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PREFACIO

A presente tese foi elaborada no formato opcional, de acordo com as regras do
Programa de Pos-Graduacdo em Ciéncias da Reabilitacdo da Universidade Federal de Minas
Gerais.

A primeira parte da tese € composta da introducdo, na qual é apresentada a base
tedrica, problematizacdo, justificativa, objetivos e hipdteses para os dois estudos. Em seguida,
sdo apresentados dois artigos:

e Artigo 1: Non-linear interactions among proximal and distal biomechanical
factors predict foot pronation magnitude. Esse artigo foi escrito de acordo com
as regras da revista Journal of Orthopaedic & Sports Physical Therapy.

e Artigo 2: Reductions in rearfoot eversion posture due to proximal muscle
strengthening are dependent on foot-ankle varus alignment. Esse artigo foi
submetido a revista Gait and Posture.

Por altimo, sdo apresentadas as consideracOes finais da tese, os apéndices e 0s
anexos.



RESUMO

AlteracGes da magnitude de pronacdo do tornozelo-pé na marcha e na postura ortostatica séo
relacionadas com varias disfuncBes musculoesqueléticas dos membros inferiores e tronco.
Além disso, a magnitude de pronacéo é influenciada por varios fatores biomecéanicos do quadril
(proximais) e do tornozelo-pé (distais). Essa tese teve como objetivo geral investigar as
interacdes entre os fatores biomecanicos proximais e distais sobre a magnitude de pronacéo na
marcha e na postura ortostatica. O primeiro estudo investigou interacfes nao lineares entre
fatores proximais e distais, que predizem maior e menor pico e excursdo de pronacao durante a
marcha. Cinquenta e uma mulheres foram divididas através dos percentis 45 e 55 e
categorizadas com maior e menor pronagéo durante a fase de apoio da marcha. A pronagéo foi
mensurada por duas variaveis: pico e excursdo de pronacao. Os preditores utilizados foram a
forca excéntrica dos rotadores laterais do quadril, a rigidez passiva do quadril a rotacdo medial,
o0 alinhamento varo do tornozelo-pé e o angulo de abducéo do pé no contato inicial da marcha.
Os resultados demonstraram que as interagGes entre o alinhamento varo, a rigidez passiva do
quadril e o angulo de abducéo do pé foram capazes de predizer diferentes perfis de maior e
menor pico de pronacdo. Para a excursdo de pronacao, as interacdes entre a forca dos rotadores
laterais do quadril e o alinhamento varo foram capazes de predizer diferentes perfis de maior e
menor pronagdo. Ambos os modelos de pico e excursdo apresentaram sensibilidade de 61% e
78%, especificidade de 96% e 83% e predicdo total de 78% e 80%, respectivamente. O segundo
estudo investigou a influéncia do aumento do torque passivo do quadril a rotacdo medial (fator
proximal), alcancado por meio de um programa de fortalecimento muscular do quadril e do
tronco, sobre a postura ortostatica dos membros inferiores, incluindo a pronagdo do tornozelo-
pé em mulheres com maior e menor alinhamento varo do tornozelo-pé (fator distal). Cinquenta
mulheres foram divididas em grupos controle e intervencéo e subdivididas através do percentil
50 em subgrupos de maior e de menor alinhamento varo. Os subgrupos da intervencéo
realizaram o fortalecimento muscular do quadril e tronco durante oito semanas e 0s subgrupos
do controle mantiveram suas atividades habituais. Os resultados demonstraram que o grupo
intervencao apresentou aumento do torque passivo do quadril a0 movimento de rotacdo medial,
independente do alinhamento varo (P = 0.001). No entanto, somente o subgrupo da intervencéo
com menor alinhamento varo apresentou reducgéo da pronacédo na postura ortostatica (P = 0.02).

Os outros subgrupos nédo apresentaram essa mudanca postural. Os estudos apresentados nesta



tese indicam que os fatores biomecéanicos proximais e distais podem interagir e influenciar a

magnitude de pronacéo na marcha e na postura ortostatica.

Palavras-chave: Fortalecimento. Fatores biomecanicos. Eversdo. Analise ndo-linear.



ABSTRACT

Changes in the magnitude of foot-ankle pronation in walking and standing posture are related
to several musculoskeletal disorders of the lower limbs and trunk. Furthermore, the magnitude
of pronation is influenced by several biomechanical factors of the hip (proximal) and the foot-
ankle (distal). The general objective of this thesis was to investigate the interactions between
proximal and distal biomechanical factors on the magnitude of pronation in walking and
standing posture. The first study investigated non-linear interactions between proximal and
distal factors, which predict greater and lower peak and excursion of pronation during walking.
Fifty-one women were divided using the 45th and 55th percentiles and categorized with greater
and lower pronation during the stance phase of walking. The pronation was measured by to
variables: peak and excursion. The predictors used were eccentric strength of the hip external
rotators, hip passive stiffness to internal rotation, varus foot-ankle alignment, and foot
abduction angle at initial walking contact. The interactions between varus alignment, hip
passive stiffness and foot abduction angle were able to predict different profiles of greater and
lower pronation peak. The interactions between the strength of the hip external rotators and
varus alignment were able to predict different profiles of greater and lower pronation excursion.
Both peak and excursion models had a sensitivity of 61% and 78%, specificity of 96% and 83%,
and total prediction of 78% and 80%, respectively. The second study investigated the influence
of increasing hip passive torque to internal rotation (proximal factor), achieved through a hip
and trunk muscle strengthening program, on lower limb standing posture, including foot-ankle
pronation, in women with greater and lower varus alignment of the foot-ankle (distal factor).
Fifty women were divided into control and intervention groups and subdivided through the 50th
percentile into subgroups of greater and lower varus alignment. The intervention subgroups
performed hip and trunk muscle strengthening for eight weeks and the control subgroups
maintained their usual activities. The intervention group showed an increase in the hip passive
torque to internal rotation movement, regardless of varus alignment (P=0.001). However, only
the intervention subgroup with lower varus alignment reduced pronation in the standing posture
(P=0.02). The other subgroups did not present this postural change. The studies presented in
this thesis indicated that proximal and distal biomechanical factors can interact and influence
the magnitude of pronation in walking and standing posture.

Keywords: Strengthening. Biomechanical Factors. Eversion. Nonlinear Analysis.
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1 INTRODUCAO

A marcha é uma das atividades mais comuns que a maioria das pessoas utilizam
para se locomover. Dados normativos indicam que adultos saudaveis geralmente déo entre
quatro mil e dezoito mil passos por dia (TUDOR-LOCKE et al., 2011). A manutencdo da
postura ortostatica também acontece com muita frequéncia durante vérias atividades diarias.
Tanto na marcha quanto na postura ortostatica, o pé serve de sustentacdo, dando suporte
horizontal para o restante dos segmentos proximais. Didaticamente, 0 pé pode ser divido em
trés partes, retropé, mediopé e antepé. O retropé é representado pelos 0ssos calcaneo e talus, o
mediopé pelos 0ssos do tarso e o antepé pelos metatarsos e falanges. Devido a grande
quantidade de ossos e articulagbes com formatos irregulares, os eixos articulares do pé sao
obliquos e a palavra pronacdo é utilizada para descrever os movimentos triplanares dessas
articulagdes do tornozelo-pé (NEUMANN, 2006). A pronacdo em cadeia fechada é
representada principalmente pela rotacdo medial da perna, eversdo do calcaneo (retropé),
dorsiflexdo dos primeiros metatarsos (antepé) e flexdo plantar dos ultimos metatarsos (antepé),
caracterizando uma inversao do antepé em relacao ao retropé (NEUMANN, 2006). Nos estudos
desta tese, a pronacdo foi indexada na postura ortostatica como a média de eversdo do retropé
em relacdo a perna e indexada na marcha como o pico e a excursdo de eversao do retropé em
relacdo a perna. Apesar de a palavra pronacdo se referir originalmente aos movimentos
triplanares das articulaces do tornozelo-pé, a pronacdo também é frequentemente utilizada
para se referir a postura do pé durante o ortostatismo e diferenciar os pés entre pronados,
normais e supinados (CHO; PARK; NAM, 2019). Na marcha e na manutencdo da postura
ortostatica, a pronac¢do apresenta grande importancia para absorver cargas geradas pelo impacto
do pé com o solo e/ou para permitir adaptacao do pé ao solo ou calcado (NEUMANN, 2006).
No entanto, a alta frequéncia e a grande magnitude de pronacdo do pé durante essas tarefas de
cadeia cinematica fechada pode aumentar a quantidade de cargas que chegam nas estruturas do
pé, membro inferior e tronco.

AlteracGes na magnitude de pronagdo do tornozelo-pé na marcha e na postura
ortostatica sdo relacionadas com diversas condi¢des musculoesqueléticas dos membros
inferiores e tronco, tais como lesdes por overuse (BURNS et al., 2005; CAIN et al., 2007),
fascite plantar (CHANG et al., 2014), dor lombar (FARAHPOUR et al., 2018; KOSASHVILI
etal., 2008), deformidades dos dedos do pé (HAGEDORN et al., 2013), tendinopatia de Aquiles
(OGBONMWAN; KUMAR; PATON, 2018) e dor anterior no joelho (KOSASHVILI et al.,
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2008). Além disso, mulheres apresentam maiores excursdes de movimentos do quadril nos
planos frontal e transverso durante a marcha, comparado com homens (HURD et al., 2004).
Isso pode estar relacionado com maior magnitude de pronacdo durante a marcha, devido ao
acoplamento entre os segmentos do membro inferior (SOUZA et al., 2010; TATEUCHI,;
WADA; ICHIHASHI, 2011). Mulheres também apresentam maior propor¢do de pés pronados
na postura ortostatica comparado com homens (SANCHEZ RODRIGUEZ et al., 2013). Alguns
estudos demonstram que certas condi¢fes musculoesqueléticas sdo mais frequentes em
mulheres, como a dor patelofemoral e lesdo do ligamento cruzado anterior (BOLING et al.,
2010; PRODROMOS et al., 2007; SMITH et al., 2018; WALDEN et al., 2011), as quais podem
estar relacionadas a magnitude de pronacdo (LEVINGER; GILLEARD, 2004, 2006;
LOUDON; JENKINS; LOUDON, 1996). Dessa forma, investigar na populacdo feminina a
influéncia dos fatores biomecanicos sobre a magnitude de pronag¢do na marcha e na postura
ortostatica pode guiar futuros estudos que desejam identificar os fatores biomecanicos
relacionados com a magnitude de pronagdo em diversas condigdes musculoesqueléticas, como
as citadas anteriormente.

Alguns fatores biomecanicos proximais (distantes ao tornozelo-pé) e distais (locais
no tornozelo-pé) tém sido indicados como potenciais influenciadores da magnitude de
pronagéo, tais como o alinhamento varo do complexo tornozelo-pé (ARAUJO et al., 2020;
CRUZ et al., 2019; MONAGHAN et al., 2013; SILVA et al., 2014; SOUZA et al., 2014a), a
resisténcia passiva contra a rotacdo medial do quadril (CARDOSO et al., 2020; SOUZA et al.,
2014a, 2016), o angulo de abducdo do pé (ROSENBAUM, 2013; WRIGHT; DESAI,
HENDERSON, 1964) e a forca excéntrica dos musculos rotadores laterais do quadril
(SNYDER et al., 2009). Cada um desses fatores biomecanicos seré discutido a seguir.

O alinhamento varo do complexo tornozelo-pé é um fator biomecanico relacionado
com a magnitude de pronacio (ARAUJO et al., 2020; CRUZ et al., 2019; MONAGHAN et al.,
2013; SILVA et al.,, 2014; SOUZA et al., 2014a). O varismo do tornozelo-pé é um
desalinhamento no qual o antepé, o retropé e/ou a tibia estdo em posicao de inversao em relacdo
ao segmento proximal, sem descarga de peso. Em atividades com descarga de peso como a
marcha e a postura ortostatica, o desalinhamento em varo do antepé, do retropé e/ou da tibia,
faz com que esses segmentos fiquem mais invertidos em relagdo ao solo no momento do
contato, o que gera maior torque externo de eversdo do tornozelo-pé, produzido pela forca de
reacdo do solo (MICHAUD; HAMMER, 2007). Para ambos os estudos da presente tese foi
utilizado o angulo antepé-perna, o qual é uma medida de alinhamento do tornozelo-pé sem

descarga de peso e com tornozelo posicionado a 0° de flexdo plantar/dorsiflexdo (MENDONCA
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etal., 2013; SOUZA et al., 2014a). O angulo antepé-perna apresenta correlagéo alta com a soma
das medidas isoladas do retropé e antepé (MENDONCA et al., 2013) e correlacdo moderada
com a resisténcia mecanica do mediopé (PAES et al., 2019). A baixa resisténcia mecénica do
mediopé é outro fator biomecanico relacionado a maior magnitude do pico de eversdo do
retrope-perna durante a marcha (CARDOSO et al., 2020; GOMES et al., 2019). Apesar dos
estudos desta tese ndo introduzirem a analise isolada da resisténcia mecénica do mediopé, a
medida do angulo antepé-perna apresenta uma correlacdo com essa resisténcia mecanica. Essa
relacdo pode ser explicada através da ativacao do tibial anterior (principal dorsiflexor) para
manter o tornozelo ativamente posicionado a 0° de flex&o plantar/dorsiflexdo. Como as
insercBes desse musculo sdo na regido medial do mediopé e do antepé, a contracdo desse
musculo traciona as articulacdes dessa regido para a inversao. O resultado é a inversédo da linha
das cabecas dos metatarsos e quanto maior a mobilidade da regido do mediopé, maior € a
inversdo produzida. Além disso, Souza et al. (2014) demonstraram que maiores angulos antepé-
perna predizem maiores picos de eversao do retropé-perna durante a fase de apoio da marcha e
maiores valores de média de eversdo do retropé-perna na postura ortostatica. Araujo et al.
(2020) também demonstraram que individuos com maiores angulos antepé-perna apresentam
maior excursdo de eversdo do retropé-perna durante a fase de apoio da marcha.

Outro fator biomecanico relacionado com a pronacdo € a resisténcia passiva contra
a rotacdo medial do quadril (CARDOSO et al., 2020; SOUZA et al., 2014a, 2016). Os tecidos
em torno do quadril, tais como, cépsula articular, ligamentos, fascias e mdsculos,
principalmente os rotadores laterais (gliteo maximo, piriforme, gémeos superior e inferior,
quadrado femoral e porgdes posteriores do gluteo médio e minimo), oferecem resisténcia a
rotacdo medial dessa articulacdo, sem que haja contragdo muscular (CARVALHAIS et al.,
2011). Essa resisténcia passiva do quadril, oferecida pelos tecidos conectivos e musculares,
pode ser quantificada através do torque passivo do quadril ou da rigidez passiva do quadril
contra 0 movimento de rotagdo medial dessa articulagdo. O torque passivo é definido a partir
da forca exercida por esses tecidos e da distancia perpendicular ao eixo de rotacdo dessa
articulacdo, na auséncia de contracdo muscular. Enquanto que a rigidez passiva pode ser
definida através da taxa de variacdo desse torque passivo (CARVALHAIS et al., 2011,
ZATSIORSKY; LATASH, 1993). Menor resisténcia passiva do quadril pode permitir maior
rotacdo medial e, consequentemente, maior magnitude de pronagdo do tornozelo-pé, tanto na
marcha (CARDOSO et al., 2020; SOUZA et al., 2014a), quanto na postura ortostatica (SOUZA
et al.,, 2014a). A marcha é uma atividade energeticamente conservativa (WINTER;

ROBERTSON, 1980). A conservacéo de energia é alcancada explorando a dindmica de péndulo
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invertido, reduzindo ao minimo a amplitude de deslocamento do centro de massa do corpo,
controlando o momento do corpo e tirando vantagem das transferéncias de energia
intersegmentares (KUO, 2007; NEUMANN, 2006). Dessa forma, as propriedades passivas dos
tecidos musculoesqueléticos sdo fundamentais para a transferéncia de energia entre o0s
segmentos (FONSECA et al., 2007). Durante a fase de apoio da marcha, um nivel adequado de
resisténcia passiva a rotacdo medial do membro de apoio pode permitir que a energia gerada
pela rotacao anterior contralateral da pelve seja transferida para a extremidade inferior de apoio,
facilitando a rotacéo lateral do fémur e da tibia e, consequentemente, a supinacéo do tornozelo-
pé (FONSECA et al., 2007). Isso ocorre devido as conexdes entre 0s segmentos, pois em cadeia
fechada a rotacdo medial do quadril é acoplada a rotacdo medial da perna e a pronacdo do
tornozelo-pé (SOUZA et al., 2010; TATEUCHI; SHIRATORI; ICHIHASHI, 2015). Visto que
segmentos com menor resisténcia passiva movem antes dos segmentos com maior resisténcia
passiva, a relagdo entre 0 movimento do quadril e 0 movimento do tornozelo-pé pode ser visto
como uma analogia entre um parafuso de duas roscas nas extremidades (representando o
membro inferior) e duas porcas para cada rosca (uma superior representando o quadril e outra
inferior representando o tornozelo-pé) (FONSECA et al., 2007). Quando a porca superior
apresenta maior resisténcia do que a porca inferior, ao ser girada, consegue rodar o parafuso,
transferindo rapidamente essa energia para baixo. Entdo, a porca inferior sera apertada devido
a essa transferéncia de energia. Se a porca superior apresentar uma resisténcia menor que a
inferior, quando ela for girada grande parte da energia sera dissipada antes que ela ganhe
resisténcia o suficiente para conseguir rodar o parafuso e transferir energia para a porca inferior
(FONSECA et al., 2007). Podemos fazer o mesmo raciocinio para o quadril e o tornozelo-pé.
Quando o quadril de apoio apresenta baixa resisténcia passiva a rotacdo medial, a maior parte
da energia gerada pela rotacdo anterior contralateral da pelve € dissipada na rotacdo medial do
quadril, reduzindo a transferéncia de energia do fémur, para a perna e da perna para o pé
(FONSECA et al., 2007). Dessa forma, a energia ndo é utilizada para facilitar a supinacéo do
pé, 0 que pode provocar aumento da magnitude de pronacéo.

O angulo de abducdo do pé no contato inicial da marcha também é um fator
biomecénico relacionado com a magnitude de pronacdo (ROSENBAUM, 2013; WRIGHT;
DESAI; HENDERSON, 1964). Ao realizar o contato inicial com o pé mais abduzido, a forca
de reacdo do solo pode atingir uma posi¢do mais lateral do calcaneo, o que pode aumentar o
torque externo eversor no retropé. O contato inicial com o pé mais abduzido, também faz com
que o rolamento anterior da tibia seja alcangado através de menor quantidade de dorsiflexdo do

tornozelo, a qual é compensada por maior magnitude de eversao do calcaneo no solo e, assim,
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de pronacédo do tornozelo-pé (SOUZA et al., 2014). Dessa forma, acontece um maior contato
de toda a parte medial do pé para que a carga seja transferida para o antepé e assim, favorece
um aumento da pronacdo (ROSENBAUM, 2013; WRIGHT; DESAI; HENDERSON, 1964).
Além dos fatores biomecanicos ja citados, a forca excéntrica dos musculos
rotadores laterais do quadril também é um fator que pode ser relacionado com a magnitude de
pronacdo durante a marcha. Snyder et al. (2009) demonstraram que um protocolo de
fortalecimento de musculos do quadril, incluindo rotadores laterais, foi capaz de reduzir a
pronacdo durante a corrida. No entanto, ndo existem estudos que investigaram essa relacéo para
a marcha. Musculos podem gerar energia mecéanica através da contracdo concéntrica ou
absorver energia mecanica através da contracdo excéntrica (WINTER; ROBERTSON, 1980).
Dessa forma, € possivel que durante a fase de apoio da marcha, os rotadores laterais do quadril
com maior forca excéntrica possam desacelerar a rotacdo medial do quadril e,
consequentemente, reduzir a rotacdo medial da perna e a magnitude pronagédo do tornozelo-pé
(FONSECA et al., 2007). Além disso, rotadores laterais do quadril com maior forca excéntrica
podem absorver e transferir maior quantidade de energia do fémur para a perna e da perna para
0 tornozelo-pé (FONSECA et al.,, 2007). Uma maior quantidade de energia chegando no
tornozelo-pé pode facilitar a supinacdo e, consequentemente, reduzir a magnitude de pronacéo.
Apesar da literatura indicar que fatores biomecanicos proximais e distais séo
capazes de influenciar a pronagdo do tornozelo-pé na marcha e na postura ortostatica, a maioria
dos estudos analisaram esses fatores isoladamente, sem o controle de outros fatores e/ou
utilizaram métodos estatisticos lineares. A andlise isolada da influéncia do alinhamento varo do
tornozelo-pé sobre a pronacdo durante a marcha apresenta resultados contraditérios na literatura
(ARAUJO et al., 2017, 2020; CARDOSO et al., 2020; CRUZ et al., 2019; JARVIS et al., 2017;
MCPOIL; CORNWALL, 1996). Parte dessa inconsisténcia pode ser devido a influéncia de
outros fatores que interagiram juntamente com o fator alinhamento varo. Considerando um
carater multifatorial da magnitude de pronacéo, € possivel que um fator mecéanico local ou ndo-
local possa influenciar outro fator local ou ndo-local. Por exemplo, o alinhamento varo do
tornozelo-peé (fator local) pode influenciar a rigidez passiva do quadril a rotagdo medial (fator
n&o local). Nesse caso, 0 alinhamento varo pode provocar maior pronagédo e, consequentemente,
maior rotacdo medial da perna, do fémur e do quadril. Com o passar do tempo, o padrdo de uso
de maior magnitude rotacdo medial do quadril pode provocar uma redugdo da resisténcia
passiva dos tecidos do quadril ao movimento de rotacdo medial (FAJARDO et al., 2021;
HERBERT, 1988). Alguns estudos ja demonstraram inter-relacbes de diferentes fatores

biomecanicos, tais como a relacdo entre o alinhamento varo do tornozelo-pé (fator local) e a
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forca excéntrica dos musculos do quadril (fator ndo local) (SILVA et al., 2013), a relacéo entre
a rigidez passiva do quadril a rotagdo medial (fator ndo local) e a rigidez mecéanica do mediopé
(fator local) (FAJARDO et al., 2021) e a relacdo entre a rigidez passiva do quadril a rotacéo
medial (fator ndo local) e a forca dos rotadores laterais do quadril (fator nao local) (LEITE et
al., 2012). Assim, as interagOes entre diferentes magnitudes desses fatores biomecénicos
poderiam influenciar de forma distinta a magnitude de pronagdo na marcha e na postura
ortostatica, o que pode explicar parte da inconsisténcia encontrada na literatura quando é
investigada a influéncia de apenas um fator isolado sobre a pronacéo.

Outro ponto a se destacar é que a maioria dos estudos que investigaram as relacdes
entre os fatores biomecénicos e a magnitude de pronacdo utilizaram métodos estatisticos
lineares (ARAUJO et al., 2020; HOLLMAN et al., 2006; SOUZA et al., 2014a). Souza et al.
(2014) utilizaram regressao linear multipla e demonstraram que o maior alinhamento em varo
do tornozelo-pé somados a menor resisténcia passiva a rotacdo medial do quadril predizem
maior pronacdo na marcha (27% de predicdo) e na postura ortostatica (31% de predicéo).
Analises lineares desse tipo, implicam que pequenas mudancas em um dos elementos, como
por exemplo, do alinhamento varo do tornozelo-pé resultam em pequenos efeitos na pronacao
(BITTENCOURT et al., 2016; FONSECA et al., 2020; VAN EMMERIK et al., 2016). Dessa
forma, as equacdes lineares s6 podem levar a solugdes que decaem, crescem ou mantém um
estado estacionario (VAN EMMERIK et al., 2016). No entanto, em um sistema complexo, é
esperado que a relacdo dessas varidveis com a pronacdo seja nao linear, pois uma pequena
mudanca em um dos elementos, neste caso representado pelos fatores biomecanicos, pode
provocar grandes mudancas na magnitude de pronacdo (BITTENCOURT et al.,, 2016;
FONSECA etal., 2020; VAN EMMERIK et al., 2016). Assim, ndo se espera que exista relacoes
proporcionais e fortes, em que quanto maior o valor de alinhamento varo, maior a magnitude
de pronacdo, ou em que quanto menor o valor de resisténcia passiva do quadril a rotacdo medial,
maior a magnitude de pronacdo. Portanto, as analises dos estudos anteriores seriam incapazes
de detectar possiveis relagdes ndo lineares entre esses fatores biomecanicos e a magnitude de
pronacdo do tornozelo-pé.

A utilizacdo de métodos de analises estatisticas ndo lineares, como as arvores de
classificacéo e regressdo (CART), pode identificar possiveis perfis (subgrupos) de individuos,
em relacdo aos valores dos fatores biomecanicos, que predizem maior € menor magnitude de
pronacdo do tornozelo-pé. Pontos de corte sdo apresentados para os fatores biomecénicos
formando perfis. Para ilustrar melhor essa diferenca entre métodos lineares e ndo lineares,

podemos analisar as Figuras 1 e 2, que contém a regressao linear multipla e a CART,
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respectivamente. Fazendo uma analogia com o presente estudo, podemos chamar de Y a
variavel desfecho prevista, que é a pronacéo do tornozelo-pé, e as varidveis A e B, de possiveis
preditores, sendo fatores proximais ou distais relacionados com a magnitude de pronacdo. Na
Figura 1, podemos observar um diagrama de dispersdo com os dados observados de diferentes
individuos, representados pelos pontos cinzas e o plano de regressao. O plano é criado através
de uma equacdo de regressdo, o qual permite prever Y (variavel desfecho) com base nos valores
conhecidos das varaveis A e B. Dessa forma, a analise encontra uma combinacéo linear entre
os preditores que se correlacionam de forma maxima com a variavel de desfecho, ajustando o
modelo de duas retas (plano cinza) aos dados. Ja na Figura 2 toda a amostra é dicotomizada em
duas classes, representadas pela cor vermelha e azul dos pontos. Usando analogia com o
presente estudo, podemos chamar de pontos vermelhos os individuos com maior pronacao e 0s
pontos azuis os individuos com menor pronacdo. Pontos de corte das variaveis A e B (possiveis
preditores de pronacgdo) dividem os dados de forma binaria e recursiva, formando uma arvore
com nodos cada vez mais homogéneos em relagdo as classes de maior e menor pronagéo.
Portanto, o método utilizando a CART demonstrado na Figura 2 permite um melhor

escaneamento dos dados, sem a necessidade de estabelecer uma relacéo linear.

Figura 1 — Diagrama de dispersdo da regressdo multipla.
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Figura 2- Diagrama de dispersdo dos dados e arvore construida através da CART.
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Fonte: Modificado de https://www.biorxiv.org/content/10.1101/2020.12.19.423629v1.full

Um estudo que utilizou a CART como método estatistico demonstrou que durante
0 agachamento unilateral, 62% da ocorréncia de baixo angulo de projecéo do joelho no plano
frontal foi predita por valores de forca isométrica dos abdutores de quadril acima de 1,03Nm/kg
(BITTENCOURT et al., 2012). No entanto, a interacdo desse fator com menores valores de
resisténcia passiva a rotacdo medial do quadril modificou a predicéo, de baixo para alto angulo
de projecdo do joelho no plano frontal, com 78% de predigédo (BITTENCOURT et al., 2012).
Isso demonstra relacBes ndo proporcionais entre a forca isométrica dos abdutores de quadril e
o0 angulo de projecao do joelho no plano frontal, pois, com 0 mesmo valor da forca dos abdutores
de quadril (1,03Nm/kg) observamos que a predicdo da variavel desfecho pode modificar de
baixo para alto, dependendo da interacdo com a resisténcia passiva a rotacdo medial do quadril.
Outro aspecto interessante demonstrado nesse estudo foi que uma pequena mudanga em um dos
fatores modificou a direcdo da predicdo, 0 que é uma caracteristica semelhante de sistemas
complexos (BITTENCOURT et al., 2016; FONSECA et al., 2020). Um exemplo disso foi
demonstrado pela a interacdo entre a forga isométrica dos abdutores de quadril menor que 1,03
Nm/kg e a resisténcia passiva a rotacdo medial do quadril maior que 43°, a qual apresentou uma
predicdo de 90% de maior angulo de projecéo do joelho no plano frontal. Porém, na interacao
entre as mesmas variaveis, com valores de resisténcia passiva a rotacdo medial do quadril entre

37° e 43°, a predigdo modificou de menor para maior angulo de projecéo do joelho no plano
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frontal, com 83% de predigdo. Pelo nosso conhecimento, nenhum estudo procurou identificar
esse tipo de andlise ndo-linear para investigar as interagdes entre os fatores biomecénicos que
influenciam a magnitude de pronacdo na marcha. Isso permitiria ao clinico identificar com
maior facilidade o perfil em que o seu paciente enquadra, dentre os perfis que predizem maior
ou menor magnitude de pronacgao na marcha, atraves da avaliacdo desses fatores biomecénicos.

Dentro dessa perspectiva, as intervencgdes direcionadas a modificacdo da magnitude
de pronacéo do tornozelo-pé através da manipulacdo de um desses fatores biomecanicos devem
também levar em consideracédo a influéncia de outros fatores. O fortalecimento muscular do
quadril e do tronco tem sido utilizado com o objetivo de modificar a forca (ARAUJO et al.,
2017; GOO; KIM; KIM, 2016; SANCHEZ-RODRIGUEZ et al., 2020; SNYDER et al., 2009)
e a rigidez passiva quadril (ARAUJO et al., 2017) e, assim reduzir a pronacao do tornozelo-pé
em atividades de cadeia cinematica fechada. No entanto, desses estudos, somente o de Araujo
et al. (2017) considerou outros fatores biomecénicos (variaveis de confusdo) que poderiam
influenciar nos resultados, para adicionar controle ao estudo. Nesse contexto, Aradjo et al.
(2017) incluiram somente individuos sem alteracdes severas do alinhamento varo do tornozelo-
pé e sem restricdo da amplitude de dorsiflexdo do tornozelo. Outra forma de lidar com a
influéncia dessas interacBes entre os fatores biomecénicos é através da criacdo de subgrupos
(ARAUJO et al., 2020; CRUZ et al., 2019; MONAGHAN et al., 2014). Dessa forma,
poderiamos analisar os efeitos do fortalecimento do quadril e do tronco sobre a pronacdo em
subgrupos do grupo intervencdo que apresentam maior potencial de apresentar mudancas. O
alinhamento varo do tornozelo-pé é um fator biomecanico que pode ser utilizado para criar
subgrupos na tentativa de encontrar os individuos com maior potencial de mudanga na postura
ortostatica, ap6s o fortalecimento muscular. A Figura 3 demonstra os individuos com maior
alinhamento varo (bolinhas) e os individuos com menor alinhamento varo (triangulos), antes e
apos o fortalecimento. As bolinhas e triangulos vermelhos representam os individuos que
mudaram a postura ortostatica apo6s o fortalecimento e o pequeno subgrupo (circulo vermelho)

contendo os triangulos vermelhos, representa o subgrupo de menor alinhamento varo.
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Figura 3- Grupos intervencao e controle nas condicOes pré e pos-fortalecimento. Os
individuos com maior alinhamento varo séo representados pelas bolinhas e os individuos com

menor alinhamento varo sdo representados pelos triangulos.

Intervencdo Pre Intervencdo Pos

Controle Pré Controle Pos

O fortalecimento muscular do quadril e do tronco aumenta o torque passivo do
quadril contra a rotacdo medial e modifica a posi¢do de repouso para maior rotacao lateral dessa
articulacdo (ARAUJO et al., 2017; CRUZ et al., 2019). Considerando que a postura ortostatica
exige o minimo de producdo de forga muscular e as forcas gravitacionais sdo contrabalanceadas
por tensdo dos tecidos conectivos e pela rigidez muscular passiva, essas mudancas nas
propriedades passivas do quadril poderiam refletir em menor rotacdo medial do membro
inferior e menor pronacao na postura ortostatica. Diante do aumento do torque passivo a rotacéo
medial e do aumento da forga muscular dos rotadores laterais do quadril, mulheres com menor
alinhamento varo apresentaram reducéo da queda pélvica durante a marcha e 0 mesmo ndo foi
observado para mulheres com maior alinhamento varo (CRUZ et al., 2019). Portanto, a
separagdo em subgrupos de maior e menor alinhamento varo do tornozelo-pé poderia também
facilitar a identificacdo dos individuos com maiores efeitos do fortalecimento sobre a pronacgéo
na postura ortostéatica.

Uma vez que podem existir multiplas caracteristicas biomecanicas proximais e

distais ao tornozelo-pé que influenciam a pronagéo na marcha e na postura ortostatica, esta tese
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investigou se os diferentes perfis/subgrupos com diferentes interagfes desses fatores
biomecéanicos predizem a magnitude de pronagdo na marcha. Além disso, investigou através da
criagdo de subgrupos a influéncia da magnitude do alinhamento varo (fator distal) sobre a
pronacdo na postura ortostatica, apdés mudancas nos fatores biomecanicos do quadril (fator

proximal) provocadas pelo fortalecimento muscular do quadril e do tronco.

1.1 OBJETIVOS

Objetivo geral

Investigar a influéncia de fatores proximais e distais sobre a magnitude de pronacao

na marcha e na postura ortostatica.

Objetivos do Estudo 1

Investigar se interacdes ndo lineares entre alinhamento varo do tornozelo-pé, o
angulo de abducdo do pé, a rigidez passiva do quadril a rotacdo medial e a forca excéntrica dos

rotadores laterais do quadril predizem maior e menor pronacao durante a marcha em mulheres.

Obijetivos do Estudo 2

Investigar a influéncia do aumento do torque passivo do quadril a rotacdo medial
(fator proximal) atraves de um programa de fortalecimento muscular do quadril e do tronco
sobre a postura ortostatica dos membros inferiores, incluindo a pronacdo do tornozelo-pé em

mulheres com maior e menor alinhamento varo do tornozelo-pé (fator distal).
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1.2 HIPOTESES

Hipdtese do Estudo 1

InteracOes de diferentes magnitudes dos fatores biomecéanicos proximais (rigidez
passiva do quadril a rotacdo medial e forca excéntrica dos rotadores laterais do quadril) e distais
(alinhamento varo do tornozelo-pé e angulo de abducéo do pé) irdo predizer maior e menor

magnitude de pronacgdo durante a marcha.

Hipdteses do Estudo 2

O ganho de torque passivo do quadril contra a rotacdo medial, sera semelhante entre
0s subgrupos de menor e de maior alinhamento varo.

O subgrupo com menor alinhamento varo apresentara maior reducdo da magnitude
de pronacdo na postura ortostatica, apds o fortalecimento muscular do quadril e do tronco.

O subgrupo com maior alinhamento varo apresentara auséncia ou menor reducédo
da magnitude da pronagdo na postura ortostatica apds o fortalecimento muscular do quadril e

tronco.
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2 ESTUDO 1

Non-linear interactions among proximal and distal biomechanical factors predict foot
pronation magnitude
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Abstract

Objective: To investigate non-linear interactions between proximal and distal biomechanical
factors and their capacity to predict foot-ankle pronation during walking in women.

Design: Cross-sectional study.

Methods: Fifty-one women were evaluated and divided into greater and lower pronation groups
(45 and 55 percentiles). The biomechanical factors measured were: (1) foot-ankle varus
alignment; (2) hip passive stiffness; (3) isokinetic, eccentric strength of the hip external rotators,
and (4) abduction angle of the foot at initial contact. Classification and regression trees (CART)
were used to investigate nonlinear interactions between these biomechanical factors to predict
greater and lower peak and excursion of foot-ankle eversion during walking.

Results: Eight main profiles of biomechanical factors were identified as related to greater and
lower magnitudes of pronation. Foot-ankle varus, hip passive stiffness, and foot abduction angle
predicted greater and lower peak pronation. The model had 61% sensitivity and 96% specificity,
with the total prediction of 78%. The area under the ROC curve was 0.79 (p=0.001). Eccentric
strength of the hip external rotators and foot-ankle varus predicted greater and lower eversion
excursion. This model had 78% sensitivity and 83% specificity, with the total prediction of
80%. The area under the ROC curve was 0.88 (p<0.001).

Conclusion: The magnitude of foot-ankle pronation during walking is influenced by non-linear
interactions between distal and proximal biomechanical factors. Clinically, the profiles
identified help to identify the factors related to greater magnitudes of pronation during walking.

Keywords: Rearfoot; Eversion; Walking; Varus alignment; Hip.
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Introduction

During walking, greater magnitudes of foot pronation are related to musculoskeletal
conditions at the lower limbs and trunk %163, Therefore, researchers have investigated possible
causes of excessive foot-ankle pronation during walking. Distal and proximal biomechanical
factors have been identified 38334652 Some of the factors related to increased pronation during
walking are large varus alignment of the foot-ankle 314334¢ Jow hip passive stiffness 846, and
increased abducted foot position %2, Hip muscle strength is related to foot-ankle eversion
posture *>22 and pronation during running *3, however, there is no evidence for walking.

While there is evidence on these isolated biomechanical factors, little is known about
how their interactions may relate to the magnitude of pronation. Different subjects have
different combinations of these biomechanical factors. For example, we can ask “does a subject
having large foot-ankle varus, but also high hip strength and stiffness, tend to have large or
small pronation magnitudes?”. Souza et al. (2014) observed that the linear combination of large
varus alignment and low hip passive stiffness is related to greater foot-ankle pronation.
However, non-linear relationships are expected in complex, biological systems >8 and non-
linear interactions among those biomechanical factors may have a role in producing greater or
lower pronation. Bittencourt et al. (2012) investigated how different biomechanical factors
interact non-linearly to predict greater magnitudes of knee frontal-plane projection angle during
squatting, using Classification and Regression Trees (CART). Distinct profiles composed of
the biomechanical factors are identified in this approach ®32. This may help a practitioner to
investigate whether a client with increased foot pronation pertains to one of the profiles related
to greater pronation and then intervene on the identified factors. However, non-linear
interactions among biomechanical factors in predicting the magnitude of foot-ankle pronation

have not been investigated yet.
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The purpose of this study was to investigate whether non-linear interactions between
foot-ankle varus alignment, foot abduction angle, hip passive stiffness, and hip strength predict
greater and lower foot-ankle pronation in women. In addition, it was verified which profiles

composed by these factors are related to the magnitudes of pronation.

Method
Sample

A cross-sectional study was conducted with fifty-one participants. The sample of this
study was part of a database of a larger study. The sample, composed of women, was selected
by convenience. Only women were selected to avoid sex-related variability. The inclusion
criteria were: age between 18 and 35 years; body mass index less than or equal to 25 kg/m2;
absence of symptoms or musculoskeletal injuries in the last three months; a physiological range
of motion of hip internal rotation (from 34° to 71°) and hip external rotation (from 25° to 56°)°;
a physiological range of motion of ankle dorsiflexion (above 20°) . Participants who were
unable to maintain the hip muscles relaxed during the hip passive stiffness test and who had

pain during the tests or were unable to perform them correctly were excluded from the study.

Procedures
The participants signed an informed consent form agreeing to participate in the study. This
study was approved by the Research Ethics Committee (CAAE — 0427.0.203.000-11). The

lower limb to be evaluated was defined according to the study by Cruz et al. (2019).

Alignment of the foot-ankle complex
The varus alignment of the foot-ankle was measured as the “forefoot-shank angle”. This

measure combines midfoot inversion mobility and varus/valgus bone alignment of foot-ankle,
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and is performed without weight bearing 316, The average of three measures was used for
analysis. The intra-examiner reliability of this measure was investigated with ten individuals,
with a one-week interval between the measurements. An Intraclass Correlation Coefficient
(ICCsp) of 0.93 was found (95% confidence interval (95%CI) of 0.73-0.98, standard error of

measurement (SEM) of 2.16).

Walking kinematics

The Codamotion three-dimensional system (Charnwood Dynamics, Rothley, England)
was used for the walking kinematic analysis. Markers were placed on anatomical landmarks for
the creation of the kinematic model #*°, and an additional marker was placed on the fifth
metatarsal head to determine toe-off 1°. Clusters of three active markers were used to track the
rearfoot and shank trajectories during barefoot walking. The rearfoot cluster was placed on the
calcaneus, below the insertion of the calcaneal tendon #*°, and the shank cluster was placed at
the distal third of the shank ##°. The participant was asked to stay in a comfortable orthostatic
position for a data collection of 5 seconds. After, other three trials of the static posture were
performed with the subtalar joint of the participant positioned in neutral by the examiner 242,
The ICCs3 3 for the intra-examiner reliability of this procedure was 0.94 (95%CI 0.77-0.99, SEM
1.15). Then, the participant walked barefoot, on a ProAction G635 Explorer treadmill (BH
Fitness — Vitoria-Gasteiz, Alava — Spain) with self-selected speed. Thirty walking support

phases were collected 4, with a sampling frequency of 100Hz.

Hip passive stiffness
Hip passive stiffness against internal rotation was measured using a Biodex 3 Pro
isokinetic dynamometer (Biodex Medical Systems, Shirley, USA). Electromyography was used

(ME6000, Mega Electronics Inc., Kuopio, Finland) to ensure that hip muscles were relaxed.



29

Active surface electrodes were placed on the following muscles: gluteus maximus, gluteus
medius, biceps femoris, tensor fascia lata, and adductor magnus . The test was performed from
25° of external rotation to 25° of internal rotation 4. The protocol used in the test was in
passive mode, with a sampling frequency of 100 Hz and an angular speed of 5°/s #14. More

detail of this measure were described by Cruz et al. (2019).

Eccentric strength of the hip external rotators

The participant was instructed to actively resist the movement of hip internal
rotation imposed by the dynamometer. The test was performed from 30° of external rotation to
20° of internal rotation with an angular speed of 30 °/s 4. For familiarization, the participant
performed one trial with submaximal strength. The examiner gave verbal encouragement for
the participant to perform maximum strength. Eccentric strength was recorded in three sets of

five repetitions.

Data reduction
Walking kinematics

Data processing was performed using Visual 3D software (C-Motion, Inc, Rockville,
Maryland, EUA). Initially, a kinematic model of six degrees of freedom was created. The shank
and rearfoot segments were defined as rigid bodies with their respective coordinate systems 2.
The segments’ coordinate systems and poses were determined according with the positions of
anatomical markers at the femoral epicondyles and malleoli, for the shank, and malleoli,
peroneal tuberosity, and sustentaculum tali, for the rearfoot #*°. The data were filtered with a
fourth-order, Butterworth, low-pass filter, with a cutoff frequency of 6 Hz 1. The walking
stance phase was determined between the contact of the calcaneus on the ground until the

removal of the forefoot from the ground °. The subtalar neutral position was used to define the
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rearfoot’s neutral position (0°) relative to the shank. Everted positions were negative. The peak
(minimum angle of the angle-time curve) and excursion (range between initial contact and
maximum eversion of the angle-time curve) were calculated for the eversion of the rearfoot
relative to the shank during walking stance phase, and were used to index pronation magnitude.
The foot abduction angle was determined by the angle of the rearfoot in relation to the
laboratory, in the transverse plane, at the initial contact of the calcaneus. Peak pronation,
pronation excursion, and foot abduction angle were then computed as the average values from
the 30 stance phases of walking. The walking variables’ reliability was verified in a pilot study
with seven subjects in two assessments with a seven-day interval. The ICCsa3 of the rearfoot-
shank variables in the frontal plane were 0.90 (95%CI of 0.44-0.98, SEM 1.10) for excursion,
and 0.87 (95%CI 0.22-0.98, SEM 1.14) for the peak. The ICCs3 for the foot abduction angle

was 0.98 (95%CI 0.88-0.99, SEM 2.05).

Isokinetic dynamometer

The data obtained by the isokinetic dynamometer were processed with a routine on
MATLAB software, as described by Cruz et al. (2019).

Hip passive stiffness was calculated as the mean slope of the torque-angle curve (first
derivative) in Nm/rad. In the first 15° of hip internal rotation of each repetition, the average
value of the multiple slopes obtained between each two subsequent points of the torque-angle
curve (0.05° intervals) was calculated 7. This method was used to consider the nonlinearities
and irregularities of the torque-angle curves.

The peak (maximum value) of the eccentric strength was obtained from the test of the
maximum strength of the hip external rotators. For statistical analysis, the average peak from

the three series was used. The peak of each series was defined as the highest peak of the five
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repetitions. The values of hip passive stiffness and eccentric strength were normalized by the

participants’ body mass.

Statistical Analysis

For statistical analysis of the data, Classification and Regression Trees (CART) were
used.
CART is a multivariate, non-parametric analysis that creates a tree-like classification model.
The dependent variable is dichotomized into two classes, in this case, in greater and lower
pronation. Cutoff points of the independent variables (predictors) divide the data in a binary
and recursive way, forming a tree with increasingly homogeneous nodes in relation to the
classes of greater and lower pronation. Thus, it is possible to identify different profiles with
different interactions between the predictors, establishing a non-linear relationship between the
dependent variable (greater and lower pronation classes) and the independent variable
(predictors). Two models were analyzed. The first model for peak pronation and the second
model for pronation excursion. Pronation peak and pronation excursion were the dependent
variables. Were used the 45th and 55th percentiles to dichotomize the sample in greater and
lower foot-ankle pronation. These percentiles were chosen to differentiate the sample of greater
and lower foot-ankle pronation without considerable loss of participants (i.e losing only the
participants between the 45" and 55" percentiles). The predictor variables investigated were:
hip passive stiffness, eccentric strength of the hip external rotators, foot abduction angle, and
foot-ankle varus alignment. The following criteria were applied to avoid over-fitting 2’. The
growth criteria for both trees were: minimum of eight participants for node division, and a
maximum of four participants to form a node. For both models a Gini index of 0.0001, a tree

depth with three levels, and pruning were used %'
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The area under the ROC curve (Receiver Operating Characteristic) was analyzed with
a significance of a=0.05 to verify whether the models had a good prediction of the categories
of greater and lower pronation “°. In addition, prevalence ratios were calculated for each
terminal node of the models to investigate the strength of the associations between the

dependent and independent variables.

Results

The characteristics of the sample are shown in TABLE 1. The 45" and 55" percentiles
were -10.07° and -9.51° for the rearfoot peak eversion, and 7.45° and 8.33° for the rearfoot
eversion excursion. Only participants with values above and below the percentiles were
included for the analysis. Therefore, from a total sample of fifty-one participants, five were
excluded, and twenty-three participants were categorized for the first tree (lower peak pronation
and greater peak pronation) and for the second tree (lower pronation excursion and greater
pronation excursion). The prevalence ratios for each terminal node are demonstrated in TABLE

2.
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. Lower peak Greater peak Lower pronation  Greater pronation
Variables . ! . :

pronation pronation excursion excursion
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 22 (3) 22 (3) 21 (2) 23 (3)

BMI (kg/m?) 20.01 (1.86) 20.95 (2.23) 20.27 (1.82) 20.86 (2.20)

Rearfoot — peak ;95 (2.10) 113.77 (2.65) i i

eversion (°)

Rearfoot - eversion ; . 5.83 (1.14) 11.18 (2.09)

excursion (°)

Foot-ankle varus

alignment (°) 14.96 (6.23) 17.36 (8.52) 13.26 (6.64) 17.10 (7.90)

Hip passive stiffness

(Nm/rad/kg) 0.13 (0.03) 0.12 (0.03) 0.12 (0.03) 0.12 (0.03)

E,‘;Ot abduction angle -, o9 (5 30) 14.73 (6.21) 12.45 (6.18) 14.38 (6.18)

Eccentric strength of

hip external rotators 0.57 (0.13) 0.53 (0.10) 0.58 (0.11) 0.54 (0.13)

(Nm/kg)

SD: standard deviation. kg/m?: kilogram divided by height in square meters; (°): degrees;

Nm/rad/kg: Newton-meter per radian per kilogram.; Nm/kg: Newton-meter per kilogram.
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The predictive peak pronation model

The predictive model correctly classified 14 out of 23 with greater peak pronation (61%
sensitivity) and 22 out of 23 participants with lower peak pronation (96% specificity). The total
prediction of the model was 78%. The corresponding profiles related to lower and greater peaks
pronation are shown in FIGURE 1 and 2.

The area under the ROC curve was 0.79 (95% confidence interval: 0.66 - 0.93; standard

deviation=0.34; p=0.001).



Node 0

Greater 50% (N=23)

Lower 50% (N=23)

Varus alignment of the foot-ankle

<25.83°

| Node 1

Lower 56% (N=23)
Greater 44% (N=18)

Hip passive stiffness

> 25.83°
| Node 2

Lower 0% (N=0)
Greater 100% (N=5)

|
<0.09 Nm/rad/kg

| Node 3

> 0.09 Nm/rad/kg
| Node 4

Lower 0% (N=0)
Greater 100% (N=4)

Lower 62% (N=23)
Greater 38% (N=14)

Foot abduction angle

<19.58°
| Node 5

Lower 71% (N=22)
Greater 29% (N=9)

> 19.58°
| Node 6

Lower 17% (N=1)
Greater 83% (N=5)

FIGURE 1: Classification tree of the lower and greater peak pronation. At each node there is
the prediction and the number of individuals for each category, lower and greater peak

pronation. The cutoff values for each predictor are shown between the nodes.
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Foot-ankle varus alignment Hip passive stiffness Foot abduction angle
<25.83° > 0.09 Nm/rad/kg + <19.58° Lower peak
pronation
Foot-ankle varus alignment
> 25.83°
Foot-ankle varus alignment Hip passive stiffness
< 25.83° <4 <009 Nm/radikg Greater
peak
pronation
Foot-ankle varus alignment Hip passive stiffness Foot abduction angle
<25.83° + > 0.09 Nm/rad/kg + > 19.58°

FIGURE 2: Profiles of greater and lower peaks pronation.
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The predictive model for pronation excursion

The predictive model correctly classified 18 out of 23 participants with greater pronation
excursion (78% sensitivity) and 19 out of 23 participants with lower pronation excursion (83%
specificity). The total prediction of the model was 80%. The corresponding profiles related to
lower and greater pronation excursions are shown in FIGURE 3 and 4.

The area under the ROC curve was 0.88 (95% confidence interval: 0.78 - 0.97; standard

deviation=0.24; p<0.001).



Node 0

Lower 50% (N=23)
Greater 50% (N=23)

Strength of hip external rotators

|
<0.45 Nm/kg
| Node 1

Lower 0% (N=0)
Greater 100% (N=9)

> 0.45 Nm/kg
| Node 2

Lower 62% (N=23)
Greater 38% (N=14)

Strength of hip external rotators

|
<0.51 Nm/kg
| Node 3

> 0.51 Nm/ka
| Node 4

Lower 100% (N=8)
Greater 0% (N=0)

Lower 52% (N=15)
Greater 48% (N=14)
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Varus alignment of the foot-ankle

<14.17°
| Node 5

Lower 69% (N=11)
Greater 31% (N=5)

> 14.17°
| Node 6

Lower 31% (N=4)
Greater 69% (N=9)

FIGURE 3: Classification tree of the lower and greater pronation excursion. At each node there

is the prediction and the number of individuals for each category, lower and greater pronation

excursion. The cutoff values for each predictor are shown between the nodes.



Strength of hip external rotators
>0.45 and <0.51 Nm/kg

Lower
pronation
Strength of hip external rotators + Foot-ankle varus alignment excursion
>0.51 Nm/kg <14.17°
Strength of hip external rotators
<0.45 Nm/kg Greater
pronation
Strength of hip external rotators + Foot-ankle varus alignment excursion
> 0.51 Nm/kg >14.17°
FIGURE 4: Profiles of greater and lower pronation excursion.
TABLE 2: Prevalence Ratio of Each Terminal Node of the CART Model.
CART Model Terminal Node PR (95% CI)
2 2.08 (1.37-3.16)*

1.98 (1.28-3.08)*
0.31 (0.18-0.55)*

3
Peak Pronation .
6 1.85 (1.13-3.04)*
1
3
5

2.49 (1.62-3.82)*
0.09 (0.01-1.38)
0.52 (0.24-1.14)
6 1.63 (0.95-2.79)

PR=Prevalence Ratios; Cl= Confidence Interval. * Indicate significant statistic

Pronation Excursion

39
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Discussion

Foot pronation magnitudes, indexed by peak and excursion of rearfoot-shank eversion,
were predicted (78% and 80%, respectively) by different interactions between foot-ankle and
hip biomechanical factors. Interactions between foot-ankle varus alignment, hip passive
stiffness and foot abduction angle predicted greater or lower peak eversion. Similarly,
interactions between eccentric strength of the hip external rotators and foot-ankle varus
alignment predicted greater and lower eversion excursions. Profiles consisting of those
biomechanical factors were identified. Such profiles specify how the foot-ankle and hip factors

interact differently to result in greater or lower magnitudes of foot pronation during walking.

The foot-ankle varus alignment was the first predictor of peak eversion, and the
participants with varus >25.83° (node 2) had a 108% increase in likelihood of having greater
peak pronation. Thus, it is possible for people with excessive foot pronation and foot-ankle
varus alignment above 25.83° to benefit from interventions focused on this alignment, such as
medially posted foot orthoses 24, Previous studies that investigated the isolated influence of the
foot-ankle varus on pronation also identified that larger varus is related to greater pronation
31433 "while one study did not find this relationship®. The present results demonstrated that

extremely large varus alignment alone is related to large peak pronation during walking.

The second predictor selected by the model for peak pronation was hip passive stiffness.
Participants with foot-ankle varus <25.83° and hip passive stiffness <0.09 Nm/rad/kg (node 3)
had a 98% increase in likelihood of having greater peak pronation. This finding showed that,
even without extreme varus values (25° is still larger than average estimates (table 1) and from
Souza et al., 2014 (14.63°)), greater peak pronation occurs in the presence of low hip stiffness.
This is consistent with Souza et al., 2014, who identified a linear relationship in which the
combination of greater values of foot-ankle varus and lower values of hip passive stiffness

predicted larger pronation during walking (only 27% of explanation). This relatively low
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explanation may have been influenced by their linear approach, which is incompatible with the
influence of several factors interacting non-linearly 8. Differently, the current non-linear
approach identified that both foot-ankle varus >25.83° and <25.83° predict greater peak
pronation, depending on the interaction with hip passive stiffness. Muscle strengthening might
be indicated to increase hip passive stiffness * in subjects with low stiffness and without

extreme varus alignment, to avoid greater pronation. This needs further investigation.

The third predictor was the foot abduction angle. Participants with foot-ankle varus
<25.83°, hip passive stiffness >0.09 Nm/rad/kg and foot abduction angle >19.58° (node 6) had
an 85% increase in likelihood of having greater peak pronation. A possible explanation for this
interaction is that very high hip passive stiffness may increase the external rotation of the entire
lower limb and, consequently, increase the abduction angle of the foot #4. This agrees with
studies in which voluntary increases in the abduction angle resulted in greater pronation 642,
However, our study showed how naturally occurring larger abduction angles relate to greater
peak pronation. In the corresponding profile, although the participants do not have extreme
foot-ankle varus and have higher hip stiffness, they tend to have greater peak pronation due to
the presence of high foot abduction angles. Interventions to reduce hip passive stiffness (e.g.,
to increase passive internal rotation range of motion **) might reduce foot abduction angle and

avoid greater peak pronation, although this has yet to be investigated.

The strength of the hip external rotators was the first and second predictor of eversion
excursion. Participants with hip strength < 0.45 Nm/kg (node 1) had a 149% increase in
likelihood of having greater pronation excursion. So, subjects with lower strength may have
less active control of limb internal rotation excursion, which is coupled with foot pronation *’.
For the other profiles identified in the model (represented by the terminal nodes 3, 5, and 6),
the prevalence ratio was not significant, and we cannot discuss likelihood for them. Thus, for

these profiles, we will focus on the classifications given by the model, considering that the
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model’s classification accuracy was high. Differently from the participants of node 1, 100% of
participants with strength between 0.45 and 0.51 Nm/kg (node 3) had lower pronation
excursion. Previous studies have found that hip muscle weakness is related to greater pronation
posture 2. Furthermore, hip muscles’ strength gains have been related to pronation reductions
during running *. The third predictor of eversion excursion was the foot-ankle varus alignment,
and 69% of participants with strength >0.51 Nm/kg and foot-ankle varus >14.17° (node 6) had
greater pronation excursion. While 69% of participants with strength >0.51 Nm/kg and foot-
ankle varus <14.17° (node 5), had lower pronation excursion. According to the profiles
identified, a subject with low external rotators’ strength may have a high probability of having
greater pronation excursion. However, individuals with higher strength levels may have greater
or lower pronation, depending on the foot-ankle varus alignment. Subjects with high strength,
but with large foot-ankle varus tend to have greater pronation excursion. Thus, for these cutoff
values, the influence of large varus alignment on pronation excursion is predominant over the
large hip strength. Subjects having greater pronation excursion and large varus alignment
(greater than about 14.17°) may need foot orthoses, even if they have high strength of the hip

external rotators.

The peak and excursion are different variables related to the magnitude of pronation and
are related to different musculoskeletal conditions %226 An individual presenting a large
eversion excursion does not necessarily reach a large peak eversion, since a large excursion
may occur from an initial greater inversion angle. Thus, different people comprised the groups
for the peak and excursion, which resulted in different predictive models. Speculations can be
drawn for the differences between the models. Hip passive stiffness predicted peak eversion,
specifically. This may be because larger peak eversion is commonly coupled with larger hip
internal rotation angles (Souza et al, 2010), where the passive torques resisting internal rotation

are greater and more significant for the lower limb motion. On the other hand, active muscle
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forces produced during gait, indexed by the measured hip strength, may be not as dependent on
the angle magnitudes. Further studies would be necessary to test these speculations and the
models’ differences regarding the other predictive variables (i.e., foot abduction and varus
alignment) and their specific cutoff points.

Compared to the participants of the profiles highlighted in FIGURES 2 and 4, a minor
part of the participants had a foot pronation pattern opposite to the predicted by the profile in
which they were included. For example, only 17% of the participants (n=1) in node 6 of the
peak eversion model, with foot-ankle varus <25.83°, hip passive stiffness >0.09 Nm/rad/Kg,
and foot abduction angle >19.58° had a lower peak pronation. Furthermore, only 31% of the
participants (n=4) in node 6 of the eversion excursion model, with external rotators’ strength
>0.51 Nm/kg and foot-ankle varus >14.17°, had a lower pronation excursion. Those exceptions
may be due to interactions with other factors that were not investigated in this study. Some not-
investigated factors were the activity and strength of intrinsic foot muscles 3 and ankle muscles
17 the mobility of the first ray , and the passive mechanical resistance of tissues of the shank
29 and midfoot 8%°, These factors could be included in future investigations.

Study limitations can be pointed. The 45th and 55th percentiles, used to categorize
pronation magnitudes, is not a clinical criterion. Still, the average values of peak eversion and
eversion excursion in the groups with lower and greater values were consistent with those
reported in previous studies that classified patterns of rearfoot motion? or categorized
individuals as low and high pronators based on the Foot Posture Index!. It should also be

considered that only women participated in the study, which limits generalization for men.

In clinical practice, the profiles identified can help to indicate variables that are
important to be evaluated in individuals who present greater pronation in walking. A clinician
may verify whether an individual's hip and foot factors are consistent with one of the profiles

identified. A limitation for the clinical use of the findings is the isokinetic measure of hip
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passive stiffness and strength, which limits using the respective cutoff points in patients’
assessments (when isokinetic dynamometry is not available). Although a gold-standard
evaluation was necessary to include accurate measures in the models, similar future studies
should investigate cutoff points for clinical measurements of hip stiffness and strength °°.
Moreover, these clinical measures are valid %, present normative data 2"*° and considering
predictive equations, may help clinicians to apply the data from a patient to the profiles

identified.
Conclusion

Greater and lower magnitudes of foot pronation during walking are related to non-linear
interactions between hip and foot biomechanical factors. Profiles composed by these factors
predict if a subject has greater or lower rearfoot peak eversion and excursion, and are helpful

to identify, in the clinical practice, which biomechanical factors should be investigated.
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ABSTRACT

Background: Strengthening hip and trunk muscles may decrease foot pronation posture in
upright standing, due to expected increases in hip passive torque and lower limb external
rotation. However, considering the increased pronation posture caused by large foot-ankle varus
alignment, subjects with larger varus may have smaller or no postural effects of hip and trunk
strengthening.

Research question: Do women with large and small values of foot-ankle varus alignment have
different changes in lower limb posture, after hip and trunk muscle strengthening?

Methods: Non-randomized controlled experimental study. Fifty young, non-disabled women
participated in the study. The intervention group (n=25) performed hip and trunk muscle
strengthening, and the control group (n=25) maintained their usual activities. Each group was
split into two subgroups with larger and smaller values of varus alignment. Hip, shank, and
rearfoot-ankle 3D posture, and hip passive external rotation torque (isokinetic), were evaluated.
Mixed analyses of variance and pre-planned contrasts tested for differences (a=0.05).

Results: The smaller varus subgroup of the intervention group reduced rearfoot eversion posture
(P=0.02). No significant changes were observed in the smaller varus subgroup of the control
group (P=0.31). There were no significant differences in posture between the control and
intervention groups when varus was not considered (P>0.06). The intervention group increased
the hip passive torque (P=0.001) compared to the control group, independently of varus
alignment.

Significance: Clinicians should consider varus alignment when the goal is to reduce pronated
foot-ankle posture by means of hip and trunk strengthening. Although hip and trunk muscle
strengthening increased hip passive torque, rearfoot eversion posture reduced only in women

with smaller varus alignment. Women with larger varus alignment might need other
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interventions associated with strengthening. The findings reinforce that the foot-ankle posture
is influenced by proximal and distal factors.

Keywords: Lower limb, Hip, Pronation, Kinematics, Standing

INTRODUCTION

Previous research has investigated the effects of muscle strengthening interventions on
dynamic foot kinematics [1-3]. Some studies have focused on interventions for the hip and
trunk muscles [2,4,5] due to the influence of proximal factors on foot-ankle pronation [2,6-9].
Although foot posture during upright standing is of clinical interest in the musculoskeletal
practice [10-13], there is a limited number of studies investigating potential postural changes
due to proximal muscle strengthening [3]. There are known proximal factors that influence foot
pronation posture, such as the weakness of the hip and trunk muscles, and low passive torque
of hip external rotators [6-8]. Therefore, strengthening the trunk and hip muscles, focusing on
producing a more externally rotated and abducted hip, could decrease foot pronation during
upright standing.

Muscle strengthening can modify the tissues' stiffness around a joint and modify its
posture and coupled segments' posture [14] without the need for higher-cost interventions such
as orthotics. Hip and trunk muscle strengthening can increase the passive torque that resists hip
internal rotation [15]. This increase of hip torque may externally rotate the hip and lower limb
and decrease foot pronation posture [6,16]. However, as foot alignment (e.g., varus) influences
foot pronation [6,15,17,18], the effects of proximal muscle strengthening on foot posture may
be mediated by foot-ankle alignment. Therefore, the potential of proximal muscle strengthening
to decrease foot pronation and lower limb internal rotation postures could be influenced by the

varus alignment's magnitude.
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This study aimed to investigate the effects of hip and trunk muscle strengthening on hip,
shank, and foot postures during upright standing. Possible distinct effects in individuals with
larger and smaller foot-ankle varus alignment were investigated. In addition, the effects of
strengthening on hip passive torque and the influence of foot-ankle varus on posture were also
investigated. The hypothesis of this study was that the proximal strengthening would cause:
more externally rotated postures of the hip and shank, and a less everted rearfoot posture. These
changes would be smaller or absent in women with larger foot-ankle varus alignment. Finally,
the strengthening would also increase hip passive torque, regardless of the magnitude of varus

alignment.

METHODS
Participants

Fifty-six non-disabled women were included in the study (mean 22 years; standard
deviation 3). The inclusion criteria were: female; age between 18 and 35 years; body mass index
(BMI) less than or equal to 25 kg/m?; presence of normal range of motion of hip internal rotation
(from 34° to 71°) and hip external rotation (from 25° to 56°) [19]; no history of surgery in the
lower limbs and lumbopelvic complex, no musculoskeletal symptoms or injuries in the previous
three months; and not practicing physical exercises in the previous three months. Only women
were selected to avoid sex-related variability. The exclusion criteria were: attending to less than
80% of the training sessions; starting physical exercise during the study period; reporting pain
or any discomfort during the assessments; and inability to perform the tests correctly. To
guarantee that only participants with pronated rearfoot posture would participate in the study,
individuals with neutral (0°) or inverted (>0°) posture of the rearfoot relative to the shank in the
frontal plane were also excluded. This refers to the same kinematic analysis that will described

ahead. The convenience method for sampling was used. The participants signed an informed
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consent form to participate in the study. This study was approved by the institution's Research
Ethics Committee (CAAE — 0427.0.203.000-11).

The sample size was determined considering a possible moderate effect size (f=0.3),
with a significance level of 0.05 and a desired statistical power of 0.80, and a total of

approximately 58 individuals was estimated [20].

Study design

This is a non-randomized controlled experimental study, with subgroups. The sample
was part of the database of a larger study. The participants were allocated in the control and
intervention groups, according to their availability to enroll in the intervention protocol. The
intervention group performed hip and trunk muscle strengthening, and the control group
maintained their usual activities. The control and intervention groups were divided into
subgroups according to the magnitude of foot-ankle varus alignment, using the 50th percentile,
according to Cruz et al. (2019). The groups were matched for foot-ankle varus alignment values.
First, we randomly chose the lower limb of the participants from the intervention group for
assessment (drawing). Then, for the control group, the varus alignment was evaluated in both
limbs and the limb that matched the varus value of a participant from the intervention group
was selected for data collection. The flow diagram for each step of the study is provided in

figure 1.

Procedures
Muscle strengthening protocol

Following the procedures of Aradjo et al. (2017), the trunk and hip strengthening was
performed in full range of motion for the following muscles: hip external rotators, gluteus

medius, latissimus dorsi, oblique and rectus abdominis and quadratus lumborum, and hip and
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trunk rotators and extensors in closed kinematic chain. The exercises were performed three
times a week for two months. The exercise load was 70% to 80% of one maximum repetition
(1RM) with three sets of eight to nine repetitions, moderate velocity (about 3 seconds for the
isotonic cycle) and one-minute rest between sets [5,21]. The load evolution was 5 or 10% when
the participant was able to perform three sets of nine repetitions for two consecutive sessions.
At week five, eccentric training of external rotators and hip abductors was changed to 90% or
100% of 1 concentric RM.[5,21,22]. The participant’s position in each exercise is shown in the

figure 2 of the supplementary materials.

Evaluation of foot-ankle varus alignment

Foot-ankle alignment was measured as the forefoot-shank angle which combines
midfoot inversion mobility and foot-ankle bony alignment [6,23]. The participant remained in
prone position. The evaluated lower-limb joints were extended, with the foot out of the stretcher
and the contralateral lower limb was in abduction and external rotation of the hip, to stabilize
the pelvis. The examiner positioned the ankle of the assessed limb at 0° of dorsiflexion and
ankle plantar flexion and asked the participant to maintain this position. Then, the measurement
of the angle between the bisection line of the shank and a fixed nail under the metatarsal heads
was performed. Three measurements were performed for analysis. This measure's intra-
examiner reliability was examined, and the Intraclass Correlation Coefficient (ICCs3) was 0.93

(standard error of measurement=2.16°).

Kinematic assessment of the standing posture

The three-dimensional motion analysis system Codamotion (Charnwood Dynamics,

Rothley, England) was used to assess hip, shank, foot-ankle angular positions during upright
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standing, at a sampling rate of 100 Hz. The pelvis, thigh, shank and rearfoot were tracked with
active tracking markers’ clusters [5]. Anatomical and tracking markers were used to define a
kinematic model of six degrees of freedom, as described in Araujo et al. (2017) (Figure 1 -
Supplementary material).

The participant remained in standing position for five seconds. Afterwards, three
collections were performed with the subtalar placed in clinical neutral position (0°) [24,25].
The Intraclass Correlation Coefficient (ICCs3) for the intra-examiner reliability of this
procedure was 0.94. The participant's feet positions were drawn on paper during the evaluation
to standardize the participants’ position relative to the laboratory coordinate system and the feet
positions on the floor. This paper, positioned in the same place, was used in the reevaluation.
The standing posture angles' reliability was verified in a pilot study with seven subjects in two
assessments with a seven-day interval. ICCss 3 were calculated and were equal to or greater than

0.77, (Table 1).

Measurement of hip passive torque

The Biodex 3 Pro isokinetic dynamometer (Biodex Medical Systems, Shirley, USA)
was used to perform three measures of hip passive torque against internal rotation movement
(i.e., external rotation torque). The participant was positioned in prone, with the knee flexed at
90°, and the equipment’s attachment moved the participant’s hip into internal rotation, from
25° of external rotation to 25° of internal rotation, at an angular velocity of 5 °/s. To ensure that
the hip muscles (gluteus maximus, gluteus medius, biceps femoris, tensor fascia lata, and
adductor magnus) were relaxed during the measurement, a surface electromyography system
(ME6000, Mega Electronics Inc., Kuopio, Finland) was used. For further detail, see Cruz et al.

(2019) and Araudjo et al. (2017).
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Data reduction

The average of three forefoot-shank angle measurements was used. The kinematic data
were processed in the Visual3D software (C-Motion, Inc, Rockville, Maryland, USA). Initially,
the data were filtered with a fourth-order Butterworth low-pass filter with a cut-off frequency
of 6 Hz. The data of the relaxed posture were normalized by the standing posture with the
subtalar positioned in neutral. The average values of the following variables were calculated:
internal-external rotation and adduction-abduction angles of the hip (thigh angular position
relative to the pelvis); shank internal-external rotation (relative to the laboratory); inversion-
eversion angles of the rearfoot-shank (rearfoot angular position relative to the shank).

Hip passive torque data were extracted and processed in MATLAB software (The
MathWorks Inc.). The average of the three repetitions was considered. The mean torque
produced during the first 20° of hip internal rotation was calculated in Newton-meters (Nm) for

each repetition.

Statistical analysis

For the baseline data, two-way ANOVA were conducted to check if the sample
characteristics were different. When the interaction effect group vs varus alignment was
significant, pre-planned contrasts (two-tailed, paired or independent t-tests) were performed for
comparisons between subgroups.

Mixed analyses of variance (ANOVA) were also carried out for each variable (posture
and torque), with two between-subjects effects (control and intervention groups; larger and
smaller varus alignment) and one within-subject effect (pre and post-intervention condition).
The group vs condition interaction and the group vs varus alignment vs condition interaction
were considered. When the interaction effects were significant, pre-planned contrasts (two-

tailed, paired or independent t-tests) were performed for comparisons between and within
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subgroups. The main effect varus was also analyzed for the rearfoot-shank in the frontal plane
to check the foot-ankle varus's influence on pronation posture. For all analyses, a type 1 error
probability of 5% was considered. All statistical analysis was performed with SPSS Version

22.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

Subjects’ characteristics

There were no differences across groups and subgroups for sample characteristics at baseline.
The foot-ankle varus values of the larger varus subgroups were larger than the smaller varus
subgroups, both within the control (P<0.001) and intervention (P<0.001) groups. Foot-ankle
varus was not different between the two larger varus subgroups (P=0.72) or between the two
smaller varus subgroups (P=0.97). Sample characteristics at baseline and the significance

values of the group main effect and of the group vs varus interaction are shown in Table 2.

Hip passive torque

The interaction effect of group vs condition was significant (P=0.01) (Table 3). The pre-
planned contrasts revealed that the hip passive torque increased in the intervention group after
strengthening (P=0.001) (Table 4). In addition, individuals in the intervention group had greater
hip passive torque than controls in the post-intervention condition (P=0.016) (Table 4).
However, there were no differences in passive torque between the foot-ankle varus subgroups
(P=0.64) (Table 3). In addition, there were no differences between the intervention and control

groups at baseline (P=0.60) (Table 4).
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Standing posture

The group vs condition interaction effect for all postural variables was not significant
(P>0.06) (Table 3). The interaction effect of group vs condition vs varus alignment was
significant for the rearfoot-shank eversion posture (P=0.04) (Table 3). The pre-planned
contrasts showed that the eversion posture of the rearfoot-shank reduced in the subgroup with
smaller varus (P=0.02) after the intervention (Table 5). In addition, in the post-intervention
condition, individuals with smaller varus of the intervention group had less everted posture than
the smaller varus individuals in the control group (P=0.03) (Table 5). In contrast, there were no
differences in the pre-post strengthening comparison in the larger varus subgroup of the
intervention group for the rearfoot-shank eversion posture (P=0.21), and between the subgroups
of the control group (P>0.19) (Table 5). There were no differences for the interaction effects of
group vs condition vs varus alignment for the other postural variables analyzed (Table 3).

Regarding the influence of foot ankle varus on foot posture, women with larger varus
alignment had greater rearfoot eversion posture (-6.85°; SD 2.68) compared to women with

smaller varus alignment (-5.32°; SD 2.68) (P=0.05; effect size f=0.30).

DISCUSSION

Hip and trunk muscle strengthening reduced rearfoot eversion posture only in
women with smaller foot-ankle varus. This intervention also increased hip passive torque in all
participants of the intervention group, independently of the foot-ankle varus alignment. These
findings suggest that the increase in hip passive torque caused by the trunk and hip
strengthening was able to affect rearfoot posture only in women with smaller foot-ankle varus,
which is in accordance with our hypotheses. This result indicates that the magnitude of varus
alignment influences the change in the foot-ankle posture caused by a proximal muscle

strengthening protocol.
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The participants with larger foot-ankle varus had larger rearfoot eversion posture
(i.e. larger foot pronation) [6,15,17]. The absence of changes in participants with larger varus
after the proximal muscle strengthening suggests that the influence of the varus alignment on
foot posture was predominant compared to the hip’s soft tissue influence. Therefore, medially
posted foot orthoses may be required to reduce foot pronation posture in individuals with large
varus alignment [26,27]. Besides, since the measure of foot-ankle varus reflects passive midfoot
stiffness (and not only bone alignment) [28], strengthening of intrinsic foot muscles and the use
of insoles that add torsional stiffness to the foot [29] may also be indicated. Sdnchez-Rodriguez
et al. (2020) demonstrated that strengthening the intrinsic foot muscles, and hip and trunk
muscles, reduced pronation as measured with the Foot Posture Index (FPI) in people with
pronated feet. In addition, other studies demonstrated that the isolated strengthening of the foot
muscles was also able to reduce pronation posture [1,30].

The trunk and hip strengthening reduced rearfoot eversion posture relative to the
shank by 1.73° in the small varus subgroup. Levinger and Gilleard (2004) demonstrated that
individuals with patellofemoral syndrome had 2.58° more rearfoot eversion than controls [31].
Therefore, the effect of the strengthening on rearfoot posture found in the present study
corresponds to 67% of the magnitude of the difference between individuals with patellofemoral
syndrome and controls found by Levinger and Gilleard (2004). In addition, Bennett et al. (2001)
demonstrated that runners who developed medial tibial stress syndrome had 1.8° more rearfoot
eversion than runners who did not develop this condition, which is close to the size of the effect
of the strengthening on rearfoot posture. Therefore, the magnitude of the eversion reduction
observed in the present study points to potential clinically relevant effects of trunk and hip
muscle strengthening on foot posture.

Considering known kinematic couplings among the lower limb segments [33-35],

we expected that the foot-ankle posture change observed in women with small varus would be



62

coupled to other postural changes. More specifically, the reduction in rearfoot eversion would
be coupled to decrease in shank internal rotation and in adduction and internal rotation of the
hip, which, however, were not observed. Given that weight-bearing rearfoot angle in the frontal
plane is coupled to shank and hip angles in the frontal and transverse planes [34,35], rearfoot
eversion reduction could be coupled to a combination of smaller, statistically non-significant
magnitudes of shank and hip external rotations and hip abduction (Effect Sizes f: 0.01, 0.16 and
0.01, respectively) (Tables 3 and Table 1 —Supplementary material). Although this is
speculative at this point, small magnitudes of shank and femur external rotation and femur
abduction differences might not have been detected due to the limitation of using skin markers
to track lower limb posture in the transverse plane and thigh posture associated to the more
pronounced soft tissue artifacts [36].

The limitations of this study should be indicated. Regarding internal validity, the
non-randomized convenience allocation to the intervention and control groups may have biased
the study [37]. However, the participants were unaware that postural changes could occur, and
which changes could occur, which prevents important bias related to the non-randomized group
allocation. Regarding external validity, one limitation is the fact that the study included only
female and asymptomatic subjects, which reduces the findings' generalization.

The present findings, along with findings from previous research, demonstrated that
foot kinematics is dependent on the interaction between proximal and distal biomechanical
factors [6-8]. The efficacy of a proximal intervention to reduce rearfoot eversion depends on
the foot-ankle varus alignment. Analogous results were observed for muscle strengthening
focused on reducing the pelvic drop in walking [15]. These findings point to the need to
consider individual characteristics, such as the magnitude of foot-ankle varus alignment, before

choosing an intervention to change lower limb posture.
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CONCLUSION

Hip and trunk muscle strengthening resulted in reduced rearfoot eversion posture,

exclusively in women with smaller foot-ankle varus alignment. Effects of proximal muscle

strengthening on foot posture are dependent on the magnitude of varus alignment. Foot-ankle

varus alignment should be considered when the goal is to reduce rearfoot eversion posture by

proximal muscle strengthening.
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Figure 1- Flow diagram for each step of the study. SVI: smaller varus in the intervention

group; LVI: larger varus in the intervention group; SVC: smaller varus in the control group;
LVC: larger varus in the control group.



Table 1- ICCs3 for reliability of the mean posture

Variables Motion plane ICCs;3 SEM
Frontal 0.77 0.33°

Hip
Transverse 0.80 1.68°
Shank Transverse 0.84 1.17°
Rearfoot-shank Frontal 0.84 1.23°

ICC: intraclass correlation coefficients; SEM: Standard Error of Measurement.
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Table 2- Mean and standard deviation of the characteristics of the groups and subgroups at baseline.

Groups and Subgroups Intervention Control P SVI LVI SVC LVC P
Age (years) 22 (4) 22 (2) 0.30 21 (3) 23 (4) 22 (2) 21(2) 0.12
BMI (Kg/m?) 20.97 (1.84) 19.97 (2.04)  0.08 20.80 (1.57)  21.15(215)  20.35(1.99)  19.63(2.10) 0.34

Footanklevarus 15 2) g18) 13.44(791) 091 0.51 (4.45)  22.09(490) 944 (417)  21.46(3.80)  <0.001*
alignment (°)
Hip Frontal Posture
& 0.04(1.09) -0.20(0.99) 0.3 0.19(052)  -0.11(1.50)  -0.28(0.99)  -0.12(1.03) 0.45
H'EOTS:S:‘;‘ZS)“G 3.06 (3.15)  2.40 (2.85) 0.43 265(1.86)  3.50 (4.18) 221(337) 257 (2.41) 0.78
Shank Transverse
posture @ 6.25(2.83)  6.88 (2.71) 0.44 568(220)  6.87(3.38)  7.03(28l)  6.75(2.72) 0.36
Rearfoot-shank
6.00(3.28) -6.65(2.42) 0.5 507(254)  -701(377)  -678(222)  -6.52(2.67) 0.18
Frontal Posture (°)
Hip Passive Torque
124 (057) 1.14(0.78) 0.60 122(051) 1.8 (0.66) 1.09(1.03)  1.19(0.48) 0.92

(Nm)

*P<(.05; BMI: body mass index; Kg/m?: kilograms divided by height in square meters; (°): degrees; Nm: Newton-meter; SVI: smaller varus in the
intervention group; LVI: larger varus in the intervention group; SVC: smaller varus in the control group; LVC: larger varus in the control group.
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Table 3- ANOVA interactions.

_ Group vs Condition Group vs Condition vs Varus alignment
Variables
P F Effect Size (f) Power P F Effect Size (f) Power
Hip Frontal 0.06 3.68 0.28 0.48 0.98 0.001 0.01 0.05
Hip Transverse 0.37 0.81 0.13 0.15 0.28 1.20 0.16 0.12
Shank Transverse 0.53 0.41 0.01 0.01 0.90 0.02 0.01 0.05
Rearfoot-shank Frontal 0.62 0.25 0.07 0.08 0.04* 4.41 0.31 0.37
Hip Passive Torque 0.01* 7.46 041 0.78 0.64 0.23 0.07 0.06

*P<0.05; F: F-value for the interaction in mixed ANOVA. Effect Size f: effect size computed as the partial eta squared.



73

Table 4- Means, standard deviations, and pre- vs post-strengthening contrasts of the hip passive torque
for the intervention and control groups.

Passive torque

N Effect Size
Contrasts Groups Cond|t|0n (Nm) P Power
Cohen’s d
Mean (SD)
) Pre 1.24 (0.57)
o Intervention 0.001*  -3.88 0.79 0.96
Within Post 1.56 (0.66)
Groups Pre 1.14 (0.78)
Control 0.59 0.55 0.11 0.08
Post 1.08 (0.69)
Intervention Pre 1.24 (0.57)
0.60 0.52 0.15 0.08
Between Control Pre 1.14 (078)
Groups Intervention Post 1.56 (0.66)
*
Control Post 1.08 (0.69) 0.016 249 0.71 0.69

SD: standard deviation; Nm: Newton-meter; t: t-value for the t-test.* P<0.05
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Table 5- Means, standard deviations, and pre- vs post-strengthening contrasts of the rearfoot-shank
posture for the varus alignment subgroups.

Contrasts  Subgroups  Condition Mean (SD) P t d Power
Pre -5.07° (2.54°)
SVI 0.02* -2.59 0.88 0.83
Post -3.34° (3.12°)
Pre -7.01° (3.77°)
o LVI 021 1.33 0.38 0.23
Within Post -8.00° (2.69°)
subgroups Pre -6.78° (2.22°)
SVC 031 -1.06 0.31 0.16
Post -6.09° (2.80°)
Pre -6.52° (2.67°)
LVC 019 -1.40 0.39 0.25
Post -5.85° (3.17°)
svi Pre -5.07° (2.54°)
009 1.79 0.72 0.40
SVC Pre -6.78° (2.22°)
SVI Post -3.34° (3.12°)
0.03* 231 0.93 0.60
SvC Post -6.09° (2.80°)
Between
subgroups LVI Pre -7.01° (3.77°)
0.71 -0.38 0.15 0.06
LVC Pre -6.52° (2.67°)
LVI Post -8.00° (2.69°)
0.08 -1.83 0.73 0.42
LVC Post -5.85° (3.17°)

SD: standard deviation; t: t-value for the t-test; SVI: smaller varus intervention; LVI: larger varus
intervention; SVC: smaller varus control; LVC: larger varus control; d: Cohen’s d effect size;
*significant difference (P<0.05). Negative values correspond to everted posture.
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Supplementary Materials

Shank Cluster

LLM
LPT

Rearfoot Cluster

Figure 1- Clusters with tracking markers for the pelvis, thigh, shank and rearfoot. The white
circles represent the tracking markers, and the black markers represent the anatomical markers
of the anatomical model. RIC = right iliac crest; LIC = left iliac crest; RGT = right great
trochanter; LGT = left great trochanter; LER = lateral epicondyle of the right femur; LEL =
lateral epicondyle of the left femur; MER = medial epicondyle of the right femur; MEL = medial
epicondyle of the left femur; RLM =right lateral malleolus; LLM = left lateral malleolus; RMM
= right medial malleolus; LMM = left medial malleolus; RPT = right peroneal tuberosity; LPT
= left peroneal tuberosity; RST = right sustentaculum tali; LST = left sustentaculum tali.
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Figure 2: Bilateral isotonic strengthening was performed for the following muscles: (a) hip
external rotators, (b) gluteus medius, (c) latissimus dorsi, (d) oblique and rectus abdominis and
quadratus lumborum, and (e) hip and trunk rotators and extensors in closed kinematic chain.



Table 1- Means and standard deviations of control and intervention groups and varus subgroups in pre and post-intervention conditions.
SD: standard deviation; (°): degrees; Nm: Newton-mete

: . Rearfoot- Hip
(S.?urgu?oinci Condition Fro:|tlgl ®) Tran;I/:aprse ®) Trarslshvaenrl;e ®) shank Frontal Passive
group ®) Torque (Nm)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Pre-intervention 0.04 (1.09) 3.06 (3.15) 6.25 (2.83) -6.00 (3.28) 1.24 (0.57)
Intervention
Post-intervention -0.10 (0.75) 2.33 (2.71) 5.15(3.18) -5.58 (3.72) 1.56 (0.66)
| Pre-intervention -0.20 (0.99) 2.40 (2.85) 6.88 (2.71) -6.65 (2.42) 1.14 (0.78)
Contro

Post-intervention 0.23 (0.82) 2.45 (2.83) 6.39 (2.82) -5.96 (2.94) 1.08 (0.69)
Pre-intervention 0.19 (0.52) 2.65 (1.86) 5.68 (2.20) -5.07 (2.54) 1.22 (0.51)

SVi
Post-intervention 0.13 (0.44) 1.68 (1.61) 3.96 (3.27) -3.34 (3.12) 1.49 (0.55)
Pre-intervention -0.11 (1.50) 3.50 (4.18) 6.87 (3.38) -7.01 (3.77) 1.28 (0.66)

LVI
Post-intervention -0.35 (0.95) 3.03 (3.49) 6.44 (2.62) -8.00 (2.69) 1.66 (0.79)
Pre-intervention -0.28 (0.99) 2.21 (3.37) 7.03 (2.81) -6.78 (2.22) 1.09 (1.03)

SvC
Post-intervention 0.25 (0.87) 3.00 (2.14) 5.76 (3.00) -6.09 (2.80) 1.04 (0.80)
Pre-intervention -0.12 (1.03) 2.57 (2.41) 6.75 (2.72) -6.52 (2.67) 1.19 (0.48)

LvC
Post-intervention 0.22 (0.81) 1.93 (3.34) 6.97 (2.63) -5.85 (3.17) 1.12 (0.61)
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4 CONSIDERACOES FINAIS

Os resultados dessa tese demonstraram que a magnitude de pronacdo na marcha e
na postura ortostatica é influenciada por fatores biomecanicos proximais e distais. No estudo 1,
foi identificado que fatores biomecénicos do quadril (forga excéntrica de rotadores laterais e
rigidez passiva do quadril a rotacdo medial) e do tornozelo-pé (alinhamento varo e angulo de
abducéo do pé) interagem de forma néo linear e predizem maior e menor pronacao durante a
marcha. A analise permitiu a identificacdo de perfis/subgrupos de mulheres com maior e menor
magnitude de pronagdo que apresentavam valores semelhantes desses fatores biomecénicos,
através dos pontos de corte. No estudo 2, foi identificado que a reducéo da pronagao na postura
ortostatica provocada pelo fortalecimento muscular do quadril e tronco em mulheres é
influenciada pela magnitude do alinhamento varo do tornozelo-pé.

Para discutir melhor sobre essas interagdes no estudo 1, podemos destacar os perfis
dos nodos 3 e 4 da arvore de predicdo do pico de pronacéo representados pela figura 4A e 4B,
respectivamente. Observamos que 100% das mulheres com maior pico de pronacdo durante a
marcha no nodo 3 apresentaram alinhamento varo <25,83° e rigidez passiva do quadril <0,09
Nm/rad/kg (Figura 4-A) e no nodo 4, 62% das mulheres com menor pico de pronagédo
apresentaram alinhamento varo < 25,83° e rigidez passiva do quadril >0,09 Nm/rad/Kg (Figura
4-B). A partir da analise desses dois perfis da Figura 4 podemos identificar uma relacdo néo
linear entre o alinhamento varo e o pico de pronacgdo, pois para 0 mesmo ponto de corte do
alinhamento varo do tornozelo-pé (< 25,83°) algumas mulheres apresentaram maior pronagao
e outras menor pronacao, dependendo da magnitude da rigidez passiva do quadril. Dessa forma,
conseguimos identificar que a magnitude do pico de pronagédo ndo dependeu apenas de um fator
distal (alinhamento varo do tornozelo-pé), mas também de um fator proximal (rigidez do quadril

a rotacdo medial) e, além disso, dependeu da magnitude desse fator proximal.
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Figura 4 - Perfis dos nodos 3 e 4 da &rvore de predicao do pico de pronagdo. A- perfil do nodo
3 com maior pico pronagéo indicada pela seta vermelha de tamanho maior. B- perfil do nodo

4 com menor pico pronacdo indicada pela seta vermelha de tamanho menor.

A B
Rigidez Passiva Rigidez passiva
< 0,09 Nm/rad/Kg > 0,09 Nm/rad/Kg
Maior pronagéo Menor pronagédo
Alinhamento varo Alinhamento varo
<25,83° <25,83°

O estudo 2 identificou que o fortalecimento do quadril e do tronco aumentou o
torque passivo do quadril de forma semelhante entre os subgrupos de menor e de maior
alinhamento varo do tornozelo-pé. Porém somente as mulheres do subgrupo de menor
alinhamento varo reduziram a magnitude de pronacdo na postura ortostatica. Com os valores
médios de pronacdo e os valores médios dos fatores biomecanicos (alinhamento varo e torque
passivo do quadril a rotacdo medial) conseguimos descrever melhor esses subgrupos.

A Figura 5 demonstra o sugbrupo de menor alinhamento varo antes e apds a
intervencgdo. Essas mulheres apresentaram alinhamento varo (entre 1,0° e 14,00°; média 9,51°)
e torque passivo médio de 1,22 Nm no momento pré-intervencgdo e 1,49 Nm no momento pos-
intervengdo. Apos o fortalecimento muscular ocorreu um aumento medio 0,27 Nm no torque
passivo e uma reducdo de 1,73° da pronacdo do tornozelo-pé na postura ortostatica,

representado na figura abaixo pela seta vermelha menor.
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Figura 5- Subgrupo de menor alinhamento varo antes e apos a intervengéo. O tamanho da seta
vermelha indica a magnitude de pronagdo do pé, mostrando que apds a intervencgéo a

pronacdo do pé reduziu.

Pré- intervengao ‘ Pods-intervengao

Torque passivo
1,22 Nm

Torque passivo
1,49 Nm

Maior pronagao Menor pronagao

Alinhamento varo
9,51°

Alinhamento varo
9,51°

Ja no subgrupo de mulheres com maior alinhamento varo (entre 14,33° e 30,66°;
média 22,09°) identificamos que no momento pré-intervencdo a média do torque passivo passou
de 1,28 Nm para 1,66 Nm no momento pos-intervengdo (Figura 6). Mesmo diante de um
aumento médio de 0,38 Nm no torque passivo, as mulheres do subgrupo de maior alinhamento
varo nao apresentaram mudancas significativas na pronacdo na postura ortostatica, representado

pela seta vermelha maior.
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Figura 6- Subgrupo de maior alinhamento varo antes e apds a intervengdo. O tamanho
da seta vermelha indica a magnitude de pronacao do pé, mostrando que apds a intervencgdo a

pronacdo do pé ndo modificou.

Pré- intervengao ‘ Pods-intervengdo

) &% ) &% 4
’ Torque passivo - JO@ '

|

Torque passivo

1,28 Nm 1,66 Nm

Maior pronagao Maior pronagao

Alinhamento varo
22,09°

Alinhamento varo
22,09°

A partir dessas analises, podemos concluir que o estudo 2 foi capaz de identificar a
influéncia de fatores proximais e distais sobre a pronacdo na postura ortostatica, pois mesmo
diante de um mesmo valor de alinhamento varo (9,51°) nas condicGes pré e pos-intervencdo a
pronacdo modificou, dependendo da magnitude do torque passivo a rotacdo medial do quadril.
Considerando a caracteristica ndo linear das interacfes entre os fatores biomecénicos proximais
e distais, podemos hipotetizar que aumentos maiores do que 0,38Nm de torque passivo em
mulheres com maior alinhamento varo (Figura 6) poderia reduzir a pronacgdo do tornozelo-pé.
Futuros estudos de intervencdo podem utilizar os valores de alinhamento varo e os valores
atingidos de torque passivo do quadril apos o fortalecimento muscular do estudo 2 para
direcionar novas questfes clinicas. Por exemplo, o fortalecimento do quadril e do tronco
realizados com um tempo ou volume de treinamento maior poderia reduzir a pronagdo em
individuos com maior alinhamento varo?

Podemos concluir que ambos os estudos identificaram a influéncia de fatores
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biomecéanicos proximais e distais sobre a pronacdo do tornozelo-pé na marcha e na postura
ortostatica e isso pode contribuir tanto para a clinica quanto para a pesquisa. O estudo 1 pode
facilitar os clinicos a identificarem os pacientes dentro dos perfis gerados pelo modelo. Além
disso, o estudo 1 rompe com a visdo linear entre a influéncia de um determinado fator
biomecénico e a pronacgdo, o que pode auxiliar a expansdo de estudos da area de movimento
humano que desejam identificar a influéncia de fatores biomecénicos relacionados a outras
tarefas, como por exemplo, a corrida. O estudo 1 pode também direcionar os pesquisadores da
area a promover intervencdes com o objetivo de reduzir a prona¢do na marcha para um
determinado perfil. J& o estudo 2 pode contribuir principalmente para estudos futuros que
desejam propor intervencGes. Se nao fosse realizada a analise de subgrupos seria interpretado
que a intervencdo do estudo 2 nao tem efeitos sobre a pronagédo na postura ortostatica. Somente
com a andlise de subgrupos de maiores e menores alinhamento varo foi identificado o efeito do
fortalecimento sobre a pronacéo. Isso pode influenciar os pesquisadores a combinar de forma
mais assertiva a amostra e a intervencao proposta, através do controle das varidveis de confusdo
e da andlise de subgrupos. O estudo 2 também pode contribuir na visdo dos clinicos a fim de
reforcar a importancia da influéncia dos fatores biomecénicos sobre a resposta dos pacientes
perante uma intervencdo e que o fator alinhamento varo deve ser considerado quando o objetivo
for reduzir a pronacdo na postura ortostatica através do fortalecimento muscular do quadril e

do tronco.
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APENDICE

Este estudo foi desenvolvido juntamente com outra pesquisa de doutorado, cujo
orientador foi o Prof. Dr. Sérgio Teixeira da Fonseca. Portanto, o projeto de pesquisa
encaminhado ao Comité de Etica em Pesquisa e o Termo de Consentimento Livre e Esclarecido

referem-se a ambos os estudos.

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do Estudo: Efeito do fortalecimento dos musculos do quadril e do tronco e efeito do uso
de uma Ortese de quadril sobre a cinematica dos membros inferiores durante a marcha e a

descida de degrau
Investigadores Principais: Thales Rezende de Souza e Vanessa Lara de Araujo

Orientador: Prof. Dr. Sérgio Teixeira da Fonseca

Gostariamos de convida-lo a participar de nosso estudo. O nosso objetivo € investigar o
efeito do uso de uma cinta elastica no seu quadril e o efeito de um programa de fortalecimento
dos musculos do tronco e do quadril no padrdo de movimento durante a caminhada e a descida
de degrau. Assim, este estudo pretende demonstrar se 0 uso da cinta elastica no quadril e se a
realizacdo de exercicios para fortalecimento muscular € capaz de melhorar o movimento de

suas pernas e de seu tronco durante a realizacdo de atividades do dia a dia.

Procedimentos: Os testes serdo realizados no Laboratério de Desempenho Motor e
Funcional Humano (sala 1108) e no Laboratério de Analise do Movimento (sala 1107) da
Universidade Federal de Minas Gerais (UFMG). Inicialmente, as seguintes medidas seréo
realizadas: peso, altura, comprimentos de sua perna e pé, quantidade de movimento do seu

quadril e alinhamento do seu pé. Logo apos, serdo colocados eletrodos descartaveis sobre a sua
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pele, na regido do quadril direito, para que seja registrada a quantidade de contracdo dos
musculos dessa regido. Antes da colocacdo desses eletrodos, sua pele sera limpa com algodao
e alcool e, se necessario, sera feita a retirada dos pélos, apenas nas regides onde os eletrodos
serdo colocados, utilizando uma lamina de barbear descartavel. Em seguida, serdo afixados,
com fita dupla face, pequenos marcadores em seu tronco, pelve, perna e pé, sendo que esse
procedimento é indolor. VVocé serd orientado a caminhar em uma esteira por aproximadamente
um minuto e a descer um degrau cinco vezes para que 0 seu movimento seja avaliado por um
sistema de cameras. Uma cinta elastica (Ortese) sera afixada no seu quadril e vocé sera orientado
a caminhar e descer o degrau novamente.

Apds essa fase, vocé serd posicionado deitado de barriga para baixo sobre um aparelho
e sua perna serd fixada a alavanca desse aparelho. Essa alavanca ird mover a sua perna e,
consequentemente, o seu quadril. Nesse momento, vocé deverd manter-se 0 mais relaxado
possivel, sem resistir ou ajudar o movimento da alavanca. Durante esse teste, vocé tera em sua
mdao um dispositivo do equipamento, o qual permitird que vocé interrompa o movimento da
alavanca a qualquer momento, caso ache necessério. Trés repeticbes do movimento do seu
quadril serdo realizadas em duas diferentes condi¢des: com e sem 0 uso da cinta elastica de
quadril. Em seguida, vocé realizara dois testes de forca maxima dos musculos do seu quadril.
No primeiro teste, vocé sera posicionado de barriga para baixo e no segundo, vocé ficara deitado
de lado. Em ambos os testes, a alavanca sera fixada a sua perna e vocé sera encorajado a mover
essa alavanca, realizando sua forca maxima, por cinco repeticbes. Ambos o0s testes serdo
realizados trés vezes. Um teste de forca maxima dessas musculaturas também sera realizado
fora do equipamento e contra a resisténcia manual do examinador.

Ap0s a realizacdo dessa avaliacdo inicial, vocé ird escolher em qual dos grupos (1 ou 2)

vocé quer ser incluido.
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GRUPO 1: Se vocé for incluido neste grupo, devera comparecer no Laboratorio de Prevencao
e Reabilitacdo de Lesbes Esportiva (LAPREV) no prazo maximo de uma semana apds o teste
inicial para comecar o programa de fortalecimento dos musculos do seu quadril e tronco. O
programa sera constituido de exercicios rotineiramente realizados em um aparelho de
musculacdo (cross-over). Os exercicios serdo realizados trés vezes por semana durante oito
semanas e serdo feitos nos dois lados do corpo. A carga dos exercicios sera suficiente para
causar um cansaco muscular durante a realizacdo dos mesmos e sera aumentada
progressivamente, segundo sua tolerancia. Os horarios para realizacdo dos fortalecimentos
serdo estabelecidos de acordo com sua disponibilidade e com a disponibilidade dos
examinadores envolvidos na pesquisa, pois todas as sessbes de fortalecimento serdo
acompanhadas por algum dos examinadores. Uma semana apds o término do programa de
fortalecimento, vocé devera retornar ao laboratério para repetir os procedimentos do teste
inicial.

GRUPO 2: Se vocé for incluido neste grupo, ndo sera submetido aos exercicios e devera
continuar realizando suas atividades rotineiras normalmente. Apés oito semanas da avaliacdo
inicial, vocé retornard ao laboratério para repetir os procedimentos da avaliacdo inicial. Se for
de seu interesse, apés a realizacdo do teste final, vocé podera participar do mesmo programa de
exercicios oferecido ao grupo 1, sob supervisdo de um dos examinadores envolvidos na

pesquisa.

Independente do grupo em que participar, vocé devera comparecer ao laboratério em duas
ocasides, sendo que o tempo previsto para cada dia € trés horas. Além disso, é necessario que
vocé ndo realize exercicios de fortalecimento, além daqueles realizados na presenca do

examinador. O tempo previsto para realizagdo do programa de fortalecimento é de 40 minutos.

Riscos e desconfortos: A sua participacdo no estudo oferece riscos minimos a sua satde. Pode

ocorrer uma pequena irritacdo na pele devido ao procedimento de limpeza, retirada de pélos e
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colocacdo dos eletrodos. Essa irritacdo, caso ocorra, desaparecerd em poucos dias. Além disso,
vocé podera sentir um leve desconforto muscular apés a realizacéo dos testes de forca maxima
e nos dois primeiros dias ap6s a progressao da carga dos exercicios de fortalecimento (apenas
participantes do grupo 1). Se sentir esse desconforto, vocé pode solicitar a pesquisadora

(fisioterapeuta) que utilize algum recurso fisioterapéutico para alivio.

Beneficios esperados: Os participantes do grupo 1 poderdo ser beneficiados pela realizagéo do
programa de fortalecimento do tronco e quadril, pois a maior forca dessas musculaturas pode
melhorar 0 movimento de seus pernas e tronco durante a realizacao de atividades do seu dia-a-
dia, como caminhada e descida de escada. Ap6s o0 término da avaliacdo final, os participantes
do grupo 2 poderdo requerer a realizacdo do mesmo programa de fortalecimento feito pelos
participantes do grupo 1, objetivando alcancar os possiveis beneficios. Caso ndo seja
evidenciado beneficio do programa de fortalecimento, ndo serdo esperados beneficios diretos
em decorréncia da participacdo na pesquisa. Porém, os resultados desse estudo ajudardo os
terapeutas a entender melhor como os musculos do corpo atuam durante a realizacdo de
atividades do dia-a-dia, 0 que ir4 contribuir para o avanco do conhecimento na area da

fisioterapia.

Confidencialidade: Para garantir a confidencialidade da informacéo obtida, seu nome néo sera

utilizado em qualquer publicagdo ou material relacionado ao estudo.

Recusa ou desisténcia da participacdo: Sua participacdo é inteiramente voluntaria e vocé esta
livre para recusar participar ou desistir do estudo em qualquer momento sem que isso possa lhe

acarretar qualquer prejuizo.

Gastos: Caso vocé necessite deslocar-se para universidade apenas para participar da pesquisa,
0S gastos com o0 seu transporte para comparecer ao laboratorio ou a academia de musculagéo
serdo de responsabilidade dos pesquisadores. Se for do seu interesse, sera oferecido um lanche

nos dias de realizacdo da avaliacdo no laboratorio.
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Vocé pode solicitar mais informacdes ao longo do estudo com os pesquisadores
responsavel pelo projeto (Thales ou Vanessa), por meio dos telefones 8813-0512 ou 9942-8285.
Apobs a leitura completa deste documento, caso concorde em participar do estudo, vocé devera

assinar o termo de consentimento abaixo e rubricar todas as folhas desse termo.

TERMO DE CONSENTIMENTO

Eu li e entendi toda a informacdo acima. Todas as minhas dividas foram
satisfatoriamente respondidas e eu concordo em ser um voluntario do estudo.

Assinatura do Voluntério Data
Thales Rezende de Souza - Doutorando Data
Vanessa Lara de Araujo — Mestranda Data

Dr. Sérgio Teixeira da Fonseca - Orientador Data

COEP — Comité de Etica em Pesquisa/UFMG

Av. Pres. Antdnio Carlos, 6627 — Unidade Administrativa Il — 2°. Andar —Sala 2005 — Cep
31270-901- Belo Horizonte — MG [ Telefax: (31) 3409-4592

Email: coep@prpg.ufmg.br.
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ANEXO

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Projeto: CAAE - 0427.0.203.000-11

Interessado(a): Prof. Sérgio Teixeira da Fonseca
Departamento de Fisioterapia
EEFFTO - UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 05 de outubro de 2011, o projeto de pesquisa intitulado "Efeito do
fortalecimento dos musculos do gquadril e do tronco e efeito do uso
de uma ortese de quadril sobre a cinemética dos membros
inferiores durante a marcha e decida de degrau " bem como o Termo
de Consentimento Livre e Esclarecido.

O relatorio final ou parcial devera ser encaminhado ac COEP um
ano apos o inicio do projeto.

Profa. Maria Teresa Marques Amaral

Coordenadora do COEP-UFMG

Av. Pres. Antonie Carfos, 0027 — Unidade Adwinstrativa £f - 2* an
Telehex; (021) 3409-2392 « ¢onmil: coe

~Sala 213 ~ Cegr. 31 270-W — BH-MO
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