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Resumo

Introdugédo: O controle postural envolve a manutencgéo da orientagao e do equilibrio
postural, aspectos essenciais para as atividades da vida diaria. Técnicas de
biofeedback tem sido de grande interesse para a reabilitagdo do equilibrio postural,
uma vez que parecem limitar os movimentos corporais, garantindo o equilibrio postural
em ortostatismo. No entanto, se o equilibrio postural durante o biofeedback esta
associado a outros fatores, como a ansiedade e a seguranga em manter o equilibrio,
€ uma questdo em aberto. Objetivos: Verificar o efeito de diferentes técnicas de
biofeedback sobre a ansiedade e seguranga no equilibrio postural, bem como a
associagao delas com parametros posturograficos em ortostatismo. Métodos: Vinte e
seis participantes permanecerem na postura ortostatica por 60 segundos sobre uma
plataforma de for¢a durante trés diferentes tarefas posturais: (1) permanecer em pé
com os olhos abertos (OA) tarefa controle; (2) reduzir os deslocamentos do centro de
pressao (COP) visualizado (BFcp); e (3) reduzir variagdes na posigao de um apontador
laser, através do movimento do punho direito (BFlaser). Os seguintes parametros
posturograficos foram calculados para cada tarefa: area de oscilagdo do COP, desvio
padrao, velocidade média e frequéncia média nas diregbes antero-posterior (AP) e
médio lateral (ML). Uma escala de avaliagcdo de seguranga/confianga e outra de
ansiedade, ambas escalas visuais numéricas variando de 0 a 100, foram aplicadas
apods a execucao de cada condigao experimental. Resultados: A analise de variancia
de um fator para medidas repetidas indicou uma menor seguranga na tarefa BFcp em
comparagao com OA, enquanto a seguranga em BFlaser n&o apresentou diferengas
significativas entre as tarefas. Em relagdo a ansiedade, a ANOVA n&o revelou
diferengas significativas entre as tarefas OA, BFcp e BFlaser. A area de oscilagao,
desvio padrao ML e velocidade média ML apresentaram correlagdo negativa e
moderada com a escala de seguranga do equilibrio, indicando que menores valores
nesses parametros estdo associados a uma maior sensagao de seguranga no
equilibrio. Contudo, n&o foram encontradas correlagdes significativas entre a escala
de ansiedade do equilibrio e os parametros posturograficos. Conclusao: Alteragdes
nos aspectos emocionais (seguranga do equilibrio) foram identificadas durante o uso
da tarefa BFcp em relacdo as outras tarefas estudadas. Esses achados parecem
indicar que fatores psicologicos do individuo também poderiam contribuir, ainda que

parcialmente, para explicar alteragdes no controle do equilibrio durante o biofeedback.
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Abstract

Background: Postural control involves the maintenance of orientation and postural
balance, which are crucial aspects to allow the activities of daily living. The biofeedback
technique has been of potential interest to the postural control rehabilitation, since it
seems to confine postural sway within the stability limits, ensuring postural balance
during standing. However, whether the performance of postural balance is associated
with other factors, such as anxiety and balance confidence, it is an open issue we
addressed here. Objectives: This study aimed at investigating the effect of different
biofeedback techniques on the anxiety and balance confidence and their association
on posturographic parameters during standing balance. Methods: Twenty sixty
participants were recruited in this study and tested in three tasks while standing on the
force platform for 60s:1) standing with eyes open (EO); (2) posturography biofeedback
(BFcp), consisting of keeping the center of pressure (COP) position as close as
possible to a target located in front of the individual; (3) biofeedback of laser (BFlaser),
consisting of pointing a laser as close as possible to the same target used before from
the right wrist. The following posturographic parameters were computed: CP sway area
standard deviation, mean velocity and mean frequency in the antero posterior (AP) and
medio-lateral (ML) directions. Scales for the assessment of balance confidence and
anxiety, consisting of visual scales ranging from 0 to 100, were applied at the end of
each postural task. Results: ANOVA revealed a smaller balance confidence in BFcp
than EO, while no differences were observed between BFlaser and the other tasks.
For the anxiety, ANOVA did not show differences among EO, BFcp and BFlaser. The
correlations between subjective measures and posturographic parameters varied with
the emotional aspect. The COP sway area, ML, standard deviation, and ML mean
velocity showed a negative and moderate correlation with the balance confidence
scale, indicating that lower values in these parameters are associated with a greater
sense of balance confidence. However, no significant correlations were found between
the balance anxiety scale and posturographic parameters. Conclusion: Balance
confidence alterations were identified with BFcp in relation to the other postural tasks.
These findings seem to suggest that psychological factors could contribute to explain,

even if partially, alterations in the postural stability during the biofeedback.

Keywords: postural balance; biofeedback; balance confidence. (http://decs.bvs.br/).



Sumario

AGRADECIMENTOS
REsumo
ABSTRACT

PARTE | - PROJETO DE PESQUISA

CAPITULO1 REVISAO DE LITERATURA

1.1 CONTROLE POSTURAL

1.2 BIOFEEDBACK POR POSTUROGRAFIA

1.2.1 ANSIEDADE E CONFIANGA NO CONTROLE POSTURAL
1.3 JUSTIFICATIVAS

1.3.1 RELEVANCIA PARA AS CIENCIAS DA REABILITAGAO
1.3.2 RELEVANCIA PARA A AGENDA DE PRIORIDADES DO MINISTERIO DA SAUDE
1.3.3 RELEVANCIA PARA O DESENVOLVIMENTO SUSTENTAVEL
1.4 OBJETIVOS

141 GERAL

1.4.2 ESPECIFICOS

1.5 HIPOTESES

CAPITULO 2 PARTICIPANTES E METODOS

2.1 ASPECTOS ETICOS

2.2 DELINEAMENTO DO ESTUDO

2.2.1 LOCAL DE REALIZAGAO DO ESTUDO

2.3 AMOSTRA

2.3.1 LOCAL DE RECRUTAMENTO DO ESTUDO

2.3.2 CRITERIOS DE INCLUSAO

2.3.3 CRITERIOS DE EXCLUSAO

2.4 PROCEDIMENTOS/METODOLOGIA PROPOSTA

2.4.1 AVALIAGAO CLINICA

2.5 DESFECHOS

2.5.1 DESFECHO PRIMARIO

2.6 ANALISE DOS DADOS

2.6.1 TAMANHO AMOSTRAL (CALCULO OU JUSTIFICATIVA)
2.6.2 PLANO DE ANALISE ESTATISTICA

2.7 RESULTADOS ESPERADOS

2.8 ORGAMENTO E APOIO FINANCEIRO

2.9 CRONOGRAMA

REFERENCIAS

ANEXO 1 — PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM PESQUISA

PARTE Il - PRODUGAO INTELECTUAL

\'l
Vil

12

13
13
15
16
17
17
17
18
18
18
18
19
20
20
20
20
20
20
21
21
21
21
22
22
24
24
24
25
25
26
27
29

30



CONTEXTUALIZAGAO DA PRODUGAO

DISSEMINAGAO DA PRODUGAO

MANUSCRITO(S) PARA SUBMISSAO

3.1 TIiTULO DO MANUSCRITO PARA SUBMISSAO #1

3.1.1 CONTRIBUIGAO DOS AUTORES DO MANUSCRITO PARA SUBMISSAO #1

Xi

31
32
40
41
41



PARTE | - PROJETO DE PESQUISA

12




13

Capitulo1 Revisao de Literatura

1.1 Controle Postural

O controle postural é considerado um aspecto importante no comportamento
humano, possibilitando a manutencao da postura ortostatica, o andar, o brincar e se
envolver com o convivio social. Especificamente, o controle postural € considerado a
habilidade de controlar a posicdo do corpo no espaco com finalidade de estabilidade
e orientagdo postural. A orientagdo postural € a forma de conseguir uma relagao
apropriada entre os segmentos do corpo do individuo, a tarefa motora e 0 ambiente.
A estabilidade postural, ou equilibrio, envolve o controle da projecdo do centro de
massa corporal (CM) dentro dos limites da base de suporte (SHUMWAY-COOK;
WOOLLACOTT, 2011).

O CM é o ponto que esta no centro do corpo, localizado no meio de cada

segmento corporal, onde a massa total do corpo ou objeto é concentrada. A projecéo

vertical do CM do corpo consiste no centro de gravidade (CG). A base de sustentagao
€ a area do corpo humano que esta em contato com a superficie de sustentagao, os
préprios pés (SHUMWAY-COOK; WOOLLACOTT, 2011). O CG é uma medida de
deslocamento corporal independente da velocidade. Ja o centro de pressédo (CP)
também é uma medida de deslocamento, porém depende do CG, variando conforme
este se move. Além disso, o CP indica a localizagdo do vetor resultante da forca de
reacao do solo em uma plataforma de forgca (DUARTE; FREITAS, 2010). Estudos na
area das Ciéncias da Reabilitagcdo normalmente quantificam os deslocamentos do CP
em ortostatismo para investigar o controle do equilibrio postural na postura ortostatica
(DOS ANJOS; LEMOS; IMBIRIBA, 2016; NARDONE; SCHIEPPATI, 2010).

As informag¢des somatossensoriais provenientes do ambiente e do corpo séo
essenciais para o controle postural. Bem como as informagdes visuais sao
processadas pelo sistema visual e utilizadas para perceber a posi¢gao do corpo em
relacdo ao espacgo. Além disso, as informagdes vestibulares sdo fornecidas pelos
receptores do ouvido externo é sdo usadas para identificar as mudancas de postura e
0 movimento da cabega em relagdo ao ambiente. Varios recursos cognitivos séo

precisos no controle postural. Ainda quando se fica em pé parado se faz necessario
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processamento cognitivo. Quedas séo resultados de deficiéncia de processamento
cognitivo para controlar a postura, no momento que esta realizando uma tarefa
cognitiva (HORAK, 2006).

Algumas estratégias de movimento parecem contribuir para o controle do
equilibrio corporal. Dentre elas, destaca-se a estratégia dos tornozelos, que funciona
como um péndulo invertido simples; a estratégia dos quadris, que envolve um péndulo
invertido duplo e utiliza uma forga de rotacdo para deslocar o corpo; e, por fim, a
estratégia de dar um passo, que € empregada para recuperar o equilibrio (HORAK,
2006). A estratégia do péndulo invertido € uma resposta do corpo para manter o
equilibrio durante a marcha ou em superficies irregulares, prevenindo quedas. No
caso do péndulo invertido duplo, ha a adigdo de um segundo elo, com uma massa na
extremidade, conectado ao primeiro. Esse sistema, que possui duas articulacdes, tem
como objetivo controlar o movimento para manter a posig¢ao vertical. A estratégia dos
quadris ocorre quando o CM é deslocado rapidamente, especialmente em situagdes
desafiadoras, como superficies estreitas onde o movimento dos tornozelos é limitado
ou em condi¢cdes em que nao se pode depender exclusivamente desse movimento
para equilibrar o CM. Essa estratégia envolve movimentos rapidos e controlados dos
quadris e do tronco, compensando o deslocamento do CM para evitar quedas. Por
fim, a terceira estratégia consiste em dar um passo a frente ou para outra dire¢gao para
manter o equilibrio durante a marcha (HORAK, 2006).

O controle do equilibrio € comumente avaliado durante a postura ortostatica.
Entretanto, como essa postura apresenta oscilagdes constantes, seria mais adequado
denomina-la como postura semiestatica (HORAK, 2006). Permanecer em ortostatismo
€ uma capacidade essencial para a realizagcdo das atividades de vida diaria,
requerendo a integracao entre o sistema nervoso central, o sistema sensorial e 0
sistema musculoesquelético. Assim, a avaliacdo do controle postural em ortostatismo
€ primordial para verificar o desenvolvimento motor, bem como diagnosticar
deficiéncias e programar tratamento (SIBLEY et al., 2017). O comprometimento do
controle postural pode ser devido a alteragéo proprioceptiva, ou seja, da percepgao
da postura e da movimentagdo do corpo; de alteracdo vestibular, desenvolvida pela
posicao e/ou 0 movimento da cabeca; ou de alteracéo visual, por relagdes espaciais
(BUCCI et al., 2016). O treinamento visual pode contribuir na diminuicdo do balango
postural ao realizar as tarefas motoras durante a postura ereta sempre observando a
oscilagado do CP em ortostatismo (DOS ANJOS; LEMOS; IMBIRIBA, 2016).
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1.2 Biofeedback por posturografia

A posturografia, também chamada estabilometria, € um teste no qual se utiliza
uma plataforma de forga para avaliar o controle do equilibrio, através das oscilagdes
do CP em ortostatismo (NISHINO et al., 2021). Assim, a posturografia € comumente
usada para avaliagdo do equilibrio do individuo juntamente com exames clinicos,
fisicos e laboratoriais, com implicagdes para a sua fungdo motora (GAZZOLA et al.,
2020) (DUARTE; FREITAS, 2010).

Existem recomendacgdes para o exame de avaliagao por meio da plataforma de
forca. Uma fonte limitante da posturografia utilizando a plataforma de forgca é a
numerosa variabilidade do sinal do CP, pois € o resultado das forgcas sobre a base de
suporte. Repeticobes da mesma tarefa levam o individuo ao aprendizado e a
diminuicdo das oscilacbes corporais ou podemos ter uma resposta contraria
produzindo cansaco e aumento das oscilagdes corporais. A literatura preconiza que
sejam realizadas duas a quatro coletas de dados do CP e que a avaliagao na postura
parada seja de um a dois minutos, mas pode ser também em trinta segundos, quando
um minuto for muito tempo para permanecer em pé, dependendo da condigao clinica
de saude do individuo (DUARTE; FREITAS, 2010).

Existem protocolos de intervencgao para a melhora do controle do equilibrio por
meio da plataforma de forga. No método biomecanico, o biofeedback pode estar
relacionado com uma variavel do controle postural, movimento ou forga (GIGGINS;
PERSSON; CAULFIELD, 2013). Os sistemas de biofeedback podem aprimorar o
equilibrio em diversas formas, como por exemplo: visual, auditivo e haptico (AFZAL et
al., 2016). O método classico de apresentar as oscilagbes corporais em ortostatismo
para o individuo envolve o biofeedback por posturografia. Na reabilitagdo, envolve
normalmente a apresentacdo das oscilagbes corporais (CP) em ortostatismo do
individuo para o proprio individuo, por exemplo a partir de pistas visuais ou auditivas
(DOS ANJOS; LEMOS; IMBIRIBA, 2016). O exercicio de estabilidade postural da
plataforma de forca com o uso do feedback visual pode aperfeicoar o controle do
equilibrio e diminuir o balanceio postural em adultos idosos (LI et al., 2018). Nesse

contexto, a informacgao visual de feedback sobre as oscilacbes corporais do proprio
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individuo permite um biofeedback de uma fonte interna do individuo. Outras
abordagens de biofeedback envolvem fontes de feedback externas ao corpo, como o
feedback de um apontador laser durante uma dupla tarefa postural de apontar para
um alvo fixo posicionado a frente do individuo (DOS ANJOS; LEMOS; IMBIRIBA,
2016). Entende-se que o biofeedback externo do laser fornece pistas visuais sobre as
oscilagbes corporais em ortostatismo (TAUBE; LEUKEL; GOLLHOFER, 2008).

1.21 Ansiedade e confianga no controle postural

A ansiedade € um sentimento de preocupagéo e inseguranga que produz nas
pessoas alguns sintomas como: sudoreses, tremores, agitagao, desconforto, medo e
dificuldade para realizacdo de algumas atividades (GUIMARAES et al., 2015). O
estresse é uma resposta do nosso organismo quando somos colocados em situagao
de medo, colocando o nosso corpo em alerta aumentando os batimentos cardiacos,
respiracao e enrijecendo os musculos. Essa combinagdo € conhecida como resposta
de “lutar ou fugir’ que nos impelem para a seguranga. O estresse quando mederado
€ saudavel, pois nos induz a termos reagdes, porém quando exagerado pode nos
paralisar devido o medo (YU et al., 2018). O medo é uma emogao normal, porém é
acionado quando temos algum estimulo externo que provoca um comportamento de
fuga, ele é o oposto da seguranca (BAPTISTA; CARVALHO; LORY, 2005).

Os fatores emocionais, como medo, ansiedade e seguranga podem intervir no
controle do equilibrio, principalmente em condi¢cdes de ameacga postural (tarefa
postural em superficie elevada) (ADKIN; CARPENTER, 2018; VISSER et al., 2008).
Pacientes idosos ou com deficits de equilibrio apresentaram altera¢gées nos aspectos
emocionais associadas com instabilidade postural quando submetidos a tarefas
posturais em superficies elevadas, sugerindo uma possivel influéncia de fatores
emocionais sobre o controle do equilibrio em ortostatismo (ADKIN; CARPENTER,
2018; HAUCK; CARPENTER; FRANK, 2008). Altera¢des no controle do equilibrio sdo
normalmente relatadas por meio de alteracdes nos parametros do CP baseados na
amplitude e frequéncia de oscilagdo do CP (HAUCK; CARPENTER; FRANK, 2008;
VISSER et al., 2008).

Existem instrumentos especificos para avaliar o impacto do aspecto emocional

durante tarefas posturais. Esses instrumentos s&o utilizados para investigar como
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fatores emocionais, como medo e ansiedade, podem interferir no controle do equilibrio
(PARR et al., 2020). Um exemplo é a escala Likert de 10 pontos, utilizada para
quantificar os graus de ansiedade em criangas. Além disso, existe a escala de
avaliagdo de ansiedade, que permite medir niveis de ansiedade variando de
"nenhuma ansiedade" (0) a "extremamente ansioso" (100). Durante a aplicagéo, o
avaliada marca com a letra "X" o ponto correspondente ao seu nivel de ansiedade no
momento do teste, em uma escala de 0 a 100 (GOLDBERG et al., 1988; HOUTMAN;
BAKKER, 1989; PARR et al., 2020; STROBACH et al., 2020).

1.3 Justificativas

1.3.1 Relevancia para as Ciéncias da Reabilitagao

Técnicas de biofeedback tém despertado grande interesse das Ciéncias da
Reabilitacdo dado o seu impacto sobre o controle da estabilidade postural. Ainda nao
esta claro, entretanto, os efeitos que podem alterar a estabilidade postural durante
tarefas de biofeedback. Por exemplo, estudos demonstraram que alteragcdes nos
aspectos emocionais, como medo e ansiedade, parecem reduzir o balango postural
ou conduzir a uma rigidez postural em ortostatismo (ADKIN; CARPENTER, 2018;
HAUCK; CARPENTER; FRANK, 2008; VISSER et al., 2008). Assim, este projeto se
justifica uma vez que permanece incerto se fatores emocionais do controle postural
(por exemplo, medo e ansiedade em ortostatismo) poderiam explicar, ainda que
parcialmente, possiveis diferencas nos deslocamentos corporais com o uso de

técnicas de biofeedback.

1.3.2 Relevancia para a Agenda de Prioridades do Ministério da

Saude!

O efeito das técnicas do biofeedback sobre o controle do equilibrio, ansiedade

e seguranga para verificar as avaliagbes das oscilagdes corporais pode ser inserido

! https://bvsms.saude.gov.br/bvs/publicacoes/agenda_prioridades_pesquisa_ms.pdf
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no eixo 12 da Agenda de Prioridades do Ministério da Saude que aborda a saude do
idoso como uma intervencéo para melhora do controle postural e consequentemente

diminuic&o do risco de queda.
1.3.3 Relevancia para o Desenvolvimento Sustentavel:

O 30 Objetivo do Desenvolvimento Sustentavel contempla a “Saude e Bem-
Estar’, e este trabalho é justamente visando os cuidados de saude aplicados aos
pacientes nas oscilagdes corporais com a interferéncia da seguranca e ansiedade no
equilibrio, promovendo maior qualidade e precisdao nas decisdes a serem tomadas

Assegurar uma vida saudavel e promover o bem-estar para todos, em todas as idades.

1.4 Objetivos

1.4.1 Geral

Investigar o efeito de técnicas de biofeedback sobre o estado de ansiedade em

ortostatismo.
1.4.2 Especificos

1. Comparar a percepgao subjetiva de ansiedade do individuo entre diferentes

técnicas de biofeedback visual;

2. Comparar a percepgao subjetiva de confianga do equilibrio do individuo entre
diferentes técnicas de biofeedback visual,

3. Correlacionar os escores das escalas de ansiedade e seguranga do equilibrio
com as variaveis extraidas para investigagao do controle postural por meio da

posturografia.

2 https://odsbrasil.gov.br/objetivo/objetivo?n=3
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1.5 Hipébteses

Desde que alteracbes nos aspectos emocionais estdo associadas com
mudangas significativas dos deslocamentos corporais enquanto individuos adultos
jovens e idosos realizam situagdes de ameaca postural através de alturas elevadas e
realizacdo de dupla tarefa em ortostatismo (ADKIN; CARPENTER, 2018; HAUCK;
CARPENTER; FRANK, 2008), espera-se uma associa¢gado negativa entre o tamanho
dos deslocamentos corporais durante as tarefas de feedback visual estudadas neste
estudo, baseadas em tarefas motoras de preciséao, e o nivel de ansiedade e seguranga

do equilibrio percebido pelo individuo.
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Capitulo 2 Participantes e Métodos

2.1 Aspectos éticos

Este protocolo de pesquisa foi aprovado pelo Comité de Etica em Pesquisa
(CEP) via Plataforma Brasil (https://plataformabrasil.saude.gov.br) sob CAAE -
78314424.3.0000.5235 (Anexo 1).

2.2 Delineamento do estudo

Trata-se de um desenho de estudo quase-experimental (ndo-randomizado,
comparagado de um grupo antes e depois; (REEVES; GAUS, 2004)) com analise

secundaria de banco de dados.

2.21 Local de realizagao do estudo

Este estudo sera conduzido nos laboratérios de pesquisa do Programa de Pés-
graduacgado em Ciéncias da Reabilitacdo do Centro Universitario Augusto da Motta,
localizado em Bonsucesso/RJ (Brasil), em colaboragdo com o Laboratério de
Biomecénica, da Escola de Educacgéo Fisica e Desportos (EFFD), da Universidade
Federal do Rio de Janeiro (local de recrutamento do estudo).

2.3 Amostra

2.3.1 Local de recrutamento do estudo

A coleta de dados ocorreu no Laboratorio de Biomecénica, da Escola de
Educacao Fisica e Desportos (EFFD), da Universidade Federal do Rio de Janeiro.

Vinte e seis participantes, selecionados por amostra de conveniéncia, (13 do sexo
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masculino; 23,54 + 3,61 anos; 69,41 + 13,77 kg de massa corporal; 1,69 + 0,07 m de

altura) fizeram parte deste estudo.
2.3.2 Critérios de inclusao

1. Individuos adultos maiores de 18 anos;
2. Participantes com capacidade visual preservadas para visualizagdo das pistas

visuais, apresentadas nas tarefas de feedback visual;
2.3.3 Critérios de exclusao

1. Presenga de disfungbes neuroldgicas ou ortopédicas que comprometam a
manutengao da postura ortostatica;

2. Uso de medicamentos que afetam o controle postural durante o periodo dos
experimentos;

3. Incapacidade de terminar o protocolo experimental;

2.4 Procedimentos/Metodologia proposta

241 Avaliagao clinica

Os individuos foram instruidos a permanecerem na postura ortostatica com os
bragos ao longo do corpo e os pés unidos sobre uma plataforma de forga durante trés
diferentes condigdes posturais: (1) permanecer em pé com os olhos abertos,
considerada como tarefa controle; (2) reduzir os deslocamentos corporais (centro de
pressédo; COP) visualizado; e (3) reduzir variagdes na posigdo de um apontador laser
através do movimento do punho direito. Cada condigao foi realizada durante 60 s em
uma ordem aleatdria, com um intervalo de 2 minutos entre tarefas. Para as tarefas de
feedback visual, um breve periodo de adaptagao foi dado ao participante, e algumas
tentativas de praticas foram permitidas.

Na tarefa de feedback do COP, especificamente, os voluntarios foram

solicitados a manter a posigdo do COP o mais proximo possivel de um alvo (figura
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1b). O alvo foi localizado na posi¢ao média do COP de cada individuo, calculado antes
do inicio do experimento. A cena visual consistiu em um plano cartesiano, que foi
representado como um quadrado com lados equivalentes de 72 cm. A posi¢cdo do
CORP foi projetada aproximadamente na altura dos olhos e a uma distancia de 250 cm
dos voluntérios (A imagem foi projetada a partir de um dispositivo data show (LG
BS254- 2500 Lumens), com uma resolugao de imagem de 800 x 600 pixels.

Na tarefa de feedback do laser (figura 1a), os voluntarios foram solicitados a
segurar um apontador laser com a mao direita e manter sua posi¢do o mais préximo
possivel do mesmo alvo usado para a tarefa do feedback do COP (conferir figura 1).
Além disso, os sujeitos foram instruidos a manipular o ponteiro laser movendo

somente a articulagado do punho.

Controle posicional: a) projecdo do laser b) centro de pressdo

Projetor

4

, —_ 25m ——

Plataforma de forca

Figura 1: Representacdo esquematica das tarefas de feedback visual do
apontador laser (em vermelho; a) e de feedback visual do centro de pressao (sinal

com a cor azul na cena visual, b).

2.5 Desfechos

2.5.1 Desfecho primario
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As variaveis de desfecho primario consistirdo nos escores da escala de
seguranga do equilibrio e ansiedade (HOUTMAN; BAKKER, 1989). As escalas foram
aplicadas imediatamente apos o término de cada tarefa estudada.

A escala de seguranca do equilibrio foi utilizada para investigar o grau de
confianga/seguranga do participante em cada tarefa (Figura 2). Nessa escala o sujeito
teria que avaliar sua confianga em relagao ao equilibrio, sendo 0 nenhuma seguranga
(sensacédo de quase cair durante a atividade) e 100 remeteria a confianga/seguranga
durante a atividade, ou seja, auséncia de medo de cair durante a atividade (HAUCK;
CARPENTER; FRANK, 2008).

Avaliagio da Seguranca do Equilibrio|

Considerando 100% seria total confianca e que 0% seria nenhuma confianca, responda de
acordo com a escala desenhada a seguinte pergunta abaixo:

0 10 20 30 40 50 60 70 80 90 100

Nenhuma seguranca seguranca
seguranca Moderada Total

Figura 2: Escala de seguranga do equilibrio.

A escala de Avaliagdo da ansiedade (GOLDBERG et al., 1988; HOUTMAN;
BAKKER, 1989; PARR et al., 2020; STROBACH et al., 2020) é uma escala (Figura 3)
em que o sujeito responde se se sentiu nervoso/ansioso em relagdo ao seu equilibrio
durante a tarefa, sendo 0 quando se percebia sem ansiedade/nervosismo e 100

quando se percebia totalmente ansioso/nervoso.

Escala de Ansiedade

Considerando 100% seria totalmente ansioso e que 0% seria nenhuma ansiedade,
responda de acordo com a escala desenhada a seguinte pergunta abaixo:

TSNS S DS NN IS S TR TS TS S SN S S S S T S T D S TN S TN S S S SN

0 10 20 30 40 50 60 70 80 90 100
Nenhuma Ansiedade Totalmente

Ansiedade ‘ moderada Ansioso

Figura 3: Escala de Ansiedade
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Com o intuito de investigar se possiveis mudancas no estado emocional
poderiam explicar alteragdes nos deslocamentos corporais em ortostatismo durante
as tarefas de feedback visual, variaveis extraidas para investigacdo do controle
postural por meio da posturografia (area de oscilagéo corporal e velocidade média do
CP; Duarte and Freitas, 2010) serao correlacionadas com os escores das escalas de
ansiedade e seguranca do equilibrio.

Variagdes na posig¢ao do deslocamento do COP nas diregdes antero-posterior
(AP) e médio-lateral (ML) foram estimadas a partir das forgas de reag&do do solo e
momentos adquiridos por meio de uma plataforma de forga (AccuSway MAIS, AMTI,
Watertown, EUA). O software Balance Clinic foi utilizado para realizar a aquisi¢ao dos

sinais da posi¢gao do COP, com uma frequéncia de amostragem de 50 Hz.

2.6 Analise dos dados

2.6.1 Tamanho amostral (calculo ou justificativa)

O banco de dados compreende 26 individuos, compativel com o tamanho
amostral calculado (N = 20 individuos), considerando o tamanho de efeito do
biofeedback por posturografia sobre a area de oscilagdo corporal encontrado em
estudo precedente (dz = 0.695; a = 5%, B = 80%; G*Power) (DOS ANJOS; LEMOS;
IMBIRIBA, 2016; FAUL et al., 2007).

2.6.2 Plano de analise estatistica

Os dados serdo analisados no software de analise estatistica Statistica v. 7.0
(StatSoft). Primeiramente, o teste de normalidade de Shapiro-Wilk sera aplicado as
variaveis de desfecho. Pretende-se utilizar a analise de variancia (ANOVA) de um fator
para medidas repetidas para comparar os escores das escalas mencionadas no
desfecho primario (ansiedade e seguranca do equilibrio) entre as condi¢cdes olhos
abertos, feedback COP e feedback laser. No caso de diferencas significativas
reveladas pela ANOVA, comparagdes entre pares de tarefas serdo realizadas por
meio do pds-teste de Tukey, considerando o nivel de significancia de 5%. Os dados
serdo relatados por meio de estatistica descritiva paramétrica (média e desvio padréo;
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DP). Adicionalmente, pretende-se utilizar o coeficiente de correlagao de Pearson para

analise da correlacio entre as escalas e as variaveis quantitativas de desfecho.
2.7 Resultados esperados

Uma vez que o método classico de biofeedback dos deslocamentos corporais
parece conduzir a reducao excessiva dos deslocamentos corporais em ortostatismo
(VISSER et al., 2008), acredita-se que sera possivel verificar ao final desse estudo
alteragdes nos aspectos emocionais principalmente durante o uso do feedback do
COP em relacdo as outras tarefas estudadas. Adicionalmente, espera-se que a
pontuacado obtida por meio das escalas seja correlacionada com o tamanho dos
deslocamentos corporais em ortostatismo, uma vez que essa tarefa conduziu a
reducao excessiva dos deslocamentos corporais na postura ortostatica (DOS ANJOS;
LEMOS; IMBIRIBA, 2016). Estudos mostraram que a redugdo excessiva das
oscilagcbes corporais em ortostatismo pode estar relacionada a maiores niveis de
ansiedade em condi¢cdes de ameacadoras ao controle da estabilidade postural ou que
exijam recursos atencionais variados durante o ortostatismo (HAUCK; CARPENTER,;
FRANK, 2008; VISSER et al., 2008).

2.8 Orcamento e apoio financeiro

O presente trabalho foi realizado com apoio da Fundagéo Carlos Chagas Filho
de Apoio a Pesquisa do Estado do Rio de Janeiro (FAPERJ, No. E-26/211.104/2021)
e Coordenacéao de Aperfeicoamento de Pessoal (CAPES, Cdédigo Financeiro 001; No.
88881.708719/2022-01, e no. 88887.708718/2022-00).
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Quadro 1: Apoio financeiro.

CNPJ Nome Tipo de E-mail Telefone
Apoio
financeiro
00889834/0001- | CAPES | Bolsa prosup@capes.gov.br | (061) 2022-
08 6250

2.9 Cronograma

Quadro 2: Cronograma de execugao.

ETAPA Margo/22 | Dez/2023

Elaboragao do projeto de pesquisa Marco/22 | Junho/23

Exame de Qualificagao Junho/23

Elaboragdo de manuscrito (protocolo e/ou revisao) Junho/23

© Submiss&o de manuscrito Junho/23
3 | Analise dos dados Julho/23 Out/23
§ Elaboragao de manuscrito Julho/23 Out/23
3 Depdsito do banco de dados em repositorio Out/23
_‘% Elaboracao do trabalho de conclusao Junho/23 Out/23
E Exame de Defesa Fev/24
Submissao de manuscrito (resultados) Julho/23 Fev/24
Elaboragao de midias para disseminagao Fev/24
Entrega da verséo final do trabalho de conclusdo Fev/24
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Quadro 3: Declaragao de desvios de projeto original.

Declaragao dos Autores
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Justificativas e Modificagoes

A producao intelectual contém desvios substantivos do

delineamento do projeto de pesquisa?

Justificativas e Modificag6es

A producao intelectual contém desvios substantivos dos
procedimentos de coleta e analise de dados do projeto de

pesquisa?

Justificativas e Modificag6es
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EFEITO DO BIOFEEDBACK SOBRE O CONTROLE DO EQUILIBRIO,
ANSIEDADE E SEGURANCA EM ORTOSTATISMO

Rosangela Johnt, Joao Eduardo M. C. Antunes!, Thiago Lemos de Carvalhol,
Arthur de S3 Ferreira®, Luis Aureliano Imbiriba?, Fabio Vieira dos Anjos?
Programa de Pas-graduacao em Ciéncias da Reabilitacao, Centro Universitario
Augusto Motta (UNISUAM), Rio de Janeiro, RJ, Brasil.,
fabioanjos@souunisuam.com.br.

2Escola de Educacao Fisica e Desportos, Universidade Federal do Rio de Janeiro,

Rio de Janeiro, R), Brazil. aurelio@eefd.ufrj.br

Introducdo: O controle postural envolve a manutencao da orientacaoc e do
equilibrio postural, aspectos essenciais para as atividades da vida diaria. Técnicas
de biofeedback tem sido de grande interesse para a reabilitacao do equilibrio
postural. No entanto, se o equilibrio postural durante o biofeedback esta
associado a ansiedade e a seguranca, € um ponto a examinar. Objetivos: Averiguar
o efeito de diferentes técnicas de biofeedback sobre a percepcao subjetiva de
ansiedade e seguranca do equilibrio postural em ortostatismo. Métodos: Vinte e
seis participantes foram selecionados neste estudo (HUCFF, numero CEP:
093/03) e instruidos a permanecerem na postura ortostatica sobre uma
plataforma de forca durante trés tarefas posturais: (1) permanecer em pe com os
olhos abertos (OA); (2) reduzir os deslocamentos do centro de pressao (CP)
visualizado (BFcp); e (3) reduzir variagoes na posicao de um apontador laser,

através do movimento do punho direito (BFlaser). Os deslocamentos do CP foram
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quantificados através da plataforma de forca durante 60s e area de oscilacao do
CP foi calculado em cada tarefa. Uma escala de avaliacao de seguranca/confianca
e outra de ansiedade, ambas escalas visuais numericas variando de 0 a 100, foram
aplicadas apos a execugao de cada tarefa. Na escala de seguranca e na de
ansiedade, o namero "0" representa nenhuma seguranca ou ansiedade, “50”
seguranca ou ansiedade moderada e “100" confianca/seguranca ou ansiedade
total durante a atividade. O teste de analise de variancia (ANOVA) foi utilizado
para comparar os escores das escalas e a area de oscilacao do CP entre as tarefas
posturais, comparado pelo teste post-hoc Tukey HSD. Resultados: A ANOVA
revelou uma menor seguranca na tarefa BFcp do que OA, e BFlaser nao diferiu
entre as tarefas. Para a ansiedade, nao revelou diferencas. Além disso, a area de
oscilagao do CP foi menor no BFcp do que OA e BFlaser, e entre OA e BFlaser.
Conclusdo: Alteracoes nos aspectos emocionais (seguranca) foram identificadas
durante o uso da tarefa BFcp em relacao as demais. Esses achados parecem indicar
que fatores psicologicos poderiam contribuir parcialmente, para explicar
alteracoes no controle do equilibrio durante o biofeedback.

Palavras-chave: Equilibrio postural; Biofeedback; Seguranca do equilibrio.
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5.9 (5D=1.5), measured ona 0-10 scale. SMT was shown to be more
effective than conventional physical thempy for leg paim, with a
low cerainty evidence and a moderate effect size (MD= -1.78
points; 95% CI <044 10 3.11 in 4 weeks) but not for badk pain (MO=
-1.04 points; 95% Ol -5.15 to 1.07 in 4 weels). There & low certainty
evidence that ST & similar to microdiscectomy for chromic sciatica
in the short term (MD= -0.3; 95% C| -0.95 to 0.35), medium-term
(MD=-0.2; 95X C| -0.87 0 0.47), and long term (D= -0.1; 95% O
0.82 10 0.62).

Conciusion: The certainty of the evidence mnged from low to very
low in all comparisons, with small to moderate size effects. Them is
uncertainty around the effect estimates of ST for patients with
acute, subacute, and chronic sdatica.

Implicotions: Based on thiz systematic review, there & uncertainty
shout the efficacy of spinal manipulative therapy (SMT) for patients
with acute, suhacqute, and chmnic sciatic pain. Healthcare pmfes
signals should carefully evaliate treatment options for patients
with sciatic pain. Further ressarch is needed to evaluate the &ffi-
cacy of manipulative thermpy in patients with sciatic pain.
Kewwords: Low back pain, Sciatica, Spinal Manipulative Therapy
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DO SLEEP DISORDERS INFLUENCE THE

COGNITION AND QUALITY OF LIFE OF

INDIVIDUALS WITH PARKINSON'S DISEASE?
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Background: Poor sieep is common among individuals with Parkin-
son’s disease {PD) and may affect up to MY of patients. However,
the relationship between poor sleep, comnitive aspects, and quality
of life (Qol in this population remains unclear.

Objective: Toinvestigate the relationship betwesn poor sleep, cog-
mition, and QoL in individuals with Parkinson's disease.

Methods: This cross-sectional study induded 53 subjects with idio-
pathic Parkinson's disease (PD), who were non-institutionalzed and
had mid to modemte PD. Sododemographic data was collected
using a questionnaire, and the folowing assessment tools were
used: the Parkinson's Dissase Sleep Scale-2 (PDAES-2) to sses the
quality of sleep, the Montreal Cognitive Asessment (MolA) to assess
the cognitive states of patients, and the Parkinson’s Disease Quality
of Life Questionnaire {PDQ-39) to asses the QoL Speamman comsla
Hons were wsed for statitical analysis, with a signifiance level of
5.

Results: Out of the 53 subjects, 34 were men and 1% were women,
they had an average age of 6.6 + .46, In analysing the sleep and
cognition, a moderate comelation was found between the Parkin-
som's (Hsease Slesp Scale-2 (PDNS-2) and the viuospatial domain (r—
QL p=0.003) as well as the total Montreal Cognitive Asessment
(MoCA) score (r=0.309; p=0L024). In analysing the sleep and quality
of life, a modermte to strong comelation was observed betwesn the
PDES-2 and the PDQ-19 domains, specifically mobility (r=0.598;
p=<0.001), commumication (r=0. 628; p=- 0.001), bodily discomfort
(r=0.620; p=- 0.00 ), and the total score (r=0.773; p=- 0.001 ). Fur-
thermare, a subanalyss by genderwas performed, and the groupsof
men and women were found to be similar in terms of age, time of
diagnosis, the stage of the disease, and the PDES-2, PDO-39, and

M

Mo A scores. The reaults showed that inmen, the PI¥S-2 had a cor-
relation with cogmition, with a strong correlation chsrved between
the PDMS-2 and the naming domain (r=40.623; p=-- 0.001 ), and mad-
emte corelations with the visuospatial (r= 0494 p=0L003), lan-
quage {r=-0.3485; p=0.034), abstraction (r=0.400; p=0.019), delayed
recall (r=-0.414; p=0.014), orientation (r=-0. 392; p=0.022), and the
total MoCA score (r=-0.512; p=0.002) domairs In terms of Qol,
women showed a strong correlation between the PDS5S-2 and the
Activities of Daily Living domain (r-0.685; p-0.00 ), bodily discom-
fort (r-0.64%; p=0.003), and the tota PDOQ-3% soore (r-0.728; p=
0.0, Im men, a strong cornelation was found between the PINS-2
and the domains of emotonal well- being (r=0.644; p-= 0.0},
ommunication (r=0.731; p=< 0.001), bodity discomfort (r=0.718;
p== 0,001}, and the total PDQ-3% score (r=0.772; p=-< 0.001}.
Conciugon: Individuals with worse sleep quality have poorer cogni-
Hve scores, partoularty men. Additionally, poorer sleep quality &
amodated with a worse quality of life in domains sch as mobility,
communication, and bodily discomfort.

Implications: Scresning for sleep disorders and implementing pre-
vention and treatment strategies are neceszary for indhiduals with
Parkinson’s dizease (PD) who have worse sleep qualtty, given the
negative impact on cognitive performance and quality of tife. Fur-
ther studies should explore the assciation of deep guality with
ather symptoms of PD.

Keywords: Parkinson’s [Msease, Sleep, Cognition
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THE EFFECT OF BIOFEEDBACK ON ANXIETY

AMD BALANCE CONFIDENCE DURING

STANDING

Rosangela John', Thiago Lemos de Carvalho', Arthur de 5a Femreira’,
Lusis Aureliano Imbiriba®, Fabio Vieira dos Anjos’

"Programa de Pos-graduagio em Ciencias do Redbilitagdo, Centro
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Background: Postural control involves the maintenance of orenta-
tion and postural balance, which are crucial aspects to allow the
activities of daily living. The biofeedback technigue has been of
potential interest to postural control rehabilitation, since it seems
to confine postural sway within the stability limits, ensaring postural
batance during standing. However, whether the performance of pos-
tural balance is associated with other factors, such as anxiety and
balance confidence, s an open Esue we addresed here.

Objec tives: This study aimed to investigate the effect of different
biofeedback techniques on anwiety and balance confidence during
standing.

Methods: Twenty-sisxty particpants were recruited in this study and
tested in three tasks while standing on the force platform: 1) stand-
ing with eyes open (ED); {2) postumgraphy biofeedback (BRcp), con-
sisting of keeping the center of pressure (CP) positon a dose as
possible to a target located in front of the individual; (3)

38
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biofeedback of laser [ BFlaser), consisting of pointing a laser as dose
= posEible to the same target wsed before from the right wrist. The
CF position was measured wsing the force platform for 80 seconds
and the {P sway area w= computed wsing the whole trial data in
each experimental task. Scales for the assessment of balance confi-
dence and aniety, consisting of visual scales ranging from O to 100,
were applied at the end of each task. Onthe confidence scale, “0",
BO"™ and 100" mean “no confidence”, “modeate confidence™ and
“complete confidence”, respectively. On the amdety scale, “0",
50" and 100" denote “no amdety”, “moderate andiety™, and
“complete amciety™. A one-way analyss of variance (ANOVA) for
repeated measures was used to compars the emotional soores and
CP sway area among postural taks, and post hoc comparisons were
made with the Tukey HSD test (sgnificance level of 5E).

Resuits: ANDVA (F=56.19, p<0.01) revealed a smaller balance confi-
dence in BFgp {meédiatdesvio padrao; T2.88+22.41) than EOQ
(B6.15+22.05), while no differences were observed between
BFlaser (81.34+19.82) and the other tasks. For anxiety, ANOWA did
nat show differences among EOQ (20.76+33.21), BFcp (27.884+
25.42), and BFlaser (24.23+29.78). Momeover, the CF sway area
[F=33.11, p=<0.0%) was significantty smaller in the BFop {2 274+1,27
om?) than EO (3.542.08 cmr’) and BFlaser {5.51+2.87 cm®), and in
the ED compared to BRlaser {p-<0.01 in all cases).

Conciusion: Balance confidence alterations were identified with
BFcp in relation to the other postural tasks. These findings seem
o sugeest that psychological factos could contribute to
explain, even if partially, alterations in the postwral stability
during the biofeedback; a smaller CP sway area was found in
BFcp than EO.

Implications: These aspects seem to be little exploited in the dimni-
@l emvironment, in which the knowledge of factors amociated with
postural stability during biofeedback could assist in improving the
evaluation and rehabilitation protocols of postural control.
Keywords: Postural balance, Biofeedback, Balance confidence
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Background: Low back pain 5 a musculoskeletal condition that
affects many people worldwide and although there are several types
of conservative treatments, either physiothe mpy and/or phammaco-
logical, the patient does not abways obtain satisfactory results after
treatment, To improve this situation, many prognostic models have
been studied, developed, and wvalidated. However, it is uncertain
the awailable evidence about the prognostic models for predicting

iz

the success or faflure of patients with low back pain after a conser-
vative treatment.

Objectives: ldentify and evaluate pragnostc models' abifity to pre-
dict success or failure in patients with low back pain after receiving
comservative treatments.

Methods: Litemture seamhes were conducted in three different
electronic databases (MEDLUMNE, EMBASE and CINHAL). Frosnostic
modets predicting the success or failure of conservative treatment
in adults with low badk pain were considered eligible. Studies inves-
tgating low back painrelated to a severe pathology were exduded.
Twao independent reviewers performed the study selection and data
extraction, The individual performances of the prognostic models
wene performed descriptively

Results: Seamches initially retrieved 13,013 studies. After amalysis
considering indusion ariteria, 81 studies were included in this gys-
tematic review OF these, 78 (96.3%) developed and intemally vali-
dated the prognostc models, and only 4 (3.7%) developed and
externally validated the models. Regamling the discrimination of
the modek studied, the c-statistis or area under the curve (ALC)
ranged from 0.44 to 0.%. Regarding the calibration, the calibration
slope and intercept ranged from 0.74 to 1.06 and from -0.01 to
0.34, respectively. Regarding the sensitivity and specificity of the
prognostic models, there was a variation between 31.0% and %4, 52
and from 14. %% to 93.7%, respectively.

Conciusion: Althouwgh prognostic models have been developed, dis-
arimination and calibration, a well as specficity and sensitivity,
varied significantly among them. In addition, there were few studies
investigating the external validation of these models.

Impiications: Athough some prognostic models have been devel-
oped, validated, and are able to predict suwcces o faillure in
patients with low back pain undergoing conservative treatment,
necessary o implement such models in dinical practce due to the
lack of evidence reganding external validatian.

Keywords: Low back pain, Prognostic models, Consenative
treatment
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Bockground: The sarcopenia associated with aging & chamcerzed
by loss of muscle mass and strength, dedine in functonality, inde-
pendence, and quality of life. With increasing life expectancy in
Brazil, the number of elderly s growing, and with this, attenton
must be paid to changes in sarcopenia prevalence rates over the
WyEars.

Objective: This systematic review aims to esdimate and update
data an the prevalence of sarcopenia in Brazilian elderdy.

Methods: Electronic and manual searches of databases, relevant
journals and reference lists with no language restriction were per-
formed, English descriptors mentioned in a previous study”) were

39
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Abstract

Background: The biofeedback technique has been of potential interest to the postural
control rehabilitation, since it allows a shift to a more conscious control of posture and
reduction of excessive postural sway, ensuring postural balance during standing. It is
an open issue whether the enhanced awareness about postural performance with
biofeedback influences the emotional state; a mechanism underlying the postural
changes. Objectives: This study aimed at investigating the effect of different
biofeedback techniques on the anxiety and balance confidence and their association
with posturographic parameters during standing balance. Methods: Twenty sixty
participants were recruited in this study and tested in three tasks while standing on the
force platform for 60s: (1) standing with eyes open (EO); (2) posturography
biofeedback (BFcp), consisting of keeping the center of pressure (CP) position as
close as possible to a target located in front of the individual; (3) biofeedback of laser
(BFlaser), consisting of pointing a laser as close as possible to the same target used
before from the right wrist. The following posturographic parameters were computed:
CP sway area standard deviation, mean velocity and mean frequency in the antero
posterior (AP) and medio-lateral (ML) directions. Scales for the assessment of balance
confidence and anxiety, consisting of visual scales ranging from 0 to 100, were applied
at the end of each postural task. Results: ANOVA revealed lower balance confidence
in the BFcp task (meanzstandard deviation; 72.88+22.41%) compared to EO
(86.15+22.05%, Cohen’'s d=0.61), while balance confidence in BFlaser
(81.341£19.82%) did not differ between tasks. For the anxiety, ANOVA did not reveal
significant differences between EO (20.76+33.21%), BFcp (27.88+25.42%) and
BFlaser (24.23129.78%). The CP sway area, ML standard deviation, and ML mean
velocity showed a negative and moderate correlation with the balance confidence
scale, with greater balance sway corresponding to lower balance confidence.
However, no significant correlations were found between the balance anxiety scale
and posturographic parameters. Conclusion: Balance confidence alterations were
identified with BFcp in relation to the other postural tasks. Current findings suggest that
psychological factors may be associated with changes in postural stability during the
biofeedback.
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Introduction

The technique of biofeedback has been applied since the 1960s to train and/or enable
individuals to gain awareness and control over different biomechanical or physiological
variables that are not under the direct control of the individual. Briefly, biomechanical
biofeedback involves the immediate feedback of variables representative of body
movement (joint angle, force, or acceleration) to the individual. On the other hand,
physiological variable-based biofeedback allows the individual to control the electrical
activity of muscles, brain, or heart. The biofeedback technique has been of potential
interest to the rehabilitation of postural control due to its significant effect on the
postural stability during standing balance and fall risk prevention (GIGGINS;
PERSSON; CAULFIELD, 2013; VAN PEPPEN et al., 2006).

It is well-documented protocols based on different visual feedback-based motor tasks
lead to alterations in the control of standing posture (Dault et al., 2003; Taube et al.,
2008). For example, while centre of pressure (COP) visual feedback decreases the
size of CoP sway (Dault et al., 2003), handheld laser pointer visual feedback increases
the size of CoP sway when young, healthy subjects stand at ease (dos Anjos et al.,
2016). While subjects have been generally observed to sway to lesser extents with
COP biofeedback, sway reduction is often accompanied by increased muscular effort
or ankle stiffness (Dault et al., 2003; Anker et al., 2008; dos Anjos et al., 2016). Hence,
the co-activation mechanism appears to underlie the observed disparities in postural

sway between biofeedback protocols (dos Anjos et al., 2016).

Conversely, the influence of emotional aspects on postural sway during standing when
using biofeedback remains unclear. Studies have demonstrated postural sway may
reduce as a function of alterations in emotional aspects, such as fear or anxiety, while
manipulating different threat sources (heigh-induced threat or threat of perturbation;
Hauck et al., 2008; Adkin and Carpenter 2018) and aversive images as emotional
stimuli (Azevedo et al., 2005; Facchinetti et al., 2006; Lelard et al., 2019). It is possible
that these emotion-related changes in postural control result from a shift to a more
conscious control of posture (Huffman et al., 2009; Adkin and Carpenter 2018); the key
feature of biofeedback protocols (Dault et al., 2003; Anker et al., 2008; dos Anjos et
al., 2016). Considering this emotional-balance interaction mediated by changes in
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attention, a crucial question is whether the enhanced awareness about postural
performance with biofeedback influences the emotional state; a mechanism underlying
the postural changes. Even if many factors must be considered in biofeedback-related
changes in postural control (e.g., visual dependency; Boudrahem and Rougier, 2009),
inter-individual variability in emotion seems a predominant factor (Adkin and Carpenter
2018), which likely explains the wide range of COP sway reduction while using
biofeedback across studies (Boudrahem and and Rougier 2009; Freitas and Duarte
2012). Thus, evaluating both postural and psychological metrics holds promise for
enhancing our understanding of how biofeedback protocols influence postural sway

during standing.

The aim of this article is to investigate the effect of different biofeedback protocols on
the anxiety and balance confidence and their association with posturographic
parameters during standing balance. Given that COP biofeedback provides awareness
and control over postural sway (Adkin and Carpenter 2018), a mechanism directly
linked to emotional aspects of postural balance (Visser et al., 2008), we anticipate a
correlation between the levels of anxiety and balance confidence and the magnitude

of postural sway while using COP visual feedback.

Methods

Participants

Twenty-six participants were selected through convenience sampling for this study (13
males; aged 23.54 * 3.61 years; weighing 69.41 + 13.77 kg; height 1.69 + 0.07 m).
Inclusion criteria included: a) being 18 years of age or older; b) both men and women.
Exclusion criteria comprised: a) presence of neurological or orthopedic dysfunctions
affecting the maintenance of orthostatic posture; b) use of medications affecting
postural control during the experimental period; c) visual system deficits; d) inability to
complete the experimental protocol. This project received approval from the Research
Ethics Committee (CEP number: 78314424.3.0000.5235). Study procedures were
explained to all volunteers, who signed an informed consent form before participating

in the experiment.
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Experimental procedures

The complete protocol for data collection is available elsewhere (dos Anjos et al.,
2016). Each volunteer was instructed to maintain an orthostatic posture with arms by
their sides on a force platform (AccuSwayPLUS, AMTI, Watertown, USA) under the
following conditions: (1) standing with eyes open (EO); (2) minimizing variations in the
position of a laser pointer through movement of the right wrist (BFlaser; Figure 1a);
minimizing displacements of the center of pressure (COP) as visualized (BFcp; Figure
1b). Each condition was performed during 60 s in a randomized order, with a 2-minute
break in between. A brief period of familiarization was given for the participant to

practice the visual feedback tasks.

Positional control: a) laser pointer b) centre of pressure

—_—25m ——|

Force plate

Figure 1: Schematic representation of the visual feedback tasks: a) visual scene of the
biofeedback of the laser pointer (in red); B) visual scene of the biofeedback of the

center of pressure (blue signal).

Measures
a) Scales for the assessment of perceived confidence and anxiety

Perceived balance confidence and anxiety were assessed immediately after
completion of each postural task. Confidence in the ability to balance while standing
was rated on an interval scale with 10-point increments between 0 (no confidence) and

100 (complete confidence; Carpenter et al., 2006; Hauck et al., 2008). Following
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perceived balance confidence, the perceived state of anxiety was estimated on a scale
with equal intervals of 10-point increments between 0 (no anxiety) and 100 (totally

anxiety).

b) Posturographic recordings and analysis

The Balance Clinic software was used to acquire COP position signals, with a sampling
frequency of 50 Hz. Variations in the COP displacement position in the anterior-
posterior (AP) and medio-lateral (ML) directions were estimated from the ground
reaction forces and moments estimated through the force platform. To investigate
whether potential differences in emotional state are associated with alterations in
postural sway during visual feedback tasks while standing, COP parameters were
extracted: sway area, standard deviation, mean frequency, and mean velocity (Duarte
et al., 2010).

Statistical analysis

Based on the effect size (Eta squared = 0.2) estimated from our data, balance
confidence collected from 26 subjects during three postural balance tasks ensured
high (0.99%) statistical power (post-hoc power analysis; G*Power V. 3.1.9.7). The data
distribution was Gaussian and parametric statistics were applied (Shapiro-Wilk’s V-
test; p < 0.05). The One-way repeated measures analysis of variance (ANOVA) was
used to compare scale scores (anxiety and balance confidence) between the postural
tasks: eyes open, COP feedback, and laser feedback. In the event of significant
differences revealed by ANOVA, pairwise comparisons between tasks were conducted
using the Tukey post-hoc test. Data were reported using parametric, descriptive
statistics (mean and standard deviation; SD). Additionally, Pearson's correlation
coefficient was used to analyse the correlation between the scales and COP
parameters. The absolute value of the correlation coefficient was interpreted as
follows: 0.0 to 0.25 (small or non-existent relationship); 0.25 to 0.50 (reasonable
relationship); 0.50 to 0.75 (moderate to good relationship); and above 0.75 (very good
to excellent relationship; Dawnson and Trapp 2003). The significance level was set at

5% for all analyses.
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Results

a) Perceived confidence and anxiety during postural tasks

Changes in emotional aspects (balance confidence) were identified during the use of
the BFcp task compared to the other tasks studied. ANOVA (F[2,50] = 6.19, p < 0.01,
Eta squared = 0.20) revealed lower balance confidence in the BFcp task
(meanzstandard deviation; 72.88+22.41%) compared to EO (86.15+22.05%, Cohen’s
d = 0.61), while balance confidence in BFlaser (81.34+19.82%) did not differ between
tasks (Figure 2A). For anxiety, ANOVA (F2,50] = 0.96, p = 0.38, Eta squared = 0.03)
did not reveal significant differences between EO (20.76+33.21%), BFcp
(27.881£25.42%) and BFlaser (24.23+29.78%; Figure 2B).

120 100

* —

80

80 60

” —‘7
) ’ ’—W l |
20 0
Eyes open COP Laser Eyes open COP Laser
Biofeedback Biofeedback

60

Perceived balance confidence (%)
Perceived anxiety (%)

Figure 2. Mean (+ standard deviation) of the scales for perception of confidence (A)

and anxiety (B) during postural tasks. * indicates significant difference between tasks.

b) Correlation between emotional state and postural performance while using visual

biofeedback protocols

Initially, given that significant differences were not shown for confidence and anxiety
between BFlaser and the other postural tasks (Figure 2), correlation analysis was
applied only for the BFcp task. Correlations between subjective measures and
posturographic parameters were revealed only for balance confidence, depending on
the emotional aspect (Table 1). The COP parameters sway area, ML standard
deviation, and ML mean velocity showed a negative and moderate correlation with the

balance confidence, indicating that the higher the value of the balance variable, the
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lower the balance safety (Figure 3). For the balance anxiety scale, significant

correlations were not obtained with posturographic parameters (Table 1, right).

Table 1 — Pearson's correlation coefficients between emotional state (balance
confidence and anxiety) and BFcp (N=26)

Confidence Anxiety

Independent variables r o] r p

Sway area (mm?) -0.386 0.051 -0.074 0.718
DPap (mm) -0.325 0.105 -0.200 0.327
DPmI (mm) -0.438 0.025 0.080 0.698
FREQap (Hz) -0.120 0.559 0.112 0.586
FREQmI (Hz) -0.193 0.346 -0.170 0.406
VELap (mm/s) -0.298 0.139 -0.128 0.534
VELmI (mm/s) -0.454 0.020 -0.069 0.738

Abbreviations: DP — standard deviation; FREQ — mean frequency; VEL — mean
velocity; ap — anterior-posterior; ml —medio-lateral. Bold values denote p <= 0.05.
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Figure 3. Scatter plot between the balance confidence scale and COP parameters:
sway area (A), ML standard deviation (B), and ML mean velocity (C). Regression lines

(dotted) were plotted for clarity.

Discussion

In this study we investigated whether biofeedback protocols affect balance confidence
and anxiety of individuals while standing and whether such a change in emotional
states is associated with the COP parameters of postural performance. In relation to
standing naturally with eyes open, our main findings showed the BFcp significantly
reduced the level of balance confidence, while the BFlaser did not affect either balance
confidence or anxiety (Figure 2). In addition, balance confidence was inversely
correlated with postural balance, mainly through COP sway area, ML standard
deviation and ML mean velocity. To the best of our knowledge, this is the first study
providing insights into emotion and postural performance of individuals while using

biofeedback protocols that are indicated for routine rehabilitation of postural control.

Differences in emotional aspects emerged when individuals stood with biofeedback.
First, balance confidence was the emotional aspect that differed between postural
tasks (Figure 2a), while similar levels of anxiety were revealed for all tasks (Figure 2b).
Second, feedback-related reduction in the balance confidence reached significance
depending on the type of visual biofeedback. The BFcp task presented lower balance
confidence (~13%) than the reference condition (EO), while confidence did not differ
between BFlaser and other postural tasks (Figure 2a). COP feedback-related
differences in attention focus may be a mechanism underlying this decrease in balance
confidence. While individuals direct more attention to movement processes with
biofeedback of COP sways (i.e., internal feedback), the pointing task (i.e., BFlaser)
provides additional visual feedback from an external source based on handheld laser
pointer (Taube et al., 2008; Dos Anjos et al., 2016). Following studies on threat-related
changes in postural control, there is a direct link between anxious conditions (e.g.,
heigh-induced threat) and the conscious control of posture; individuals direct more
attention to their posture following threat-related stimuli (Huffman et al., 2009; Adkin

and Carpenter 2018). Then, it is likely that attention focus to movement processes
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inherent to the COP visual feedback (Dault et al. 2003; Van Peppen et al. 2006; Wulf
2013) is among the factors contributing to change balance confidence (Huffman et al.,
2009; Adkin and Carpenter 2018). Overall, these results highlight the potential effect
of COP visual feedback on emotional responses, potential mechanism through which

differences in postural performance may emerge while using COP visual feedback.

Correlation analysis revealed that the increased perception of balance confidence and
COP sways while using COP visual feedback were indeed associated. Our results
demonstrated that balance confidence was negatively associated with the values of
balance-related variables (COP sway area, ML standard deviation, and ML mean
velocity; Figure 3). The individuals who are more balance confident while using COP
visual feedback are therefore expected to report lower COP sways and COP mean
velocity, mainly in the ML direction (Figure 3); a result commonly interpreted as
increased postural stability (Prieto et al., 1996). Low perceived balance confidence
following poor postural performance (i.e., large COP sways) was observed while using
COP visual feedback. Based on these findings, the emotional aspect of posture may
be associated with postural performance while using COP visual feedback. On the
postural side, this inter-individual variability in emotion could explain the mixed set of
results concerning postural performance, bringing about increased (Boudrahem and
Rougier 2009) or decreased postural sway while using the COP visual feedback
(Freitas and Duarte 2012). Regardless of whether other factors could contribute to
postural performance with biofeedback or whether emotional state may change over
time (first trial effects; Adkin and Carpenter 2018), current results provide important
evidence for a link between postural performance and emotion with COP visual
feedback.

In summary, biofeedback can modify not only postural performance but also
psychological measures of perceived balance confidence during standing balance.
Specifically, feedback-related reduction in the balance confidence was observed with
COP visual feedback than standing naturally without feedback. The correlation
analysis revealed significant association between perceived balance confidence and
COP parameters while using COP visual feedback, suggesting balance confidence

may be used to predict changes in postural performance in this dual-task. However,
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while these associations are noted, further research is needed to explore the

mechanisms involved in this relationship.
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