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RESUMO

O aumento da pronacao do complexo tornozelo-pé durante a marcha estd relacionado com a
ocorréncia de diferentes lesdes nos membros inferiores, como sindrome patelofemoral,
tendinose patelar e osteoartrite de quadril. Por outro lado, a reducdo da pronagdao esta
associada a fraturas por estresse do quinto metatarsal e da tibia, e sindrome da banda iliotibial.
E possivel que a magnitude da pronagdo do pé durante a marcha seja influenciada pela
resisténcia mecanica dos tecidos moles que compdem o complexo articular do mediopé. O
objetivo deste estudo foi avaliar a relagcdo entre a pronagdo do pé durante a fase de apoio da
marcha e a resisténcia mecanica proporcionada pelos tecidos moles do complexo articular do
mediopé. Foram avaliados 33 adultos saudédveis (21 mulheres, 12 homens) com média de
26.21 anos (DP 5.33) de idade, 169 cm (DP 8.3) de altura e 63.23 kg (DP 9.8) de massa
corporal. A resisténcia mecanica passiva do mediopé durante o movimento de inversdao do
antepé em relagao ao retropé foi medida por meio do uso do Torsimetro. A partir da curva
torque-angulo foram computados a rigidez maxima e torque maximo de resisténcia passivos
do mediopé¢ a inversao do antepé. O deslocamento angular do antepé, retropé e perna durante
a fase de apoio da marcha foram coletados com o sistema de analise de movimento Qualysis
(Oqus 7+) sincronizado a uma plataforma de for¢a. Foram extraidos o pico de inversao e
dorsiflexdo do antepé em relagdo ao retropé, e pico de eversao do retropé em relagdo a perna.
Andlises de correlagdo foram realizadas para investigar a associacdo entre a resisténcia
mecanica do mediopé e o movimento de pronacdo do complexo tornozelo-pé durante a
marcha. O torque maximo de resisténcia do mediopé apresentou correlagdo moderada com o
pico de inversdo do antepé-retropé (r=0.38; p=0.029), com o pico de dorsiflexdo do antepé-
retropé (r=-0.35; p=0.048) e com o pico de eversao do retropé-perna (r=-0.45; p=0.008). Nao
foram encontradas associa¢des das variaveis relacionadas a pronacao do pé e a rigidez
maxima do mediopé (r=0.34, p=0.052 para pico de inversao do antepé-retropé; r=-0.33,
p=0.059 para pico de dorsiflexdo do antepé-retrop¢; e r=-0.29, p=0.093 para pico de eversao
do retropé-perna). Estes resultados sugerem que a resisténcia mecanica passiva do mediopé
influencia o0 movimento do pé durante a fase de apoio da marcha. Esses resultados também
podem ser explicados pelo possivel efeito do padrao de movimento do complexo do pé sobre
as propriedades teciduais do mediopé a longo prazo, devido ao alongamento repetitivo.

Palavras-chave: Antepé. Retropé. Movimento. Marcha. Arco Plantar. Torque De

Resisténcia. Rigidez.



ABSTRACT

Increased foot pronation during gait is related to the occurrence of different lower limb
injuries, such as patellofemoral syndrome, patellar tendinosis and hip osteoarthritis. On the
other hand, reduced foot pronation is associated to stress fracture of the fifth metatarsal and
the tibia, and iliotibial band syndrome. The magnitude of foot pronation during gait may be
influenced by the mechanical resistance of the soft tissues at the midfoot complex. This study
investigated the relationship between foot pronation during the stance phase of gait and the
mechanical resistance of the midfoot soft tissues. Thirty-three healthy adults (21 females and
12 males) with mean age 26.21 years (SD 5.33), mass 63.23 Kg (SD9.8), and height 169 cm
(SD 8.3) participated in this study. We used the Torsimeter to measure the passive mechanical
resistance of the midfoot during forefoot inversion relative to the rearfoot. The maximum
stiffness and maximum resistance torque of the midfoot were extracted from the torque-angle
time-series. The forefoot, rearfoot and shank angular displacement data during the stance
phase of gait were collected with the Qualysis (Oqus 7+) motion capture system synchronized
with one force plate. The forefoot inversion and dorsiflexion peak relative to the rearfoot, and
the rearfoot eversion relative to the shank were extracted. Correlation analysis were
performed to investigate the association between the midfoot mechanical resistance to
inversion and foot pronation during the stance phase of gait. The midfoot maximum
resistance torque was moderately associated with the peak of forefoot inversion (r = 0.38, p =
0.029), with the peak of forefoot dorsiflexion (r = -0.35, p = 0.048) and with the rearfoot
eversion peak (r = -0.45; p = 0.008). There were no associations between foot pronation and
maximal midfoot stiffness (r = 0.34, p = 0.052 for forefoot inversion peak; r = -0.33, p =
0.059 for forefoot dorsiflexion peak; e r=0.29, p = 0.093 for rearfoot eversion peak). These
results suggest that the midfoot passive mechanical resistance influence the movement of the
foot during the stance phase of gait. In addition, these results may also be explained by the
hypothetical effects of foot motion pattern on the midfoot mechanical properties in the long
term, due to repetitive stretching.

Keywords: Forefoot. Rearfoot. Movement. Gait. Foot Arch. Resistance Torque. Stiffness.



SUMARIO

1- INTRODUGAO ... uueeeeerenencncncnesenesesesesesesssssssesssesesssesssssesssssssssssssssssssssssssssssesssssesssssssns 12
O & 03510 1T TP 17
2= ARTIGOc.ucueereeeeersenesssssessessessessessessssssssssessessssssessessesssssessssessessessessessessessessessessssessassesss 18
3- CONSIDERACOES FINAIS......cvvrvueereresressessessessessessessesssssssssessessessessessessessessassasassssens 41
REFERENCIAS......cveveeeeeeesssssssessessessessesssssssssssssssessessessesssssessesssssessssessssessessessessessessasseses 43
APENDICES......cuovtesteeressessessesssssssssessessessessessessssssssssssessessessessessessessessssessessssessessessessassssssses 47



PREFACIO
De acordo com as normas para elaboracao de dissertagdes do Programa de Pos-graduacao em
Ciéncias da Reabilitagdo da Universidade Federal de Minas Gerais, este trabalho possui trés
partes. A primeira ¢ composta por uma introducao, que apresenta a revisao bibliografica sobre
0 tema, a justificativa, objetivo e a hipotese do estudo. A segunda parte € composta por um
artigo, com descricdo dos métodos utilizados, resultados, discussao e conclusdo. O artigo foi
redigido de acordo com as normas do perioddico escolhido para publicacao (Gait & Posture —
ISSN 0966-6362). A terceira e ultima parte deste trabalho possui as consideragdes finais,

referéncias bibliograficas, apéndices e anexo.
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1 INTRODUCAO

Durante a fase de apoio da marcha, o complexo tornozelo-pé, o joelho e o quadril
formam uma cadeia cinematica fechada e, portanto, o movimento de uma articulacao
influencia o movimento das demais articulacoes (HAMILL; KNUTZEN; DERRICK,
2016; NORKIN; LEVANGIE, 1980; SOUZA et al., 2010). Dessa forma, alteracdes dos
movimentos do pé durante a fase de apoio da marcha podem modificar o movimento de
joelho e quadril e, consequentemente, aumentar a sobrecarga nessas articulagdes
(MICHAULD, 1997; TIBERIO, 1988). Por exemplo, estudos prévios demonstraram que o
aumento da pronagdo do pé ¢ acoplado a aumento da rotagdo medial de joelho e quadril
(RESENDE et al., 2015; SOUZA et al., 2010), o que parece explicar a relacdo entre
aumento da pronagdo e diferentes condi¢des de saude de membros inferiores, como a
sindrome patelofemoral (VENTURINI et al., 2006), a tendinose patelar (MENDONCA et
al., 2005) e a degeneragao do quadril (GROSS et al., 2007). Por outro lado, a reducao da
pronagao do pé também parece contribuir para o desenvolvimento de lesdes nos membros
inferiores, como a fratura por estresse do quinto metatarsal e da tibia (WILLIAMS;
MCCLAY; HAMILL, 2001) e a sindrome da banda iliotibial (LOUW; DEARY, 2013).
Portanto, entender os fatores associados a pronacao do pé durante a marcha contribuira
para o desenvolvimento de métodos de avaliacdo e de intervencdo que tenham como
objetivo reduzir ou aumentar a magnitude desse movimento e suas consequéncias sobre
articulagdes proximais.

A alteracao de alinhamento em varo do retropé esta relacionada com o aumento da
pronagdo durante a fase de apoio da marcha (DUTTON, 2010; MAGEE, 2010;
MICHAULD, 1997; TIBERIO, 1988). Este desalinhamento ¢ caracterizado pela posi¢ao
invertida do calcaneo com a articulagdo subtalar em posi¢cdo neutra (DUTTON, 2010;
MAGEE, 2010; MCPOIL; BROCATO, 2003; TIBERIO, 1988), o que,
consequentemente, posiciona a superficie plantar medial do calcaneo mais distante do solo
do que a regido lateral (MCPOIL; BROCATO, 2003; TIBERIO, 1988). Além disso, a
tibia também pode apresentar alinhamento em varo, o que possivelmente contribui para
alteragdes do movimento do pé semelhantes aquelas decorrentes do retropé varo
(TIBERIO, 1988). Na marcha normal, o contato inicial ocorre na regido lateral do
calcaneo, ja que o mesmo encontra-se em posicao invertida resultante da ligeira supinacao
da articulacao subtalar (MAGEE, 2010; TIBERIO, 1988). Todavia, na presenca de retropé
e/ou tibia vara, o calcaneo estara mais invertido do que o normal durante o contato inicial

e, consequentemente, com a superficie plantar medial ainda mais distante do solo
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(MCPOIL; BROCATO, 2003; TIBERIO, 1988). Dessa forma, para que toda a superficie
plantar do pé entre em contato com o solo durante a fase de resposta a carga, a subtalar
deve pronar excessivamente, o que ajuda a explicar a relagdo entre retropé e tibia vara e o
aumento da pronacao durante a fase de apoio da marcha (MCPOIL; BROCATO, 2003;
TIBERIO, 1988).

Alteragdes de alinhamento do antepé também influenciam o padrao de movimento do
pé em cadeia cinematica fechada (MICHAULD, 1997; TIBERIO, 1988). Mais
especificamente, o varismo de antepé esta relacionado com o aumento da pronacao
durante a fase de apoio da marcha (MICHAULD, 1997, MONAGHAN et al., 2013;
SILVA et al., 2014; TIBERIO, 1988). Nesta alteracdo de alinhamento, o antepé estd
invertido em relacdo ao retropé quando a articulagdo subtalar esta na posicdo neutra
(DUTTON, 2010; MAGEE, 2010; MCPOIL; BROCATO, 2003; TIBERIO, 1988).
Consequentemente, a presencga dessa deformidade contribui para o aumento da pronacao
da subtalar durante a fase de apoio da marcha para que a superficie medial da planta do pé
entre em contato com o solo (MCPOIL; BROCATO, 2003; TIBERIO, 1988). Portanto,
diferentes alteragcdes de alinhamento dos segmentos do complexo tornozelo/pé
influenciam o padrao de movimento da subtalar e das demais articulagdes que compode
este complexo.

Alguns autores sugerem que a etiologia destas deformidades em varo esta associada a
ontogénese do p¢ (MCPOIL; BROCATO, 2003; TIBERIO, 1988). Assim, retropé varo
estaria relacionado a uma rotagdo incompleta em valgo do calcaneo; e o antepé varo a
rotacao incompleta da cabeca e colo do talus em relagdo ao eixo transverso de sua troclea
(MCPOIL; BROCATO, 2003; TIBERIO, 1988). Porém, outros autores afirmam que as
alteragdes de alinhamento do antepé ndo estdo relacionadas a deformidades dsseas do
talus (LUFLER et al, 2012; MCPOIL; CAMERON; ADRIAN, 1987). Por exemplo,
Mcpoil et al. (MCPOIL; CAMERON; ADRIAN, 1987) conduziram um estudo com 10
cadaveres e nao encontraram relacdo entre o grau de varismo/valgismo do antepé e
alteracdes de alinhamento da cabeca e colo do talus. Corroborando com esses achados,
Lufler et al. (LUFLER et al, 2012) realizaram um estudo com 25 cadéaveres e
encontraram auséncia de correlacao entre as medidas clinicas de alinhamento do antepé e
a angulacao entre a cabega, colo e corpo do talus. Esses autores sugeriram que, contrario
ao tradicionalmente proposto, o alinhamento do antepé em varo nao ¢ causado por uma
deformidade dssea do talus. Dessa forma, € possivel que outros fatores contribuam para a

deformidade em varo do antepé e também para o aumento ou redugdo da pronagdo durante
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a marcha, como a rigidez dos tecidos moles que compdem o mediopé (LUFLER et al.,
2012).

A resisténcia mecanica dos tecidos moles do mediopé pode influenciar a pronagao do
pé durante a marcha (NORKIN; LEVANGIE, 1992; SARRAFIAN, 1987). Esses tecidos
moles incluem a aponeurose plantar; os ligamentos plantar longo, plantar curto,
talocalcaneo interosseo e ligamento em mola; musculos intrinsecos e tenddes e musculos
extrinsecos do pé (DANGELO; FATTINI, 2007, GARDNER; GRAY; RAHILLY, 1975;
KER et al., 1987, MOORE; DALLEY; AGUR, 2013; NORKIN; LEVANGIE, 1992).
Durante a primeira metade da fase de apoio, a pronagdo alonga os tecidos moles do
mediopé por meio da eversdo do retropé e abaixamento do arco plantar enquanto as
cabecas dos metatarsais estdo apoiados no solo (NORKIN; LEVANGIE, 1992;
SARRAFIAN, 1987). Assim, a resisténcia mecanica desses tecidos pode influenciar a
magnitude da pronagdo do pé em atividades com descarga de peso, como a marcha.

O aumento da pronagao também parece influenciar a resisténcia mecanica dos tecidos
moles do mediopé a longo prazo, devido a adaptacdo tecidual (FREITAS; MIL-
HOMENS, 2015; TAYLOR et al., 1990). Mais especificamente, o aumento da pronacao
devido a outros fatores, tais como aumento do varismo do p¢ (MONAGHAN et al., 2013;
SOUZA et al., 2014) e o aumento da mobilidade de rotagdo interna do quadril (SOUZA
et al., 2014), podem progressivamente reduzir a resisténcia oferecida pelos tecidos do
mediopé como resultado do alongamento repetitivo durante atividades com descarga de
peso, como a marcha. E estimado que em média, um individuo realiza em torno de 11 mil
passos e permanece em p¢ durante aproximadamente 185 minutos por dia (ALZAHRANI;
ADA; DEAN, 2011), o que faz com que a frequéncia e duracao da aplicacdo de forcas
decorrentes de aumento ou redugdo da pronagdo do pé seja elevada. Portanto, ¢ possivel
que o aumento da pronacao do pé reduza a resisténcia mecanica dos tecidos moles do
mediopé a inversao do antepé a longo prazo.

Alguns autores propdem que o pé¢ ¢ similar a uma placa osteoligamentar torcida
(NORKIN; LEVANGIE, 1980; SARRAFIAN, 1987) e que a rigidez do complexo
articular do mediopé esté relacionada ao seu formato (NORKIN; LEVANGIE, 1980). A
margem anterior desta placa ¢ formada pelas cabecas dos metatarsais e estd orientada no
plano horizontal, enquanto a parte posterior ¢ formada pelo calcaneo e estd orientada no
plano vertical (NORKIN; LEVANGIE, 1980; SARRAFIAN, 1987). Assim, o formato
torcido da placa cruza o mediopé o que, consequentemente, determina os arcos

longitudinal e transverso (NORKIN; LEVANGIE, 1980; SARRAFIAN, 1987) (FIGURA
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1). A tor¢do adicional desta placa posiciona o retropé em varo e aumenta a altura dos
arcos (FIGURA 2) (SARRAFIAN, 1987). Semelhantemente, a redugdo da tor¢cdo desta
placa posiciona o retropé em valgo e diminui a altura dos arcos (FIGURA 3)
(SARRAFIAN, 1987). A descarga de peso que ocorre durante a fase de apoio da marcha
tende a distorcer essa placa, o que contribui para a absorcdo de energia elastica, a qual
pode ser utilizada para auxiliar na supinagdo durante as fases subsequentes da marcha
(LEARDINI; O’CONNOR; GIANNINI, 2014). Portanto, ¢ possivel que a reducdo da
rigidez dessa placa, e consequentemente dos tecidos moles que compdem o mediopé,

esteja relacionada com o aumento da pronacao durante a fase de apoio da marcha.

Figura 1: Placa osteoligamentar do pé em repouso. Parte anterior formada pelas cabecas dos

metatarsais e parte posterior pelo calcaneo. O formato torcido cruza o mediopé.

Parte posterior

Parte anterior PLACA DO PE EM
REPOUSO

Adaptado de SARRAFIAN, 1987.

Figura 2: Lamina osteoligamentar do pé com aumento na torg¢ao. Arcos longitudinal e transverso

com altura aumentada.

Parte posterior

Parte anterior

PLACA DO PE COM
AUMENTO NA TORGAO

Adaptado de SARRAFIAN, 1987.
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Figura 3: Lamina osteoligamentar do pé distorcida. Arcos longitudinal e transverso com

altura reduzida

Parte posterior

Parte anterior

PLACA DO PE
DISTORCIDA

Adaptado de SARRAFIAN, 1987.

Rigidez articular passiva pode ser definida como a taxa de mudanga do torque de
resisténcia durante o deslocamento angular de uma articulagdo, na auséncia de contragao
muscular (LATASH; ZATSIORSKY, 1993). Por ser uma propriedade mecanica
modificavel, estudos prévios investigaram o efeito de intervengdes sobre a rigidez
articular passiva, como fortalecimento muscular. Por exemplo, Ocarino et al. (2008)
demonstraram que o fortalecimento dos flexores de cotovelo ¢ capaz de aumentar a
rigidez articular passiva do cotovelo e consequentemente modificar a posi¢ao de repouso
articular para um maior angulo de flexdo de cotovelo. Além disso, outros estudos
investigaram a relacdo entre rigidez articular passiva e outras propriedades mecanicas,
como a forga muscular. Leite ef al. (2012) demonstraram que a rigidez articular passiva
durante a rotacdo medial de quadril € associada ao pico de torque e trabalho muscular dos
rotadores laterais desta articulagao (r=0,70, p<0,001; e r=0,77, p<0,001; respectivamente)
e sugeriram que o fortalecimento dos rotadores laterais poderia contribuir para aumento da
rigidez articular passiva em rotagao medial do quadril.

Assim como a rigidez articular passiva de outras articulagdes, como quadril e
cotovelo, a rigidez de mediopé também ¢ provavelmente modificdvel. Dessa forma, caso a
rigidez articular do mediopé esteja relacionada com o movimento do pé durante a marcha,
¢ possivel que diferentes intervengdes, como fortalecimento muscular e alongamento
possam ser implementadas para aumentar ou reduzir a rigidez articular do mediopé e,
consequentemente, aumentar ou reduzir a pronagdo do pé durante atividades em cadeia
fechada, como a marcha (HAMMER, 2007). Dessa forma, o objetivo deste estudo foi
avaliar a relagdo entre a pronagao do pé durante a fase de apoio da marcha e a resisténcia

mecanica proporcionada pelos tecidos moles do complexo articular do mediopé.
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1.1 Hipéteses
A rigidez e o torque de resisténcia passivos ao movimento de inversdao do antepé
apresentarao correlagdo negativa com o movimento de pronagao do complexo tornozelo-

pé durante a fase de apoio da marcha.
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Abstract

Background: Increased foot pronation during gait is related to different lower limb injuries,
such as heel pain and periostitis of the tibialis posterior muscle. Reduced midfoot mechanical
resistance to inversion may be associated with increased foot pronation during gait.

Research question: 1s foot pronation during the stance phase of gait related to the midfoot
mechanical resistance to inversion?

Methods: The resistance torque and stiffness provided by midfoot soft tissues of 33
participants (21 females and 12 males) with average of 26.21 years were measured. In
addition, the participants’ forefoot and rearfoot kinematic data during the stance phase of gait
were collected with the Qualisys System (Oqus 7+). Correlation Coefficients were performed
to test the association between kinematic variables representing pronation (forefoot-rearfoot
inversion, forefoot-rearfoot dorsiflexion and rearfoot-shank eversion) and maximum
resistance torque and maximum stiffness of the midfoot with a = 0.05.

Results: Reduced maximum midfoot resistance torque was moderately associated with
increased forefoot-rearfoot inversion peak (p=0.029; r=0.38), with forefoot-rearfoot
dorsiflexion peak (p=0.048; r=-0.35) and with rearfoot-shank eversion peak (p=0.008; r=-
0.45). Maximum midfoot stiffness was not associated to foot pronation.

Significance: The smaller the midfoot resistance torque, the greater the forefoot-rearfoot
inversion and dorsiflexion peaks and the rearfoot-shank eversion peak during gait. These
findings suggest that the midfoot mechanical properties influence foot motion during gait.
Long-term adaptation of midfoot tissues due to repetitive foot motion may also explain these
results. Assessment and possible interventions on midfoot mechanical resistance should be

considered when examining individuals with increased foot pronation during gait.

Keywords: forefoot; rearfoot; movement; gait; foot arch; resistance torque; stiffness.
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Introduction

Increased foot pronation during closed kinematic tasks is related to different spine and
lower limb injuries, such as periostitis of the tibialis posterior muscle [1], heel pain [2], knee
joint osteoarthritis [3] and low back pain [4]. For example, Menz et al [2] demonstrated that
increased foot pronation during gait was associated with an increased likelihood of heel pain.
Different factors may increase foot pronation during closed kinematic tasks, such as greater
values of varus alignment of the foot-ankle complex [5], the action of the plantar intrinsic
muscles [6] and increased hip internal rotation mobility [7]. For example, Souza et al [7]
demonstrated that foot-ankle complex alignment and hip passive stiffness explained together
40% of the variance in rearfoot motion during gait. Although these findings contributed to the
development of interventions implemented to reduce excessive foot pronation, such as hip
strengthening [8] and foot insoles [1], other factors may also influence on the magnitude of
this movement.

Mechanical resistance of the midfoot soft tissues may influence foot pronation during
gait [9,10]. Midfoot soft tissues include ligaments, plantar aponeurosis, intrinsic muscles and
intrinsic and extrinsic tendons [9,11,12]. During the first half of the stance phase, foot
pronation stretches midfoot soft tissues through rearfoot eversion while the metatarsal heads
are in contact with the ground [9,10]. Therefore, the mechanical resistance of these tissues
may influence the magnitude of foot pronation during the stance phase of gait. Thus, reduced
mechanical resistance provided by the midfoot soft tissues may allow increased magnitudes
of foot pronation. In addition, increased foot pronation may also influence on the mechanical
resistance of the midfoot soft tissues in the long-term, due to tissue adaptation [13,14]. More
specifically, increased foot pronation due to other factors (e.g. foot alignment and hip passive

stiffness) may progressively reduce the resistance offered by the midfoot tissues as a result of
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repetitive stretching during closed kinematic tasks, such as gait.

This study investigated the relationship between foot pronation during the stance
phase of gait and the mechanical resistance provided by the soft tissues of the midfoot joint
complex. We hypothesized that reduced midfoot resistance would be associated with

increased foot pronation.

Methods
Participants

For this cross-sectional study design study, sample size was determined using the
software G*Power [15] with the following input data: correlation bivariate normal model,
desired statistical power of 80%, significance level of 0.05, and an expected correlation of
0.50. This resulted in an estimated minimum sample size of 29 participants. Thirty-three
adults (21 females and 12 males) with average age, mass and height of 26.21 years (SD 5.33),
63.23 kg (SD 9.8) and 169 cm (SD 8.3), respectively, participated in this study. The inclusion
criteria were age between 19 and 44 years old, no neurological or orthopedic diseases, no
history of lower limbs or back surgery and no use of foot orthoses during the last year. The
exclusion criteria were the report of any discomfort or pain during data collection and not
being able to perform the procedures of data collection. The participants were oriented to
avoid physical exercises on the day of data collection. Each participant signed a consent form

approved by the university’s Ethical Research Committee (CAAE: 78785717.7.0000.5149)

Procedures
Initially, the participant’s height and mass were measured. Then, the mechanical

resistance to forefoot inversion provided by the soft tissues of the midfoot joint complex
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(hereafter named midfoot resistance to inversion) was measured using the Torsimeter
instrument (Figure 1) (patent deposit BR1020180152688). The Torsimeter had a boot that
maintained the shank and the rearfoot of the participant attached to the equipment. This boot
had Velcro® strips to stabilize the shank and clamps to stabilize the calcaneus and malleolus
in order to keep them still during data collection. In addition, the Torsimeter had a height-
adjustable clamp to stabilize the forefoot at the metatarsals heads region. Moreover, the
Torsimeter had a potentiometer and a torque meter that measured the forefoot angle in the
frontal plane and the midfoot resistance torque to inversion, respectively.

To measure the midfoot resistance to inversion, the participant sat on a chair, with the
left shank, rearfoot and forefoot attached to the Torsimeter and the potentiometer axis aligned
to the foot second ray. The hip was in neutral position in the transverse and frontal planes, the
thigh was parallel to the ground and the shank had 45° degrees of inclination relatively to the
ground (Figure 1). The examiner asked the participant to maintain the leg and foot completely
relaxed during data collection. Then, the participant’s forefoot range of motion was
determined. The forefoot was passively inverted and everted by the examiner up to
approximately 50° of inversion and 20° of eversion. This range of motion was determined
based on the range of forefoot-rearfoot range of motion during gait and on a pilot study with
10 participants. This measurement was performed at an angular velocity of approximately
2°/s. This was accomplished by accepting only trials in which the average velocity was
between 1.8°/s and 2.2°/s. The real time velocity was constantly displayed on the computer
screen, which allowed the examiner to maintain the predetermined angular velocity. This slow
angular velocity was used to avoid muscle contractions. Three trials were performed for
viscoelastic accommodation of the soft tissues and, then, three valid trials were performed.
The torque time-series were also displayed in real time and the trial was interrupted and

discarded if any irregularity (i.e. high frequency oscillations in data) on the torque/angle time-
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series was visually perceived. This measure were recorded at 100Hz, using the software
LabVIEW® 2012.
Insert Figure 1 near here

For the kinematic gait analysis, data were recorded at 100 Hz using a 11-camera
motion capture system (Oqus 7+, Qualisys, Sweden), and 1 force platform (Custom BP
model, AMTI, Massachusetts, USA), at a frequency of 1000 Hz, which was later resampled to
100 Hz. Anatomical passive markers and clusters of tracking markers were placed at the
participant left shank and foot — we used a multisegmented foot model [16] (Figure 2). A
static data collection was performed with the participant in orthostatic position and the
subtalar joint in neutral position, which was later used to define the segments’ coordinate
systems. In a pilot study with 10 participants, the examiner demonstrated excellent reliability
(ICC=0.99; CI95%: 0.99-1.00). Before gait data collection, the participants were asked to
walk for approximately one minute to familiarize with the markers and the laboratory
walkway. Then, each participant walked at self-selected speed, a distance of 7 meters, for at
least 5 trials with proper left foot contact with the force plate.

Insert Figure 2 near here

Data reduction

Only the torque-angle data between 20° of forefoot eversion and 50° of forefoot
inversion were retained for analysis. These data were filtered with a Chebyshev 3™ order,
low-pass filter with a 4Hz cutoff frequency. Next, a smoothness analysis was carried out for
each torque-angle time-series to identify trials with greater irregularities, which were more
likely to have been influenced by muscle contraction. Irregularities were defined as high
change rates in the torque-angle time-series slope. Frame to frame slopes of each time-series

were calculated (Nm/°). Change rates in slopes were presented in percentage of the slope of
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the previous frame-to-frame interval. In order to define time-series with high change slope
rates, a quartile analysis was performed for all change rate values obtained from all
participants and trials. The highest change rate value accepted was defined as the third
quartile (percentile 75%), which represented 18% of slope change. Thus, time-series with
change rates higher than 18% were excluded from the analysis. From 99 time-series, three
from each participant, 83 were retained for analysis — at least one time-series for each
participant. Then, the following variables were extracted: maximum midfoot resistance
torque; and maximum midfoot stiffness, which was calculated as the maximum instantaneous
slope of the torque-angle time-series using the 4™ order polynomial method [17]. The

instantaneous slope was estimated using the following formula:

4xc(l)*xa®+3*xc(2)*xa?+2*c(3) xa+ c(4) (1)

where c1 to c4 are the polynomial coefficients in a specific angle (a). In a pilot study with 10
participants, the examiner demonstrated excellent test-retest reliability for the maximum
midfoot resistance torque (ICC=0.94; C195%: 0.78-0.98; Standard error of measurement
(SEM) =0.21 Nm) and maximum midfoot stiffness (ICC=0.96; C195%: 0.84-0.99;
SEM=0.01 Nm/") using the Torsimeter. All the procedures were performed in the Matlab®
Software. The average values were considered for statistical analyses.

The angular displacements of the foot segments during the stance phase of gait were
computed in the Visual 3D software (C-Motion, Inc, Rockville, Maryland, USA). The linear
displacements of the tracking markers and the force data were filtered with a Butterworth 4™
order low-pass filter with 6Hz and 25Hz cutoff frequencies, respectively. Heel contact and
toe-off were determined automatically in Visual 3D using the vertical ground reaction force

and a threshold of 20N. The following angular displacement data were computed: (1)
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forefoot-rearfoot dorsiflexion-plantarflexion; (2) forefoot-rearfoot inversion-eversion; and (3)
rearfoot-shank inversion-eversion. Positive values represent forefoot eversion and
dorsiflexion and rearfoot eversion. Kinematic data were calculated based on the following
Cardan sequence: flexion/extension (medio-lateral axis), inversion/eversion (antero-posterior
axis) and adduction/abduction (longitudinal axis). Data were normalized to 101 points, one
for each percentage of the stance phase of gait. Average values of at least five trials were
considered for analysis. The following variables, representing different components of foot
pronation, were extracted from the angular time-series: (1) forefoot-rearfoot inversion peak,

(2) forefoot-rearfoot dorsiflexion peak and (3) rearfoot-shank eversion peak.

Data analysis

Data were tested for normal distribution using the Shapiro-Wilk test. Only the
maximum midfoot resistance torque was not normally distributed. Then, Pearson Correlation
Coefficients tested the association of foot segments angular displacement and maximum
midfoot stiffness and Spearman Correlation Coefficients tested the association between foot
segments angular displacement and maximum midfoot resistance torque, considering o =
0.05. All the analyses were carried out with SPSS 24 (SPSS Inc, Chicago, USA). The strength
of the correlations was interpreted as follows: small, r<0.30; moderate, 0.30<r<0.50; large,

0.50<r<1.00 [18].

Results

The midfoot mean and standard deviation maximum resistance torque and maximum
stiffness were 4.58 Nm (SD 1.67) and 0.22 Nm/® (SD 0.07), respectively. The participants
demonstrated mean forefoot-rearfoot inversion and dorsiflexion peaks of -10.82° (SD 6.47)

and -32.25° (SD 8.10), respectively, and mean rearfoot eversion peak of -5.57° (SD 3.98)
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during the stance phase of gait. Figure 3 shows the mean forefoot and rearfoot angular
displacement during the stance phase of gait. Figure 4 shows the mean midfoot torque-angle
time-series. Table 1 shows the results of the correlation analyses. Reduced maximum midfoot
resistance torque was associated with increased forefoot-rearfoot inversion peak and with
increased forefoot-rearfoot dorsiflexion peak. Therefore, the smaller the maximum midfoot
resistance torque, the greater the forefoot-rearfoot inversion and dorsiflexion peak angles
during the stance phase of gait. In addition, reduced maximum midfoot resistance torque was
associated with increased rearfoot eversion peak. Thus, the smaller the maximum midfoot
resistance torque, the greater the rearfoot eversion peak. Maximum midfoot stiffness was not

associated to the foot angular displacements.

Insert Table 1 Figure 3 and Figure 4 near here

Discussion

This study investigated if midfoot resistance to inversion is associated with foot
pronation during the stance phase of gait. The results demonstrated that increased forefoot-
rearfoot inversion and dorsiflexion angles and rearfoot eversion angle (i.e. increased foot
pronation) were associated to reduced midfoot resistance torque, which was in accordance
with our hypothesis. These results may be explained by the influence of the mechanical
properties of the midfoot soft tissues on foot motion during weight-bearing tasks, such as gait.
In addition, these results may be explained by the effects of repetitive foot motion on the
mechanical properties of midfoot tissues in the long-term, due to tissue adaptation. On the
other hand, contrary to our hypothesis, midfoot passive stiffness was not associated to foot
pronation during the stance phase of gait.

Reduced midfoot resistance torque was moderately associated with increased forefoot-
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rearfoot inversion and increased rearfoot eversion angles during the stance phase of gait. In
other words, the smaller the midfoot resistance torque, the greater the forefoot inversion
angles and the rearfoot eversion angles. Forefoot-rearfoot inversion and rearfoot-shank
eversion are components of foot pronation when the foot is in full contact with the ground,
such as during the end of the loading response phase and during the midstance phase of gait
[1]. In the present study, peak forefoot inversion and rearfoot eversion occurred
approximately during the loading response and midstance phases, as demonstrated in Figure
3. Although correlation analysis does not allow inferring about cause and effect relationships,
these findings are in accordance with the assumption that the mechanical resistance of the
midfoot soft tissues influences the movement of the foot joints that are related to foot
pronation [7]. More specifically, the midfoot would function as a torsional spring, connecting
the forefoot to the rearfoot and resisting to forefoot-rearfoot inversion and rearfoot-shank
eversion during weight-bearing tasks, such as gait [7,9,10,19].

Reduced midfoot resistance torque was moderately associated with increased forefoot-
rearfoot dorsiflexion (i.e. increased flattening of the foot longitudinal arch). Thus, the smaller
the midfoot resistance torque to inversion, the greater the forefoot dorsiflexion angle during
the stance phase. This finding suggests that the tissues that resist to forefoot inversion also
resist to forefoot dorsiflexion [9]. The foot plantar aponeurosis is particularly important for
this function. This strong soft tissue connects the forefoot to the rearfoot in a shape that
mimics a triangle [9,10,20,21]. Thus, the plantar aponeurosis, as a tie-rod on a truss, holds
together the anterior (i.e. forefoot) and posterior (i.e. rearfoot) struts of the truss when the
body weight is loaded onto the triangle and consequently limits the flattening of the foot
longitudinal arch - represented in this study by forefoot dorsiflexion.

The association between reduced midfoot resistance torque and increased foot

pronation suggests that increased foot pronation during weight-bearing tasks, such as gait,
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may modify the mechanical properties of midfoot tissues in the long term, due to tissue
adaptation, and consequently reduce midfoot resistance torque. Therefore, increased foot
pronation due to other factors, such as ankle-foot complex varus alignment and reduced hip
passive stiffness [7], can progressively impose repetitive stretching on the midfoot soft
tissues, causing tissue structural adaptation [13,14] and consequently reducing the midfoot
resistance torque. Future longitudinal studies could investigate the relationship between
midfoot resistance torque and other factors related to increased foot pronation in the long
term.

Different tissues may increase resistance to forefoot inversion and related movements
such as forefoot dorsiflexion and rearfoot eversion. In addition to the plantar aponeurosis, the
long and short plantar ligaments, the interosseous talocalcaneous and spring ligaments,
intrinsic muscles and intrinsic and extrinsic tendons may also influence midfoot resistance to
inversion [9—12,22]. For example, Ker et al [12] showed that plantar aponeurosis, long and
short plantar ligaments, and spring ligament play an important role in maintaining plantar
arch integrity. Thus, the findings of the present study suggest that assessing and implementing
interventions to modify the mechanical properties of these tissues may influence the
magnitude of foot pronation during gait.

Similar to other soft tissues, the mechanical properties of the midfoot tissues are
probably modifiable through clinical interventions and due to the pattern of use [23,24]. For
example, Mahieu et al [25] demonstrated that calf muscle stretching for six weeks reduces the
passive torque of resistance to ankle dorsiflexion. In a different study, Ocarino et al [23]
observed increased passive stiffness and altered resting position of the elbow joint (greater
flexion angle) after a program of strengthening of the elbow flexors. Finally, the findings of a
recent study suggested that wearing shoes that restrict foot motion (e.g. arch support, toe

boxes) reduces foot intrinsic muscles strength and reduce foot stiffness [26]. Thus,
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interventions designed to reduce or to increase the mechanical resistance of the midfoot soft
tissues may also increase or reduce foot pronation during gait. However, this still lacks
scientific scrutiny.

The lack of association between midfoot stiffness and foot pronation may have been
influenced by the reduced statistical power reached for the corresponding correlation. As
demonstrated in Table 1, the relationship between midfoot stiffness and foot pronation
followed the same direction of the relationship between midfoot torque and foot pronation,
with marginal p values, especially for forefoot movement. A post hoc analysis demonstrated
that we reached a statistical power of approximately 50% for the correlations between
midfoot stiffness and the different components of foot pronation. This did not provide high
confidence in the absence of significant associations. However, similar to the correlations
between foot pronation and midfoot torque, the effect sizes of the correlations between foot
pronation and midfoot stiffness were also moderate. In addition, we also found that midfoot
stiffness and midfoot resistance torque were strongly correlated (p < 0.001; r = 0.94), which
suggests that they represent similar midfoot mechanical properties. Therefore, future studies
investigating the relationship between midfoot resistance to inversion and other variables
could probably choose either midfoot resistance torque or midfoot stiffness to represent
midfoot soft tissues mechanical properties.

This study had some limitations. First, the electromyographic activity was not
monitored in this study. The traditional procedures used to assess foot intrinsic muscles
activity are invasive and allow evaluation of only a small number of muscles [27]. New non-
invasive procedures [28] would also not be possible because of the Torsimeter attachments on
the foot and shank. However, we used the procedures recommended to avoid muscle
contraction during passive measurements, such as verbal orientation, slow speed of the

forefoot inversion movement and accommodation trials. In addition, the time-series
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representing the midfoot resistance torque retained for analysis showed a typical passive
torque pattern [29]. Finally, the results of this study might not be valid for people with
different gait patterns and soft tissues mechanical properties, such as older adults [30,31] and

people with foot injury or history of surgery [19,32].

Conclusion

This study demonstrated that reduced midfoot resistance torque was associated to
increased forefoot inversion and dorsiflexion and rearfoot eversion during the stance phase of
gait. Midfoot stiffness was not associated to foot pronation during gait. These findings should
be considered when examining individuals with increased foot pronation during gait and

when examining individuals with increased or reduced midfoot mechanical resistance.
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Figures’ captions

Figure 1: Torsimeter. (A) Parts of the equipment. (B) Positioning of the participant.

Figure 2: Marker placement: lateral (A) and posterior (B) views.

Figure 3: Foot segments mean and standard deviation angular displacement during the stance phase of gait. A)
forefoot-rearfoot eversion; B) forefoot-rearfoot plantarflexion; (C) rearfoot-shank inversion.

Figure 4: Mean midfoot torque-angle time-series.
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Table 1

Correlation coefficients (r) between foot segments angular displacement
during gait and maximum midfoot stiffness and torque of resistance.

Forefoot Forefoot Rearfoot
Inversion  Dorsiflexion Eversion
peak peak peak
Maximum
Midfoot r value? 0.34 -0.33 -0.29
Stiffness
P value 0.052 0.059 0.093
Maximum
Midfoot r value® 0.38* -0.35%* -0.45*
Torque
P value 0.029 0.048 0.008

*Statistically significant correlations with a = 0.05.
*Pearson coefficient.

bSpearman coefficient.
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CONSIDERACOES FINAIS

O presente estudo demonstrou a associagdo entre a resisténcia mecanica do mediopé a
inversao do antepé e o movimento de pronagao do complexo do pé durante a fase de apoio da
marcha em adultos saudaveis. Os resultados demonstraram que menores valores de torque de
resisténcia do complexo do mediopé ao movimento de inversao do antepé estao associados a
maiores valores de inversao e dorsiflexdo do antepé e de eversao do retropé durante a fase de
apoio da marcha. Estes achados suportam a hipotese de que o mediopé funciona como uma
mola torcida, conectando o antepé ao retropé, e resistindo a eversao do retropé durante a
primeira metade da fase de apoio da marcha. Estudos futuros que investiguem a relagdo entre
as propriedades mecanicas dos tecidos do mediopé e o0 movimento de supinagdo do pé durante
a marcha, principalmente durante a fase de impulsdo, poderdo contribuir para o melhor
entendimento da relacao entre as propriedades mecanicas do mediopé € os movimentos do pé
durante a fase de apoio. A nossa hipotese ¢ que os tecidos do mediopé funcionem como uma
mola, deformando e absorvendo energia eldstica durante a fase de resposta a carga e
retornando energia elastica durante a fase final de apoio da marcha, contribuindo para a
inversao do retropé e consequentemente auxiliando na supinagdao do complexo do pé.

E possivel que outros fatores relacionados ao aumento da pronagdo, como o
alinhamento em varo do complexo tornozelo-pé e a redugdo da rigidez passiva dos tecidos
rotadores externos do quadril, podem impor alongamento repetitivo sobre os tecidos moles do
mediopé, causando adaptacao tecidual e, consequentemente, reduzindo o torque de resisténcia
do mediopé. Tecidos moles sdo modificaveis por tratamentos especificos e por padrao de uso.
Desta forma, ¢ possivel que pacientes que apresentem aumento da pronagdo sejam
beneficiados por intervengdes direcionadas a modificagdo das propriedades mecanicas dos
tecidos do mediopé, como fortalecimento da musculatura intrinseca, alongamento e
posicionamento durante atividades em cadeia fechada por meio do uso de palmilhas
biomecanicas. Estudos futuros podem investigar se diferentes intervengdes ¢ padrdo de uso
sdo capazes de modificar as propriedades mecanicas dos tecidos do mediopé e os efeitos
dessas modificagdes sobre o movimento do pé durante atividades em descarga de peso, como
a marcha.

O presente estudo apresentou um método para mensuracao das propriedades passivas
de estruturas que compdem o complexo articular do mediopé, o qual envolve a utilizacao de

um equipamento recentemente desenvolvido por um grupo de pesquisadores do Programa, o
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Torsimetro. Até entdo, fisioterapeutas tém utilizado de procedimentos subjetivos para esta
avaliacdo, o que dificulta o estabelecimento de critérios para o manejo de pacientes com
alteragdes das propriedades mecanicas dos tecidos moles do mediopé. A demonstragao de que
as variaveis obtidas a partir do uso do Torsimetro apresentam relacdo com o movimento do pé
durante a marcha reforca a validade deste equipamento. Desta forma, este equipamento
permitird que estudos futuros possam ser implementados para melhorar o entendimento do
comportamento ¢ da relacao entre as propriedades mecanicas do mediopé e outras variaveis,
como alinhamento do pé e rigidez e movimento de quadril. Além disso, o uso deste
equipamento podera ser adaptado para uso em ambientes clinicos, o que auxiliard o

fisioterapeuta durante a avaliagdo das propriedades mecanicas do complexo do pé.
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APENDICE 1 - Ficha de identificacdo dos participantes
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Titulo do estudo: Existe relagio entre a resisténcia mecanica do complexo articular do

mediopé e o movimento de pronac¢do do pé durante a marcha?

Investigador principal: Raphael Borges de Oliveira Gomes
Orientador: Prof. Dr. Renan Alves Resende

Co-orientador: Prof. Dr. Thales Rezende de Souza
FICHA DE IDENTIFICACAO DO VOLUNTARIO

ID do voluntario:
Idade:
Data de Nascimento:

Data da coleta de dados:

Se vocé fosse chutar uma bola, qual pé seria? Marque com um “X” abaixo:

Direito:____ Esquerdo:_____
Massa corporal: Kg

Altura: m

IMC: Kg/m2

Vocé apresenta alguma doenca/lesido ortopédica ou neurologica ?

Nao: Sim: . Qual?

Vocé apresenta dor em alguma parte do corpo?

Nao: Sim: .Onde?

Vocé realizou alguma cirurgia em coluna ou membros inferiores no altimo ano?

Nao: Sim: . Data e local da cirurgia:

Vocé realiza atividade fisica ?

Nao: Sim: . Qual atividade e quantas vezes por semana?
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APENDICE 2 — Termo de Consentimento Livre e Esclarecido

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Titulo do estudo: Existe relacio entre a rigidez do complexo articular do mediopé e o
movimento de pronac¢do do pé durante a marcha?

Investigador principal: Raphael Borges de Oliveira Gomes
Orientador: Prof. Dr. Renan Alves Resende
Co-orientador: Prof. Dr. Thales Rezende de Souza

Gostariamos de convida-lo a participar deste estudo. Nosso objetivo é
investigar a correlacdo entre a forma de pisar, durante a caminhada, e a rigidez do seu

pé.

Local: Esta pesquisa sera realizada no Laboratorio de Analise do Movimento
(LAM) da Escola de Educagao Fisica, Fisioterapia e Terapia Ocupacional da
Universidade Federal de Minas Gerais (EEFFTO-UFMG).

Procedimentos da pesquisa:

Os procedimentos desta pesquisa serdo realizados em um unico dia, com
horario previamente agendado, com duragdo média de duas horas. Inicialmente,
serdo medidos o0 seu peso e altura em uma balanga. Logo apds, vocé deitara em
uma maca, de barriga para baixo, onde iremos tragar algumas linhas em sua perna,
utiizando uma caneta especifica para isso. Em seguida, usando uma camera
fotografica, iremos tirar 3 fotos da sua perna e pé para medirmos alguns angulos,
utilizando um programa de computador para analisar as fotos. Em seguida, vocé
sera solicitado a sentar em uma cadeira para medirmos a rigidez do seu pé. Para
isso, iremos utilizar um equipamento desenvolvido para este fim, movimentando o
seu pé, inicialmente 5 vezes e, em seguida, por mais 3 vezes. Apos realizarmos
estas medidas clinicas iniciais, iremos fazer a avaliagao da sua forma de pisar. Para
isso, pequenas bolinhas (marcadores reflexivos) serdo fixados com uma fita dupla
face de fraca fixagcdo em pontos especificos da pele da sua bacia, coxa, perna e pé.
Este procedimento é indolor. Entdo, com essas bolinhas reflexivas em sua pele,
vocé devera caminhar descalgo(a) sobre uma passarela de madeira para que
cameras consigam captar a sua forma de andar. Ao término da coleta da sua forma
de pisar, as bolinhas reflexivas serao retiradas da sua pele. Este procedimento
também é indolor.

- Ribrica do pesquisador:

- Rabrica do voluntario:
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Riscos e desconfortos: Esta pesquisa oferece riscos e desconforto
pequenos, tais como:

- Leve desconforto no pé, que devera permanecer apenas durante os testes,
por causa da fixacdo do equipamento no pé e também pelos movimentos realizados.
Caso ocorra, este desconforto sera minimizado com tempo de descanso adequado.

- Leve irritacdo na pele por causa da colocacao e retirada da fita adesiva
dupla-face. Se ocorrer, o voluntario sera orientado a nao cocar o local. Esta irritacéo
devera se resolver em poucos minutos.

- Leve desconforto nos pés durante a caminhada na passarela, por estar
descalgo(a). Caso ocorra, este desconforto sera minimizado com tempo de
descanso adequado e devera desaparecer logo apos o teste.

Beneficios esperados: Ao término da pesquisa, vocé recebera um relatério
contando todas as informagdes sobre sua forma de pisar e sobre a rigidez do seu
pé. Além disso, os resultados obtidos nesta pesquisa irdo fornecer mais
conhecimento para a avaliacao e tratamento da forma de pisar durante a caminhada.

Confidencialidade: Sua participacido nesta pesquisa sera anbénima. Vocé
sera identificado por um cédigo formado por letras e numeros. Seus dados pessoais,
bem como qualquer outra forma de identificacdo, ndo serdo revelados em nenhum
momento. Apenas os pesquisadores envolvidos terdo acesso a essas informacoes.
Os dados serao utilizados apenas para fins de pesquisa.

Recusa ou desisténcia da participacao: Sua participagdo nesta pesquisa &
totalmente voluntaria. Vocé podera desistir a qualquer momento, sem necessidade
de justificativa e sem qualquer prejuizo.

Gastos: Sua participagao nesta pesquisa nao lhe acarretara nenhum gasto
financeiro e também néo lhe sera pago nenhum valor.

Mais informacgdes sobre a pesquisa poderao ser fornecidas pelos pesquisadores
responsaveis: Raphael Borges de Oliveira Gomes (31 98734-7887) e Renan Alves
Resende (31 3409-7412). 0 Comité de Etica em Pesquisa/UFMG (COEP) podera ser
acionado em caso de duvidas relacionadas a aspectos éticos.

Ap6s a leitura completa do presente documento, caso concorde em participar,
voceé devera assinar o termo de consentimento abaixo e rubricar todas as folhas desse
temo. Serdo assinadas duas vias; uma que ficard com vocé (participante) e a outra com o
pesquisador responsavel.

- Rubrica do pesquisador:

- Rubrica do voluntério:
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TERMO DE CONSENTIMENTO

Declaro, para os devidos fins, que li e compreendi todas as informacao acima.
Todas as minhas duvidas foram satisfatoriamente respondidas e eu concordo em ser
voluntario desta pesquisa.

Assinatura do Voluntéario Data
Raphael Borges de Oliveira Gomes Data
Dr. Renan Alves Resende Data
Dr. Thales Rezende de Souza Data

COEP - Comité de Etica em Pesquisa/lUFMG

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

Email: coep@prpq.ufmg.br.



ANEXO 1 — Aprovagio do Comité de Etica

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

Projeto: CAAE 78785717.7.0000.5149

Interessado(a): Prof. Renan Alves Resende
Departamento de Fisioterapia
EEFFTO - UFMG

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 25 de outubro de 2017, o projeto de pesquisa intitulado “Existe
relacao entre a rigidez de mediopé e 0 movimento de pronacgao do
pé durante a marcha?” bem como o Termo de Consentimento Livre e
Esclarecido.

O relatdrio final ou parcial devera ser encaminhado ao COEP um
ano apos o inicio do projeto através da Plataforma Brasil.

/’/

/
Voawwvm, Vi -.v'(-\

Profa. Dra. Vivian Resende
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa I| - 2° andar — Sala 2005 — Gep:31270-901 — BH-MG
Telefax: (031) 3409-4592 - e-mail: coep@prpg.ufme.br
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