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RESUMO

MARCHON, Renata Marques. Transmissibilidade vibratoria em mulheres de meia
idade submetidas a exercicio de vibracdo de corpo inteiro: estudo em trés posicoes
corporais. 2020. 77 f. Dissertagdo (Mestrado em Saude, Medicina Laboratorial e
Tecnologia Forense) — Instituto de Biologia Roberto Alcantara Gomes, Universidade
do Estado do Rio de Janeiro, Rio de Janeiro, 2020.

Exercicios de vibragdo de corpo inteiro (EVCI) devido a transmissdo de
vibracBes mecanicas geradas em plataforma vibratéria (PV), para o individuo que esta
em contato com a mesma, mostram efeitos benéficos clinicos em diversas
populacdes. O posicionamento comumente adotado é de pé com pernas fletidas,
entretanto, condic¢des limitantes podem requerer adaptacdes. O objetivo desse estudo
foi avaliar a transmissibilidade vertical da vibracdo mecanica nos joelhos, coluna
lombar, esterno e cabeca, de mulheres maiores de 40 anos, em trés posicoes
distintas: de pé com semi flexdo de joelhos (SQ), e sentado em cadeira com tornozelos
em angulacdo de 45° (SIT) ou perpendicular a PV (PLAT). Trinta voluntarias foram
submetidas ao EVCI com frequéncias de 7,5Hz, amplitude de 2,5mm, com intensidade
correspondente de 0,129, expostas por 10 segundos e repouso em 20 seg, em cada
posicdo. Quatro acelerbmetros monoaxiais foram usados na mensuracdo. A medida
de aceleracdo expressa pelo root mean square (RMS) foi computada para cada sinal,
e a transmissibilidade RMS (Trwvs) calculada usando relacdo simples
Trms(%)=(RMScorpo/RMSpv)x100, (RMScopo=RMS do acelerébmetro do corpo e
RMSpv=da PV). Vérias respostas relacionadas a seguranca (dor, tontura, medo,
formigamento e desconforto) foram avaliadas por instrumentos proprios. Trinta
mulheres com média de idade de 56 anos, foram selecionadas voluntariamente.
Brancas (56%) em sua maioria, ndo tabagistas (96%) e sedentarias (56%), 73,3%
encontravam-se acima do peso (sobrepeso ou obesidade). O EVCI foi percebido como
exercicio de baixo esfor¢o/fadiga (96,7%) e 40% nao referiram qualquer inseguranca
ou desconforto. Houve perda da Trvs ao longo do corpo, como indicam outros
estudos. Foi observado ressonancia no segmento de joelhos tando na postura SQ
quanto PLAT. Comparando as integrais de aceleragdo maxima entre todas as
condicBes (regides do corpo e posturas), as pernas possuiam magnitudes cerca de 9
vezes maiores em comparagdo com o quadril e este magnitudes de aceleragao cerca
de quase 3 vezes maiores em comparacdo com a cabeca. O esterno foi o ponto de
menor vibragdo em todas as posturas. Quanto a vibracdo da cabeca, PLAT foi a
postura mais protetora. A partir dos resultados, foi elaborado protocolo terapéutico. A
postura escolhida como mais adequada para realizacdo de EVCI sentado foi a postura
SIT, que acarretou pequena vibragcdo de cabeca com menor transmissibilidade e
ressonancia em joelhos e menor o registro de medo ou tontura.

Palavras-chave: Vibragcao de corpo inteiro. Acelerometria. Transmissibilidade.



ABSTRACT

MARCHON, Renata Marques. Transmissibilidade vibratoria em mulheres de meia
idade submetidas a exercicio de vibracao de corpo inteiro: estudo em trés posi¢cdes
corporais. 2020. 77 f. Dissertacao (Mestrado em Saude, Medicina Laboratorial e
Tecnologia Forense) — Instituto de Biologia Roberto Alcantara Gomes, Universidade
do Estado do Rio de Janeiro, Rio de Janeiro, 2020.

Whole body vibration exercises (WBVE) show beneficial clinical effects in
several populations due to the transmission of mechanical vibrations generated on a
vibrating platform (VP), for the individual who is in contact with it. The most used
posture is standing with a knee semi-flexion, however, disabling clinical conditions may
require adaptations. The purpose of this study was to evaluate the vertical
transmissibility of mechanical vibration in the knees, lumbar spine, sternum and head,
of women over 40 years old, in three different positions: standing with knee-flexion
(squatting position, SQ), sitting on a chair with the feet resting on the platform and 45°
ankle angle (SIT) or perpendicular to VP (PLAT). Methodology: Thirty volunteers were
submitted to WBVE with vibration frequency of 7.5 Hz, amplitude of 2.5 mm, with
corresponding intensity of 0.12 g, exposed for 10 seconds and 20 seconds resting, in
each position. Four monoaxial accelerometers were used in the measurement. The
acceleration measure expressed by the root mean square (RMS) was estimated for
each signal, and the transmissibility RMS (Trws) calculated using simple ratio Trus (%)
= (RMSgody / RMSvp) X100, (RMSgody = RMS of the body accelerometer and RMSvp =
from VP). Several safety-related responses (pain, vertigo, fear, tingling and discomfort)
were assessed using their own instruments. Results: Thirty women, with an average
age of 56 years, were selected voluntarily. Most white (56%), non-smokers (96%) and
sedentary (56%), 73.3% were overweight (overweight or obese). WBVE was perceived
as a low effort / fatigue exercise (96.7%) and 40% did not report any insecurity or
discomfort. There was loss of TRMS throughout the body, as indicated by other
studies. Resonance phenomena was observed in the knee segment, both in the SQ
and PLAT positions. Comparing the maximal acceleration integrals among all
conditions (body regions and postures), the legs had about 9 times higher magnitudes
compared with the hip and this magnitudes of acceleration about 3 times higher
compared with the head. The sternum was the point of lowest vibration in all postures.
Considering head acceleration transmissibility, PLAT represented the safest posture.
Conclusions: Based on results, a therapeutic protocol was developed. Posture chosen
as most appropriate to perform seated WBVE was SIT posture, recorded less head
vibration, smaller transmissibility or resonance knees and less fear or vertigo.

Keywords: Whole body vibration. Accelerometry. Transmissibility.
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INTRODUCAO

No organismo humano, sdo encontradas variadas formas de energia — quimica,
elétrica, mecéanica - com vibracfes e frequéncias mensuraveis quantitativamente. O
corpo humano e seus Orgaos individuais tém diferentes frequéncias naturais, como
pode ser observado na Figura 1. Quando uma frequéncia de vibrag&o externa coincide
com a frequéncia natural do sistema (ressonancia), a energia vibratoria é absorvida
pelo corpo gerando uma amplificacdo. Dependendo da massa, postura corporal ou
ainda contracdes musculares, o corpo reagira de formas diferentes as vibracdes
(MORAES et al., 2006; VASCONCELLOS; SCHUTZ; SANTOS, 2014; SONZA et al.,
2015b). Pelo mesmo principio, a auséncia de vibracdo, frequéncia e movimento do

corpo humano — imobilismo — pode ter efeitos deletérios (BOECHAT et al., 2012).

Figura 1 - Frequéncias naturais do corpo humano

Cabega 20-30 Hz =S Olho 20-90 Hz

‘)é{
A

Ombro 4.5 Hz
Coluna vertebral 10-12 Hz

Parede toracica 20-30 Hz Antebrago 16-30 Hz

A Mio 3050 Hz

[

Fonte: SAFEMED, 2015.

Existem estudos sobre a exposicdo cotidiana a vibracdo mecéanica (VM) no
corpo humano. Normalmente essas VM, ndo ‘lineares” ou em demasia, estdo
associadas a lesdes ocupacionais e riscos a saude e sdo normatizadas pela norma
ISO 2631 (International Organization for Standardization), visando diminuir seus
efeitos deletérios. Sua primeira versdo se deu em 1978, e atualmente, a nova ISO

2631, de 1997, ndo apresenta limites de exposicéo a vibragéo, limitando-se a definir
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um meétodo para a avaliacdo de exposicdo e indicar os principais fatores para
determinar niveis de exposicao aceitaveis. Nesse contexto, vibracdes de corpo inteiro
(VCI) sao classificadas como de baixa frequéncia, numa faixa de 1 a 80 Hz, mais
especificamente de 1 a 20 Hz (PEREIRA; NEVES, 2006; MORAES et al., 2006).

A VM como recurso terapéutico teve seus primeiros estudos publicados pela
Agéncia Aeroespacial de Berlim — ESA, em 2003, motivada pelas complicacdes de
atrofia muscular e desmineralizacdo 0ssea causados pela auséncia de gravidade em
missOes aeroespaciais (RITTWEGER; FELSENBERG, 2004). Existem distintos
equipamentos para realizacdo de VCI, porém o mais amplamente utilizado na
literatura € a plataforma vibratéria (PV).

Plataformas vibratérias disponiveis comercialmente para uso na saude,
apresentam em sua maioria ajustes de frequéncia com amplitudes pré fixadas, de
forma a evitar intensidades de vibracdo maiores que as recomendadas pela ISO 2631,
todavia apresentam faixas de frequéncia entre 5 e 60 Hz, o que significa que
ressonancias podem ocorrer em partes do corpo (Figura 1). Apesar da VCI gerada por
dispositivos terapéuticos se caracterizar por vibracdes lineares, com frequéncias e
amplitudes inferiores as vibra¢des ocupacionais, a ISO pode servir de referencial de
seguranca, uma vez que algumas sessfes de treinamento excedem essas
recomendacdes e efeitos deletérios sdo por vezes relatados na literatura
(ABERCROMBY et al., 2007; KIISKI et al., 2008; SONZA et al., 2015b; 2015a; LAM et
al., 2016).

Sao dois os tipos de transmissao gerados em PV (Figura 2). Na transmissao
sincrénica, o0 movimento de flexo extensdo dos membros inferiores é simultaneo e
uma aceleracdo puramente linear € transmitida ao tronco. No modo de alternancia
lateral, os membros inferiores trabalham opostamente — um flete enquanto o outro
estende, introduzindo um componente rotacional na pelve e coluna lombar, similar a
marcha humana, ativando musculos contralaterais das costas. Estudos sugerem que
esta acao reduz a transmissao de vibragcao para o tronco e cabeca, proporcionando
melhor tolerancia diante de aceleracdes de pico maiores, em comparac¢ao ao modo
sincrénico (ABERCROMBY et al., 2007; RITTWEGER, 2010).
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Figura 2 - Transmissao vibratéria em PV Sincronica e Alternada

E— ]
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|
u

|
e
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>«

Nota: llustracdo dos dois principais modos de
transmissao de vibra¢@o no exercicio de
vibracdo de corpo inteiro.

Fonte: Adaptada de Rittweger, 2010.

Varios sao os tipos de vibracdo, porém em relacdo a gerada em PV deve-se
considerar apenas as vibra¢gBes sinusoidais (Grafico 1), pois sdo essas que 0S
dispositivos de VCI pretendem fornecer. Para descrever uma vibragdo sinusoidal, é
necessario fornecer informacg6es sobre a frequéncia, o deslocamento do ponto mais
baixo para o mais alto (distancia pico ao pico) e o deslocamento maximo do equilibrio
(amplitude) ( RAUCH et al., 2010).

Gréfico 1 - Deslocamento x Tempo numa vibragdo sinusoidal

o)
= ' \ T
[J]
£
o] Amplitude (A)
2 ‘
2 »
o \
— Tempo
Distancia |
pico a pico
(D)
{ A \ Frequéncia(f)

Fonte: Adaptado de Rauch et al., 2010.
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Para realizac&o de exercicio de vibracao de corpo inteiro (EVCI), o individuo é
colocado em contato com a base da PV ligada. A VM transmitida ao corpo através da
base de contato constitui a exposi¢éo do individuo (RITTWEGER, 2010).

Para facilitar comparagbes entre estudos, 0os termos para descrever 0sS
principios fisicos da VM em PV foram recomendados por Rittweger (2010) e estdo
apresentados no Quadro 1. Recomenda-se fornecer valores de aceleracéo
associados a vibragcdo em multiplos da gravidade da Terra (simbolo: g; 1 g = 9,81 ms-
2) (RITTWEGER, 2010; COCHRANE, 2011). Na literatura utiliza-se o termo em inglés
whole body vibration (WBV).

Quadro 1 - Recomendacéo de termos para descrever vibracdo mecanica

Unidade Definicao Formula
Periodo de duragao (T) s Duragdo de um ciclo oscilatério
Frequéncia (f) Hz, s* | Repeticao da onda em 1 ciclo f=1/T
Amplitude (A) mm Maiximo deslocamento do A=D/2

ponto de equilibrio

Distdncia entre o maior e

. D=a,. . /(2x e x f2
menor ponto da oscilagdo pico/( )

Distancia pico a pico (D) mm

Velocidade maxima durante um ,
Ajo=2xmxf2xD

Aceleracao de pico (a; ms=2/ . o
§ pico ( Pm) & | ciclo oscilatério P

Aceleragdo em multiplos
da gravidade da Terra

g 1g=09,81 ms-2 8=Apico/9,81

Fonte: Adaptado de Rauch, 2010.

Muitos sao os estudos em EVCI e seus efeitos sdo: melhoras no sistema
locomotor (MOREIRA-MARCONI et al., 2019), na ativagao muscular ( CARDINALE;
WAKELING, 2005; RITTWEGER, 2010), na mineralizacdo 0ssea (RITTWEGER,
2010; MOREIRA-MARCONI et al., 2016) , na flexibilidade (RITTWEGER, 2010; SA-
CAPUTO et al., 2018), no equilibrio (RITTWEGER, 2010; ROGAN et al., 2017,
SIERRA-GUZMAN et al., 2017) , na funcionalidade (LARK; WADSWORTH, 2015), na
diminuic&o da dor (RITTWEGER, 2010; ALEV et al., 2017; SA-CAPUTO et al., 2018),
na qualidade de vida (SA-CAPUTO et al., 2018) e nas respostas cardiovasculares
(RITTWEGER, 2010; COCHRANE, 2011; MIYAKI et al., 2012), neurofisioldgicas
(CARDINALE; WAKELING, 2005; RITTWEGER, 2010) e hormonais (RITTWEGER,
2010). Sdo descritos beneficios em individuos com osteoartrite e osteoporose
(MOREIRA-MARCONI et al., 2016), sarcopenia (WEI et al., 2016), sequelas de
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acidente vascular encefalico (COCHRANE, 2011), fibromialgia (ALEV et al., 2017),
Parkinson (COCHRANE, 2011), depressao (LARK; WADSWORTH, 2015; ALEV et al.,
2017), sindrome metabdlica (PAIVA et al., 2019), transtorno do déficit de atencdo
(FUERMAIER et al.,, 2014), e no céancer (leucemias, neuropatia periférica)
(STRECKMANN et al., 2018) e melhora da fadiga (RITTWEGER, 2010).

Fatores a serem considerados na prescrigdo de um EVCI

Alguns dos efeitos fisioldégicos associados ao EVCI sdo atribuidos ao reflexo
ténico, que € a reposta neuromuscular a vibracéo. O estimulo vibratdrio nos receptores
de estiramento muscular primarios do fuso muscular (fibras aferentes) estabelecem
conexdo sinaptica com os motoneurdnios alfa (eferentes) resultando em contracao
muscular reflexa. Essa diminuicao do limiar de despolarizacdo e o maior recrutamento
de unidades motoras desencadeiam adaptacfes fisiologicas ao longo do tempo
(CARDINALE; WAKELING, 2005; SILVA, 2016).

Desse modo, fatores como 0 posicionamento, movimento e composi¢ao
corporal influenciam na transmissdo das vibracdes as estruturas corporais do
individuo, assim como caracteristicas do equipamento (ABERCROMBY et al., 2007,
VASCONCELLOS; SCHUTZ; SANTOS, 2014; SONZA et al., 2015b; LAM et al., 2016).

A atenuacédo da energia mecanica pelas pernas é atribuida a complacéncia das
articulagbes de joelho, tornozelo e quadril, assim como pela tensdo dos grupos
musculares e alteracao das propriedades elasticas com amortecimento dos tecidos.
Elas apresentam uma relacdo inversa, porém nao linear entre si, onde a maior
atenuacao pela musculatura se da entre 10° a 30° de flexdo dos joelhos enquanto a
eficacia da complacéncia articular aumenta a partir dos 40° (ABERCROMBY et al.,
2007; CARYN; DICKEY, 2019). Abercromby et al. (2007) conclui que, durante o EVCI,
a dissipacao através do ajuste muscular (muscle tuning) pode diminuir & medida que
a angulacao do joelho aumenta. Por isso a recomendacdo em diversos estudos
quanto a semi flexdo dos joelhos, denominada squat (Figura 3), para diminuir o
desconforto gerado pela VM na extremidade superior do corpo e cabeca
(ABERCROMBY et al., 2007; VASCONCELLOS; SCHUTZ; SANTOS, 2014; SONZA
et al., 2015b; LAM et al., 2016).
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Figura 3 - Interferéncias na Transmissibilidade da Vibracdo Mecanica

>F, a

Legenda: Figura esquematica. Joelhos estendidos e menores frequéncia (f) e amplitude (a)
com maior efeito da vibracdo na cabeca (A). Squat e maiores f e a com menor
efeito da vibrag&o na cabeca (B).

Fonte: A autora, 2020.

Em condicdes clinicas limitantes pode ocorrer uma incapacidade pelo individuo
no posicionamento em semi agachamento. Algumas alternativas podem ser adotadas,
por exemplo a posicdo sentada, porém sentar-se diretamente sobre a PV ou
posicionar uma cadeira sobre ela pode gerar vibracdo desconfortdvel na regiao
craniana (VASCONCELLOS; SCHUTZ; SANTOS, 2014; CARYN; DICKEY, 2019;
MOREIRA-MARCONI et al., 2019). Em vista disso, sugere-se que a cadeira seja
posicionada frontalmente & PV com os pés do individuo apoiados sobre a sua base
(SA-CAPUTO et al., 2018; MOREIRA-MARCONI et al., 2019). Todavia esse
posicionamento acarreta diferentes angulacdes dos segmentos corporais gerando
intensidades distintas, consequentemente variacdo na transmisséo de forca, mesmo
diante de parametros idénticos.

Para definir parametros, é importante considerar que a for¢a de aceleracéo é
diretamente proporcional a frequéncia e amplitude e devem ser ajustadas de acordo
com o objetivo a ser alcancado. Stania (2015) em seu estudo sobre fortalecimento da
musculatura de assoalho pélvico considerou importante o uso de forca em alta
intensidade (25g, vinte e cinco vezes a aceleracao da forga gravitacional) combinando
alta frequéncia com moderada amplitude (f=40Hz; a=4mm). Frequéncia semelhante
foi utilizada no estudo de Mogil, para prevenir fraturas em criangcas em uso prolongado

de corticoide apos tratamento oncologico, porém a alta frequéncia foi associada a
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amplitudes minimas para gerar forcas inferiores a 1g (f=35Hz; a=0,07mm; g=0,3)
(MOGIL et al., 2016). Visando diminuir incidéncia de neuropatia periférica durante
infusdo de quimioterapia em pacientes oncoldgicos, Streckman (2019) elaborou
protocolo com variacdo de frequéncia e baixa amplitude para evitar um efeito de
acomodacéo (f=18~35Hz; a=2mm; g=2,6~9,8).

As frequéncias de 3 a 7 Hz, com magnitudes inferiores a 1g, sdo consideradas
como as mais segura para varios pontos do corpo. Diferente das frequéncias de 21 a
25 Hz, relatadas como extremamente intensa nos membros inferiores (SONZA et al.,
2015b). Quanto a alteracdo da transmissibilidade ao longo do corpo, essa foi
inversamente associada a frequéncia e amplitude da vibracdo (LAM et al., 2016).

Igual atencao € necessaria quanto ao tempo de exposi¢cdo a VM para atingir o
efeito almejado e evitar efeitos indesejaveis como fadiga, dor e mal estar. O tempo
total de EVCI € uma combinacao entre tempo de exposicdo em vibracdo, tempo de
repouso e numero de exposicdes (bouts). Ante a necessidade de um tempo maior de
vibracao, periodos prolongados de repouso podem ser usados intercaladamente, ou
maior nimero de bouts, para diminuir a fadiga. A quantidade de sessdes e o periodo
da atividade — semanas ou meses, também devem ser estipulados de acordo com os
objetivos (RAUCH et al. 2010; DIONELLO et al., 2016).

Quanto a realizagéo de exercicios dinamicos sobre a PV, Caryn (2019) conclui
que a resposta ao exercicio € semelhante as posturas estéticas, porem sdo poucos
0s estudos que comparam movimento durante o EVCI.

N&o obstante da necessidade de supervisao por profissional habilitado durante
o EVCI dada sua simples execucdo (LARK; WADSWORTH, 2015; MOGIL et al.,
2016), é determinante a elaboracdo de protocolo e orientacdes quanto adequada
realizacdo por parte do referido profissional. Em condi¢des especiais nas quais o
profissional ndo esta presente, o treinamento prévio é aconselhado por uma pessoa
da instituicdo de origem (MARTAKIS et al.,, 2019). Em populagbes com maior
fragilidade, a presenca profissional se faz indispensavel para garantir a manutencéo
da postura durante a execucéo, identificar derrapagem ou perda de contato com a PV
melhorando assim a seguranca e qualidade do exercicio.

Para elaboracdo de um protocolo terapéutico eficaz € importante definir um
nacleo de pacientes, suas caracteristicas e as especificas demandas desejadas, para
a partir delas, pensar os parametros mais adequados em cada uma delas. Assim como

avaliar riscos e contra indicagdes individuais, para prescrever de forma cautelosa e
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prudente. Também é importante considerar critérios voltados a eficiéncia do protocolo
e que levem em consideracdo acessibilidade, adeséo, reducdo do custo e tempo,
seguranca (LARK; WADSWORTH, 2015).

Justificativa

Quanto a prescricdo de EVCI na literatura, sdo poucos e distintos os protocolos
para mulheres de meia idade. Portanto, estudar a transmissibilidade da vibracéo
mecanica em distintos posicionamentos, avaliar seguranga, percepcao de esforco e
desconforto em um grupo populacional especifico é pertinente para possibilitar a
elaboracéo de protocolos terapéuticos mais direcionados, assim como a sugestao de

cuidados e contraindicacoes.



1 OBJETIVOS

1.1 Geral

22

O objetivo geral desse estudo foi avaliar o comportamento da vibracao

mecanica em

plataforma vibratéria nessas mulheres em trés diferentes

posicionamentos, a fim de propor um protocolo de EVCI direcionado a essa

populacao.

1.2 Especificos

Os objetivos especificos foram:

a)

b)

c)

mensurar a VM em pontos anatdbmicos determinantes - joelho,
lombar, esterno e cabeca - utilizando acelerometria digital
(monoaxial);

analisar a influéncia da composicdo corporal, idade e nivel de
atividade na transmissibilidade vibratoria;

registrar a percepcéo de esforco durante o EVCI através da escala
de BORG;

d) verificar presenca de desconforto durante o EVCI através do

e)

Diagrama de Corlett e Manenica;
estabelecer correlacdes entre os trés diferentes posicionamentos e

pontos anatdmicos a fim de elaborar um protocolo seguro de EVCI.
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2 MATERIAL E METODOS

Foi realizado um estudo analitico transversal, como parte da pesquisa “Agao
dos exercicios de vibracdo de corpo inteiro, da auriculoterapia e da associacdo das
duas técnicas, em individuos com osteoartrite de joelho: ensaio clinico randomizado
controlado intervencionista”, aprovado pelo Comité de Etica do Hospital Universitario
Pedro Ernesto — Universidade do Estado do Rio de Janeiro sob o numero CAE
19826413.8.0000.5259.

Foram incluidas mulheres com idade entre 45 e 70 anos. Foram excluidas
aquelas que apresentassem manifestacdes clinicas impeditivas para realizacdo de
exercicios ou dos posicionamentos necessarios, presenca de marca-passo cardiaco,
cirurgias ortopédicas ha menos de um ano em membros inferiores, presenca de
préteses metalicas e que ndo concordaram em assinar o Termo de Consentimento
Livre e Esclarecido (TCLE).

2.1 Medidas prévias a coleta de dados

Foi realizado capacitacédo e treinamento pelo pesquisador quanto ao uso dos
equipamentos para acelerometria, calibracdo e aquisicdo dos sinais (Aparelho
EMG832wf; acelerdmetro monoaxial e triaxial modelo ACL270303/15 com uma faixa
de medicdo de 3g e 169 respectivamente, e Software) junto a empresa EMGSystem
do Brasil. A PV utilizada no estudo foi do tipo alternada (modelo Novaplate, Fitness
Evolution, S&o Paulo, Brasil). Um teste piloto foi empregado para validar a saida de
frequéncia da PV da configuracdo de frequéncia nominal, foi determinada em 5
configuracgdes de frequéncias diferentes entre 5-25 Hz e feita analise rapida de Fourier
(FFT) usando os sinais do acelerébmetro capacitivo triaxial citado (SONZA et al.,
2015b; CARYN; DICKEY, 2019).

Em virtude da nao sincronicidade na mensuracao entre as aceleragcbes da PV
com as aceleracdes das partes do corpo, devido a quantidade limitada de canais do
equipamento, foi verificada a precisdo da frequéncia do sinal entre as condi¢cdes

carregada e ndo carregada (calibracao aferida com cargas de 0 kg, 64 kg e 120 kg) e
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verificado ndo haver diferenca das mesmas em relacdo a carga sobre o equipamento
(COCHRANE, 2011; LAM et al., 2016).

Para aquisicao dos sinais foi usado aparelho EMG System (modelo EMG832wf)
e acelerdbmetro monoaxial (Modelo ACL270303/15 da EMGSystem do Brasil),

demonstrados na Figura 4.

Figura 4 - Equipamentos utilizados na coleta

(2] [®]

s
- /

Legenda: Plataforma vibratéria alternada modelo Novaplate Fithess Evolution (A);
demarcacao para posicionamento dos pés em 2,5 mm de amplitude (B);
Equipamento EMG System XXX (C) e Acelerdbmetro monoaxial (D);

Fonte: Arquivo pessoal, 2020.

2.2 Coleta dos dados

As informac@es sociodemogréficas (idade, raca/cor da pele, ocupacéo e uso de
tabaco) e clinicas (uso de medicamentos, comorbidades e nivel de atividade fisica)
foram obtidas por meio de questionario respondido pela propria participante (Apéndice
A).

2.2.1 Composicao Corporal
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Para classificacdo da composicdo corporal discriminada foi realizado
Bioimpedancia (Equipamento InBody 370, Biospace, EUA) e os dados fornecidos pelo
software préprio. As mulheres foram orientadas quanto ao uso de roupas leves,
retirados adornos e pecas de metal, estar descalcas e em jejum de quatro horas. Para
as que realizavam exercicio regular, foi solicitado abster-se por periodo de 18 horas.
Foram classificadas eutroficas aquelas com indice de massa corporal (IMC) <25, e
como sobrepeso e obesas IMC 225, segundo a classificagdo da Organiza¢gao Mundial
de Saude.

2.2.2 Funcionalidade

Para a classificacdo da capacidade funcional aplicaram-se dois testes clinicos:
Timed Up and Go (TUGT) e Sit to Stand test (STS). O TUGT mediu o tempo gasto (S)
na tarefa de levantar-se de uma cadeira sem o apoio das maos apos o comando “ja”
do avaliador, andar um percurso de trés metros, girar 180°, voltar e sentar-se
novamente apoiando as costas na cadeira. Orientou-se a realizagdo do teste na
velocidade habitual da marcha. O desempenho foi registrado em segundos. Para
identificagdo de incapacidade funcional no TUGT foi utilizado ponto de corte de 10
segundos. O STS foi realizado na mesma cadeira, com assento de altura aproximada
de 43cm. O teste foi iniciado com o voluntario sentado no centro da cadeira, com
coluna ereta, pés apoiados no chéo e bracos cruzados sobre o térax, sendo solicitado
a levantar-se e sentar-se cinco vezes consecutivas o mais rapido possivel. No STS foi
utilizado ponto de corte de 12 segundos (VIANA et al., 2018).

2.2.3 Esforco e seguranca

A classificacdo da percepcao subjetiva de esfor¢o durante a VM foi medida com
base na escala de BORG, seis itens categéricos, com valores variando de 1 a 10
(BORG, 2000). Para avaliacao da seguranga e sintomas de desconforto foi utilizado o

Diagrama de Corlett e Manenica modificado, que € uma ferramenta de analise
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biomecanica utilizada na area da Ergonomia que avalia de forma subjetiva
constrangimentos posturais (SILVA, 2013). Estudos apontam que as classificacdes
subjetivas quanto a percepcao apresentam boa correspondéncia as magnitudes das
aceleracoes (SILVA, 2013; SONZA et al., 2015b).

Foi realizado familiarizacdo com o equipamento da PV antes da exposicédo, em
frequéncia diferente da empregada no protocolo e aquecimento antes da realizacéo
do exercicio. Era solicitado por parte dos sujeitos de pesquisa a ndo realizarem
nenhuma atividade fisica nas horas antecedentes ao experimento para evitar que a
fadiga muscular viesse interferir na transmissibilidade da vibracdo (CARYN; DICKEY,
2019).

2.2.4 Acelerometria

Para mensurar a magnitude do efeito de transmissibilidade da VM foi utilizado
acelerometria. Os pontos anatdmicos foram selecionados por seu interesse fisioldgico.
A fixacdo dos acelerémetros foi definida em proeminéncias 6sseas a fim de reduzir a
vibracdo de tecidos moles e usado fita adesiva compressiva para pressionar o
acelerbmetro contra 0 0sso. Foram elas: joelho (tuberosidade anterior da tibia), regiao
lombar (segunda vértebra lombar), esterno (sinfise manubrio esternal) e cabeca
(centro do osso frontal) (VASCONCELLOS; SCHUTZ; SANTOS, 2014; SONZA et al.,
2015b; LAM et al., 2016; CARYN; DICKEY, 2019).

2.2.5 Intervencao

O protocolo utilizado na aplicagdo do EVCI, conforme recomendacbes de
Rauch (RAUCH et al. 2010) esta demonstrado na Figura 5.
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Figura 5 - Protocolo para coleta de dados

A B

Tipo de plataforma | alternada
Frequéncia 7.5 Hz=
Amplitude 2.5 om
Dose 028 g
Tempo exposicio 10 seg
Tempo repouso 20 seg
Bout 3 {1x cada postura)
Posturas Semi agachamento

Sentado
Movimento estatico

Legenda: Parametros do protocolo do estudo (A); Sequéncia para aplicacéo (B).
Fonte: A autora, 2020.

A plataforma utilizada foi do tipo Alternada (modelo Novaplate, Fitness
Evolution, Sdo Paulo, Brasil) por possibilitar a livre escolha dos parametros de
frequéncia e amplitude (PV sincrénicas possuem parametros pré estabelecidos) e por
transmitirem menor vibracdo a parte superior do corpo (BERCROMBY et al., 2007a;
RITTWEGER, 2010).

A escolha da frequéncia e amplitude deu-se pela maior frequéncia considerada
dentro da faixa considerada segura (SONZA et al., 2015b), limitados pela faixa de
medicdo de até 3g dada a capacidade do acelerbmetro e para evitar derrapagem na
postura sentada (RAUCH et al. 2010).

Para amortecer o efeito da fadiga, o tempo de exposi¢cao a VM foi reduzido em
cada situacdo do experimento e utilizado o dobro de tempo para repouso em uma
Unica exposicdo por posicdo, de forma intermitente, como sugerido por Cochrane
(2011). Nao foi realizado randomizacéo da sequéncia das posturas escolhidas dada a
guantidade de sinais coletados simultaneamente de forma a evitar viés de
mensuracao e melhorar a validade interna do estudo.

As posicOes utilizadas estéo descritas e ilustradas na Figura 6.
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Figura 6 - Posturas Analisadas

Legenda: voluntaria realizando EVCI na postura de pé (posicao I), sentado com o tornozelo
em angulacéo livre (posi¢éo Il) e com os tornozelos perpendiculares a PV (posicao
[1l), com os acelerdbmetros e gonidémetros digitais posicionados.

Nota: Posicao | (SQ): de pé, com flexao de 130° de joelhos (squat); Posic¢ao Il (SIT): sentado
em cadeira com os pés apoiados na base da PV com angulacdo da tibia em
relacdo a superficie da plataforma de 45°, com angulagdo de joelho a 1309
Posicdo Ill (PLAT): sentado em cadeira com pés apoiados em PV com angulagéo
da tibia em relagdo a superficie da plataforma de 90°, com angulagéo de joelho a
130¢°;

Fonte: Arquivo pessoal, 2020.

A posicado SQ é a mais utilizada na literatura. J4 a posicéo SIT, alguns estudos
em posicao sentada descrevem a postura como “sentado confortavel com os pés
apoiados sobre a base da PV”, e pensando em padronizar essa posi¢ao, entendeu-se
que a angulacdo sugerida é a mais aproximada das descricbes pela comunidade
cientifica. A posicdo PLAT foi sugerida neste estudo sugerindo ser ela de maior
aproveitamento da VM, uma vez que o angulo reto em tornozelos quando sentado
diminui a decomposicdo vetorial da forca vertical aproveitando melhor a emisséo
vibratoria (esquematizado na Figura 5).

Em todas as posturas as participantes foram instruidas a manter uma posicao
fixa dos joelhos dobrados (130°) garantidas por goniometria manual e fixadas na
lateral do joelho esquerdo, cabeca reta e olhar voltado para figura fixada em frente a
PV durante todo o procedimento (SONZA et al., 2015b). Os bracos eram mantidos
estendidos ao longo do corpo na posi¢cao de pé ou cotovelos estendidos com méos
apoiadas sobre os joelhos nas posturas sentada (MOREIRA-MARCONI et al., 2019).
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Foi cuidada a utilizacdo da mesma cadeira para toda a coleta, de material rigido
e sem bracos. O ajuste da altura para propiciar as angulacfes necessarias foi feita
com uma base rigida confeccionada em madeira (tablado) que permitia ajuste de

altura.

2.2.6 Andlise do sinal

O sinal de radiofrequéncia de cada acelerémetro foi analisado usando Matlab®
(Mathworks Inc, EUA) Figura 7. Primeiro, foi utilizado um filtro Butterworth passa-
baixas de 100Hz. Em seguida, a root mean square (RMS) foi estimada usando a

equacao (1).

RMS = |=31 x? (1)

i

Onde: n é o numero de pontos no sinal e x; € o i-ésimo ponto.

Finalmente, a transmissibilidade do RMS (%) para cada regiao foi

calculada pela equacéo (2).

TrMS (%) = (RMScorpo/ RMSPV) x 100 (2)

Onde: RMScorpo € 0 RMS obtido nas quatro regides do corpo com um acelerdbmetro e RMSpy € 0
RMS obtido com acelerbmetro posicionado diretamente na PV.



30

Figura 7 — Graficos espectro de frequéncia
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Nota: Graficos produzidos pelo MatLab. A esquerda observa-se o gréfico da frequéncia dos
sinais; a direita o pico da frequéncia (de baixo para cima: joelho, lombar, esterno e cabecga,
respectivamente); Sinais coletados na frequéncia de 7,5Hz, na posicao Il proposta.

Fonte: Arquivo pessoal, 2020.

2.2.7 Anélise estatistica

Para andlise descritiva da populacéo utilizou-se média e desvio-padrao para as
variaveis continuas e determinacdo de distribuicdo de frequéncia para as variaveis
categoéricas.

A partir das médias da Trvs(%) dos quatro pontos anatdmicos em cada postura
(total de 12 médias), foi realizado Teste t de amostras pareadas entre a diferenca de
Trmscorpo € TrMspy, considerada como 100%, uma vez que era a unica fonte emissora
para o corpo.

Para essas mesmas diferencas, considerando como variaveis de exposi¢cao
idade, IMC e realizacdo de atividade fisica, Teste t de amostras pareadas foi utilizado
para verificar se o desfecho diferia para cada uma dessas variaveis. O Teste t foi
utilizado dada a distribuicdo normal da amostra, calculada pelo Teste de Kolmogorov-
Smirnov (p>0,05).
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Todas as analises foram realizadas utilizando o pacote estatistico SPSS,
versao 23.0 (IBM).
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3 RESULTADOS E DISCUSSAO

O resumo das caracteristicas da amostra é apresentado na Tabela 1. Além dos
dados sociodemograficos e clinicos, sdo apresentadas informacdes sobre
composicao corporal, funcionalidade e percepcao de esforco.

Vale ressaltar a ndo percepcédo de esforco por parte das voluntarias (BORG,
2000), em nenhuma das posturas durante a exposi¢cao. Esse resultado vai de encontro
aos estudos de Sonza (SONZA et al., 2015b), no que se refere a frequénciade 3 a 7
Hz, utilizada nesse estudo, sendo a mais segura justamente por ndo apresentar

esforco ou cansaco.

Tabela 1 - Analise descritiva das variaveis

Variavel Total (30) N (%)
Idade (Média DP) 55 (£14)
<60 anos 21 (70,0)
>= 60 anos 9 (30,0)
Ocupacgéo
Trabalhos domésticos 11 (36,7)
Area de Saude 13 (43,3)
Outros 6 (20,0)
Etnia
Branco 17 (56,7)
Negros e Pardos 13 (43,3)
Atividade Fisica
N&ao realiza 14 (46,7)
2X ou mais / sem 16 (53,3)
Tabagismo
N&o 29 (96,7)
Sim 1(3,3)
IMC (Média DP) 28,7 (6,9)
Adequado 10 (33,3)
Sobrepeso e obeso 20 (66,7)
TUGTest (Média DP) 9,97 (+1,52)
<10 segundos 19 (63,3)
>10 segundos 11 (36,7)
Sit to Stand
<12 segundos 5 (16,7)
>12 segundos 25 (83,3)
BORG
Sem esfor¢o 30 (100,0)

Fonte: A autora, 2020.
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Quando observamos o0 comportamento da transmissibilidade entre os
participantes individualmente (Graficos 2, 3 e 4) nota-se, como em outros estudos, a
atenuacao da transmissao vibratoria ao longo do corpo. A VM por vezes se apresenta
maior que a forga gerada pela PV na regiao dos joelhos sofrendo posterior atenuacao,
atribuido principalmente ao amortecimento da musculatura dos membros inferiores e
flexdo dos joelhos e pela dissipacéo da energia ao longo do corpo (VASCONCELLOS;
SCHUTZ; SANTOS, 2014; SONZA et al., 2015b; LIU et al., 2017; CARYN; DICKEY,
2019) . Nota-se maior conformidade entre os individuos nas posturas sentadas (SIT e
PLAT).

Gréfico 2 — Postura SQUAT

Postura SQUAT
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Nota: Linha de tendéncia da Trwms localizadas no joelho, lombar, esterno e
cabeca. Dados individuais dos 30 individuos.
Fonte: A autora, 2020.

Grafico 3 — Postura SIT
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Nota: Linha de tendéncia da Trwms localizadas no joelho, lombar, esterno e
cabeca. Dados individuais dos 30 individuos.
Fonte: A autora, 2020.
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Grafico 4 — Postura PLAT
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Nota: Linha de tendéncia da Trwms localizadas no joelho, lombar, esterno e
cabeca. Dados individuais dos 30 individuos.
Fonte: A autora, 2020.
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Na tabela 2 consideramos como total a emisséo pela PV (Trvspv=100%), uma

vez que ela é a fonte geradora da vibracdo analisada. A partir da Trums(%) média em

cada ponto analisado, calculamos a diferenca em cada ponto de interesse e em cada

postura anatémico de interesse em cada postura (Trmscorpo — TRMSPV).

Tabela 2 - Diferenca de Transmissibilidade em cada Postura&Ponto versus

Plataforma (100%) - Teste t de Amostras Pareadas

Postura Diferenca Trws Trus% (DP)** Média*** IC 95% p valor
Joelho - Plataforma  110,91* (21,81) 10,91 2,77 ~ 19,06 0,010

SQUAT | Lombar - Plataforma 36,07 (24,86) -63,92 -73,21 ~ -54,64 0,000
Esterno - Plataforma 12,46 (3,94) -87,53 -89,00 ~ -86,05 0,000

Cabeca - Plataforma 14,86 (4,03) -85,13 -86,64 ~ -83,62 0,000

Joelho - Plataforma 92,47 (16,08) -7,52 -13,52 ~-1,51 0,016

SIT Lombar - Plataforma 13,17 (1,48) -86,82 -87,38 ~ -86,27 0,000
Esterno - Plataforma 8,12 (3,24) -91,78 -93,08 ~ -90,66 0,000

Cabeca - Plataforma 11,23 (3,78) -88,76 -90,18 ~ -87,35 0,000

Joelho - Plataforma  113,59* (22,03) 13,59 5,36 ~ 21,82 0,020

PLAT Lombar - Plataforma 12,57 (1,08) -87,43 -87,83 ~ -87,02 0,000
Esterno - Plataforma 7,20 (2,22) -92,13 -93,63 ~ -91,96 0,000

Cabeca - Plataforma 8,86 (2,31) -91,13 -92,00 ~ -90,27 0,000

Legenda: *efeito gerado maior que o emitido pela plataforma, sendo atribuido ao fenémeno de
ressonancia, **Dados com distribuicdo normal (Teste de Kolmogorov-Smirnov — p>0,05) e
***Média da diferenga do valor da Trms com 100%.

Fonte: A autora, 2020.
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Em todas as posturas, a regido de joelhos foi a que apresentou maior Trws,
sendo nas posturas SQ e PLAT inclusive maiores do que a emitida pela fonte (10,9%
e 13,59% respectivamente). Esse efeito pode ser explicado pelo fenémeno de
ressonancia, onde a frequéncia utilizada neste estudo (7,5Hz) foi amplificada nos
membros inferiores, em alguns individuos, quando em coincidéncia de suas faixas
frequenciais. A frequéncia estimada para membros inferiores varia de 2Hz (quando
relaxadas) a 20Hz (contracdo voluntaria maxima) (MORAES et al., 2006;
VASCONCELLOS; SCHUTZ; SANTOS, 2014).

Observa-se também a perda da forca vibratéria ao longo do corpo, como
demonstrado também em outros estudos, onde a Trus da regido lombar em todas as
posturas (SQ, SIT e PLAT) foi maior que as medidas em cabeca e esterno (
VASCONCELLOS; SCHUTZ; SANTOS, 2014; SONZA et al., 2015b; BERGMANN, et
al., 2018).

Quanto a Trvs do esterno, foi 0 menor ponto de transmissdo de forga,
mostrando perdas superiores a 90%. N&o foram encontrados estudos que
analisassem a transmisséo vibratéria neste ponto, mas algumas justificativas para
esse fenbmeno podem ser sugeridas. O esterno é mais anteriorizado em relacédo ao
eixo da coluna vertebral, por onde a VM corre verticalmente, ocasionando maior perda
da transmisséo pela decomposicédo vetorial da for¢a. Outra justificativa seria atribuida
a menor mobilidade do esterno, quando comparado a cabeca, e sua composi¢cao em
parte cartilaginosa em sua conexdo com as costelas, conferindo-lhe certo
amortecimento por conta dessas caracteristicas anatdmicas e, portanto, menor Trus
(%).

Em relacdo ao desconforto em regido de cabeca, relatado em muitos estudos
(COCHRANE, 2011; VASCONCELLOS; SCHUTZ; SANTOS, 2014; SONZA et al.,
2015b), a postura que demonstrou menor quantidade de energia acumulada (menor
Trus) foi a PLAT (8,86%), sendo a mais segura para essa regido. Vale notar que
posturas sentadas SIT e PLAT, propiciam maior relaxamento da musculatura de
membros inferiores. Apesar disso, foram as mais seguras para a regido da cabeca
guando comparadas com a postura SQ, ao contrario do que sugeria Lienhard (2015)
sobre efeito da contracdo muscular no amortecimento vibratério. Assim sendo, o
amortecimento muscular ndo é a Unica causa da absorcdo da vibracdo e posturas
sentadas podem ser consideradas seguras e confortaveis para a cabeca durante a

realizacdo de EVCI ainda que haja menor ativagdo dos membros inferiores.
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Avaliando os pontos isolados por posturas (Trmscompo — TrMspPv), foi analisado

existéncia de diferenca da transmissibilidade entre as variaveis idade, IMC e atividade

fisica (Tabela 3), que foram categorizadas em subgrupos. Todos o0s pontos

anatbmicos sdo demonstrados.

Tabela 3 — Diferencas de Transmissibilidade Corpo & Postura versus emissao

da Plataforma (110%) — Teste t de Amostra Pareadas

Tabela XX - Diferen¢a de Transmissibilidade Corpo&postura X emissédo da Plataforma (100%) - Teste t de Amostra Pareadas

Média Idade
(DP) <60 anos >= 60 anos
SQ 13,21 (18,32) 5,57 (28,99)
SIT -5,75 (17,55) -11,65 (11,85)
PLAT 19,41 (18,78) 0,025 (24,12)

Joelho

SQ -59,51 (28,35) -74,22 (7,72)
SIT -87,19 (1,07) -85,98 (1,98)
PLAT -87,24 (1,18) -87,88 (0,67)

Lombar

SQ -88,09 (3,82) -86,21 (4,13)
SIT 92,04 (3,52) -91,45 (2,58)
PLAT -92,42 (2,32) -93,68 (1,78)

Esterno

SQ -85,91(3,94) -83,32 (3,87)
SIT  -89,55 (3,51) -86,92 (3,94)
PLAT -91,25 (2,16) -90,86 (2,75)

Cabeca

Fonte: A autora, 2020.

p valor

0,389
0,367
0,024

0,140
0,380
0,138

0,237
0,675
0,159

0,109
0,080
0,684

Adequado
(<25)
16,53 (20,01)
-3,70 (14,06)
9,93 (14,06)

-62,70 (24,06)

-87,19 (0,79)
-87,62 (0,45)

-87,40 (3,15)
-93,59 (1,79)
-93,68 (1,90)

-81,50 (4,46)
-89,25 (3,60)
-91,87 (1,98)

IMC
Sobrepeso e
obeso (>25)
8,01 (22,62)
15,42 (25,23)
15,42 (25,23)

-64,53 (25,84)

-86,64 (1,71)
-87,33 (1,29)

-87,59 (4,36)
-91,02 (3,49)
-92,35 (2,28)

-85,45 (3,89)
-88,52 (3,93)
-90,76 (2,42)

p valor

0,327
0,368
0,529

0,853
0,346
0,506

0,901
0,380
0,125

0,555
0,626
0,223

Atividade Fisica
2x ou mais /

sem
13,13 (23,65) 8,97 (20,65)
-6,89 (17,18) -8,07 (15,61)
16,14 (20,77) 11,36 (23,52)

Nao realiza

-62,03 (30,07) -65,58 (19,16)

-86,61 (1,78) -87,01 (1,19)
-87,42 (1,31) -87,44 (0,88)

-87,96 (3,45) -87,15 (4,40)
90,92 (3,81) -92,71 (2,46)
-91.85 (1,92) -93,63 (2,18)

-85,84 (3,84) -84,51 (4,22)
-87,70 (3,60) -89,69 (3,80)
-90,79 (3,15) -91,43 (1,22)

p valor

0,611
0,864
0,562

0,704
0,472
0,966

0,584
0,132
0,260

0,376
0,154
0,461

Quando comparadas correlacdes entre as diferencas de Trvs em relacédo as

variaveis desfecho, pode-se concluir que as caracteristicas distintas entre os grupos

nao interferem na transmissibilidade deste estudo (p>0,05), sugerindo que um Unico

protocolo produz efeito equivalente mesmo diante de grupos distintos. Apenas em

relacdo aos joelhos na postura PLAT houve diferenca significativa no grupo acima de

60 anos, onde a ressonancia nos joelhos ndo aconteceu para este grupo.

No que se refere a seguranca e conforto durante a realizacdo do EVCI, as

mulheres do estudo foram questionadas quanto aos seus sintomas, intensidade do

mesmo e local no corpo ao final do posicionamento em cada postura. Os registros

estdo esquematizados na Tabela 4.
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Tabela 4 - Analise de Conforto e Seguranca em relacé@o as posturas (Diagrama
de Corllet e Manenica)

Sem vibracao 7,5 Hz

Postura N (%) Local
SQUAT
Sem sintomas 27 (90,0) 19 (63,3)
Dor ou Desconforto 3*(10,0) 5 (16,7) Cabeca, lombar*, joelho* e pés
Medo ou Tonteira 0 6 (20,0) Leve (3), moderado (1), intenso (2)
SIT
Sem sintomas 30 (100,0) 25 (83,3)
Dor ou Desconforto 0 3(10,0) Tornozelo e pés
Medo ou Tonteira 0 2 (6,7) Leve
PLAT
Sem sintomas 30 (100,0) 25 (83,3)
Dor ou Desconforto 0 1(3,3) Cabeca
Medo ou Tonteira 0 4 (13,3) Leve

Legenda: *desconforto a postura de semi flexao de joelho, associado a comorbidade prévia.
Fonte: A autora, 2020.

E importante destacar que ao inicio da coleta de sinais, trés voluntarias
referiram desconforto quando posicionadas em posicdo de semi flexdo de joelhos,
antes de iniciar a vibracdo. Os registros apresentados tém correlacdo com as
comorbidades prévias descritas por elas no questionario inicial. Duas delas referiram
desconforto em coluna lombo sacra, porém esse desconforto ndo persistiu apés
exposicdo a vibracdo na postura SQ. Apenas a terceira voluntaria, com queixas
simultaneas em coluna lombar e joelhos por artrose, registrou aumento da intensidade
algica durante a vibracdo em SQ. Entretanto, esses sintomas ndo se repetem em
nenhuma das exposicfes a vibracdo em posturas sentadas (SIT e PLAT). Também
na postura SQ, foi o maior registro de medo de queda, o que reforca os achados na
literatura de que a posi¢cdo sentada é uma possibilidade ao EVCI por pessoas com
dificuldade na manter a postura SQ (MOREIRA-MARCONI et al., 2019). A postura
SIT apresentou como queixa desconforto leve em tornozelo e pés e enquanto em
PLAT, uma voluntéaria referiu desconforto leve visual (cabeca). Em nenhuma das
posturas sentadas houve relato de medo, apenas tonteira de leve intensidade por uma
minoria. Nenhum dos sintomas relatados nas posturas sentadas foi associado a
comorbidades prévias.

Comparando as integrais de aceleracdo maxima entre todas as condigdes
(regibes do corpo e posturas), as pernas possuiam magnitudes cerca de 9 vezes

maiores em comparac¢ao com o quadril e 15 vezes mais altos que o esterno. O quadril
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tinha magnitudes de aceleracao cerca de quase 3 vezes maiores em comparagao com
a cabeca (Figura 9). Isso demonstra as capacidades de atenuacdo do corpo humano,
dos pés a cabeca (SONZA et al., 2015b). E interessante notar que a atenuacio da
parte inferior da perna para o quadril, cabeca e esterno € muito semelhante para as

duas posturas sentadas.

Figura 8 - Diagrama de atenuacao das aceleragdes

Joelho Lombar Cabeca Esterno
8,9x

14,86~ L2x 121,47_
siT 92,48 X . 13,17

PLAT 113,647J 2 12,5
[

Nota: Diagrama representando a relacdo de ordem de grandeza entre os pontos do
corpo em cada postura.
Fonte: A autora, 2020.
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A partir dos resultados, foi elaborado protocolo apresentado (Apéndice B). A
postura escolhida como mais adequada para realizacdo de EVCI sentado foi a postura
SIT, que reuniu pequena vibracao de cabeca com menor média de transmissibilidade

e ressonancia em joelhos. Também foi inferior o registro de medo ou tontura.

3.1 Limitacéo do estudo

Uma limitagdo do estudo foi a ndo randomizacdo da sequéncia das posturas
escolhidas, por entender que a fadiga pode afetar os resultados experimentais. Dada
a quantidade de sinais coletados simultaneamente, a randomizacéo foi excluida para
evitar viés de mensuracao e melhorar a validade interna do estudo. Para amortecer o
efeito da fadiga, o tempo de exposicdo a VM foi reduzido em cada postura do
experimento, acreditando ndo haver desta forma alteragcdo dos dados pela ordem de

intervencéo.
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CONCLUSAO

O EVCI mostra-se seguro e confortavel, apresenta intervencédo breve e foi
percebido como sendo de esforco leve. Pode ser realizado em postura sentado, o que
amplia sua indicacdo entre populacées com condi¢des clinico-funcionais limitantes,
favorece maior adesédo e agrega qualidade de vida. Como recurso terapéutico para
mulheres de meia idade, pode ser indicado tanto como atividade fisica quanto
reabilitacdo motora ou funcional de forma promissora.

As posturas sentadas (SIT e PLAT) demonstraram equivaléncia na
transmissibilidade para joelhos quando comparadas a postura de semi agachamento
(SQ) porém mais protetivas para extremidade superior corpo do (quadril, esterno e
cabeca). A postura PLAT apresentou a maior Trus Nos joelhos com menor Trvs de
cabeca. Essas diferentes caracteristicas devem ser levadas em consideracdo na
elaboracao de protocolos terapéuticos com objetivos distintos.

Sugere-se para estudos futuros, comparar as respostas a transmissibilidade
em outras frequéncias e em plataformas do tipo sincrénica. E pertinente a analise em

populacdes que apresentem condi¢des clinicas limitantes.

Perspectiva em Aplicacfes Clinicas

Plataforma vibratdria no cenario da oncologia

O cancer é considerado o principal problema de salde mundial, estando entre
as quatro causas principais de morte prematura em varios paises. Sua crescente
incidéncia e mortalidade esta associada ao envelhecimento, crescimento populacional
e a prevaléncia de fatores de risco para o cancer. As maiores incidéncias no mundo
sao pulméo, mama e proéstata (INCA, 2019).

A Saude da mulher é uma area importante no Planejamento das Politicas
Publicas de Saude, sendo os canceres mais incidentes nas mulheres brasileiras o de

mama, coélon e reto e colo de Utero, como mostra a Figura 10. Nao existe somente um
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fator de risco para estes tumores, no entanto, a idade acima dos 50 anos é

considerada relevante, e comum a todos estes (INCA, 2019).

Figura 9 - Distribuicdo proporcional dos dez tipos de cancer mais incidentes

estimados para 2020 por sexo, exceto pele ndo melanoma*

Prostata 65.840  29,2% Homens Mulheres ~ Mama feminina 66.280 29,7%
Colon e reto 20.520 9,1% Golon e reto 20.470 9,2%
Traqueia, bronquio & pulmao 17.760 7.9% Colo do Gtero 16.590 7.4%
Estomago 13.360 5,9% Traqueia,bronquio e pumao ~ 12.440 5,6%
Cavidade oral 11.180 5,0% Glandula tireoide 11.950 54%
Esofago 8.690 3,9% Estomago 7.870 3,5%
Bexiga 7.590 3,4% QOvario 6.650 3,0%
Linfoma nao Hodgkin 6.580 2.9% Corpo do dtero 6.540 2,9%
Laringe 6.470 2.9% Linfoma nao Hodgkin 5.450 2,4%
Leucemias 5.920 2.6% Sistema nervoso central 5.220 2,3%
*Nimeros arredondados para miltiplos de 10.

Fonte: INCA, 2019.

Tanto no decorrer do tratamento oncoldgico, seja ele cirdrgico, radioterapico ou
guimioterapico, quanto da sua progressao, sdo diversos os fatores que levam a
inatividade e progressiva perda funcional dos pacientes oncoldgicos. Emagrecimento,
imunodeficiéncia, perda de forca e fadiga, quimiotoxicidades cardiorrespiratérias,
parestesia e alteracfes de equilibrio, desmineralizacdo 6ssea medicamentosa ou
metastatica sdo apenas algumas das complica¢des que podem ser citados (CAMPOS,
2011; BERGMANN, et al., 2014; NETO, 2014; MARCHON, 2017)

O atendimento em oncologia sugere uma abordagem interdisciplinar em
relacdo aos cuidados e o fisioterapeuta tem papel fundamental na avaliacdo e
manutenc¢do da funcionalidade, assim como na prescricdo de atividades de vida diaria
e exercicios fisicos nesse periodo de adoecimento. Dentre as complicacdes mais
frequentes abordadas pela fisioterapia nas mulheres com céncer podemos citar a
fadiga, linfedema de membros superiores e inferiores, disfungcbes sexuais e dor (
BERGMANN, 2005; PEREIRA, 2013; DENNETT et al., 2016; MARCHON, 2017).

Apesar da aparente controvérsia quanto a pratica de exercicios por pacientes
com cancer, a recomendacao é de exercicios aerébicos de moderada intensidade. O
aumento da atividade fisica durante o tratamento oncolégico € seguro e esta

associado com aumento da resisténcia, melhora da funcéo fisica, social, sintomas da
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fadiga e beneficios qualidade de vida, (MADDOCKS; ARMSTRONG; WILCOCK,
2011;.BEASLEY etal., 2012; BRADSHAW et al., 2014; BOING et al. 2016; DENNETT
et al., 2016;VAN VULPEN et al., 2016).

Dentro desse cenario, a caracteristica do EVCI como atividade aerbbica de
gradual elevacdo da frequéncia cardiaca e ser percebido como de leve esforco,
podem ser vantajosas para essa populacdo (COCHRANE, 2011; SONZA et al.,
2015b). Todavia sao poucos os estudos de EVCI em oncologia, avaliando diferentes
demandas e com protocolos distintos dificultando analises comparativas entre eles (
VERHULST et al., 2015; SALHI et al., 2015; MOGIL et al., 2016; CREVENNA et al.,
2017; SCHONSTEINER et al. 2017; BAKER et al., 2018; STRECKMANN et al., 2019;
KAEDING et al., 2018; LOPES-SOUZA et al., 2018; PAHL et al., 2018; STRECKMANN
et al., 2018; RUSTLER et al., 2019).

O protocolo terapéutico elaborado neste estudo, por apresentar mulheres com
caracteristicas muito proximas aquelas acometidas por cancer de mama e colo de

Utero, podera ser utilizado por essa populagéo.
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APENDICE A — Questionario Sociodemogréfico e Ficha de Coleta

Pesquisa sobre o comportamento das vibragdes mecénicas geradas em

S
- % plataforma oscilante vibratéria em mulheres saudaveis
E &

% UERJ

© i Formulario de Coleta de Dados - DATA DA COLETA: / /

Nome: Data Nasc: / / Ne
Ocupacio Principal: Etnia:( )negra ( )parda ( )branca MH:

Atividade fisica: ( )ndo [ )até 2x/semana( )3xoumais Tabagista: ( )ndo ( )sim. Quantidade: ( )ex.Anos

Comorbidades: [ pressdo alta ( )diabetes ( )Osteoporose ( )Fibromialgia ( )Artrose. Local
( )JEnxaqueca ( )Labirintite ( )Zika/Chicungunha ( JHérnia Disco ( )Ins.Vascular.Grau:
( )Glaucoma ( )Dorcoluna ( )Outras
Medicagdo Regular: Doengas Prévias:
Cirurgias/Fraturas:
Avaliacdo Fisica:
Bioimpedancia
Idade Altura Peso IMC MME MGC MMS MID MMS MIE
Tempo SITTO Tempo Inicial Final
TUGT seg | STAND seg | FAT om om | AQUECIMENTO | 120 seg
Aquisicio de Sinais: Randomizagdo: { )1, 11, Il {nmn (1, m (1 [N { o,
Alternada
SQ0 SITO PLAO
sQ5 SITS PLAS
5Q10 SIT10 PLA10
Sincrdnica
sQo SITO PLATO
SQ30L SIT30L PLAT30L
SQ50L SIT50L PLATS0L
Registrar BORG, COLLET e localizagdo nos momentos respectivos abaixo
Escala Progressiva de Escala de Esforgo Percebida
Intensidade de Desconforto (BORG])
1 2 3 a 5 10 Atividade extremamente
Nenhum | Algum | Moderado | Bastante | Extremo vigorosa
P = dor T= tonteira Estou completamente sem
Tipo C=chogue D= desconforto félego, ndo consigo falar
M= medo E-formigamento q Atividade muito vigorosa
Consigo falar apenas uma
palavra por vez
7-8 Atividade vigorosa
Consigo conversar
46 Atividade moderada
23 Atividade Leve
Consigo respirar com
facilidade
1 Nenhuma atividade fisica

Observagdes:
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APENDICE B — Protocolo de EVCI para funcionalidade de mulheres de meia idade

50

Protocolo de exercicios de vibragdo de corpo inteiro para manutencdo da funcionalidade em

mulheres de 40 a 70 anos visando conforto e seguranca.

Orientacgdes para realizacdo do protocolo de EVCI, definicdo de parametros, evolugéo e
acompanhamento da funcionalidade de individuos acima de 40 anos.

Tipo de plataforma alternada
Frequéncia 7,5 Hz
Amplitude 2,5cm
Dose 0,289
Tempo exposicdo 30 seg 45seg | 60 seg
Tempo repouso 30 seg 45seg | 30seg
Ciclos (Bout) 10 10 10
Tempo total 10min | 15min | 15 min
Sentado em cadeira de fronte
Postura a PV, 130° de flexdo de
joelhos e tornozelo a 45°
Movimento estatico
Frequéncia de treino 2x por semana (intercalado)
Total de sessbes 12 sessdes

1. Realizar anamnese e critérios para elegibilidade de atividade fisica. Avaliacdo
funcionalidade com teste Time up and Go e Sit to Stand no inicio e final do protocolo.
2. As sessOes devem respeitar intervalo minimo de 48hs entre elas.

da

3. No inicio de cada sessdo, aferir pressdo arterial para controle e seguranca (nao realizar em
Psis>140mmHg e Pdis>90mmHg) (Brasileiras et al.). Utilizar escala de BORG para

acompanhar o grau de esfo¢o durante e a realizagdo do exercicio.

4. Posicionar o individuo em cadeira estavel em frente a plataforma, pés descalgos e apoiados
sobre a base da mesma, joelhos fletidos a 130° e angulo de tornozelo de 45° em relagdo a

base de apoio. As maos devem estar sobre os joelhos e com cotovelos estendido.

5. Primeira semana (2 sessdes): utilizar o tempo de exposicao de 30 segundos e igual intervalo

para recuperacao.

6. Segunda e terceira semana (4 sessdes): utilizar o tempo de exposigéo de 45 segundos e igual

intervalo para recuperacao.

7. Quarta a sexta semana (6 sessoes): utilizar o tempo de exposicdo de 60 segundos e metade

do tempo para recuperacao (30 segundos).

Observacdes: a evolucdo semanal pode ser adiada e reavaliada pelo profissional de acordo com
0s sintomas apresentados durante a intervencdo. Nao devem realizar a intervencdo mulheres com

implantes metalicos em membros inferiores ou condi¢cdo que contra indiquem realizagéo
atividade fisica.

de
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ANEXO A — Acceleration Transmission from an Oscillating Vibration Exercise Platform
in Different Postures: a Pilot Study (Aceito para publicacéo)

Acceleration Transmission from an Oscillating Vibration
Exercise Platform in Different Postures: a Pilot Study

Renata Marchon'?, Christiano Machado?, Eloa Moreira-Marconi®, Patricia Lopes-Souzal,3,
Anke Bergmann® and Mério Bernardo-Filho3

1 Cancer National Institute (INCA), Rio de Janeiro, Brazil

{rmarchon, plopes, abergmann}@inca.gov.br

2 Estécio de Sa University, Rio de Janeiro, Brazil

3 Laboratério de Vibragcdo Mecanica e Préaticas Integrativas - LAVIMPI, State University of Rio de Janeiro (UERJ), Rio de
Janeiro, Brazil

Abstract. Whole-body vibration exercises (WBVE) are a physical activity modality, promoted by mechanical vibrations
generated in oscillating/vibratory platform (OVP). Used in the squatting-posture, but under limiting conditions, an alternative
is sitting-posture. The objective was to evaluate acceleration transmission in specific body regions in: (1) squatting-posture; (I1)
sitting on chair with a free or (111) perpendicular ankle angle to the platform. Four volunteers performed single OVP protocol.
An accelerometer was used on knee, lumbar, sternum and head to measure vertical displacement. The root-mean square (RMS)
was computed for each signal, as well as the RMS-transmissibility (Trwms). Trus varied for different parts of body: knees, head
and lumbar spine were lowest in seated postures; there was an amplification of the vibration (Trms > 100%) on the knee in all
postures analyzed; a greater attenuation was observed in sternum. Seating positions seem to reduce vibration transmissibility
for the upper parts of the body.

Keywords: Whole Body Vibration Exercise - Vibration Transmissibility - Accelerometer

1 Introduction

The use of mechanical vibrations (MV) as therapeutic strategies and clinical procedures dates from the mid-nineteenth century,
generated by different equipments. Aerospace studies suggested that the vibrations minimized the negative effects of the gravity
absence in space, and researches showed that stimulating the gravitational action on the human body allows important
biological phenomena [1].

The MV produced in vibratory platform (VP) is a physical agent with wave, sinusoidal and deterministic characteristics [1, 2].
Exercises performed on these platforms generate the so-called whole-body vibration exercises (WBVE). The base of VP may
be displayed alternately as a seesaw or vertical (synchronous or triplane) at various frequencies (5-60 Hz) and amplitudes (<1
to 10 mm).

The WBVE is an exercise modality and there are a lot of benefits for the locomotor system [1], muscle activation [2], bone
mineralization [2, 3], flexibility [2], balance [2, 4], functional training [4], pain treatment [2], cardiovascular [2, 5],
neurophysiologic and hormonal systems [2], osteoarthritis and osteoporosis [1, 3], sarcopenia [4], sequelae of stroke [5],
fibromyalgia [1], multiple sclerosis [1, 5], Parkinson [1, 5], cancer (leukemias, peripheral neuropathy) [6] and fatigue resistance
[2].

The most used posture over a platform for WBVE is standing with a knee semi-flexion, called the squat posture. It allows the
decomposition of the vector forces and muscular damping of the lower limbs, dissipating the vertical transmission of the force
aiming at reducing the vibration of the head. In disabling clinical conditions, the sitting position can be adopted; however sitting
directly on the VP or positioning the chair on it can generate uncomfortable vibration in the cranial region [7, 8]. It is then
suggested that the chair has to be positioned frontally to the VP with the individual’s feet leaning on his base [1]. On the other
hand, this position provokes different angles of the body segments, causing variations in the force transmission generating
different intensities even with identical protocols. For this reason, it is relevant to measure the transmission of MV in different
postures, evaluating the energy dissipation through the body in order to produce more effective protocols of WBVE for several
clinical scenarios.

The purpose of this study was to evaluate MV transmission during WBVE in four relevant parts of the body — head, sternum,
lumbar spine and knee — during three different positions: (I) standing with a knee flexion (squatting position), (I1) sitting on a
chair with the feet resting on the platform and free ankle angle and (111) ankle perpendicular to the platform.
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2 Method

This was a pilot project involving 4 healthy female volunteers recruited at the Universidade do Estado do Rio de Janeiro
(UERJ), aged between 32 and 58 years old, who signed the Free and Informed Consent Term. The exclusion criteria were
clinical manifestations that did not allow to perform exercises or avoid the required positions, the presence of pacemaker,
surgeries for less than a year in lower limbs, presence of metal prosthesis or according to the criteria of the evaluator. At the
end of the exercise, self-reported discomfort, pain (Numerical Pain - NDT), and effort perception (BORG) were assessed.
The study was developed in the Laboratdrio de Vibragdo Mecanica e Praticas Integrativas (LAVIMPI). The research is
registered at REBEC and it is approved by the Ethical Committee of the institution involved. The following protocol was
applied: PV of alternative type (Nova Plate Fitness Evolution), with vibration frequency of 5 Hz with a vibration amplitude of
2.5 mm. The period of intervention was 30 seconds, with a double resting time to avoid fatigue effect [8], with 3 minutes of
working total time. The subject remained always static, and the protocol was repeated in three different postures as described
below (Fig. 1):

a) Standing, with 130° knee flexion, arms hanging laterally to the body (posture 1);

b) Sitting in a chair with feet resting on the base of VP with tibia angulation to the surface of 45°, keeping the knee angulation
of 130° (posture I1);

¢) Sitting in a chair with feet resting on the base of VP with tibia angulation to the surface of the 90° platform, keeping the knee
angulation of 130° (posture I11);

Fig. 1. A volunteer performing WBVE in the squatting posture (posture 1), sitting with ankle at free angulation (posture 1),
and with ankles perpendicular to VP (posture I11), with the digital accelerometers and goniometers positioned.

A height-adjustable seat and a digital goniometer were used at the knee and ankle joints to ensure positioning at the indicated
angulation (Model EWF030830/05R, EMG System do Brasil). In both sitting postures, hands should be resting on the knees
with elbows extended. They were barefoot to avoid influence damping or slippage [9].

In order to measure the magnitude of the effect, the vibration and apeak transmission were analyzed by means of accelerometry
with a monoaxial model (Model ACL270303/15, EMG System do Brasil), in four distinct points: knee (anterior tuberosity of
the tibia), lumbar spine (fourth vertebra lumbar), sternum (manubrium) and head (frontal bone). They were fixed with
compressive adhesive tape to prevent displacement of the equipment [8].

Participants were instructed about the procedure, especially for the different positions during the vibration protocol. A short
warm-up period was performed in a cycle ergometer and familiarization with VP [7]; each session lasted approximately 25
minutes, including clarification, data acquisition, period of instruction, heating, adaptation to equipment and acquisition of
analysis.

2.1 Data Analysis

Body composition data were provided by the InBody software. The radiofrequency (RF) signal of each accelerometer was
analyzed using Matlab® (Mathworks Inc, USA). First, a Butterworth filter was used. Then, the root mean square (RMS) was
estimated using the equation (1):

ersz\/l /‘ﬂzni=1Xi2 (1)

where n is the number of points in the signal, and x; is the i" point. Finally, the RMS transmissibility (%) for each region was
calculated by the equation (2) [8]:

Trms (%) = (RMSbody/ RMSPV) x 100 (2)

where RMShody is the RMS obtained at the four body regions with an accelerometer, and RMSpy is the RMS obtained with the
accelerometer placed directly on the vibrating platform.
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A descriptive statistical analysis was carried out by measuring the central tendency and dispersion of data. Non-parametric
Wilcoxon tests were run to verify significant differences among the postures (level of significance of 0.05).

1 Results

There were no reports of discomfort or any intercurrence during the execution of the protocol. The collected signals were
analyzed for the transmissibility (%) measured at each anatomical point in relation to the vibration emitted by the VP.
Descriptive and inferential statistical analysis is depicted in Tables 1 and 2, respectively. There was no significant difference
among the postures (p > 0.05).

Table 1. Tms central tendency measurements (%) at each anatomical site in the positions studied.

Position_site Mean Median SD Minimum Maximum
PE_knee 120.7 126.9 16.1 96.9 132.3
PE_lumbar 45.07 42.69 14.33 31.05 63.84
PE_external 12.69 13.16 4.49 6.85 17.57
PE_head 14.34 14.82 3.28 10.41 17.31
SEN_knee 103.37 103.33 17.32 86.32 120.51
SEN_lumbar 20.66 21.11 2.47 17.24 23.16
SEN_external 8.38 8.33 3.88 3.96 1291
SEN_head 12.67 11.52 7.47 6.20 21.40
PLA_knee 107.59 100.68 28.64 82.61 146.39
PLA_lumbar 20.12 19.45 3.85 16.66 2491
PLA_external 11.09 6.69 9.32 5.93 25.04
PLA head 11.00 10.76 4.69 5.55 16.92

Key: (PE) standing posture in squat; (SEN) sitting posture with free ankle angulation; (PLA) seated posture with ankles
perpendicular to \V/P.

Table 2. Mean differences between paired samples (p > 0.05).

Paired Samples Mean difference (%)
PE_knee — SEN_knee 17.42

PE_knee — PLA knee 13.20

SEN_knee — PLA_knee -4.21

PE_external — SEN_external 4.30

PE_external — PLA_external 1.59

SEN_external — PLA_external -2.70

PE_head — SEN_head 1.67

PE_head — PLA_head 3.34

SEN head — PLA head 1.67

Key: (PE) standing posture in squat; (SEN) sitting posture with free ankle angulation; (PLA) seated posture with ankles
perpendicular to VP.

2 Discussion

The present results were obtained from a pilot study. An ongoing project pretends to obtain a minimum quantitative of 30
women, in order to obtain a greater statistical expression. It was possible to observe that data are in agreement with the findings
in literature regarding the effect of the semi-knee position [7], which causes a higher concentration of vibration in the knee
joint, as well as a lower vibrational transmissibility in sitting postures.

Although the sample was small, there are some interesting points to note. The knee joint receives a higher vibrational
transmissibility (Trms > 100%) in all postures analyzed, which can be justified by the phenomenon of resonance [2, 8]. Seated
postures presented lower transmissibility at all regions in comparison to standing posture (Table 1). The non-significant p-
value obtained may be due to the small sample (p > 0.05). Nevertheless, it was possible to notice a trend of greater variation in
knee joint in the posture | in relation to the other postures, and a greater transmission of the force in knee and sternum regions
in the posture 111 compared to the ankles with free angulation (posture I1). In relation to the head, the posture of lower vibration
was seen in the posture I11.

In conclusion, the posture adopted on VP may exert an effect on vibrational transmissibility in different body regions. Further
research must be developed to obtain data that are more reliable. In this way, health professionals will be able to develop safe,
well-tolerated and effective protocols for individuals with disabilities in performing physical activities. Information obtained
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from this work can also be used to elaborate protocols, which may be incorporated into research projects involving individuals
with different physical limitations.
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Offglnal Artl.(,'le DOI: 10.5582/ddt.2018.01039

Whole body vibration exercise in the management of cancer
therapy-related morbidities: A systematic review

Patricia LopesfSouznl":’*, Carla Fontoura Diouellol’:, Damiibia da Cunha Ss’l—Caputoz’a,
Eloa Moreim—)rlarmni:'l, Eric Heleno Freire Ferreira Fl'edel‘iml'“*_. Renata Marques }Iarchonz,
Anke Bergmanuﬁ, Trentham Furness', Mario Bernardo-Filho®
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fProgmma de Carcinogénese Molecular, Instituto Nacional de Cdncer (INCA), Rio de Janeiro, Brazil;

' Mental Health Nursing Research Unit, NorthWestern Mental Health & Australian Catholic University, Melbourne, Australia.

Summary The purpose of this systematic review was to investigate the effects of whole body vibration
(WBYV) exercise in the management of cancer therapy-related morbidities. The PubMED
and PEDro databases were used to access publications published in English about the use
of whole body vibration (WWBV) exercises in cancer patients until February 22" 2017. The
studies included were classified according to the level of evidence (LE) by the National
Health and Medical Research Council Hierarchy of evidence and the methodological quality
(MQ) by the PEDro scale. The four included studies (2 of them with "high" LE-IT and MQ)
were performed in patients with different tvpes of cancer (i.e. breast, lung, prostate, solid
or hematological), treated with WBYV exercise to counteract the cancer therapy-related
morbidities. The variables evaluated were muscle activity, subjective rate of perceived
exertion, exercise capacity, muscle strength, quality of life, resting urinary incontinence
and severity of peripheral neuropathy. Although WBYV exercise appears to be a potential
treatment procedure of cancer therapy-related morbidities, further additional studies are
required to determine specific and tailored protocols to be used in the different stages of the
disease.

Keywords: Whole body vibration, cancer, oncology, rehabilitation, exercise

1. Introduction invade adjacent parts of the body and/or spread to other
organs (1). Although it actually represents one of the
Cancer 15 a group of diseases that causes the growth of main causes of morbidity and mortality worldwide, with
abnormal cells, which exceed their usual linnts and can approximately 14 nulhon new cases m 2012, the amount
of cancer survivors 1s progressively increasing due to
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physiologic and psychological effects of cancer and its
treatment, to achieve the maximum possible physical,
social and vocational well-being 1s to acquire or
maintain a healthy lifestyle, entailing physical activity
as a component of cancer rehabilitation (9-1I). Physical
activity 1s any movement of the body that involves the
muscles action with energy expenditure above rest and
the exercise 1s this physical activity with planmng (12).
According to the American Cancer Society, cancer
survivors should exercise at least 150 minutes per
week, including strength training exercises at least 2
days per week (2). The exercise can be beneficial to
counteract cancer-related fatigue (10,13-15), improve
overall quality of life, as well as relief of symptoms and
side effects (10) of the disease and/or of the treatment.
In this respect, recent studies have shown the positive
effect of physical activity on breast (16,17), prostate
(18). ovarian (19) and lung cancer (20).

Among the different exercise modalities, whole
body vibration (WBV) exercise (21) has gained
progressive popularity, being safe and well accepted
by the patients. WBV exercises are generated by
mechanical vibrations produced in oscillating/vibratory
platforms (OVP) and can be transmitted to the body of
the individual when 1s in contact with the OVP (22-24).

Several authors have already demonstrated the
effects of WBV exercise with different protocols in
improving muscle strength (25,26), bone formation
(25,27), balance (28), flexibility (29,30), function
ability (26,27), relief of paimn (3I) and fatigue (32).
Moreover, investigations have shown the WBV exercise
benefits in the rehabilitation programs of patients
with chronic diseases, such as metabolic syndrome
(24), chronic obstructive pulmonary disease (33-35),
fibromyalgia syndrome (36), multiple sclerosis (32,37),
rheumatoid arthritis (27) and cancer therapy-related
morbidities (39).

Due to the importance of the exercise in several
clinical conditions, the aim of this systematic review
was to investigate the effects of WBV exercise in
the management of morbidities related to the cancer
therapy. This is the first systematic review to assess
whether WBV exercises are safe and beneficial in the
management of morbidities for cancer patients.

2. Materials and Methods
2.1. Search strategy used to find the publications

Two databases were accessed in the Universidade
do Estado do Rio de Janeiro on February 22™ 2017
and two searches were performed. The keywords
"whole body vibration" and "cancer", and "whole
body vibration" and "oncology" were searched in the
PubMed and PEDro databases for three reviewers
independently. This systematic review adheres to the
Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) Statement (39).
2.2. Criteria to select the publications

All the publications were screened following inclusion
and exclusion criteria.

Inclusion criteria: In the search, all the publications
found in the databases (PubMed and PEDro) were
preliminarily considered to be included 1n this current
review. To be included in this review, all studies had
to investigate effects of WBV on cancer patients. A
flowchart (Figure 1), based i the PRISMA analysis,
was done to show the steps in the selection of the full
papers analyzed in this review (39).

Exclusion criteria: Exclusion criteria allowed the
elimination of unnecessary publications. Papers were
excluded if they were: (i) published in a language other
than English; and (ii) findings not related to cancer.

2.3. Levels of evidence (LE) of the selected papers

The National Health and Medical Research Council
Hierarchy of evidence (NHMRC, 2003-2007) (40) were
used to classify the included studies in this systematic
review (Figure 2). Each article was assigned to one
reviewer and cross-checked by a second reviewer
and where there was disagreement a third party was
consulted and the issue discussed until consensus was
reached. Moreover, the methodological quality of these
studies was deternuned by the PEDRo scale (41). In the
PEDRo scale, each publication was evaluated according
to: (a) eligibality criteria, (b) subjects were randomly
allocated to groups, (c) concealed allocation, (d) the
groups with baseline similarity, (e) blinding of the
patients, (f) blinding of the therapists, (g) blinding of all
assessors, (h) measures obtained from more than 85%
of the subjects, (1) all subjects received the treatment
or control condition or, at least one key outcome was
analyzed by "intention to treat", (j) results of the groups
with statistical comparisons and (h) point measures and
measures of variability of outcome. Those publications
with a score of seven or greater in the PEDro scale were
considered of 'high' methodological quality, those with a
score of five to six would be of '"fair' quality and a score
of four or below were classified as ‘poor’ quality (42).

3. Results

The steps to select the full papers analyzed in this
systematic review are shown in the flowchart (Figure
1). Of the twelve papers firstly screened, only four have
reached the mclusion criteria.

The characteristics of the participants. the protocols
used, the aims of the studies, the tools for evaluation
and the outcomes of the selected articles and the level of
evidence of the selected papers and the methodological
quality are shown in the Table 1.
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Figure 1. Flowchart indicating the steps to select the full papers analyzed in this review. A flowchart based in the PRISMA

[ Included }[ Eligibility J[ Screening ][ldemﬂﬁcat:‘an}

Records identified through searching Additional records identified through
2 databases (n=131)

other sources (n = 0)

!

!

Relevant titles (n =17)
14 were in duplicate

|

Records screened Records excluded

(n=17) (n=11)

Full-text articles assessed
for eligibility (n =6 )

Records excluded, due to lack
of inclusion criteria (n = 2)

|

Studies included in
qualitative synthesis (n = 4)

analysis. was done to show the steps m the selection of the full papers analyzed i this review.

Level of
Evidence
(LE)

AN

CG — control group, LE — level of evidence

* Adapted from National Health and Medical Research Council (NHMRC), Q35 2003-2007.

Figure 2. Designation of levels of evidence according to the intervention research question. The National Health and Medical
Research Council Hierarchy of evidence (NHMRC, 2003-2007) were used to classify the included studies in this systematic

TEVIEW.

LE I: Systematic review of level 11 studies

LE II: Randomized controlled trial

LE III-1: Pseudo-randomized controlled trial (for example. alternate
allocation or other method)

LE I1T -2: Comparative study with concurrent controls: Non-
randomized experimental trial, cohort study, case-control study,
interrupted time series with a control group (CG)

LE I11- 3: Comparative study without concurrent controls: Historical
control, two or more single arm study, interrupted time series without a
parallel CG

LE IV: Case series with either post-test or pre-test/post-test outcomes
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Table 2. Quality evaluation of the studies according to the PEdro scale

‘Van Ruymbeke Salhi Crevenna  Schinsteiner

Authoryear etal.2014  etal. 2015 etal.2016 eral.2017
Eligibility criteria were specified” No Yes No Yes
Subjects were randomly allocated to groups Yes Yes No TYes
Allocation was concealed No Yes No Yes
The groups were similar at baseline regarding the most important prognostic indicators Yes Yes No Yes
There was blinding of all subjects No Yes No No
There was blinding of all therapists who administered the therapy No No No No
There was blinding of all assessors who measured at least one key outcome No No No Tes
Measures of at least one key outcome were obtained from more than 85 % of the Yes Yes Yes Tes
subjects initially allocated to groups
All subjects for whom outcome measures were available recetved the treatment or Yes Yes Yeg Yes
confrol condition as allocated or data for at least one key outcome was analyzed
by "intention to treat”
The results of between-group statistical comparisons are reported for at least one Yes Yes No TYes
key outcome
The study provides both point measures and measures of variability for at least one Yes Yes No Yes
key outcome
Total PEDro Scale 06 08 02 08
*Tt is not scored in the total score.
The level of evidence (NHMR.C, 2003-2007) (40) of increased.

the two studies included in the current review (38,43)
were considered LE IT . one study (44) was considered
LE III-1 and one study (45) was considered LE IV.

As far as the methodological quality evaluated
following the PEDRo scale (Table 2) is concerned, two
studies (38,43) were considered of "high" quality, one
study (44) was considered of "fair" quality and one
study (45) was considered of "poor" quality.

Individuals with different types of cancer, such
as breast cancer (44) lung cancer or mesothelioma
(43), prostate cancer (45) and solid or hematological
neoplasms (38) were evaluated in these studies. The
ages of the participants ranged from 18 up to 80 years
old. Although different variables were investigated,
the common aim of the all the selected papers was to
evaluate the effects of the WBV exercise on cancer
therapy-related morbidities.

Van Ruymbeke et al., 2014 (44) analyzed the
muscle activity and subjectively rate of perceived
exertion in breast cancer survivors and healthy women.
The authors demonstrated that the muscle interaction
effect and the values of perceived exertion significantly
increased, being comparable in the two groups.

Salhi er al_, 2015 (43) evaluated the effects of whole
body vibration on exercise capacity, muscle strength
and QoL in patients with stages I-III lung cancer or
mesothelioma undergone to radical treatment. Although
6-min walking distance (6MWD), muscle strength and
QoL did not significantly increase, maximal workload
(Wmax) significantly increased (p = 0.002).

Crevenna ef al., 2016 (45), have studied a patient
suffering from severe urinary mncontmence after radical
prostatectomy due to prostate cancer. After whole
body vibration therapy the patient regained continence,
the urine loss almost stopped completely, the ability
to work and to attend social and private activities

Schonsteiner et al., 2017 (38) have evaluated the
benefits of whole body vibration in chemotherapy-
induced polyneuropathy. The authors reported a reduction
of the time needed to complete the chair-nising test (CRT)
in the individuals of the WBV group compared with
individuals of a group with an mtervention with other
traming exercises. In addition, a significant reduction
the quantitative sensory testing warm detection threshold
(WDT) was found m the WBV group, and the categories
"tingling" as well as "discomfort" in the feet of the
program Functional Assessment of Cancer Therapy/
Gynecologic Oncology Group neurotoxicity subscale
(FACT/GOG-NTX) were also significantly lower (p <
0.001, p < 0.001) in the WBV group. However, i the
global status, functional, symptoms score and overall
QoL, there was a significant improvement over time but
no difference between the two groups.

The treated morbidities of the studies included on
this review were functional exercise capacity reduction,
fatigue, weakness, urinary incontinence and peripheral
neuropathy. The WBV exercise frequencies ranged
from 9 to 50 Hz, only one study was performed m one
session, the others ranged from 12 to 36 sessions. The
authors report no side effects during the interventions
and among the studies that reported compliance, this
ranged from 67 to 80%.

4. Discussion

The exercises have been used as one of the possibilities
to rehabilitation for the morbidities caused for the
treatment of the cancer survivors (46,47). This systematic
review included articles in which WBV exercise was
used to manage morbidities due to cancer treatment.

The WBV loads a nuld cardiovascular exertion and
its neural as well as muscular mechanisms may play a
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role of fatigue (48,49). The frequency of mechanical
vibration used to generate WBWV exercise affects parts
of the body through of which it is transmitted (50).
The enhancement in muscle strength and power after
vibration can be attributed to the increased muscle
activity as a result of interaction of the mechanical
vibration.

Authors have investigated the effects of frequency
on the muscle activity (51,52). Herrero ef al., 2011
(51) verified an increase of the electromyography
(EMG) activity of the vastus lateral (VL) and vastus
medial (VM) muscles in patients with spinal cord
injury (SCI) exposed to WBV. Liao ef al., 2016 (52)
have also reported an increase of the vastus lateral and
gastrocnemius (GS) muscle activity in patients with
chronic stroke exposed to WBV. Smmilarly, to these
findings, Van Ruymbeke er al., 2014 (44) showed
a muscle interaction effect with frequency of the
mechanical vibration with an increase of the muscle
activation in individuals with breast cancer after
therapy.

Salli er al., 2015 (43) evaluated treated stages I-III
lung cancer or mesothelioma performing aerobic traming
plus performed exercises on the synchronous vibration
platform and found increase in maximal workload
(Wmax) in these patients. In a study developed in the
early phase after lung transplantation in which the
patients remained in a static position on the platform
and were exposed to WBV exercise, also revealed a
significant improvement of the Wmax (53). It 1s relevant
to consider that the Wmax might be a parameter to
detect changes in aerobic endurance capacity (54) and 1t
1s suggested m this current revision that WBV exercise
should be an important, safe and feasible intervention
to improve aerobic capacity in individuals after cancer
treatment.

The urinary incontinence is other morbidity that
has been found after radical prostatectomy in prostate
cancer patients (55). This dysfunction has noninvasive
modalities considered first-line freatment during the first
6-12 months following prostatectomy and conservative
modalities include pelvic floor muscle tramning (56).
Pelvic muscle exercises are important to active
retention strength of the striated muscles improving
coordination of the contraction and relaxation process
for better control and quality of muscle contraction
(57). Crevenna ef al_, 2016 (45) showed a benefit of the
additional use of high-intensity whole body vibration
therapy in a patient suffering from severe post radical
prostatectomy urinary incontinence. WBV exercise also
showed the beneficial effects in patients without cancer
as women with stress urinary incontience (38).

The neuropathic disease 1s common in cancer
survivors and may result from the mfiltration of nerve
fissue by the fumor, radiation treatment, chemotherapy,
or cancer-related surgery, leading to symptoms such
as pain and functional impairment (59). Schénstemner

et al_, 2017 (38) have demonstrated the beneficial
impact (symptoms relieve, physical fitness and sensory
function) on chemotherapy-induced polyneuropathy
(CIPN) of a program including massage, mobilization
as well as physical exercises and WBV. Moreover,
other studies have shown the positive effects (reduction
of pain (60), enhanced muscles strength and balance
(61,62) of WBV exercise on peripheral neuropathy in
diabetic patients.

Several limitations of this review should be
recognized. A relevant limitation is that we could not
draw certain conclusions because there 1s still limited
knowledge about WBV exercise on cancer patients.
Moreover, 1t 1s difficult to prove the effects of whole
body vibration on outcomes. because differences exist
in multiple WBV parameters and morbidities among the
studies. In addition, relevant studies published in other
languages other than English may be missed; and there
may be publication bias, due to the greater possibility
of publication of studies with favorable intervention
results.

Despite the limitations, it 1s important to consider
that, in our knowledge, this 1s the first review about
the use of suitable, non-invasive and simple procedure.
Moreover, relevant findings are presented and
demonstrated that the WBV exercise must be more
understood and known to be used in the management of
morbidities due to the cancer therapy.

In conclusion, the WBV exercise might be one
modality of treatment to morbidities due cancer treatment
for the benefits demonstrated, however other studies
should be performed to determine the parameters and

specific protocols that will be used to each morbidity.
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Abstract

Background

Whole body vibration exercise (WBVE) has been shown to improve muscular strength and
power, and increase peripheral blood flow. The aim of this study was to evaluate the behav-
ior of the skin temperature (Tsk) on regions of the lower limbs from an acute bout of WBVE.

Methods and findings

Cross-sectional study approved by local ethics committee (Certificado de Apresentagéo
para Apreciacéo Etica—CAAE—1982641 3.8.0000.5259) and Trial registration (Registro
Brasileiro de Ensaios Clinicos—REBEC—RBR-738wng). Using Infrared thermography
(IRT), Tsk and thermal symmetry of the posterior lower extremities (thigh, knee, calf and
heel) were examined in 19 healthy participants. IRT was assessed during 60-second WBVE
exposures of 0, 30 and 50 Hz. From the adjusted linear mixed effects model, vibration
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frequency, time and regions of the lower extremity were significant (p<0.001). However, the
variable laterality was not significant (p= 0.067) and was excluded from the adjusted statisti-
cal model. The adjusted model was significant (p<0.00001) and all variables in the model
were significant (p<0.01) indicating that Tsk decreases with time, independently of the vibra-
tion frequency. The value of the Pseudo-R-Squared for the model was 0.8376. The pre-
sented mathematical model of the current study may be useful to justify the patterns
observed for all vibration frequencies between and 0 and 50 Hz. The main limitations of the
study were the reduced time of the intervention and not having evaluated other regions of
the body.

Conclusions

The acute exposure of 60-second mechanical vibration has effect on the behavior of Tsk of
the posterior region of the lower limbs, which is likely to be associated with a decrease on
the blood flow due to WBVE. Itis speculated thatduring WBVE a greater supply of blood is
required where the body responds by shunting blood flow from the skin to working muscle in
the first seconds of exercise. Further investigative work is required to verify this hypothesis.

Introduction
It is well established that the skin, the largest organ of the body, is highly implicated in the ther-

moregulation process [1]. The human body is homoeothermic, in which thermal cutaneous
signals provide feedback to the thermoregulation system, reducing its response time and mak-
ing body core temperature more stable. There is evidence that the autonomic nervous system
is the primary regulator of blood circulation in the skin, that acts as the main regulator of ther-
mal emission [1]. However, the regulation of skin temperature (Tsk) depends on the rate of
blood flow, structures of the subcutaneous tissue and the activity of the autonomic nervous
system [2]. Change in Tsk may be an indicator of abnormalities, such as a disease [2,3]. Ring
and Ammer [3] and Lahiri ef al. [4] have reported that thermal imaging has been used to study
diseases where Tsk can reflect the presence of inflammation in underlying tissues, or where
blood flow is increased or decreased due to a clinical abnormality.

The use infrared thermography (IRT) is growing in popularity as a diagnostic tool for
applied medicine or as outcome measure for clinical trials [5-8]. IRT allows imagining of the
body surface temperature in real time with high sensitivity (up to 0.025°C) and accuracy up to
1% without physical contact [9-11]. This technology quantifies the infrared radiation emitted
by a surface and converts the intensity of radiation to temperature values, allowing the moni-
toring of dynamical variations of temperature and is considered an emerging methodological
alternative to analyzing Tsk [10]. Its use has also included the monitoring of sports training
and in the assessment of the workload quantification [12-14]. Additionally, IRT has been uti-
lized to monitor physiological reactions induced by non-pharmacological interventions such
as massage [15,16], manual therapy [17,18] and physical exercise [7.19,20]. Therefore, IRT is a
promising tool to detect changes in Tsk caused by exercise by monitoring body surface tem-
perature before, during and after movement [14,20,21]. This is especially important when
determining the authenticity of new exercise modalities, such as whole body vibration exercise
(WBVE). For instance, there has been a growing interest in the use of WBVE. It has been sug-
gested as a complementary modality to traditional exercise where it is acknowledged as a viable
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option in sport and health care [22]. However, the physiological effects of WBVE are still not
fully understood and its efficacy for safe clinical application requires further research. Gener-
ally, WBVE is performed by standing on a commercially manufactured machine with an oscil-
lating-vibratory platform (OVP) where the physiological effects are influenced by parameters
such as, vibration frequency, peak-to-peak displacement, work and rest times, total exposure
time, number of bouts per session, periodicity of sessions and body position [23]. The load on
the neuromuscular system is imposed by biomechanical vibration parameters and according
to Luo et al. [24] vibration frequencies between 30 Hz and 50 Hz optimize muscle activity.
Moreover, performing WBVE in a squat position increases perfusion, which requires it to
comply with higher muscle demands—as a result muscular activity increases to attenuate the
imposed vibration. This muscular activity elicits rhythmic muscle contractions that increases
peripheral circulation by increasing the diameter size of small vessels in the quadriceps and
gastrocnemius [25,26]. Additionally, Lythgo et al. [27] demonstrated that isometric squatting
alone can significantly increase leg blood flow and that higher vibration frequencies can fur-
ther enhance leg blood flow.

The effect of WBVE on Tsk remains equivocal. Previous researchers have reported a signifi-
cantincrease [28,29], non-significant change [30,31] and a significant decrease in Tsk [32,33],
however the intervention and assessment protocols have widely been heterogeneous. More-
over, there is a limited number of studies that have assessed the effect of different vibration fre-
quencies on Tsk [32], and this would be highly relevant. Given the lack of agreement among
the studies and the dearth of research comparing the effects of different vibration frequencies
on Tsk, the aim of this study was to evaluate the effects of WBVE in healthy individuals
exposed to a single session of 0, 30 and 50 Hz. The hypothesis is that the effect of WBVE, evalu-
ated by the Tsk, would be related to frequency, time, laterality (right and left legs) and regions
of interest (ROI) over 60-seconds. Moreover, Tsk symmetry would be similar in right and left
legs.

Materials and methods
Study design

This was a cross-sectional study performed in a single session. The local ethics

committee approved the study (Certificado de Apresentagdo para Apreciagdo Etica—CAAE—
19826413.8.0000.5259) and Trial registration (Registro Brasileiro de Ensaios Clinicos—
REBEC—RBR-738wng) and it was conducted in accordance with the Resolution 158 N 466/12
of the National Health Council and the Declaration of Helsinki. The protocol was deposited in
10.175
informed consent to participate in the work. To detect a before-and-after difference in lower

“protocols.io” (dx.doi.or 04/protocols.io wghfdt6). All volunteers gave written

limb temperature of 1.5 0.9 *C, with a two-sided 5% significance level at a power of 90%,
with an anticipated dropout rate of 10%, a minimum sample size of 19 participants was

required [34].

Participants

Nineteen participants (physiotherapists, physicians, biologists) volunteered for the study (15
females and 7 males). The participants had to meet the following inclusion criteria of aged 20
to 45 years old and healthy. The exclusion criteria were; joint pain and/or implants, musculo-
skeletal diseases, vertigo and other clinical diseases that could involve some risk or discomfort
during WBVE, other declared disease. To reduce bias the order of the exposure was random-
ized using colored cards (Fig 1), and those assessing the outcomes and the participants do not
know order of the frequencies.
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Intervention

The intervention was performed in the Laboratdrio de Vibracoes Mecinicas e Prdticas Integra-
tivas (LAVIMPI), Universidade do Estado do Rio de Janeiro (UER]) at December 27th, 2017
with controlled ambient temperature (25.5 + 0.35°C) and relative humidity (50.5 £2.16%). All
procedures were followed by health professionals (physicians, physiotherapists and biologists).
Before the intervention, all participants were provided with a 15-minute acclimation period to
ensure Tsk was stabilized. To avoid any effect of circadian rhythm participants performed the
intervention session between 1-5 pm. A health-activity interview about the caffeine intake,
smoking (nicotine) and sports training, at least, in the previous four hours before the interven-
tion was conducted. The measurement of body mass and height and the determination of the
body mass index were carried out [35] prior to the intervention. During the intervention, par-
ticipants wore shorts, t-shirt and were barefooted.
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Fig 2. Whole body vibration exercise intervention.
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The acute intervention was performed on a commercial machine (Power Plate pro5 7,
Power Plate International Ltd, The Netherlands) that had a vertical tri-planar OVP. The inter-
vention consisted of a single session with three bouts of 60-seconds with 90-seconds rest sepa-
rating each bout. Participants assumed a squat position on the base of the OVP with 130" knee
flexion (measured by a manual goniometer), the distance of the feet followed the line of the
shoulders and the arms to the side (Fig 2). Participants were exposed to three experimental
protocols of squat position + without vibration (0 Hz); squat position + WBVE 30 Hz (fre-
quency), 1.20 mm (amplitude) and squat position + WBVE 50 Hz (frequency), 0.77 mm
(amplitude).

A three-axial accelerometer (Vibration Datalogger DT-178A, Ruby Electronics, Saratoga,
USA) was fixed on the base of the OVP to verify the peak acceleration and gravitational force
of the OVP. The vibration frequency of 30 and 50 Hz with 1.20 and 0.77 mm of amplitude pro-
duced a gravitational force of 2.22 g and 4.40 gat a peak acceleration of 21.73 m/s” and 43.11
m/s’, respectively.

Lower limb temperature assessment. Skin temperature was assessed using IRT and data
collection followed the recommendations of previously published studies [36,37]. An infrared
camera (FLIR Systems, E40, Wilsonville, OR, USA), with a sensor array size of 160 x 120 pixels
and noise equivalent temperature difference (NETD) of 70mK at 30°C and had +2% repeat-
ability of the overall reading. The camera’s emissivity was set to 0.98 and images were captured
and processed using the software FLIR ResearchIR Max (version 4.40.4.17, Sweden).
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Fig 3. Regions of interest (ROI).

https://doi.ora/10.1371/journal.pone.0212512.0003

The camera was placed at an angle of approximately 90° to the surface and 2 m from the
WBVE machine to provide a full view of the lower limbs. The height of the camera varied
according to the height of each participant corresponding to 10 cm below the popliteal line of
the right leg of each individual.

Fig 2 also illustrates the sequence of the different steps of the various procedures starting
with the acclimation of the participants up to the acquisition of the IRT, as presented in the
timeline.

A sequence of images of the posterior aspect of the lower limbs was automatically recorded
for 1 minute in each bout at 30 frames per second. These 1800 images were divided in five
equal ranges with 360 frames each. The average of the area selected, consisted of 12 seconds of
duration, were obtained to represent the mean time of range (6, 18, 30, 42, and 54 seconds,
respectively). In all time frames a focal line was used to assess the same ROL Fig 3 shows the
ROI used in the analysis (left and right thighs, left and right knees, left and right calves, left and
right heels).

Statistical analysis

A linear mixed effects model was adjusted using temperature as a dependent variable. Due to
the repeated measures for each participant and individual difference in basal body tempera-
ture, the participants were set as the random effect component in the model. The fixed effect
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included the variables of frequency, time, laterality and ROL The categorical variable ROI had
four levels (thighs, knees, calves and heels). The level of the heels was set as the baseline due it
having the lowest temperature. The regression was performed with the intention to estimate
the effect of frequency, time, laterality and ROT in Tsk. All statistical analysis was performed
using R software, version 3.5.0 (R Foundation of Statistical Computing, Vienna, Austria)

and the R libraries [38,39]. Results are considered statistically significant If the p-value is
under 0.01.

Results

All the individuals dedared, in the health-activity interview, no caffeine intake, no smoking
(nicotine) and no sports training, at least, in the previous four hours before the intervention.
The characteristics of the participants were mean (+ standard deviation) age 37.0 + 4.24 year;
height 1.66 = 0.04 m; body mass 73.49 + 0.64 kg; body mass index 26.6 + 1.48 kg/m”. All the
individuals included in this study, concluded it.

Fig 4 illustrates the pattern of the variation, in three individuals, of Tsk in different regions
of interest on the rightand on the left lower limbs (heels, thighs, knees and calves) with the
exposure time at three vibration frequencies (0, 30 and 50 Hz) of WBVE. In almost of all par-
ticipants, Tsk decreased with time, independently of the tested vibration frequency.

In the adjusted linear mixed effects model, variables of vibration frequency, time and ROI
were significant (p<<0.001), however the variable laterality was not significant (p = 0.067).
Thus, this variable was excluded of the model and a new model was adjusted. The F-test of
overall significance determines whether the regression model is statistically significant and the
Pseudo-R-Squared is a statistical measure of how close the data are to the fitted regression line.
Table 1 shows the result of the linear mixed effects model without the variable laterality. The
adjusted model was significant (F-test, p</0.00001) and all variables in the model were signifi-
cant (Intercept, Time, Thighs, Calves and Knees, p<0.001, Frequency p<0.01). The value of
the Pseudo-R-Squared for this model was 0.8376.

The intercept (28.588) represents the standard temperature of the heels, which was set as

the baseline. To estimate the mean temperature for each location considering a specific vibra-
tion frequency and a specific time, add the value of the coefficient intercept (28.588) to the
value of the coefficient of the location (thighs = 2.841, calves = 1.994, knees = 3.022) plus the
specific frequency multiplied by the coefficient frequency (-0.002) plus the specific time multi-
plied by the coefficient time (-0.003), according to the following regression model equation:

Tsk = 28.588 + Coefficient of the location + Frequency.(—0.002) + Time.(—0.003)

Discussion

The purpose of this study was to evaluate the behavior of Tsk on WBVE using IRT. We
hypothesized Tsk symmetry would be similar in right and left legs, which was confirmed by
our results. The autonomic nervous system controls the blood flow of the skin so that it is
anatomically and histologically symmetrical [40,41]. This symmetry can also occur in Tsk. The
difference between the contralateral ROI tends to be minimal [40,41]. This fact may be respon-
sible for the similar results in the right and left lower limbs, with laterality not being a signifi-
cant variable in the adjusted statistical model. Chudecka et al, [42] have reported thatin the
scullers, the mean Tsk was always lower post than pre exercise, with no significant differences
inan average temperature drop between the opposite sides, indicating that the work of the
muscles involved in the physical exertion on the rowing ergometer was symmetrical. In
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addition, in the handball players, the Tsk in symmetric areas over the asymmetrically working
muscles showed statistically significant differences between sides, which was associated with
the functional asymmetry of training. Selfe ef al. [43] reported that a difference greater than
1°C between body symmetry may indicate pathophysiological manifestation. This illustrates
that thermal symmetry between limbs is essential in evaluating uniformity. The current result
suggests that the oscillating nature of WBVE was not detrimental to participants in promoting
a negative response. Due to the action of the mechanical vibration, WBVE is associated with
higher musde activity [44,45], increased motor unit recruitment [46], enhanced blood flow
[47], increased cutaneous sensitivity [48], and improved balance [44,49]. Moreover, this find-
ing is in agreement with the results of Chudecka ef al. [42] with scullers.
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Table 1. The linear mixed effects model —dependent variable Tsk.

Variable Coefficient p-value

Intercept 28.588 <0.0001
Frequency (Hz) 0.002 0.0036
Time (s) 0.003 <0.0001
thighs 2.841 < 0.0001
calves 1.994 <0.0001
knees 3.022 <0.0001

Pseudo-R-Squared = 0.8376

hitps:/fdoi.ora/10.1371/journal. pone.0212512.t001

In the present study, Tsk in the posterior region decreased in all experimental conditions
(p=<<0.001). The Tsk variation pattern was similar in all conditions, corresponding to a Tsk
decrease, independently of the vibration frequency. This observation may be explained by the
fact that WBVE initiates a rapidly and repeating eccentric-concentric action that evokes mus-
cular work and elevates the body’s metabolic rate [50] increasing in intramuscular temperature
[31]. This modifies the thermal balance that activates the mechanism responsible for heat loss,
which is mediated by the hypothalamic feedback system [51]. This change causes a redistribu-
tion of blood flow from inactive to active areas. Subsequently, with the continuation of WBVE
the redirection of blood flow to the skin occurs, allowing heat exchange with the environment
[52,53]. This process aims to cool the skin so that the blood that is perfused returns to the
internal body regions at alower temperature, thus avoiding a dangerous state of hyperthermia
[54]. Another plausible explanation is that mechanical vibration induces a vasoconstrictor
response to decrease Tsk [34]. The present results are in agreement with Seixas ef al. [32] who
reported asignificant decrease in Tsk after 5-minutes of WBVE (frequency = 35 and 45 Hz,
amplitude = 5-6 mm) of the anterior thighs, that included lateral and medial areas. In contrast,
Cochrane et al. [31] and Cochrane et al. [30] observed non-significant Tsk change, however
[28], and Hazel et al. [29] reported a significant Tsk increase. It is important to note that the
interventions and assessment protocols were heterogeneous, which may explain the discrepan-
cies among the studies.

Seixas ef al, [32] reported no significant difference in Tsk from WBVE, however it was not
documented that there was a significant difference in Tsk between the groups before the com-
mencement of WBVE. Together with the small sample size of each group (n = 6) and the small
increment in vibration frequency (5 Hz) may have led to the non-significant finding. Although
no significant differences in Tskafter the exposure to WBVE were reported, the study exam-
ined 20 ROI (in both lower limbs) and in the group exposed to 35 Hz Tsk significantly
decreased in only 6 ROI while in the group exposed to 40 Hz Tsk significantly decreased in all
ROL In addition, Seixas ef al. [32] study did not evaluate the temporal behavior of WBVE. In
contrast, the current findings revealed that both 30 Hz and 50 Hz significantly decreased Tsk
in calves, thighs and knees. A plausible explanation is that during WBVE a greater supply of
blood is required in the active musculature where the body responds by shunting blood flow
from the skin to working muscle in the first seconds of the 60-second exercise bout. In support
of the current findings Sonza et al, [34] observed a decrease in Tsk of the lower limb tempera-
ture during 15 minutes and 10 minutes following WBVE of different vibration frequencies
(31,35,40 and 44 Hz).

The presented mathematical model of the current study may be useful to justify the patterns
observed for all vibration frequencies between and 0 and 50 Hz. Furthermore, this statement
can justify and is in agreement with the results obtained by Sonza et al. [34] that have observed
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a decrease of Tsk of both legs due to WBVE in frequencies of the interval from 31 up to 44 Hz.
The main limitations of the study were the reduced time of the intervention and not having

evaluated other regions of the body.

Conclusion

In conclusion, acute exposure of 60-second mechanical vibration has effect on the behavior of
Tsk of the posterior region of the lower limbs, which is likely to be associated with a decrease
on the blood flow due to WBVE. It is speculated that during WBVE a greater supply of blood
is required where the body responds by shunting blood flow from the skin to working muscle
in the first seconds of exercise. Further investigative work is required to verify this hypothesis.
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