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RESUMO

CAIADO, Vanessa da Silva. Efeitos da terapia vibratéria sistémica nos niveis de
dor, narigidez, na funcéo fisica e na qualidade de vida de mulheres com
osteoartrite de joelho e obesidade. 2023. 126 f. Dissertacéo (Mestrado em
Fisiopatologia Clinica e Experimental) — Faculdade de Ciéncias Médicas,
Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2023.

A associagao entre obesidade e osteoartrite de joelho € bem descrita. Mulheres
sdo acometidas por ambas as condicbes clinicas mais do que os homens. Desta
forma, a funcao fisica reduzida e o aumento da dor podem levar a reducdo da
qgualidade de vida. O presente estudo teve como objetivo avaliar os efeitos da terapia
vibratéria sistémica (TVS) na posicao sentada nos niveis de dor, na rigidez, na fungéo
fisica e na qualidade de vida de mulheres com osteoartrite de joelho e obesidade. Foi
realizado um estudo com analise pré-teste e pos-teste de um grupo Unico de mulheres
com osteoartrite de joelho e obesidade. A TVS foi realizada duas vezes por semana,
durante cinco semanas. As variaveis estudadas foram os niveis de dor, a rigidez
articular, a funcéo fisica e a qualidade de vida. Os instrumentos utilizados para
avaliac@o das variaveis foram Western Ontario McMaster Universities Osteoarthritis
Index (WOMAC), o Short Performance Physical Battery (SPPB), o teste Timed Up and
Go (TUG teste) e o Item Short-Form Health Survey (SF-36). As avaliacdes foram
realizadas antes do inicio do protocolo de intervencdo com a TVS e apds a ultima
sessdo. Foi utilizada uma plataforma vibratéria (PV) com deslocamento alternado da
base e os individuos permaneceram na posi¢cdo sentada (com flexdo de joelhos de
90° a 1109 em cadeira auxiliar (com ajuste de altura) posicionada em frente a PV
durante a intervencdo. Frequéncias (de 5 a 14Hz), deslocamentos pico-a-pico (de 2,5
a 7,5 mm) e aceleracdes de pico (de 0,12 g a 2,95 g) foram utilizados no protocolo.
Foram avaliadas 17 mulheres (45-76 anos; 39+6,6), com diagnéstico de osteoartrite
de joelho e obesidade. ApGs cinco semanas, houve reducdo estatisticamente
significativa nos niveis de dor (p<0,000), na rigidez (p=0,030) e melhora da funcdo
fisica (p=0,014) demonstrada pelo questionario WOMAC. O tempo do teste TUG
(p=0,050) e o tempo de caminhada (p=0,005) foram reduzidos, e dois dominios do
SF-36 que foram a dor (p=0,007) e a vitalidade (p=0,007), também melhoraram. Em
conclusdo, o protocolo realizado de TVS durante cinco semanas, duas vezes por
semana, reduziu os niveis de dor, a rigidez e melhorou a funcéo fisica, favorecendo
aspectos relacionados com a qualidade de vida (dor e vitalidade) em mulheres com
osteoartrite de joelho e obesidade. Esses resultados indicam que a TVS promove
efeitos que acarretam respostas fisiologicas proporcionando melhores condi¢cdes
clinicas aos pacientes com osteoatrite de joelho e obesidade e, pode ser uma opc¢éo
segura como modalidade de exercicio para tratamento de mulheres com os referidos
sintomas.

Palavras-chave: Reabilitagdo. Funcionalidade. Exercicio fisico. Gonartrose. Vibragéo

mecéanica. Plataforma vibratéria



ABSTRACT

CAIADO, Vanessa da Silva. Effects of systemic vibratory therapy on pain level,
stiffness, physical function and quality of life of women with knee osteoarthritis and
obesity. 2023. 126 f. Dissertacdo (Mestrado em Fisiopatologia Clinica e
Experimental) — Faculdade de Ciéncias Médicas, Universidade do Estado do Rio de
Janeiro, Rio de Janeiro, 2023.

The association between obesity and knee osteoarthritis is well described.
Women are affected by both clinical conditions more than men. In this way, reduced
physical function and increased pain can lead to reduced quality of life. The present
study aimed to evaluate effects of systemic vibratory therapy (SVT) in the sitting
position on pain level, stiffness, physical function and quality of life in women. A study
was carried out with pre-test and post-test analysis of a single group of women with
knee osteoarthritis and obesity. SVT was performed twice a week for five weeks. The
variables studied were the level of pain, joint stiffness, physical function and quality of
life. The instruments used to evaluate the variables were the Western Ontario
McMaster Universities Osteoarthritis Index (WOMAC), the Short Performance Physical
Battery (SPPB), the Timed Up and Go test (TUG test) and the Item Short-Form Health
Survey (SF-36). The assessments were performed before the start of the intervention
protocol with SVT and after the last session. A vibrating platform (VP) was used with
alternate displacement of the base and the individuals remained in a sitting position
(with knees flexed from 90° to 1109 in an auxiliary chair (with height adjustment)
positioned in front of the VP during the intervention. Frequencies (from 5 to 14Hz),
peak-to-peak displacements (from 2.5 to 7.5 mm) and peak accelerations (from 0.12 g
to 2.95 g) were used in the intervention. Seventeen women (45-76 years old; 39+6.6)
with a diagnosis of knee osteoarthritis and obesity were evaluated. After five weeks,
there was a statistically significant reduction on pain level (p<0.000), stiffness
(p=0.030) and improvement in physical function (p=0.014) demonstrated by the
WOMAC questionnaire. TUG test time (p=0.050) and walking time (p=0.005) were
reduced, and two SF-36 domains, pain (p=0.007) and vitality (p=0.007), also improved.
In conclusion, the SVT protocol performed for five weeks, twice a week, reduced the
pain level, stiffness and enhanced physical function, favoring aspects related to quality
of life (pain and vitality) in women with knee osteoarthritis and obesity. These results
indicate that SVT promotes effects that lead to physiological responses that improve
the clinical conditions of patients with knee osteoarthritis and obesity, and may be a
safe option as an exercise modality for the treatment of women with these symptoms.

Keywords: Rehabilitation. Functionality. Physical exercise. Gonarthrosis. Mechanical

Vibration. Vibrating Platform.
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INTRODUCAO

Segundo a Osteoarthritis Research Society International (OARSI), a
osteoartrite (OA) é um disturbio que envolve articulacdes méveis, caracterizado por
estresse celular e degradacao da matriz extracelular iniciada por micro e macro lesées
que ativam respostas de reparo mal adaptativas (1). Este processo inclui vias proé-
inflamatoérias da imunidade inata seguido por distlrbios anatdmicos e/ou fisiolégicos
caracterizados por degradacdo da cartilagem, remodelacdo Ossea, formacdo de
ostedfitos, inflamacdo e perda da funcéo articular (2). Uma das articulagbes mais
afetadas pela OA é a articulagdo do joelho, tornando a osteoartrite de joelho (OAJ)
uma das maiores causas de dor crdnica e incapacidade funcional no mundo (3). A
OAJ pode afetar os compartimentos medial e/ou lateral da articulacao tibiofemoral e a
articulacéo patelofemoral do joelho (4). Dor, crepitacéo, limitacdo funcional e rigidez
articular s&o alguns sintomas presentes na OAJ (5).

Bannuru et al., 2019, afirmaram que a OA gera elevados custos na saude e na
sociedade como consequéncia da diminuicdo da produtividade no trabalho(1).

Fatores de risco como obesidade, sobrepeso, envelhecimento, histéria de leséo
prévia, cirurgia articular e predisposicdo genética estdo associados ao
desenvolvimento da OAJ (6). Dentre esses fatores, a obesidade € o maior deles (7).
O estudo epidemioldgico de Murphy et al., 2008, concluiu que dois em cada trés
individuos com obesidade apresentam risco de desenvolver OAJ (8). Um dado
importante ja relatado em varios estudos € que a maior incidéncia de OAJ é em
mulheres com obesidade verificado através de exame de imagem radiografica que
mostra sinais de OAJ. As mulheres tém maior susceptibilidade a desenvolver sintomas
da doenca em relacdo aos homens (4). Fatores inflamatérios presentes na obesidade
quando associados a sobrecarga na articulacéo do joelho podem desencadear o inicio
do desenvolvimento da OAJ nesses individuos (7). Os sintomas da OAJ, se nao
controlados, podem levar a reducéo da funcionalidade do individuo gerando um ciclo
de dor - inatividade fisica - sedentarismo - dor, acarretando piora da qualidade de vida
(9). Um recente guideline da OARSI, baseado em evidéncias, apresentou como
principal recomendacao a realizacdo de exercicios fisicos e a perda de massa corporal
como parte do tratamento nao farmacoldgico visando o controle dos sintomas da OAJ

(1,10). Geralmente individuos apresentando de forma concomitante OAJ e obesidade
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nao se encontram em niveis adequados de atividade fisica (9). O American College
of Sports and Medicine (ACSM) relata alguns fatores que poderiam justificar a baixa
aderéncia em programas de atividade fisica em individuos com obesidade. O sentir-
se fisicamente desconfortdvel durante o exercicio, presenca de desconforto em
relacdo a propria aparéncia e o ndo desejo de se exercitar na presenca de outras
pessoas, sao alguns desses fatores (11). Além disso, sintomas depressivos podem
ser comuns em individuos que possuem de forma concomitante OAJ e obesidade
dificultando a obtencdo de uma qualidade de vida satisfatéria e aderéncia a um
programa de exercicios fisicos como recomendado (9).

Exercicios fisicos podem promover beneficios a saide mental, como bem-estar
psicoldgico, reduzindo sintomas de fadiga, depresséo e ansiedade além da melhoria
da funcionalidade do individuo proporcionando melhora da qualidade de vida (11,12).

Embora a perda de massa corporal seja recomendada pelos guidelines de OA,
estudos sugerem que a atividade fisica com ou sem controle alimentar para reducao
de massa corporal tem efeitos terapéuticos sobre a dor, forca muscular e
funcionalidade (12). Além disso, a perda de massa corporal de forma isolada n&o
reduz a progressao da OAJ segundo o Guideline Ottawa Panel para manejo de OA
em adultos com obesidade (12). Protocolos especificos de exercicio fisico voltados
para individuos com obesidade e OAJ geralmente sao publicados em associacdo com
programas para perda de massa corporal ou como forma de comparagdo com
métodos nutricionais (13). E necessario aumentar a possibilidade de propostas que
atuem como modalidade de exercicio para essa populacdo de modo a proporcionar
outras opcdes de tratamento ndo farmacoldgico gerando beneficios aos individuos
afetados por ambas as doencas.

Dentre as modalidades de exercicio para individuos com OAJ, o exercicio de
vibracdo de corpo inteiro (EVCI) tem se mostrado uma estratégia interessante para
possibilitar a inclusé@o de individuos com limita¢des algicas e funcionais; pois o esforgo
requerido para sua realizacdo € menor do que o de um treinamento convencional
(14,15). O EVCI é gerado no individuo quando esse é submetido a terapia vibratoria
sistémica (TVS). Na TVS o individuo é exposto a vibracdo mecanica (VM) gerada em
uma plataforma vibratéria (PV) (16). Essa VM é transmitida para todo o corpo do
individuo que estiver em contato com a base da plataforma obtendo assim variados
efeitos sistémicos descritos na literatura (16—19). Sendo assim, a TVS tem sido

descrita por estudos como uma estratégia de exercicio fisico para individuos com
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obesidade, OAJ ou outras doencas (20-23). Entre os efeitos descritos estdo o
aumento da forgca muscular de membros inferiores e da preenséo palmar, melhora da
propriocepgao e das fungdes cognitivas, redugao de risco de queda em idosos,
aumento da distancia caminhada e melhora da performance de atividades diarias
como as de sentar-se e levantar-se de uma cadeira ou subir e descer escadas (23—
25). A TVS possui parametros biomecanicos que serao definidos pelo profissional ou
pesquisador com base em estudos ja publicados, visando a criacdo de um protocolo
a ser utilizado conforme os objetivos (16,26). Estes parametros biomecanicos sao:
frequéncia (F) mensurada em hertz (hz), deslocamento pico a pico (D) ou amplitude
(A) mensurada em milimetros (mm), tempo de trabalho (TT) mensurado em minutos,
tempo de repouso (TR) mensurado em minutos ou segundos e numero de séries que
também podem ser denominadas bouts (16,17,27). O posicionamento do individuo na
PV também é determinado pelo pesquisador (16,28). Os protocolos de TVS
publicados na literatura em relacdo a OAJ e obesidade tém sido descritos
separadamente em cada condicdo clinica de forma a deixar uma lacuna de
conhecimento cientifico na descricdo de protocolos especificos para mulheres
acometidas por ambas as condicdes.

Considerando os possiveis efeitos de um protocolo de exercicio fisico realizado
por meio da TVS, esse estudo tem como hipdtese que a TVS seja uma nova opgao
de tratamento nao farmacologico (TVS) visando a reducdo dos niveis de dor, da
rigidez e a melhora da funcéo fisica e da qualidade de vida em mulheres com OAJ e

obesidade.
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1 OBJETIVOS

1.1  Objetivo geral

Analisar os efeitos da TVS sobre os niveis de dor, rigidez, funcéo fisica e
qualidade de vida em mulheres com OAJ e obesidade antes e apds um protocolo de
5 semanas.

1.2  Objetivos especificos

Comparar e analisar antes e apds o protocolo de terapia vibratéria sistémica:

a) Os niveis de dor, rigidez e funcéo fisica.
b) A qualidade de vida.
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2 REVISAO DA LITERATURA

2.1 Osteoartrite do joelho

2.1.1 Articulacdo do joelho

A articulacéo do joelho é de suma importancia devido a sua funcéo de absorcéo
de carga da massa corporal durante a marcha e equilibrio (29). De modo complexo,
ela possibilita movimentos de flexdo e extensdo do joelho e possui internamente
componentes vetoriais rotacionais de forma a auxiliar na absor¢cdo das forcas de
cisalhamento ocasionadas pela sobrecarga decorrente, conforme massa corporal de
cada individuo (30). Compondo as estruturas ésseas da articulacdo do joelho ha os
condilos femorais distais, o plato tibial e a patela que junto ao fémur compde a
articulagédo patelo-femoral (31). Outras estruturas relacionadas e que auxiliam na
estabilidade da articulacéo séo a sindvia, menisco medial, menisco lateral, ligamentos,
insercdes musculares e a cartilagem articular (7). A complexidade das estruturas
desse conjunto forma uma unidade de suporte de carga capaz de se adaptar as
diferencas de forcas vetoriais no joelho (32). A sobrecarga nas estruturas dessa
articulagdo associada a fatores como obesidade, envelhecimento e lesdes locais
podem levar ao desencadeamento da cascata inflamatdria que inicia o processo de
degeneracdo da cartilagem articular na OAJ (33). A figura 1 mostra a articulacéo do

joelho com as estruturas que a compdem.
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Figura 1 — Articulacéo do joelho

Fonte: SOBOTTA, 2000, p.288.

2.1.2 Classificacdo e critérios diagnosticos de OAJ

O processo degenerativo da OA pode afetar os compartimentos lateral e medial
da articulacdo femorotibial e a articulacdo femoropatelar, podendo totalizar trés
compartimentos afetados no mesmo individuo (4). Também pode ser classificada
como primaria (idiopatica) ou secundaria, na presenca de fatores associados como
lesbes anteriores, poOs-fraturas proximais de tibia ou distais do fémur, condicdes
genéticas e desordens como osteonecrose e doenca de deposicédo de célcio (4). O
diagnostico da OAJ baseada em critérios clinicos inclui a presenca de sinais e
sintomas que sao: dor, rigidez, crepitacdo e presenca de ostedfitos (7). A figura 2
representa o processo degenerativo da cartilagem de uma articulacdo do joelho em
processo de OAJ. Critérios obtidos em imagens radiograficas séo utilizados na maioria
dos estudos a fim de classificacdo da OAJ em estagios diferentes conforme
demonstrado no quadro 1 (4). Porém Roos et al.,2016, afirmam que uma proporcéo
substancial de individuos com caracteristicas radiograficas classicas da articulacao
como presenca de ostedfitos e estreitamento do espaco articular podem néo
apresentar sintomas de dor na articulagédo atingida (7). O tratamento deve ser focado
na OAJ sintoméatica em que a dor e a restricao funcional sdo igualmente importantes

ao individuo portador da doencga (33).
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Figura 2 — Comparacao entre articulagdes do joelho

Legenda: (A) — articulagdo sem processo degenerativo
em estado integro; (B) — presenca de

OA em compartimentos da articulacéo.
Fonte: COMMONS.WIKIMEDIA.ORG, 2023.

Quadro 1 - Classificacdo de OAJ na articulacao tibiofemoral

segundo escala de Ahlback.

0 Nenhum achado radiografico de osteoartrite

1 Estreitamento do espaco articular < 3 mm

2 Espaco articular obliterado ou quase obliterado

3 Atrito 6sseo pequeno (< 5 mm)

4 Atrito 6ssea moderado (5-15 mm)

5 Atrito ésseo severo (> 15 mm)

Legenda: mm — milimetros.
Fonte: KIJOWSKI ET AL., 2006.

2.1.3 Mulheres e OAJ

A incidéncia de OAJ é maior em mulheres principalmente entre 40 e 50 anos e

apos a menopausa (34). Fatores como reducdo na taxa do horménio estrogénio,
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obesidade e componentes inflamatérios podem influenciar a prevaléncia de OAJ no
sexo feminino (35). Mulheres com sinais radiograficos de OAJ possuem maior

propensao a apresentarem os sintomas da doenga do que os homens (4).

2.1.4 Tratamento da OAJ

As recomendacdes do guideline da OARSI incluem como forte recomendacao
a realizacéo de programas de exercicios fisicos (3). Diferentes modalidades podem
proporcionar aumento da funcionalidade e qualidade de vida em individuos com
osteoartrite de joelho e obesidade mesmo quando ha impossibilidade de realizacdo
de um protocolo de dieta associado (36). As modalidades sé&o baseadas em
fortalecimento, treinamento neuro muscular, equilibrio, exercicios aerobicos,
exercicios aquaticos, educacédo sobre a doenca e exercicios chamados de corpo-
mente como Taichi ou yoga (1). Em relacdo ao tratamento medicamentoso o
recomendado foi 0 uso da menor dose possivel de anti-inflamatoérios ndo esterdides
para tratamentos de curta duracdo em caso de concordancia entre o médico e o
paciente. Em relacdo a tratamentos injetaveis, a recomendacdo para o uso de
corticoides intra-articulares foi somente em casos de alivio de dor aguda por até 6
semanas. A infiltracdo de &cido hialurénico intra-articular foi condicionalmente
recomendada para efeitos a longo prazo apos 12 semanas (1).

O Ottawa Panel Evidence-Based Clinical Practice Guidelines for the
Management of Osteoarthritis in Adults Who Are Obese or Overweight recomenda a
atuacdo de uma equipe multidisciplinar para a perda de massa corporal e
implementacg&o dos exercicios fisicos de forma a garantir uma estabilidade articular e
manutencdo da massa muscular (12). O guideline do American College of
Rheumatology (ACR) também recomenda a realizacdo dos exercicios fisicos e a
perda de massa corporal para os individuos com obesidade e OAJ (6).

O American College of Sports and Medicine(ACSM) descreve que 0s exercicios
fisicos podem reduzir a dor e a incapacidade de individuos com osteoartrite (11).
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2.2 Obesidade

2.2.1 Definicdo e classificacdo de obesidade

De acordo com a Organizacdo Mundial de Saude (OMS), a obesidade pode ser
definida como o acumulo anormal ou excessivo de gordura que apresente um risco a
saude (37). A OMS adotou como critério quantitativo para definicdo de obesidade em
adultos, o indice de massa corporal (IMC) (38). A medida € baseada na observacao
da proporcionalidade entre a massa corporal total medida em quilogramas e a estatura
do individuo mensurada em metros atraves da formula (1). Individuos com IMC igual
ou acima de 30 kg/m? séo classificados como individuos com obesidade segundo os

guidelines para manejo de obesidade e a OMS (37).

IMC = massa corporal (quilogramas) (1)
(altura)? (metros)

A obesidade pode ser subdividida em classes ou graus de acordo com o IMC

do individuo variando de 1 a 3 conforme a tabela 1:

Tabela 1 - Classificagdo de obesidade

Classe IMC (kg/m?)
1 30a34,9
2 35a39,9
3 acima de 40

Legenda: indice de massa corporal (IMC);
guilograma (kg); metro quadrado
(m?).

Fonte: ORGANIZACAO MUNDIAL DE SAUDE,

2020.
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2.2.2 Estatistica da obesidade no Brasil e no mundo

A OMS em 2021 descreve que o numero de individuos com obesidade em todo
o mundo triplicou em relacdo a 1975 (37). Em 2016, 650 milhGes de adultos acima de
18 anos estavam com obesidade (37). Ha uma estimativa segundo a OMS de que em
2025 serédo 700 milhdes de pessoas com obesidade ao redor do mundo (37).

O relatério de obesidade da OMS em relag&o a Europa indicou que a obesidade
era maior entre as mulheres apresentando um percentual de 24% em comparacao ao
percentual dos homens de 22% (39).

Nos Estados Unidos da América, o exame nhacional de salde, pesquisa e
nutricdo, indicou que a obesidade afeta 35% dos homens e 40,4% das mulheres no
pais (38).

No Brasil, a Associacdo brasileira para o estudo de obesidade e sindrome
metabdlica (ABESO) relata que a obesidade aumentou 72% nos ultimos 13 anos,
saindo de 11,8% em 2006 para 20,3% em 2019. Em relacdo ao percentual de
individuos com obesidade no Brasil, 18,7% eram homens e 20,7% eram mulheres
segundo dados colhidos pela Pesquisa de vigilancia de fatores de risco e protecéo
para doencas crbnicas por inquérito telefénico (Vigitel). Na cidade do Rio de Janeiro,
dados da Vigitel relataram um percentual também elevado de mulheres com
obesidade em relagdo aos homens sendo 23,1% e 20,1% respectivamentel. Os
percentuais estdo demonstrados na tabela 2.

Tabela 2 - Percentual de obesidade

Obesidade %
Homens Mulheres
EUA 35 40,4
Europa 22 24
Brasil 18,7 20,7
Rio de Janeiro 20,1 23,1

Legenda: percentual (%)
Fonte: ABESO, 2022

1 O endereco eletronico é: https://abeso.org.br/obesidade-e-sindrome-metabolica/mapa-da-
obesidade/.
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2.2.3 Aspectos inflamatérios e biomecéanicos na associacdo de obesidade e OAJ

O mecanismo de associacdo entre OAJ e obesidade é multifatorial, envolvendo
a sobrecarga na articulacdo do joelho, niveis de atividade fisica e a carga inflamataoria
sistémica produzida pelas citocinas do tecido adiposo (7). A presenca de
sedentarismo nos individuos com obesidade propiciam o aumento do IMC gerando
maior sobrecarga na articulacdo, exacerbando a dor e agravando O processo
degenerativo da OAJ (9). Somando-se ao efeito mecanico agressivo a articulacdo do
joelho, a obesidade apresenta efeitos metabdlicos sistémicos na OAJ causados por
maiores concentragfes de marcadores inflamatorios como o fator de necrose tumoral
do tipo alfa (TNF-a) e leptina secretadas pelo tecido adiposo (40). O fato da leptina
aumentar a sintese de fator de necrose tumoral do tipo beta (TNF-B) que atua na
formacdo de ostedfito faz com que esse baixo nivel de inflamacédo afete a funcéo
muscular, diminuindo a tolerancia a dor do individuo, prejudicando a homeostase dos
condrdcitos e levando diretamente a degradacgdo da matriz cartilaginosa (9).

Frequentemente os individuos com OAJ e obesidade realizam adaptacfes na
marcha de forma a tentar minimizar a dor, porém apresentando um déficit de equilibrio
dindmico comprometendo a eficacia da marcha (32). Geralmente o aumento do pico
interno do momento de abduc¢édo do joelho € notado refletindo a distribuicdo de carga
no plato tibial sendo este fato um forte preditor de progressao de OA medial do joelho
(41). Na analise de marcha de individuos com obesidade, o estudo de Graemmer et
al., 2012, concluiu que existe uma maior sobrecarga no plano frontal comparada a

andlise de marcha de individuos saudaveis (42).

2.3 Terapiavibratoria sistémica (TVS)

2.3.1 Definicao de vibracdo mecanica

Segundo Rittweger, 2010, vibracdo € uma oscilagdo mecanica, ou seja, uma
alteracdo periodica de forca, aceleracdo e deslocamento ao longo do tempo (28).

Logo, vibracdes sédo oscilagbes que ocorrem ao redor de um ponto de equilibrio (19).
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Para que uma vibragao seja transmitida ao corpo humano séo relatadas trés formas
basicas baseadas nos meios em que ela se propaga que Sado 0s meios aquatico,
sonoro ou através de um meio fisico (26). A vibracdo mecéanica utilizada na TVS é
obtida através de uma plataforma vibratéria (PV) onde a vibragdo produzida seré
transferida para todo o corpo humano através de seu contato com a base da
plataforma (16). Devido aos mecanorreceptores presentes em todo o corpo humano
que permitem a deteccdo das vibragbes, é possivel gerar efeitos da vibragédo
mecanica de forma sistémica ao individuo definindo-se entdo para essa atuagdo o
termo TVS. As oscilacdes (ondas) da vibracdo mecanica utilizada para a realizacéo
da TVS sdo deterministas e tém formato sinusoidal sendo descritas pelo
deslocamento pico-a-pico (D), também expresso como sendo o dobro da amplitude
(A), além da frequéncia (F) e da aceleracéo de pico (areak) (20). A figura 3 mostra a
curva sinusoidal expressa durante um ciclo de vibragdo mecanica com os parametros

utilizados para a elaboracdo de um protocolo de exercicios através da TVS.

Figura 3 - Representacédo da vibragdo mecanica
através de curva sinusoidal e parametros
biomecanicos.

Peak — N '
Amplitude (A)
Equilibrium
\
{

Time
Peak to ‘
Peak
Displace-
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Displacement

. Period __|
Duration (T)

Legenda: Peak - pico; Equilibrium - equilibrio; Peak to
peak displacement (D) - deslocamento pico-a-
pico; Period duration (T) - duragdo de tempo;
Time — tempo; Displacement - deslocamento.

Fonte: RAUCH ET AL., 2010.
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Dessa forma, durante a TVS o corpo humano em contato com a PV sofre uma
aceleracdo que sera gerada pelo somatorio vetorial resultante de forcas de reacgéo
provocadas no corpo do individuo conforme os pardmetros selecionados no protocolo
(28). Essa aceleracdo € expressa nominalmente como apeak € € calculada de acordo
com a variagdo do deslocamento pico-a-pico (D) e da frequéncia (F) selecionadas
como mostrada na formula(16). A aceleracdo provocada no corpo do individuo de
maneira sistémica possibilita tanto sua mobilizagdo quanto a geracao de contracdes
musculares em resposta as for¢cas de acao e rea¢do ocasionadas no corpo durante o
contato com a plataforma. Desse modo, devido aos efeitos fisiologicos relatados na
literatura, a TVS é utilizada como modalidade de exercicio.

A apeak € expressa na unidade de aceleracdo ms? ou em miltiplos
gravitacionais g quando dividida por uma unidade gravitacional equivalente & 9,81 ms-
2 (28).

areak = frequéncia angular (w)x D (2)

apeak = (2 X T X F)?2 X D (metros)

2.3.2 Parametros biomecanicos e posicionamento na plataforma

Os parametros biomecanicos a serem selecionados seréo:

a) Frequéncia (f): representa o nimero de ciclos realizados em 1 segundo sendo
expressa em hertz (Hz);

b) Deslocamento pico-a-pico (D): a medida entre os valores correspondentes aos
pontos maximo e minimo do ciclo e é expresso em milimetros (mm) conforme o
posicionamento sobre a base da plataforma. A amplitude, também expressa em mm,
é a metade do D;

C) Tempo de trabalho: representa o tempo em que o individuo permanecera em
vibrag&do sendo expressa em minutos ou segundos;

d) Tempo de repouso: intervalo de tempo entre os tempos de trabalho expresso

em minutos ou segundos.
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O posicionamento na plataforma também faz parte do protocolo selecionado
podendo ser realizado sentado em uma cadeira, posicionada a frente da plataforma
vibratéria, que é ajustavel conforme a estatura do individuo com os pés descal¢os
sobre a base da plataforma ou em posicao ortostatica sobre a base da plataforma com

os joelhos semi-flexionados também denominado squat (43).

2.3.3 Tipos de plataforma vibratéria

As plataformas séo classificadas conforme a direcdo do movimento que ocorre
em sua base da seguinte forma: (16)
a) Sincrdnica ou vertical: a base movimenta-se verticalmente subindo e
descendo de modo uniforme;
b) Alternada: A base movimenta-se como uma “gangorra” em relagao ao
eixo central alternando a subida e a descida entre os lados direito e
esquerdo;
c) Triplanar: a base movimenta-se nos trés planos (vertical, antero-

posterior e latero-lateral).

2.3.4 Efeitos fisiol6égicos da TVS

Os efeitos fisiolégicos da TVS mostram beneficios na postura, funcéo
cognitiva, densidade mineral 6ssea, composicao corporal, propriocepcéo, reducéo de
dores cronicas e aumento da forca muscular com melhora da distancia caminhada e
consequentemente das atividades de vida diaria de um individuo, repercutindo em sua
qualidade de vida (44-49). Outros estudos também relatam efeitos relacionados a
melhora do equilibrio, reducdo de espasticidade e da forgca muscular em doencas
neurolégicas como a doenca de Parkinson, sindrome de Down, paralisia cerebral e
apos acidente vascular cerebral (50-52). Também tém sido demonstrados efeitos no
aumento da capacidade funcional de individuos com doenga pulmonar obstrutiva

cronica, e disturbios do sono (53,54).
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Conforme relatado no estudo de Rittweger, 2010, o corpo humano que esta
sobre a plataforma vibratéria reagira como um sistema de molas que absorvem e
refletem a energia mecanica gerada internamente de forma sistémica como
consequéncia da vibracdo que estd sendo transmitida ao corpo do individuo. A
captacdo da vibracdo mecéanica ocorre gracas aos mecanorreceptores existentes na
pele (26). Os mecanorreceptores enviam a informacdo mecanica através da via da
medula espinhal e o talamo chegando ao cortex somatossensorial (19). Varias regides
corticais do cérebro estdo envolvidas no processamento da informagéo de vibracao.
Dessa forma, os tecidos e células percebem e respondem ao sinal biomecanico (55).
Os mecanorreceptores principais envolvidos na captacdo da vibracdo sédo o
Corpusculo de Paccini, ou de pressao que estdo profundamente localizados na pele
e o corpusculo de Meissner localizado de maneira mais superficial (56,57). A presenca
de receptores sensoriais na jun¢do miotendinea como o Orgdo tendinoso de Golgi
(OTG) e o fuso neuromuscular (FNM) vao possibilitar a contragdo muscular
possibilitando uma transicao ciclica entre contracdes excéntricas e concéntricas (28).
A vibracdo vai gerar uma descarga excitatoria nas terminacdes primarias e
secundarias do FNM gerando um efeito excitatério no motoneurénio alfa (a). A
aferéncia 1b do OTG igualmente sera responsiva a vibracdo muscular carreando a
informac&do motora do musculo ao coértex cerebral (58). Sousa-goncalves et al., 2019,
verificaram o aumento da atividade muscular através de eletromiografia de superficie
em individuos com obesidade ap6s 5 semanas de TVS (22).

Um efeito fisioldégico importante na utilizacdo da TVS € o de reducdo da dor
(48). O mecanismo sensorial envolvido para este fim inclui a teoria das comportas
proposta por Melzack e Wall (59). Ocorre que o estimulo de vibracdo € detectado
pelos mecanorreceptores da pele e é carreado para o talamo através de fibras
nervosas rapidas do tipo A, enquanto a via de conduc¢éo nervosa para a aferéncia de
estimulo doloroso ao talamo é do tipo lenta C ndo mielinizada. Quando as fibras do
tipo A - beta responsaveis por tato, pressao e vibracao sdo estimuladas, ha liberacéo
de endorfinas e bloqueio da substancia P que € o neuropeptideo modulador da dor
utilizado pelas fibras C lentas realizando assim o “fechamento das comportas”
impossibilitando a chegada da informacéo dolorosa ao talamo (17,59).

Esses importantes efeitos fisiolégicos obtidos atravées da TVS podem

possibilitar o aumento da atividade muscular e a reducdo de dor no individuo
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permitindo dessa forma ndo s6 a melhora da sua funcionalidade quanto de sua
qualidade de vida.

A figura 4 mostra de forma esquematica uma intera¢do neurossensorial desde
o sistema periférico até seus efeitos a nivel central neurolégico ocorridos no corpo do

individuo em contato com a PV.

Figura 4 — Esquema sobre a percepcao da
vibragdo mecanica no corpo humano.
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Fonte: Imagem adaptada de OROSZ| et al., 2020.
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3  MATERIAL E METODOS

3.1 Questdes éticas

O procedimento envolvido no presente estudo foi considerado nao invasivo,
isento de riscos evidentes para os participantes. Esse projeto foi 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 registrado no Registro Brasileiro de Ensaios
Clinicos, ReBEC (RBR-7dfwct). Todos o0s participantes do estudo tomaram
conhecimento da pesquisa e foram orientados através do Termo de Consentimento

Livre e Esclarecido (TCLE) antes de iniciar qualquer procedimento (Anexo-B).

3.2 Critérios de incluséao

Foram incluidos no presente estudo, individuos em acompanhamento no Servico
de Ortopedia do HUPE, com diagnéstico de OAJ segundo critérios de Ahlback com
idade = 45 anos, do sexo feminino e que apresentassem IMC = 30 kg/m?

caracterizando obesidade segundo a OMS.

3.3 Critérios de exclusao

Foram excluidos no momento da avaliagdo os individuos que estivessem
utilizando viscossuplementacdo e/ou anti-inflamatorios ndo esteroidais (AINE) e
esteroidais (AIE) durante um periodo de até 6 meses antes do inicio da pesquisa, a
declaracédo de realizacdo de outro programa de reabilitacdo, hipertensédo arterial
sistémica sem tratamento médico (presséao arterial sistolica entre 140 e 159 milimetros

de mercuario (mmHg) e presséo arterial diastolica entre 90 e 99 mmHg), utilizacdo de
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marcapasso cardiaco, arritmias cardiacas, cirurgias recentes em membros inferiores
até 1 ano antes do inicio da pesquisa, historico de trombose venosa profunda,
presenca de prétese de quadril ou de joelho unilateral ou bilateral, artrodese de coluna,
diagnostico relatado de artrite reumatodide, incapacidade de caminhar de forma

independente e uso de medicacéo psicotropica.

3.4 Desenho do estudo e calculo amostral

Como desenho de estudo foi adotado o modelo de pré-teste e pos-teste em um
grupo unico. O tamanho da amostra foi calculado através do software G-Power® (60),
com base no estudo de Mahmoud et al., 2017, com um valor de poder de 80% e um
valor de a unicaudal de 0,05 para a variavel WOMAC no dominio funcéao fisica,
considerando os dados de média, desvio padrdo, e tamanho do efeito de 0,79. O
calculo identificou a necessidade de uma amostra total de 12 individuos. No entanto,
considerando uma perda de cerca de 20%, planejou-se o recrutamento de 15
individuos. Porém, este estudo recrutou trinta mulheres sendo que apenas 17

finalizaram o estudo, conforme mostrado no fluxograma da figura 7 (61).

3.5 Participantes do estudo

As participantes deste estudo receberam o diagnéstico de OAJ de acordo com o
Critério de Ahlback avaliado através da radiografia de ambos os joelhos realizada em
incidéncias anteroposterior com carga, apoio bipodal, perfil e axial de patela (62). Esta
avaliacédo inicial foi realizada no ambulatério de ortopedia do HUPE, através de um
meédico ortopedista. Apds a confirmagcdo do diagndstico, as pacientes foram
convidadas a participar do estudo. Aquelas que concordaram foram encaminhadas ao
Laboratorio de Vibragdes Mecéanicas e Préticas Integrativas (LAVIMPI), localizado na
Policlinica Universitaria Piquet Carneiro, onde foram avaliadas de acordo com o0s

critérios de inclusdo e exclusao.
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3.6 Descricao do protocolo

As participantes foram submetidas a um protocolo de TVS durante 5 semanas
realizando as sessdes duas vezes na semana com 24 horas de intervalo entre as
sessOes totalizando 10 sessdes conforme demonstrado no quadro 2. Foi adotado o
posicionamento sentado em uma cadeira ajustavel (poltrona Aquarius®, Van de Velde
LTDA, INC) a altura da participante de forma que ela se sentisse confortavel e
conseguisse apoiar 0s pés descalcos sobre a plataforma. Na primeira sessdo da
participante, o angulo de flexdo de joelho na posicédo sentada era mensurado atraves
de um goniémetro de forma que sua angulacao inicial fosse mantida até a ultima
sessdo. Os pés eram mantidos descalgos e apoiados sobre a base da PV enquanto
as maos eram apoiadas sobre os joelhos para que houvesse a transmissibilidade da
vibracdo mecanica para o restante do corpo. Foi orientado que as participantes
mantivessem o olhar fixo em um ponto logo abaixo da barra de suporte da PV para
gue a posicao da cabeca néo fosse alterada conforme demonstrado na figura 6.

A plataforma utilizada foi a do tipo alternada (Novaplate Fitness Evolution®, DAF
Produtos Hospitalares Ltda, S&o Paulo). Os parametros biomecanicos programados
foram uma frequéncia inicial de 5 Hz aumentando 1 Hz a cada sessao atingindo na
décima sesséo 14 Hz. A areak variou de 0,12 g a 2,95 g. Os pés das participantes
foram posicionados em 3 variacdes de deslocamento pico-a-pico da seguinte forma:
0 primeiro posicionamento em 2,5 mm, o segundo posicionamento em 5 mm e o
terceiro posicionamento em 7,5 mm conforme mostrado na figura 6. Em cada
posicionamento o tempo de trabalho em que a vibragéo era realizada era de 3 minutos
seguidos de um tempo de repouso de 1 minuto. Para que todos as participantes
colocassem seus pés na mesma posicao, a base da PV foi previamente demarcada
com uma fita azul nos trés posicionamentos distintos conforme demonstrado na figura
5e6.
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Quadro 2 - Protocolo da terapia vibratoria sistémica.

3 min 1 min 3 min 1 min 3 min 1 min
Sessbes  Frequéncia (Hz) D1(mm) D2(mm) D3(mm)
1a 5 2,5 5 7,5
22 6 2,5 5 7,5
32 7 2,5 5 7,5
4a 8 25 5 7,5
5a 9 25 5 7,5
62 10 2,5 5 7,5
72 11 2,5 5 7,5
82 12 2,5 5 7,5
92 13 25 5 7,5
102 14 25 5 7,5

Legenda: Primeiro deslocamento pico-a-pico (D1); segundo deslocamento pico-a-pico (D2); terceiro deslocamento
pico-a-pico (D3); minutos (min); milimetros (mm); hertz (hz).

Nota: O quadro mostra o aumento das frequéncias da 12 a 102 sessfes com os respectivos deslocamentos pico-a-
pico e o tempo de trabalho e repouso em minutos.

Fonte: a autora, 2023.



Figura 5 — Cadeira ajustavel do protocolo
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Nota: As setas Indicam o local de ajuste da cadelra,
posicionamento das maos, angulacdo dos joelhos,
ponto de fixacdo dos olhos e cegamento do painel
onde ocorre a sele¢do de pardmetros biomecanicos.

Fonte: A autora, 2023.

Figura 6 - posi¢cédo sequencial dos pés

Legenda: D1 — primeiro posicionamento
dos pés; D2 — segundo
posicionamento dos pés; D3 -
terceiro posicionamento dos
pés; mm — milimetros.

Fonte: A autora, 2023.
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3.7 Avaliacbes

As participantes foram submetidas & uma anamnese para coleta de histérico
de saude, presenca de comorbidades, inicio de menopausa, uso de medicacdes e
outros tratamentos realizados. Para a obtencdo do IMC foi realizada a medida de
massa corporal e estatura através da balanca digital com estadidmetro da marca MIC
200 PPA, Micheletti, S&o Paulo, Brasil. Também foi identificado o nivel de atividade
fisica das participantes antes do protocolo através do questionario International
Physical Activity Questionnaire (IPAQ). As avaliacdes dos niveis de dor, rigidez,
funcdo fisica e qualidade de vida foram coletadas antes da primeira sesséo (pré-teste)
e 24 horas ap6s a Ultima sessdo (pos-teste). Foram utilizados 2 questionarios
autorrelatados sendo um para os niveis de dor, rigidez e funcao fisica através do
Western Ontario e McMaster Universities Osteoarthritis Index (WOMAC) e outro para
avaliacdo da qualidade de vida através do Medical Outcomes Study 36 — Item Short-
Form Health Survey (SF-36) (63,64). Dois testes funcionais foram realizados para
avaliacdo da funcéo fisica, sendo um composto por uma bateria de trés subtestes
através do Short Physical Performance Battery (SPPB) e outro avaliando uma Unica
funcao correspondente a uma atividade de vida diaria através do Timed up and go test
(TUG teste) (24,65,66).

3.7.1 Avaliacdo de dor, rigidez e funcao fisica através do WOMAC

O Western Ontario e McMaster Universities Osteoarthritis Index (WOMAC) é
um questionario autorrelatado utilizado para individuos com OAJ validado no Brasil.
E um instrumento com 24 perguntas agrupadas em trés dominios divididos em trés
pontuacdes diferentes: (i) Dor (0-20); (ii) Rigidez articular (0-8); (iii) Capacidade Fisica
(0-68). A pontuacéo total do WOMAC pode variar de 0 a 96. As perguntas deverao ser
respondidas pelo participante sobre a sua percepg¢ao de dor, rigidez e funcionalidade
nas ultimas 72 horas (67). As pontuacdes do WOMAC séo definidas por uma escala
Likert (O a 4) e os valores para cada dominio e uma pontuacéo de forma global séo

obtidas. Pontuagcbes menores sao indicativos de sintomas menores.
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3.7.2 Short Physical Performance Battery (SPPB)

Consiste na avaliacdo de trés itens: (i) Teste de equilibrio: € solicitado ao
participante equilibrar-se por 10 segundos em trés posic¢des distintas com dificuldade
progressiva (com os pés unidos, semi-tandem com um dos pés parcialmente a frente
do outro e tandem com um dos pés totalmente a frente do outro); (ii) Habilidade de
caminhar: ocorre a mensuragao do tempo gasto em segundos para caminhar uma
distancia de 3 metros (delimitados no chao). Esse percurso é cronometrado duas
vezes considerando-se o menor valor entre os dois; (iii) Habilidade de sentar e levantar
de uma cadeira: o participante deve levantar e sentar de uma cadeira o mais rapido
possivel por cinco vezes, com os bragos cruzados na frente do térax. A cadeira ndo
podera ter apoio lateral e o tempo sera cronometrado. Cada item varia de 0 a 4 pontos
somando 12 pontos (onde O significa pior funcéo fisica e 12 o melhor nivel dessa

funcao).

3.7.3 Timed up and go test (TUG teste).

O Timed up and go test (TUG teste) é um teste que avalia a performance fisica
e risco de quedas em individuos idosos. Com validac&o no Brasil ele tem sido muito
utilizado em estudos relacionados a obtencdo de dados quantitativos em relacédo a
funcionalidade sendo também uma ferramenta investigativa para execucdo de
atividades que requeiram equilibrio e mobilidade. O teste se inicia com o individuo
sentado em uma cadeira onde ap6s o comando de inicio pelo pesquisador é
cronometrado o tempo que ele leva desde 0 momento em que desencosta as costas
da cadeira, levantando-se e caminhando em velocidade habitual até uma distancia de
3 metros e retorna novamente caminhando até sentar-se novamente na cadeira e

encostar as costas finalizando-se entdo a cronometragem (68).
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3.7.4 Qualidade de vida pelo Medical Outcomes Study 36 — Item Short-Form Health
Survey (SF-36)

Este é um questionario amplamente utilizado como um instrumento genérico
de avaliacdo da qualidade de vida, de facil administracdo e compreensao e validado
para a lingua portuguesa brasileira. Trata-se de um questionario formado por 36 itens,
englobados em 08 dominios: (i) capacidade funcional (10 itens); (ii) aspectos fisicos
(4 itens); (iii) dor (2 itens); (iv) estado geral de saude (5 itens); (v) vitalidade (4 itens);
(vi) aspectos sociais (2 itens); (vii) aspectos emocionais (3 itens); (viii) saide mental
(5 itens) e uma questao de avaliagdo comparativa entre as questdes de saude atual e
a de um ano atras. O célculo da pontuacao é feito através do Raw Scale em que o0s
valores das gquestdes sédo convertidos em notas dos 8 dominios que irdo variar de 0 a
100 sendo 0 = pior e 100 = melhor para cada dominio. Cada nota de dominio foi
aplicada em férmula especifica para a obtencao da nota final de cada dominio.
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4  ANALISE ESTATISTICA

O presente estudo realizou andlises de dados usando o programa GraphPad
Prism 6.0 para Windows. Foram empregados percentual, média e desvio padrdo. O
teste de normalidade de Shapiro-Wilk foi adotado para explorar a distribuicdo normal
da amostra durante o pré-teste. Assim, testes baseados em métodos nao
paramétricos como o teste de Wilcoxon ou testes baseados em métodos paramétricos
como o Teste-t pareado foram usados para comparar o pré-teste e o pés-teste. Os

dados foram considerados estatisticamente significativos se p<0,05.
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Foram recrutadas 30 mulheres com OAJ sendo que apés avaliagdo quanto aos

critérios de excluséo, 6 foram excluidas pois 5 apresentaram IMC inferior a 30 kg/m?

e 1 fazia uso continuo de AIE. Iniciaram o protocolo 24 mulheres, porém 3

abandonaram o protocolo por motivos pessoais e 4 foram excluidas durante o

protocolo pois 2 foram diagnosticadas com COVID-19, 1 apresentou leséo de pele

localizada em calcaneo impedindo o contato com a base da plataforma e 1 necessitou

de uma cirurgia de urgéncia. Completaram o protocolo 17 mulheres conforme

demonstrado no fluxograma apresentado na figura 7.

Figura 7 — Fluxograma do desenvolvimento da pesquisa

Recrutamento
(n=30)

Elegiveis
(n=24)

Exclusédo (n=6)

-IMC < 30 kg/m? (n=5)
-Uso de AIE (n=1)

Analisados
(n=17)

Legenda: AIE- anti-inflamatorio esteroidal, IMC- indice de massa

corporal.

v

Descontinuaram (n=7)

-Abandono (n=3)
-COVID-19(n=2)
-Lesdode pele (n=1)
-Cirurgia (n=1)

As caracteristicas antropométricas das participantes estdo demonstradas na

tabela 3 assim como os graus de Ahlback dos joelhos direito e esquerdo e a

classificagcdo quanto ao nivel de atividade fisica obtido através do questionéario IPAQ

se encontram respectivamente nas tabelas 4 e 5. A caracterizacdo da amostra pode

ser vista na tabela 6.



Tabela 3 - Caracteristicas antropométricas

Participantes (n=17) Média + DP
Idade (anos) 63,68 + 8,53
Estatura (m) 1,55+ 0,06
Massa corporal (kg) 92,75+ 17,57
Circunferéncia de cintura (cm) 111 + 13,70
IMC (kg/m?) 38,52 +6,41
Grau de obesidade 2,05+0,87

Legenda: DP — desvio padrdo, m — metro, kg — quilograma, cm - centimetro,
indice de massa corporal, kg/m? — quilograma por metro quadrado.

Tabela 4 - Grau de Ahlbéack segundo as radiografias de joelho

Grau de Ahlback Joelho direito n (%) Joelho esquerdo n (%)
1 8 (47%) 7 (41,1%)
2 3 (17,6%) 3(17,6%)
3 0 2 (11,7%)
4 2 (11,7%) 1 (5,8%)
5 2 (11,7%) 2 (11,7%)

Fonte: A autora, 2023.

Tabela 5 - Nivel de atividade fisica obtido através do questionario IPAQ

Nivel de atividade fisica n (%)
Baixo 12 (70,5%)
Moderado 1 (5,9%)
Alto 4 (23,5%)

Legenda:IPAQ — International physical activity questionnaire.
Fonte: A autora, 2023
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Tabela 6 - Caracterizagdo da amostra
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n (%)
Diabetes 5 (29,4%)
HAS 8 (47,1%)
Etilismo 0
Tabagismo 1 (5,9%)
Hipertireoidismo 0
Hipotireoidismo 0
Cancer 1 (5,9%)
Doenca renal 2 (11,8%)
Insuficiéncia venosa 1 (5,9%)
Trombose prévia 0
Orientacéo nutricional 2 (11,8%)
Covid-19 antes do protocolo 4 (23,5%)
Menopausa 15 (88,2%)
Piora dos sintomas apés menopausa 7 (41,2%)
Atividade fisica antes do protocolo 2 (11,8%)

Legenda: HAS — Hipertenséo arterial sistémica.
Fonte: A autora, 2023

A tabelas de 7 a 11 mostram os resultados comparativos em relacdo as médias,
desvio padrdo e p-valores das pontuacdes obtidas nas variaveis analisadas no pré-
teste e no pos-teste.

A tabela 7 mostra a analise comparativa das pontuacdes totais obtidas na
variavel SPPB. Houve um aumento das médias das pontuacdes incluindo os subitens
do SPPB ( equilibrio, caminhada de 3 m e sentar e levantar) e a pontuacao total, o
que seria um indicativo de melhora na realizagéo das atividades, porém com p-valores

nao estatisticamente significativos.
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Tabela 7 - Resultado comparativo das variaveis coletadas no pré-teste e pos-teste.

SPPB (Pontuacéo) TJ;I:S%E? '?Séi:fgg? p-valor
SPPB (pontuacéo total) 7,70 £ 1,74 8,58 +1,37 0,1314
Equilibrio 3,52 + 0,69 3,76 £ 0,54 0,3438
Tempo de caminhada 2,58 +£1,08 3,05+ 0,87 0,1377
Sentar e levantar 1,64 +0,83 1,88 + 0,89 0,6875

Legenda: DP — desvio padrdo; SPPB — Short Physical Performance Battery;
Nota: A analise estatistica do dominio de pontuacéo total foi realizada através do Teste -t pareado

enquanto os dominios de equilibrio, tempo de caminhada e sentar e levantar foram realizados através
Teste Wilcoxon.

A figura 8 mostra a representacdo grafica do resultado comparativo obtido na
andlise do SPPB.

Figura 8 - Representacao grafica entre pré-teste e pos-teste das pontuacdes obtidas

no SPPB
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Legenda: (A) — Pontuacéo total da bateria incluindo os trés testes de equilibrio, caminhada
de 3 metros e sentar e levantar; grafico (B) — Pontuagdo obtida no teste de
equilibrio; gréafico (C) — Pontuagdo obtida no teste de caminhada de 3 metros;

grafico (D) — Pontuacgéo obtida no teste de sentar e levantar.
Fonte: A autora, 2023.



46

A tabela 8 mostra o resultado comparativo em relacdo a analise dos tempos
obtidos em segundos para a execucéao dos testes de caminhada de 3 metros e para o
teste de sentar e levantar da cadeira. Houve uma reducdo estatisticamente
significativa no teste de caminhada de 3 metros (p= 0,0056) indicando mais agilidade
na execucao dessa atividade enquanto o tempo de sentar e levantar da cadeira nédo
obteve um resultado estatisticamente significativo apesar da reducdo na média de

tempo para execucao.

Tabela 8 - Resultado comparativo das variaveis coletadas no pré-teste e pos-teste.

Pré-teste Pds-teste
SPPB (Tempo em segundos) (Média + DP) (Média + DP) p-valor
Tempo de caminhada (s) 5,70 £ 2,58 4,23 +1,24 |0,0056**|
Sentar e levantar (s) 19,68 £ 6,70 19,12 £ 9,25 0,5791

Legenda: DP — desvio padrédo; SPPB —Short Physical Performance Battery; s— segundos;** p < 0,01.

Nota: A analise estatistica foi realizada através do teste Wilcoxon.

A figura 9 mostra a representacédo grafica do resultado comparativo dos tempos

obtidos na realizacdo da caminhada de 3 metros e no teste de sentar e levantar.

Figura 9 — Representacédo grafica entre pré-teste e pds-teste dos tempos obtidos nos
testes de caminhada de 3 metros e teste de sentar e levantar no SPPB.
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Legenda: (A) — Tempo de realizagao no teste de caminhada de 3 metros; gréafico (B) —
Tempo de realizacdo no teste de sentar e levantar. **: p < 0,01; s: segundos.
Fonte: a autora, 2023.
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A tabela 9 expde os resultados comparativos da analise do questionario WOMAC
em relacéo a pontuacéo total e a pontuacao de seus dominios de dor, rigidez e funcéo
fisica. Houve uma reducgéo estatisticamente significativa tanto nas médias de sua
pontuacdo total quanto nas meédias dos dominios de dor (p<0,0001), rigidez
(p=0,0308) e funcéo fisica (p=0,0147) com p-valores estatisticamente significativos. A
reducdo da pontuacdo nesse caso é um indicativo de reducado de sintomas indicando

melhora nos niveis de dor, rigidez e funcéo fisica.

Tabela 9 - Resultado comparativo das variaveis coletadas no pré-teste e pos-teste

WOMAC s oy p-valor

WOMAC (pontuacdo total) 61,52 + 16,49 45,35 + 19,48 0,0010***
Dor 13,35+ 3,30 8+4,01 0,0001***
Rigidez 4,11+ 2,54 3,17 £ 2,20 0,0308*
Funcéo fisica 4405+11,70 34,17 £ 15,66 0,0147*

Legenda: DP — desvio padrdao; WOMAC — Western Ontario e McMaster Universities Osteoarthritis
Index; * p < 0,05; *** p < 0,001.
Nota: A analise estatistica foi realizada através do Teste-t pareado.
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A figura 10 mostra a representacao grafica do resultado comparativo das
variaveis analisadas através do questionario WOMAC.

Figura 10 - Representacao entre pré-teste e pds-teste das pontuacdes obtidas no

WOMAC.
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Legenda: Gréfico (A) - Pontuagéo total; grafico (B) — Pontuagdo obtida no dominio de dor;
grafico (C) — Pontuagéo obtida no dominio de rigidez; gréafico (D) — Pontuagéo obtida
no dominio de funcao fisica. *p < 0,05; ***p < 0,001.

Fonte: A autora, 2023.
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A tabela 10 mostra o resultado comparativo dos valores do TUG teste entre o

pré-teste e o pés-teste. Houve uma reducao estatisticamente significativa (p=0,050)

no seu tempo de realizacdo indicando melhora da funcao fisica para a realizagéo do
mesmo.

Tabela 10: Resultados comparativo das variaveis coletadas no pré-teste e pos-teste.

TUG Teste Pre-teste Pos-teste p-valor
(Média + DP) (Média + DP)
Tempo em segundos 17,61 +9,34 13,48 £ 3,75 | 0,050*|
Legenda: DP — desvio padrdo; TUG — Timed up and go; * p < 0.05.

Nota: A analise estatistica foi realizada através do teste Wilcoxon.

A figura 11 mostra a representacdo gréfica do resultado comparativo do tempo
obtido no TUG Teste.

Figura 11 — Representacao entre pré-teste e pos-
teste dos tempos obtidos no TUG teste.
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Legenda: *p=< 0,05; s: segundos.
Fonte: A autora, 2023.
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A tabela 11 mostra os resultados comparativos dos dominios da variavel de
qualidade de vida representada através do SF-36. Houve um aumento das médias na
pontuacdo total e nos dominios de capacidade funcional, aspectos fisicos, estado
geral de salude, aspectos sociais e saude mental porém nado estatisticamente
significativos. Diferente dos dominios de dor e vitalidade onde o aumento das médias
das pontuagOes atingiu valores estatisticamente significativos com p=0,0071 e
p=0,0078 respectivamente representando a melhora dos mesmos. Um Unico dominio
da variavel SF-36 relacionado a limitacdo por aspectos emocionais nao obteve

aumento das médias comparativas entre o pré-teste e o pds-teste.

Tabela 11: Resultados comparativo das variaveis coletadas no pré-teste e pos-teste.

Pré-teste

P6s-teste

SF-36 (Pontuacéo) Vedia 2 DP) (Védia < bP) p-valor

SF-36 (pontuacéo total) 51,83 +17,08 59,02 £ 16,55 0,0569
Capacidade funcional 27,94 +18,15 29,70 £17,27 0,6452
Aspectos fisicos 44,11 + 38,85 50,00 £ 40,21 0,5391
Dor 39,11 £17,50 54,94 + 18,08 0,0071**
Estado Geral de Saude 63,17 £17,56 67,41 £ 24,04 0,4234
Vitalidade 44,11 + 18,48 52,35+ 17,99 0,0078*4
Aspectos Sociais 70,58 £ 26,75 75,73 £ 23,66 0,4063
Aspectos emocionais 58,80 + 40,47 56,85 £ 43,93 0,9999
Saude Mental 66,82 £ 19,19 71,52 +19,05 0,1453

Legenda: DP — desvio padrédo; SF-36 — Short form — 36; **p<0,01.

Nota: na andlise estatistica, foi utilizado o Teste-t pareado para os dominios de capacidade funcional,
dor e vitalidade. Nos dominios de pontuacéo total, aspectos fisicos, estado geral de salide, aspectos
sociais, aspectos emocionais e sadde mental foi utilizado o teste Wilcoxon.
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A figura 12 mostra a representacao grafica do resultado comparativo da variavel
SF — 36.

Figura 12 - Representacédo entre pré-teste e pds-teste das pontuacdes obtidas nos
dominios do SF-36
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Legenda: Gréfico (A) - Pontuacéo total; grafico (B) — Dominio de capacidade funcional; grafico (C) —
Dominio de limitagdo por aspectos fisicos; grafico (D) — dominio de dor; gréafico (E) — Dominio de
estado geral de saude; grafico (F) — Dominio de vitalidade; grafico (G) — Dominio de limitagéo por
aspectos sociais; grafico (H) — Dominio de limitagcao por aspectos emocionais; grafico (I) —
Dominio de saude mental; **p<0,01.

Fonte: A autora, 2023.
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6 DISCUSSAO

A apresentacdo de uma modalidade de exercicio como a TVS que possibilite
efeitos na qualidade de vida e funcéo fisica além da reducao de sintomas como dor e
rigidez aos individuos portadores de OAJ principalmente em mulheres é fundamental
no mundo cientifico. Quando em mulheres também acometidas pela obesidade, é
vantajosa a aquisicdo desses efeitos através de um tratamento ndo farmacologico.
Isso esta relacionado com o fato da obesidade poder estar associada a outras
comorbidades que demandem abordagem medicamentosa (69). A TVS sendo uma
proposta de exercicio segura e confortavel pode aumentar a aderéncia ao exercicio
em individuos com obesidade e OAJ (45,70). O posicionamento sentado adotado
neste estudo € pioneiro dentre os protocolos de TVS quando analisa de forma
especifica seus efeitos em mulheres portadoras de ambas as condi¢des clinicas. O
estudo realizado por Marchon et al., 2020, concluiu que a postura sentada tem
equivaléncia na transmissibilidade da vibracdo para joelhos quando comparada a
postura de semi-agachamento (squat), sendo mais protetiva para a extremidade
superior do corpo (71). Além disso, esse posicionamento visa reduzir a carga e 0
impacto sobre a articulacéo do joelho proporcionando conforto durante a intervencao.

Um estudo de Gaducci et al.,2017, verificou associa¢ao entre massa de gordura
de membros inferiores (MI) em individuos com obesidade e um reduzido torque de
contracdo voluntaria maxima para flexao e extensdo de MI podendo indicar fadiga
prévia da musculatura durante a atividade fisica e limitagdes funcionais nas atividades
de vida diaria (72). Sousa-Gongalves et al.,, 2019, relataram através de
eletromiografia, a ativacdo do musculo vasto lateral do quadriceps em um protocolo
de 5 semanas de vibracdo mecanica realizado em individuos com obesidade (73).
Esse achado confirma a hip6tese de que a TVS adotada aqui como protocolo pode
ser um meio de ativacdo muscular e ganho de funcionalidade nestes individuos. Rafiq
et al.,2021, realizaram um estudo de 4 semanas utilizando um protocolo de
fortalecimento muscular através de exercicios fisicos de Ml em individuos com
obesidade e OAJ (74). Como resultado deste trabalho foi relatado uma reducéao
estatisticamente significativa nos niveis de dor e rigidez através da escala WOMAC
além de maior aderéncia e satisfacdo pessoal aos exercicios pelos individuos. O

protocolo de TVS abordado aqui também utilizou o questionario WOMAC para
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avaliacao de dor, rigidez e funcéo fisica com tempo de tratamento semelhante sendo
obtido como resultado um desfecho equivalente na reducao dos niveis de dor e rigidez
além da melhora da funcéo fisica demonstrados nos testes funcionais SPPB e TUG
teste. Paineiras-domingos et al., também analisaram a velocidade da marcha,
equilibrio e a funcédo de sentar e levantar da cadeira apos 10 sessdes de TVS em
individuos com sindrome metabdlica, o que inclui individuos com obesidade, relatando
melhora dos escores das varidveis analisadas (24).

Stania et al.,2017, compararam 6 combinacdes de protocolo de TVS com
diferentes variacdes de frequéncia e deslocamentos pico-a-pico durante 4 semanas
de treinamento em homens saudaveis relatando um aumento da razéo entre flexao e
extensdo dos musculos do joelho elucidando uma melhor performance muscular (44).
O guideline Ottawa Panel de manejo clinico baseado em evidéncias de individuos com
OAJ e obesidade ressalta os beneficios clinicos importantes como melhora do padrao
funcional e reducdo de dor com resultados estatisticamente significativos
representados no questionario WOMAC, utilizado em nosso estudo, com a introdugéo
de exercicios fisicos em individuos com essas condic¢des clinicas (12).

O resultado apresentado em nosso estudo relacionado a reducao do tempo de
caminhada e do tempo de execucdo da tarefa de levantar-se de uma cadeira,
caminhar e sentar-se novamente demonstrado através do SPPB e TUG teste
respectivamente reflete a progressédo em uma atividade de vida diaria e indica melhora
da marcha. Varios estudos tém enfatizado a consequéncia do elevado indice de
massa corporal sobre a biomecéanica da marcha, tanto pela reducdo de massa
muscular e reducéo do torque de contragdo voluntaria maxima quanto pela reducao
do momento de aduc¢éo(9,42,72). Casilda-Lopez et al., 2017, analisaram o efeito de 8
semanas de exercicios aquaticos baseados em danca com 17 mulheres em periodo
pos-menopausa apresentando obesidade e OAJ, constatando melhora do escore de
funcéo fisica no questionario WOMAC, se assemelhando dessa forma, ao nosso
protocolo em relacdo ao numero de mulheres do grupo intervencéo e a ferramenta de
avaliagdo utilizada (75).

Além de dor, funcéo fisica e rigidez, um aspecto a ser analisado € o impacto
sobre a qualidade de vida ocasionado pela OAJ juntamente com a obesidade. Fransen
et al.,2015 citam a reducédo da qualidade de vida em individuos com OAJ (76). A
concomitancia de OAJ e obesidade gera um ciclo de dor e inatividade fisica que

acentua o comportamento sedentario e exacerba sintomas depressivos que Sao
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frequentes nessas condi¢cbes clinicas comprometendo a qualidade de vida (9).
Tavares et al.,2020, publicaram em seu estudo, como um dos preditores para a dor
crbnica em individuos com OAJ, um componente afetivo-emocional e cognitivo
através da avaliagdo do questionario SF-12 (77). Bennel et al.,2020, relataram a
melhora da qualidade de vida em individuos com obesidade e OAJ apoés a realizacao
de 12 semanas de exercicios, associando a essa melhora o fato da funcao fisica ter
sido aprimorada, sendo dessa forma ,um fator preponderante para o bem-estar (78).
Moura-Fernandes et al., 2020, ndo encontraram diferencas nos dominios de
qualidade de vida entre os participantes portadores de OAJ em um protocolo utilizando
vibracdo mecanica e auriculoterapia por 5 semanas (79). Em contrapartida, Carvalho-
Lima etal.,2017, utilizando a mesma frequéncia como protocolo de TVS em individuos
com sindrome metabdlica encontrou melhora em alguns dominios do questionério de
qualidade de vida WHOQOL-breef também apds 5 semanas de estudo (80). Lim et
al., 2010, através de um programa de 8 semanas usando exercicios aquaticos avaliou
os efeitos deste programa na qualidade de vida de homens e mulheres com IMC= 25
kg/m? e ndo encontrou diferencas significativas nos componentes fisico e mental
através do SF-36 também utilizado neste protocolo (81). A andlise da qualidade de
vida em relacao aos individuos com OAJ principalmente em mulheres tém sido pouco
descrita nos estudos em TVS. Além disso as ferramentas para sua avaliacao variam
quanto aos questionarios utilizados dificultando a comparacédo entre os estudos. Este
protocolo utilizou o SF-36 obtendo valores significativos para dois dos dominios
analisados sendo uma contrapartida para a continuidade da investigacao da qualidade

de vida como variavel nesta populacéo.
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7  LIMITACOES

O desenho de estudo no formato pré-teste e pds-teste em um grupo Unico exclui
a comparacdo com um grupo controle tornando necesséria futuramente a realizagédo
de um ensaio controlado para confirmacédo dos resultados. Entretanto, a coleta de
dados foi realizada em um periodo de pandemia do novo coronavirus tornando um
desafio tanto a aderéncia ao protocolo, quanto a manutencdo do grupo amostral

devido as comorbidades das participantes.
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8 CONCLUSAO

A TVS pode ser uma modalidade de tratamento n&o farmacolégico para mulheres
gue apresentam OAJ e obesidade. A melhora da funcionalidade representada neste
estudo através do tempo de caminhada e atividade de sentar-se e levantar-se de uma
cadeira expressam a importancia de almejar uma eficiéncia na realizacdo de
atividades de vida diaria das mulheres acometidas por essas doengas limitantes. De
semelhante forma, a reducdo obtida nos niveis de dor e rigidez dentro do quadro
clinico da OAJ tornam a TVS um protocolo seguro, eficaz e com reduzido tempo de
tratamento. Dessa forma, a TVS pode ser considerada uma modalidade de exercicio,
possibilitando maior aderéncia a uma atividade fisica e reduzindo o ciclo de dor-
inatividade-dor, além de propiciar elementos para melhora da qualidade de vida em

mulheres com OAJ e obesidade.
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Register:
Last refreshed on:
Main ID:

Date of registration:

Prospective
Registration:

Primary sponsor:

Public title:

Scientific title:

Date of first
enrolment:

Target sample size:

Recruitment status:

URL:

Study type:
Study design:
Phase:

REBEC
21 April 2020
RBR-7dfwct

02/08/2018

No

Universidade do Estado do Rio de Janeiro - Rio de Janeiro, RJ, Brazil

The effect of auriculotherapy and mechanical vibrations generated on oscillating vibratory
platform in individuals Knee arthrosis

Research on the effect of a procedure involving the association one of the Integrative and
Complementary Practices (auriculotherapy) in the “Sistema Unico de Saude” and the
mechanical vibrations generated in oscillating/vibratory platform in the manangement of
individuals with a chronic non-communicable disease (Gonarthrosis)

05/10/2013
200
Recruiting

http://www.ensaiosclinicos.gov.br/rg/RBR-7dfwct/
Intervention

Randomized clinical trial, parallel, triple blind, 4-arm
N/A

Countries of recruitment
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Contacts

Name: Mario Bernardo-Filho Name: Eloa Moreira-Marconi
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andar, Vila Isabel 20551-031 Rio de Janeiro
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Email:

andar, Vila Isabel 20551-031 Rio de Janeiro
Brazil

Telephone: 55-21-28688332
Email: eloamarconi@gmail.com
Affiliation: Universidade do Estado do Rio de Janeiro

Key inclusion & exclusion criteria
Inclusion criteria: Individuals over 18 years of age with Knee osteoarthritis or healthy (no chronic diseases or lesions in

lower limbs).

Exclusion criteria: individuals who are taking viscossupplementation and / or corticoids less than 12 months old;
individuals currently in another rehabilitation program; individuals with clinical manifestations that did not allow the
accomplishment of exercises; individuals with presence of cardiac pacemaker; individuals with recent surgeries in the
lower limbs (1 year), individuals with hip or bilateral knee arthroplasty, individuals with rheumatoid arthritis and / or
spinal arthrodesis; individuals who refused to sign the Informed Consent Term (TCLE).
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Age minimum: 18
Age maximum: 90
Gender: -

Health Condition(s) or Problem(s) studied
Gonarthrosis [arthrosis of knee]

Gonarthrosis, knee Joint Diseases,
Joint Diseases
Gonarthrosis [arthrosis of knee]

Joint Diseases

MO00-M99

Intervention(s)

Auriculotherapy

Effects of vibration

Exercise Therapy

Other

Physical and Rehabilitation Medicine
Vibration

Whole body vibration exercise (WBVE), Auriculotherapy, auriculotherapy association with WBVE, placebo control.
Whole body vibration exercise protocol:

There will be 10 sessions, 02 times per week, totaling 05 weeks of protocol. The oscillating/vibrating platform (OVP)
used is of the alternating type.

In order to obtain adequate chair height and knee flexion in the sitting posture, an initial study will be performed using a
digital accelerometer. Individuals will be guided by the evaluators, to sit in a chair, with their feet propped at the base of
the OVP, arms outstretched and hands on their knees. The base of the OVP will be previously marked in 3 positions for
placing the feet of the participants. These positions correspond to 3 different peak-to-peak displacements (D) (Position
1-D =2.5mm, position 2 - D =5 mm and position 3 - D = 7.5 mm). The frequency will vary from 5 to 14 Hz. The total
intervention time will be 11 min divided into 3 sets of 3 minutes with 1 minute rest between them. An opaque board
shall be attached to the OVP display so that the participant does not identify the time and frequency used. The
Evaluator will follow all procedures and will guide the participant to report any discomfort that occurs during the WBVE.
In the event of any discomfort or discomfort on the part of the participant, the procedure will be automatically
terminated.

Protocol of auriculoterapia:

A tape with two seeds will be placed on the points to be stimulated in both ears (Knee, Kidney and Shenmen point).
The tapes will be changed once a week. All participants will be asked to stimulate points at least 3 times a day.

a) Control Group placebo (GC)(n=50):

Seedless tapes will be affixed on the same points as the treatment protocol. The participant will

Primary Outcome(s)

Decreased pain level; verified through visual analogue scale (VAS); At least a 20% reduction in pain level is expected.
Improvement of postural control, mobility and balance; verified through the

Time Up and Go Test (TUG);

a reduction in test run time of at least 5% between pre- and post-intervention is expected, and maintenance of follow-
up improvement (7 and 14 days after the last session) is expected.

Secondary Outcome(s)

Analysis of the response of the organism to the interventions; verified through changes in blood parameters; it is hoped
to analyze the changes to understand the physiological effect of whole-body vibration exercises between pre and post
intervention.

Change in the temperature of the skin of the lower limbs; measured by a thermogagnetic camera; it is expected to
analyze changes in skin temperature during whole body vibration exercises to understand the effect of mechanical
vibrations on the body.

Decreased "fear of falling"; verified through the Falls Efficacy Scale (FES-1) questionnaire; an improvement of at least
5% between pre- and post-intervention is expected, and maintenance of improvement at follow-up (7 and 14 days after
the last session) is expected.

Improved flexibility; through anterior trunk flexion; it is expected to decrease the distance between the middle finger
and the floor by at least 5% between pre and post intervention and maintenance of improvement at follow up (7 and 14
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days after the last session).

Improvement in sleep quality; verified by the Pittsburgh Sleep Quality Index and Epworth Sleepiness Scale; an
improvement of at least 5% between pre- and post-intervention is expected, and maintenance of improvement at
follow-up (7 and 14 days after the last session) is expected.

Improvement of body composition; verified through bioimpedance; an improvement of at least 5% between pre- and
post-intervention is expected, and maintenance of improvement at follow-up (7 and 14 days after the last session) is
expected.

Improvement of the knee range of motion, measured bilaterally with a digital Goniometer; angulation of active knee
flexion is expected to increase by at least 5% between pre and post intervention and maintenance of improvement at
follow up (7 and 14 days after the last session).

Improvement of the quality of life; verified by means of the Western Ontario and McMaster Universities questionnaires
Osteoarthritis Index of Osteoarthritis (WOMAC), Medical Outcomes Study 36 - Item Short-Form Health Survey (SF-36)
and Knee Injury Osteoarthritis Outcome Score - KOOS; an improvement of at least 15% between pre- and post-
intervention and maintenance of improvement at follow-up (7 and 14 days after the last session) is expected.

Improvement of the recruitment of muscle fibers of the lower limbs; verified by electromyographic tracing of the medial,
anterior tibial, and vastus lateralis (bilateral, medial gastrocnemius muscles; an improvement of at least 5% between
pre- and post-intervention is expected and maintenance of improvement at follow up (7 and 14 days after the last
session).

Increased functional capacity of lower limbs; verified through the Lequesne Index, Lysholm knee Scoring Scale and
Short Physical Performance Battery (SPPB); an improvement of at least 5% between pre- and post-intervention is
expected, and maintenance of improvement at follow-up (7 and 14 days after the last session) is expected.

Increased handgrip strength (HS); verified through the Manual Strength Dynamometer; a HS increase of at least 10%
between pre- and post-intervention and maintenance of improvement at follow-up (7 and 14 days after the last
session) is expected.
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Ethics review
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ANEXO B — Termo de consentimento livre e esclarecido
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

() SMet/Obesidade ()O0AJ () DPOC ()

PROJETO DE PESQUISA: Avaliacéo dos efeitos da vibracio mecénica (em exercicios de vibracio de corpo
inteiro ou em atividades laborais), de outras modalidades de exercicio e/ou das priticas integrativas e

[& tares em individuos com diversas condicoes clinicas e em individuos saudiveis

)

Projeto de Pesquisa da Policlinica Piquet Carneiro. LAVIMPI — Laboratério de Vibracoes Mecanicas e Prdticas
Integrativas

Investigador principal: Prof. Dr. Mario Bernardo-Filho.

Instituicdo: Instituto de Biologia Roberto Alcantara Gomes, Policlinica Piquet Carneiro, Universidade do Estado
do Rio de Janeiro

O(a) senhor(a) esta sendo convidado (a) a participar de uma pesquisa. Antes de decidir participar, € importante que
entenda o objetivo da pesquisa, quais os passos do estudo, os beneficios, riscos e desconfortos que podem lhe
causar. Leia com calma as informacdes abaixo e esclarega suas dividas.

PROCEDIMENTOS DO ESTUDO E OBJETIVOS: Os exercicios de vibragdo de corpo inteiro sdo produzidos
em um individuo que estd em contato direto com as vibragoes geradas em plataforma vibratéria. As vibracoes
mecdnicas também podem estar presentes na atividade laboral (como motoristas de Onibus). As prdticas
integrativas e complementares sdo interven¢des nao-farmacol6gicas que buscam o equilibrio das fun¢des do
organismo para a prevenc¢do ou o tratamento de diversas condicoes clinicas. O objetivo do presente estudo é
avaliar os efeitos das vibracbes mecéanicas geradas em plataforma vibratéria e das prdticas integrativas e
complementares (de forma associada ou nao) através da andlise de pardmetros clinicos, metabélicos, funcionais e
de qualidade de vida em pessoas com diversas condi¢des clinicas e em individuos sauddveis; assim como avaliar a
transmissibilidade da vibracdo mecéanica em individuos durante suas atividades laborais e seu efeito no corpo
humano.

CUSTOS, NAO REMUNERACAO E COMPENSACAO: Sua participagio nio terd nenhum custo monetirio
adicional. Somente serdo coletados dados a partir de seus registros clinicos relacionados com os procedimentos
dessa pesquisa. Sua participagdo neste estudo ndo serd remunerada.

RISCOS E BENEFICIOS: Os procedimentos nesse estudo ndo sio invasivos, exceto a coleta de sangue que
poderd causar eventual hematoma. Poderd haver constrangimento ao responder algum item do questiondrio. Serd
beneficiado com informagdes sobre sua satide.

CONFIDENCIALIDADE: As informagoes desse estudo sdo confidenciais e permanecerdo sob sigilo.
PARTICIPACAO VOLUNTARIA: Sua participagio ¢ voluntdria. Caso decida participar, receberi este termo de
consentimento para assinar em duas vias, uma ficard com o(a) senhor(a) e outra com o pesquisador. Ter4 liberdade
de deixar o estudo a qualquer momento. Caso recuse participar, ndo serd penalizado de nenhuma forma e sua
decisdo nao prejudicard qualquer cuidado médico ao qual tem direito.

OUTRAS INFORMACOES IMPORTANTES: O Investigador principal deste estudo poderd ser encontrado na
Policlinica Piquet Carneiro, Av. Marechal Rondon 381 (LAVIMPI — Laboratério de Vibragdes Mecanicas e
Priticas Integrativas) e pelo telefone (21) 23342367. Se houver diividas em relagdo aos direitos como participante
da pesquisa, entre em contato com o Comité de Etica em Pesquisa do Hospital Universitdrio Pedro Ernesto, na Av.
28 de Setembro, 77 — Térreo e no telefone (21)2868-8253.

Eu li, ou leram para mim, o termo de consentimento livre e esclarecido para esse estudo. Recebi todas as
explicacdes sobre a natureza, objetivo e duracdo deste estudo. As minhas perguntas foram respondidas
satisfatoriamente.

1) Concordo em participar desse estudo no grupo de pesquisa envolvendo

() Vibracdo mecdnica, gerada em plataforma vibratdria (exercicio de vibragdo de corpo inteiro)

( ) Priticas integrativas e complementares. Qual(is):
() Transmissibilidade da vibragdo mecanica durante atividade laboral

2) Entendo que minha participa¢do no estudo € voluntiria e que posso me recusar a participar ou posso sair do
estudo a qualquer momento. Caso eu recuse participar desse estudo, nao serei penalizado de nenhuma forma e
minha decisio ndo prejudicard qualquer cuidado médico ao qual tenho direito.

Nome do participante: Data: __ / /|
Assinatura: Datas.. f f: .
Nome da testemunha: Dagas.. . -

Assinatura: Data: /|
Nome da p que apr tou o TCLE: Data: /[

Assinatura: Data: i _if
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ANEXO C — Formulario de anamnese
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Mome: Grupao: Idade:
Data de Mascimsnto: ! ! CPF: Cl: Orgda;
Endereo: Cepc
Tel Fizo: { ) Tel Celular:| } E-mail:

Critérios de exclusdo:

{ ) Participantes &m outro programa de reabilitagdo.

{ ) Cinurgia ortopédica em membros infenores (Gitimo 1 anao).

{ yArroplasta de quadril ou bilateral de joelho, artrite reumatdide efou artrodese de coluna.
{ }Acritério do avaliador. Motivo:

Comorbidades Mo Sim Observaches

Hipertenséo Arterial

Diabetes Melitus
tipo 1

Diabates Melituz
tipn 2

Doenga Renal

Hipertireoidismo

Hipotirecidismao

Trombose Venosa
Profunda

Insuficiéncia Yenosa

Cancer

CcoviDis

Menopausa Ano:

05 sinfomas. de dor
pioraram apos o
inicio da
menopausa’?

Pratica atividade Descreva:
fizica regular?

Faz

acompanhamento




71

nutricicnal 7
Tabagismao Descrava:
Etilismao Descreva:

Cirurgias realizadas:

Medicamentos em uso continuo:

Existéncia de alergias: { jMao [ ) 5S5im

Descreva:

Responsavel pela avaliapio (Moms legivel)
Data: ! !

Mome:
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ANEXO D - Questionario de Atividade fisica — International Physical Activity
Questionnaire (IPAQ)
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Avaliagdo dos efeitos da vibragdo mecdnica (em exercicios de vibracdo de corpo inteiro ou em atividades
laborais), de outras modalidades de exercicio e/ou das praticas integrativas e complementares em individuos
com diversas condig¢des clinicas e em individuos saudaveis.

( ) SMet/Obesidade ()oAal ()DpPOC ()
Nome: Data: /__/

Questiondrio Internacional de Atividade Fisica — Versdo Curta

(International Physical Activity Questionnaire - IPAQ)

As perguntas a seguir estdo relacionadas ao tempo que vocé gastou fazendo atividade
fisica na ULTIMA semana. As perguntas incluem as atividades que vocé faz no trabalho,
para ir de um lugar a outro, por lazer, por esporte, por exercicio ou como parte das suas
atividades em casa ou no jardim. Suas respostas sao muito importantes. Por favor,
responda cada questdo mesmo que considere que nao seja ativo. Obrigado pela sua
participagao!

Para responder as perguntas pense somente nas atividades que vocé realiza por pelo
menos 10 minutos continuos de cada vez.

Para responder as questdes lembre-se que:

» atividades fisicas VIGOROSAS sdo aquelas que precisam de um grande esforgo fisico e que
fazem respirar MUITO mais forte que o normal

» atividades fisicas MODERADAS s3o aquelas que precisam de algum esforgo fisico e que fazem
respirar UM POUCO mais forte que o normal

1la- Em quantos dias da ultima semana vocé CAMINHOU por pelo menos 10 minutos
continuos em casa ou no trabalho, como forma de transporte para ir de um lugar para
outro, por lazer, por prazer ou como forma de exercicio? dias __ /semana ou ( ) Nenhum

1b- Nos dias em que vocé CAMINHOU por pelo menos 10 minutos continuos quanto
tempo no total vocé gastou caminhando por dia? Horas: Minutos:

2a- Em quantos dias da ultima semana, vocé realizou atividades MODERADAS por pelo
menos 10 minutos continuos, como por exemplo pedalar leve na bicicleta, nadar,
dancar, fazer gindstica aerdbica leve, jogar volei recreativo, carregar pesos leves, fazer
servigos domésticos na casa, no quintal ou no jardim como varrer, aspirar, cuidar do
jardim, ou qualquer atividade que fez aumentar moderadamente sua respiragao ou
batimentos do coracdo? (POR FAVOR NAO INCLUA CAMINHADA) ____ dias /semana ou
( ) Nenhum

2b- Nos dias em que vocé fez essas atividades moderadas por pelo menos 10 minutos
continuos, quanto tempo no total vocé gastou fazendo essas atividades por dia?
Horas: Minutos:
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3a- Em quantos dias da ultima semana, vocé realizou atividades VIGOROSAS por pelo
menos 10 minutos continuos, como por exemplo correr, fazer ginastica aerdbica, jogar
futebol, pedalar répido na bicicleta, jogar basquete, fazer servicos domésticos pesados
em casa, no quintal ou cavoucar no jardim, carregar pesos elevados ou qualquer
atividade que fez aumentar MUITO sua respiragao ou batimentos do coragdo?

__dias /semanaou ( ) Nenhum

3b- Nos dias em que vocé fez essas atividades vigorosas por pelo menos 10 minutos
continuos quanto tempo no total vocé gastou fazendo essas atividades por dia?
Horas: Minutos:

Estas ultimas questdes sao sobre o tempo que vocé permanece sentado todo dia, no
trabalho, na escola ou faculdade, em casa e durante seu tempo livre. Isto inclui o tempo
sentado estudando, sentado enquanto descansa, fazendo licao de casa visitando um
amigo, lendo, sentado ou deitado assistindo TV. N3o inclua o tempo gasto sentando
durante o transporte em 6nibus, trem, metrd ou carro.

4a- Quanto tempo no total vocé gasta sentado durante um dia de semana?
Horas: Minutos:

4b- Quanto tempo no total vocé gasta sentado durante em um dia de final de semana?
Horas: Minutos:
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ANEXO E — Questionario Western Ontario E McMaster Universities Osteoarthritis
Index (WOMAC)
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Avaliagdo dos efeitos da vibragdo mecanica (em exercicios de vibragdo de corpo inteiro ou em atividades laborais), de outras
modalidades de exercicio e/ou das praticas integrativas e complementares em individuos com diversas condig¢des clinicas e
em individuos saudaveis.

Nome: Grupo: Data: /|

Questionario WOMAC

As perguntas a seguir se referem a intensidade da dor que vocé esta atualmente sentindo
devido a artrite de seu joelho. Para cada situagdo, por favor, coloque a intensidade da dor que

sentiu nas ultimas 72 horas (Por favor, marque suas respostas com um “X”).

Pergunta: Qual a intensidade da sua dor?

Nenhuma | Pouca | Moderada| Intensa| Muito Intensa
1 - Caminhando em um lugar plano () () () () ()
2- Subindo ou descendo escadas. () () () () ()
3- A noite deitado na cama. () () () () ()
4-Sentando-se ou deitando-se. () () () () ()
5. Ficando em pé () () () () ()

As perguntas a seguir se referem a intensidade de rigidez nas juntas (ndo dor), que vocé esta
atualmente sentindo devido a artrite em seu joelho nas ultimas 72 horas. Rigidez é uma sensagdo de
restricdo ou dificuldade para movimentar suas juntas (Por favor, marque suas respostas com um

“x”).

Nenhuma | Pouca | Moderada| Intensa | Muito Intensa

1. Qual é a intensidade de sua rigidez logo 0 0 () () ()
apos acordar de manha?

2. Qual é a intensidade de sua
rigidez apds se sentar, se deitar () () () () ()
ou repousar no decorrer do dia?
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As perguntas a seguir se referem a sua atividade fisica. N6s chamamos atividade fisica, sua
capacidade de se movimentar e cuidar de vocé mesmo (a). Para cada uma das atividades a seguir,
por favor, indique o grau de dificuldade que vocé esta tendo devido a artrite em seu joelho durante

as ultimas 72 horas (Por favor, marque suas respostas com um “X”).

Pergunta: Qual o grau de dificuldade que vocé tem ao:

Nenhuma | Pouca | Moderada| Intensa| Muito Intensa
1 - Descer escadas. () () () () ()
2- Subir escadas. () () 0) () @)
3- Levantar-se estando sentada () () () () ()
4- Ficar em pé. () () () () ()
5- Abaixar-se para pegar algo. () () () () ()
6- Andar no plano. () () () () ()
7- Entrar e sair do carro. () () () () ()
8- Ir fazer compras. () () () () ()
9- Colocar meias. () () () () ()
10- Levantar-se da cama. () () () () ()
11- Tirar as meias. () () () () ()
12- Ficar deitado na cama. () () () () ()
13- Entrar e sair do banho. () () () () ()
14 -Se sentar. () () () () ()
15- Sentar e levantar do vaso sanitario. () () () () ()
16- Fazer tarefas domésticas pesadas. () () () () ()
17- Fazer tarefas domésticas leves. () () () () ()

Score: Dor: Rigidez: Fungdo Total:

75



ANEXO F — Short Physical Performance Battery (SPPB)
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Avaliagdo dos efeitos da vibragio mechnica (em exercicios de vibragdo de corpo inteiro ou em atividades laborais), de outras modalidades
de exercicio e/ou das praticas integrativas e complementares em individuos com diversas condigaes clinicas @ em individuos saudaveis.

( ) SMet/Obesidade ()oA () bPOC ()

Data: / / L—

Nome:

Short Physical Performance Battery (SPPB)

Testes de equilibrio Manteve por 10 s n3o tentou <103
9 Posicao com os pés juntos sim (1) / nso (0) ) - .
" Posicdo em pé com um pé sim (1) / ngo (0) ) o :
parcialmente a frente —
‘ Posi¢3o em pé com um pé a frente ) i

Escore parcial:

sim(2) / de3a9,995s(1) / menosde 35(0)

Testes de Velocidade de Marcha (3
metros)

Primeira tentativa

Segundz tentativa

Escore parcial:

Tempo Apoios para a caminhada

( ) Nenhum
s | ( ) bengala
| Clodtio_

( ) Nenhum
( ) bengala
( ) outro

ndo tentou ou ndo conseguiu

tentou, mas ndo conseguiu (0)
ndo tentou (0)

recusou participagao (0)

(1) > 6,52 segundos
(2) de 4,66 a 6,52 segundos
(3) de 3,62 a 4,65 segundos
(4) < 3,62 segundos

Teste de levantar-se da cadeira (O PACIENTE DEVERA EXECUTAR O TESTE O MAIS RAPIDO POSSIVEL)

Levantou-se sem ajuda e com seguranga: tentou, mas ndo conseguiu (0)

Pré-teste (1 vez) sim( ) ndo tentou (0)
| néo( ) recusou participagao (0)
(0) ndo completou ou completou com t > 60
cagiindos
Tempo: ___: s REBHNNOS

(1) maior ou igual a 16,70 segundos
(2) de 13,60 a 16,69 segundos

(3) de 11,20 a 13,69 segundos

(4) menor ou igual a 11,19 segundos

Teste (5 vezes)

Escore parcial: SPPB - escore total:



ANEXO G — Questionario Medical Outcomes Study 36- Item short form (SF-36)
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Avaliagdo dos efeitos da vibragdo mecdnica (em exercicios de vibracdo de corpo inteiro ou em atividades laborais), de outras
modalidades de exercicio e/ou das préticas integrativas e compl es em i com diversas condigdes clinicas e em
individuos saudaveis.

divid,

Nome: Grupo: Data: /__J__

1) Em geral vocé diria que sua saude é: (*)
Excelente (1) Muito Boa (2) Boa (3) Ruim (4) Muito Ruim
(5)

2- Comparada ha um ano atrds, como vocé se classificaria sua idade em geral, agora?
Muito melhor Um pouco melhor Quase a mesma (3) Um pouco pior (4) | Muito pior (5)

1) (2)

3- Os seguintes itens sdo sobre atividades que vocé poderia fazer atualmente durante um dia comum.
Devido a sua saude, vocé teria dificuldade para fazer estas atividades? Neste caso, quando?
Sim, dificulta | N&o, ndo dificulta

Atividades Sl finf:culta um pouco de modo algum
muito (1)
(2) (3)
a) Atividades vigorosas, que exigem muito esforgo, tais como
correr, levantar objetos pesados, participar em esportes () () ()

arduos.

b) Atividades moderadas, tais como mover uma mesa, passar
aspirador de po, jogar bola, varrer a casa.(*)
c) Levantar ou carregar mantimentos

d) Subir varios lances de escada (*)

€e) Subir um lance de escada

f) Curvar-se, ajoelhar-se ou dobrar-se

g) Andar mais de 1 quilémetro

h) Andar vdérios quarteirdes

i) Andar um quarteirdao

j) Tomar banho ou vestir-se

I~ =~ === }=|= |-
Y WY Y Y ) ) Y -
I~ |~ |~ |~ |— |}~ |~ |~
e~~~ |~ |~ |~
N N Y ) ) S Y -

4- Durante as ultimas 4 semanas, vocé teve algum dos seguintes problemas com seu trabalho ou com
alguma atividade regular, como consequéncia de sua saude fisica?

Sim | Nao(
(1) 2)
a) Vocé diminui a quantidade de tempo que se dedicava ao seu trabalho ou a outras atividades? { ) ()
b) Realizou menos tarefas do que vocé gostaria? (*) ()1 0)
c) Esteve limitado no seu tipo de trabalho ou a outras atividades (*) () ()
d) Teve dificuldade de fazer seu trabalho ou outras atividades (p. ex. necessitou de um esfor¢o
extra). () ()
Sim | Ndo

5- Durante as ultimas 4 semanas, vocé teve algum dos seguintes problemas com seu trabalho ou (1) (2)
outra atividade regular didria, como consequéncia de algum problema emocional (como se
sentir deprimido ou ansioso)?

a) Vocé diminui a quantidade de tempo que se dedicava ao seu trabalho ou a outras atividades? () ()

b) Realizou menos tarefas do que vocé gostaria? (*) ()1 0)
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¢) N3o realizou ou fez qualquer das atividades com tanto cuidado como geralmente faz (*) () ()

6- Durante as ultimas 4 semanas, de que maneira sua saude fisica ou problemas emocionais interferiram
nas suas atividades sociais normais, em relagdo a familia, amigos ou em grupo?
| De forma nenhuma (1) I Ligeiramente (2) | Moderadamente (3) | Bastante (4) I Extremamente (5) |

7- Quanta dor no corpo vocé teve durante as ultimas 4 semanas?
| Nenhuma (1) | Muito leve (2) | Leve (3) | Moderada (4) | Grave (5) | Muito grave (6) |

8- Durante as ultimas 4 semanas, quanto a dor interferiu com seu trabalho normal (incluindo o trabalho
dentro de casa)?(*)
I De maneira alguma (1) I Um pouco (2) I Moderadamente (3) [ Bastante (4) ] Extremamente (5) I

9- Estas questdes sdo sobre como vocé se sente e como tudo tem acontecido com vocé durante as ultimas 4
semanas. Para cada questdo, por favor, dé uma resposta que mais se aproxime de maneira como vocé se
sente, em relagdo as ultimas 4 semanas.

A maior Alguma s
Todo parte Uma boa parte equena Nunca
tempo do parte do do peq

parte do (6)

(1) tempo | tempo (3) | tempo tempo (5)

() (4)
() () () () () ()

a) Quanto tempo vocé tem se sentindo cheio
de vigor, de vontade, de forca?

b) Quanto tempo vocé tem se sentido uma
pessoa muito nervosa?

¢) Quanto tempo vocé tem se sentido tdo
deprimido que nada pode anima-lo?

d) Quanto tempo vocé tem se sentido calmo
ou tranquilo? (*)

e) Quanto tempo vocé tem se sentido com
muita energia?(*)

f) Quanto tempo vocé tem se sentido
desanimado ou abatido? (*)

g) Quanto tempo vocé tem se sentido
esgotado?

h) Quanto tempo vocé tem se sentido uma
pessoa feliz?

i) Quanto tempo vocé tem se sentido
cansado?

() () () () () ()

() () () () () ()

() () () () () ()

10- Durante as ultimas 4 semanas, quanto de seu tempo a sua saude fisica ou problemas emocionais
interferiram com as suas atividades sociais (como visitar amigos, parentes, etc)? (*)
Todo tempo A maior parte do Alguma parte do Uma pequena parte Nenhuma parte
(1) tempo tempo do tempo (4) do tempo (5)
(2) 3)

11- O quanto verdadeiro ou falso é cada uma das afirmagdes para vocé?

Aliiona Nao A maioria
Definitivamente das vezes sei das vezes Definitivamente
erdadeiro (1 erdadeiro falso (5
v () 12} ! @) | falso(4) ®)
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a) Eu costumo adoecer um pouco
mais facilmente que as outras
pessoas

()

()

()

() ()

b) Eu sou tao sauddvel quanto
qualquer pessoa que eu conheco

()

()

()

() ()

¢) Eu acho que a minha satde vai
piorar

()

()

()

() ()

d) Minha satide é excelente

()

()

()

() ()

SF-36 — escore total:

SF-12 - escore total:
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Simple Summary: Osteoarthritis is a degenerative joint disease that affects millions of people
around the world. Knee osteoarthritis is one of the causes of more significant functional disability
among people with it. Currently, obesity is identified as one of the main risk factors for the onset of
the disease due to excess load on the joints of the lower limbs, especially the knees. The association
of measures, such as weight reduction through diets and exercise, can alleviate symptoms and in-
crease the physical condition of people affected by these clinical conditions. However, many indi-
viduals with obesity have difficulty adhering to diet programs and need to improve in order to
perform their functional activities. The aim of this systematic review was to evaluate the results of
several physical exercise programs conducted without the association of diet, demonstrating the
improvement of the functional capacity of individuals with these concomitant clinical conditions,
presenting another proposal to reduce the symptoms of the disease in this population.

Abstract: The association between obesity and knee osteoarthritis (KOA) is reported in the litera-
ture. The inflammatory factors described in obesity associated with mechanical overload on the
knee joint lead to KOA development and reduced functional capacity in these individuals. Most
physical exercise (PE) protocols associate a diet program to improve the functional capacity of indi-
viduals with concomitant KOA and obesity. There is a lack of published protocols performing PE
alone, which would be without an associated diet program in individuals with both clinical condi-
tions. In this systematic review, the authors summarize the effects of the application of PE alone,
describing each protocol and reporting the improvement in the function of people with these clinical
conditions. This investigation was conducted according to the PRISMA guidelines and registered
in PROSPERO. Five databases (MEDLINE/PubMed, PEDro, Scopus, CINAHL and Web of Science)
were used up to July 2022 and ten studies, including 534 participants, met the inclusion criteria. The
PEDro scale, Cochrane collaborations and ROBINS-I tools were used to evaluate the methodological
quality and risk of bias. It was concluded that PE performed alone seems to provide an

Biology 2022, 11, 1391. https://doi.org/10.3390/biology11101391
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improvement in the functional capacity of these individuals even without an associated diet plan in
the condition of obesity.

Keywords: physical function; knee osteoarthritis; obesity; physical exercise alone; rehabilitation

1. Introduction

According to the Osteoarthritis Research Society International (OARSI), osteoarthri-
tis (OA) is a disorder involving mobile joints [1]. It is characterized by cellular stress and
the degradation of the extracellular matrix initiated by micro- and macro-lesions that ac-
tivate maladaptive repair responses [1]. The mechanism involved in OA includes pro-in-
flammatory pathways of innate immunity followed by anatomical and/or physiological
disorders characterized by cartilage degradation, bone remodeling, formation of osteo-
phytes, joint inflammation and loss of normal joint function [1]. Knee OA (KOA) is con-
sidered a major health care burden throughout the world responsible for generating sig-
nificant pain and disability [2].

Some comorbidities associated with KOA, such as obesity, have been appointed as a
modifiable risk factor of the development or worsening of symptoms in KOA [3]. Two in
three people with obesity are at a risk of developing symptomatic KOA in at least one
knee [4]. The World Health Organization defines obesity as a condition in which a person
has a body mass index (BMI) of 30 kg/m? or more and includes overweight people if their
BMI is equal to or more than 25 kg/m? [5]. The increased mechanical overload in the knee
joint, in addition to muscle weakness of the lower limbs due to obesity, causes an exacer-
bation of pain, aggravating the disease and generating a decrease in functional capacity,
followed by consequent inactivity [6]. Ventura et al. [7] pointed out that functional capac-
ity can be defined as the abilities that are essential for an individual to function inde-
pendently in a variety of community settings, including work and social situations. Com-
monly, some questionnaires and functional tests can assess lower limb muscle strength or
the performance of activities of daily living such as walking distance, sitting and rising
from a chair and climbing stairs [8]. Gomes-Neto describes that people with overweight,
obesity and KOA, due to pain and poor adherence to physical activity, can present with
difficulty in performing daily living activities, a slow gait speed and poor lower limb mus-
cle strength, showing a reduced functional capacity [9].

Protocols of physical exercise (PE) are considered an option for the non-pharmaco-
logical treatment of OA [10]. Moreover, the American College of Rheumatology (ACR)
strongly recommends PE and weight loss to patients with OA who present with obesity
or overweight [11]. But there is a lack of studies that report on the effects of PE alone (not
including or associated with diet) on the functional capacity in this population.

Lee et al. 2013 [12] stated that obesity or overweight is significantly associated with
physical inactivity in adults with KOA, leading to increased health care costs. PE has been
recommended to interrupt the cycle of obesity-KOA-pain-inactivity [6]. It can improve
functional capacity due to the increase the muscle strength, the alleviation of pain and the
modification of joint biomechanics [3]. These factors result in a decrease in joint overload-
ing, playing an important role in the prevention or delay of disability in this population
[13]. Therefore, the aim of this systematic review was to summarize the effects of various
modalities of PE alone on the functional capacity of individuals with overweight and/or
obesity in association with KOA.
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2. Material and Methods
2.1. Protocol and Registration

This systematic review follows the Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) and it was registered on the international prospective reg-
istry of systematic reviews (PROSPERO) number CRD42020196936 [14].

2.2. Research Question

This systematic review proposes to answer the following question: What are the effects
of physical exercise alone on the functional capacity of individuals with obesity and over-
weight and knee osteoarthritis? The PICO strategy was used to define the components of the
research question: Participants (P) =individuals with overweight, obesity and KOA; Interven-
tions (I) = physical exercise; Comparators (C) = control group with no exercise practice or dif-
ferent types of physical exercise alone; Outcome (O) = functional capacity.

2.3. Inclusion and Exclusion Criteria

The inclusion criteria were articles reporting original data on the functional capacity
of individuals with obesity, overweight and KOA. The studies include: (i) investigations
about the effects of PE alone (not included diet protocols) on functional capacity consid-
ering gait speed, specific questionnaires about daily living performance, specific func-
tional tests or quantitative measures of the muscle strength of the lower limbs of individ-
uals with obesity, overweight and KOA; (ii) interventionist studies with inter- or intra-
group comparisons; (iii) studies published in the English language; and (iv) patients that
performed static or dynamic exercises. As exclusion criteria, (i) review articles; (ii) case
reports; (iii) studies with animals; (iv) studies involving surgery or pharmacology; (v)
studies related to other diseases or samples of people without obesity and (vi) exercises
associated with other therapies, such as diet or other interventions, were eliminated.

2.4. Search Strategies

Five electronics databases: MEDLINE/Pubmed; Physiotherapy Evidence Database
(PEDro); Scopus; Cumulative Index to Nursing and Allied Health Literature (CINAHL)
and Web of Science were searched by three reviewers independently until July 2022. The
string for the search strategy is shown in the Supplementary Materials section.

A.C.GS. and EM.-M. independently screened the titles and abstracts according to
the inclusion criteria. In the case that the eligibility was uncertain based on the title and
abstract, the full text of the study was obtained.

2.5. Study Selection

All publications found on the databases were exported to an Excel spreadsheet, and
the duplicates were manually removed by two authors (A.C.G.S. and EM.-M.). Two re-
viewers (A.C.G.S. and E.M.-M.) independently applied the eligibility criteria and selected
the studies for inclusion in the systematic review (researchers were blinded to each other’s
decisions). Disagreements were solved by the analysis of a third author (V.S.C.).

The data were extracted from each article and imported to an Excel spreadsheet con-
taining: (i) data regarding study information (author and year), (ii) aim, (iii) partici-
pants/groups (sample size, age, sex), (iv) body mass index, (v) physical exercise programs,
(vi) functional capacity assessment, (vii) methodological quality (PEDro scale) and (viii)
functional capacity outcomes. Two researchers (A.C.G.S. and E.M.-M.) independently
performed the data extraction. Disagreements were resolved by a third author (V.S.C.).
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2.6. Methodological Quality, Risk of Bias and Levels of Evidence (LE) of the Selected Papers

The studies were independently appraised by two reviewers (V.5.C. and A.C.G.S.)
and if there were any disagreement, a third reviewer (E.M.-M.) was consulted. The issue
was discussed until a consensus was reached. The methodological quality was evaluated
according to the PEDro scale, which consists of a checklist with ten items established
based on an “expert consensus”, and this scale is specific to clinical trials of physical ther-
apy interventions [15]. The publications were classified as ‘high’ methodological quality
(score of seven or greater), ‘fair’ methodological quality (score of five to six) and ‘poor’
methodological quality (score of four or below) [15].

The risk of bias in the included studies were evaluated by two reviewers (V.S.C. and
A.C.G.S.) and if there were any disagreement, a third reviewer (E.M.-M.) was consulted.
The risk of bias in the randomized controlled trials (RCT) was determined using the
Cochrane Collaboration’s tool [16]. Each domain was qualified as having a low risk, un-
clear risk, or high risk of bias. Each judgment was represented by the colors green, yellow
and red, respectively. The risk of bias of the other studies was determined using the Risk
Of Bias In Non-randomized Studies of Interventions tool (ROBINS-I) [17] and each do-
main was qualified as low risk, moderate risk, serious risk, critical risk of bias or no infor-
mation to judge this domain. Each judgment was represented by the colors green, yellow,
red, dark red and blue, respectively.

2.7. Data Synthesis

Due to the different protocols and outcome measures found in the included studies,
statistical pooling of the data was not appropriate.

3. Results

A total of 674 papers were initially screened (PubMed = 107, PEDro = 51, Scopus =
204, CINAHL =89, Web of Science = 223). After removing duplicates, a total of 367 records
remained and 10 articles fulfilled the inclusion criteria. The selection process is schema-
tized in the PRISMA flowchart [14] (Figure 1).

Records identified through database searching
Medline, PEDro, Scopus, Web of Science and CINAHL

(n=674)
f Duplicated records removed
(n=307)
Records screened title and abstract Records excluded
(n=367) (n=357)
No English =7
Review = 88
Study design = 28
Studies with animals = 2
Surgery = 27
Pharmacology = 9
Other diseases = 22
Full-Text assessed for eligibility No obese = 47
(n=10) No outcomes related = 54
No exercise or diet =73
Studies included in qualitative synthesis
(n=10)

[ included | [ eigibility |

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

Table 1 summarizes the publications selected in this systematic review, presenting
the aims, characteristics of the participants, programs of PE alone, methodological quality

83



Biology 2022, 11, 1391

84

5 of 18

with score on the PEDro scale and the outcomes related to the effects of the physical exer-
cises alone on functional capacity in individuals with overweight, obesity and KOA.
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3.1. Study Population

The selected studies included a total of 534 individuals, including people with obe-
sity and/or overweight who had a diagnosis of unilateral or bilateral KOA. Regarding the
inclusion criteria of the BMI, two studies [18,19] analyzed only women with obesity (BMI
230 kg/m?2) [5]. One study [13] investigated only men with obesity.

Interventions

The duration of treatment ranged from 4 to 24 weeks with the number of sessions
ranging from 8 to 144 sessions. The selected studies carried out different interventions
based on isometric exercises, aerobic training or a combination of multiple forms of exer-
cise: (a) two [19,20] investigated the effects of aquatic exercises, (b) three [21-23] combined
isometric exercises with aerobic training, (c) one [24] applied only a treadmill walking
program, (d) one [25] compared an underwater treadmill exercise with home exercises,
(e) one [13] analyzed just isometric exercises, (f) one [18] compared a program of weight
bearing (WB) with non-weight bearing (NWB) exercises for muscle strengthening and (g)
one reported the short-term effects of a home protocol of NWB exercises [26].

3.2. Functional Capacity Assessments

The quantitative results found on functional capacity are shown in the table with the
statistical values mentioned in the studies.

Nine varied tools were used to compare the measures obtained before and after the
protocols utilized in the studies. The functional capacity was evaluated through the im-
provement in muscle strength and in some daily activities, and it was assessed through
specific questionnaires associated with these daily activities [9]. In addition, the assess-
ment of functional activities can confirm improvements after the protocols used in the
studies [27]. The functional tests used to evaluate these activities were: the Short Physical
Performance Battery (SPPB) [27], the 6-min walk test [25], 40-m fast-paced walk test ex-
pressed as speed in meters/second, 30-s chair sit-to-stand test [18], 6-step stair-climb and
descent test [18], walking speed and standing balance [23].

Some specific questionnaires related to the assessment of pain and the function of the
knee joint, specifically related to KOA, are widely used all over the world [13]. The West-
ern Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is recommended
by the ACR to assess KOA patients [13,18-23]. It is a self-administered questionnaire with
three domains which evaluate pain, joint stiffness and functional capacity [13]. The Knee
Injury and Osteoarthritis Outcome Score (KOOS) questionnaire is a standardized and self-
administered questionnaire commonly used by researchers to evaluate pain, knee join
function and other associated problems [18,24]. The KOOS assessment uses five catego-
ries, which are: (i) Pain; (ii) Symptoms; (iii) Activities of daily living; (iv) Function, Sports
and Recreational Activities; and (v) Quality of life. The Canadian Occupational Perfor-
mance Measure (COPM) is designated to verify changes in occupational performance over
time in activities that the individual has self-identified as difficult to perform [24].

3.3. Methodological Quality

Considering the methodological quality of randomized clinical trials in physiother-
apy, assessed by the PEDro scale, seven studies [13,18-20,22,25,26] were considered to be
‘high’ methodological quality (27) and one [23] was ‘fair’ methodological quality (5 or 6).
Two studies [21,24] could not be evaluated by the PEDro scale as they were not RCTs.

3.4. Risk of Bias

A detailed assessment of the risk of bias of the RCT, carried out according to the
Cochrane Collaboration’s tool, is presented in Figure 2A. Five publications [18,19,22,25,26]
were classified as having a low risk of bias, one publication [13] was classified as having
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an uncertain risk of bias and two publications [20,23] were classified as having a serious
risk of bias. The assessment for the non-RCT, carried out using the ROBINS-I tool [17], is
presented in Figure 2B. One publication [24] was classified as having a low risk of bias,
despite being a non-RCT and one publication [21] was classified as having a serious risk
of bias.

Study

eececeee

D2: Aliocation concealment

D3: Bli of participants and personnel @ Hion
D4: Blinding of oulcome assessment = Unclear
D5: Incompiete outcome data

D6: Selective reporting . Low

Selective reporting
Other sources of bias
Overall
0% %% 0% 75% 100%
I W Low risk of bias Unclear risk of bias B High risk of biasl A

Bias due to confounding

Bias due to selection of participants

Bias in classification of interventions

Bias due to deviations from intended interventions

1
Bias ue fo missing data (]
Bias in measurement of outcomes
Bias in selection of the reported result [

Overal risk of bios __ [

II Low risk of bias Serious risk of bias ™ No Information I B

Figure 2. (A)—Risk of bias of the randomized controlled trials; (B)—Risk of bias of the non-random-
ized trials.
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4. Discussion

Physical exercise performed alone, regardless of the modality, improved the func-
tional capacity of individuals with obesity, overweight and KOA. Most studies reported
statistically significant values (p < 0.05) regarding the improvement in functional capacity.

People with overweight or obesity can have their functional capacity affected by the
physical inactivity, muscle weakness and pain associated with KOA [3]. The American
College of Sports and Medicine (ACSM) Guidelines [28] report that resistance training can
reduce pain and disability in individuals with osteoarthritis. Impaired muscle function is
associated with knee pain and physical inactivity, and they are commonly seen in indi-
viduals with obesity, mainly if they are included in the KOA population [3].

A relevant issue in the management of KOA individuals with obesity is the recom-
mendation of the Ottawa Panel Evidence-based Clinical Practice (OPECP) Guideline [29]
about reducing weight prior to the implementation of WB exercises to avoid dysfunction
and maintain the joint integrity. Despite that, Inam et al. 2020 [30] stated that a low num-
ber of patients receive weight loss concealing by their physicians. The association between
diet and exercise may be related to the best overall improvements in self-reported
measures of functional capacity, pain and mobility in this population when properly ori-
ented [31]. PE is recommended to interrupt the cycle of obesity-KOA-pain-inactivity [6].
The best type of PE and the effects when performed alone in this specific population af-
fected by KOA and obesity is not yet clear in the literature [18]. There is some evidence
suggesting that low-impact PE may be more effective than high-impact exercise for this
population [18]. Despite this, some studies have shown beneficial effects on the functional
capacity of individuals with obesity, overweight and KOA after performing low- or high-
impact exercises alone or supplemented by aerobic training [13,18,32].

OARSI Guidelines [33] for the non-surgical management of KOA recommend land-
based exercises as appropriate. The land-based exercises can be described as one or more
exercises including a combination of strength training, active range of motion exercises
and aerobic activity [18]. In this program modality, both WB exercises and NWB exercises
are included. Bennel et al. 2020 [18] compared home-based NWB quadriceps strengthen-
ing exercises with WB exercises for 12 weeks in women with KOA and obesity. Both
groups reported improvements in pain and function, although the WB exercises obtained
better results for function. Regarding NWB exercises, Rafiq et al. 2021 [26] reported short-
term effects on the functional capacity of populations with obesity, overweight and KOA
after 4 weeks of NWB exercises at home, concluding that there was no improvement in
the physical function scores of WOMAC [26]. Messier et al. 2010 [31], compared six
months of WB exercise alone with an exercise-diet blended program in older adults with
KOA and obesity, reporting improvements in walking velocity through kinematic analy-
sis and muscular strength by isokinetic dynamometer in both groups. This shows that
weight bearing exercises, which are considered high impact, could also provide benefits
for people with obesity and KOA.

Aquatic exercises are also recommended as an intervention for individuals with os-
teoarthritis, including KOA [10,11]. Aquatic exercises would reduce the overcharge on the
knee joint, allowing for improvements on tolerance levels to support the exercises. Ca-
silda-Lopez et al. 2017 [19] assessed the functional capacity of women with obesity and
KOA after 8 weeks of aquatic dance-based exercises 3 times per week versus a control
group which performed conventional aquatic exercises. Both groups showed improve-
ments in the physical function domain of the WOMAC questionnaire, but displayed dif-
ferent p values between the groups, with there being a more significant difference in the
experimental group. Taglietti et al. 2018 [34] compared aquatic exercises alone with pa-
tient education in individuals with KOA during an eight-week intervention. They stated
the improvement in functional capacity through reduced values on the WOMAC scale in
the aquatic exercise intervention group. Wang et al. 2010 [35] compared aquatic with land-
based exercise versus a control group over 12 weeks. They concluded that both aquatic
and land-based exercise achieved positive results on the Knee Injury and Osteoarthritis
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Qutcome Score and six- minute walk test. Lim et al. 2010 [20] investigated 3 groups ac-
cording to different modalities of PE alone: an aquatic group performed a protocol includ-
ing strength training and aerobic training using underwater bicycling; the land-based
group performed joint mobilization, stretching and strengthening exercises; while the
control group maintained home —based exercises. Both exercise groups showed a signifi-
cant improvement in lower limb function when measured by the WOMAC, compared
with the control group. Kuptinaratsaikul et al. 2019 [25] investigated the effects of an un-
derwater treadmill (UTM) exercise regimen compared to home exercise regarding the
functional capacity of individuals with KOA and obesity. The study group underwent
treadmill exercise for 30 min/day, three times/week for four weeks and the control group
performed daily quadricep exercises at home for 30 min at the same frequency. They re-
ported significant improvement in the two groups in the 6-min walking distance and
quadricep strength at the end of the study. UTM and home-based quadricep exercise were
equally effective.

Another type of PE that would reduce the overload on the knee joint is a technology
called lower body positive pressure (LBPP), which consists of a treadmill using a waist-
high air chamber filled with positive air pressure, used to accurately and reliably diminish
body weight during PE, allowing for a longer exercise time walking on the treadmill for
people with overweight and obesity and KOA [36]. Mainly for patients at a risk of the
exacerbation of knee joint symptoms following PE, LBPP can be a safe way to perform WB
exercises [36]. Liang et al. 2019 [37] relayed the improvement in WOMAC scores after
using a LBPP protocol six times per week for 30 min/day for two weeks as an intervention
for patients with KOA. Peeler et al. 2018 [24] examined the effect of a 12-week LBPP on
joint function, thigh strength and the ability to perform normal activities of daily living in
a single group with obesity, overweight and KOA. Significant increases in strength were
observed between baseline and follow-up testing at all three isokinetic testing speeds.
Takacs et al. 2013 [38] investigated the functional status of overweight individuals with
KOA between two 20-min treadmill walking sessions. There were no changes in KOOS
but a feeling of safety was relayed by the participants of the study.

Another way to obtain gains in functional capacity in individuals with KOA is quad-
ricep strengthening alone through isometric or concentric training. Jenkinson et al. 2009
[39] compared after six months four groups of individuals with KOA and obesity random-
ized into three protocols of diet alone, diet plus exercise and quadricep strengthening
alone versus a control group. They reported a significant reduction in the WOMAC phys-
ical function score in groups that performed quadriceps strengthening alone. Mahmoud
et al. 2017 [13] evaluated the effects of isometric exercise training on quadricep strength
versus a control group in males with KOA and obesity three times a week for 12 weeks.
The maximal voluntary isometric knee extension torque was measured using an isokinetic
dynamometer and the functional capacity was evaluated using the WOMAC. All the do-
mains in the WOMAC, including the functional capacity, were significantly improved in
both groups but in the isometric group, it was significantly better. Huang et al. 2017 [40]
showed a relief in joint pain and an improvement in the functional capacity of individuals
with KOA after performing a quadricep isometric contraction exercise protocol.

OPECP Guidelines for the management of osteoarthritis in adults with obesity or
overweight [29] stated in its publication a Grade A (strongly recommended) recommen-
dation for PE including strength training and aerobic training. People with KOA and the
comorbidity of obesity have an increase in the amount of fat surrounding the quadricep
muscles, which may increase disability due to a decrease in lower extremity performance
[29]. Semanik et al. 2012 [41] reported that aerobic training and strengthening can improve
function and health status among patients with KOA. Schlenk et al. 2011 [23] investigated
the effects of a 6-month strength training and a fitness walking program 150 min/week
supplemented with lower extremity exercise monitored over the phone. The functional
capacity of individuals with KOA and obesity was evaluated by SPPB, the 6-min walking
test and the WOMAC questionnaire at the end of study. There were increases in the SPPB
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scores, no significant differences in the WOMAC scores, but a greater improvement in the
mean distance of the 6-min walk. Mihalko et al. 2019 [42] found an improvement in gait
efficacy and balance efficacy in people with KOA and obesity after 6 months of combined
walking with strengthening. Oyeyemi et al. 2013 [21] evaluated people with KOA and
obesity after a program of isometric quadricep exercise and bicycle ergometry with a grad-
uated increase in intensity. Overall, the program had significant post treatment benefits
on function, assessed by the WOMAC questionnaire. Krasilshchikov et al. 2011 [22] re-
ported significant outcomes in physical function scores, knee extensor concentric peak
torque at 120" and 1807/seconds and six-minute walking distance after a protocol combined
resistance and aerobic training. A program of PE performed alone can generate different
types of strengthening [43]. Kabiri et al. 2018 [32] reported that in KOA patients treated
with several modalities of aerobic training combined with the strengthening of lower
limbs, reduction in pain and improvements in functional capacity were observed.

5. Limitations

A lack of published studies meeting the inclusion criteria of this review could have
limited a consensus on the effects of PE performed alone for the improvement of func-
tional capacity in individuals with obesity and KOA. Moreover, only papers published in
English into well-known databases were considered and, therefore, important publica-
tions in other databases may not have been accessed. Furthermore, the included studies
may have had some limitations such as small sample sizes and heterogeneous samples.

6. Conclusions

Despite the limited number of studies meeting the inclusion criteria of this review,
PE performed alone without associated diet programs seems improve the functional ca-
pacity of individuals with obesity and KOA. The studies in this review showed benefits
with programs containing different types of PE. The PEs performed alone were aerobic
and isometric training, aquatic exercises, quadricep strengthening and WB and NWB ex-
ercises. Although some guidelines recommend non-weight bearing exercises for people
with obesity to avoid the impact on the joints, weight bearing and other types of muscle
strengthening contributed to lower limb strengthening.

Considering the comorbidity of obesity in the population with KOA and the low ad-
herence to associated diet programs for weight loss, knowing that the performance of ex-
ercises alone brings benefits for functionality can offer another path of guidance as a tool
to approach these individuals.

Supplementary Materials: The following supporting information can be downloaded at:
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Author Contributions: V.S.C., M.B.-F., D.C.S.-C. contributed to the conception and design of this
study. V.S.C.,, A.C.G.S. and E.M.-M. contributed to the analyses of the data and study selection. R.T.,
A.S. (Adérito Seixas) and V.A.M. described the results. A.S. (Anelise Sonza), M.C.M.-F., A.CR.L.
contributed to the interpretation of the data, discussion and construction of the table. The article
draft was written by V.S.C. and critically revised by all authors. All authors have read and agreed
to the published version of the manuscript.

Funding: This work was supported by the Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES) under grant 001, the Conselho Nacional de Desenvolvimento Cientifico e
Tecnologico (CNPq) and the Fundacao de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPER]).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data were extracted from studies found in the five databases,
which were MEDLINE/Pubmed, Physiotherapy Evidence Database (PEDro), Scopus, Cumulative
Index to Nursing and Allied Health Literature (CINAHL) and Web of Science.

95



Biology 2022, 11, 1391 17 of 18

Conflicts of Interest: The authors report no conflicts of interest.

References

i

2

10.
11.

12.

13

14.

15.

16.

17,

18.

19.

20.

21.

Standardization of Osteoarthritis Definitions|Osteoarthritis Research Society International (OARSI). Available online:
https://www.oarsi.org/research/standardization-osteoarthritis-definitions (accessed on 8 July 2020).

Staines, K.; Hardy, R.; Samvelyan, H.; Ward, K.; Cooper, R. Life course longitudinal growth and risk of knee osteoarthritis at
age 53 years: Evidence from the 1946 British birth cohort study. Osteoarthr. Cartil. 2020, 29, 335-340.
https://doi.org/10.1016/j.joca.2020.12.012.

Roos, E; Arden, N.K. Strategies for the prevention of knee osteoarthritis. Nat. Rev. Rheumatol. 2015, 12, 92-101.
https://doi.org/10.1038/nrrheum.2015.135.

Murphy, L.; Schwartz, T.A_; Helmick, C.G.; Renner, ].B.; Tudor, G.; Koch, G.; Dragomir, A.; Kalsbeek, W.D.; Luta, G.; Jordan,
J.M. Lifetime risk of symptomatic knee osteoarthritis. Arthritis Care Res. 2008, 59, 1207-1213. https://doi.org/10.1002/art.24021.
Obesity. Available online: https://www.who.int/health-topics/obesity#tab=tab_1 (accessed on 8 July 2020).

Yazigi, F.; Espanha, M.; Marques, A_; Teles, ].; Teixeira, P. Predictors of walking capacity in obese adults with knee osteoarthritis.
Acta Reum. Port. 2019, 43, 256-263. Available online: http://www .ncbi.nlm.nih.gov/pubmed/30641533 (accessed on 20 July 2021).
Ventura, ].; Welikson, T.; Ered, A.; Subotnik, K.L.; Keefe, R.S.E.; Hellemann, G.S.; Nuechterlein, K.H. Virtual reality assessment
of functional capacity in the early course of schizophrenia: Associations with cognitive performance and daily functioning. Early
Interv. Psychiatry 2019, 14, 106-114. https://doi.org/10.1111/eip.12831.

Stokes, ].W.; Wanderer, ].P.; McEvoy, M.D. Significant discrepancies exist between clinician assessment and patient self-assess-
ment of functional capacity by validated scoring tools during preoperative evaluation. Perioper. Med. 2016, 5, 18.
https://doi.org/10.1186/s13741-016-0041-4.

Gomes-Neto, M.; Araujo, A.D.; Junqueira, LD.A.; Oliveira, D.; Brasileiro, A.; Arcanjo, F.L. Comparative study of functional
capacity and quality of life among obese and non-obese elderly people with knee osteoarthritis. Rev. Bras. de Reum. 2016, 56,
126-130. https://doi.org/10.1016/j.rbre.2015.08.014.

Abramoff, B.; Caldera, F.E. Osteoarthritis: Pathology, Diagnosis, and Treatment Options. Med. Clin. N. Am. 2020, 104, 293-311.
Kolasinski, S.L.; Neogi, T.; Hochberg, M.C.; Oatis, C.; Guyatt, G.; Block, J.; Callahan, L.; Copenhaver, C.; Dodge, C.; Felson, D.;
et al. 2019 American College of Rheumatology/Arthritis Foundation Guideline for the Management of Osteoarthritis of the
Hand, Hip, and Knee. Arthritis Rheumatol. 2020, 72, 220-233. https://doi.org/10.1002/art.41142.

Lee, ].; Song, ].; Hootman, ].M.; Semanik, P.A.; Chang, R.W_; Sharma, L.; Van Horn, L.; Bathon, ].M.; Eaton, C.; Hochberg, M.C ;
et al. Obesity and other modifiable factors for physical inactivity measured by accelerometer in adults with knee osteoarthritis.
Arthritis Care Res. 2012, 65, 53-61. https://doi.org/10.1002/acr.21754.

Mahmoud, W.S,; Elnaggar, RK.; Ahmed, A.S. Influence of Isometric Exercise Training on Quadriceps Muscle Architecture and
Strength in Obese Subjects with Knee Osteoarthritis. Int. ]. Med. Res. Health Sci. 2017, 6, 1-9. Available online: www ijmrhs.com
(accessed on 20 November 2021).

Liberati, A.; Altman, D.G.; Tetzlaff, ].; Mulrow, C.; Getzsche, P.C.; loannidis, ].P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.;
Moher, D. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care in-
terventions: Explanation and elaboration. . Clin. Epidemiol. 2009, 62, e1-e34.

Fitzpatrick, R.B. PEDro: A Physiotherapy Evidence Database. Med. Ref. Serv. Q. 2008, 27, 188-197.
https://doi.org/10.1080/02763860802114397.

Higgins, ].P.T.; Altman, D.G.; Getzsche, P.C;; Jiini, P.; Moher, D.; Oxman, A.D.; Savovi¢, ].; Schulz, K.F.; Weeks, L; Sterne, ] A.C.;
et al. The Cochrane Collaboration’s tool for assessing risk of bias in randomised trials. BMJ] 2011, 343, d5928.
https://doi.org/10.1136/bmj.d5928.

Sterne, ].A.C.; Hernan, M.A; Reeves, B.C; Savovi¢, J.; Berkman, N.D.; Viswanathan, M.; Henry, D.; Altman, D.G.; Ansari, M.T ;
Boutron, I; et al. ROBINS-I: A tool for assessing risk of bias in non-randomised studies of interventions. BM] 2016, 355, i4919.
https://doi.org/10.1136/bmj.i4919.

Bennell, K.; Nelligan, R.; Kimp, A_; Schwartz, S.; Kasza, ].; Wrigley, T.; Metcalf, B.; Hodges, P.; Hinman, R. What type of exercise
is most effective for people with knee osteoarthritis and co-morbid obesity?: The TARGET randomized controlled trial.
Osteoarthr. Cartil. 2020, 28, 755-765. https://doi.org/10.1016/j.joca.2020.02.838.

Casilda-Lépez, J.; Valenza, M.C.; Cabrera-Martos, 1; Diaz-Pelegrina, A.; Moreno-Ramirez, M.P.; Valenza-Demet, G. Effects of a
dance-based aquatic exercise program in obese postmenopausal women with knee osteoarthritis: A randomized controlled trial.
Menopause 2017, 24, 768-773. https://doi.org/10.1097/gme.0000000000000841.

Lim, J.-Y; Tchai, E; Jang, S.-N. Effectiveness of Aquatic Exercise for Obese Patients with Knee Osteoarthritis: A Randomized
Controlled Trial. PMR 2010, 2, 723-731. https://doi.org/10.1016/j.pmtj.2010.04.004.

Oyeyemi, A.L. Body mass index, pain and function in individuals with knee osteoarthritis. Niger. Med. |. 2013, 54, 230-235.
https://doi.org/10.4103/0300-1652.119610.

Krasilshchikov, O.; Sungkit, N.; Shihabudin, T.; Shaw, I.; Shaw, B. Effects of an eight-week training programme on pain relief
and physical condition of overweight and obese women with early stage primary knee osteoarthritis. Afr. J. Phys. Health Educ.
Recreat. Danc. 2011, 17, 328-339. https://doi.org/10.4314/ajpherd.v17i2.67669.

96



Biology 2022, 11, 1391 18 of 18

23.

24.

25.

26.

27,

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

43.

Schlenk, E.A; Lias, ].L.; Sereika, S.M.; Dunbar-Jacob, ].; Kwoh, K.C. Improving Physical Activity and Function in Overweight
and Obese Older Adults with Osteoarthritis of the Knee: A Feasibility Study. Rehabil. Nurs. 2011, 36, 32-42.
https://doi.org/10.1002/j.2048-7940.2011.tb00063.x.

Peeler, J.; Ripat, J. The effect of low-load exercise on joint pain, function, and activities of daily living in patients with knee
osteoarthritis. Knee 2018, 25, 135-145. https://doi.org/10.1016/j.knee.2017.12.003.

Kuptniratsaikul, V; Kittichaikarn, C.; Suntornpiyapan, P.; Kovintaset, K ; Inthibal, S. Is four-week underwater treadmill exercise
regimen compared to home exercise efficacious for pain relief and functional improvement in obese patients with knee osteo-
arthritis? A randomized controlled trial. Clin. Rehabil. 2018, 33, 85-93. https://doi.org/10.1177/0269215518792041.

Rafig, M.T.; Hamid, M.S.A ; Hafiz, E. Short-Term Effects of Strengthening Exercises of the Lower Limb Rehabilitation Protocol
on Pain, Stiffness, Physical Function, and Body Mass Index among Knee Osteoarthritis Participants Who Were Overweight or
Obese: A Clinical Trial. Sci. World |. 2021, 2021, 6672274 https://doi.org/10.1155/2021/6672274.

Paineiras-Domingos, L.L.; Sa-Caputo, D.D.C,; Reis, A.; Santos, A.F.; Sousa-Gongalves, C.R.; dos Anjos, E.M.; Pereira, M.].D.S.;
Sartorio, A.; Bernardo-Filho, M. Assessment Through the Short Physical Performance Battery of the Functionality in Individuals
With Metabolic Syndrome Exposed to Whole-Body Vibration Exercises. Dose-Response 2018, 16, 155932581879453.
https://doi.org/10.1177/1559325818794530.

Riebe, D.; Ehrman, J.; Liguori, G.M.M. American College of Sports Medicine's Guidelines for Exercise Testing and Prescription, 10th
ed.; Wolters Kluwer: Philadelphia, PA, USA, 2018.

Brosseau, L.; Wells, G.A_; Tugwell, P.; Egan, M.; Dubouloz, CJ.; Casimiro, L.; Bugnariu, N.; Welch, V.A_; De Angelis, G.; Fran-
coeur, L.; et al. Ottawa Panel evidence-based linical practice guidelines for the anagement of osteoarthritis in dults who are
obese or overweight. Phys. Ther. 2011, 91, 843-861.

Inam, S.H.A ; Riaz, B.; Jamil, H.; Rafique, D.; Siddiqi, U.A_; Igbal, M.; Sherwani, N.Z.F_; Khan, W. Do Patients With Osteoarthritis
get Weight Loss Counseling? Cureus 2020, 12, e11502.

Messier, S.P.; Loeser, R.F.; Miller, G.D.; Morgan, T.M.; Rejeski, W.].; Sevick, M.A_; Ettinger, W.H.; Pahor, M.; Williamson, J.D.
Exercise and dietary weight loss in overweight and obese older adults with knee osteoarthritis: The arthritis, diet, and activity
promotion trial. Arthritis Care Res. 2004, 50, 1501-1510. https://doi.org/10.1002/art.20256.

Kabiri, S.; Halabchi, F.; Angoorani, H.; Yekaninejad, S. Comparison of three modes of aerobic exercise combined with resistance
training on the pain and function of patients with knee osteoarthritis: A randomized controlled trial. Phys. Ther. Sport 2018, 32,
22-28. https://doi.org/10.1016/j.ptsp.2018.04.001.

McAlindon, T.E.; Bannuru, R.; Sullivan, M.C.; Arden, N.K_; Berenbaum, F.; Bierma-Zeinstra, S.M.; Hawker, G.A.; Henrotin, Y.;
Hunter, D.J.; Kawaguchi, H,; et al. OARSI guidelines for the non-surgical management of knee osteoarthritis. Osteoarthr. Cartil.
2014, 22, 363-388.

Taglietti, M.; Facci, LM.; Trelha, C.S.; De Melo, E.C; Da Silva, D.W.; Sawczuk, G.; Ruivo, T.M.; De Souza, T.B.; Sforza, C.;
Cardoso, J.R. Effectiveness of aquatic exercises compared to patient-education on health status in individuals with knee
osteoarthritis: A randomized controlled trial. Clin. Rehabil. 2018, 32, 766~776. https://doi.org/10.1177/0269215517754240.

Wang, T-]; Lee, S.-C;; Liang, S.-Y.; Tung, H.-H.; Wu, S-F.V,; Lin, Y.-P. Comparing the efficacy of aquatic exercises and land-
based exercises for patients with knee osteoarthritis. J. Clin. Nurs. 2011, 20, 2609-2622. https://doi.org/10.1111/j.1365-
2702.2010.03675.x.

Matt Denning, W.; Winward, ].G.; Pardo, M.B.; Hopkins, ].T.; Seeley, M.K. Body weight independently affects articular cartilage
catabolism. ]. Sport Sci. Med. 2015, 14, 290-296.

Liang, J.; Guo, Y.; Zheng, Y.; Lang, S.; Chen, H.; You, Y.; O'Young, B.; Ou, H,; Lin, Q. The Lower Body Positive Pressure Tread-
mill for Knee Osteoarthritis Rehabilitation. |. Vis. Exp. 2019, 149, 59829. https://doi.org/10.3791/59829.

Takacs, J.; Anderson, J.E.; Leiter, ].R.S.; MacDonald, P.B.; Peeler, ].D. Lower body positive pressure: An emerging technology in
the battle against knee osteoarthritis? Clin. Interv. Aging 2013, 8, 983-991.

Jenkinson, C.M.; Doherty, M.; Avery, A; Read, A.; Taylor, M,; Sach, T.; Silcocks, P.; Muir, K.R. Effects of dietary intervention
and quadriceps strengthening exercises on pain and function in overweight people with knee pain: Randomised controlled
trial. BMJ 2009, 339, b3170. https://doi.org/10.1136/bm;j.b3170.

Huang, L.; Guo, B.; Xu, F.; Zhao, J. Effects of quadriceps functional exercise with isometric contraction in the treatment of knee
osteoarthritis. Int. ]. Rheum. Dis. 2017, 21, 952-959. https://doi.org/10.1111/1756-185x.13082.

Semanik, P.; Chang, R.; Dunlop, D. Aerobic Activity in Prevention & Sympton Control of Osteoarthritis. Natl. Inst. Health 2012,
29, 997-1003.

Mihalko, S.L.; Cox, P.; Beavers, D.P.; Miller, G.D.; Nicklas, BJ.; Lyles, M.; Hunter, D.].; Eckstein, F.; Guermazi, A.; Loeser, R.F.;
et al. Effect of intensive diet and exercise on self-efficacy in overweight and obese adults with knee osteoarthritis: The IDEA
randomized clinical trial. Transl. Behav. Med. 2018, 9, 227-235. https://doi.org/10.1093/tbm/iby037.

Haleva, Y.; Dunsky, A.; Meckel, Y.; Kleinoder, H.; Bar-eli, M.; Mester, ]. Original article The effect of long-term whole-body
vibration on muscular performance. Braz. |. Health Biomed. Sci. 2020, 19, 100-107.

97



98

ANEXO | — Submisséo do 2° manuscrito na revista Annals of Physical and Medicine

rehabilitation. Fator de impacto: 5,3.

Annals of Physical and Rehabilitation Medicine

Effects of systel[nic vilt?{at_ory therapy_?t:\ pain level, sr;tlﬁn_e_ss, physical function, and

--Manuscript Draft--

Manuscript Number:
Article Type: Original Article

Keywords: Keywords: women; obesity; physical function; exercises; knee osteoarthritis;
mechanical vibration.

Corresponding Author: Vanessa da Silva Caiado

BRAZIL

First Author: Vanessa Silva Caiado

Order of Authors: Vanessa Silva Caiado
Aline Cristina Gomes Santos
Marcia Cristina Moura-Fernandes
Waleska Souza-rocha
Liszt Palmeira Oliveira
Allan Mozella
Luiza Carla Trindade-Gusmao
Redha Taiar
Mario Bernardo-Filho
Danubia da Cunha S&-Caputo

Abstract: The association between obesity and knee osteoarthritis is well described. Mainly
women are affected by both clinical conditions. Therefore, reduced physical function
and increased pain can lead to reduced quality of life. The current study aimed to
evaluate effects of systemic vibratory therapy (SVT) in the sitting position on physical
function, level of pain, and quality of life in women. Methods: A single group pretest-
posttest of woman with knee osteoarthritis and obesity performed five weeks of
intervention of SVT twice a week. The variables of level of pain, stiffness and physical
function were assessed using the Western Ontario McMaster Universities
Osteoarthritis Index (WOMAC), the Short Performance Physical Battery (SPPB), and
the Timed Up and Go test (Tug test). The quality of life was evaluated through the self-
reported questionnaire Short Form -36 (SF-36) . All the variables were collected before
and at the end of the protocol. Side-alternating vibrating platform was used, and the
individuals were in a sitting position during the intervention. Frequencies (from 5 to
14Hz), peak-to-peak displacements (from 2.5 to 7.5mm) and peak accelerations (from
0.12 g to 2.95 g) were used during the intervention. Results: Seventeen women (45-76
years; 3916.6), diagnosed with knee osteoarthritis and obesity were evaluated After
five weeks, there was a statistically significant reduction on pain level (p<0.00),
stiffness (p=0.03), and improvement in physical function (p=0.01) shown in the
WOMAC questionnaire. The time of the TUG test (p=0.05) and walking time (p=0.01)
were reduced, and two domains of the SF-36, which were pain (p=0.01) and vitality
(p=0.01), also improved. Conclusion: A five-week of SVT intervention reduces de level
of pain, stiffness and improves physical function in women with obesity and knee
osteoarthritis. These results indicate that a SVT may be a safe option as a modality
exercise for women affected by both clinical conditions.

Suggested Reviewers: Borja Safudo, Phd
bsancor@us.es
This researcher has appropriate knowledge of the topic.

Aderito Seixas
Phd

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation

aderito@ufp.edu.pt
This researcher has appropriate knowledge of the topic.

Ana Lacerda, Phd
lacerda.acr@ufvjm.edu.br
This researcher has appropriate knowledge of the topic.



99

ANEXO J - Coautoria na publicacdo do artigo cientifico abaixo na revista
Sustainability, 2020. Fator de impacto 3,88.

Q{? sustainability WVI\D\PH
F

Article

Whole-Body Vibration as Antihypertensive
Non-Pharmacological Treatment in Hypertensive
Individuals with Knee Osteoarthritis: Randomized
Cross-Over Trial

Eloa Moreira-Marconi 1, Vanessa da Silva Caiado 2%, Ygor Teixeira-Silva 2,3,

Alexandre Gongalves de Meirelles >, Marcia Cristina Moura-Fernandes /2,

Patricia Lopes-Souza 2.3 Aline Reis-Silva >#, Dandbia C. Sa-Caputo 23,5,

Laisa L. Paineiras-Domingos %%, Ana Cristina Rodrigues Lacerda ®, Vanessa Amaral Mendonga ¢,

Ricardo Gongalves Cordeiro 78, Redha Taiar °(”, Alessandro Sartorio 1°(, Alexei Wong !,
Borja Safiudo '2() and Mario Bernardo-Filho 2

! Graduate Program in Clinical and Experimental Pathophysiology,

Rio de Janeiro State University, Rio de Janeiro, R] 20.551-030, Brazil;

marconi.eloa@posgraduacao.uerj.br (E.M.-M.); fernandes.marcia@posgraduacao.uerj.br (M.C.M.-F)

Mechanical Vibration Laboratory and Integrative Practices—LAVIMPI, Biophysics and Biometrics

Department, Institute of Biology Roberto Alcantara Gomes and Piquet Carneiro Polyclinic, Rio de Janeiro

State University, Rio de Janeiro, R] 20950-003, Brazil; ygor.silva@souunisuam.com.br (Y.T.-5.);

alexandre.meirelles@estacio.br (A.G.d.M.); patricia.souza@inca.gov.br (P.L.-S.);

silva.aline@posgraduacao.uerj.br (A.R.-S.); caputo.danubia@posgraduacao.uerj.br (D.C.S.-C.);

domingos.laisa@posgraduacao.uerj.br (L.L.P-D.); bernardo@uerj.br (M.B.-E)

3 Graduate Program in Medical Sciences, Rio de Janeiro State University, Rio de Janeiro, R] 20.551-030, Brazil

4 Professional Master in Health, Laboratory Medicine and Forensic Technology, Rio de Janeiro State University,
Rio de Janeiro, R] 20950-003, Brazil

5 Bezerra de Aratijo Faculty, Rio de Janeiro, R] 23052-180, Brazil

Faculty of Biological and Health Sciences, Federal University of the Vales do Jequitinhonha e Mucuri,

Diamantina, MG 39100-000, Brazil; lacerda.acr@ufvim.edu.br (A.C.R.L.);

vanessa.mendonca@ufvjm.edu.br (V.A.M.)

7 Health Sciences Degree Program. Estacio de Sa University, Rio de Janeiro, RJ 20071-001, Brazil;

ricardo.cordeiro@estacio.br

Graduate Program in Exercise Sciences and Sport, Rio de Janeiro State University, Rio de Janeiro,

RJ 20550-000, Brazil

Groupe de Recherche en Sciences pour I'Ingénieur (GRESPI)/ University of Reims Champagne Ardenne,

51100 Reims, France; redha.taiar@univ-reims.fr

Istituto Auxologico Italiano, Division of Metabolic Diseases and Auxology & Experimental Laboratory for

Auxo-endocrinological Research, 28824 Verbania, Italy; sartorio@auxologico.it

Department of Health and Human Performance, Marymount University, Arlington, VA 22207, USA;

awong@marymount.edu

Departamento de Educacion Fisica y Deporte, University of Sevilla, 41013 Sevilla, Spain; bsancor@us.es

*  Correspondence: vanessa.caiado@uerj.br; Tel.: +55-21-23342367

&)

10

1n

check for
Received: 29 August 2020; Accepted: 17 October 2020; Published: 28 October 2020 updates

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

Sustainability 2020, 12, 8944; doi:10.3390/su12218944 www.mdpi.com/journal/sustainability
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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]. Liu et al. 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 hypertension 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].
Moreover, 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
WBYV 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 Universitdrio Pedro Ernesto,
Universidade do Estado do Rio de Janeiro (HUPE-UER]) with KOA diagnostic according to the criteria
of the Ahlback [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-7dfwct, respectively).

2.1.1. Inclusion Criteria

Participants had a clinical diagnosis of KOA with Ahlback 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=5) |—— N=14 |

N=19
(elegible)
WBVG (N=4) |——| N=14 |
Intervention Washout Intervention
1 (5 weeks) (8 weeks) (5 weeks) . .
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 VP, (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 (ape,y) 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
h (CG) (WBVG) Independent
Veible n=14 n=14 T-Test
(2Mand 12F) (2Mand 12 F)
Age (year) 64.1 +3.3 67.1+28 0.518
Body mass (kg) 82.8 +2.8 86.8 + 3.8 0.642
Stature (cm) 160.8 + 0.1 160.8 + 0.2 0.431
BMI (kg/mz) 332+16 352+20 0.428
IKDC score 26.14 +2.36 29.45 + 2.51 0.349
SBP (mmHg) 1272 +1.7 1283 +27 0.871
DBP (mmHg) 69.0 +2.7 68.7 +2.3 0.881
MBP (mmHg) 884+19 88.7+15 0.943
Medications ChiSquare
Test
Diuretic + AT1 blocker or ACE
inhibitor 3 5 0.50
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 0.54
Statins 3 4 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 II receptor type 1; SAIDs:
steroidal anti-inflammatory drugs.
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SBP - systolic blood pressure; WBVG — whole-body vibration group; CG - control group; A=post-pre (difference). 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 blood 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).

o CGPre 0 CGPost = WBVGPre O WBVG Post OacG [ AWBVG

1004
- )
£ 80/ E
E E
= @
o
g 60; =

-
40- =

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;p=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 WBYV 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 Il 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 antihypertensive 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 sTNFR?2) 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 BP 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 Ahlbéck 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. It 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 BP 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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Abstract: Introduction: Among chronic diseases, knee osteoarthritis (KOA) is a joint disease that
causes important progressive alterations in the articular and periarticular structures, including synovial
inflammation. Exercise has been suggested as an intervention to KOA individuals, and studies
suggest that whole-body vibration (WBV) exercise decreases pain levels and favours the functionality
of KOA individuals. Objective: The aim of the present study is to analyze the acute effects of WBV
exercise on pain levels, functionality (Timed Up and Go (TUG test), anterior trunk flexion (ATF)),
and rating of exertion of elderly obese KOA individuals. Methods: Thirty-seven individuals with
KOA were allocated to a WBV exercise group (WBVEG), n = 19 (15 females/4 males), and a control
group (CG), n = 18 (15 females/3 males). WBVEG performed one session of WBV exercise (11 min,
using 5 Hz, 2.5,5.0, and 7.5 mm, 0.12, 0.25, and 0.37 g). Three bouts were performed (working time of
3 min and rest time of 1 min) using a side-alternating vibrating platform (VP). The same position
was used in CG; however, the VP was turned off and there was equipment coupled to the VP that
emitted a sound like the vibrations. The pain level was evaluated using a visual analog scale (VAS).
Functionality was evaluated with a TUG test and ATF. The rating of subjectively perceived exertion
was measured with the category ratio CR-10 (BORG Scale CR-10), Results: A reduction of pain levels
in WBVEG after the intervention (p = 0.001) and intergroups (p = 0.041) was found. A decrease of
TUG test time in both groups (p = 0.001) and intergroups (p = 0.045) was found, while no statistical
changes were observed in the Borg Scale score. Significant improvements of flexibility in both groups
(p = 0.001) and intergroups (p = 0.043) were found. Conclusion: One session of WBV exercise can lead
to important improvements in individuals with KOA, possibly triggered by physiological responses.
However, more studies are needed, in this clinical context, to confirm these results.

Keywords: pain level; functionality; knee osteoarthritis; physical and rehabilitation medicine;
whole-body vibration

1. Introduction

Knee osteoarthritis (KOA) may be a cause of chronic pain with progressive disability, causing a
significant impact on the quality of life of individuals, mainly in the elderly [1-3]. KOA is considered
as a chronic progressive joint disease that causes important changes in the articular and periarticular
structures, including synovial inflammation [1-4].

To establish the diagnosis of KOA, several aspects must be considered, such as clinical history,
physical examination, and analysis of radiographic evidence using the Ahlbick criteria [5,6].
In symptomatic cases of KOA, due to knee joint instability, affected individuals can manifest severe
pain, decreased strength in the lower limbs, reduced balance, and slower gait, which can lead to an
increased fall risk [7-12].

Women are more likely to develop KOA [7], and obesity is considered a risk factor for the
worsening and development of KOA because of the mechanical stress in the joint [1-4,7,8,13], and this
can be a risk factor for the appearance of hip osteoarthritis (coxarthrosis) [13]. The high prevalence of
KOA and the severe impact on the individual’s functionality reflect the need for constant monitoring
and development of strategies for obesity control, pain reduction, and improvement of functional
symptoms in this population [1-4]. Numerous management strategies have been proposed for this
disease, including pharmacological treatments, such as analgesics, nonsteroidal anti-inflammatory
drugs, oral corticoids, glucosamine, chondroitin, and avocado, and nonpharmacological treatments,
such as regular physical activity, aerobic exercise, weight loss, acupuncture, and physiotherapy.
Intra-articular hyaluronic acid injection (viscosupplementation), intra-articular corticosteroid injection,
and even surgical intervention have been recommended when necessary [1-4,14].

The American College of Sports Medicine (ACSM) [15] and the American Heart Association
(AHA) [16] suggest physical exercise as an important tool to maintain health by preventing and
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controlling chronic diseases, injuries, and other illnesses. Physical exercise and weight management
have shown positive results for the improvement of KOA symptoms [17-20]. However, individuals
with KOA have difficulty exercising in a regular way [18].

In this context, WBV exercises appear as a safe, accessible, and effective exercise for people
with KOA. WBV exercise is generated when the individual is exposed to mechanical vibration
produced by a vibrating platform (VP). Biomechanical parameters of WBV exercise (frequency (f),
peak-to-peak displacement (D), and peak acceleration (a peak)) need to be established and adjusted to
the characteristics of the individuals [21]. Furthermore, the positioning of the individual on the VP,
working time, session interval, and rest time must be clearly defined [21,22].

WBYV exercise has been used in KOA patients to decrease pain levels and improve handgrip
strength [23] and physical function [24]; however, the best protocol for these individuals has not been
reported yet. It is also reported that WBV exercise improves trunk flexibility, gait speed, and handgrip
strength in metabolic syndrome individuals [25,26] and increases inflammatory markers in individuals
with chronic obstructive pulmonary disease [27].

Considering the WBV exercise in the management of KOA, the aim of this present study is to
analyze the effects of a single WBV exercise on the level of pain, functionality (Timed Up and Go
(TUG test) and flexibility), and rating of perceived exertion in KOA individuals. It is hypothesized
that acute WBV exercise would have beneficial effects on pain, functionality, and rating of perceived
exertion in this population group.

2. Materials and Methods

2.1. Trial Design

This randomized study was performed to evaluate the acute effects of WBV exercise (WBVE)
in KOA patients. The individuals were randomly allocated to a WBV exercise group (WBVEG) or a
control group (CG). This work was approved by the Ethics Committee (CAAE n°198 26413.8.0000.5259),
registered in the Brazilian Registry of Clinical Trials (ReBEC n° RBR 738wng), and conducted according
to the Declaration of Helsinki. The individuals were notified about all stages of this investigation,
and they signed a specific informed consent form (ICF). The data analysis was done by a blinded
researcher. Due to the great difficulty of blinding the individuals, this study was performed without
blinding these individuals to the interventions.

2.2. Inclusion Criteria

Obese individuals (body mass index (BMI) >30 kg/mz) [28], over 60 years old, diagnosed with
unilateral or bilateral symptomatic primary KOA (individuals with self-reported complaints of
pain and/or unilateral or bilateral stiffness of the knee joint), according to the American College of
Rheumatology (ACR) [1] were included. The diagnosis was defined by the clinical staff of the Setor
de Ortopedia e Traumatologia, Hospital Universitario Pedro Ernesto (HUPE), Rio de Janeiro, Brazil,
following the Ahlback criteria (Ahlback classification, Grades 1, 2, 3, 4 and 5) [5,6].

2.3. Exclusion Criteria

Individuals with secondary osteoarthritis, asymptomatic KOA, with recent (six months) lower
limb surgery, severe osteoporosis, severe hip arthrosis, hip or knee arthroplasty, unilateral or bilateral
hip prosthesis, bilateral knee prosthesis, spine arthrodesis, periarticular metal implants and/or history
of previous knee injury (meniscus, ligament, sprains), using corticosteroids for less than three months,
viscosupplementation for at least six months, with cardiomyopathies and/or cardiac pacemaker,
found in other rehabilitation programs, with clinical manifestations that do not allow exercise,
with neurological and/or psychiatric disorders that generate “fear and/or panic” when performing
WBYV exercise, with three consecutive absences, or refusing to sign the consent form were excluded.
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2.4. Randomization

On the first day of this protocol, the randomization was performed using an electronic platform (http:
//www.random.org) [29,30]. Forty numbers were generated: 20 to the control group (CG; green color)
and 20 to whole-body vibration exercise group (WBVEG; blue color). The randomization was performed
after the signing of the ICE. Depending on the color, the participant was allocated to a group in a
blinded way.

2.5. Participants

Sixty-two individuals were recruited, but only 37 performed the protocol (18 in CG and 19 in
WBVEG,). The recruitment was performed at the Setor de Ortopedia e Traumatologia of HUPE from
September 2019 to March 2020. Afterward, the individuals were taken to the Setor de Radiologia of
HUPE to perform radiographic imaging. Participants were also advised not to use analgesics and
nonsteroidal anti-inflammatory drugs (NSAIDs) during the interventions.

The selection process of the individuals involved radiographic exams that were performed on
(i) knees (left and right) in an anteroposterior view, with load, bipedal support, and profile, (ii) axial
patella, (iii) hip in the anteroposterior view, (iv) lumbosacral spine in anteroposterior view and
orthostatic profile for the diagnosis of KOA. The exams were performed using a Shimadzu General
Radiographic System X-ray Tube Stand FH-20HR (Shimadzu Corporation, Kyoto, Japan) and were
reviewed by the clinical team of the Setor de Radiologia.

The Ahlbéck classification was used to evaluate the degree of radiographic affection and the
development of KOA. Although this classification has some criticisms due to the possible disagreement
among evaluators with different degrees of experience, it is more reproducible when carried out by a
more experienced evaluator [31,32].

In this study, the interobserver variability for Ahlback’s classification was performed through the
analysis of radiographic images by three orthopedic physicians (HUPE) belonging to the Sociedade
Brasileira de Ortopedia e Traumatologia. In case of disagreement, the physician with the highest
academic degree and most years of experience decided on the variability of Ahlback'’s classification
(Grade 1: joint space narrowing (less than 3 mm); Grade 2: joint space obliteration; Grade 3: minor
bone attrition (0-5 mm); Grade 4: moderate bone attrition (5-10 mm); Grade 5: severe bone attrition
(more than 10 mm)).

Where the evaluators considered the radiographic images to be of low technical quality,
the examinations were repeated. After the diagnosis of KOA, the participants were referred to
the Laboratorio de Vibragoes Mecanicas e Praticas Integrativas (LAVIMPI, UER]) to begin the
intervention protocol.

During all measurements and interventions, the supervisors were near the individual to clarify
the procedures. The supervisors of WBVEG and CG were different physiotherapists.

3. Measurements

3.1. The First Day of Evaluation

In the first day, the following steps were performed: (i) signing of the ICF, (ii) randomization,
(iii) anamnesis (age; sex; the practice of physical activity, where the individuals were asked whether
they practiced physical activity or not; pharmacological treatment; nutritional monitoring, where the
individuals were asked whether they performed nutritional monitoring or not; the existence of
comorbidities), (iv) evaluation of the pain level using a visual analog scale (VAS), (v) evaluation of
functional disability in the lumbosacral spine through the Oswestry Disability Index (ODI) questionnaire;
(vi) evaluation of symptoms and functional disability of the lower limbs using the Lequesne’s Functional
Index (LFI) questionnaire.
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Pain Level Analysis

To assess pain, VAS [33] was used at three moments: (i) on the first day (during anamnesis), (ii) on
the second day (before and after WBV intervention), and (iii) immediately after the participant got
up from the chair without the help of the upper limbs. The individuals were asked to inform us on
the knee pain level according to VAS (0—without pain; from 1 up to 3—mild; from 4 to 6—moderate;
from 7 to 9—intense; 10—high pain; see Figure 1).

Without Mild Moderate Intense High
pain

Figure 1. Visual analog scale used to evaluate pain level.

3.2. Oswestry Disability Index

For analysis of the functional disability in the lumbosacral spine, the ODI questionnaire [34] was
used. This instrument has 10 questions, with 6 options to answer in each one. Higher scores are related
to worse functionality.

3.3. Lequesne’s Functional Index

For analysis of symptoms and functional disability of the lower limbs in individuals with KOA,
the LFI questionnaire [35] was used. This analysis was performed on the first day. This instrument
evaluates pain and discomfort related to the activities of daily living. This instrument has eleven
questions about pain, discomfort, and function. Six questions are related to pain and discomfort
(one for knee and another for hip), one is related to performance during walking, and four are related
to hip or knee (according to the objective of evaluation) during daily activities. The scoring of the
questions is done according to the difficulty of performing daily activities: (0—without difficulty;
0.5—easily; 1.0—with difficulty; 1.5—very difficult; 2—impossible). As to the total score, (i) from 1
to 4 means little commitment, (ii) from 5 to 7 means moderate commitment, (iii) from 8 to 10 means
serious commitment, (iv) from 11 to 13 means very serious commitment, and (v) higher or equal than
14 means extremely serious commitment.

3.3.1. The Second Day of Evaluation

On the second day (before the intervention), the following steps were done: (i) measurement of
height, (ii) measurement of body mass, (iii) measurement of waist circumference, (iv) determination of
body mass index, (v) evaluation of gait with the Timed Up and Go test (TUG test), (vi) measurement
of perceived effort (BORG scale), (vii) measurement of flexibility (anterior trunk flexion (ATF)),
(viii) measurement of the pain level (VAS), and (ix) interventions (WBVEG or CG). After the intervention
session (WBVEG or CG), the VAS, ATE, BORG scale, and TUG test assessments were performed again,
in this sequence.

3.3.2. Evaluation of Height and Waist Circumference

For height measurements, a stadiometer (MIC 200 PPA, Micheletti, Sao Paulo, Brazil) was used,
and WC was measured with an inelastic tape around the abdomen (umbilicus level) [36].
3.3.3. Body Composition Analysis

Body mass (BM) and body mass index (BMI) were obtained with an InBody 370 System
Composition Analyzer, Model BPM040S12FXX (InBody Co., Ltd., Seoul, Korea). To perform these
measurements, participants wore light clothing (preferably with a bathing suit), without objects such as
watches, rings, earrings. The use of diuretics was discontinued 24 h prior to the examination, and the
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consumption of drinks and food was suspended for 8 h before the exam. The practice of physical
activity was suspended 12 h before the assessment [37-39].

3.3.4. TUG Test

To assess functionality, the TUG test [40] was performed. All participants got up from a chair,
with arms crossed over the chest area, walked 3 m, turned, walked back to the chair, and sat down.
Two attempts were performed, and the time of the TUG test was recorded in a proper form, timed in
seconds (s) with a digital timer (Cronobio, Modelo SW2018, Sao Paulo, SP, Brazil). This test was
performed before and after the intervention. The time to perform the test was registered, and higher
performance times were related to worse performance.

3.4. Flexibility

The flexibility analysis was performed using the ATF test [26]. All the participants were positioned
in the orthostatic position, with feet together. They were asked to flex their trunk (as much as possible)
without knee flexion and/or extension of the neck. During the trunk flexion, the distance (cm) between
the middle finger to the floor was obtained using a ruler by the supervisor. Higher distance values
between the middle finger and the floor were related to worse performance in the test. The ATF test
was performed before and after the intervention.

3.5. Subjective Perceived Exertion Rating

To assess the rating of perceived exertion, the category ratio (Borg Scale CR-10) was used [41].
The individuals were asked to refer to their effort perception, considering the score where 0 is related
to “without effort” and 10 is related to “maximum effort-exhaustion” (Figure 2). The Borg Scale CR-10
was used before and after the interventions, and it was used to estimate the subjects’ effort perception
to perform the intervention.

Borg CR10 Scale

Nothing at all

Extremely weak (just noticeable)
Very weak

Weak (light)

Moderate

Somewhat strong

Strong (heavy)

()]

Very strong

= © ©® N ObWN = OO

o

Extremely strong (almost max)
Maximal

Figure 2. Score of the Borg CR-10 scale used to evaluate the rating of perceived exertion.
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3.6. Protocol Interventions

The individuals of WBVEG and CG did not know the protocol of the interventions, which were
carried out in separate rooms, and they had no contact with each other. Therefore, the individuals of
WBVEG did not know that CG used a custom platform that was turned off (with an equipment fixes in
the VP that emitted a sound when the VP was turned on). In the same way, the individuals of CG were
not informed that WBVEG used a custom platform that was turned on (with the equipment plugged in
and without a sound like a platform that is turned on).

3.7. WBV Exercise Protocol

Participants were instructed by the supervisor to sit in a chair in front of the VP in a comfortable
position, with bare feet resting on the VP, arms extended, and hands on the knees, with an average
flexion angle between 100°-120° (Goniometer Carci, Instituto Sao Paulo, Sao Paulo, Brazil).

The VP was a side-alternating (Nova Plate Fitness Evolution, DAF Produtos Hospitalares Ltda.,
SP, Brazil) device. The participants performed one session of WBV exercise (11 min of total time),
using 5 Hz, 2.5, 5.0, and 7.5 mm, and 0.12, 0.25, and 0.37 g, considering frequency, D, and acceleration
peak, respectively. The exercise was performed in 3 bouts (3 min of working time and 1 min of rest
time; Figure 3) [42]. A dark-colored plate was attached to the VP display so that the participant did not
identify the time and frequency used in the intervention [21,22].

WBVE WBVE
Frequency: 5 Hz Rest: 1min Frequency: 5 Hz Frequency: 5 Hz
D=2 5mm D=50mm D=7.5mm
3min 3min 3min

WBVE = Whole-body vibration exercise; D= peak to peak displacement.

Figure 3. Whole-body vibration exercise intervention.

The frequency of the mechanical vibration was measured by an accelerometer (EMG832WF Digital
Accelerometer, EMG System do Brazil, Sao José dos Campos, SP, Brazil).

The supervisor monitored all procedures and advised the participant to report any discomfort
(nausea, dizziness) that occurred during the execution of the intervention. The supervisor performed
the data collection of heart rate, respiratory rate, and blood pressure before and after the intervention
for the participant’s safety [25].
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3.8. CG Protocol

Participants were submitted to the same protocol as WBVEG, but with the VP turned off. During

the intervention, equipment was coupled with the VP to emit a sound like a mechanical vibration.

This equipment was positioned behind the VP (Figure 4). The frequency of the VP was 0 Hz.

Control Group: Device that made
a sound like a vibration.

Figure 4. Control group intervention.

The steps of the study protocol are presented in Figure 5.

[ Steps of the study ]
I

Step 1: Capture of study participants at Setor de Ortopedia e
Traumatologia of the HUPE to radiography exams.

Step 2/Both Groups: first day (ICF, Randomization,

L Anamnesis. ODI and LFI Ouestionaire) )

/ Step 3/ WBVEG: second day: Anthropometric \

measurements (height, waist circumference and BIA),
TUG-Test, BORG Scale, VAS, ATF, WBVE Intervention
(one session/5Hz/alternating platform), VAS, ATF,
BORG Scale, TUG-Test and BORG Scale.

Step 3/CG: second day: Anthropometric measurements
(height, waist circumference and BIA), TUG-Test, BORG
Scale, VAS, ATF, WBVE Intervention (one session/ 0Hz/

customized platform), VAS, ATF, BORG Scale, TUG-
Test and BORG Scale.

HUPE- Hospital Universitirio Pedro Ernesto; ICF- Informed Consent
Form. ODI- Oswestry Disability Index; LFI — Lequesne’s Functional
Index; WBVE- Whole-body vibration exercises; BIA- Bioelectrical
Impedance Analysis; TUG-Test- Timed up and go test; VAS- Visual
Analogue Scale; ATF- Anterior trunk flexion; CG- Control Group.

Figure 5. Steps performed in the study protocol.
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3.9. Sample Size

Sample size was determined using the formula by Miot [43] to an infinite population. The variable
TUG test was used due to its importance in the functionality context of this study. Considering a
standard deviation of 0.77 and a mean of 6.58 [24], sixteen individuals in each group were needed.

3.10. Data Analysis

Statistical analysis was conducted using the GraphPad Prism 6.0 program. Nonparametric tests to
compare the characteristics of participants of the groups were applied. A paired Wilcoxon signed-rank
test to compare the difference before and after interventions was applied. For analysis between the
groups (CG and WBVEG), the difference (A) between before and after interventions was calculated,
and the Mann-Whitney test was used to analyze intergroup differences (CG vs WBVEG). For all data,
the mean and the standard error were reported. Statistical significance was set at p < 0.05.

4. Results

Sixty-two individuals were recruited, and 37 (18 in CG and 19 in WBVEG) fulfilled the eligibility
criteria. Sixteen volunteers did not meet the inclusion criteria (14 participants did not have KOA and 2
had rheumatoid arthritis), and 9 were excluded (3 participants used corticosteroids, 1 with a tumor on
the chest, 1 with a hip prosthesis, 1 with osteonecrosis, 1 with Behcet’s disease, 1 with recent surgery
on the lumbar spine, and 1 with recent surgery on the anterior cruciate ligament). All participants of
both groups completed the study, and no discomfort was reported. The development of the study,
considering each stage, is shown in Figure 6.

Enrollment l

Assessed
for
eligibility
(n=62)

Excluded (n=9 - *description below)
Not meeting inclusion criteria (n= 16) (14
participants do not have KOA and 02 have
rheumatoid arthritis)

Randomized (n=37)

[ Allocation ] l
CG (n=18) WBVEG (n=19)
e

Analysed (n= 18) Analysed (n=19)

*3 participants used corticosteroids, 01 with a tumor on the chest, 01 with hip prosthesis, 01 with ost rosis, 01 with

Behcet's disease, 01 with recent surgery on the lumbar spine and 01 with recent surgery on the anterior cruciate ligament.

CG- Control Group, WBVEG- Whole Body Vibration Exercise Group.

Figure 6. Flow diagram with the development of the study.
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Considering WBVEG, 2 individuals did not have bilateral KOA, 10 individuals presented Grade 1,
5 individuals presented Grade 2, and 3 individuals presented Grade 5 in the right knee. In the left knee,
10 individuals were Grade 1, 5 individuals were Grade 2, 1 individual was Grade 3, and 2 individuals
were Grade 5.

Concerning CG, all individuals had bilateral KOA, 13 individuals presented Grade 1, 2 individuals
presented Grade 2, 1 individual presented Grade 3, and 2 individuals presented Grade 4 in the right
knee. In the left knee, 11 individuals were Grade 1, 4 individuals were Grade 2, 1 individual was Grade
3, 1 individual was Grade 4, and 1 individual was Grade 5.

Analyzing the baseline characteristics of KOA subjects regarding sex, waist circumference,
body mass, body mass index, height, age, ODI, LFI, and VAS, no significant differences were observed
between CG and WBVEG, confirming the homogeneity of the sample (Table 1).

Table 1. Baseline characteristics of the knee osteoarthritis individuals of WBVEG and CG.

CG (n=18) WBVEG (1 =19)

p-Value
Mean (SE) Mean (SE)

Sex F=15M=3 F=15M=4 1.000
Age (year) 68.06 (2.02) 62.32 (2.52) 0.112
Height (m) 1.54 (0.01) 1.58 (0.01) 0.123
Body mass (kg) 75.67 (3.18) 86.15 (4.50) 0.091
Waist circumference (cm) 103.9 (2.54) 106.9 (3.65) 0.851
BMI (kg/m?) 31.71 (1.22) 34.75 (2.10) 0.420
ODI (%) 30.61 (2.86) 35.39 (2.95) 0.201
LFI (score) 11.81 (3.66) 11.85 (3.89) 0.989
VAS (0-10) 4.33 (0.52) 4.36 (0.60) 0.981

F—female; M—male; BMI—body mass index; VAS—visual analog scale; ODI—Oswestry Disability Index;
LFI—Lequesne’s Functional Index; WBVEG—whole-body vibration exercise group; CG—control group;
SE—standard error; p < 0.05.

Considering the radiographic images, no statistical difference was found between CG and WBVEG
as well: (i) Ahlback classification—knees right (p = 0.105) and left (p = 0.840), (ii) coxarthrosis—hips right
(p = 0.696) and left (p = 1.000), and (iii) Lumbosacral spine—decrease in intersomatic space (p = 0.696),
interapophyseal arthrosis (p = 1.000), degenerative spondylolisthesis (p = 1.000), and degenerative
scoliosis (p = 1.000).

Analyzing nutritional monitoring (p = 1.000) and practice of physical activity (p = 0.453), similarly,
no difference was found between CG and WBVEG.

Concerning existing comorbidities, again, no difference was found between CG and WBVEG:
arterial hypertension (p = 0.277) and type 2 diabetes mellitus (p = 0.180).

Considering the pain level assessment (VAS), there was a significant decrease after the WBVEG
intervention and between groups (Table 2).

Table 2. Pain level, functionality (TUG test and anterior trunk flexion (ATF)), and subjectively perceived
exertion rating (BORG Scale CR-10) assessments before and after the intervention and between groups.

CG before CG after Val WBVEG before  WBVEG after Val Value #
Mean (SE)  Mean (SE)  P'*U¢ Mean (SE) Mean (SE) ~ PrYaue  priaue
VAS (0-10) 411(056)  3.94(057) 0.564 458 (0.62) 3.23(0.61) 0.001 * 0.041 *
TUG-test (s) 14.87 (0.88) 13.84 (0.78) 0.002 * 19.42 (1.96) 16.44 (1.50) <0.001 * 0.045
BORG SCALE (score) 1.6 (0.56) 1.58 (0.51) >0.999 2.15 (0.54) 2.15 (0.54) 0.627 0.452
ATF (cm) 1753 (254) 1631 (253) 0.103 18.81 (2.08) 14.64 (2.05) <0.001 * 0.043 %

TUG test—Time Up and Go test; BORG Scale—subjectively perceived exertion rating; WBVEG—whole-body

vibration exercise group; CG—control group; SE—standard error; * p-value < 0.05; # intergroups.

Regarding the functionality assessment (TUG test and ATF measurement), significantimprovements
were found before and after the CG and WBVEG interventions and between groups in the TUG test,
and a significative difference was obtained before and after the WBVEG intervention and between
groups in the ATF test (Table 2).
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The data on the rating of perceived exertion (BORG scale) did not present significative differences
in any comparison (Table 2).

5. Discussion

The aim of the study is to analyze the acute effects of WBVE on the level of pain, functionality,
and rating of perceived exertion in KOA individuals. The results suggest that one session of WBW
exercises, with low frequency (5 Hz) and peak to peak displacement (2.5, 5.0, and 7.5 mm), was able to
reduce the pain level and time taken to perform the TUG test and improve flexibility (functionality)
without altering the subjective perception of the effort of these individuals. These results corroborate
the findings of Neto et al. [42], who showed that one session of WBV exercises with the same protocol,
alone or in combination with auriculotherapy, decreased the pain of individuals with KOA.

All participants that completed the protocol did not report adverse effects. During the protocol,
participants did not use analgesics and NSAIDs. Moreover, it is worth mentioning that this study
simultaneously analyzed the knee (left and right) in three views (anteroposterior projection with
load, bipedal support and profile, and patella axial), the hip (anteroposterior projection), and the
lumbosacral spine (anteroposterior projection and orthostatic profile)), which makes it relevant for the
diagnosis and study of KOA. No significant differences were found in CG and WBVEG participants in
the radiographic images.

Considering nutritional monitoring, the practice of physical activity, and existing comorbidities,
no differences were found between groups.

Regarding the functional capacity of KOA individuals, the time required to perform the TUG
test was improved in CG and WBVEG, but the performance of WBVE was better than CG and the
performance in the ATF test was improved only in WBVEG. A study reported that the transmission
of mechanical vibration to the body (during WBVE) stimulates the primary endings of the muscle
spindles, activating a-motor neurons, resulting in muscle contractions (tonic vibration reflex) [44].
Thus, the lower limbs are stimulated, and the improvement in strength, proprioception, and execution
of functional movements [45,46], as observed through the TUG test, could be possible. Moreover,
changes in the viscoelastic properties after vibration could explain the improvement in the ATF test
in WBVEG.

Hsiao et al. [47], using WBVE (vertical platform) for 2 to 3 days (from 8 to 10 Hz, 2 mm)
reported no significant difference in functional performance (using the TUG test) in the range of
motion of the knee joint and in the reduction of pain in the postoperative period after total knee
arthroplasty. Mikami et al. [48] described that WBVE improved knee muscle strength, dynamic balance,
and TUG-test performance in healthy adult females. This protocol was performed 3 times a week for
12 sessions, with 10 Hz and 4.5 mm, using a rotating-type WBV device.

The level of pain was reduced only in WBVEG. The mechanisms involved in the reduction of pain
can be explained according to vibration-induced sensory inhibition related to peripheral (a sensory
inhibition would be linked to the gate control theory of pain) and central levels (justified by the
stimulation of areas responsible for processing pain and vibrotactile sensations in the somatosensory
cortex of the brain) [36,49].

Pain is a cause of disability in individuals with KOA [1-3], and physical exercise is a very promising
strategy to improve the symptoms of individuals affected by this disease [17-20]. Studies suggest that
WBYV exercise may be an effective and safe form of exercise for this population [23,24,43]. However,
scientific evidence is still scarce and inconclusive in this population due to the diversity of WBV
exercise protocols.

Regarding the pain level, the findings described in the current work are in line with Zafar et al. [50],
who reported a decrease in pain and an improvement in the functionality of individuals with KOA
after WBV. However, Wang et al. [51] observed that WBV exercise improved function but not pain
and joint stiffness in individuals with KOA. Li et al. [52] did not present significant differences in the
pain level and physical function of individuals with KOA after an 8-week protocol with a vertical VP
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(squat training position, 20 Hz, and 2 mm). In addition, Ferreira et al. [53] reported in an umbrella
review that WBV exercises achieved moderate evidence for the improvement of KOA symptoms,
but as a complementary intervention. Sa-Caputo et al. [25] and Paiva et al. [26], in metabolic syndrome
individuals, also observed that a session of WBV exercises (frequency 5 Hz, with the same peak to
peak displacement and position) decreased the level of pain, ATF, and the subjective perception of
effort. Simao et al. [54], in a different protocol, observed that vibratory training plus squat training
(12 weeks, vertical platform, frequency from 35 to 40 Hz, 4 mm, and from 2.78 to 3.26 g) improved
balance (static and dynamic), gait, and self-perception of pain in the elderly with KOA. However,
Salmon et al. [55] observed that a WBV session on a triplanar (vertical) VP, with 35 Hz and the same
peak-to-peak displacements, in a standing position with the knees slightly bent, did not improve the
TUG test and did not affect the knee pain levels of individuals with KOA; two participants did not
finish the protocol due to knee pain.

To our knowledge, this is the first work that has investigated the effects of WBVE on pain levels,
functionality, and perception of effort. Thus, the pain reduction and improvement in functionality,
without changing the perception of the effort of individuals with KOA, need to be confirmed in
well-designed longitudinal randomized controlled trials. Considering the evaluation of acute effects,
in this current study, the tests before and after WBVEs were performed in a 10-min time window.
It would also be interesting to analyze, in future studies, how long the acute effects are maintained,
which was not possible in the present study.

The strengths of the current work are the outcomes (pain level, functionality (TUG test),
and flexibility), which are meaningful for the studied population, the rating of perceived exertion
of KOA individuals, and the protocol with low frequency (5 Hz; with the individual in a sitting
position in an ancillary chair to reduce the impact of the mechanical vibration overloading the knee
joint). This position, in addition to offering the participant the possibility of comfortable and safe
exercise, promotes better adherence to the proposed protocol since pain limits these individuals from
the practice of regular physical activity. On the other hand, individuals with KOA have a higher risk
of falls [10], which may compromise the participant’s safety during the protocol in other positions.
The results of this investigation are promising and can be considered of clinical importance in the
treatment of KOA individuals.

The limitations of this study are related to (i) the use of only one frequency in the intervention,
(ii) the sole use of Ahlbdck’s classification to evaluate the degree of KOA, (iii) the use of the LFI
questionnaire considering both knees (not considering right and left knees separately), (iv) not using
nuclear magnetic resonance imaging to evaluate the bone structure, (v) the vibration given to each
patient, which was at the same level for every age, body mass, and intervention time (these conditions
could be considered as bias), and (vi) the duration of the results, which was not investigated in a
follow-up session. However, important findings were obtained.

6. Conclusions

One WBYV exercise session, with a frequency of 5 Hz, peak-to-peak displacement of 2.5, 5.0, and 7.5
mm, and peak acceleration of 0.12, 0.25, and 0.37 g, was used in the protocol. The exercise was performed
for three bouts (3 min working time, and 1 min rest time) in a side-alternating VP. This protocol
was able to reduce the pain level and improve functionality without changing the perception of the
effort of individuals with KOA. In this work, acute effects were evaluated, and the duration of the
responses (minute, hour, day) is not presented. Thus, further studies, such as randomized clinical
trials, are needed to confirm the persistence of these effects in the long term.
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