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RESUMO

Introduc¢do: O inicio da marcha ¢ uma tarefa funcional que requer ajustes posturais
antecipatorios. A capacidade de se gerar ajustes posturais adequados pode ser comprometida
em individuos com idade avangada e com disfungdes osteomusculares, como a osteoartrite de
joelho (OAJ), aumentando o risco de queda dos mesmos. A OAJ € uma doenga articular
degenerativa, caracterizada pela presenca de dor, rigidez, déficit de forca e equilibrio postural.
Seus sintomas sdo mais evidentes de acordo com a sua progressdo, e podem afetar o
desempenho funcional e a forma como estes individuos caminham. Portanto, individuos com
OAJ podem apresentar padrdes de ajustes posturais alterados, e tais padrdes podem ser
agravados de acordo com o nivel de severidade da doenga. Apesar de os exercicios regulares
serem fortemente recomendados no manejo da OAJ, ndo ha registros sobre o efeito dos
mesmos sobre 0s ajustes posturais nessa populacdo, durante o inicio da marcha. Objetivos:
comparar os ajustes posturais antecipatérios adotados por individuos com diferentes graus de
severidade de OAJ no inicio da marcha, e comparar os efeitos de um programa de exercicios
resistidos e aerdbicos e interven¢do minima sobre os ajustes posturais, intensidade de dor,
forca e fungdo fisica. Métodos: Sessenta e sete individuos com OAJ (em niveis leve,
moderado e grave) e 11 controles saudéveis foram submetidos a avaliagdo da intensidade de
dor, desempenho fisico autorrelatado, for¢ga muscular e ajustes posturais antecipatdrios no
inicio da marcha, através da escala numérica de dor, Westerm Ontario and McMaster
Universities, teste de for¢ca muscular isométrica e posturografia, respectivamente. Dentre os
individuos com OAJ, 64 foram submetidos ao programa de exercicios resistidos, aerobicos, e
intervengdo minima, ¢ foram avaliados apos a intervengdo. O programa de exercicios foi
realizado trés vezes por semana, durante oito semanas. Os exercicios resistidos foram
constituidos de fortalecimento com cargas progressivas dos musculos abdutores de quadril,
quadriceps femoral e tibial anterior (quatro séries de seis repeti¢des). Os exercicios aerdbicos
foram constituidos de 40 minutos de bicicleta ergométrica, com intensidade de
aproximadamente 70% da frequéncia cardiaca maxima. A interven¢do minima, por outro
lado, consistiu em um programa de educagdo e execugdo domiciliar de parte do protocolo de
exercicios. Resultados: Nossos achados demonstraram que durante o inicio da marcha,
individuos com niveis moderados e grave de OAJ, quando comparado ao grupo controle
saudavel, adotam ajustes posturais antecipatérios mais lentos e duradouros, com menor
deslocamento do centro de pressdo e menor fase de locomogdo. Apos serem submetidos a oito

semanas de exercicios resistidos e aerobicos, os individuos com OAJ revelaram menor



deslocamento postero-lateral e maior duracdo do deslocamento médio-lateral do centro de
pressdo no inicio da marcha. Adicionalmente, demonstraram menor intensidade de dor, maior
forca muscular e melhor desempenho funcional. Paralelamente, os individuos com OAJ
submetidos a interven¢do minima demonstraram menor duragdo do deslocamento pdstero-
lateral do centro de pressdo e da fase locomotora, e melhor desempenho funcional.
Conclusédes: Individuos com OAJ, visando proteger a articulagdo, alteram os padrdes de
ajustes posturais antecipatérios durante o inicio da marcha, e tais ajustes sdo
significativamente agravados pelo nivel de gravidade da OAJ. Intervengles pautadas em
exercicios resistidos, aerdbicos e educac¢do produzem poucas mudangas sobre o padrio de
ajustes posturais antecipatdrios no inicio da marcha, e melhoram significativamente a

apresentacdo clinica dessa populagio.

Palavras-chave: osteoartrite de joelho; ajustes posturais antecipatorios; inicio da marcha;

severidade; exercicios resistidos; exercicios aerobicos.



ABSTRACT

Background: Gait initiation is a functional task that requires anticipatory postural
adjustments. The ability to generate adequate postural adjustments can be compromised in
individuals with advanced age and musculoskeletal disorders, such as knee osteoarthritis
(KOA), increasing their risk of falling. KOA 1is a degenerative joint disease characterized by
the presence of pain, stifftness, and deficit in strength and postural balance. The symptoms are
more evident as KOA progresses and can affect functional performance and the way these
individuals walk. Therefore, individuals with KOA may present with altered postural
adjustments, and these changes can be aggravated according to the level of severity of the
disease. Although regular exercises are high recommended in the management of KOA, there
are no records of their effect on postural adjustments in this population during gait initiation.
Objective: to compare the anticipatory postural adjustments adopted by individuals with
different levels of KOA severity in the gait initiaton, and to compare the effects of resistance
and aerobic exercise program and minimal intervention on postural adjustments, pain
intensity, strength and physical function. Methods: Sixty-seven individuals with KOA (mild,
moderate and severe levels) and eleven healthy controls were submitted to pain intensity
assessment, self-reported physical performance, muscle strength and anticipatory postural
adjustments adopted in the gait initiation, through the Numerical Pain Scale, Westerm Ontario
and McMaster Universities, isometric muscle strength test and posturography, respectively.
Among the individuals with KOA, 64 underwent a program of resistance exercises, aerobics,
and minimal interventions, and were assessment after the intervention. The exercise program
was performed three times a week for eight weeks. The resistance exercises consisted of
strengthening with progressive of the hip abductor muscles, quadriceps femoris and tibialis
anterior (four sets of six repetitions). Resistance exercises consisted of 40 minutes in the
stationary bicycle, with an intensity of approximately 70% of maximum heart rate. Other
hand, the minimal intervention consisted in the education program and home execution of part
of the exercise protocol. Results: Our findings showed that during gait initiation, individuals
with moderate and severe levels of KOA, when compared to the healthy control group, adopt
slower and longer-lasting anticipatory postural adjustments, less displacement of the center of
pressure and a shorter phase of locomotion. After submitted eight weeks of resistance and
aerobic exercises, individuals with KOA showed less posterolateral displacement and longer

duration of mediolateral displacement of the center of pressure at the gait initiation.



Additionally, they demonstrated less pain intensity, greater muscle strength and better
functional performance. At the same time, individuals with KOA submitted to minimal
intervention demonstrated less duration of posterolateral displacement of the center of
pressure and locomotor phase, and better functional performance. Conclusions: Individuals
with KOA, in order to protect the joint, change the patterns of anticipatory postural
adjustments during gait initiation, and such adjustments are significantly worsened by the
level of severity of KOA. Interventions based on resistance and aerobic exercises and
education produce few change in the pattern of anticipatory postural adjustments at the gait

initiation, and significantly improve the clinical presentation of this population.

Keywords: Knee osteoarthritis; Anticipatory Postural Adjustments; Gait initiation; Severity;

Resistance exercises; Aerobic exercises.
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1 INTRODUCAO

O desempenho de tarefas funcionais, sejam elas dindmicas ou estaticas, depende do
controle postural adequado (BOUISSET; DO, 2008) perante as perturbacdes geradas pelo
movimento, que podem alterar o equilibrio postural (SANTOS; KANEKAR; ARUIN, 2010).
Para garantir um movimento seguro e eficiente, o sistema nervoso central (SNC) utiliza
ajustes posturais antecipatorios (APAs) no eixo antero-posterior e médio-lateral, que
viabilizam o deslocamento do centro de pressdo (CoP) e reposicionam o centro de massa
(CoM) (MASSION, 1992), atenuando as altera¢des de equilibrio.

O inicio da marcha (IM), caracterizado pela transi¢ao da posi¢ao estatica para a dinamica
(ELBLE et al., 1994; YIOU, et al., 2017), impde desafios aos sistemas responsaveis pelo
controle postural e tem sido utilizado como instrumento para avaliar o equilibrio postural em
idosos (CHANG; KREBS, 1999). Trata-se de uma tarefa que envolve reducao da base de
suporte, deslocamento do CoM e momento de instabilidade (TISSERAND ef al., 2016).
Portanto, requer APAs marcados pelo deslocamento posterior e lateral do CoP em dire¢éo ao
membro em oscilagdo, e a propulsdo do CoM em dire¢do ao membro em apoio (CRENNA;
FRIGO, 1991; POLCYN; LIPSITZ; KERRIGAN, 1998), para evitar possiveis disturbios
posturais.

Individuos com idade avangada, excesso de peso e disfungdes neurologicas ou
osteomusculares, como osteoartrite, podem apresentar alteragdes nos sistemas envolvidos no
controle do equilibrio, causando dificuldades na produg¢do de APAs adequados durante o IM
(WINTER, 1995; REMELIUS et al., 2008; TATEUCHI ef al., 2011; UEMURA, ef al., 2011;
CAUef al., 2014; TATEUCHI ef al., 2017, REMELIUS, 2008; STEWART e al., 2018). A
inabilidade de gerar APAs adequados, por sua vez, pode comprometer o controle postural e
aumentar o risco de quedas (SUN e al., 2017). Estudos demonstram que atividades que
envolvem transferéncia de peso e deslocamento do CoM, como o IM, estdo frequentemente
associados a episodios de quedas em idosos (TINETTI ez al., 1995; ROBINOVITCH et al.,
2013).

A osteoartrite de joelho (OAJ) € uma doenga articular degenerativa de alta incidéncia na
populagdo idosa ( LAWRENCE ef al., 2008; BUSIJA ef al., 2010). A OAJ ¢ caracterizada por
dor, rigidez, crepitagdes articulares, derrame ocasional e diferentes graus de inflamagao local.
Além disso, gera instabilidade articular, redu¢do da amplitude de movimento (ADM) e da

for¢ca muscular, e déficit da acuidade sensorio-motora (FELSON ez al., 2000), que somados ao
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aumento de peso desta populagdo, contribui para o comprometimento do equilibrio postural (
MASUI et al., 2006, KIM ef al., 2011) e da fungdo fisica (WHITE; MASTER, 2016). Esses
sinais e sintomas variam entre os individuos, mas em geral, se tornam mais acentuados e
incapacitantes de acordo com o avan¢o da doenga (HSU; SIWIEC, 2022). Estudos
demonstraram que individuos com OAJ, visando reduzir a carga articular, alteram os
pardmetros cinéticos e cinematicos durante a marcha (HURWITZ et al., 2002; MANETTA ef
, 2002; MUNDERMANN et al, 2005). Tais parametros (KISS, 2011), além do
desempenho funcional (GUCCIONE ef al., 2011) e o controle do equilibrio (KIM et al., 2011)

al.

sdo mais afetados naqueles individuos com estagios mais avangados da OAJ. O mesmo
poderia acontecer com os APAs, no entanto, ndo ha estudos que investigaram os padrdes de
ajustes posturais em individuos com diferentes niveis de severidade de OAJ durante o IM.
Apesar da OAJ nido ter cura, o tratamento conservador ¢ amplamente indicado no
manejo da dor e preservacdo da fung¢io fisica (MCALINDON et al., 2014, GEENEN ef al.,
2018; RICE et al., 2019). Dentre as medidas de tratamento conservador disponiveis, as
evidéncias recomendam fortemente os exercicios regulares para o tratamento da OAJ,
independentemente da severidade da doenca (JUHL ef al., 2014; MCALINDON ef al., 2014;
BROSSEAU et al., 2017ab) e seus beneficios podem se manter por até seis meses apds o
tratamento (FRANSEN et al., 2015). Tais beneficios variam de acordo com a modalidade
utilizada (GOH er al, 2019). No entanto, até o momento ndo existem registros que
demonstrem os efeitos de diferentes exercicios sobre os APAs adotados por individuos com

OAJ no inicio da marcha.

2 FUNDAMENTACAO TEORICA

2.1 Osteoartrite de joelho

A osteoartrite € uma doenga cronica degenerativa que afeta progressivamente toda a
articulagdo, comprometendo a cartilagem articular, osso subcondral, ligamentos, capsula,
membrana sinovial e musculos preriarticulares (BRANDT ef al., 2006, MADRY,;, LUYTEN;
FACCHINI, 2012). Predominante em individuos idosos (LAWRENCE et al., 2008; BUSIJA
et al., 2010), ela pode ser classificada em primaria, sem causa subjacente aparente; e

secundaria, que ocorre em consequéncia de uma sobrecarga articular pos-traumaticas ou
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devido a alteragdes da cartilagem oriunda de patologias articulares, como a artrite reumatoide
(HSU; SIWIEC, 2022).

As articula¢des que possuem maior incidéncia de osteartrite sdo o joelho, quadril e mao
(PRIETO-ALHAMBRA et al., 2014; KOLASINSKI ef al., 2020). Dentre estas, o joelho é a
articulagdo mais afetada, por ser uma regido submetida a execessivas cargas mecanicas
(MIYAZAKI ef al., 2002; SHAKOOR et al., 2008). A OAJ pode ser evidenciada na
articulagdo femorotibial, nos compartimentos medial e lateral, e na articulagdo femoropatelar
(LESPASIO et al., 2017).

Embora a fisiopatologia da OAJ ainda esteja sob investigacdo, acredita-se que sua
origem seja multifatorial. Os fatores de risco relacionados aos seu desenvolvimento incluem
idade avangada, sexo, obesidade, hereditariedade, lesdo prévia e integridade articular fungdo
muscular, disfung¢do sensério-motora e desalinhamento articular (BOSOMWORTH, 2009;
LESPASIO et al., 2017). Tais fatores de risco sdo classificados em modificaveis e ndo
modificaveis. A obesidade e a fungdo muscular sdo os principais fatores de risco modificaveis
(ROOS; ARDEN, 2016) e estdo associados a alteragdes do equilibrio postural (HASSAN et
al., 2001; DUTIL et al., 2013), portanto, tem sido considerado alvo no tratamento da OAJ
(LESPASIO et al., 2017).

A OAJ corresponde a aproximadamente 85% dos casos de osteoartrite no mundo (VOS,
ALLEN, ef al., 2016) e acomete especialmente a populagao feminina (HUNTER; BIERMA-
ZEINSTRA, 2019). Estima-se que 13% das mulheres e 10% dos homens com idade superior a
60 anos apresenta OAJ sintoméatica. Em contrapartida, nos individuos com idade superior a 70
anos, essa porcentagem pode chegar em ate 40% (HSU; SIWIEC, 2022). Tendo em vista o
crescimento da longeividade e a prevaléncia da obesidade na populagdo, a incidéncia da OAJ
esta predita em aumentar substancialmente em todo o mundo, gerando encargos significativos
nos servigos de saude (SHAKOOR et al., 2008; HUNTER; BIERMA-ZEINSTRA, 2019).

O diagnostico da OAJ € baseado principalmente em achados clinicos e, pode ser
complementado por evidéncias radiologicas. Isso porque, a OAJ sintomatica ndo esta
necessariamente associada as alteragdes de imagem e a gravidade da doenca (HANNAN,;
FELSON, 2000; LESPASIO et al., 2017). O diagnostico clinico inclui a presenga de dor no
joelho, rigidez matinal inferior a 30 minutos, crepitagdes articulares, alteragcdes da
temperatura local, derrame articular, ADM reduzida, e limitagdo funcional (GOLDBERG,
2020). As imagens radioldgicas, por outro lado, podem revelar estreitamento do espago

articular, formagdo de ostedfitos, esclerose do osso subcondral, deformidade 6ssea (Figura 1)
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e, em casos avancados, formagdo de cistos subcondrais (LESPASIO et al., 2017). A
classificagdo radiografica mais utilizada ¢ a descrita por Kellgren e Lawrence (1957), que
classifica a OAJ em: Grau 0, que faz referéncia a articulagdo sem OAJ; Grau 1, faz referéncia
a OAJ duvidosa, caracterizado pela possivel presenca de ostedfitos; Grau 2, faz referéncia a
OAJ leve, com osteofitos bem definidos e possivel redugdo do espago articular; Grau 3, faz
referéncia a OAJ moderada, evidenciado pela presenga de multiplos ostedfitos, reducdo do
espaco articular e esclerose subcondral; e Grau 4, faz referéncia a OAJ grave, marcado pela
presenca de osteofitos robustos, importante redu¢do do espago articular, esclerose subcondral

grave e deformidade 6ssea (KELLGREN; LAWRENCE, 1957).

Figura 1 - Radiografia Antero-posterior (AP) do joelho esquerdo com osteoartrite. Classificaciio
radiogrifica: A = OAJ leve; B = OAJ moderada; C = OAJ moderada a grave; D = QAJ grave. As setas
indicam estreitamento do espaco articular, osteofitos e deformidade ossea. O asterisco indica esclerose

subcondral.

Fonte: LESPASIO et al., (2017).

Embora a OAJ seja classificada radiograticamente, seus sintomas sdo afetados por
diversos outros fatores além das altera¢des estruturais, como avang¢o da idade, obesidade e

nivel de atividade fisica (SZILAGYTI ef al., 2022), revelando, portanto, que as caracteristicas
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radiograficas ndo refletem com precisdo os sintomas clinicos da OAJ (BRUYERE et al.,
2002; FINAN et al., 2013; PARSONS et al., 2015). A intensidade dos sinais e sintomas
variam entre os individuos, mas em geral, se tornam mais frequentes e incapacitantes com o

avango da doenga (HSU; SIWIEC, 2022).

2.2 Dor na Osteoartrite de Joelho

A dor é um importante sintoma da OAJ. De acordo com a Associagdo Internacional para
Estudos da Dor (IASP), a dor ¢ definida como “uma experi€ncia sensitiva € emocional
desagradavel associada a uma lesdo tecidual real ou potencial, ou descrita nos termos de tal
lesdo” (RAJA et al., 2020). Apesar da causa da dor na OAJ ainda néo ser clara, ela tem sido
atribuida as alteragdes estruturais da articulagdo e a interagdo com mecanismos periféricos e
centrais (PERROT, 2015). Os processos envolvidos em sua percepgdo sdo complexos, porém
¢ conhecido que fatores bioldgicos, psicologicos e sociais desempenham um papel
significativo em sua apresentacdo clinica (DIEPPE; LOHMANDER, 2005).

A dor também tem sido associada a uma resposta inflamatoria cronica (NEOGI et al.,
2016), que pode ser relatada em pontos proximos (GWILYM et al., 2009) ou distantes ao
joelho (JOERGENSEN ef al., 2013). A cartilagem articular ¢ uma estrutura aneural e
avascular. Logo, ¢ improvavel ser a fonte de dor e inflamag¢do de individuos com OAJ
(FELSON, 2005). Por outro lado, o osso subcondral e o periosteo, os ligamentos
periarticulares, a sinovia € a capsula articular sdo ricamente inervados, € como tal, sdo
passiveis de serem a fonte de nocicepg¢do da OAJ (HUNTER, ef al, 2008). Estimulos
mecanicos, quimicos ou fisicos parecem gerar uma série de danos nestas estruturas
articulares, que contribuem para a instalagdo de um processo inflamatério local, que por sua
vez, liberam mediadores quimicos responsaveis por ativar os nociceptores (HUNTER et al.,
2008). Quando os estimulos nociceptivos, transmitidos da periferia para a medula espinhal e
cortex cerebral, se tornam acentuados e constantes ha um aumento da excitabilidade dos
neurdnios no corno dorsal, gerando uma neuroplasticidade dos segmentos da medula espinal e
no cortex (ZIMMERMANN, 1989; SCHADRACK et al., 1999), que agora passam a ser
ativados por estimulos tidos como normais ou ndo nocivos (HOHEISEL ef al., 1993). Esse
fenomeno também ¢é conhecido como sensibilizagdo central, e parece ser o mecanismo
responsavel por tornar a dor cronica e persistente (NEOGI, 2013). Estudos sugerem que a

sensibilizag@o central € a razdo para nao haver uma relagao significativa entre a intensidade de
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dor e as alteragdes estruturais observadas no exame de imagem de individuos com OAJ
(HANNAN; FELSON, 2000; FINAN et al., 2013).

A dor na OAJ pode variar seu curso e suas caracteristicas clinicas entre os individuos.
Ela pode se apresentar como dor constante ou intermitente, com ou sem sensibilizagdo central,
em resposta a atividades de vida diaria (AVD’s) ou ao repouso (PERROT, 2015). Em geral,
ela afeta diretamente a forga muscular, o padrdo de marcha e a oscilagdo postural dessa
populagdo (HASSAN ef al., 2001; HENRIKSEN e7 al., 2010; HENRIKSEN ef al., 2011).
Além disso, a intensidade da dor estd associada a limitagdes funcionais, ao sofrimento
psicolégico e a reducdo da qualidade de vida (CREAMER er al., 2000; DIEPPE, 2005;
WILLIAMS et al., 2004).

A dor na OAJ a dor pode ser avaliada através de instrumentos subjetivos ou objetivos.
Os instrumentos subjetivos usualmente utilizados sdo escalas ou questionarios, que
quantificam a intensidade da dor ou avaliam a sua percep¢do durante a execucgdo de tarefas
especificas (NEOGI, 2013; WHITE; MASTER, 2016). Até o presente momento, ndo existe
um instrumento padrdo ouro, porém, os mais utilizados na populagdo com disfungdes
reumaticas s3o: escalas que avaliam a dor unidimensional, como Visual Analog Scale (VAS) e
Numeric Rating Scale (NRS), a dor multidimensional, como McGill Pain Questionnaire,
Chronic Pain Grade Scale, e Short Form 36 Bodily Pain Scale, e a dor associada ao
desempenho fisico, como o Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) e Knee Injury and Osteoarthritis Outcome Score (KOOS) (HAWKER ef al.,
2011; WHITE; MASTER, 2016).

Para avaliar a dor no presente estudo, utilizamos a NRS. Esta escala ¢ amplamente
utilizada como uma medida unidimensional da intensidade de dor em individuos com dor
cronica e doengas reumaticas (HAWKER ef al., 2011). Trata-se de uma versdo numérica
segmentada, disposta em uma linha horizontal, na qual a intensidade de dor ¢ classificada
entre “0 a 107, onde zero faz referéncia a “nenhuma de dor” e dez faz referéncia a “pior dor
possivel” (RODRIGUEZ, 2001). Os voluntarios foram questionados sobre “Em uma escala de
0 a 10, qual a sua intensidade de dor nas ultimas 24 horas”. Para os voluntarios que faziam
uso de analgésicos, solicitamos que os mesmos ndo utilizassem tais medicamentos no periodo

de 24 horas anteriores a avaliacdo (HIRATA ez al., 2013).
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2.3 Desempenho Funcional na Osteoartrite de Joelho

A OAJ esta entre as principais condi¢des musculoesqueléticas responsaveis por gerar
limitagdes funcionais em idosos (CROSS ef al, 2014, HUNTER; BIERMA-ZEINSTRA,
2019). A limitag@o funcional ¢ caracterizada pela dificuldade na execugdo das AVD’s, como
levantar-se da cama ou de uma cadeira, caminhar, subir e descer escadas (JETTE, 2006).

Estudos demonstram que as limitagdes funcionais sdo mais evidentes em individuos
com OAJ em estagios mais avangados (GUCCIONE et al., 2011). Kiss (2011) ao investigar
se a variabilidade dos parametros da marcha ¢ afetada pela severidade dessa disfungio,
observou que os pardmetros espago-temporais aumentaram € os parametros angulares
reduziram de acordo com o aumento da severidade da OAJ. Paralelamente, Kim ef a/., (2011)
avaliaram o controle do equilibrio, por meio de testes clinicos e da posturografia, de acordo
com a severidade da OAJ, e constataram que aqueles individuos com OAJ moderada a grave
apresentam maiores déficits do controle do equilibrio, quando comparado aqueles com doenga
leve. Além disso, idosos com OAJ moderada a grave possuem maior probabilidade de sofrer
quedas, quando ajustado ao sexo (HARRIS ef al., 2022). Essa relacdo entre o nivel de
severidade e a capacidade funcional em individuos com OAJ pode ser respaldada pela
presenga de dor e fraqueza muscular e inatividade fisica, exibida especialmente em individuos
com niveis avangados de OAJ (JORDAN et al., 1997, TAVARES et al., 2020; HOTEIT et
al., 2021).

A intensidade de dor, a for¢ga muscular e a obesidade sdo importantes preditores
modificaveis da incapacidade funcional na OAJ (CREAMER et al., 2000). O mecanismo pelo
qual a dor contribui para a limitagdo funcional ndo ¢ claro. Porém, pessoas com dor da OAJ
demonstram ser inativos fisicamente, devido ao medo de reproduzirem a dor, orientagdes
prévias equivocadas e crengas de que o exercicio pode gerar prejuizos na estrutura articular. A
inatividade fisica, por sua vez, leva ao desuso muscular e acumulo de peso que resultam em
menor for¢ga muscular e, consequente, sobrecarga e desconforto articular, gerando um ciclo
negativo de dor e inatividade (STEULTIJENS ef al., 2002; HOOTMAN et al., 2003). Além
disso, individuos obesos com OAJ possuem dificuldades em se movimentar, devido a
desvantagem mecanica gerado pelo aumento de massa corpérea ¢ a redugdo de massa
muscular. (BOHANNON ef al., 2005). De acordo com WHITE ez al., (2016), a obesidade
aumenta em até¢ cinco vezes a chance de individuos com OAJ apresentarem declinio

progressivo do desempenho funcional.
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O baixo desempenho funcional, revelado por medidas de desempenho fisico
autorrelatado, tem sido fortemente associadas a capacidade de mobilidade (ONDER et al.,
2005) e, ¢ considerado um dos maiores problemas de saude pubica em idosos (COURTNEY-
LONG ef al., 2015). Avaliar com precisdo a limitagdo funcional em individuos com OAJ ¢
util para revelar o impacto da doenga, a eficacia de novas intervengdes e a evolugdo do quadro
clinico ao longo do tempo (WHITE; MASTER, 2016). Para tal, ¢ necessario o uso de
ferramentas apropriadas. Porém, avaliar a fungdo fisica € um processo complexo devido os
seus constructos multidimensionais (WRIGHT ez al., 2011).

Atualmente, ndo ha um instrumento padrdo-ouro estabelecido para avaliar a capacidade
funcional de pessoas com OAJ. Tanto as medidas de autorrelato, quanto as de desempenho
sdo amplamente utilizadas para este fim (DOBSON ef al., 2013). Entre as medidas de
autorrelato aplicaveis a OAJ se destacam os questionarios WOMAC, KOOS e o Patient
Reported Outcomes Measurement Information System (PROMIS) (WHITE; MASTER, 2016).
Por outro lado, as principais medidas de desempenho sio: 30-sec chair-stand test, 40m fast-
paced walk test, stair-climb ftests, timed Get up and Go fest e 6-min walk test (DOBSON et
al., 2013).

Para avaliar a capacidade funcional no presente estudo utilizamos como medida de
autorrelato o questionario WOMAC, que € um instrumento validado e amplamente utilizado
em individuos com OAJ (FERNANDES, 2002; WHITE; MASTER, 2016). O WOMAC ¢
composto por 24 itens divididos nos subdominios: dor (cinco itens), rigidez (dois itens) e
fung¢@o fisica (17 itens). Para pontud-lo utilizamos a versdo /likert que classifica cada item em
cinco niveis que seguem uma escala ordinal de O a 4, onde O faz referéncia a “nenhuma
dificuldade” e 4 a “extremamente dificil”. Assim, cada subdominio ao ser somado poderia
apresentar pontuagdo maxima de 20, 8 e 68, respectivamente. O subdominio fungéo fisica do
WOMAC ¢ composto pela pergunta “Qual o grau de dificuldade que vocé tem devido a dor,
desconforto ou osteoartrite”. Sdo avaliadas tarefas como subir e descer escadas, sentar, ficar
de pé, agachar, andar, entrar no carro, fazer compras, calgar e tirar meias, sair da cama, deitar
na cama, tomar banho, tarefas domésticas pesadas e leves. A pontuagdo total do WOMAC
varia entre 0 a 96 pontos, sendo que quanto maior a pontuagdo, pior ¢ a capacidade funcional
autorrelatada do individuo com OAJ (BELLAMY; BUCHANAN, 1998). Este questionario
possui boa confiabilidade e alta consisténcia interna (WHITE; MASTER, 2016).
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2.4 Funcio Muscular na Osteoartrite de Joelho

Os mauasculos do membro inferior desempenham um papel importante no
desenvolvimento e manejo da OAJ, pois eles contribuem para produ¢do de movimentos,
absorcdo de carga e estabilizagdo articular dinamica. O déficit de forga muscular,
especialmente do quadriceps femoral (QF), foi identificado como um fator de predisposi¢édo
para o inicio e progressdo da OAJ (KRISHNASAMY et al., 2018). Por outro lado, a OAJ ¢
uma condi¢g@o crénica que repercute negativamente sobre a fun¢do muscular (GHAZWAN,
WILSON, ef al., 2022), que tem sido associada a presenga de dor, a limitagdo fisica ¢ a
alteragdes na marcha (SUSKO; FITZGERALD, 2013).

Estudos demonstram que individuos com OAJ possuem alteragdes do padrio de
ativagdo muscular, maior co-contragdo e déficit de for¢ca muscular de todo o membro inferior
(HUBLEY-KOZEY e/ al, 2006; MILLS er al, 2013; PARK ef al, 2016). O
comprometimento da fun¢do muscular nessa populacdo tem sido evidenciado principalmente
no QF, abdutores (ABD) de quadril e inversores de tornozelo (HINMAN ef al., 2010, PARK
etal., 2016).

Apesar de o impacto da forga muscular sobre a mecanica da marcha de individuos com
OAJ permanecer incerto (BAERT ef al., 2013), acredita-se que os musculos que atuam no
joelho aumentam a estabilidade e reduzem a carga articular (BENNELL ef a/., 2013). Em
paralelo, os musculos do quadril estabilizam a pelve e limitam o vetor de for¢a medial no
joelho (MUNDERMANN ef al., 2005; LIU et al., 2014). Além disso, a ativagdo coordenada
dos musculos agonistas e antagonistas também contribuem com a distribui¢do da carga
articular, desempenhando portanto, um papel importante na marcha e na progressdo da OAJ.
Deste modo, a reducao da for¢a e as alteragOes na ativagdo muscular parecem aumentar
substancialmente as forgas compressivas e¢ os desconfortos articulares, produzindo uma
mecanica de marcha atipica (HUBLEY-KOZEY et al., 2006, HEIDEN et al., 2009).

Estudos tem demonstrado que a forga muscular é um importante determinante do
desempenho funcional e da intensidade de dor em individuos com OAJ (VAN DER ESCH,
HOLLA, et al., 2014, ACCETTURA et al., 2015). Ao acompanhar essa populagido ao longo
do tempo, Amin ef al., (2009) observaram que individuos com OAJ que apresentavam maior
forca muscular, revelavam menor percep¢do de dor e melhor fungdo fisica (AMIN et al.,

2009).
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Diversos fatores podem favorecer o déficit de for¢ca na OAJ. A atrofia muscular por
exemplo, comumente observada com o avango da idade, pode contribuir consideravelmente
para a reducdo da for¢ca muscular (BENNELL e al., 2013). Estudos revelam que a area de
secdo transversa do QF ¢ reduzida em pessoas com OAJ (IKEDA ef al., 2005), e essa redugdo
se torna mais evidente a medida em que ocorre o avango da doenga (FINK ez al., 2007).
Paralelamente, a inibi¢do muscular, oriunda do processo inflamatorio, também ¢ vista como
um fator que contribui com o déficit de for¢a (PETTERSON ef al., 2008), e suas causas sio
multifatoriais. A dor, por exemplo, ¢ amplamente reconhecida por inibir a ativagdo dos
musculos periarticulares. Sua reducdo, através de mecanismos periféricos ou centrais,
contribui com a otimiza¢do da contragdo voluntaria maxima do QF de pessoas com OAJ
(HASSAN ez al., 2002). Além disso, o derrame articular, frequentemente associado a dor e a
OAJ (LO, MCALINDON, ef al., 2009), também compromete a ativagdo muscular durante a
execucdo de tarefas funcionais, como a marcha (RUTHERFORD er al., 2012). Logo, a
presenga de processo inflamatorio, caracteristico da OAJ, pode afetar a for¢ca muscular
(BENNELL, Kim, WRIGLEY, ef al., 2013), que por sua vez, prejudica o desempenho
funcional e a intensidade de dor nessa populagdo (ACCETTURA ef al., 2015).

A vista do que foi apresentado, parece haver uma relagdo complexa entre a forga
muscular dos membros inferiores, dor, desempenho funcional e cinematica da marcha (PARK
et al., 2016). Todavia, individuos com OAJ, em geral, relatam melhoras significativas da dor
e fungdo com as intervengdes que estimulam o ganho de for¢ga (BENNELL ef al., 2010).
Logo, avaliar a for¢ca muscular e utilizar intervengdes terapéuticas que a estimulem ¢
importante para atenuar o quadro de dor e restaurar a fung¢@o fisica de individuos com OAJ.

A avaliagdo da for¢a muscular em individuos com OAJ pode ser realizada por meio do
dinamdmetro portatil, dinamdmetro isocinético, teste de uma repeticio maxima (1 RM) e
célula de carga (MIJNARENDS et al., 2013). A mensuracgdo da forga realizada por meio do
dinamdmetro isocinético, € capaz de medir o pico de forga, resisténcia e poténcia muscular.
Porém ¢ um recurso substancialmente oneroso (STARK ez al., 2011). O teste de 1RM, por sua
vez, avalia a forga voluntaria maxima em equipamentos, como por exemplo o leg press,
através da contragdo muscular isotonica. Esse teste possui facil aplicabilidade e apresenta boa
confiabilidade teste-reteste (LEBRASSEUR et al., 2008). O dinamometro portatil € utilizado
para mensurar a for¢a muscular isométrica. Trata-se de um equipamento facil de ser utilizado,
com tamanho compacto e portabilidade viavel, baixo custo e, boa validade e confiabilidade

(STARK et al., 2011). Finalmente, a célula de carga também ¢ utilizada para mensurar a for¢a
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muscular isométrica. Ela possui facil aplicabilidade, boa confiabilidade e avaliagido teste-
reteste (FRANSEN ef al., 2003).

No presente estudo, para avaliar a for¢a muscular isométrica utilizamos a célula de
carga (CKS, Kratos, Sdo Paulo, Brasil) calibrada e ajustada em altura e dire¢do. Avaliamos a
forca dos musculos ABD de quadril (gluteo maximo, gliteo médio, gluteo minimo e tensor da
fascia lata), QF e tibial anterior (TA), que tém sido evidenciados com déficit de for¢a em
individuos com OAJ (HINMAN et al., 2010; PARK et al., 2016), como previamente citado.
Todos os musculos foram testados bilateralmente, com os voluntarios adequadamente

posicionados e fixados por cintos, para evitar possiveis compensagdes (Figura 2).

Figura 2 - Avalia¢do da forca muscular isométrica dos abdutores do quadril (A), quadriceps
femoral (B) e tibial anterior (C).

2.5 Ajustes Posturais Antecipatorios

O controle postural ¢ definido como o manejo do posicionamento do corpo no espago,
com propdsito de equilibrio e orientagdo. O desempenho de tarefas funcionais, que envolvem
posturas estaticas ou dinamicas, depende especialmente do controle postural, alcangado
quando o centro de massa (CoM) € projetado dentro ou proximo a base de suporte
(BOUISSET, DO, 2008). O CoM corresponde ao ponto de aplicagdo do vetor for¢ca da
gravidade, no qual se concentra toda a massa corporal (YIOU ef al., 2017). A execugdo de
tarefas motoras, podem gerar perturbagdes, internas ou externas, e deslocar o CoM para além
da base de suporte, acarretando alteragdes no equilibrio (SANTOS ez al., 2010).

Para atenuar as altera¢des no equilibrio e garantir um movimento seguro e eficiente, o
sistema nervoso central (SNC) utiliza ajustes posturais antecipatorios (APAs) (MORAES et
al., 2022; FARINELLI ef al., 2021). Os APAs s3o alteragdes posturais que ocorrem

previamente a tarefa motora (MORAES et al., 2022), e geram condi¢des adequadas para sua



27

execucdo. Eles sdo caracterizados pela ativagdo estereotipada de musculos motores primarios,
que viabilizam o deslocamento do CoP e reposicionamento do CoM (HONEINE ez al., 2016).
Os APAs sdo produzidos no eixo antero-posterior e médio-lateral e, sdo preditivos de
desempenho motor, em termos de comprimento do passo e velocidade de progressio (YIOU
etal., 2017), e estabilidade postural (YIOU et al., 2016), respectivamente.

Os APAs foram explorados por estudos pioneiros que utilizaram o modelo do péndulo
invertido para investigar como o SNC controla o equilibrio postural em tarefas dindmicas.
Esse modelo presumia que mudangas no CoP seriam responsaveis por gerar propulsdes do
CoM através de mecanismos motores, de forma a garantir o equilibrio dindmico. Essas
investigagdes foram baseadas em dados cinéticos e cinematicos obtidos através da
posturografia, eletromiografia e imagem capturadas por videos (HERMAN ef al., 1973; JIAN
et al., 1993; MACKINNON, WINTER, 1993; WINTER, 1995; LYON, DAY, 1997).

A posturografria tem sido amplamente utilizada para anélise do controle postural
ortostatico ( WINTER ez al., 1990; CHIARI ef al., 2002), especialmente em individuos com
idade avangada (PETRELLA ef al., 2012; HARRO; GARASCIA, 2019), com disfun¢des
neuroldgicas (INOJOSA ef al, 2020, LAZAROTTO et al., 2020) e musculoesqueléticas,
como a osteoartrite (HASSAN ez al., 2001, MASUI et al., 2006), e obesos (CAPODAGLIO
et al., 2012). Sua mensuragdo € realizada através de plataformas de forga, que quantificam as
medidas lineares do CoP, ou seja, a aplicagdo da forga de reagdo do solo, em sua superficie
(TALLON et al., 2013). A platatforma de forga € constituida por uma placa posicionada sobre
sensores de forca, do tipo célula de carga ou piezoelétrico, que medem os componentes do
CoP na diregao antero-posterior (AP), médio-lateral (ML) e vertical (Z). Esses equipamentos
sdo referidos como platatormas de trés componentes. De acordo com o posicionamento dos
sensores, as plataformas podem ser classificadas em: plataforma de Gnico sensor, posicionado
em seu centro;, plataforma triangular e retangular, com sensores posicionados em suas
extremidades.

Para analise da posturografia, em geral, sdo utilizadas plataformas compostas por trés ou
quatro sensores. A partir dos sinais capturados pela plataforma, é possivel calcular a oscilagdo
postural em diferentes dire¢des, e os dados podem ser visualizados pelo estatocinesigrama ou
estabilograma (WINTER ef al., 1990). No presente estudo, para avaliar os APAs no inicio da
marcha, nos utilizamos a platatorma de forga BIOMEC 400 (EMG System do Brasil Ltda®)
retangular de trés componentes (Figura 3), com frequéncia de amostragem de 120 Hz. A

plataforma foi conectada ao software BIOMEC (V 1.1) EMG System Brasil, que capturou o
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deslocamento do CoP, em decorréncia dos APAs, no sentido AP e ML. Para mensurar os
diferentes aspectos dos APAs utilizamos as variaveis area, a duragdo (d) e velocidade (v) em

cm?.

Figura 3 - Plataforma de Forca retangular de trés componentes.

Fonte: EMG System do Brasil.

2.6 Ajustes Posturais Antecipatorios no Inicio da Marcha

O inicio da marcha (IM) corresponde ao periodo de transi¢do entre a posi¢do estatica para
a dinamica (ELBLE ef al., 1994, YIOU et al., 2017). Trata-se de uma tarefa motora que tem
sido utilizada como indicador de disfun¢do de equilibrio em idosos, por impor desafios ao
sistemas somatossensorial, vestibular, visual e neuromuscular, que s@o responsaveis pelo
controle de equilibrio (CHANG; KREBS, 1999) e, em geral, sdo prejudicados nessa
populacgdo. Durante o IM, a transi¢do do apoio bipodal para o apoio unipodal gera redugdo da
base de suporte e momento de instabilidade, com consequente exposi¢do dos individuos com
idade avangada ao potencial risco de queda (TISSERAND et al., 2016). Estudos demonstram
que os episodios de quedas em idosos sdo frequentemente associados a atividades que
envolvem transferéncia de peso e deslocamento do CoM (TINETTI et al., 1995), como o IM
(ROBINOVITCH et al., 2013).

O IM envolve complexas interagdes entre mecanismos neuromusculares € a area motora

suplementar, responsavel por organizar agdes motoras voluntarias complexas
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(CUNNINGTON et al., 2003), que repercurte no planejamento e na execu¢ido de movimentos
adequados (SUZUKI et al., 2004; WANG et al., 2009). Esse processo requer APAs que sdo
acompanhados por eventos dindmicos e eletromiograficos, e variam de acordo com o eixos
em que sdo produzidos. Os ajustes ao longo do eixo antero-posterior envolvem o
deslocamento posterior do CoP, responsavel por gerar forcas propulsivas (LEPERS;
BRENIERE, 1995). Esse mecanismo ocorre mediante estratégias a nivel do tornozelo, em que
ha inibig¢@o do triceps sural (TS) e ativacdo do TA, bilateralmente (PETRUCCI ef al., 2018).
Por outro lado, os ajustes ao longo do eixo médio-lateral envolvem estratégias a nivel do
quadril e joelho, onde o deslocamento lateral do CoP ocorre mediante a¢do dos musculos
ABD do quadril, tibial anterior e reto femoral, responsaveis por controlar os episodios de
instabilidade postural (WINTER ez al., 2003; HONEINE ef al., 2016). Portanto, o IM ¢
precedido de uma sequéncia de APAs que ocorrem de forma coordenada e produzem o
deslocamento postero-lateral do CoP em dire¢do ao membro em oscilagdo, e consequente
propulso do CoM em dire¢do ao membro em apoio (CRENNA; FRIGO, 1991; POLCYN;
LIPSITZ; KERRIGAN, 1998). Em seguida, o CoP ¢ deslocado médio-lateralmente, em
direcdo ao membro de apoio, de forma a descarregar o membro em oscilagdo e estabelecer
condi¢des favoraveis a locomogdo (WINTER ef al., 2003).

O desempenho de uma tarefa motora depende, especialmente, da capacidade de se gerar
APAs eficientes (BOUISSET; DO, 2008). Em geral, o avango da idade, a presenca de
disfun¢des neuroldgicas e ortopédicas, como a osteoartrite, € o excesso de peso podem alterar
os mecanismos envolvidos com o controle postural, e prejudicar a capacidade de se gerar
APAs adequados no IM (WINTER, 1995; REMELIUS er al., 2008, TATEUCHI et al., 2011;
UEMURA ef al., 2011; CAU ef al., 2014, YIOU ef al., 2017, STEWART ef al., 2018). A
habilidade de gerar APAs, por sua vez, ¢ essencial para o controle postural e a redugdo do
risco de quedas durante o IM (SUN ez al., 2017).

E sabido que a obesidade afeta o controle postural de individuos com idade avangada
(DUTIL et al., 2013). Postula-se que o excesso de peso reduz a sensibilidade plantar, devido a
hiperativagdo dos mecanorreceptores plantar, altera a geometria do corpo e gera maior torque
gravitacional (CORBEIL ez al., 2001; HUE ef al., 2007). Cau ef al., (2014), ao avaliarem as
estratégias posturais adotadas durante o IM, constataram que individuos obesos apresentam
maior oscilagio médio-lateral, maior duragdo e menor velocidade dos APAs, quando

comparado ao grupo controle.



30

2.7 Ajustes Posturais Antecipatorios e a Osteoartrite de Joelho

A obesidade ¢ reconhecida como fator de risco para a incidéncia e progressio da
osteoartrite (KERIN, COLEMAN, e al., 2003, BLIDDAL, LEEDS, ef al., 2014), em virtude
do excesso de carga mecadnica exercida sobre a articulagdo, potencializagdo do processo
inflamatorio, maior producdo de citocinas, alteragdes metabdlicas e reducdo da mobilidade e
forca muscular (KNOOP, VAN DER LEEDEN, e al., 2011, WLUKA, LOMBARD, ef dal.,
2013, BLIDDAL, LEEDS, ef al., 2014). Por outro lado, o grau de severidade da osteoartrite ¢
visto como um fator capaz de alterar os pardmetros espago-temporais da marcha (KISS,
2011), como velocidade, angulo de flexdo e momento de extensdo do joelho (HURWITZ,
RYALS, ef al., 2002, MUNDERMANN, DYRBY, ef al., 2005), no intuito de reduzir a dor e
a distribui¢do da carga articular (HURWITZ, RYALS, et al., 2002, ZENI, HIGGINSON,
2009). O mesmo poderia ocorrer com os APAs adotados no inicio da marcha, fato este ainda
ndo explorado em individuos com OAJ com diferentes graus de severidade.

Em tarefas motoras que envolvem locomog¢do, como o IM, a alteragdo da base de suporte
produz sucessivas perdas e recuperacdes do equilibrio (BRENIERE e al., 1987). Isso torna o
IM uma ag3o que exige ajustes antecipados, para controlar os torques desestabilizadores
(BAUBY; KUO, 2000). Essa dinamica postural envolve musculos que atuam em sinergia na
articulagdo do quadril, joelho e tornozelo (YIOU ef al., 2017). No entanto, a presenca de
disfun¢des ortopédicas, como a OAJ, pode comprometer a fungdo de tais musculos (COSTA
etal.,2010; ALNAHDI ez al., 2012) e, consequentemente, poderia prejudicar os APAs no IM
(PETRUCCI et al., 2018).

O contato do pé com o solo, ao longo da marcha, produz uma for¢a de reacdo do solo que
pode causar desconforto ou dor nas articulagdes (DAOUD er al., 2012), especialmente
aquelas em processo degenerativo. No IM, a fase de apoio unipodal € caracterizada por uma
moderada flexdo do joelho, que contribui para que a forga de reagcdo do solo seja redistribuida
e a carga imposta sobre a articula¢do atenuada (GARD; CHILDRESS, 1999; RISKOWSKI et
al., 2005; SHAMAEI ef al., 2013). A amplitude de flexdo do joelho, do membro em apoio,
tem sido correlacionada com o deslocamento do CoP no eixo ML (HONEINE ef al., 2016).
Isso sugere que para otimizar a estabilidade postural, o SNC recorre a flexdo do joelho como
acdo complementar ao momento abdutor do quadril, responsavel pelos APAs neste eixo
(YIOU et al., 2017). Porém, individuos com OAJ tocam o solo com o joelho levemente

estendido. Esse padrdo ¢ tido como uma estratégia adotada por esta populagdo, na qual ha



31

uma rapida transferéncia de peso do membro acometido para o membro contralateral, no
intuito de se evitar o desconforto articular (MUNDERMANN ez al., 2005), caracterizando
uma marcha claudicante (RASCH ez al., 2010). Esse padrdo pode, portanto, modificar os
APAs no eixo ML e dificultar a estabilidade postural durante o IM de individuos com OAJ.

Além disso, o mecanismo de flexdo do joelho no IM ¢ favorecido pela relagdo
eletromiografica linear entre a ativagdo do TA e inibicdo do TS, do membro em apoio
(HONEINE et al., 2016). Contudo, estudos demonstram que individuos com OAJ apresentam
atrasos no tempo de ativagdo do TA no IM (KATOH, 2019), que pode consequentemente,
afetar os APAs e a qualidade do movimento (PETRUCCI et al., 2018).

O posicionamento do CoM sofre influéncia da for¢ca da gravidade e da forca elastica
oriunda dos musculos envolvidos com o controle postural, ao nivel das articulagdes do
tornozelo, joelho e quadrii (MORASSO; SCHIEPPATI, 1999). A co-ativagdo de tais
musculos pode aumentar a rigidez do membro em apoio, que por sua vez, pode afetar o
deslocamento do CoM no eixo ML e levar a uma maior instabilidade durante o IM (YIOU et
al., 2016, DELAFONTAINE ef al., 2019). A presenca de rigidez dos membros inferiores €
comum em individuos com OAJ (HSU; SIWIEC, 2022) e esta associada com prejuizos do
equilibrio postural (FOLEY et al., 2006, SORENSEN et al., 2014). Adicionalmente, essa
populagdo apresenta déficit de for¢a dos musculos ABD do quadril (HINMAN et al., 2010),
TA (PARK et al., 2016) e QF (HASSAN et al., 2001), que por sua vez, S0 grupos
musculares que afetam a oscilagdo postural, sdo importantes preditores da cinemética da
marcha no plano frontal e atuam sinergicamente nos APAs (HASSAN ef al, 2001;
HONEINE ef al., 2016, PARK et al., 2016; PETRUCCI et al., 2018).

Portanto, todos estes fatores supracitados poderiam comprometer, em conjunto ou
isoladamente, os APAs adotados por individuos com OAJ no IM, afetando a qualidade do
movimento e, de modo consequente, aumentando o risco de queda nessa populagdo. O maior
o risco de quedas, por sua vez, pode culminar em lesdes de tecidos moles, luxagdes e fraturas
Osseas, contribuindo para perda da independéncia funcional e até risco de morte (IKUTOMO
etal.,2018).

No presente estudo, para analisar os APAs produzidos no IM nos dividimos a trajetéria do
CoP nas seguintes fases (Figura 4):

1) APAI: representa o deslocamento posterior e lateral do CoP na dire¢do do membro em

oscilacdo, que segue desde o ponto de origem da trajetoria, até a posig¢do posterior

maxima de deslocamento (1° Max).
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i1) APA2: representa o deslocamento medial e lateral do CoP em dire¢8o a perna em
apoio. Essa fase foi subdividida em: APA2a, representada pelo deslocamento entre
a 1° Max e a posi¢do anterior minima de deslocamento em dire¢do ao membro de
apoio (1° Min); e APA2b, representada pelo deslocamento entre a 1° Min e a
posi¢do posterior minima em dire¢do ao membro de apoio (2° min).

ii1) LOC: representa a fase locomotora, onde ha o deslocamento do CoP a partir da 2° min.

Figura 4 - Trajetéria do Centro de Pressiio no inicio da marcha. O deslocamento do Centro de Pressio
(CoP) durante o inicio da marcha (IM) foi dividido em fases. Essa figura demonstra a perna esquerda
oscilando a frente, ¢ a perna direita em apoio. Os retingulos representam a origem ¢ o final do IM. O
APAL1 é o deslocamento do CoP do ponto de origem até o primeiro maximo (circulo branco), definido
como a posiciio posterior mixima em direcio a0 membro oscilante. A APA2a é o deslocamento do CoP do
primeiro maximo ao primeiro minimo (losango), definido como a posicio anterior minima durante o
deslocamento do membro em balan¢o para o membro em apoio. O APA2b ¢ o deslocamento do CoP do
primeiro ao segundo minimo (circulo preto), definido como a posicio posterior minima durante o
deslocamento do CoP em dire¢io ao membro em apoio. Por fim, a fase locomotora (LOC) ¢ o

deslocamento do CoP do segundo minimo até o final do IM no membro em apoio.

Y (A/P)

X (ML)

Y (A/P)

[ Origin Il End
QO 1°Max < 1°Min =~ @ 2°Min

Fonte: Autoria propria.
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2.8 Intervencdes na Osteoartrite de Joelho

Embora ndo exista cura para OAJ, as medidas de intervengdo estdo voltadas para o
manejo da dor e a preservagdo da fungdo fisica. Os tratamentos disponiveis podem ser
divididos em conservador e cirurgico. O tratamento conservador € amplamente recomendado
nas diretrizes clinicas (RICE et al., 2019; GEENEN ef al., 2018, MCALINDON et al., 2014)
e deve ser priorizado na abordagem inicial da OAJ, considerando o procedimento cirurgico
somente aos pacientes que ndo respondem adequadamente a abordagem conservadora (RICE
et al., 2019; HSU; SIWIEC, 2022).

Diversas modalidades de tratamento conservador podem ser empregadas na OAJ
sintomatica. O tratamento conservador farmacologico inclui o uso de anti-inflamatérios nao-
esteroidais, viscossuplementagdo com acido hialurénico, inje¢des de corticosteroides,
glucosamina e plasma rico em plaquetas (LESPASIO ef al., 2017). Por outro lado, o
tratamento conservador ndo farmacologico de primeira linha recomendado para OAJ
sintomatica inclui educag@o, controle do peso e exercicios (MCCONNELL, et al., 2015,
RICE ef al., 2019; HUNTER; BIERMA-ZEINSTRA: 2019; FRANSEN: HSU; SIWIEC,
2022).

Por se tratar de uma disfung@o cronica, individuos com OAJ, em geral, demonstram
comportamento passivo no enfrentamento da dor. Esse comportamento tem sido
consistentemente associado a resultados negativos no evolugdo clinica da OAJ
(STEULTIJENS et al., 2001; EVERS ef al., 2003; WESSELING ef al., 2015). Diante disso, o
uso de intervengdes que estimulam a educagdo e o autogereciamento da dor tém sido
recomendado por moderadas evidéncias (NELSON ez al., 2014; RICE et al., 2019, HUNTER,;
BIERMA-ZEINSTRA, 2019). Essa abordagem engloba um conjunto de ag¢des educativas
destinadas a fornecer informagdes sobre a OAJ, condi¢do de saude, beneficios do exercicio
fisico e neurociéncia da dor. Além disso, estimula os individuos a adotar um comportamento
ativo diante da dor, de forma a melhorar os comportamentos e o estado de saude dos mesmos
(LORIG; HOLMAN, 2003; MANN et al., 2013). Embora a evidéncia acerca da eficacia dessa
abordagem na OAJ seja inconsistente, estudos recomendam que ela seja utilizada em conjunto
com os exercicios, para potencializar o seu efeito ( SMITH ef al., 2009; KROON et al., 2014).

Os exercicios regulares s3o amplamente recomendados no tratamento da OAJ

(LARMER ez al., 2014; RICE et al., 2019; FRANSEN, 2015). Os exercicios possuem
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diversos beneficios potenciais, incluindo controle da dor, otimizagdo da fungdo fisica, ganho
de for¢a e mobilidade articular, além de reduzir o risco de comorbidades, melhorar o humor e
a qualidade de vida ( Edward ef al., 2005, SUSKO; KELLEY FITZGERALD, 2013; RICE er
al., 2019; RODDY). Os mecanismos pelo quais os exercicios reduzem a dor envolvem a
modulagdo da excitabilidade e inibi¢do do sistema nervoso central, controle do processo
inflamatorio (SLUKA er al., 2018), ativagdo do sistema opidide, serotoninérgico e
imunolodgico (RICE et al., 2019), além dos efeitos psicossociais (HURLEY ez al., 2003).

Intervengdes pautadas em exercicios terrestres sdo fortemente recomendadas como
tratamento para OAJ, independentemente da idade, sexo, IMC e severidade da doenga (JUHL
et al., 2014, MCALINDON et al., 2014; BROSSEAU ef al., 2017a, b). Estes exercicios
promovem beneficios imediatos, que podem se manter por até seis meses apos o tratamento
(FRANSEN er al., 2015), apresentam poucos efeitos adversos e parecem ndo acelerar o
processo degenerativo (QUICKE et al., 2015; BRICCA ef al., 2019; VAN GINCKEL et al.,
2019). Até o presente momento, ndo ha evidéncias que demonstrem efeito superior para uma
modalidade especifica de exercicio. Apesar dos beneficios variar de acordo com a modalidade
utilizada (GOH et al., 2019), diversos estudos demonstram que os exercicios aerobicos e
resistidos tem efeitos semelhantes no controle da dor, otimizagdo da fungdo fisica e ganho de
forca (ETTINGER, er al., 1997, RODDY et al., 2005, VINCENT, VASILOPOULOS;
MONTERO, 2019; GOH er al., 2019, CHU et al., 2021).

Os exercicios resistidos sdo a modalidade mais estudada em individuos com OAJ (RICE
et al, 2019). Tais exercicios promovem o aumento do conteudo de proteinas contrateis no
musculo, aumento do tamanho da fibra muscular, e consequente ganho de for¢a dos membros
inferiores, principalmente do quadriceps femoral (RODDY et al., 2005, ZACHARIAS et al.,
2014). Além disso, controlam a intensidade de dor, contribuem para maior estabilidade e
menor o estresse articular (HERNANDEZ, MCINTOSH, ef al., 2015). As intervengdes com
exercicios resistidos podem ser realizadas em domicilio ou em clinicas. Uma vez que, a fase
inicial do treinamento resistido € caracterizada por adapta¢des neurais, recomenda-se que 0s
exercicios sejam realizados no periodo de oito a 16 semanas, utilizando de duas a seis séries
por exercicio, com cargas equivalentes a 45-50% de 1 RM para individuos destreinados, e
60% a 70% de 1 RM para individuos treinados. Além disso, as cargas devem ser aumentadas
progressivas e deve ser considerado um periodo de descanso entre as séries, de um a dois
minutos, para maximizar os beneficios clinicos dos exercicios (ANDERSON; KEARNEY,

2013; BROSSEAU er al., 2017a). Estes beneficios ocorrem independentemente do
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equipamento utilizado (pesos ou faixas), do tipo de exercicio e da contracdo muscular

realizada (isométrica, excéntrica concéntrica) (RICE ef al., 2019).

Os exercicios aerdbicos também s3o fortemente recomendados nas diretrizes de
tratamento da OAJ (RODDY ez al., 2005; BROSSEAU ef al., 2017a). Essa modalidade
estimula as enzimas oxidativas e a capilarizacdo dos musculos. Como resultado, ocorre o
aumento do consumo de oxigénio durante os exercicio, aumentando a resisténcia aerdbica dos
musculos (CHODZKO-ZAJKO ef al., 1998). A aptidao fisica de pessoas com OAJ, em geral,
¢ ruim. A execugdo de exercicios aerdbicos nessa populacdo, reforca a capacidade de reserva
fisiol6gica aerdbia, tornado as AVD’s mais faceis de serem executadas (FRANSEN ef al.,
2015). Adicionalmente, os exercicios aerobicos contribuem efetivamente para o alivio da dor,
controle do peso, melhora os distarbios do sono e os transtornos de humor (JUHL et al., 2014,
BROSSEAU et al., 2017a). No entanto, a maioria dos ensaios clinicos conduzidos em
individuos com OAJ incluiu modalidades de intervengdes combinadas aos exercicios
aerobicos. Logo, seus beneficios podem ter sido afetados. Particularmente, Ettinger et al.,
(1997) avaliaram o efeito de um programa estruturado de exercicios aerdbicos, resistidos e um
programa de educag@o, sobre a fungdo fisica de individuos com OAJ. Os exercicios aerdbicos
consistiam em caminhada supervisionada durante trés meses, seguido de caminhadas
domiciliares, onde o contato com os voluntarios eram se davam por meio de telefone ou
visitas domiciliares. Os exercicios resistidos, por outro lado, foram direcionados aos
principais grupos musculares da extremidade superior e inferior, e foram realizados com uma
carga minima, padronizada a todos os participantes, progredida a cada trés dias execucdo do
protocolo. Os autores observaram que os idosos com OAJ que participaram do programa de
exercicios aerdbicos e resistidos demonstraram melhorias modestas na incapacidade,
desempenho fisico e dor. Porém, esses achados podem ter sido afetados pelo protocolo
utilizado, no qual, inicialmente os exercicios foram executados com carga minima, e durante
as caminhadas, especificamente, ndo houve progressdo de carga. O efeito de hipoalgesia
induzida pelo exercicio ¢ obtida através de doses intensas de exercicios, que demandam
aproximadamente, 70% da reserva de frequéncia cardiaca (KOLTYN, 2012). Além disso, os
exercicios aerobicos que envolvem menor descarga de peso produzem efeitos superiores ao

longo do tempo para dor e incapacidade (PEREZ-HUERTA et al., 2020).

De acordo com American College of Sports Medicine, os exercicios aerobicos devem

ser executados pelo periodo minimo de 150 minutos semanais, quando realizado em
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intensidade moderada, e pelo periodo minimo de 75 minutos semanais, quando realizado em
intensidade vigorosa. Além disso, a hipoalgesia induzida por essa modalidade ¢ obtida através
de doses intensas. Portanto, recomenda-se que os exercicios sejam executados com
aproximadamente 70% da reserva de frequéncia cardiaca méxima (BROSSEAU et al,

2017a).

Apesar do efeito desses exercicios como modalidade de tratamento apresentar boas
evidencias (FRANSEN er al., 2015), ndo foram encontrados registros acerca de seus
beneficios sobre os APAs adotados por individuos com OAJ no inicio da marcha. Isso pode
fornecer aos clinicos medidas objetivas para avaliar os efeitos dos programas de reabilitagdo
sobre os ajustes posturais em tarefas de transi¢do, e direcionar as interven¢des voltadas para o

controle postural nessa populagao.

3 OBJETIVO GERAL

O objetivo geral dessa tese foi comparar o padrdo de ajustes posturais antecipatorios
adotados por individuos com diferentes graus de severidade de OAJ no inicio da marcha, e
comparar os efeitos de um programa de exercicios resistidos, aerdbicos e intervengdo minima

sobre esses ajustes posturais, intensidade de dor, for¢a e fungio fisica.

4 OBJETIVOS ESPECIFICOS

1- Investigar o padrao de APAs em individuos com OAJ no IM, quando comparado ao grupo

controle saudavel.

2- Investigar se os APAs adotados por individuos com OAJ no IM sédo alterados de acordo

com o grau de severidade da doenca.

3- Comparar os efeitos de um programa de 8 semanas de exercicios resistidos, aerdbicos e

interveng@o minima nos APAs adotados por individuos com OAJ no IM.

4- Comparar os efeitos de um programa de 8 semanas de exercicios resistidos, aerobicos e
intervencdo minima sobre os desfechos forca, intensidade de dor e fungéo fisica de individuos

com OAJ.
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5 HIPOTESES

Na presente tese hipotetizamos que:

1- Os individuos com OAJ apresentariam alteracdes dos padrdes de APAs no inicio da

marcha, quando comparado ao grupo controle saudavel.

2- Os APAs adotados por idosos com OAJ no IM seriam alterados proporcionalmente ao

grau de severidade da doenga.

3- Os exercicios resistidos e aerobicos modificariam o padrdo de APAs adotados por

individuos com OAJ no IM, quando comparado a intervengdo minima.

4- Os exercicios resistidos demostrariam efeitos superiores nos APAs adotados por
individuos com OAJ no IM, quando comparado aos exercicios aerobicos e intervengao

minima.
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ABSTRACT

BACKGROUND: The anticipatory postural adjustments required for gait initiation has not yet
been investigated in older adults with knee osteoarthritis aiming to the impact of the level of
severity of the disease. This study aimed to evaluate the anticipatory postural adjustments
adopted by older adults with different severity levels of knee osteoarthritis during gait

initiation.

METHODS: Sixty-seven older adults with knee osteoarthritis (mild, moderate, and severe
levels) and 11 healthy older adults control were evaluated bilaterally with a force plate to
analyze gait initiation. The center of pressure trajectory during gait initiation was divided into
four phases: three anticipatory postural adjustments, and a locomotor phase. The length,

duration, and velocity of each phase were calculated.

FINDINGS: The results showed that during the right and left limbs swings forward, the
severe and moderate knee osteoarthritis groups presented a significant reduction in the length
of anticipatory postural adjustment phases, locomotion, duration, and velocity (P <0.05). The
severe knee osteoarthritis group presented a significantly higher body mass index (£ <0.003)
than the other groups. However, just the healthy group presented correlation between body

mass index and anticipatory postural adjustments.

INTERPRETATION: Our results demonstrated that older adults with severe and moderate

levels of knee osteoarthritis adopt longer lasting and slower anticipatory postural adjustment
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phases, locomotion, and lower center of pressure displacement during gait initiation,
suggesting that this population has articular protective strategy in performing gait initiation,

which is significantly aggravated by the knee osteo-arthritis severity level.

Keywords: Anticipatory postural adjustments, gait initiation, knee osteoarthritis, severity.

1. INTRODUCTION

Knee osteoarthritis (KOA) is a degenerative joint disease of high incidence in older
adults (Lawrence et al., 2008), which progressively affects the articular cartilage, subchondral
bone, and adjacent soft tissues (Lawrence et al., 1966). It leads to a reduced range of motion,
joint instability (Bensalma et al., 2019), pain, and muscle weakness, which, in addition to
weight gain, can affect balance control (Dutil et al., 2013; Hassan et al., 2001). The signs and
symptoms of KOA are accentuated according to the level of severity (Kim et al., 2011) and
may affect the gait of affected individuals (Bensalma et al., 2019). Studies have shown that
older adults with KOA, to achieve reduced joint load, change the kinetic and kinematic
parameters during walking, such as velocity, flexion angle, and knee extension moment
(Hurwitz et al., 2002; Manetta et al., 2002; Mindermann et al., 2005). These modifications, in
turn, may be related to the postural patterns adopted at the beginning of gait, since in healthy
individuals the dynamic events that precede the start of gait are responsible for creating
suitable conditions for their development (Breniére et al., 1987). However, these postural
patterns have not yet explored in older adults with KOA.

Gait initiation (GI), marked by the transition from a static to dynamic state, poses
challenges to the systems responsible for postural control (Winter, 1995) and has been
reported as an instrument used to assess balance in older adults (Chang and Krebs, 1999).
Tinetti et al. (1995) showed that older adults often suffer falls while traveling short distances,
suggesting that this population has difficulty in maintaining stability during this transition
phase (Tinetti et al., 1995). GI involves interactions between neuromuscular mechanisms and
the supplemental motor area (Suzuki et al., 2004; Wang et al., 2009). This area is responsible
for organizing complex voluntary motor actions (CUNNINGTON, WINDISCHBERGER, ef?
al., 2003), resulting in the planning and execution of appropriate movements (Suzuki et al.,

2004; Wang et al., 2009). This process requires anticipatory postural adjustments (APAs),
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characterized by the posterior and lateral displacement of the center of pressure (CoP) toward
the swinging limb, and the transfer of the center of mass (CoM) toward the supporting limb to
prevent episodes of postural disorders (Winter, 1995; MacKinnon et al., 2007). In general,
older adults with neurological or musculoskeletal disorders, such as osteoarthritis, may
present alterations in the systems involved with balance control, causing difficulties in
walking (Cau et al., 2014; Winter, 1995; Stewart et al., 2018; Uemura et al., 2011; Wentink et
al., 2014). Limitations in gait and postural balance, in turn, are important predisposing factors
for an increased risk of falling in older adults (Ikutomo et al., 2018).

APAs during GI have been investigated in individuals with Parkinson disease (Stewart
et al., 2018), Multiple Sclerosis (Remelius et al., 2008), lower limb amputees (Wentink et al.,
2014), older adults, and obese populations (Cau et al., 2014; Uemura et al., 2011). However,
to date, there are no investigations on postural adjustments in older adults with different
severity levels of KOA. The KOA is a chronic and progressive condition, and the severity
level could strongly affect GI (Lawrence et al., 1966). Therefore, the present study aimed to
evaluate the APAs adopted by older adults with KOA at different severity levels during GL.
We hypothesized that older adults with KOA would have difficulty making postural
adjustments, and this could be aggravated according to the level of severity. The results of this
study could contribute to establishing more effective rehabilitation strategies for this

population.

2. METHODS

2.1 Participants

Seventy-eight subjects (women = 54; men = 24) participated in these experiments. The
volunteers were divided into four groups according to their severity level (Table 1): severe
KOA (12), moderate KOA (36), mild KOA (19), and a healthy control group (HC), with no
KOA (11). Eligibility criteria included all individuals who were diagnosed with KOA at the
severity levels (mild, moderate, and severe) according to the American College of
Rheumatology criteria (Altman et al, 1986). The volunteers could not present other
musculoskeletal, neuromuscular or vestibular alterations, chronic and autoimmune
inflammatory diseases (rheumatoid arthritis, lupus, gout), diabetes mellitus, vertigo, and
uncorrected visual or hearing deficits. In addition, the volunteers could not use mobility aids

during the assessment, be undergoing physical therapy, or present any other condition that
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made it difficult to understand and perform the required tasks. The volunteers were recruited
through referrals from the university hospital rheumatologists and television advertisements.
For HC, volunteers were invited from the university community and were required to be over
50 years of age and free of any musculoskeletal, neuromuscular, or vestibular disorders, as
well as surgical procedures performed in the previous six months. After being admitted, all
volunteers signed the written informed consent form approved by the Research Ethics
Committee under number 2451513/2018. After that, the Western Ontario and McMaster
Universities (WOMAC) function scale was applied for all participants. The WOMAC consists
of 3 subscales: pain, joint stiffness, and physical disability. Each subscale receives a score and
the total is transformed into a scale of 0 to 100, with zero representing the best health status
and 100 the worst possible status. The WOMAC have been previously validated in a Brazilian
population (FERNANDES, 2002).

Table 1. Characteristics of the participants.

KOA HC ANOVA
Mild Moderate Severe
Characteristics (n=11) P-
(n=19) (n=36) (n=12) F
Mean(SD) value
Mean(SD) Mean(SD) Mean(SD)
Age (years) 032 60.41 (7.20)  67.5(6.74) 2072 1.199 0318
e (years : : S (6. : :
= (10.04) (4.75)
33.97 27.04 0.003
BMI (kg/m?)  29(4.75)  30.48 (4.39) 4.992
(5.70) (3.05)
0.001
WOMAC 4631 4947 61.58 690 (8.31)  19.552
(20.78) (19.46) (15.64)
Women Women Women Women - -
Sex (n) (14); (22); (10); (8);
Men (5) Men (14) Men (2) Men (3)
Unilateral KOA Left (6); Left (4); Left (2); - -

(n) Right (4) Right (6) Right (0)
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Bilateral KOA
Left (5); Left (12); Left (3);
(more affected ‘ ‘ ‘ - - -
_ Right (4) Right (14) Right (7)
limb - n)

*Significant Difference: P < 0.05; KOA: knee osteoarthritis group; HC: Healthy control
group; BMI: Body Mass Index; WOMAC: Western Ontario and McMaster Universities

2.2 Gait initiation evaluation

BIOMEC 400 force platform (EMG System do Brasil Ltda®) evaluated the GI,
recording the CoP trajectory, with a 120 Hz sampling frequency, captured by the signal
conditioner, using BIOMEC (V 1.1) EMG System Brazil software. Participants were
instructed to stand on the force platform in an upright position, barefoot, with parallel limbs,
on a self-selected and comfortable support base. For each participant, the foot positioning was
recorded so that the test could be standardized and reproduced (Naugle KM, Hass CJ, Bowers
D, 2012). Data acquisition was started one second before participants received the verbal
command "go", which required them to to begin walking (CADERBY, YIOU, ef al., 2017).
Each trial lasted five seconds, and three repetitions for each limb at a self-selected velocity
were performed. Volunteers started the tests with the less affected limb swinging forward, and
then the most affected limb. Training in the task before the collection was not allowed, as the
objective was to simulate the beginning of the act of walking, which in general is an

automatic and challenging action (Cau et al., 2014).

2.3 Data analysis

We developed a routine in MatLab (Mathworks, 2015a version) where the GI was
divided into phases (Figure 1): I) CoP displacement posterior and lateral to the oscillating
limb, defined as the interval from the beginning of CoP displacement to the first maximal
posterior displacement (APAT1); II) lateral direction CoP displacement to the supporting limb
(APA2a, APA2D), defined as the moment when the CoP path deviated from the midline; III)
locomotor phase (LOC), defined as the final moment of the CoP trajectory (Cau et al., 2014).
The variables evaluated were anticipatory postural adjustments (APA1, APA2a, APA2b),
locomotor phase (LOC), and wvelocity (v) and duration (d) of APAs and LOC, in the

anteroposterior and medio-lateral directions, respectively (X, y).
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Postural Displacement

OQOOO (000 )

Y (MIL) LOC ¥ (ML)
APA1 / APA2b

\APAZa
X (AP)

® Origin ® End
1° Max ! 1° Min Q 2° Min

Figure 1. Divisions of the center of pressure (CoP) displacement phases during the gait
initiation with the left limb swings forward. The circles represent the origin and end of the GI,
and the squares represent the first maximum and first and second minimum. The first
maximum (1st Max) was defined as the maximum posterior position during the COP
displacement for the oscillating limb. The first minimum (Ist min) was defined as the
minimum anterior position during the COP displacement from swinging limb to supporting
limb. The second minimum (2nd min) was defined as the minimum posterior position during
the COP displacement to the supporting limb.

2.4 Statistical analysis

The Shapiro-Wilk test revealed that the data did not present normal distribution. The Kruskal-
Wallis test for independent samples was used to test the hypothesis that there would be
differences between healthy control and older adults with KOA at different levels of severity.
Subsequently, the Kruskal-Wallis one-way ANOVA (k samples) test was applied for
variables with a group effect to verify the main effect. Pairwise comparisons were performed
using (Dunn, 1964) procedure with a Bonferroni correction for multiple comparisons. On the

other hand, for BMI, age and WOMAC, which were normally distributed, the difference
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between groups was tested using the one-way ANOVA test with Bonferroni correction for
multiple comparisons. Because the BMI was different between groups, to verify possible
correlations with GI variables, we also applied the Spearman's correlation test, where 0.3 to
0.5, 0.5 to 0.7, 0.7 to 0.9 and 091 to 1 indicated low, moderate, high and very high
correlation, respectively (Mukaka, 2012). All tests were performed on the IBM SPSS

software (version 22), considering the alpha level at < 0.05.

3. RESULTS

There were no significant differences between the groups for age. On the other hand, the HC
presented a lower WOMAC score (P <0.001) than other groups, while the KOA groups were
similar (P >0.153). Also, the severe KOA group presented a significantly higher BMI (P
<0.003) than the other groups (Table 1). The Spearman's correlation test (Table 2), showed
that HC group presented moderate to high BMI correlation with APA and other variables in
medio-lateral direction (y), while the KOA groups few and low to moderate with APA and

other variables in medio-lateral direction (y).

The absolute values for the variables analyzed at GI for the right limb swinging forward are
shown in Table 3. The results demonstrated that, in general, the severe and moderate KOA
groups were significantly different compared to the mild KOA and HC groups. The severe
and moderate KOA presented reduced APA1, APA2b, LOC, higher duration (dAPA2a,
dAPA2b, dLOC, dtotal) and velocity (vAPA2a, vAPA2b, and vLOC). There was no group
effect for variables APA2a and dAPA1.

The results for the left limb showed that, in general, the severe and moderate KOA groups
were significantly different from the mild KOA and HC groups. The severe and moderate
KOA presented reduced APA2a, APA2b, LOC, and velocity (VAPA1, vAPA2a, vAPA2b, and
vLOC). There was no effect of groups for APA1 and duration (dlAPA1, dAPA2a, dAPA?2b,
dLOC, and dtotal). These results are shown in Table 4 and Figure 2.



Table 2. Spearman’s rho between BMI and variables during the gait initiation.

Groups
Variables Control Mild KOA Moderate KOA Severe KOA
Left Right Left Right Left Right Left Right
rho(p) rho(p) rho(p) rho(p) rho(p) rho (p) rho (p) rho (p)
APA1 0.82(0.002)* 0.34(029) 0.28(0.23) -0.17(0.46)  0.29(0.08) -0.31(0.05)*  -0.38(0.21) 0.30(0.33)
APA2a -0.30(0.35) -0.09(0.97)  0.05(0.83) 0.29(0.21) -0.42(0.01)* 0.13(0.41) 0.30(0.34) -0.32(0.29)
APA2b -0.40(0.21) 0.23(0.48) -031(0.19) 0.16(0.49) -0.08(0.64) 0.18(0.28) -0.07(0.82) 0.28(0.36)
LOC 0.38(0.24) 0.69(0.19)*  0.22(0.34) 0.04(0.87)  0.15(0.36) 0.23(0.16) -0.08(0.80) 0.05(0.86)
APA1x -0.23(0.48) -0.33(0.31)  0.24(032) 0.16(0.50)  0.28(0.09) 0.17(0.32) -0.13(0.68) -0.57(0.05)*
APA2ax 0.07(0.83) 0.24(0.46)  -0.07(0.77) -0.17(0.48) -0.26(0.11) -0.06(0.68) -0.21(0.51) 0.41(0.18)
APA2bx 0.26(0.43) -0.33(0.31)  -0.27(0.25) -0.13(0.57) -0.08(0.64) 0.20(0.24) -0.07(0.82) 0.04(0.88)
LOCx 0.53(0.08) -0.18(0.59)  -0.30(0.20) -0.19(0.42) 0.21(0.21) 0.21(0.20) 0.00(1.00) 0.07(0.81)
APAly -0.64(0.03)* 0.57(0.06)  -0.09(0.69) -0.04(0.85)  0.00(0.96) 0.28(0.09) -0.05(0.86) 0.26(0.40)
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APA2ay
APA2by
LOCy
dAPA1
dAPA2a
dAPA2b
dLOC
dtotal
vAPAlx
vAPA2ax
vAPA2bx
vLOCx
vAPAly

vAPA2ay

0.50(0.11)
0.50(0.11)
-0.24(0.46)
0.07(0.83)
0.47(0.14)
0.15(0.65)
0.78(0.004)*
0.65(0.02)*
-0.46(0.15)
0.37(0.25)
0.33(0.31)
0.69(0.01)*
-0.59(0.05)*

0.49(0.12)

-0.67(0.02)*
0.56(0.07)
-0.83(0.001)
-0.59(0.05)*
-0.45(0.16)
-0.27(0.41)
-0.07(0.83)
-0.66(0.02)*
0.80(0.003)*
-0.68(0.02)*
-0.36(0.27)
0.31(0.34)
0.71(0.01)*

-0.57(0.06)

0.04(0.84)
0.40(0.08)
-0.18(0.45)
0.52(0.02)*
0.18(0.45)
-0.04(0.85)
0.21(0.38)
0.33(0.16)
-0.02(0.92)
0.19(0.42)
-0.21(0.38)
-0.27(0.24)
-0.24(0.30)

-0.06(0.80)

0.25(0.29)
0.09(0.69)
-0.14(0.54)
0.11(0.96)
-0.01(0.96)
0.03(0.89)
0.04(0.85)
0.06(0.80)
-0.07(0.77)
0.04(0.84)
0.18(0.44)
0.22(0.35)
0.10(0.67)

-0.28(0.24)

0.08(0.61)
0.05(0.74)
-0.14(0.40)
-0.09(0.56)
0.13(0.42)
0.05(0.74)
0.29(0.08)
0.16(0.32)
0.28(0.09)
-0.25(0.13)
-0.17(0.49)
0.26(0.12)
0.07(0.65)

0.02(0.87)

0.16(0.34)
0.45(0.00)*
-0.17(0.30)
-0.16(0.33)
0.14(0.40)
0.07(0.66)
-0.17(0.29)
-0.18(0.29)
-0.04(0.81)
0.08(0.63)
-0.02(0.87)
-0.23(0.16)
-0.09(0.59)

-0.20(0.22)

-0.63(0.02)*
-0,16(0160)
0.37(0.23)
0.49(0.10)
0.67(0.01)*
0.25(0.43)
0.28(0.37)
0.66(0.01)*
-0.25(0.41)
0.39(0.19)
0.21(0.51)
0.04(0.89)
-0.15(0.63)

-0.42(0.17)

-0.14(0.64)
0.38(0.31)
-0.16(0.61)
-0.00(0.99)
0.09(0.77)
-0.19(0.54)
-0.07(0.81)
0.04(0.89)
0.30(0.34)
-0.05(0.86)
-0.18(0.55)
0.05(0.86)
-0.29(0.35)

-0.21(0.94)
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vAPA2by  0.50(0.11)  -0.57(0.06)  0.40(0.08) -0.06(0.78)  0.06(0.72)  -0.47(0.004)*  -0.11(0.71)  -0.21(0.49)

vLOCy  0.59(0.05)*  0.69(0.01)*  0.07(0.77)  0.25(029)  0.14(0.40)  0.30(0.07)  0.64(0.02)*  0.44(0.15)

*Significant Difference: P < 0.05; APA: anticipatory postural adjustments; LOC: locomotor phase; dAPA: duration of postural adjustment; VAPA(X,
y): velocity of postural adjustment in anteroposterior (x) and medio-lateral (y) directions.

Table 3. Parameters of postural adjustments on the right limb

Groups Kruskal-Wallis test
Parameters Control Median Mild Median Moderate Median  Severe Median P-value Effect between groups
APA1(m) -0.075 -0.075 -0.054 -0.040 0.000* b,c, e
APA2a(m) 0.078 0.089 0.077 0.085 NS -
APA2b(m) 0.068 0.052 0.052 0.048 0.037* b,
LOC(m) -0.111 -0.104 -0.101 -0.071 0.035% f
dAPAT1 (s) -0.402 -0.327 -0.326 -0.312 NS -
dAPA2a (s) -0.133 -0.179 -0.197 -0.215 0.006* b, c,
dAPA2b (s) -0.130 -0.175 -0.151 -0.211 0.004* c
dLOC (s) -0.45 -0.504 -0.556 -0.637 0.023* c
dtotal (s) -1.088 -1.175 -1.284 -1.408 0.015% c
vAPA1x(m/s) -0.112 -0.116 -0.095 -0.092 0.025% -

vAPA2ax(m/s) 0.383 0.368 0.312 0.223 0.004* c
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vAPA2bx(m/s) 0.499 0.367 0.361 0.268 0.006* c
vLOCx (m/s) 0.045 0.017 0.017 0.010 0.003* b, c,
vAPAly (m/s) -0.087 -0.101 -0.077 -0.049 0.006* C, €
vAPA2ay(m/s) -0.124 -0.163 -0.093 -0.063 0.001* d, e
vAPA2by(m/s) -0.023 0.034 0.029 0.016 0.474 -
vLOCy (m/s) -0.231 -0.175 -0.179 -0,118 0.018* c

*Significant Difference: P < 0.05; APA: anticipatory postural adjustments; LOC: locomotor phase; dAPA: duration of postural adjustment,; vAPA(x,
y): velocity of postural adjustment in anteroposterior (x) and medio-lateral (y) directions; a: Control vs Mild < 0.05; b: Control vs Moderate < 0.05; ¢:
Control vs Severe < 0.05; d: Mild vs Moderate < 0.05; e: Mild vs Severe < 0.05; f: Moderate vs Severe < 0.05. When the Kruskal-Wallis for
independent samples overall testing showed that the main effects were not significant — NS (P > 0.05), post-hoc tests were not conducted and are not
presented.

Table 4. Parameters of postural adjustments on the left limb.

Groups Kruskal-Wallis test
Parameters ~ Control Median Mild Median Moderate Median Severe Median P-value Effect between groups
APA1 (m) 0.018 0.010 0.011 0.008 NS -
APA2a (m) -0.057 -0.045 -0.035 -0.031 0.031%* b
APA2b (m) -0.083 -0.064 -0.069 -0.058 0.022%* c
LOC (m) 0.103 0.080 0.078 0.065 0.005%* c
dAPAT1 (s) 0.269 0.391 0372 0.350 NS -

dAPA2a (s) 0.179 0.211 0.218 0.231 NS -
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dAPA2b (s) 0.125 0.124 0.145 0.173 NS -
dLOC (s) 0.530 0.513 0.570 0.637 NS -
Dtotal (s) 1.263 1.269 1.379 1.393 NS -
vAPA1x(m/s) 0.155 0.084 0.102 0.075 0.032* c
vAPA2ax(m/s) -0.393 0310 -0.293 -0.199 0.019% c
vAPA2bx(m/s) -0.545 -0.382 -0.403 -0.308 0.002* b, ¢
vLOCx (m/s) -0.015 -0.029 -0.023 -0.015 NS -
vAPAly (m/s) 0.092 0.058 0.070 0.038 NS -
vAPA2ay(m/s) -0.132 -0.102 -0.124 -0.064 NS -
vAPA2by(m/s) 0.144 0.100 0.106 0.047 0.043* -
vLOCy (m/s) -0.208 -0.175 -0.158 -0.110 0.002* c,e

*Significant Difference: P < 0.05; APA: anticipatory postural adjustments; LOC: locomotor phase; dAPA: duration of postural adjustment;
vAPA(x, y): velocity of postural adjustment in anteroposterior (x) and medio-lateral (y) directions a: Control vs Mild < 0.05; b: Control vs
Moderate < 0.05; c¢: Control vs Severe < 0.05; d: Mild vs Moderate < 0.05; e: Mild vs Severe < 0.05; f: Moderate vs Severe < 0.05. When the
Kruskal-Wallis for independent samples overall testing showed that the main effects were not significant — NS (P > 0.05), post-hoc tests were not
conducted and are not presented.
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Figure 2. This figure depicts the center of pressure (CoP) displacement between the groups
with KOA (mild, moderate, and severe) and the control group for left (A) and right (B) limb
swinging forward, performed by one subject each group. The initial position (origin) was
aligned to show the difference between groups.
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4. DISCUSSION

The present study aimed to evaluate the APAs adopted by older adults with KOA at
different severity levels during GI. Our results demonstrated that independent of the grouping
in more or less -affected limbs, the KOA affects the postural adjustments. When comparing
the different from KOA levels, we observed that there was no difference between these
groups. The results also showed that irrespective the limb more or less -affected, during right
limb swinging forward, compared to HC and mild KOA groups, older adults with severe and
moderate KOA presented reduced posterolateral CoP displacement (APA1) toward the
swinging limb, reduced lateral CoP displacement towards the supporting limb, reduced
locomotor phase, reduced APAs wvelocity, and, consequently, higher duration of APAs.
During the left limb swinging forward, these same individuals presented reduced lateral CoP
displacement toward the support limb, reduced locomotor phase , and reduced APA velocity

when compared to older adults with mild KOA and healthy older adults .

During GI, the posterolateral CoP displacement toward the oscillating limb occurs
through inhibition of the soleus and activation of the tibialis anterior, which allows the
production of forces responsible for propelling CoM forward (Winter, 1995; Polcyn et al,,
1998). The size of the APA anterior -posterior displacement has been related to gait velocity,
suggesting that a greater posterior CoP displacement results in an increase in the momentum
of force and impulsion of CoM needed to achieve the desired velocity (Breniére et al., 1987).
In this study, we found that during the right limb swinging forward, older adults with severe
and moderate levels of KOA presented less posterolateral CoP displacement during GI. These
results are supported by previous studies with older adults (Mickelborough et al., 2004) and
post -concussion individuals (Buckley et al., 2017). The reduction in CoP displacement
adopted by these individuals may have occurred as a strategy to reduce forward CoM
propulsion (at a time when there is instability) to ensure safe movement during the

selfinitiated step (Buckley et al., 2017; Mickelborough et al., 2004).

In general, APA parameters that precede single limb movements require lateral weight
transfer to the supporting limb (Winter, 1995; Polcyn et al., 1998). However, under conditions
where there is a postural disturbance, these postural adjustments can be altered, generating

variability of weight transfer (Mcllroy and Maki, 1993). Individuals with Parkinson disease
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have difficulty generating APAs, thus impairing lateral weight transfer and forward CoM
propulsion (L. M Hall et al., 2013; Rogers et al., 2011), corroborating our findings, in which
older adults with severe and moderate levels of KOA showed a reduction in CoP
displacement toward the support limb, and reduction in the locomotor phase during right limb
swinging forward. Lower CoP displacement, in turn, contributes to the reduction in APA

velocity (Burleigh -Jacobs et al., 1997), supporting our findings.

CoP displacement toward s the support limb produces a ground reaction force and
increase s the load on the limb. Studies have shown that individuals with hip osteoarthritis
present slower APAs when compared to the control group, to adjust movement and generate
less stress in the affected joint (Tateuchi et al., 2011). In addition , the presence of articular
stiffness in the stance limb affects the medial -lateral CoM displacement (Riaz et al., 2017).
These findings support our results, which demonstrated that during left limb swinging
forward, older adults with severe and moderate levels of KOA presented reduced CoP
displacement toward the support limb, APA velocity , and locomotor phase. However, for this
limb specifically, the duration of APAs was not different between groups. A smaller swing
phase could explain this condition, similar to that observed in individuals with Parkinson's
disease (Crenna et al., 2006 ); however, we did no t measure the swing phase. Our results also
showed that our sample had greater involvement of the right limb (Table 1), so that while the
left limb swinging forward, the right leg supports the body weight. Therefore, older adults
with severe and moderate KOA, in order to spare the affected joint and reduce the moment of
instability generated by unipodal support, may have reduced the stance phase, since this
population has demonstrated fear of movement, pain beliefs (Alaca, 2019) and postural

instability (Hassan et al., 2001).

Our results also revealed that older adults with severe KOA had a higher BMI when
compared to healthy individuals, as previously described (Bliddal et al., 2014). Increasing
BMI is widely recognized as a risk factor for the incidence and progression of osteoarthritis
(Lementowski and Zelicof, 2008), and has a negative influence on self-reported pain as well

as physical function (Riddle and Stratford, 2013).

However, while the HC group presented moderate to high correlations, the KOA
groups had a few and low to moderate correlations between BMI and APA and other variables

in the medio -lateral direction (Table 2). This result suggests that the HC group was able to
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generate appropriate anticipatory postural adjustments to dealing with body mass, modulating

the mediolateral APA amplitude (Caderby et al., 2017).

On the other hand, the few correlations in KOA groups suggest that these groups have
difficult y in generating appropriate anticipatory postural adjustments. Proprioceptive
information (Mouchnino, 2013; Ruget 2010 ) and hip abduction and stance -leg knee flexion
actions participate in APA modulation (Honeine et al., 2016). KOA provokes the impaired
proprioception (Hassan et al., 2001), and also it is widely recognized that the femoral
quadriceps muscles (Hall et al., 2006; Hassan et al., 2001) and hip abductors (Hinman et al.,
2010) have weakness in individuals with KOA, which could difficult to APA modulation. So,
the individuals dealing with KOA provide some articular protective strategy prioritizing
stability than motor performance (Yiou et al., 2017). Our results also revealed this difficulty.
The grouping of the more and less -affected limbs, it was clear the difference between all
levels of severity of KOA and healthy control. This condition reinforces the idea that

individuals with KOA need an adaptation to maintain postural control (Viton et al., 2000).

Despite the lack of correlation between BMI and APA and other variables in the
medio -lateral direction, the higher BMI has been accepted as a contributor to KOA
progression and increased mechanical load on the joint (Knoop et al., 2011), which results in
intensification of pain perception, limitation in physical function , and reduction in the joint
mobility (Dieppe, 2005), making this population less active. Consequently , there is a
reduction in muscle strength, which favors joint overload and pain exacerbation
(Lementowski and Zelicof, 2008), generating a vicious cycle. In summary, obesity associated
with KOA severity may reflect on postural balance (Capodaglio et al., 2009), contributing to
the postural adjustment patterns adopted by this population.

Although the tibialis anterior is the major muscle responsible for generating forward
CoM propulsion (Elble et al., 1994), its activation tends to be impaired in older adults
(Mickelborough et al., 2004) and individuals with Parkinson disease (Fernandes et al., 2017,
Rogers et al., 2011). This dysfunction in muscle activation may also justify restrictions in CoP
displacement, which results in longer duration and slower APA s and locomotor phase
velocity (Fernandes et al., 2017; L. M. Hall et al., 2013). The same idea could be applied to
older adults with KOA, as they present alterations in neuromuscular function (Bigham et al.,

2018), including of tibialis anterior in animal experiments (Cunha et al., 2019). Despite these
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implications, to date, there is no evidence of quantification of muscle activation during GI for

this population. Thus, further research could fill these gaps.

The characteristics of the individuals with moderate and severe KOA observed in this
study suggest that they use an adaptive postural strategy to perform the transition from stable
bipedal stance to unstable unip odal stance. This study advances in the idea that
neuromuscular training should be a simultaneous goal in rehabilitation programs to reduce the

risk of falling in this population.

LIMITATIONS

The sample size could be considered as a limitation of this study, however, it is
consistent with other studies that investigated APAs in individuals with hip osteoarthritis
(Schlenstedt et al., 2017), Parkinson disease (Stewart et al., 2018), post -concussion (Buckley
et al., 2017) , and obese older adults (Cau et al., 2014). Besides, we only considered the CoP
trajectory during GI, and our volunteers may have used trunk or other joint strategies to
maintain stability. However, this study is pioneering in investigating postural adjustments
adopted by older adults with different KOA severity level s during GI. Our results provide
some insight into the postural adjustments adopted by older adults with KOA during GI and
could assist in the development of interventions directed at postural control variability, which

may affect the entire movement pattern throughout the gait cycle.

S. CONCLUSION

Our results showed that older adults with severe and moderate KOA levels adopt
longer lasting and slower APAs, and lower Co P displacement during GI . This condition
suggest s that this population has an adaptive strategy in performing gait initiation, which is

significantly changed by the KOA severity level.
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HIGHLIGHTS

Exercise reduces the CoP posterolateral displacement in Individuals with KOA

Exercise increases the duration of the medial-lateral displacement in individuals with KOA

Resistive and aerobic exercises increase the isometric muscle strength

Resistive and aerobic exercises reduce pain

Exercises and education improve the physical function

ABSTRACT

Background: Individuals with knee osteoarthritis (KOA) experience pain, deficits in strength
and function, and changes in anticipatory postural adjustments (APAs) during gait initiation
(GD). The inability to generate adequate APAs could increase the risk of falls in this
population. Therefore, exercises are strongly indicated for managing clinical presentations in

KOA but were not investigated in APAs.

Objective: To investigate the effects of resistive and aerobic exercises on APAs used by

individuals with KOA during the gait initiation GIL.

Methods: This double-blind, randomized, and controlled trial recruited 64 individuals
diagnosed with KOA, and they were submitted to intervention for eight weeks. Participants
were randomly allocated into the controlled (CG, n = 20), resistive exercise (RG, n = 20), and

aerobic exercise (AG, n = 24) groups. The primary outcomes were the center of pressure
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(CoP) displacement in the APAs. Secondary outcomes were isometric muscle strength, pain
intensity measured by the numerical pain scale, and physical function assessed by the Western

Ontario and McMaster Universities Osteoarthritis Index (WOMACQ).

Results: The results showed a reduced posterolateral displacement of the CoP in the RG (p =
0.031) and an increase in the duration of the medial-lateral displacement in the RG and AG
groups (p = 0.012) after the intervention. Furthermore, after the minimal intervention, the CG
showed a reduced duration of posterolateral CoP displacement (p = 0.038) and the locomotor
phase (p = 0.048) in the anteroposterior direction. In addition, the RG and AG groups
increased the isometric muscle strength and reduced pain (p<<0.0001). All groups improved

physical function.

Conclusion: Individuals with KOA submitted to resistive and aerobic exercise intervention
by eight weeks produce similar clinical measures (pain, muscle strength, and physical
function) and in APAs patterns used during GI. This study also revealed that the education of

patients could impact physical function.

Keywords: gait initiation, anticipatory postural adjustments, knee osteoarthritis, resistive

exercise, aerobic exercise.

Register of study

(RBR-4ckqq9/2018).

Abbreviations

GI: gait initiation, APAs: anticipatory postural adjustments; CoP: center of pressure; CoM:

center of mass; KOA: knee osteoarthritis; NPS: numerical pain scale, WOMAC: Western
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Ontario and McMaster Universities Osteoarthritis Index; ABD: abductors; QF: quadriceps
femoris; TA: tibialis anterior; CG: group controlled; RG: group resisted; AG: group aerobic;

TS: triceps surae

1. INTRODUCTION

The gait initiation (GI) is a functional task that has been used as an indicator of
balance dysfunction [1] since GI poses challenges to the system performed with dynamic
postural control [2,3]. The postural control is preceded by a sequence of anticipatory postural
adjustments (APAs) that result in a step forward. These APAs occur from stereotyped muscle
activations that allow the posterolateral displacement of the center of pressure (CoP) towards
the oscillating limb, followed by its mediolateral displacement towards the supporting leg,
enabling an impulse of the center of mass (CoM) forward [4]. However, aging [3] and
neurological [5] or musculoskeletal disorders, such as knee osteoarthritis (KOA), may limit
the performance of GI [6]. That is due to changes in neuromuscular and biomechanical

mechanisms involved in GI [7].

KOA is a degenerative rheumatic disease that affects cartilage, subchondral bone, and
adjacent soft tissues [8]. KOA is expected in the elderly population [9], and it is characterized
by reduced range of motion, joint instability [10], pain, and damage to muscle function, which
can affect postural control [11] and how people walk [10,12]. Soares et al. (2020) showed that
individuals with KOA adopt slower and longer-lasting postural adjustments during GI [6],
with the possible purpose of adjusting movement and generating less stress for the affected
joint [13]. Limitations during locomotor transitions result from the increase in the duration of
the APAs [14] or the incorrect lateral displacement of the bodyweight [15] are, in turn,

important factors for the increased risk of falls in old individuals [16].



65

First-line non-pharmacological conservative treatment includes exercise, education,
and weight loss [17]. The exercises help control pain, optimize joint mobility and physical
function, and gain strength [18]. Although aerobic exercises are indicated for pain relief [19],
resistive exercises are the most studied modality [17]. In addition, Nocera et al. (2010)
observed a positive correlation between lower limb strength and GI performance in
parkinsonians [20]. Those results suggest that resistive exercises could be critical to GI
performance. However, no studies assessed the effects of exercises modalities on postural
adjustments related to the KOA. Therefore, this study aimed to investigate the effects of
resistive and aerobic exercises on the APAs adopted by individuals with KOA during GIL.
Additionally, we evaluated the effects of exercise programs on physical function, pain
intensity, and isometric muscle strength. Our hypotheses were that: 1) resistive and aerobic
exercises would modify the pattern of APAs and that ii) resistive exercises would demonstrate

superior effects to aerobic exercises and the controlled group.

2. METHODS

2.1 Study Design

This study is a double-blind, randomized, controlled clinical trial, approved by the
Research Ethics Committee (n. 2451513/2018) and by the Brazilian Registry of Clinical
Trials (n. RBR-4ckqq9 /2018). The conduction of the study was from July 2018 to June 2019

and followed the guidelines and recommendations of CONSORT 2010 [21].
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2.2 Participants

Individuals with KOA were recruited through television news advertisements and
outreach in the academic environment. Volunteers were pre-selected by telephone and
underwent an adequately trained physical therapist assessment. Eligibility criteria included all
those aged >S50 years diagnosed with KOA according to the American College of
Rheumatology criteria [22], radiological evidence with mild, moderate, and severe
impairment of one or more compartments of the knee. [23], reported knee pain for at least six
months, and level > 3, according to the numerical pain scale (NPS), and medical clearance to
perform exercises. Volunteers cannot have other musculoskeletal, neuromuscular disorders,
diabetes mellitus, and uncorrected visual or auditory deficits. In addition, they cannot use
mobility aids during the assessment, be in physical therapy treatment, or have any other
condition that would make it difficult to understand and perform the required tasks. All

participants signed an informed consent form.

2.3 Assessment instruments

The same screening examiner assessed physical function, pain intensity, GI, and
isometric muscle strength, who did not participate or receive information about randomization
and intervention protocols. The evaluations were conducted before and after the intervention
(up to 7 days). We considered the most affected knee for postural adjustments and strength
analysis, confirmed by the participant. However, both members received intervention and

evaluations.

2.3.1 Assessment of physical function and pain

We used the Western Ontario and McMaster Universities Osteoarthritis Index

(WOMAUC) self-administered questionnaire to assess functional performance. Its score can
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range from O to 96. The higher the score, the worse the physical function [24]. We used NPS
to assess pain. NPS estimates pain unidimensional pain intensity, rating from O to 10. Zero

refers to "no pain", and ten refers to "worst possible pain" [25]. For participants who used
analgesics, we requested that they not use such medications within 24 hours before the

evaluation [26].

2.3.2 Assessment of GI

GI was assessed using the BIOMEC 400 force plate (EMG System do Brasil Ltda®),
embedded in a 2 m walkway. We recorded the CoP trajectory with a sampling frequency of
120 Hz, using the BIOMEC (V 1.1) EMG System Brasil software. The participants were
instructed to remain on the force plate in an orthostatic position, barefoot, with a comfortable
and self-selected support base. Upon hearing the verbal command "go", they should perform
the GI and continue walking along the catwalk. We used marks with tapes to register the
initial feet position to provide standardization and reproduction of the assessment [27]. The
test started with the less-affected limb swinging forward, then performed with the most-
affected limb swinging forward. Three repetitions were performed on each limb in a self-

selected one.

We developed a script in MatLab (MathWorks, version 2015a) where the CoP
trajectory was divided into the following phases (Figure 1s, supplementary material): I)
posterolateral displacement of the CoP towards the swinging member (APA1); II) medio-
lateral displacement of the CoP towards the supporting limb (APA2a, APAZ2b); and III)
locomotor phase (LOC). Our primary outcomes of interest were as anticipatory postural
adjustment variables (APA1, APA2a, APA2b, and LOC) and their duration (d) in the

anteroposterior (y) and medio-lateral (x) direction.
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2.3.3 Muscle strength assessment

We used a load cell (CKS, Kratos, Sdo Paulo, Brazil) calibrated and adjusted for
height and direction to assess isometric muscle strength. The following muscles were acquired
bilaterally: hip abductors (ABD) (gluteus maximus, gluteus medius, gluteus minimus, and
tensor fascia lata), quadriceps femoris (QF), and tibialis anterior (TA). For all muscles tested,
the participants were positioned, fixed by belts to avoid possible compensation, and a

goniometer measured angular positioning.

The participants were positioned in lateral decubitus, with the pelvis in neutral fixed
by belts to evaluate the ABD muscles. The hip and knee were respectively positioned at 45°
and 90° of flexion in the untested limb. For the target limb, the hip was positioned with 0° of
flexion/extension and abduction/adduction, and the knee with 0° of flexion/extension. The
load cell was connected to a non-extensible strap above the lateral malleolus of the evaluated
limb [28]. The participants were seated in an adjustable extensor chair to measure the strength
of the QF. The lower limbs were free, but belts fixed the trunk and thigh. The hips and knees
were positioned at 90° of flexion. The load cell was connected to the target limb above the
lateral malleolus using a non-extensible strap. [29]. Finally, the participants remained seated
in the extensor chair, with the trunk and thigh fixed by belts and the hip flexed at 90° to test
TA strength. The knees were positioned at 0° (extension), and the ankle was supported to
maintain the limb position. The feet were in a neutral position (90°), and the load cell was
connected to a non-extensible strap, which was positioned in the forefoot region to be

evaluated, proximal to the metatarsophalangeal joints [30].

Before the tests, the participants performed two repetitions for each muscle to become
familiar with the procedure. We verbally encourage the participants to exert maximum

strength for five seconds during the tests. The test was performed three times on each muscle,
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and a rest period of 60 seconds between them [29]. We normalized all data for body weight

(Kgf'/ Kg) and considered the higher value among the three measurements for analysis.

2.4 Randomization

Blinded to the assessment, a single researcher performed randomization in Excel®
(Microsoft, United States of America). The participants were identified by numbers,
generated in an electronic spreadsheet, and stratified by sex and severity level of KOA. The
allocation was into three distinct groups, and the participants did not receive details about the

intervention protocols.

2.5 Interventions

Physical therapy students adequately trained and supervised applied the interventions,
who did not participate or receive any information about assessments or randomization. The

participants were divided into groups controlled (CG), resisted (RG), and aerobic (AG).

Exercise protocols (resistive and aerobic) were performed three times a week [31], for
eight weeks [18,32], following the recommendations of the American College of Sports
Medicine [33]. Each session time was approximately 60 minutes. The warm-up phase and a
cooling phase were similar for all groups. Warm-up consists of walking for ten minutes on the
Professional Treadmill 567 GT 1-2 (Embrex) at a comfortable speed. Cooling consisted of
performing three repetitions of 60 seconds of stretching the hamstrings, gastrocnemius, rectus
femoris, and adductors [34]. After that, an ice pack was applied on the knees for 20 minutes to

avoid possible exacerbation of the inflammatory process [35].

2.5.1 Resistive exercise

RG participants were submitted to a strength protocol with progressive loads directed

to the QF, ABD, and TA muscles. We used for strength protocol the Pro R1030 Extender
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Chair (Righetto Fitness Equipment) for knee extension, free weights for hip abduction, and
elastic bands (Elastos®) for ankle [36] (Figure2s, Supplementary Material). The unilateral
exercises were performed in four sets of six repetitions and a full range of motion for both
sides. We established a rest period of 60 seconds between each series to avoid muscle fatigue
[32]. Before starting the protocol, the participants performed a few repetitions using a light

load to become familiar with the exercise [37].

In the initial assessment, we obtained the values of the maximum strength test. In the
first session, we used the basal resistance equivalent to 50% of the value in the initial
evaluation. Each week, resistance was progressed by at least 5% of the load applied in the
previous week [32]. Progression was used according to the ability of the participant to

perform one more repetition than requested [38] and pain-free [32].

2.5.2 Aerobic exercise

The participants allocated to the AG were submitted to the 40-minute exercise
protocol on the E-520 vertical ergometric bicycle (Movement by Brudden) with an adjustable
bench. We established the exercise intensity between 50-70% of the maximum heart rate
(HR) [39]. The protocol monitored the HR through the portable oximeter finger monitor

SB100 MD (Rossmax) to guarantee this intensity.

2.5.3 Controlled Group

The participants allocated to the CG were submitted to a mandatory intervention by an
education program through booklets and lectures. They addressed the characteristics of KOA,
such as diagnosis, risk factors, symptoms, and treatment [40]. The lectures lasted 60 minutes
and were held every two weeks for eight weeks to provide attention, social interaction, health

education [41], and adherence. In addition, the participants were instructed to carry out
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activities of warm-up and cooling phases at home. This protocol is adapted from the study
conducted by Bezalel et al. (2010) [42]. After the results from the final evaluation, the
participants were invited to receive the resistive exercise protocol, which is considered an

effective intervention for individuals with KOA [37].

2.6 Statistical Analysis

We used the G Power 3.1.9.2 software to sample size calculation based on the APA
variables in the GI as a primary outcome. We used the F tests family, ANOVA - repeated
measures interaction within-between. The selected effect size was F2 = 0.3, probability of
error o, = 0.05 and probability power of 1 - error § = 0.95. Considering the three groups and

two assessments (before and after), the total estimated sample size was 48 participants.

The Shapiro-Wilk test revealed that age and body mass index (BMI) were normally
distributed, while the variables of strength, physical function, pain, and postural adjustments
were not normally distributed. Therefore, to test the hypothesis that there would be a
difference between the groups, we used the one-way ANOVA test for age and BMI. On the
other hand, for variables with non-normal distribution, we used the Kruskal-Wallis (k sample)
test. In addition, we used the Mann-Whitney test to verify between pairs when we observed
statistical significance between groups. Furthermore, we used the Wilcoxon test to test the
hypothesis that there would be differences between the initial and final assessments in each
group. We run all tests using IBM SPSS software (version 22), considering the alpha level at

<0.05.
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3. RESULTS

Figure 1 shows the study flow diagram. A total of 150 participants were a telephone
screening. Of these, 53 were excluded because they did not meet all eligibility criteria or
refused to participate in the study. Thus, 97 eligible individuals were selected and randomized
into CG (n=28), RG (n=36), and AG (n=33). During the experiment, we considered regular
attendance to be attending 20 sessions out of 24. We removed 33 participants from the study
because of irregularity in the frequency of intervention (n=8), it was not possible to identify a
CoP trajectory (n=5), pain exacerbation (n=1), personal or health problems (n=17), and
dissatisfaction (n=2). Therefore, 64 individuals (women = 46; men = 18) participated in this
trial, allocated in CG (n = 20), RG (n = 20) and AG (n = 24). The groups were not different in

age, BMI, sociodemographic characteristics, sex, and severity (Table 1).

3.1 Primary outcomes

After the minimal intervention, the CG showed a reduced dAPAly (p = 0.038) and
dLOCy (p = 0.048) during the oscillation of the less-affected limb (Table 2). There was no

effect between groups (CG, RG, and AG) at baseline and after the intervention (Table 3).

After the intervention, the RG revealed a reduced APA1 displacement (p = 0.031) and
an increased dAPA2by (p = 0.026) during the oscillation of the most-affected limb (Table 4).
In addition, the RG and the AG showed increased dAPA2by (p = 0.012) compared to the CG

(Table 5).

3.2 Secondary outcomes

The results showed that the CG did not differ in isometric muscle strength after the
intervention (Table 1s). Still, the RG showed a significant increase for ABD, QF, TA muscles

in both most and less-affected limbs, while the AG showed a significant increase only for
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ABD muscles in the most-affected limb and TA in both limbs (more and less-affected). The
results also showed that the pain was reduced for the RG and AG (p<0.0001), while the CG

showed no difference (Table 15s).

After the intervention, all groups (CG, RG, and AG) presented reduced PAIN,
FUNCTION, and TOTAL WOMAC scores for the WOMAC variables. On the other hand,
only the CG and the AG showed the lower score in the STIFFNESS subscale (Table 1s). The
comparison between groups revealed that only the RG had a lower score than the CG (p =
0.023) in the WOMAC STIFFNESS subscale (Table 2s) for the initial assessment. On the
other hand, after the intervention, the RG had lower scores for the PAIN (p = 0.006),

FUNCTION (p = 0.048) and TOTAL WOMAC (p = 0.033) subscales.

4. DISCUSSION

This study investigated the effects of resistive and aerobic exercises on strength,
physical function, pain intensity, and the APAs adopted by individuals with KOA during GL
Our results demonstrated that an eight-week intervention alters variables of the APAs during
GIL. In addition, both exercises (resistive and aerobic) improved physical function, reduced
pain intensity, and improved muscle strength. However, the improved muscle strength was

more evident for resistive exercises.

Interventions based on land-based exercises have been widely recommended as a
treatment for KOA to improve pain, physical function, and muscle strength [43] regardless of
age, sex, body mass index, and severity level of disease [31]. In addition, these exercises
provide immediate benefits that can be sustained for up to six months after intervention [44].

Although its effect varies according to modality [18], several studies showed that aerobic and



74

resistive exercises have similar positive effects on pain control compared to the control group,
improving physical function [18,45] and strength improvement [37], corroborating our

results.

Anticipatory postural adjustments precede the good GI, which allows the post-lateral
displacement of the CoP towards the oscillating limb (APA1). The APA displacement occurs
from the triceps surae (TS) inhibition accompanied by the TA activation, allowing force
generation to accelerate the CoM forward [3]. In this trial, after intervention by resistive
exercises, we found that individuals with KOA reduced the CoP posterolateral displacement
during the oscillation of the most-affected limb. The proper time between TS inhibition and
TA activation is an essential factor contributing to the posterior displacement of CoP [7].
Katoh (2019) [46] noted that individuals with KOA delay TA activation during GI, reducing
the CoP displacement [7]. Participants in the RG may have lower APA1 due to the delay in
TA activation despite being stronger, suggesting that there may be an alteration in the central
processing system [47]. On the other hand, the increase in muscle strength could have
increased the confidence of the RG participants and reduced the fear of falling. A previous
study showed that fear of falling is associated with longer APA under the second task [48].
Despite these assumptions, we did not monitor muscle activity in this study, nor did we use
the second task, which makes it challenging to take profound conclusions. So far, there is no
evidence of muscle activity quantification during GI in individuals with KOA after

intervention by exercises. Thus, we suggest that further research should fill these gaps.

Regular aerobic exercise promotes cardiovascular benefits and increases muscle
strength in individuals with musculoskeletal disorders [49], helping the individuals to remain
physically active. The bike exercise is considered an essential aerobic exercise used in KOA

[50]. That exercise generates low impact, works on a range of motion [51], and stimulates
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muscles such as the quadriceps femoris, gluteus Maximus, and tibialis anterior [52]. These
findings corroborate the increase in strength of the ABD and TA muscles observed in this
study. In addition to increasing strength, AG also has a reduction in pain. These results are
similar to those observed in RG. There was an increase in the duration of APA2b in the
anteroposterior (y) direction in both groups, while the most-affected limb oscillated. The
increase in strength and the reduction in pain may have favored better control and duration of
CoP displacement towards the supporting limb. Individuals with KOA tend to have ABD

impaired [53], which controls mediolateral displacement (APA2a and APA2b) [54].

We observed that the CG, who received education and instruction to perform activities
at home, such as the warm-up (walking) and cooling (stretching) phases, showed
improvements after the intervention in the physical function measures. However, no change
was observed in pain. Studies have suggested that patient education programs should be
considered in the treatment of KOA [17,55], generally designed to direct knowledge and
behavior about health [56]. Studies that evaluated the effect of health education programs in
patients with KOA demonstrated that education could generate benefits for the function [57].
Furthermore, function measures based on physical function have been strongly associated
with mobility capacity [58]. Therefore, reducing APA1 duration in the anteroposterior (y)
direction may result from actions promoted in the CG related to improved mobility capacity.
On the other hand, this group no-showed improvement in pain, which may be responsible for
the faster execution of the locomotor phase in the anteroposterior direction (dLOCy), reducing

the joint loading.
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LIMITATIONS

In this trial, we have not evaluated the muscle activity, which does not allow verifying
possible changes in the nervous system. Also, for ethical reasons, the controlled group had to
receive minimal intervention, which probably improved physical function. However, to
reduce this bias, we performed the same intervention (warm-up and cooling phase) for all
groups [42]. This study is a pioneer in investigating the effect of resistive and aerobic
exercises on the APAs used by individuals with KOA during the GI. Our results contribute to
interventions aimed at APAs during GI and attenuate the risk of falls in this population.
Future studies addressing neuromuscular aspects should be carried out to understand better

the factors that interfere with APAs.

S. CONCLUSION

Individuals with KOA submitted to intervention with resistive and aerobic exercises
for eight weeks have similar clinical results (pain, muscle strength, and physical function) and
APA pattern used during GI. This study also revealed that education procedures can impact

physical function and should be considered in individuals with KOA.
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Figure 1. Study flow diagram




Table 1. Characteristics of participants.
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Intervention groups One-way
Characteristics ANOVA
Controlled Resistive Aerobic F —value
(n = 20) (n = 20) (n =24) P
Age (y%rls)))_ mean 62.7 (10.03) 64.1 (7.73) 62.20 (7.37) 0290  0.749
2y —
BMI (k%/snll); mean 30.54 (5.43) 30.49 (4.94) 29.22 (4.43) 0.521  0.59
Mild (6); Mild (7); Mild (9);
Severity (n) Moderate (11); Moderate (10); Moderate (10); - -
Severe (3); Severe (3); Severe (5);
Sex (n) Female (16); Female (13); Female (17); - -
Male (4) Male (7) Male (7)
Uni or Bilateral KOA Upilateral 2); Upilateral R Upilateral 3); - -
(n) Bilateral (18) Bilateral (11) Bilateral (16)
More-affected limb Left (8); Left (9); Left (14); ) )
(n) Right (12) Right (11) Right (10)
. . Right-handed (18) Right-handed (20)  Right-handed (22)
Dominancy side Left-handed (0) Left-handed (0)  Left-handed (2) - -
Ambidextrous (2) Ambidextrous (0)  Ambidextrous (0)
Physical activity (n) Yes (9): Yes (12); Yes (11); - -
No (11) No (8) No (13)

Footnote: BMI, body mass index; KOA, Knee osteoarthritis; SD, standard deviation.



Table 2. Comparison of anticipatory postural adjustments during oscillation of less-affected limb before and after intervention.
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Controlled (n =20)

Resistive (n = 20)

Aerobic (n =24)

Before After Wiltcé(;(on Before After Wﬂtz:i(on Before After Wiltcé:i(on
Variables Median Median Median Median Median Median
(1) (1) p- value (I (I p-value (€I (€I p-value

APAL (m) (-0.(;(6).?03 3.07) (-0.(;(6).?03 (5).05) 0.657 (-0.(;2?04307) (-0.0_60850.09) 0.983 (-0.0%?3 30.13) (-0.0%?360. iy 0376
APA2a(m) 1_10870.05) (0.1 iotg)?o.OS) 0722 (o, 1_30 .t(())9_50.07) (0. 1_10 .t(())9-50.06) 0.287 (0. 1_5()'8)9-1).05) (0. 1_30&)0-50.05) 0.948
APA2b (m) (-0.0?&%4-30.03) (-0.0?&%3-30.02) 0.262 (-0.0%0&? ?0.03) (-0.0_60':())4-60.03) 0.066 (-0.0?&%3-%).01) (_0,0410{2 Lfo.oz) 0.183
Locm oy (1)?04?).04) (-0.(;(6) '305(5).04) 0.064 (-0.(33?04807) (-0.(;(9)'?07?).07) 0.837 (-0.005'?:)t 10.08) (-0.0%?:: 30.08) 0.731
APALX (m) (-0.0_30820.02) (-0.0_30£20.02) 0.878 (-0.(;(3)?02(6).01) (-0.(32'?023.03) 0.063 (-0.0%?; 30.03) (-0.0%?; 30.03) 0.376
APA2ax (m) (-0.0-70.t(())5-60.04) (-0.0-60.t(())4-50.04) 0.512 (-o.o_z? i(;5-30.03) (-0.0%0&? ?0.04) 0.420 (-0.0_60':())5-50.03) (-0.0_70':())5-30.03) 0.748
APA2bx (m) (-0.021;?%.03) (-0.0-60.t(())3-60.03) 0.203 (-0.0?&%5-5().04) (-0.0_60':())5-30.04) 0.537 (-O.O;Ot}())ft ?0.02) (-0.0_70':())4-30.03) 0.194
LOCx (m) (-0.2_2'309(1).01) (-Ojgiltif) 0) 0.985 (-0_.%21 fg 0) (-0_.%21?3 0) 0.653 (0. 1_90820.01) (0. 1_(7)'?01?).01) 0.338
APALy (m) (-0.0%?8 60.08) (-0.03 '3)10.04) 0.197 (-0.005'?520.07) (-o.og '8)20.07) 0662 (-0.(;(9)'?01?).07) (-0.(38'?01?).04) 0.583
APA2ay (m) (0.010820.05) © ?60(}.2)5) 0.925 (0.0(2).:)042.06) (0.08.?03 (6).06) 0.195 (0.010830.09) (0.0(1)'?04(1).07) 0.785
APA2by (m) g ?603.})8) © ?603.608) 0.601 (0.0(1).:)05(5).08) (0.0(2).?052.08) 0.489 (0.0(1)'?06(3).11) (0.010850.11) 0.369
LOCy (m) (-0.0%?8 50.02) (-0.0%?8 %).02) 0.903 (-0.(;2'?03 (5).02) (-0.(38'?02(6).02) 0.747 (-0.(38'?04(5).02) (-oi(())'g Ltf 0) 0.577
dAPAIX (s) (0.0(2)'?05309) (0.0(2).:)07(5).28) 0.432 (0.0(1)'?03 (6).06) (0.0(2)'?05(2).07) 0.433 (0.03?06(5).11) (0.0(1)'?04(5).27) 0.124
dAPAZax (s) (0.0(2)?05(6). 10) (0.001(1380. 1) 0.809 (-0.3%?31).05) © ?603.%5) 0.732 (0.0(1).:)048.08) (0.03?043.07) 0.235
dAPA2DX (5) (0.02'302(2).16) (0.02'3008.15) 0.687 (-0.7%?35(). 11) (0.0(3)'?063.11) 0.935 (0.0(2)'?06(3).12) (0.02?07(7).12) 0.190
LOCK (8 875 7925 0167 -8.106 76 0432 0.015 0.008 04ll

(-11.15 t0 0.06)

(-10.74 10 0.34)

(-10.08 t0 0.03)

(-10.57 t0 0.28)

(-8.83 10 0.33)

(-8.09 (0 0.35)
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dAPAly (5) (0.0(1)?053.35) (-0.9%?;20.03) 0.038* (-0.2%?5%.05) (0.0(1)'?028.05) 0.851 (-0.5%?52().07) (-0.302% %.05) 0.886
dAPA2ay (s) (-0.4%?3 30.08) (-0.9%?; 30.03) 0.140 (-0.201.?3%.06) (-0.3%?3%.06) 0.844 © ?603.})9) (-0.3%?52().04) 0.109
dAPA2by (s) © ?60;.318) © ?605.38) 0.629 (0.0(1)'?03 3.05) (o.ozoigso.zs) 0.295 © ?605.71 1) (-0.3%?52().05) 0.137

dLOCy (s) (0.02?09;92) (0.0(1)?03 3.06) 0.048% (0.03?03 2.06) (0.0(3).?058.28) 0.881 (0.0(1)?03 (7).08) (0.0(1)?04(5).05) 0.308

Footnote: APA, anticipatory postural adjustments; LOC: locomotor phase; d: duration; y: anteroposterior; x: medio-lateral; CI: confidence interval; *: statistical significance.

Table 3. Comparison of groups of the anticipatory postural adjustments between during oscillation of less-affected limb before and after intervention.

Before After
Controlled Resistive Aerobic Kruskal Controlled Resistive Aerobic Kruskal- Mann-
-Wallis Wallis Whitney U
Variables (n=20) (n=20) (n=24) Test (n=20) (n=20) (n=24) test test
Median p-value Median p-value
((8])) (CD
-0.038 -0.043 0.033 -0.035 -0.05 0.036
APAL (m) (-0.05 to0 0.06) (-0.06 to 0.06) (-0.03 t0 0.13) 0.114 (-0.06 to 0.05) (-0.06 to 0.08) (-0.04 t0 0.11) 0248 B
-0.07 -0.095 -0.091 -0.07 -0.095 -0.105
APAZa (m) (-0.11 to -0.05) (-0.11 to -0.06) (-0.15 to -0.05) 0.488 (-0.11 to -0.05) (-0.11 to -0.06) (-0.13 to -0.05) 0.407 )
-0.043 -0.04 -0.031 -0.033 -0.046 -0.04
APAZb (m) (-0.05 to -0.03) (-0.05 to -0.03) (-0.04 to -0.02) 0.096 (-0.05 to0 -0.02) (-0.06 to -0.03) (-0.04 to -0.02) 0.105 )
-0.048 -0.048 0.041 -0.055 -0.073 0.043
LOC (m) (-0.11 to 0.04) (-0.08 to 0.07) (-0.05 t0 0.08) 0.204 (-0.06 to 0.04) (-0.09 t0 0.07) (-0.06 to 0.08) 0348 )
-0.02 -0.026 0.013 -0.02 -0.023 0.013
APAIXMN  (00310002) (00310001 (00210003 ' (00310002  (003-003) (002100003 O -
APA2ax -0.056 -0.053 -0.055 0.856 -0.045 -0.05 -0.053 0888 ;
(m) (-0.07 to -0.04) (-0.08 to -0.03) (-0.06 to -0.03) ’ (-0.06 to -0.04) (-0.05 to -0.04) (-0.07 to -0.03) ’
APA2bx -0.05 -0.055 -0.046 0.195 -0.036 -0.053 -0.043 0237 i

(m)

(-0.06 to -0.03)

(-0.06 to -0.04)

(-0.05 to0 -0.02)

(-0.05 to -0.03)

(-0.06 to -0.04)

(-0.07 to -0.03)



-0.191 -0.163 -0.02 -0.18 -0.165 -0.013
LOGxm) 5230 0,01 (-0.21 to 0) 01910001y 0710 (-0.22 0 0) (-0.22 0 0) (-0.17 t0 0.01) 0.136 i
0.006 0.022 -0.018 0.01 0.02 -0.013
APALY (M) 10510008)  (005100.06)  (0.09t0007) 4 (-0.03 (0 0.04) (-0.04 10 0.07) (-0.08 (0 0.04) 0.498 i
APA2ay 0.02 0.048 0.03 0.185 0.017 0.036 0.041 0273 ]
(m) (0.01 to 0.04) (0.02 to 0.06) (0.01 t0 0.09) ' (0 t0 0.05) (0.02 t0 0.06) (0.01 t0 0.07) '
APA2by 0.051 0.055 0.063 0.674 0.036 0.058 0.05 0.406 ]
(m) (0 10 0.08) (0.02 to 0.08) (0.01 0 0.11) ' (0 t0 0.07) (0.02 t0 0.08) (0.01 0 0.11) '
0.005 -0.035 -0.045 0.001 -0.026 -0.045
LOGYm)  00610002) (00610002 (00810002 0481 (-0.06 (0 0.02) (-0.07 t0 0.01) (-0.08 t0 0) 0.248 i
0.058 0.036 0.065 0.075 0.052 0.045
dAPAIX(S) 0 02 10 0.08) (0.01 to 0.06) 00210011 172 (0.02 0 0.23) (0.02 t0 0.07) (0.01 t0 0.21) 0.622 i
dAPA2ax 0.056 0.034 0.040 0.151 0.048 0.033 0.044 0239 ]
(s) (0.03 to 0.10) (02310 0.05)  (0.01 t0 0.07) ' (0.01 t0 0.09) (0.01 to 0.05) (0.02 t0 0.07) '
dAPA2bx 0.122 0.045 0.063 0.097 0.100 0.068 0.077 0374 ]
(s) (0.04 (0 0.15) (-047100.11)  (0.02 10 0.12) ' (0.04 (0 0.15) (0.03 t0 0.11) (0.04 10 0.12) '
-8.758 -8.106 0.015 -7.925 7.6 0.008
dLOCX()  (1106100.05)  (99210002)  (87510033) 2 (105710034)  (-10.5710023) (-7.93 10 0.35) 0.227 i
0.054 0.020 0.022 0.012 0.020 0.018
dAPALY () 00110 0.35) (01510 004) (04910 006) 1 (-0.98 (0 0.03) (0.01 to 0.05) (-0.32 10 0.04) 0.335 i
dAPA2ay 0.043 0.030 0.051 0.78 0.013 0.040 0.022 0267 ]
(s) (-:032100.08)  (-0.13 to 0.06) (0 t0 0.09) ' (-0.82 10 0.03) (-0.32 t0 0.06) (-0.32 10 0.04) '
dAPA2by 0.043 0.034 0.027 0.469 0.020 0.05 0.022 0225 ]
(s) (010 2.01) (0.01 to 0.04) (010 0.11) ' (0 t0 0.21) (0.02 t0 0.21) (-0.32 t0 0.05) '
0.096 0.038 0.037 0.034 0.050 0.045
dLOCY () 0310 2.84) (0.02 (0 0.06) 00110007 97 (0.02 10 0.05) (0.03 0 0.21) (0.01 t0 0.05) 0.568 i
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Footnote: APA, anticipatory postural adjustments; LOC, locomotor phase; d: duration; y, anteroposterior, x, medio-lateral; a, Controlled vs Resistive; b, Controlled vs

Acrobic; ¢, Resistive vs Aerobic; CI, confidence interval; *, statistical significance.

Table 4. Comparison of anticipatory postural adjustments during oscillation of more-affected limb before and after intervention.

Controlled (n = 20)

Resistive (n = 20)

Aerobic (n = 24)

Before After Wﬂtz:i(on Before After Wﬂtz:i(on Before After Wﬂtz:fon
Variables Median Median p-value Median Median p-value Median Median p-value
(8} (8} (€1 (€1 (€1 (€1




APA1
(m)
APA2a
(m)
APA2b

(m)
LOC (m)

APAlx
(m)
APA2ax
(m)
APA2bx
(m)
LOCx
(m)
APAly
(m)
APA2ay
(m)
APA2by
(m)
LOCy
(m)
dAPA1x
(s)
dAPA2ax
(s)
dAPA2bx

()
dLOCx
()
dAPAly
()
dAPA2ay
()
dAPA2by

0.03
(-0.05 10 0.09)
-0.101
(-0.12 to -0.09)
-0.036
(-0.04 t0 -0.03)
0.046
(-0.07 10 0.10)
0.015
(-0.03 10 0.02)
-0.057
(-0.06 to -0.03)
-0.048
(-0.06 to -0.03)
-0.043
(-0.19 10 0.03)
-0.011
(-0.07 t0 0.06)
0.04
(0.02 t0 0.07)
0.056
(0 10 0.07)
-0.055
(-0.11 10 0.01)
0.065
(0.02 t0 0.11)
0.033
(-0.90 t0 0.08)
0.063
(0.03 10 0.12)

0.016
(-9.42 10 0.27)

0.05
(-0.32 10 0.37)
0.058
(0.01 - 0.07)
0.025

0.018
(-0.04 10 0.07)
-0.1
(-0.12 to -0.07)
-0.038
(-0.06 to -0.02)
0.041
(-0.06 t0 0.05)
0.011
(-0.01 t0 0.03)
-0.056
(-0.07 to -0.04)
-0.051
(-0.06 to 0.03)
-0.021
(-0.19 10 0.01)
0.005
(-0.05 t0 0.05)
0.036
(0.03 t0 0.05)
0.036
(0 10 0.05)
-0.045
(-0.06 10 0.01)
0.056
(0.02 t0 0.07)
0.034
(0.01 to 0.06)
0.093
(0.05 10 0.16)

0.020
(-9.18 10 0.62)

0.027
(010 0.52)
0.028
(-0.31 t0 0.05)
0.006

0.184

0.420

0.375

0.268

0.671

0.378

0.778

0.190

0.600

0.312

0.061

0.055

0.837

0.654

0.278

0.896

0.887

0.212
0.136

0.051
(-0.05 10 0.11)
-0.108
(-0.15 to -0.08)
-0.041
(-0.05 to -0.03)
0.05
(-0.06 10 0.07)
0.015
(-0.03 10 0.03)
-0.063
(-0.07 to -0.05)
-0.05
(-0.06 to -0.04)
0.003
(-0.19 10 0.02)
-0.03
(-0.08 10 0.07)
0.045
(0.02 t0 0.08)
0.06
(0.01 t0 0.08)
-0.06
(-0.09 t0 0)
0.054
(0.02 t0 0.08)
0.038
(0.01 t0 0.07)
0.055
(0.02 0 0.12)

0.008
(-9.25 10 0.26)

0.027
(0.01 t0 0.05)
0.043
(0.01 to 0.06)
0.031

0.04
(-0.06 10 0.09)
-0.113
(-0.13 to -0.08)
-0.038
(-0.04 t0 -0.02)
0.053
(-0.05 10 0.09)
0.015
(-0.03 10 0.02)
-0.056
(-0.07 to -0.04)
-0.053
(-0.06 to -0.04)
-0.021
(-0.16 10 0.01)
-0.01
(-0.07 t0 0.04)
0.061
(0.03 t0 0.08)
0.035
(0 t0 0.09)
-0.063
(-0.10 10 0.03)
0.062
(0.02 0 0.08)
0.066
(0.02 to 1.68)
0.076
(0.04 10 0.12)

0.009
(-7.26 10 0.34)

0.023
(0.01 to 0.06)
0.036
(0.01 to 0.06)
0.045

0.031*

0.183

0.716

0.343

0.313

0.395

0.276

0.910

0.824

0.808

0.545

0.736

0.121

0.096

0.262

0.056

0.370

0.687
0.026*

-0.025
(-0.05 (0 0.05)
-0.078
(-0.10 to -0.05)
-0.035
(-0.04 to -0.02)
-0.058
(-0.08 (0 0.07)
-0.02
(-0.03 10 0.01)
-0.055
(-0.06 to -0.03)
-0.035
(-0.05 to -0.03)
-0.153
(-0.21 to 0)
0.022
(-0.04 (0 0.09)
0.025
(0.01 to 0.06)
0.071
(0.02 t0 0.09)
-0.016
(-0.05 10 0.01)
0.048
(0.01 t0 0.07)
0.056
(0.02 to 0.10)
0.065
(0.02 t0 0.13)

7779
(-10.07 t0 0.03)

0.016
(-0.32 10 0.07)
0.038
(-0.57 t0 0.08)
0.031

-0.033
(-0.06 t0 0.07)
-0.095
(-0.12 to -0.06)
-0.04
(-0.05 to -0.02)
-0.055
(-0.08 (0 0.05)
-0.02
(-0.03 10 0.02)
-0.058
(-0.07 to -0.03)
-0.046
(-0.05 to -0.03)
-0.146
(-0.22 0 0)
0.021
(-0.04 10 0.07)
0.033
(0.01 to 0.08)
0.041
(0 t0 0.08)
-0.001
(-0.05 (0 0.03)
0.042
(0.01 t0 0.07)
0.041
(0.01-0.07)
0.093
(0.03 10 0.12)
-6.105
(-10.73 to
0.36)
0.056
(-0.32 10 0.09)
0.049
(0.01 0 0.11)
0.029

0.557

0.183

0.277

0.795

0.521

0.260

0.204

0.852

0.293

0.275

0.280

0.428

0.678

0.841

0.988

0.594

0.242

0.303
0.909
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(s) (044 -0.09)  (-0.99 {0 0.03) (-:0.24100.07)  (0.01to 0.08) (02310 027)  (0.01t00.28)
dLOCy 0.041 0.022 0.525 0.037 0.055 0.038 0.045 0775
(s) (0.03 -2.35) (0.01 t0 0.05) ' 0.02100.07)  (0.03 {0 1.28) (0.02100.07)  (0.02 t0 0.06) '
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Footnote: APA, anticipatory postural adjustments; LOC: locomotor phase; d: duration; y: anteroposterior, x: medio-lateral; CI: confidence interval; *: statistical

significance.

Table 5. Comparison of groups of the anticipatory postural adjustments between during oscillation of more-affected limb before and after intervention.

Before After
Kruskal Kruskal- Mann-—
] Controlled Resistive Aerobic -Wallis Controlled Resistive Aerobic Wallis Whitney
Variables Test Test U test
Median value Median _ value
(CD P (€D P
0.03 0.051 -0.025 0.018 0.04 -0.033
APAL (m) (-0.05 t0 0.09) (-0.05t0 0.11) (-0.05 t0 0.05) 0.520 (-0.04 t0 0.07) (-0.06 to 0.09) (-0.06 to 0.06) 0.620 i
-0.101 -0.108 -0.078 -0.1 -0.113 -0.095
APA2a (m) (-0.12 to -0.09) (-0.15 to -0.08) (-0.1 t0 -0.05) 0.033 (-0.12 to -0.08) (-0.13 to -0.08) (-0.12 to -0.06) 0.403 )
APA2b -0.036 -0.041 -0.035 0323 -0.038 -0.038 -0.04 0.998 i
(m) (-0.04 to -0.03) (-0.05 to -0.03) (-0.04 to -0.02) ’ (-0.05 t0 -0.02) (-0.04 to -0.02) (-0.05 t0 -0.02) ’
0.046 0.05 -0.058 0.041 0.053 -0.055
LOC (m) (-0.06 t0 0.10) (-0.06 t0 0.07) (-0.08 t0 0.07) 0.157 (-0.06 t0 0.05) (-0.05 t0 0.09) (-0.08 t0 0.05) 0.113 )
APAI1x 0.015 0.015 -0.02 0211 0.011 0.015 -0.02 0.340 i
(m) (-0.03 t0 0.02) (-0.02 t0 0.03) (-0.03 t0 0.01) ’ (-0.01 t0 0.03) (-0.03 to 0.02) (-0.03 t0 0.02) ’
APA2ax -0.057 -0.063 -0.055 0112 -0.056 -0.056 -0.058 0.929 i
(m) (-0.06 to -0.03) (-0.07 to -0.05) (-0.06 to -0.03) ’ (-0.07 to -0.04) (-0.07 to -0.04) (-0.07 to -0.03) ’
APA2bx -0.048 -0.05 -0.035 0.060 -0.051 -0.053 -0.046 0.570 i
(m) (-0.06 to -0.03) (-0.06 to -0.04) (-0.05 to -0.03) ’ (-0.06 to -0.03) (-0.06 to -0.04) (-0.05 to -0.03) ’
-0.043 0.003 -0.153 -0.021 -0.021 -0.146
LOCx (m) (-0.19 t0 0.03) (-0.19 t0 0.02) (-0.21 to 0) 0.141 (-0.19t0 0.01) (-0.16 t0 0.01) (-0.22 t0 0) 0.342 i
APAly -0.011 -0.03 0.022 0.598 0.005 -0.01 0.021 0752 i
(m) (-0.07 to 0.06) (-0.07 t0 0.07) (-0.04 t0 0.08) ’ (-0.05 t0 0.05) (-0.07 to 0.04) (-0.04 t0 0.07) ’
APA2ay 0.04 0.045 0.025 0278 0.036 0.061 0.033 0.289 i
(m) (0.03t0 0.07) (0.02 t0 0.08) (0.01t0 0.05) ’ (0.03 t0 0.05) (0.03 t0 0.08) (0.011t0 0.07) ’
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APA2by 0.056 0.06 0.071 0.652 0.036 0.035 0.041 0.564 ]
(m) (0 10 0.07) (0.02 t0 0.08) (0.02 t0 0.09) ' (0 10 0.05) (0 t0 0.09) (0.01 t0 0.08) '
-0.055 -0.06 -0.016 -0.045 -0.063 -0.001
LOGym) o110 0.01) (-0.09 t0 0) (00510001 3% (-0.06 10 0.01 (-0.10 t0 0.03) (-0.05 10 0.03) 0.253 i
dAPAIx 0.065 0.054 0.048 0.719 0.056 0.062 0.042 0.523 ]
(s) (0.02 to 0.10) (0.02 to 0.08) (0.01 t0 0.07) ' (0.02 t0 0.07) (0.02 t0 0.08) (0.01 t0 0.07) '
dAPA2ax 0.033 0.038 0.056 0.289 0.034 0.066 0.041 0.202 ]
(s) (-0.81 10 0.07) (0.01 to 0.06) (0.02 t0 0.10) ' (0.01 to 0.06) (0.02 to 1.68) (0.01 to 0.06) '
dAPA2bx 0.063 0.055 0.065 0.675 0.093 0.076 0.093 0.509 ]
(s) (0.04 10 0.12) (0.02 0 0.11) (0.02 t0 0.13) ' (0.05 (0 0.15) (0.04 10 0.11) (0.03 10 0.12) '
0.016 0.008 27779 0.020 0.009 -6.105
dLOCX(®) (925 100.20) (-9.25 10 0.18) (99110003 0420 (-9.09 10 0.58) (-7.26 t0 0.34) (105710035 03 i
dAPAly 0.05 0.027 0.016 0.605 0.027 0.023 0.056 .77 ]
(s) (-0.32 10 0.36) (0.01 to 0.05) (-0.32 - 0.07) ' (0 10 0.36) (0.01 to 0.05) (-0.32 10 0.09) '
dAPA2ay 0.058 0.043 0.038 0.702 0.028 0.036 0.049 0.494 ]
(s) (0.01 t0 0.07) (0.01 to 0.06) (-0.49 10 0.08) ' (-0.31 10 0.05) (0.01 to 0.06) (0.01 0 0.11) '
dAPA2by 0.025 0.031 0.031 0.654 0.006 0.045 0.029 0,012+ 5 b
(s) (-0.40 10 0.09) (-0.15 10 0.07) (-0.15 10 0.21) ' (-0.99 10 0.02) (0.01 to 0.08) (0.01 t0 0.22) ' :
0.041 0.037 0.038 0.022 0.055 0.045
dLOCY (9 00310 2.35) (0.02 10 0.07) 00210007 1 (0.01 t0 0.05) (0.03 t0 0.89) (0.02 10 0.06) 0.163 i

Footnote: APA, anticipatory postural adjustments; LOC, locomotor phase; d: duration; y, anteroposterior; x, medio-lateral, a, Controlled vs Resistive; b, Controlled vs
Acrobic; ¢, Resistive vs Aerobic; CI, confidence interval; *, statistical significance.



MATERIAL SUPLEMENTAR

Table 1s. Comparison of strength, pain, and physical function before and after intervention.
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Controlled (n = 20)

Resistive (n = 20)

Aerobic (n = 24)

Before After Wlltcé(;(on Before After Wﬂtz:i(on Before After Wﬂtz:iion
Variables Median Median p-value Median Median p-value Median Median p-value
(01))] (01))] (01))] (01))] (01))] (01))]
7.75
7 8.25 : 11.45 « 7.7 9 «
ABD_ma (Kgf) (4.82t0 11.32) (6.02 t0 12.17) 0.276 (;‘1'5357;0 (8.7 to 14.67) 0.000 (4.82t0 10.47) (6.3t013.7) 0.002
7.6 8.85 6.5 11.2 « 8 9.15
ABD _la (Kef) (5.62 10 11.95) (5.97 to 11.65) 0.793 (4.85t0 10.5) (8.22 1013.57) 0.003 (5.07 t0 10.07) (5.77 10 11.95) 0.166
17.85
18.35 16.95 : 21.2 « 18.7 19.45
QF_ma (Kgf) (11.25t022.3) (13.5 t0 20.15) 0.206 (1243.3657;0 (17.07 t0 28.2) 0.001 (12.2t022.2) (16.2 10 25.45) 0.121
21.8
18.55 18.95 y 23.25 « 22.15 20.65
QF_la (Kgf) (15 t0 26.87) (14.6 to 22.65) 0.397 (1269'2125;0 (19.02 to 33.85) 0.000 (13.75 t0 28.25) (14.1 10 26.25) 0.194
8.05 13 8.75 17.55 10.9 14.85
TA_ma (Kgf) (7.22 to0 14.72) (9.1t017.02) 0.493 (f'61§7t)0 (13.9 to 21.55) 0.027 (8.72 to 19.65) (10.5 t0 20.05) 0.042
11.5
9.95 13.15 . 17.75 « 12.85 16.9 «
TA_la (Kgf) (6.3 t0 16.25) (8.81015.9) 0.153 (f.59i2t)0 (10.37 t0 24.92) 0.000 (810 17.6) (10.92 t0 19.5) 0.008
6.5 6 6 2 « 6 4 «
NPS (410 8) 4.25t07) 0.719 (41t08) Oto4) 0.000 (4 t0 8) (2t06) 0.000
11 9 « 10.5 5 « 10 6 «
WOMAC PAIN (6.75 t0 13.75) (8to 11.75) 0.024 (510 12) (210 8.75) 0.000 (7.25t0 13) (325t09) 0.000
35
WOMAC 41 30 « 24.5 « 34.5 25.5 «
FUNCTION (31 to 45) (22 10 36.75) 0.005 (21'222;0 (8.5 10 30.5) 0.000 (21.75 t0 52.25) (13 t0 37.25) 0.001
WOMAC 6 3 « 3 3 5 2 «
STIFFNESS “dto7) (Btod) 0.005 (2 t0 4.75) (125t04) 0.548 (2.25t06) (1t04.75) 0.010
55.5 425 « 50 32 « 47 34 «
WOMAC TOTAL (46.5 t0 65.25) (32 t0 52.25) 0.002 (30.5t0 58.5) (14.75 t0 41) 0.000 (31.75t0 71) (17.25 to 52.75) 0.001

Footnote: ABD, abductors; QF, quadriceps femoris; TA, tibialis anterior, ma: more-affected limb; la: less-affected limb; NPS, Numerical Pain Scale; WOMAC, McMaster
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Universities Osteoarthritis Index; CI: confidence interval; *, statistical significance.

Table 2s. Comparison between groups of muscle strength, pain and physical function before and after intervention.

Before After
- - Mann—
Controlled Resistive Aerobic Kruskal Controlled Resistive Aerobic Kruskal  yypjfpey
Variables -Wallis -Wallis U test
(n=20) (n =20) (n=24) test (n=20) (n=20) (n=24) test
Median p-value Median p-value
(ChH (C)
7 7.75 7.7 0.983 8.25 11.45 9 0146 )
ABD ma(Kgf) (49510 11.15) (47101125 (485101035 61510 11.95)  (895t014.55) (6310 13.55)
7.6 6.5 8 8.85 11.2 9.15
ABD_la (Kg) (5.6510 11.9) (4910 10.4) (51510995 0738 (6.05 10 11.6) 8351013.55) (585t011.9) 0196 -
18.35 17.85 18.7 16.95 212 19.45
QF_ma (Kgf) (117 t0 21.9) (144102305  (1241022)  O3% (13.6 10 19.6) (17751027.5) (16310251 0118 -
18.55 21.8 22.15 18.95 23.25 20.65
QF_la (Kgh (157102655)  (16951028.1)  (l14410282) 0823 (14.8 10 22.6) (190510335 (14810261) 02 -
8.05 8.75 10.9 13 17.55 14 .85
TA_ma (Kef) (72510 1435) (53101655  (885t0192) 034 (9.9 10 16.95) (14410212)  (1071020) 088 -
995 11.5 12.85 13.15 17.75 16.9
TA_la (Reh (6.4 10 15.8) 615101525) (8410175 0 (9 10 15.9) (11.05102465) (10.951019.5 072 -
6.5 6 6 6 2 4 e
NPS (4108) (4108) (4108) 0.897 45107 (0 to 4) (210 6) 0.000%  a®.b*.c
11 10.5 10 9 5 6 . .
WOMAC PAIN (7.5 10 13.5) (6 t0 12) (7.5t0 13) 0.591 (810 11.5) (210 8.5) (3.5109) 0.006 a
WOMAC 41 35 34.5 0. 464 30 245 255 0.048% -
FUNCTION (31 10 45) (215 10 42) (22510505 (2410 36.5) (9 0 30) (14 10 36.5) :
WOMAC 6 3 5 % 3 3 2 %
STIFFNESS (4107) (210 4.5) 2506 0V 3 10 4) (15104) (110 4.5) 0.318 a
55.5 50 47 42.5 32 34 % %
WOMACTOTAL 1764 5 (110 58) (3351069 0300 (34 10 51.5) (1551041) (17510515 033 a

Footnote: ABD, abductors; QF, quadriceps femoris; TA, tibialis anterior; ma: more-affected limb; la: less-affected limb; NPS, Numerical Pain Scale; WOMAC, McMaster
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Universities Osteoarthritis Index; a, Controlled vs Resistive; b, Controlled vs Aerobic; ¢, Resistive vs Aerobic; CI: confidence interval; *, statistical significance.

X (M/L)

X (M/L)

Y (A/P)

[ Origin l End
QO I°Max < 1°Min @ 2°Min

Figure 1s. Center of pressure (CoP) displacement divisions during gait
initiation (GI). This example shows the left leg swinging forward and the
right leg in support. The rectangles represent the origin and end of the GI.
The APA1 is the CoP displacement from origin to first maximum (white
circle), defined as the maximum posterior position towards the oscillating
limb. The APA2a is the CoP displacement from the first maximum to the
first minimum (diamond), defined as the minimum anterior position during
the displacement of a swinging limb to the supporting limb. The APA2b is
the CoP displacement from the first minimum to the second minimum (black
circle), defined as the minimum posterior position during the displacement
towards the supporting limb. Finally, the locomotor phase (LOC) is the CoP
displacement from the second minimum to the end of GI on the supporting

Limb.
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A

Figure 2s. Quadriceps resistive exercise in extender chair (A), Abductors resistive exercise with free weights (B), and Tibialis anterior resistive exercise with elastic load

bands (C).
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APENDICE A - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé estd sendo convidado (a) para participar da pesquisa intitulada “EFEITO DO
TRATAMENTO, NIVEL DE SEVERIDADE E DO SEXO SOBRE A DOR, FUNCAO
FISICA, QUALIDADE DE VIDA E MARCHA NOS INDIVIDUOS COM
OSTEOARTRITE DE JOELHO, TENDO OS ASPECTOS EMOCIONAIS COMO
VARIAVEL CONTROLE”, sob a responsabilidade dos pesquisadores Prof. Dr. Valdeci
Carlos Dionisio, doutorandas Fabiana da Silva Soares e Vanessa Martins Pereira Silva

Moreira e mestranda Mariana Faria.

Nesta pesquisa nos estamos buscando entender o efeito do tratamento, da diferenga dos tipos
de comprometimento do joelho e do sexo sobre a dor, qualidade de vida, capacidade de
executar fungdes do dia-a-dia e da forma de andar do individuo com osteoartrite de joelho,

além de verificar se caracteristicas da forma de pensar e sentir interfere nessas medidas.

O Termo de Consentimento Livre e Esclarecido sera obtido pelas pesquisadoras Fabiana da
Silva Soares, Vanessa Martins Pereira Silva Moreira e Mariana Faria, fisioterapeutas, que
realizaram a avalia¢do do seu joelho. Apods isto e encaixar nos critérios de inclusdo, se vocé
desejar participar da pesquisa, vocé€ recebera esse termo de consentimento livre esclarecido
para ler, tirar dividas e assinar. Vocé€ poderd levar também o termo para casa, caso deseje
responder sobre sua participagdo na pesquisa depois. A coleta do termo sera no Laboratorio de

Neuromecanica e Fisioterapia da UFU.

Na sua participagdo vocé serd avaliado através de questiondrios para medir sua dor, sua
capacidade de realizar atividades do dia-a-dia, sua qualidade de vida, além de avaliar algumas
de suas caracteristicas emocionais, como pensamentos € sentimentos sobre a dor. Além disso,
a dor sera avaliada também através de um aparelho chamado dolorimetro, que fara uma
pressdo sobre a sua pele até vocé€ comegar a sentir dor. Vocé também sera avaliado na sua
for¢a muscular e na forma como vocé anda e inicia sua marcha em uma plataforma de forga,
ap6s um comando verbal, dando um passo a frente com o membro direito € depois o
esquerdo, trés vezes cada membro. Apos essas avaliagdes, voc€ recebera tratamento ou
orientagdes sobre a osteoartrite de joelho por 8 semanas e assim que acabar o tratamento, sera

feito novamente todas as avaliagdes. Em nenhum momento vocé sera identificado. Os
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resultados da pesquisa serdo publicados e ainda assim a sua identidade serd preservada. Vocé

ndo tera nenhum gasto e ganho financeiro por participar na pesquisa.

Os riscos consistem em um leve desconforto e/ou dor no local a ser examinado durante a
avaliag@o da dor através da pressdo. Porém, esse desconforto permanecera apenas por alguns
segundos. Além disso, existe o risco minimo de vocé€ cair quando estiver na esteira, mas que
sera minimizado com pesquisadores ao seu redor, averiguando sua seguranca. Existe também
o risco da sua identificacdo como participante da pesquisa, porém este risco sera diminuido,
uma vez que vocé sera identificado por numeros. Os beneficios da participagdo nessa pesquisa
serdo avaliacdo do joelho feito por um fisioterapeuta e, apos a avaliagdo, recebera tratamento
ou orientacdes sobre a osteoartrite de joelho através de cartilhas e palestras. Além disso, o
conhecimento alcangado nesse trabalho produzird mais esclarecimento e aperfeigoamento da
forma de tratar a osteoartrite pelos profissionais da area de satde e, por conseguinte, melhora

do tratamento para os individuos com osteoartrite de joelho.

Vocé ¢ livre para deixar de participar da pesquisa a qualquer momento sem nenhum prejuizo
ou coagdo. Uma via original deste Termo de Consentimento Livre e Esclarecido ficara com

vOCE.

Qualquer davida a respeito da pesquisa, vocé podera entrar em contato com: Fabiana da Silva
Soares, Vanessa Martins Pereira Silva Moreira, Mariana Faria e com o prof. Dr. Valdeci
Carlos Dionisio, no telefone: (34) 3218-2910 e no enderego: R. Benjamin Constant, 1286 -
Bairro Aparecida, Uberlandia - MG - CEP 38400-678. Podera também entrar em contato com
o Comité de Etica na Pesquisa com Seres-Humanos — Universidade Federal de Uberlandia:
Av. Jodo Naves de Avila, n® 2121, bloco A, sala 224, Campus Santa Monica — Uberlandia —
MG, CEP: 38408-100; fone: 34-32394131.

Eu aceito participar do projeto citado acima, voluntariamente, apds ter sido devidamente

esclarecido.
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ANEXO A- INDICE WOMAC PARA OSTEOARTRITE

ANONIMATO E CONFIDENCIALIDADE

Toda informagdo que vocé fornecer sera considerada estritamente confidencial e sera
apresentada apenas como estatistica do grupo de individuos. Nenhum dado que identifique um

individuo com uma resposta especifica ou genérica sera apresentado.

Se vocé tem alguma pergunta ou comentarios sobre esta pesquisa, por favor, sinta-se a

vontade para escrever ou telefonar: (34) 3218-2910.

INSTRUCOES PARA OS PARTICIPANTES

Nas se¢des A, B e C as perguntas serdo feitas da seguinte forma e vocé devera
respondé-las colocando um “X”em um dos quadrados.

NOTA:

1. Se vocé colocar o ”X” no quadrado da extrema esquerda, ou seja:

Nenhuma |:| Pouca |:| Moderada |:| Intensa |:| Muito intensa |:|
Entio vocé estd indicando que vocé nio tem dor.

2. Se vocé colocar o0 “X” no quadrado da extrema direita, ex.:

Nenhuma [__| Pouca [ ] Moderada [ ] Intensa [ ] Muitointensa [ ]

Entio vocé estd indicando que sua dor é muito intensa.

3. Por favor observe:
a. Que quanto mais a direita vocé colocar o “X”, maior a dor que vocé esta sentindo.
b. Que quanto mais a esquerda vocé colocar o “X”, menor a dor que vocé esta sentindo.

c¢. Favor ndo coloque o “X” fora dos quadrados.
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Vocé sera solicitado a indicar neste tipo de escala a intensidade de dor, rigidez ou

incapacidade que vocé esta sentindo. Por favor, lembre que quanto mais a direita vocé colocar

0 “X”, vocé esta indicando que estd sentindo maior dor, rigidez ou incapacidade.

INSTRUCOES PARA OS PARTICIPANTES

SECAO A

As perguntas a seguir se referem a intensidade da dor que vocé esta atualmente sentindo

devido a artrite de seu joelho. Para cada situagdo, por favor, coloque a intensidade da dor que

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

Pergunta: Qual a intensidade da sua dor?

1-Caminhando em um lugar plano.

Nenhuma |:I’ouca |:Moderada

2- Subindo ou descendo escadas.

Nenhuma |:|ouca |:Moderada

3- A noite deitado na cama.

Nenhuma [ Jouca [ Moderada

4-Sentando-se ou deitando-se.

Nenhuma [ Jouca [ [Jloderada

S. Ficando em pé.

Nenhuma [ Juca [ Joderada

|:| Intensa |:|

]

]

Intensa

Intensa

Intensa

Intensa

]

]

]

]

Muito intensa |:|

Muito intensa | |

Muito intensa[ |

Muito intensa| |

Muito intensa| |



119

SECAO B

INSTRUCOES PARA OS PARTICIPANTES

As perguntas a seguir se referem a intensidade de rigidez nas juntas (ndo dor), que
vocé estd atualmente sentindo devido a artrite em seu joelho nas ultimas 72 horas. Rigidez ¢
uma sensacdo de restri¢do ou dificuldade para movimentar suas juntas (Por favor, marque

suas respostas com um “X”).

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

Nenhuma [ |Pouca [ ]| Moderada [ ] Intensa [ | Muito intensa[ |

2. Qual é a intensidade de sua rigidez apos se sentar, se deitar ou repousar no decorrer
do dia?

Nenhuma [ |Pouca [ ]Moderada [ Intensa [ ] Muito intensa[ ]
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SECAO C
INSTRUCOES PARA OS PARTICIPANTES

As perguntas a seguir se referem a sua atividade fisica. Nos chamamos atividade
fisica, sua capacidade de se movimentar e cuidar de vocé mesmo (a). Para cada uma das
atividades a seguir, por favor, indique o grau de dificuldade que vocé esta tendo devido a
artrite em seu joelho durante as ultimas 72 horas (Por favor, marque suas respostas com um
“X).

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

1- Descer escadas.

Nenhuma [ | Pouca || Moderada [ ] Intensa Muito intensa
2- Subir escadas.

Nenhuma |:| Pouca |:| Moderada |:| Intensa Muito intensa
3- Levantar-se estando sentado (a).

Nenhuma |:| Pouca |:| Moderada |:| Intensa Muito intensa
4- Ficar em pé.

Nenhuma |:| Pouca |:| Moderada |:| Intensa Muito intensa
5- Abaixar-se para pegar algo.

Nenhuma |:| Pouca |:| Moderada |:| Intensa Muito intensa
6- Andar no plano.

Nenhuma |:| Pouca |:| Moderada |:| Intensa Muito intensa
7- Entrar e sair do carro.
Nenhuma [__| Pouca Moderada [ | Intensa Muito intensa
8- Ir fazer compras.
Nenhuma [ | Pouca Moderada [ | Intensa Muito intensa
9- Colocar meias.
Moderada |:| Intensa

Nenhuma [ | Pouca Muito intensa

10- Levantar-se da cama.

Jg 0o o o o oo oot
Jg 0o o o o o oo Ut

oo U

Nenhuma [ | Pouca Moderada [ | Intensa Muito intensa



11- Tirar as meias.

Nenhuma [ ] Pouca [ ] Moderada
12- Ficar deitado na cama.

Nenhuma [ | Pouca [__] Moderada
13- Entrar e sair do banho.

Nenhuma [ | Pouca [__] Moderada
14 - Se sentar.

Nenhuma [ | Pouca [ | Moderada
15- Sentar e levantar do vaso sanitario.
Nenhuma [ | Pouca || Moderada
16- Fazer tarefas domésticas pesadas.
Nenhuma [ | Pouca [__] Moderada
17- Fazer tarefas domésticas leves.

Nenhuma |:| Pouca |:| Moderada

|:| Intensa

|:| Intensa

|:| Intensa

|:| Intensa

[ ] Intensa

|:| Intensa

|:| Intensa

0 o o U g 0o O

Muito intensa

Muito intensa

Muito intensa

Muito intensa

Muito intensa

Muito intensa

Muito intensa
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OBRIGADO POR COMPLETAR ESTE QUESTIONARIO
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ANEXO B - ESCALA NUMERICA DE DOR

a 1 2 3 4 L 1 7 a =] 10
| ! | i ! ! { ! ! | |
I I i | | ] | | I I |
Ausencia Pior dor
Imaginavel

de dor




