibration or WBV and inflammation, (ii) whole body vibration or WBV and inflammatory.

All the pooled publications were screened following the inclusion and exclusion
criteria.

2.4, Inclusion criteria
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All the publications found in the databases were preliminarily considered to be
included in this systematic review. To fulfil the inclusion criteria, the studies should
include: (i) investigation about the effects of WBV exercise on IBR (blood markers of
inflammation); (ii) RCT; and (iii) publication with patients that performed static or
dynamic exercises on a VP.

2.5, Exclusion criteria

As exclusion criteria were eliminated: (i) review articles; (ii) case reports; (jii)
study protocol and (iv) WBV associated with other therapeutic intervention.

2.6. Study selection and data extraction

All publications found on the databases were exported to a data management
software (Excel), and the duplicates were removed. The review was conducted
following four steps. Records were identified through database search and reference
screening (ldentification) and two reviewers (ACGS and AGM) independently examined
titles and abstracts and relevant studies were included based in eligibility criteria
(Screening). Relevant full texts were analyzed for eligibility (Eligibility), and all relevant
studies were included in the systematic review. The disagreements were resolved by a
third reviewer (YTS).

The data were extracted from each article and were imported to an Excel
spreadsheet containing: (i) data regarding study information (author and year), (ii)
clinical status of the participants, (iii) aim, (iv) Characteristics of the participants
(sample size, age, sex) and groups (WBV or without WBV), (v) inflammation evaluation
(blood markers of inflammation), (vi) WBV exercise protocols, (vii) biomechanical
parameters (frequency, peak-to-peak displacement and peak acceleration) and (viii)
IBR. Two reviewers (EMM and YTS) independently made this extracting to the
spreadsheet. The disagreements were resolved by a third reviewer (AGM).

2.7. Methodological quality, risk of bias and levels of evidence (LE) of the selected
papers

Studies were independently appraised by two reviewers (MESMO and AS) and
when there was a disagreement, a third researcher was consulted (EMM). The
methodological quality was evaluated according the PEDro scale which tests the
methodological quality of clinical trials of physical therapy interventions. On this scale,
there are 10 items established based on an “expert consensus™®. The publications
were classified as ‘high’ (score of seven or greater); ‘fair’ (score of five to six) and ‘poor’
(score of four or below) ¥,

The level of evidence of each work was classified according to the National
Health and Medical Research Council (NHMRC) hierarchy of evidence *,

The risk of bias of the included studies was evaluated using the Cochrane
Collaboration’s tool. It assesses the internal validity of the trial and assessment of the
risk of possible bias in different phases of the studies, as: (i) random sequence
generation, (ii) allocation concealment, (iii) blinding of participants, (iv) personnel and
outcome assessment, (v) incomplete outcome measures, (vi) selective outcome
reporting and (vii) other types of bias. Each item was qualified as low risk (green),
unclear risk (yellow) or high risk (red) .

3. Results
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Three hundred and four papers (Web of Science = 67, SPORTDiscus = 11, The
Cochrane Library = 10, CINAHL = 14, Medline/Pubmed = 137, PEDro = 5, Scopus =
60) were initially screened. A total of 119 records were identified as duplicates and they
were removed. Of these, 4 articles met the inclusion criteria. The selection process is
schematized in the PRISMA flowchart * (Figure 1).

)
Records identified through database Additional records identified
searching Web of Science, SPORTDiscus, through other sources
The Cochrane Library, CINAML, (n=0)
Medline/Pubmed, PEDro and Scopus
{n =304) l
v
—
o7 Records after duplicates removed
E (n=185)
Records excluded according
— Records screened N Inclusion and exclusion criteria
(n = 185) ' (n=181)
=)
s No WY or 18R (ne9%)
l o Mo RCT (nelt)
& Revvew artiches i 1)
*  Studhes with anvimals o mowWno (n-47)
Full-text articles assessed
for eligibility
(n=4)
—
— 1
Studies included in
qualtative synthesis
(n=4)
—_—

Figure 1. PRISMA flow diagram of the literature selection process.

Table 1 summarizes the publications selected in this systematic review,
presenting the characteristics of the WBV protocols, level of evidence, methodological
quality and the IBR. The included studies showed improvements on the IBR (cytokines,
adipokines and c-reactive protein) in individuals with different clinical conditions
(healthy elderly, obese, healthy male and knee osteoarthritis elderly) using several
WBYV protocols.
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3.1. Study population

The selected studies included several populations with different clinical status.
One publication analyzed the effects of WBV exercises on knee osteoarthritis >, one in
healthy elderly individuals '°, one on young male students ', and one in obese
individuals *9. All studies aimed to investigate IBR after the intervention of WBV.

3.2. Whole-body vibration exercise protocol

Almost all the selected studies used vertical VP, exception one *!, that did not
inform the VP movement. The frequency and peak-to-peak displacement (D) of the
mechanical vibrations ranged from 12 to 50 Hz and 2 to 4 mm, respectively, and one
publication *' did not inform the D in mm. One study *' investigated the acute effect of
WBYV exercise while three studies %4042 examined the effects of long-term WBV
protocols.

3.3. Methodological quality

All studies were classified as Level Il according to the NHMRC classification .
Regarding to the methodological quality (PEDro score), two works *'#? were
considered ‘high’ methodological quality (=7), one *® were ‘fair methodological quality
(5 or 6), and one was considered ‘poor’ (<4) 9.

3.4. Risk of bias

The risk of bias was evaluated according with the Cochrane Collaboration’s tool
¥ The detailed assessment of risk of bias was presented in Figure 2 **. It is verified
that one paper '° presented high risk of bias in only one domain (performance bias).
One study *' was classified as low risk of bias and two as unclear due to insufficient
information 4042,
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Figure 2. (a) Risk of bias graph and (b) Summary indicating the risk of bias of each
domain in each study. Green for low risk of bias, yellow for unclear risk of bias and red
for high risk of bias *3.

3.5. Inflammation biomarkers

Two studies analyzed the effects of WBV exercises on the concentrations of c-
reactive protein (CRP) %40 one on IL-6 #!, one on IL-10 '°, two on tumor necrosis factor
(TNF-a) %40, one on soluble tumor necrosis factor receptor (sTNFR1, sTNFR2) 4%; one
toll-like receptor (TLR2 andTLR4) '°, one on adiponectin “° and one on leptin “°. IBR
were analyzed in various populations that are showed in the Table 1 and they are
indicated in Figure 3.
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Figure 3. Inflammatory biomarkers responses by whole-body vibration intervention in
each clinical status.

4.Discussion

The current study investigated the effects of WBV exercise on IBR in individuals
with different clinical status and, to the best of our knowledge, this is the first systematic
review aiming to examine these responses. In this investigation were included four
studies with various protocols and clinical status. However, it is important to consider
that all studies were classified as Level || (NHMRC) 3 (Table 1), the analysis of
methodological quality (PEDro score) (Table 1) evidenced that two works were
considered ‘high’ (27) 4142, one ‘fair'(5 or 6) %°, and one ‘poor’ (4) '°. Furthermore, one
paper '? presented high risk of bias in only one domain (performance bias). One study
41 was classified as low risk of bias and two as unclear 942, (Figure 2).

The results of this work showed that WBV exercise may be useful on
management of inflammatory conditions altering the concentrations of some blood
markers of inflammation, but this effect is not fully clear yet. However, the IBR
promoted by WBYV might be justified due to WBYV is a kind of physical exercise. It is
relevant to highlight that the protocols with WBYV can be personalized to subjects in
different clinical status. This is pointed out by Rittweger et al., 2010 ** and Wuestefeld
et al., 2020 2. Sallam and Laher 2016 #*, in a review about the modulation of the
oxidative stress and inflammation by physical exercises, suggested that the biological
responses related to WBV would depend on various factors, such as, intensity, type,
periodicity, and duration of the exercises, including, individual's characteristics. Then,
the development of personalized physical exercise programs is essential. In addition,
Oroszi et al., 2020 %° showed that the WBV can promote physiological responses as an
indirect effect of the stimulus vibratory and Moreira-Marconi et al., 2020 ** summarized
the hormonal responses in several studies about vibratory stimulus (local and WBV).

4.1. C-reactive protein (CRP)

The CRP has both pro-inflammatory and anti-inflammatory properties, it is
synthesized in the liver hepatocytes and, in minor quantitative, by endothelial cells,
smooth muscle cells, lymphocytes, macrophages, and adipocytes “6. It is a blood
markers of inflammation normally found in chronic systemic inflammation and used in
cardiovascular disease risk assessment *’. Physical exercise seems to reduce the CRP
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level in individuals with different clinical status. Han et a/.2019 *¢ showed in a meta-
analysis that the physical exercise can be used as a therapy to reverse the low-grade
inflammatory state reducing the CRP levels in children and adolescents with
overweight or obesity. Fedewa ef al. 2017 *’ suggested that the physical exercise and
the body mass index decrease are associated with the CRP levels reduction regardless
of age or sex. Kohut ef al 2006 *° compared aerobic exercises with flexibility/strength
exercises and found greater reductions in CRP level in the aerobic exercises group.
This is consistent with Zheng et al 2019 0 that reported that aerobic exercises can
have a benefic effect on the reduction of the blood markers of inflammation including
CRP levels in individuals with more than 40 years old. Moreover, El-Kader and Al-Jiffri
2019 °' also reported a significant decrease of CRP in obese post-menopausal women
that performed aerobic exercise or resisted exercise training. According the results of
this review, the WBV exercise, as well as other modalities of the physical exercises,
also reduce the CRP level. Rodriguez-Miguelez et al. 2015 ¥ shown a decrease on the
CRP level in healthy older adults after 8 weeks of the WBYV exercise (twice a week)
using frequencies of the 20-35 Hz. On the other hand a pilot study by Seefried et
al.2017 2 observed no significant decline of CRP levels in individuals in end stage
renal disease (hemodialysis patients) using frequencies of 14 -28 Hz associated with
other exercises, twice weekly for 12 weeks before or after hemodialysis sessions. Oh
et al. 2019 '® observed that CRP level and hepatic stiffness decreased in individuals
with nonalcoholic fatty liver disease submitted to WBYV exercise (30-50 Hz) for twice a
week during 6 months, suggesting that a low-intensity WBV program may be
considered the best program for patients who have difficulty engaging in exercise.

4.2. Cytokines

Cytokines are soluble proteins or glycoproteins that regulate the functions of the
immune system, and they can increase (pro-inflammatory) or attenuate (anti-
inflammatory) the IBR, being necessary for the homeostasis of the organism 3.
Changes on the concentration of the cytokines can be balanced with interventions as
physical exercises including WBYV exercise and this can have beneficial effects on IBR
in individuals with various clinical status. Di Giminiani et al. 2020 #' founded an increase
of the IL-6 in only one session of WBV (30 or 45 Hz) in young males. Neves ef a/ 2014
*_ demonstrated acute increase of the IL-6 after high intensity physical exercises when
compared with low intensity while IL-10 had a greater reduction to low intensity.
Cerqueira et al.2020 "2, in a systematic review, investigated the IBR after different
intensity of physical exercises and observed an increase on TNF- a and IL-10 only after
intense exercise and an increase on IL-6, IL-10 and IL- 13 with more with intense than
with moderate exercise, TNF- a is a potent pro-inflammatory cytokine that can perform
a variety of biological activities including inflammation *°. Hazell et al. 2014 *¢ added
WBYV exercise (45 Hz) to only one session of the physical exercise (using body mass
as the resistance) and found a significant increases in IL-1B and IL-6 but with no
differences between groups (with and without WBV). In addition, the IL-10 increased
more in healthy male submitted to WBYV than to exercise without vibration. Lage ef al.
2018 7 showed higher levels of IL-10 in individuals with COPD after only one session
of the WBV exercise (35 Hz) compared with at rest. Whereas that the IL-10 is an anti-
inflammatory cytokine *®, WBV exercise can be significant effects on this anti-
inflammatory responses. However, one study compared aerobic exercises with
flexibility/strength exercises measuring IL-6, TNF- a and IL-18 finding greater
reductions in IL-6, and IL-18 in the aerobic exercises group whereas that TNF- a
declined in both groups *°. Similarly, Zheng et al 2019 *0 also found a reduction of the
TNF-a e IL-6 after aerobic exercises. Oh et al. 2019 '® also observed that TNF-a
decreased in individuals with nonalcoholic fatty liver disease after 6 months WBV
exercise (twice a week) with frequencies from 30 to 50 Hz.
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sTNFR1 and sTNFR2 are distinct receptors of the TNF-a %°. The expression of
these receptors may vary between cell types and tissue. The sTNFR1 is expressed on
every cell type in the body while the expression of TNFR2 is limited to endothelial cells,
nerve cells and cells of the immune system °°. Sim&o ef al. 2012 *? found significant
reductions on the concentrations of the sTNFR1 and sTNFR2 after the 12 weeks of the
WBYV (3 times per week) using frequencies from 35 up to 40 Hz, suggesting that the
WBY intervention reduces the IBR in knee osteoarthritis elderly. In contrast, Ribeiro et
al. 2018 *' found a decrease on plasma level of STNFR1 and increased levels of
sTNFR2 in individuals with fibromyalgia and an increase of the sTNFR1 plasma levels
in the healthy women after the only one session of the WBV exercise (40 Hz). This
could be explained by the fact that plasma levels of sSTNFR1 are already higher in
individuals with fibromyalgia at rest, showing a probable attempt to control chronic
systemic inflammation 3'. Moreover, Marin et al. 2011 *° suggested that physical
exercise load can be increasing using a WBYV program or by an improvement of
resistance. In addition, it is important to consider the findings described by Rodriguez-
Miguelez et al. 2015 ' that showed a decrease of the TNF-a in healthy older adults
after 8 weeks of the WBYV (twice a week) using from 20 to 35 Hz supporting the efficacy
of WBV to counteract, at least in part, the Inflamm-Aging.

4.3. Adiponectin and Leptin

Adiponectin and Leptin are adipokines (or adipocytokines) produced by the
adipose tissue. Adipokines present pro and anti-inflammatory actions besides act in
satiety mechanisms and body weight maintenance and to present pro and anti-
nociceptive properties which modulate pain perception ®¢'. Their reduction is
correlated with increase of the pro-inflammatory cytokines such as IL-6, IL-12, IL-18,
and TNF-a &', Bellia et al. 2013 “0 observed a significant increase of the adiponectin in
an intervention of the 8 weeks WBV exercise (3 times per week) with frequency of 30
Hz in obese individuals however, they found no difference on the leptin level. Oh et al.
2019 '® observed that adiponectin increased in individuals with nonalcoholic fatty liver
disease submitted to WBYV exercise together with a decrease of the TNF-a and CRP
levels that can be attributed to the remarkable improvement of hepatic stiffness caused
by the WBYV program. However, Ribeiro et al. 2018 3' found a decreased plasma level
of adiponectin in individuals with fibromyalgia after the one session of the WBYV
exercise (40 Hz). They also found an increase in leptin levels concluding that a single
session of the WBY exercise can improve the IBR in patients with fibromyalgia,
reaching values close to healthy women.

The strength of this work is to propose the application of WBV exercise, as a
non-pharmacological intervention, in the management of inflammatory diseases. Itis
highly advantageous for individuals who cannot or choose not to take anti-inflammatory
drugs due to its adverse effects. Although the mechanism of action of mechanical
vibration on IBR to WBYV is not clear yet, this work might stimulate additional
investigations about this subject aiming an optimal and specific WBY protocol for each
clinical status.

The findings of this investigation must be interpreted with caution due important
limitations. The first limitation of this systematic review is the inclusion of only RCT
(only four papers). This was done in the attempt of improving the methodological
quality of this work compiling only high-quality evidence, since relevant information
from non-RCT studies could be added. However, various of those papers were
included in the Discussion section. The WBYV protocols, outcome measures and
population included in the selected studies were very distinct and this is a major
limitation, this difficult the comparison between the papers and the interpretation of
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WBYV effects. Third, the overall methodological quality and the risk of bias vary among
the included works.

5.Conclusion

In conclusion, considering the findings of the current systematic review, it is
possible to conclude that WBV exercise may be useful on the management of
inflammation in individuals with different clinical status. However, there is no sufficient
evidence to support or refute the notion that WBYV exercise could have significant
effects on inflammation. Therefore, more investigations might be conducted to verify to
increase the scientific evidence related to results presented in this work.
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5 DISCUSSAO

Nessa tese foi investigada a eficacia de uma intervencao ndo farmacoldgica (EVCI) de 5
semanas na PA, nas respostas funcionais dos membros inferiores e na atividade
eletromiografica do masculo VL durante o 5CST de individuos com OAJ. Além disso,
estudou as RBI em diferentes condicdes clinicas ap0os diversos protocolos de EVCI. Até onde
se sabe, esta é a primeira revisdo sistematica com o objetivo de examinar essas respostas e
também o primeiro estudo sobre os efeitos do EVCI em individuos hipertensos com OAJ.

O estudo sobre a excitabilidade dos musculos VL durante um teste funcional (5CST) ap6s
um protocolo diferenciado de EVCI (participantes sentados em uma cadeira com 0S pés
apoiados na base da PV) sugere uma reflexdo sobre os mecanismos da vibracdo mecanica,
pois os achados relacionados com a flexibilidade (melhora no tempo de execucdo do 5CST)
parece ndo ter sido compativel com as respostas da EMGs dos musculos VL (ndo houve
alteracdo na excitabilidade muscular - p>0,05) . Isto sugere que a melhora da capacidade
funcional pode ter sido através de uma resposta indireta ou sistémica (38) através da reducéo
de alguns sintomas relacionados com a OAJ e ndo pelo aumento da resposta muscular.
Estudos anteriores mostram que o EVCI pode melhorar alguns sintomas que justificariam essa
hipotese como: (i) nivel de dor (28,29,98,99), (ii) reducdo da rigidez articular (98), (iii)
melhora da mobilidade (29,98) e (iv) alteracdo em biomarcadores inflamatérios (32). Por
outro lado, alguns estudos mostram um aumento da forca dos quadriceps ap6s o EVCI em
individuos com OAJ, porém, utilizaram a postura agachada (estatica ou dinamica) durante o
estimulo vibratério (98-102). Isso sugere que a resposta muscular poderia ser devido a adicao
da vibracdo mecanica a contracdo muscular do quadriceps durante o EVCI, o que ndo
aconteceu no presente estudo, visto que a postura utilizada foi sentada em uma cadeira
auxiliar com os pés apoiados na base da PV. Porém, a utilizagdo das mdaos apoiadas nos
joelhos facilitaram a transmissé@o da vibragdo mecanica para todo o corpo (103), justificando
assim, a possibilidade das respostas indiretas e/ou sistémicas.

A reducdo significativa da PAS (p=0,02) e da PAM (p=0,04) ap06s 5 semanas de EVCI em
comparacdo com o GC encontrada nesta investigacdo, juntamente com a observacao das RBI
encontradas na revisdo sistematica corrobora a ideia sobre resposta indireta e/ou sistémica ao
EVCI.

Nesse contexto, a forca deste estudo esta relacionada com a aquisi¢do de informag6es

sobre os efeitos do EVCI nas respostas funcionais e na PA em um protocolo especial no qual
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os individuos com OAJ ficam sentados em uma posi¢do confortavel em uma cadeira auxiliar
durante o estimulo vibratério. Os beneficios encontrados mostram que existe a possibilidade
do uso desta intervencdo para alcancar alguns objetivos similares ao tratamento farmacologico
como por exemplo anti-inflamatoérios e anti-hipertensivos, podendo causar uma reducdo no
consumo de medicamentos e oferecer uma opcao de tratamento mais sustentavel colaborando
com a proposta da “Quimica Verde” e a “Engenharia Verde”. Isso é altamente vantajoso para
pessoas que ndo podem ou optam por ndo tomar medicamentos devido aos seus efeitos
adversos, melhorando ndo s6 a salde, mas ajudando a preservar o meio ambiente (Green
Toxicology). Entretanto, mais pesquisas precisam ser realizados para confirmar ou refutar essa
hipotese. Além disso, como a PV ja tem sido utilizada como ferramenta para o tratamento
fisioterapéutico, o conhecimento acerca dos efeitos do EVCI e a relacdo multiprofissional se
faz essencial para a observacdo desses beneficios na aplicabilidade clinica.

As limitacGes desse trabalho estdo relatadas nos artigos publicados e incluidos nesta tese.
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CONCLUSAO

Com base nos achados do presente estudo, apenas 5 semanas de EVCI com uma
postura confortvel apresentou um efeito anti-hipertensivo e melhorou a resposta funcional
dos individuos com OAJ sem alteracdo da excitagdo muscular. Além disso, a investigacao
através da revisao sistematica mostrou que o EVCI Pode apresentar modificaces na producgéo
de biomarcadores, com potencial impacto nas diferentes condicdes clinicas. Portanto, o0 EVCI
poderia ser considerado uma ferramenta sustentavel, contribuindo o tratamento convencional

em diversas condicdes clinicas.
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ANEXO C — Termo de Consentimento Livre e Esclarecido
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' TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Pesquisa sobre o efeito de um procedimento associado com uma das Praticas Integrativas e
Complementares (auriculoterapia) no Sistema Unico de Saide e as vibracoes mecanicas geradas em
plataforma oscilante vibratoria na evolucdo de individuos com doenga cronica nao transmissivel
(osteoartrite de joelho).

O[A) Sr{a). estd sendo convidado(a) a participar de uma pesquisa. Antes de decidir participar, & importante que
entenda o porqué que a pesquisa estd sendo realizada, quais s8c os passos do estude e o3 possiveis beneficios, riscos e
desconfortos que pode lhe causar. Leia com calma as informacdes abaixo e esclareca todas as duvidas.

Procedimentos do_estudo e obletivos: Os exercicios de vibracdo de corpo inteiro sdo gerados através de vibragdes
mecanicas produzidas em plataforma oscilante/vibratoria. Existem parametros biomecanicos importantss a serem considerados
para a elaboragio de um protocole de tratamento, A auriculolerapia € uma técnica que utiliza sementes de mestarda que séo
colocadas em pontos especificos da orelha. Essas duas técnicas serdo utilizadas na tentativa de melhora de sintomas devido a
disfungéo da articulac#io do joetho. O nimero total das sessdes serd 10 (dez), 2 vezes por semana com duragdo total de
aproximadamente 20 min para cada sessdo. O objetivo do presente estudo & verficar alteragdes clinicas devido a associacio
da aunculoterapla e dos exercicios de vibragdo de corpo inteiro.

: Sua participagdo neste estudo ndo terd nenhum custo adicional. Somente serdo
coletados dados a partir de seus registros médicos e avaliagdes realizadas durante a pesquisa. Sua participagdo neste estudo
ndo sera remunerada.

Riscos e beneficlos: A coleta de sangue sera realizada por profissional habilitado & capacitado. O material utilizado sera
identificado e descartavel a fim de garantir total seguranga ao participante. Todes os demals procedimentes realizados néo
serdo invasives e sem riscos relacionados a cbtencdo de informagdes para este estudo. Os seus cuidados médicos ndo serdio
alterados por sua participagdo.

: As normas brasileiras garantem o sigilo dos seus dados. Todas as informacdes desse estudo sdo
confidenciais. Seus dados pessoais permanecerfo sob sigilo absoluto, no Laberatério de Vibracdes Mecénicas e Praticas
Integrativas — LAVIMP|, onde se realizara a pesquisa.

: Sua participacBo é voluntaria; ou seja, vocé ndo é obrigade (a) a participar. Seu tratamento &
relacionamento com o médico ndo serdo afetados pela decisdo de participar ou ndo deste estudo. Caso decida participar.
receberd este documentc para assinar em duas vias. Uma ficaré com vocé e outra com o responséve! pela pesquisa. Vocé
ainda tem liberdade para deixar o estudo a qualquer momento sem precisar s explicar por que decidiu sair. Caso vocé recuse
participar deste estudo, vocé ndo serd penalizado de nenhuma forma e sua decisdo ndo prejudicard qualquer cuidado médico
ao qual vocé tem direito.

Informacdes importantes: Se vocé tiver duvidas em relagdo aos seus direitos como participante da pasquisa entre em contato
com o Comité de Etica em Pesquisa do Hospital Universitano Padro Emesto no Boulevard 28 de Sstembro, 77 — Témeo, no telefone

{21) 2264-0853 ou procure ¢ responsavel por esse estudo - Mario Bernardo Filho, Professor Titular da UERJ, Boulevard 28 de
Setembro, 87, 4" andar, Departamento de Bicofisica @ Biometria, Laboratério de Vibracdes Mecanicas e Praticas Integrativas -

LAVIMPI pelo telefone (21) 2858.8332.
Projeto de Pesquisa dos Departamentos de Biofisica e Biometria e de Ortopedia,
Investigader Principal: Prof. Dr, Mano Bernardo-Filho

Instituicdo: Instituto de Biologia Roberto Alcantara Gomes, Hospital Universitario Pedro Ernesto (HUPE), Universidade da
Terceira Idade (UNATI) e Policlinica Piquet Carneiro (PPC) da Universidade do Estado do Rio de Janeiro (UERJ),

1) Eu li. ou leram para mim o Termo de Consentimento Livre & Esclarecido para esse estudo. Recebs todas as explicagdes sobre a
natureza, cbjetivo e duragdo deste estudo. As minhas perguntas foram respondidas satisfatoriamente.

2) Concordo em participar desse estudo.

3) Entendo que minha participacdo no estudo € voluntéria e que posso me recusar a participar ou pesso sair do estudo a qualquer
momento. Caso eu recuse participar deste estudo, ndo serei penalizado de nenhuma forma e minha decisdo ndo prejudicara
qualquer cuidade médico ao qual tenho direito,

Rio de Janeiro, de de

Nome do pesquisador que apresentou o TCLE: Ass:

Nome do Participante: Ass:

Nome da Testemunha: Ass:
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