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RESUMO

Objetivo: Alteragdes da cinematica tém sido correlacionadas com diferentes lesdes nos
membros inferiores, sendo algumas dessas lesdes mais comuns em mulheres atletas, e um
provavel fator predisponente para essas alteracdes € a fraqueza dos musculos do quadril
e do tronco. Assim, o objetivo deste estudo foi avaliar a correlacdo entre a for¢a do tronco
e do quadril com a cinemética tridimensional de tronco e membros inferiores durante uma
tarefa de aterrissagem de um salto em mulheres atletas recreacionais.

Métodos: Vinte e trés mulheres sadias atletas recreacionais com idade entre 18 e 35 anos
foram submetidos a avaliacao da forca dos musculos abdutores de quadril, extensores do
quadril e inclinadores laterais do tronco através de um dinamémetro manual e da
cinematica tridimensional de tronco e membros inferiores durante a fase de aterrissagem
de uma queda e salto vertical unipodal (single-leg drop vertical jump). Os coeficientes de
correlacdo de Pearson (r) foram calculados para estabelecer a relacdo entre a forca do
quadril e do tronco e os movimentos do tronco, quadril e joelho.

Resultados: Maior forga extensora do quadril foi encontrada significativamente associada
com maior flexdo do tronco no contato inicial. Nao foram encontradas correlacdes
significativas entre os dados de forca e os valores de pico da cinematica durante a fase de
aterrissagem.

Conclusdo: Considerando que a maior flexdo do tronco estd relacionada a carga do
ligamento cruzado anterior (ACL), ao estresse patelofemoral e a forga do tendéo patelar,
o fortalecimento dos musculos extensores do quadril pode ser importante para prevenir e

reabilitar a lesdo do LCA, dor femoropatelar e tendinopatia patelar.

Palavras-chaves: Lesdes no joelho; Forca do quadril; Forca do tronco; cinematica.



ABSTRACT

Purpose: Kinematic changes have been correlated with different lower limb injuries,
being some of these injuries more common in female athletes, and a likely predisposing
factor to these changes is hip and trunk muscle weakness. Thus, the aim of this study was
to evaluate the correlation among trunk and hip strength with three-dimensional trunk and
lower-limb kinematics during a jump-landing task in female recreational athletes.
Methods: Twenty-three healthy women recreational athletes aged between 18 and 35
years underwent evaluation of hip abductor, hip extensor, and lateral trunk muscle
strength by manual dynamometry and three-dimensional trunk and lower-limb kinematics
during the landing phase of a single-leg drop vertical jump. Pearson's correlation
coefficients (r) were calculated to establish the relationship between hip and trunk
strength and trunk, hip, and knee movements.

Results: Greater hip extensor strength was found to be significantly associated with
greater trunk flexion at initial contact. No significant correlations were found among the
strength data and the peak values of kinematics during the landing phase.

Conclusion: Considering that the greater trunk flexion is related to lower anterior cruciate
ligament (ACL) load, patellofemoral stress and patellar tendon force, hip extensor muscle
strengthening may be important to prevent and rehabilitate ACL injury, patellofemoral

pain, and patellar tendinopathy.

Keywords: knee injuries; hip strength; trunk strength; kinematics.
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CONTEXTUALIZACAO

Nos Ultimos anos tem sido crescente o numero de mulheres no esporte (Myer et
al., 2004). Com o crescimento da participagdo esportiva tem se observado uma maior
predisposicdo de mulheres para algumas lesdes, principalmente da articulacéo do joelho,
quando comparadas a homens nas mesmas atividades. Dentro das atividades esportivas a
articulacdo do joelho é uma das articulagdes mais acometidas por lesdes (Powers, 2010)
e dentre essas lesdes ganham importancia nessa populacdo a ruptura do Ligamento
Cruzado Anterior (LCA), onde as mulheres sdo de duas a oito vezes mais propensas a
lesdo do LCA do que os homens em uma mesma atividade esportiva (Hertel et al., 2006),
e a Dor Patelofemoral (DPF), principal lesdo por sobrecarga em centros de ortopedia
(Taunton et al., 2002), onde as mulheres s&o 2,2 vezes mais acometidas (Boling et al.,
2010).

Estima-se que a incidéncia de ruptura do LCA seja de 30 lesdes para cada 100.000
pessoas (Lobb et al., 2012), atingindo mais de 120.000 atletas (Hewett et al., 2013) e
sendo realizadas mais de 250.000 cirurgias de reconstrucdo de LCA anualmente nos
Estados Unidos da América (Harris et al., 2014), sendo que a maioria das lesdes em
mulheres atletas ocorre na auséncia de um contato direto entre atletas (Agel et al., 2005).
Por sua vez, a DPF foi observada em aproximadamente 25% das lesdes do joelho em
centros de reabilitacdo esportiva da Australia (Baquie & Brukner, 1997).

Acredita-se que um pobre controle dindmico do membro inferior durante
atividades esportivas possa estar relacionado tanto com a ocorréncia da ruptura do LCA
quanto com a DPF (Powers, 2010). Dentre as alteragdes em mulheres acometidas por
essas lesdes tém sido observada maior ocorréncia do valgo dindmico de joelho durante

tarefas funcionais como salto, agachamentos, aterrissagens (Hewett et al., 2005; Paterno
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et al., 2010; Myer et al., 2010; Nakagawa et al.,2012a; 2012b) dentre outros. O valgo
dindmico do joelho € um movimento composto pela adugdo e rotagdo medial do quadril
e pela abdugéo e rotacéo lateral do joelho durante a execugdo de uma tarefa (Zazulak et

al., 2005).

O aumento do angulo de abducéo do joelho durante a fase de aterrissagem de um
salto vertical foi visto como preditor da primeira lesdo do LCA (HEWETT et al., 2005),
assim como da segunda lesdo do LCA em pacientes ja submetidos a reconstrucdo
cirtrgica (PATERNO et al., 2010). Durante a aterrissagem de um salto também foi
observado que uma maior abducéo do joelho contribuiria para 0 aumento da incidéncia
da DPF em mulheres atletas (Myer et al., 2010). Ainda em mulheres com DPF tém-se
observado maior adugéo de quadril e abducéo de joelho durante o agachamento unipodal
(Nakagawa et al.,2012a; 2012b). Essas alteracbes no plano frontal e transverso
aumentariam o angulo do quadriceps (angulo Q) e, consequentemente, a magnitude do
vetor lateralizante que atua sobre a patela, aumentando o estresse patelofemoral lateral
(Powers, 2003; Souza et al., 2010) e, assim, predispondo ou agravando a DPF.

Ainda observando altera¢6es no plano frontal, a inclinacéo ipsilateral do tronco
(inclinacdo do tronco para o lado do membro inferior em apoio) pode estar correlacionada
a estas lesGes. Quando, durante uma aterrissagem de um salto, ocorre uma gqueda pélvica
contralateral ao membro inferior de apoio (Sinal de Trendelenburg) uma compensacéo
comum ¢ a inclinagdo ipsilateral do tronco. Esse alinhamento faz com que o vetor de
forca de reacdo do solo (FRS) passe lateralmente em relagéo ao centro da articulagéo do
joelho, criando um momento abdutor no joelho (Nakagawa et al., 2012b; Powers, 2010)
podendo ocasionar o valgo dindmico e suas consequéncias em tarefas semelhantes. Esta
hipbtese parece plausivel uma vez que Hewett et al. (2009) encontraram que, no momento

da lesdo do LCA, as mulheres atletas que lesaram o LCA possuiam significativamente
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maior inclinagdo ipsilateral do tronco e abducdo do joelho quando comparadas aos
homens que também lesaram o LCA e as mulheres que realizaram movimentos
semelhantes, mas que ndo lesaram esse ligamento, e também quando Nakagawa et al.
(2012b) verificaram que durante o agachamento unipodal individuos com DPF
apresentaram maior inclinagdo ipsilateral do tronco com maior queda pélvica
contralateral em comparagéo a sadios.

Considerando o plano sagital, um outro fator que pode se correlacionar com a
ocorréncia da ruptura do LCA e da DPF seria uma postura em menor flex&o de tronco
durante a aterrissagem. A extensdo do tronco move o0 vetor resultante da FRS
posteriormente a articulacdo do joelho aumentando o momento externo flexor.
Consequentemente, a demanda sobre os masculos extensores do joelho (Shimokochi et
al., 2013; Blackburn & Péadua, 2009; Kulas et al., 2012) aumenta, levando a um maior
risco de lesdo do LCA por aumentar a forca de cisalhamento anterior da tibia em relagdo
ao fémur (Souza & Powers, 2009) e da DPF, por aumentar o estresse patelofemoral (Teng
et al., 2014). Esses pressupostos tedricos condizem com os resultados de estudos prévios
uma vez que uma menor flex&o do tronco durante a aterrissagem aumentou o risco de
lesdo sem contato do LCA em jogadores de futebol (Alentorn-Geli et al.,2009) e a corrida
com extensdo do tronco aumentou significativamente 0 momento interno extensor do
joelho e, por consequéncia, também aumentou estresse patelofemoral (Teng et al., 2014).

Considerando as alteragdes biomecanicas citadas verifica-se a importancia de
identificar mecanismos modificaveis que pudessem influenciar essas alteracfes e estar
correlacionados a ocorréncia de lesdes em mulheres atletas. Nesse contexto a fraqueza
dos musculos do quadril tem sido observada como um possivel fator correlacionado a

essas alteracoes. Por exemplo, a fraqueza dos musculos gluteo médio e maximo poderia
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estar associada ao excessivo movimento do tronco, quadril e joelho nos planos sagital,
frontal e transverso.

Tém-se observado a associacdo entre o déficit de forca e ativacdo dos muasculos
abdutores do quadril e as alteragGes na posi¢do do tronco e joelho. Em individuos com
DPF se tém observado fraqueza principalmente dos musculos abdutores, rotadores
laterais e extensores do quadril (Rathleff et al., 2014). Nakagawa et al. (2012a) relataram
que homens e mulheres com DPF apesentaram menor ativacdo do muasculo glateo médio
e maior inclinagao ipsilateral do tronco e abducdo do joelho durante a descida anterior de
degrau que homens e mulheres sadios. Além disso, as mulheres com DPF apresentaram
menor forca abdutora do quadril que os demais grupos estudados. Em outro estudo,
Nakagawa et al. (2012b) encontraram que sujeitos com DPF possuiam menor forca
excéntrica abdutora do quadril, maior inclinacdo ipsilateral do tronco e abducgéo do joelho
durante o agachamento unipodal que sujeitos sadios. Além disso, as mulheres com DPF
apresentaram menor ativa¢do do musculo gliteo médio durante o agachamento unipodal
quando comparadas as mulheres sadias (Nakagawa et al., 2012b).

Além da fraqueza dos musculos abdutores do quadril poder resultar na inclinagdo
ipsilateral do tronco como compensacdo ao sinal de Trendelenburg (Powers, 2010), a
fraqueza dos musculos do tronco que controlam 0 movimento desse segmento no plano
frontal também poderia estar envolvida com a maior inclinagdo ipsilateral do tronco e,
consequentemente, com as maiores cargas na articulagdo do joelho. Em um estudo
prospectivo, Zazulak et al. (2007) encontraram que 0 menor controle neuromuscular do
tronco foi preditor do risco de lesdes do joelho em mulheres. Entretanto, ndo é de nosso
conhecimento estudos que tenham avaliado a correlagcdo entre a forca dos musculos

laterais do tronco com as altera¢Ges no tronco, quadril e joelho no plano frontal.
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Em uma revisado sobre os déficits musculares em sujeitos com DPF observou-se que
em mulheres com DPF um achado comum ¢é a fraqueza dos musculos extensores do
quadril (Rathleff et al., 2014). Também em sujeitos com lesdo do LCA esse tém sido um
achado. Comparando sujeitos com lesdo do LCA a sadios apds um protocolo de
caminhada em esteira (20 minutos em velocidade de 3,5 mph) com incrementos na
inclinacdo, Dalton et al (2011) observaram que a forca extensora do quadril diminuiu
significativamente nos individuos com reconstrucdo. Uma compensa¢do comum a
fraqueza dos extensores do quadril é a extensdo do tronco (Perry, 1992), pois dessa forma
durante uma aterrissagem o vetor da FRS se aproxima da articulagdo do quadril
diminuindo a demanda dessa musculatura por diminuir o momento externo flexor do
quadril (Powers, 2010).

Considerando o exposto, analisar as possiveis relacdes entre a forca dos muasculos
do quadril e tronco e a cinemética do tronco e membro inferior durante a aterrissagem de
um salto unipodal pode fornecer informacgdes importantes tanto para reabilitacdo como
para a prevencdo da DPF e da ruptura do LCA em mulheres. Ainda, sendo a fase de
aterrissagem o periodo entre o contato inicial do pé da voluntaria e o pico de extensdo do
joelho apos o salto, é importante avaliar ndo somente os valores de pico da cinemética da
aterrissagem, mas também o momento do contato inicial, pois algumas lesGes como a
ruptura do LCA tém sido observadas imediatamente ap0s este (Griffin, 2001; Shimokochi
& Shultz, 2008). Assim, o objetivo deste trabalho foi avaliar a forca isométrica dos
musculos do quadril e dos masculos laterais do tronco e correlacionar com cinematica
tridimensional no contato inicial e nos picos durante a aterrissagem de um salto unipodal

(single-leg drop vertical jump) em mulheres atletas recreacionais.
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TEMA DE INTERESSE

Considerando o exposto o objetivo deste projeto foi avaliar a correlacéo entre a
forca isométrica dos muasculos extensores do quadril, abdutores de quadril e dos musculos
laterais do tronco com a cinematica tridimensional do tronco, quadril e joelho no contato
inicial e durante a fase de aterrissagem de um salto unipodal tendo como hipdteses de
que maior forca dos muasculos abdutores e extensores do quadril estaria associada a menor
inclinacdo ipsilateral do tronco, aducéo e rotagdo medial do quadril e abducéo do joelho.
Além disso, hipotetizamos que a maior forca dos musculos extensores do quadril estaria
associada a maior flexdo do tronco, quadril e joelho e, por fim, que a maior forca dos
musculos laterais do tronco estaria associada a menor inclinacao ipsilateral do tronco,

aducdo do quadril e abducéo do joelho.
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ESTUDO

Relationship of hip and trunk strength with three-dimensional trunk,

hip, and knee kinematics during a jump-landing task

O artigo foi submetido ao periodico:
Knee Surgery, Sports Traumatology, Arthroscopy

(ANEXO A)
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1. INTRODUCTION

Of the lower extremity joints, the knee sustains the highest percentage of injuries,
particularly among physically active individuals [33]. In sports requiring pivoting and
jumping, women are two to eight times more likely to have noncontact anterior cruciate
ligament (ACL) injury than men [16]. In addition, the incidence rate of patellofemoral

pain (PFP) in women is 2.2 times greater than in men [9].

It is believed that poor dynamic control of the hip and knee may be related to ACL
rupture and PFP development [33]. In turn, poor dynamic control may be the result of hip
muscle weakness. For example, the excessive hip adduction during weight-bearing
activities may occur due to gluteus medius weakness. Ford et al. [13] demonstrated a
positive correlation between hip adduction movement and the amount of knee abduction
excursion, and in vitro studies reported that knee abduction increases stress on the ACL
[23]. Furthermore, an excessive hip adduction and knee abduction increase the quadriceps
angle (Q angle) and, consequently, lateral patellofemoral stress [33]. Gluteus maximus
weakness can also result in altered movements of the frontal and transversal planes.
Gluteus maximus weakness can result in excessive hip adduction because its upper
portion can abduct the hip [22]. In addition, apart from being a strong hip extensor, the
gluteus maximus is the most powerful external rotator of the hip [29] and, consequently,
its weakness can cause excessive hip internal rotation during weight-bearing activities.
Increased internal rotation of the hip results in a decrease in the patellofemoral contact

area and, consequently, increases patellofemoral stress [35].

Gluteus maximus and medius weakness can also result in changes in trunk position.
In the frontal plane, gluteus medius weakness can cause an excessive contralateral pelvic

drop during single-limp support (Trendelenburg signal). A common compensation is the
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ipsilateral trunk lean (toward the support limb), which can cause a lateral dislocation of
the ground reaction force vector with respect to the knee joint center, creating an
abduction moment at the knee [28, 33]. In addition to the gluteus medius weakness,
excessive ipsilateral trunk lean could also be a result of lateral trunk muscle weakness.
Excessive ipsilateral trunk lean is an important aspect, since prospective studies have
shown that the knee abduction moment during a jump-landing task is a predictor of ACL
injury [17] and PFP [25] in female athletes. In the sagittal plane, a common compensation
to gluteus maximus weakness is the trunk extension, increasing the knee extensor moment
and, consequently, increasing ACL stress (especially with the knee near full extension)

[19] and patellofemoral stress [41].

Previous studies have evaluated the association between hip and trunk muscle
strength with trunk and lower-limb movement during weight-bearing activities. However,
these studies evaluated only the trunk and lower-limb movement in the frontal plane
(using the frontal plane projection angle for the lower-limb alignment) [3, 2, 40] or
sagittal plane [42] during single-leg squat, step-down, and running. To the best of the
authors’ knowledge, only Boling & Padua [8] evaluated the frontal and transverse plane
three-dimensional peak knee, hip joint angles, and ipsilateral trunk lean during a jump-
landing task. However, these authors did not assess trunk, hip, and knee angles at initial
contact. Evaluation of the kinematics at initial contact is important because some studies
have shown that noncontact ACL injury occurs immediately after initial contact with the
ground [15, 38]. Knowledge of the precise relationship between hip and trunk strength
and three-dimensional kinematics of the trunk, hip, and knee at initial contact and peak
angles during a jump-landing task would assist in the development of an optimal

prevention program for ACL injury and PFP in female athletes.
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This study’s purpose was to evaluate the correlation among isometric strength of
the hip extensors, hip abductors, and the lateral trunk muscles with three-dimensional
trunk, hip, and knee kinematics at initial contact and during the landing phase of a single-
leg drop vertical jump. It was hypothesized that greater hip abductor and extensor muscle
strength would be associated with lower ipsilateral trunk lean, hip adduction, hip internal
rotation, and knee abduction. In addition, it was hypothesized that greater hip extensor
muscle strength would be associated with greater trunk, hip, and knee flexion. Finally, it
was hypothesized that greater lateral trunk muscle strength would be associated with

lower ipsilateral trunk lean, hip adduction, and knee abduction.
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2. MATERIALS AND METHODS

2.1 Subjects

30 female recreational athletes were recruited and 7 were excluded from the study
(exclusion reasons: 4 volunteers did not complete the tests, 2 were considered irregularly active
and 1 presented pain in order to not complete the tests). Thus, 23 female recreational athletes

between 18 and 35 years of age who practiced different physical activities involving jump
movements participated in the research. The sample size calculation was performed a priori
according to Gatsonis and Sampson [14]. Thus, we used as parameters for correlation
analyses a significance level o = 0.05, f = 0.2, and estimated r = 0,5, which resulted in a
priori sample size of 23 participants. Recreational athletes were considered women who
practiced physical activity at least three times a week, [5] and the activity level was
evaluated using the short form International Physical Activity Questionnaire [10, 30].
Potential participants were screened by a licensed physical therapist, who evaluated
the following inclusion criteria: recreational athletes, who did not suffer any injuries in
the lumbar spine or lower limbs in the last 12 months, had no pain or injury that makes
evaluation impossible, and had no neurological vestibular or visual disorders that
prevented participation [20, 21]. All participants signed a written informed consent
form(APENDICE A), and the study was approved by the University Ethics Committee

for Human Investigations (ANEXO B).

2.2 Procedures

The dominant leg was assessed, which was determined by asking the participant
which leg she would use to kick a ball as far as possible [12]. The strength of the lateral
trunk muscles was also assessed on the opposite side to the dominant lower limb. The

kinematics and strength evaluations were performed on two separate days, and the
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evaluation order was randomly selected. All the participants wore a T-shirt, shorts, and

athletic shoes (Asics Gel-Equation 5) provided by the examiner.

2.3 Kinematic Assessment

For the kinematic assessment, the subjects were instructed to perform a single-leg
drop vertical jump. For the execution of the single-leg drop vertical jump, the participants
were positioned on a 31-cm box [20, 21] and were instructed to fold their arms across
their chest [20, 21]; not to obstruct the pelvis markers; step off the box without jJumping
up, stepping down, or losing balance; and land with the dominant leg. Immediately after
the initial contact, the participants performed a maximal effort single-leg vertical jump
[20, 21]. No verbal or visual clues were given on landing techniques at any time [20, 21].
Five validated trials of the single-leg drop vertical jump were considered for analysis. A
valid trial was accepted when the subject landed without losing balance, with arms in the
correct position, and without touching the ground with the nonassessed leg [20, 21].

To perform the kinematic analysis, a six-camera, three-dimensional motion-
analysis system (Vicon Motion Systems Ltd, Oxford) was used. All the kinematic data
were collected at a sample rate of 250 Hz. For data acquisition, we used the software
Nexus System 2.1.1 (Vicon Motion Systems Ltd, Oxford, UK) and 3D Motion Monitor
Software (Innovative Sports Training, Chicago, IL, USA). The same researcher
positioned 32 reflective markers (14 mm diameter) in each volunteer on the following
anatomic landmarks (Apéndice B): jugular notch, seventh cervical vertebra spinous
process, tenth thoracic vertebra spinous process, both acromion, anterior superior iliac
spine and posterior superior iliac spine bilaterally, first sacral, both greater trochanter,
anterolateral of the thigh (on both thighs but at different heights), both medial and lateral
femoral condyles, both tibial tuberosity, anterolateral of the leg (on both legs but at

different heights), both medial and lateral malleolus, both second metatarsal heads, both
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calcaneus, and at lateral side of foot (on both feet but at different distances). The reflective
markers at different heights or distances were used to differentiate the two sides (right
and left thigh, leg, or foot) for the system. After this preparation, each participant were
positioned inside the assessment area staying in a neutral position and with her arms
crossed over the trunk [20, 21] looking forward. A static measurement was performed to
align the subject with the global coordinates system and to act as a reference for further

analysis.

2.4 Strength Assessment

Strength assessment was made by manual dynamometry using a Lafayette Manual
Muscle Test System (Lafayette Instruments, Lafayette, IN, USA), and the maximal
voluntary isometric strength (MVIS) was performed for the following muscle groups: hip
abductors, hip extensors, and lateral trunk muscles. Inelastic straps were used to stabilize
the participants, and the dynamometer was used to avoid tester strength external influence
on evaluation. The evaluation order was randomly selected.

For MVIS evaluation of the hip abductors, the participants were positioned as
described by Nakagawa et al. [28] and as shown in Figure 1a. The participants stayed in
lateral decubitus with the dominant leg up and in neutral position supported by pillows
[6]. An adjustable inelastic strap was placed around the examination table and proximal
to iliac crest to stabilize the hip, and the dynamometer was positioned over the femoral
condyle with a second strap positioned over the dynamometer and around the table
resisting the abduction. The researcher instructed the participant to “push trying to move

your leg up” with maximal effort and offered encouraging words during the test [28].
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Figure 1 Test position for the evaluation of hip abductor strength (a), hip extensor strength (b) and trunk
lateral muscles strength (c).

For the MVIS evaluation of the extensors hip, the participants were positioned as
described by Scattone Silva et al. [37] and Nakagawa et al. [28] (Figure 1b). The
participants were positioned in the prone position, lying with dominant leg at 90° knee
flexion and the hip in neutral position. The first strap was positioned around the
volunteer’s pelvis and the examination table to stabilize the hip. The dynamometer was
positioned immediately up the popliteal fossa, and a second strap was positioned over the

dynamometer and the examination table. The researcher asked the participants to “push
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trying to move your foot toward the ceiling” with maximal effort and offered encouraging
words during the test [37].

For MVIS evaluation of the lateral trunk muscles, we used the side bridge test. The
participants were positioned as described by McGill et al. [24] (Figure 1c). Participants
were positioned in lateral decubitus with the nondominant side down. The dynamometer
was positioned on the iliac crest, and a strap was positioned over the dynamometer and
around the examination table. The researcher asked the participant to “make every effort
to remove the hip of the examination table” and used encouraging words during the test
[27].

Before the test, three submaximal and one maximal trials were made to familiarize
the patient with the test [28]. In all evaluations, we recorded the peak value (in kilograms-
force) during five seconds. There was a two-minute rest between each trial. For statistical
analysis, we considered the three repetitions that show variability less than 10% on
average. When a difference greater than 10% occurred between trials, a fourth trial was

carried out [7].

2.5 Data Reduction

The results of maximal isometric strength were transformed into Newtons (strength
in kilograms’ force multiplied by 9.81) and normalized by body mass [18].

Kinematic data were processed using 3D Motion Monitor Software (Innovative
Sports Training). The Euler angles were calculated using the joint coordinate system
definitions that were recommended by the International Society of Biomechanics [43]
relative to the static standing trial. The trunk flexion and ipsilateral trunk lean were
evaluated as the angle between the segment and the global coordinate system (laboratory
coordinate system). Lower limb kinematics were calculated as the motion of the distal

segment relative to the proximal reference. The ankle and knee joint centers were defined
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as the midpoint between the medial and lateral malleoli and the medial and lateral
epicondyles, respectively. The hip center was estimated by the Bell’s method [4]. The
kinematic data were filtered by a second-order zero lag Butterworth 12 Hz low-pass filter.
Analysis for determining the kinematic variables was performed by a custom program in
Matlab (Mathworks, Natick, MA, USA). The kinematic variables of interest included the
angles at initial contact and the peak angles during the landing phase. The kinematic
angles of interest included the following: hip flexion, hip internal rotation, hip abduction,
knee flexion, knee abduction, trunk flexion, and ipsilateral trunk lean. The landing phase
was considered to be from the initial contact to toe-off. The initial contact was defined as
when the vertical velocity of the marker that was fixed on the second toe was zero [21]
(Figure 2a), and the toe-off was determined by the knee extension peak after support
phase [11] (Figure 2b). By convention, positive kinematic values represented flexion,

abduction, internal rotation, and ipsilateral trunk lean angles.

1 Phaiange Linear Vertical Velocity vs Frames b Knee Flexion vs Frames
T T T T
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Figure 2 Graphics used to define the landing phase: a) Il phalange linear velocity in sagittal plane vs frames
graphic with the red point showing the initial contact instant; b) Knee flexion angle (sagittal plane) vs
frames graphic with the red marker showing the toe-off instant.

2.6 Statistical Analysis

All statistical analyses were performed using the SPSS software version 19 (SPSS,
Inc., Chicago, IL, USA). Initially, the statistical distribution and homoscedasticity of the

data were checked with the Shapiro-Wilk test and Levene’s test, respectively. Pearson's
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correlation coefficients were calculated to evaluate the association between the kinematic

data and strength data. The alpha level was preset at 0.05.
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3. RESULTS

The demographic data are shown in table 1.

Table 1 Demographic characteristics of the subjects

n= 23 female athletes

Age (years)

Height (cm)

Body Mass (kg)

Body Mass Index (kg/cm?)
Sportive frequency (times/week)
Practice time (months)

Physical Activity Level (mets)

229+3.7
163.9 £ 0.06
59.30 + 8.43
21.84+2.86
4.73+1.05
47.30 + 66.49
7557.74 £ 5735.18

The results of the correlation analysis among the strength data and the angles at initial

contact are reported in Table 2. Greater hip extensor strength was found to be significantly

associated with greater trunk flexion (r=0.628; p=0.001) at initial contact. No significant

correlations were found among the strength data and the peak values of kinematic data during the

landing phase, as shown in Table 3.

Table 2 Pearson correlation coefficients (r) and p-value (p) among hip extensor, hip abductor and lateral

trunk strength and initial contact kinematic

Initial Contact Kinematic

Hip Extensors

Hip Abductors Lateral Trunk

Strength Strength Strength

Hip Flexion r 0.094

p 0.669
Hip Internal Rotation r 0.019 -0.357

p 0.930 0.103
Hip Abduction r 0.211 0.301 0.12

p 0.333 0.163 0.957
Knee Flexion r -0.098

p 0.655
Knee Abduction r 0.075 0.224 -0.129

p 0.733 0.304 0.557
Trunk Flexion r 0.628*

p 0.001
Ipsilateral Trunk Lean r 0.057 -0.226

p 0.796 0.301

* Significant correlation
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Table 3 Pearson correlation coefficients (r) and p-value (p) among hip extensor, hip abductor and lateral
trunk strength and peak values of kinematic.

Peak values of kinematic Hip Extensors ~ Hip Abductors  Lateral Trunk

Strength Strength Strength
Hip Flexion r -0.14
p 0.949
Hip Internal Rotation r -0.292 0.030
p 0.176 0.892
Hip Abduction r -0.44 0.063 0.102
p 0.842 0.774 0.643
Knee Flexion r 0.78
p 0.722
Knee Abduction r 0.12 -0.002 -0.054
p 0.955 0.992 0.805
Trunk Flexion r -0.136 - —
p 0.537
Ipsilateral Trunk Lean r -0.075 -0.274
P 0.735 0.205
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4. DISCUSSION
The most important result of this study was the positive correlation among the hip

extensor strength with trunk flexion at the initial contact in female athletes. Although we
did not find a correlation between hip extensor strength and the peak trunk flexion during
the landing phase, for a better comprehension of these results, we correlated the trunk
flexion at the initial contact with the peak trunk flexion during the landing phase and
found a significant correlation between them (r= 0.628, p= 0.007). These results may
indicate that women with lower trunk flexion at the initial contact tend to have a lower
trunk flexion during the entire landing phase. Thus, having more strength in the hip
extensor muscles can help increase trunk flexion during landing.

A common compensation for hip extensor muscle weakness is the extension of
the trunk [32], and changes in trunk position during jumping-landing tasks can change
knee joint loads [33]. Trunk extension during landing moves the ground reaction force
resultant vector backward, increasing the knee external flexion moment and resulting in
an increased knee extension force [33]. However, increased knee extension strength
increases anterior tibiofemoral shear force [19] and patellofemoral stress [41],
predisposing the woman to ACL injury and PFP. Kulas et al. [19] reported that trunk
flexion minimized ACL deformation during squats, even in lower-knee flexion angles
[19]. Alentorn-Geli et al. [1] in a large review study also concluded that a lower trunk
flexion during landing increased the noncontact ACL injury risk in soccer players. Teng
etal. [41] found that running with trunk extension significantly increased the knee internal
extensor moment and patellofemoral stress. In addition, hip extensor muscle strength and
the trunk position may influence the patellar tendon force. Recently, Scattone-Silva et al.
[36] evaluated the effects of hip extensor strengthening and landing strategy modification
training (greater trunk flexion) in a patient with patellar tendinopathy. After 8-week
intervention and 6-months follow-up, the athlete was completely asymptomatic during
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sports. This favorable clinical outcome was accompanied by an increase in peak trunk
flexion, an increase in hip extensor moment, a decrease in knee extensor moment, and a
26% decrease in patellar tendon force during jump landing measured at 8 weeks. Thus,
increased hip extensor strength and better trunk posture (greater flexion) during landing
may be important strategies in preventing and rehabilitating ACL injury, PFP, and patellar
tendinopathy.

Contrary to the initial hypothesis, no correlation occurred among the hip abductor
and hip extensor muscle strength with the trunk, hip, and knee kinematics in transverse
and frontal planes. However, excessive movement of these joints in these planes has been
related to some knee injuries. An excessive ipsilateral trunk lean [28, 26], hip adduction
and internal rotation [28, 26, 39], and knee abduction [28, 26] were observed in PFP
subjects. This has been related to increased patellofemoral stress [34, 35]. In addition,
dynamic knee valgus (movement composed of hip adduction and internal rotation and
knee abduction [44]) was found to be a predictor of ACL injury [17] and second ACL
injury in patients with ACL reconstruction [31]. Considering that in a sample of healthy
female recreational athletes our results differ from these studies it is possible that the
occurrence of these alterations related to hip or trunk weakness are so damaging that this
correlation occurs only in injured individuals. In this way, future research investigating
these relationships in injured female athletes are needed for a better comprehension of
this factors.

Beyond muscle weakness, muscle activation deficit may be involved in lower
limb poor dynamic control and, consequently, excessive movement of the hip and knee
in the transverse and frontal planes. Nakagawa et al. [26] stated that subjects with PFP
presented greater ipsilateral trunk lean, hip adduction, and knee abduction associated with

lower gluteus medius activation during stepping maneuver. Similarly, Nakagawa et al.
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[28] found that women with PFP showed greater hip internal rotation and lower gluteus
medius activation during single-leg squat than healthy women. Thus, future research is
needed to verify whether a relationship exists among trunk and hip muscle activation and
trunk and lower-limb kinematics during jumping-landing tasks.

The authors acknowledge some limitations in this study. The isometric strength
of only the trunk and hip was evaluated. However, during a jJumping-landing task, the hip
and trunk muscles act eccentrically to control trunk, pelvis, and lower limb movements.
Further research is required to evaluate whether a relationship exists among hip and trunk
eccentric strength with three-dimensional trunk and lower-limb kinematics during a

jump-landing task.
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5. CONCLUSION
Hip extensor strength was positively correlated with trunk flexion at initial contact

in female recreational athletes. In addition, a positive correlation was found among trunk
flexion at initial contact and the peak trunk flexion during the landing phase. Considering
that the greater trunk flexion is related to lower ACL load, patellofemoral stress, and
patellar tendon force in this population, hip extensor muscle strengthening may be
important in the prevention and rehabilitation of ACL injury, PFP, and patellar

tendinopathy.
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UNIVERSIDADE FEDERAL DE SAO CARLOS
DEPARTAMENTO DE FISIOTERAPIA
PROGRAMA DE POS-GRADUAGAO EM FISIOTERAPIA - PPGFt
: Laboratério de Avaliagiio e Intervengdo em Ortopedia e Traumatologia ~ LAIOT
; i Rod. Washington Luiz, Km 235, Sdo Carlos - 5P ~ Brasil
= Tel: (16) 3351-8754/ (16) 3306-6575
e-mail: fserrao@ufscar.br

{Resolugho 4662012 do UNS)

Vocé esta sendo convidada a participar da pesquisa “Relagiio entre a for¢a dos misculos do tronco
dos musculos abdutores do quadril ¢ a biomecinica do tronco ¢ joelho no plano frontal em
mulheres com e sem reconstrugiio do ligamento cruzado anterior”. Vocé esta sendo convidada
por ser uma atleta recreacional com idade entre 18 e 35 anos. Sua participagdo ¢ voluntaria e a
qualquer momento vocé pode desistir de participar ¢ retirar seu consentimento, A sua recusa nio trard

nenhum prejuizo na sua relagdo com o pesquisador ou com a instituigio que forneceu os dados.

Responsaveis pelo projeto:
Prof. Dr, Fabio Viadanna Serrio — Orientador ¢ coordenador do projeto

Adalberto Felipe Martinez — Mestrando {programa de pos-graduagio em Fisioterapia)

Os objetivos deste estudo sio: avaliar a forga dos musculos do quadril, a forga dos musculos do
tronco ¢ 08 movimentos do tronco ¢ do joetho durante a aterrissagem de um salto em pessoas que
realizaram a reconstrugdo do ligamento cruzado anterior ¢ pessoas sadias para avaliar se existe relagio

entre a for¢a desses musculos € os movimentos avaliados.

a. Caso aceite participar deste estudo, inicialmente vocé realizard uma avaliagiio fisica e responderd
a um questionario para ser incluida ou ndo no estudo

b. Caso sendo selecionada para o estudo vocé realizara duas avaliagdes sendo uma avaliagio de forga
dos misculos do tronco e do quadril que consiste em realizar movimentos contra um aparelho
chamado dinamoémetro manual € uma avaliagio cinematica (avaliagdo dos movimentos) do joelho
e do tronco durante uma tarefa de aterrissagem unipodal (uma perna so) onde vocé aterrissara de
uma caixa de 31cm e ao tocar o chio realizard um salto.

c. Essas avaliagdes nos permitirdo compreender melhor os mecanismos que podem influenciar nas
lesdes do ligamento cruzado anterior de mulheres podendo auxiliar na prevengdo ¢ no tratamento
desta lesdo assim como servir de base para novos estudos.

d. Seus dados serdo tratados de forma anénima ¢ confidencial, ou scja, em nenhum momento sera

divulgado seu nome em qualquer fase do estudo a menos que vocé manifeste por escrito uma
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autorizagdo para este procedimento. Os dados coletados poderio ter seus resultados divulgados
em eventos, revistas e/ou trabalhos cientificos.

. Niio haverd nenhuma forma de remuneragio pela participagfo no experimento e os dados obtidos
serdo de propriedade exclusiva dos pesquisadores podendo estes serem divulgados de qualquer
forma a critério dos mesmos.

- A participagdo neste projeto envolve riscos minimos de lesdes. Entretanto, as avaliagdes poderdo
ou ndo acarretar dores musculares de pequena intensidade se assemelhando a dores de pritica
inicial de exercicios de forga tendo condigdes de serem bem suportadas. Vocé participara das
avaliagdes de acordo com seus limites fisicos e sua percepedo de esforgo serd respeitada pelos
pesquisadores.

. Sua participagao envolve riscos minimos de lesdes. Mesmo assim. no caso de ocorrerem riscos
nfio previstos e, caso seja necessario, os proprios pesquisadores se responsabilizam pelos primeiros
socorros ou qualquer tipo de avaliagiio fisioterapéutica como resultado de dano fisico. Se
constatados danos de maior gravidade, os pesquisadores se responsabilizam em acompanhé-la até

a um médico para realizagiio de um tratamento adequado.

h. Havendo gualquer questionamento neste momento ou futuramente os pesquisadores estardio a

disposiglio para auxiliar. Pergunte-nos por favor.

DECLARO QUE ENTENDI OS OBJIETIVOS, RISCOS E BENEFICIOS DE MINHA
PARTICIPACAO NA PESQUISA E CONCORDO EM PARTICIPAR

O pesquisador me informou que o projeto foi aprovado pelo Comité de Etica em Pesquisa
em Seres Humanos da UFSCar que funciona na Pro-Reitoria de Pesquisa da Universidade
Federal de Sdo Carlos, localizada ns Rodovia Washington Luiz, Km. 235 - Caixa Postal
676 - CEP 13.565-905 - Sdo Carlos - SP — Brasil. Fone (16) 3351-8028. Enderego
eletronico: cephumanos@ufscar, br

S#o Carlos, _ de de 2016

Assinatura da Voluntaria
Responsivel:

Adalberto Felipe Martinez
Discente do PPGFL
CREFITOS - 53565 -LTF
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APENDICE B — GUIA PARA COLOCACAO DE MARCADORES
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jugular notch

seventh cervical vertebra spinous
process (C7)

tenth thoracic vertebra spinous
process (T10)

both acromion

anterior superior iliac spine and
posterior superior iliac spine
bilaterally

first sacral (S1)

both greater trochanter

anterolateral of the thigh (on both
thighs but at different heights)
both medizl and lateral farnoral
condyles

both tibizl mberasity
anterolateral of the lez (on both
legs but at different heights)
both meadial and lateral malleohiz
both second metatarss] heads

both calcansns,
both lateral zide of foot (on both

feet bat at different distances).
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Knee Surgery )
Sports Traumatology 'MEI’1| Iatggra-l

Arthroscopy
HOME + LOGOUT « HELP o REGISTER * UPDATE MY INFORMATION + JOURNAL OVERVIEW Role: EHITIRM Usernam
MAINMENU » CONTACT US + SUBMIT AMANUSCRIPT  INSTRUCTIONS FOR AUTHORS

e: fserrao

Submissions Being Processed for Author Fabio Viadanna Serréo, P.T., Ph.D.

Page: 1 of 1 (1 total submissions) Display [10 ¥ results per page.

Manuscript Initial Date Status
Number Title Submitted Date Current Status
B Action A AV AV AV AV AV

View Submission KSST-D-17- Relationship of hip and trunk strength with three-dimensional trunk, hip, and knee kinematics Solai%ui 20-01-

View Reference Checking Results |00065 driria o Jurnpslanding task 2017 Submittad folournal

Page: 1 of 1 (1 total submissions) Display [10 v results per page.

KSST-D-17-00065 - Submission Notification to co-author

Editorial Office <em@editorialmanager.com= 20 de janeiro de 2017 15:12
Responder a: Editorial Office <kssta@esska.org>
Para: Adalberto Felipe Martinez <afmartinez.fisio@gmail.com>

Re: "Relationship of hip and trunk strength with three-dimensional trunk, hip, and knee kinematics during a jump-
landing task"

Full author list: Adalberto Felipe Martinez, P.T.; Giovanna Camparis Lessi, P.T., Ph.D.; Cristiano Carvalhe, P.T;
Fabio Viadanna Semao, P.T., Ph.D.

Dear Mr. Martinez,

We have received the submission entitled: "Relationship of hip and trunk strength with three-dimensional trunk, hip,
and knee kinematics during a jump-landing task" for possible publication in Knee Surgery, Sports Traumatology,
Arthroscopy, and you are listed as one of the co-authors.

The manuscript has been submitted to the joumal by Dr. Mr. Fabio Viadanna Serrdo who will be able to track the
status of the paper through his/her login.

If you have any objections, please contact the editorial office as soon as possible. If we do not hear back from you,
we will assume you agree with your co-authorship.

Thank you very much.
With kind regards,

Springer Joumals Editorial Office
Knee Surgery, Sports Traumatology, Arthroscopy
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UNIVERSIDADE FEDERAL DE W '
SAO CARLOS/UFSCAR

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: RELAGAO ENTRE A FORCA DOS MUSCULOS DO TRONCO E DOS MUSCULOS
ABDUTORES DO QUADRIL E A BIOMECANICA DO TRONCO E JOELHO NO
PLANO FRONTAL EM MULHERES COM E SEM RECONSTRUGAO DO LIGAMENTO

CRUZADO ANTERIOR
Pesquisador: Adalberto Fefipe Martinez
Area Temitica:
Versdo: 1

CAAE: 53756916.2.0000.5504
Institulgdo Proponente: Departamento de Fisioterapia
Patrocinador Principal: Financlamento Préprio

DADOS DO PARECER

NGmero do Parecer: 1.460.349

Apresentagdo do Projeto:

Trata-se de um estudo transversal em mulheres sadias e com reconstrugo do Ligamento Cruzado Anterior
que serd realizado no Laboratério de Avaliagéo e Intervengio em Ortopedia e Traumatologia do
Departamento de Fisioterapia da UFSCar com objetivo de avaliar a relagae entre a forga Isométrica maxima
abdutora do quadril e dos misculos que controlam a inclinagao Ipsilateral do tronco com a posigao do tronco
¢ do joelho no plano frontal durante a aterrissagem de um sallo unipodal (Single Leg Drop Vertical
Jump).Serdo inclusas neste projelo mulheres com idade entre 18 e 35 e que sejam anos atletas
recreacionais (pratiquem atividades fisicas ao menos 3

vezes por semana). Elas serdo separadas em dois grupos sendo um grupo de mulheres com reconstrugio
do ligamento cruzado anterior {GLCA) e

um grupo controle (GC) com os seguintes critérios de inclusdo para cada grupo:Grupo LCA: ter safrido lesdo
unilateral do LCA por um mecanismo sem contato direto & ter realizado a reconstrugao cirirgica ha no
minimo 12 meses, com enxerto dos tenddes flexores; ter realizado reabliitagdo apds a cirurgia, com alta
médica e fisioterapéutica; ter retornado a pratica de atividade esportiva; lesdo isolada do LCA, sem grandes
lesdes meniscals ou condrais; sem historia de lestes

" Endereco:  WASHINGTON LUIZ KM 236

Balrro:  JARDIM GUANABARA CEP: 13.565-50%
UF: SP Municlplo: SAD CARLOS
Telefone: {16)3351.9683 E-mall:  cephumanos@uiscar br
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Contnuagdo do Parecer, 1 460.349

no membro inferior contralateral ou coluna lombar nos Ultimos 12 meses, Grupo Controle: mulheres
pareadas ao GLCA em idade, allura, massa corporal e nivel de atividade fisica (verificado pelo questiondrio
internacional de atividade fisica- IPAQ).Tem coma desfecho primario contribuir para melhor compreensao
dos mecanismos envolvidos na ocorréncia e recorréncia das lesdes do ligamento cruzado anterior em
mulheres atietas dando malor qualidade aos tratamentos e a prevengo deste tipo de lesdo. A relagdo das
variaveis de forga e cineméticas dardo suporte para o freinamento de fortalecimento e correcdo de padroes
de movimento Inadequados afim de se prevenir as lesdes na populacio.

Objetivo da Pesquisa:

O projeto de pesquisa tem como Objetivo Primario “Avallar a relagdo entre a forga isométrica maxima
abdutora do quadril @ dos musculos que controfam a Inclinagao ipsilateral do tronco com 2 posigao do fronco
e do joelho no plano frontal durante a aterrissagem de um salta unipodal {Single Leg Drop Vertical Jump),
em mulheres sadias e com reconstrugao do LCA. O objetivo Secundario sera * Comparar a forga isométrica
méaxima abdutora do quadril e dos misculos que controlam a inclinagao ipsilateral do tronco, os &ngulos de
inclinagao ipsiiateral do tronco e de abdugdo do joelho no contato inicial com o solo, e os picos de inclinagao
ipsitateral do tronco e de abdugio do joelho, entre mulheres sadias e com reconstrugao do LCA, Os éngulos
no contato inicial com o salo e os picos de Inclinagdo ipsilateral do tronco e de abdug&o do joslho seréao
calculados durante a fase de aterrissagem de um salto unipodal (Single Leg Drop Vertical Jump); - Avaliar a
relag@o entre a forga

isométrica maxima abdutora do quadril e dos misculos que controlam a inclinagdo ipsitateral do tranco com
o0s angulos de inclinagdo ipsilateral do tronco e de abdugao do joelho no contato Inicial com o solo, em
mulheres sadias e com reconstrugao do LCA. Os dngulos no contato inicial com o solo serao calculados
durante um salto unipodal (Single Leg Drop Vertical Jump).

Avallag@o dos Riscos e Beneficlos:

O pesquisador responsavel descreve"A participagéo neste projeta envolve riscos minimos de lesdes.
Entretanto, as avaliagdes poderdo acarretar dores musculares decorrentes dos testes de forga isométrica
voluntaria maxima, Essas dores devem se apresentar com pequena intensidade com condigbes de serem
suporftadas.”

Em relagio aos beneficios relata que "Os participantes passardo por uma avaliagdo fisioterapéutica alem
dos testes propostos no projeto. Apés a finalizacdo da coleta de dados todas as voluntarias receberdo por
escrito um ralatorio com seus resultados, destacando alteragdes que possam ocasionar riscos futuros 2
voluntaria assim

" Enderaco: WASHINGTON LUIZ KM 235

Bairro;  JARDIM GUANABARA CEP: 13.565-805
UF: SP Municiplo: SAD CARLOS
Telefone: (16)3351.9683 E.mail: cephumanas@utscar br
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Continuagho 00 Parecer: 1 450 349

como instrugbes caso sejam encontrados padrdes de movimentos que possam ocasionar lesdes ou riscos
para estas,Os resultados desse estudo, caso confirmem-se nossas hipdleses, servirdo para direcionar com
maior eficacia a prevengéo e os tratamentos aos atlelas @ pacientes que sofreram uma ruplura do ligamento
cruzado anterior de forma que se evite a cocorrdncia ou recorréncia da mesma.,

Comentérios e Consideragdes sobre a Pesquisa:

O projeto de pesquisa possul relevancia a area em questdo. O cronograma aponta inicio da pesquisa em 10
de margo de 2016, entretanto descreve que a data podera ser adiada para apos o parecer final do comité de
atica,

Consideragdes sobre os Termos de apresentagao obrigatéria:

A folha de rosto foi anexada e assinada corretamente. Foi apresentado TCLE e esta de acordo com a
Resolugdo CNS 466/2012.

Recomendagoes:

Nada a declarar.

Conclusdes ou Pendéncias e Lista de Inadequacbes:

Projeto Aprovado.

Conslderagoes Finais a critério do CEP:

O Comité de Etica em Pesquisa (CEP) em Seres Humanos recomenda que 0s pesquisacores responsaveis
consultem as normas do CEP e a resolugao n°® 466 de 2012, disponivels na pagina da Plataforma Brasil em
caso de duvidas.

Este parecer fol elaborado baseado nos documentos abaixo relacionados:

Informagdes Basicas PB_INFORMAGOES_BASICAS_DO_P 03/02/2016 Aceito

ielo ROJETO 656633, 15:42:29
Folha de Rosto Folha_de_rosto_CEP .pdf 03/02/2016 |Adalberto Felipe Acaito
15:41:01 _|Martinez

Projeto Detalhado /| Projeto_Mestrado_Comite_de_Etica.pdf | 02/02/2016 | Adalberto Felipe Aceilo
Brochura 16:05:14 |Martinez

TCLE / Termos de | TCLE_Adalberto,pdf 02/02/2016 |Adalberto Felipe Acsito
Assentimento / 14.09:22 |Martinez

Justificativa de

[Auséncia
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Qutros Quesﬁonaﬂo_de_ativldade_ﬂsu_lPAQ. 02/02/2016 |Adalberto Felipe Aceito
pdf 13:57:13 | Martinez
Situagao do Parecer:
Aprovado
Necessita Apreciacio da CONEP:
Nao
$AO CARLOS, 21 de Macgo de 2016
\_‘—.—-—,/\ “_ Ry
{ U Assinadopor:  HenngueAflanso de André Sobnho
Ricardo Carneiro Borra Sacretino Executvo
(Coordenador) ProPafUFSCar
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