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PREFACIO

A presente dissertacdo estrutura-se da seguinte forma:

- Introducéo contendo informacdes globais sobre a pesquisa realizada, incluindo
uma revisao de literatura sobre o tema estudado, a formulagédo das hipéteses,

delimitacdes do estudo e o0s objetivos da pesquisa,

- Artigo proveniente do estudo realizado a ser submetido no periddico Journal of
Orthopaedic & Sports Physical Therapy;

- Consideracbes Finais com sintese do trabalho e as explicacbes de como o
mesmo se enquadra no eixo central do Programa de Pd6s Graduacdo em
Ciéncias da Reabilitacdo da UFMG.



RESUMO

O Star Teste Modificado avalia o controle postural dindmico de atletas e tem sido
utilizado como teste de triagem para predizer a ocorréncia de lesdes em
membros inferiores nessa populacdo. A execucdo deste teste envolve o
movimento de multiplas articulacdes e a fraqueza dos musculos do tronco e dos
membros inferiores também pode influenciar o desempenho do teste. Dessa
forma, este estudo avaliou a influéncia do deslocamento angular de tornozelo,
joelho, quadril do membro de apoio e do tronco, nos planos sagital e frontal, e da
capacidade de geracdo de torque dos musculos do tronco e do quadril do
membro de apoio no desempenho de corredores de rua no Star Teste
Modificado. Trinta e nove corredores participaram do estudo, sendo 14 mulheres
e 25 homens com média de idade 41,1 + 9,6 anos, peso 71,2 + 12,1 Kg e altura
1,72 + 0,9 metros. Os atletas realizaram o Star Teste Modificado com o membro
dominante de apoio. Foi utilizado um sistema composto por Unidades de
Medidas Inerciais para capturar os deslocamentos angulares de tronco, quadril,
joelho e tornozelo nos planos sagital e frontal do membro de apoio no momento
do alcance maximo, em cada direcdo do teste. Os atletas também realizaram a
avaliacdo da capacidade de geracdo de torque dos musculos extensores e
flexores laterais do tronco, extensores, rotadores laterais e abdutores do quadril
de apoio por meio de um dinamdmetro portatil. Foram realizadas duas analises
de regressao linear multipla para avaliar a relacdo do deslocamento angular e da
capacidade de geracéo de torque com o desempenho nas trés direcdes do teste,
com a=0,05. O deslocamento angular do quadril e do joelho no plano sagital
foram capazes de predizer o alcance anterior e 0 deslocamento angular do
quadril nos planos sagital e frontal e do tornozelo no plano sagital foram capazes
de predizer o alcance posterolateral do teste, sendo que menor flexado de quadril
e maior flexdo de joelho foram associados a maior alcance anterior no teste, e
maior flexdo e aducéo de quadril e maior dorsiflexdo de tornozelo foram
associadas a maior alcance posterolateral. Além disso, a capacidade de geracao
de torque isométrico de extensores de quadril foi capaz de predizer os alcances
posteromedial, posterolateral e o alcance composto do teste. O deslocamento
angular de quadril nos planos sagital e frontal e de joelho e tornozelo no plano

sagital explicaram de 60 a 65% do desempenho dos atletas no Star Teste



Modificado e a capacidade de geracao de torque isométrico dos extensores de
quadril explicou de 37 a 41% do desempenho no teste. Esses resultados
sugerem que a partir do desempenho de atletas no Star Teste Modificado, o
fisioterapeuta podera realizar uma avaliacao clinica adicional para identificar se
a pior performance no teste esta relacionada com alteragfes nos padrdes de
movimento dos membros inferiores, nos planos sagital e frontal, e com a forca

dos musculos extensores de quadril.

Palavras-chave: Star Teste Modificado. Cinematica. Unidade de Medida
Inercial. Torque.



ABSTRACT

The modified Star Excursion Balance Test evaluate athletes’ dynamic postural
control. It has been used in clinical settings as a screening tool to identify athletes
at increased risk of injury. The performance in this test requires movement in
multiple body joints. In addition, weakness of the trunk and lower limbs muscles
may also influence the performance during the modified Star Excursion Balance
Test. Therefore, the lower limbs and trunk angular displacement and the lower
limbs and trunk strength may influence the athlete performance during the test.
This study investigated the relationship between trunk, hip, knee and ankle
angular displacement and trunk and hip muscles strength and the performance
during the modified Star Excursion Balance Test in runners. Thirty-nine runners
participated in this study, 14 women and 25 men, mean age 41.1 + 9.6 years,
body mass 71.2 £ 12.1 kg and height 1.72 £ 0.9 meters. The participants
performed the modified Star Excursion Balance Test with the dominant limb as
the support limb. A system consisting of Inertial and Magnetic Measurements
Units was used to capture the angular displacements of trunk, hip, knee and ankle
of the support limb during the test. The software estimated angular position
values at maximal reach in each direction of the modified Star Excursion Balance
Test. A handheld dynamometer was used to measure the isometric strength of
the trunk and hip muscles: extensor and lateral flexor muscles of the trunk,
extensors, lateral rotators and hip abductors of the support limb. Two multiple
linear regressions were used to assess the association between trunk, hip, knee
and ankle angular displacement of the support limb and trunk and hip muscles
strength of the support limb and performance during the modified Star Excursion
Balance Test. The significance was set at a = 0.05. The first regression model
revealed that hip and knee angular displacement in the sagittal plane predicted
anterior reach and hip angular displacement in the sagittal and frontal planes and
ankle angular displacement in the sagittal plane predicted posterolateral reach
distance. Specifically, reduced hip flexion and greater knee flexion were
associated with greater anterior reach in the modified Star Excursion Balance
Test. In addition, greater hip flexion, adduction and greater ankle dorsiflexion

were associated with greater posterolateral reach. Muscles isometric torque



capacity predicted posteromedial reach, posterolateral reach and composite
reach distance during the test. Specifically, strength of the hip extensors was
associated with greater posteromedial reach, posterolateral reach and composite
reach. In conclusion, hip, knee and ankle kinematics in the sagittal and frontal
planes explained 60-65% of the athlete's performance in the modified Star
Excursion Balance Test and strength of the extensors hip muscles explained 37-
41% of the test performance. These results suggest that clinicians need to
perform additional assessment for hip strength and movement and knee and
ankle movement in athletes demonstrating poor performance during the modified
Star Excursion Balance Test.

Keywords: Modified Star Excursion Balance Test. Kinematics. Inertial and

Magnetic Measurements Units. Torque.
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1 INTRODUCAO

O Teste de Equilibrio por Excursdo em Estrela Modificado, popularmente
conhecido como Star Teste Modificado, é frequentemente utilizado para avaliar
o controle postural dindmico de atletas e trata-se de uma medida valida e com
confiabilidades inter e intraexaminador de boa a excelente’?3. Durante a
realizacdo do teste, o atleta é solicitado a permanecer em apoio unipodal, sobre
trés fitas métricas. A primeira na direcao anterior, separada por 135° das fitas
meétricas posicionadas nas direcdes posteromedial e posterolateral, sendo estas
duas Ultimas separadas por 90° entre si, enquanto o membro inferior
contralateral realiza o maior alcance possivel em cada uma das dire¢es®. A
literatura existente sugere que os resultados obtidos com o Star Teste Modificado
fornecem medidas objetivas de déficits do controle postural dinamico de
membros inferiores (MMII)! e é capaz de predizer a ocorréncia de lesdes dos
MMIlI em atletas, como instabilidade cronica de tornozelo e estiramento dos
musculos isquiossurais*°678° o que contribuiu para o aumento da utilizagdo
clinica do teste como ferramenta de triagem para identificar atletas em risco
aumentado de ocorréncia de leséo.

Plisky et al.* demonstraram que jogadores de basquete com uma diferenca
na distancia de alcance anterior maior que quatro centimetros entre os membros
direito e esquerdo, durante a realizagdo do Star Teste Modificado, estdo mais
propensos a ocorréncia de lesdo nos MMIl. Foi observado também que
jogadoras de basquete que tiveram uma distancia de alcance composta
(somatorio da distancia alcancada nas 3 direcbes) menor que 94% do
comprimento dos MMII, também apresentaram maior probabilidade de
ocorréncia de lesdes, sendo estas classificadas como lesdes que poderiam
resultar na restricdo ou limitagdo da participacdo em alguma atividade
programada ou do jogo. J& o estudo de Hubbard et al.®, demonstrou que as
distancias de alcance anterior e posteromedial identificaram pessoas com
instabilidade crénica de tornozelo. Por fim, Clagg et al.l® compararam a
performance no teste entre individuos que realizaram cirurgia de reconstrucao
do ligamento cruzado anterior, no momento de retorno ao esporte, e individuos
sem historico de lesdo, e demonstraram uma reducdo na distancia de alcance
anterior dos MMII no grupo que realizou a reconstrucao do ligamento cruzado

anterior. Esses achados comprovam a utilizagédo do Star Teste Modificado como
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uma ferramenta de avaliacdo da capacidade de controle postural dinamico que
pode fornecer informagdes clinicas quanto a capacidade de predicdo de lesédo
de MMII.

O desempenho no Star Teste Modificado requer movimento em multiplos
segmentos do corpo e articulagdes, como o tornozelo, joelho, quadril e tronco, a
fim de atingir o maior alcance em cada uma das dire¢des do teste. Assim, 0
padrdao de movimento de cada articulacdo pode influenciar o desempenho do
atleta no teste. Por exemplo, Kang et al.!! avaliaram a relacdo da cinematica de
tronco e de MMII com o desempenho no Star Teste Modificado, em trinta
individuos jovens néo-atletas, e demonstraram que a combinagdo da amplitude
de dorsiflexdo de tornozelo e de extenséo de tronco prediz a distancia do alcance
na direcdo anterior. Além disso, 0s autores observaram que a combinacédo da
amplitude de flexdo de quadril e flexdo ipsilateral do tronco e a combinacéo da
amplitude de flexdo de quadril e de flexdo contralateral do tronco predizem as
distancias dos alcances posteromedial e posterolateral, respectivamente. Dessa
forma, € possivel que o deslocamento angular do tronco em atletas também
influencie o controle postural em apoio unipodal, j& que o mesmo é utilizado
como estratégia de correcdo do equilibrio para manter a projecéo do centro de
massa dentro da base de suporte!?13, o que evita a perda de equilibrio causada
pelo alcance do membro em oscilagdo durante a realizacéo do teste.

Além da possivel influéncia de movimentos de tronco sobre o desempenho
no Star Teste Modificado, estudos mostraram que a reducdo da capacidade de
geracdo de torque dos musculos do quadrii comprometem o desempenho
durante a realizacdo do teste. Por exemplo, Hubbard et al.}* demonstraram que
a capacidade de geracao de torque de abdutores de quadril do membro em apoio
apresentou correlacédo positiva com a distancia de alcance posteromedial, e a
capacidade de geracao de torque dos extensores de quadril, também do membro
em apoio, apresentou correlacdo positiva com a distancia de alcance
posterolateral, em individuos ndo-atletas com instabilidade crénica de tornozelo.
Clagg et al.’® demonstraram correlacdo positiva entre a capacidade de geragéo
de torque de abdutores de quadril de atletas que realizaram reconstru¢do do
ligamento cruzado anterior e as trés distancias de alcance do Star Teste

Modificado. Assim, o desempenho durante a realizacdo do teste pode ser
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comprometido devido a reducdo da capacidade de geracdo de torque da
musculatura de quadril, que estabiliza a pelve, do membro de apoio!>16.17,

E possivel que a reducdo da capacidade de geracéo de torque de musculos
de tronco também comprometa o desempenho durante a realizacdo do teste, ja
gue o alinhamento dinamico do tronco interfere no posicionamento do centro de
massa corporal e, consequentemente, pode influenciar o controle postural
dindmico?°2!, Associado a isso, 0 tronco se movimenta em contraposicdo a
oscilagdo do membro que realiza o alcance!!, o que exige da musculatura a
habilidade de suportar o peso desse segmento durante a realizacao do teste.

O Star Teste Modificado € amplamente utilizado como teste de triagem
durante a pré-temporada de diferentes esportes, momento no qual é necessario
avaliar um grande nimero de atletas em um curto periodo de tempo?.
Geralmente, os atletas que demonstram baixo desempenho no teste sao
submetidos a avaliacdes especificas, pois provavelmente apresentam maior
risco de lesdo durante a temporada*>%’. Portanto, uma melhor compreenséo
sobre a relacdo entre os padrdes de movimento do membro inferior de suporte
e do tronco e a forga muscular do tronco e do quadril do membro de suporte com
o desempenho no Star Teste Modificado, poderia orientar 0 processo de
avaliacao apos a identificacdo de um atleta com desempenho ruim neste teste
de triagem. Além disso, ndo ha estudos na literatura que avaliaram a relacdo
entre o deslocamento angular de tronco e membros inferiores em atletas
saudaveis e a capacidade de geracdo de torque de tronco e quadril e o
desempenho no teste de atletas sem lesao.

Assim, este estudo avaliou a associacdo entre o deslocamento angular
de tronco, quadril, joelho e tornozelo do membro de suporte nos planos sagital e
frontal e da capacidade de geracdo de torque isométrico dos musculos
extensores e flexores laterais do tronco e de rotadores laterais, abdutores e
extensores do quadril do membro de suporte e 0 desempenho no Star Teste
Modificado em atletas que praticam a corrida de rua. As hipéteses do estudo
foram: (1) capacidade de geracao de torque isométrico dos musculos do tronco
e do quadril apresentaria associagdo com o desempenho no Star Teste
Modificado nas trés direcdes; e (2) para o alcance anterior, a extensao de tronco
e a flexdo de quadril e joelho e a dorsiflexdo de tornozelo apresentariam

associacdo com o desempenho no Star Teste Modificado; (3) para o alcance
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posteromedial, flexao lateral do tronco em direcdo ao membro de apoio, flexdo
de quadril e joelho e dorsiflexdo de tornozelo apresentariam associagdo com o
desempenho no Star Teste Modificado; e, finalmente, (4) para o alcance
posterolateral, flexao lateral do tronco em direcdo ao membro de oscilacao,
flexdo de quadril e joelho e dorsiflexdo de tornozelo apresentariam associagao

com o desempenho no Star Teste Modificado.
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ABSTRACT

The modified Star Excursion Balance Test evaluates athletes’ dynamic postural
control. It has been used in clinical settings as a screening tool to identify athletes
at increased risk of injury. The performance in this test requires movement in
multiple body joints. In addition, weakness of the trunk and lower limbs muscles
may also influence the performance during the modified Star Excursion Balance
Test. Therefore, the lower limbs and trunk angular displacement and the lower
limbs and trunk muscle strength may influence the athlete performance during
the test. This study investigated the relationship of trunk, hip, knee and ankle
angular displacement and trunk and hip muscles strength with the performance
during the modified Star Excursion Balance Test in runners. Thirty-nine runners
participated in this study, 14 women and 25 men, mean age 41.1 + 9.6 years,
body mass 71.2 + 12.1 kg and height 1.72 + 0.9 meters. The participants
performed the modified Star Excursion Balance Test with the dominant limb as
the support limb. A system consisting of Inertial and Magnetic Measurements
Units was used to capture the angular displacements of trunk, hip, knee and ankle
of the support limb during the test. The Smove® software estimated angular
position values at maximal reach in each direction of the modified Star Excursion
Balance Test. A handheld dynamometer was used to measure the isometric
strength of the trunk and hip muscles: extensor and lateral flexor muscles of the
trunk, extensors, lateral rotators and hip abductors of the support limb. Two
multiple linear regressions were used to assess the association of trunk, hip, knee
and ankle angular displacement of the support limb and trunk and hip muscles
strength of the support limb with performance during the modified Star Excursion
Balance Test. The significance was set at a = 0.05. The first regression model
revealed that hip and knee angular displacement in the sagittal plane predicted
anterior reach and hip angular displacement in the sagittal and frontal planes and
ankle angular displacement in the sagittal plane predicted posterolateral reach
distance. Specifically, reduced hip flexion and greater knee flexion were
associated with greater anterior reach in the modified Star Excursion Balance
Test. In addition, greater hip flexion, adduction and greater ankle dorsiflexion
were associated with greater posterolateral reach. Muscles isometric torque

capacity predicted posteromedial reach, posterolateral reach and composite
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reach distance during the test. Specifically, strength of the hip extensors was
associated with greater posteromedial reach, posterolateral reach and composite
reach. In conclusion, hip, knee and ankle kinematics in the sagittal and frontal
planes explained 60-65% of the athlete's performance in the modified Star
Excursion Balance Test and strength of the extensors hip muscles explained 37-
41% of the test performance. These results suggest that clinicians should perform
additional assessment for hip strength and movement and knee and ankle
movement in athletes demonstrating poor performance during the modified Star

Excursion Balance Test.

Keywords: Modified Star Excursion Balance Test. Kinematics. Inertial and

Magnetic Measurements Units. Torque.
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INTRODUCTION

The modified Star Excursion Balance Test (MSEBT) is a valid! and reliable?22
screening tool to evaluate athletes’ dynamic postural control®. During this test,
the athlete is required to maintain single lower limb support while the contralateral
lower limb reach as far as possible in three different directions as follows: anterior,
posteromedial and posterolateral. Performance during the mSEBT is determined
based on the farthest reach in each direction, and on a composite score resulting
from the sum of the distance reached in the three directions?. Previous studies
have demonstrated that the performance on the mSEBT predicts the occurrence
of lower limbs injuries in athletes, such as chronic ankle instability and hamstring
strain®>6.7.89 For example, basketball players with more than four centimeters of
difference between limbs in the anterior reach and with composite reach score
lower than 94% of the lower limb length were more susceptible to lower limb
injury®. These findings along with the low cost and easiness to apply the mSEBT
contributed to its increased use in clinical settings as a screening tool to identify
athletes at increased risk of injury.

The performance of the mSBET requires movement in multiple body
segments and joints (e.g. ankle, knee, hip and trunk) in order to reach maximum
distance in each direction!?. In this sense, the movement pattern of each joint and
the related muscle strength may influence the individual performance during the
test. Evidence about the influence of non-athletes trunk movements''3 and hip
muscles strength'®* on the mSEBT performance suggest that the
aforementioned argument is also valid for athletes. For example, it was observed
that hip abductors and extensors’ strength of the support limb positively correlate
with mSEBT performance in non-athletes!®4. In addition, trunk movements are
frequently used as a strategy to maintain balance during postural control tasks
such as the mSEBT?!!. Therefore, trunk muscles strength may also influence on
the performance of the mSEBT.

The mSEBT is widely used as a screening test during pre-season of different
sports, when a large number of athletes are evaluated in a short period of time.
In this context, athletes that demonstrate poor performance on the mSBET need
further evaluation, since they are probably at higher risk of injury. Therefore,
better understanding about the relationship between body joints movement and

trunk and hip muscle strength and the performance on the mSEBT of athletes
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could guide the evaluation following this screening test. This study investigated
the relationship between trunk, hip, knee and ankle kinematics and trunk and hip
muscles strength of the support limb and the performance during the mSEBT in

runners.

METHODS
Participants

Forty runners were recruited by convenience for this study. The inclusion
criteria were: (i) age between 18 and 60 years old; (ii) at least 6 months of
experience in street running and training above 30km per week; (iii) body mass
index lower than 30Kg/m?; and (iv) no history of pain, injuries or surgeries on the
lower limbs and trunk in the past six months. The exclusion criteria were (i) report
of discomfort or pain during data collection; (ii) inability to perform the procedures
of data collection; and (iii) technical problems during kinematics assessment. One
athlete was excluded due to technical problems. Therefore, 39 runners, 14
women and 25 men, participated in this study. Table 1 presents the athletes
characteristics. Each athlete signed a consent form approved by the university’s
Ethical Research Committee (number 65118017.5.0000.5149).

Insert_Table_1 near_here

Procedures

Initially, anthropometric data and time and training load were collected. Lower
limb dominance was defined based on the athlete’s answer to the following
guestion: what leg would you use to kick a ball as strong as possible? Following
this, a handheld dynamometer (microFET2; Hoggan Scientific, LLC, Salt Lake
City UT, USA) was used to measure the isometric strength of the trunk and
support hip muscles. For all of the strength tests, the athlete performed one
familiarization trial. Then, the athlete performed maximal muscle isometric
contractions for five seconds. This procedure was repeated three times, with
intervals of 30 seconds between trials. The examiner provided verbal
encouragement to promote maximal effort by the athletes.

To evaluate the isometric strength of the trunk extensors, the athlete was in

prone position, with the arms by the side and elbows extended. The
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dynamometer was positioned between the superior angles of the scapulas and
fixed by a rigid strap. In addition, the pelvis of the athlete was fixed to the
treatment table by another rigid strap?! (Figure 1A).

To evaluate the isometric strength of the trunk lateral flexors, the athlete was
positioned in sideling, with the arms crossed on the chest. The dynamometer was
positioned below the axillary fossa and fixed by a rigid strap. The pelvis of the
athlete was also fixed to the table by a rigid strap (Figure 1B).

To evaluate hip abductors strength of the dominant lower limb, the athlete was
positioned in sideling, arms in front of the body, pelvis stabilized by a rigid strap
and hip positioned in neutral abduction and extension. The dynamometer was
positioned five centimeters above the knee joint® (Figure 1C).

To evaluate the isometric strength of the hip lateral rotators of the dominant
lower limb, the athlete was in prone position with the knee of the dominant
member flexed by 90° and the contralateral knee extended. A rigid strap was
used to stabilize the pelvis of the athlete on the treatment table during the test.
The dynamometer was positioned on the medial aspect of the shank, five
centimeters proximal to the medial malleolus??. If the examiner noticed any
compensatory movements (i.e., hip adduction or trunk and pelvis rotation), the
test was repeated (Figure 1D).

To evaluate the hip extensors strength of the dominant lower limb, the athlete
was in prone position with the knee of the dominant side flexed by 90° and the
contralateral knee extended. The dynamometer was positioned on the distal
region of the femur and fixed by strap. In addition, a rigid strap fixed the pelvis of

the athlete on the treatment table?3 (Figure 1E).

Insert_Figure_1 near_here

In a pilot study with 10 participants, the examiner demonstrated intra-rater
reliability as follows: trunk extensors (ICC = 0.81; CI95%: 0.24-0.95; Standard
Error Measurement - SEM: 0.37Nm/Kg); trunk lateral flexors (ICC = 0.61; CI95%:
-0.54-0.90; SEM: 0.46 Nm/Kg); hip lateral rotators (ICC = 0.64; CI95%: -0.42-
0.91; SEM: 0.6 Nm/Kg); hip abductors (ICC = 0.66; CI95%: -0.33-0.91; SEM:
0.45 Nm/Kg); hip extensors (ICC = 0.75; CI95%: 0.00-0.93; SEM: 0.57 Nm/Kg).

The lower limbs length was collected with athlete in supine position. First, the
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athlete lifted the hips off and then back to the table. Then, the examiner passively
straightened the legs to equalize the pelvis. The athlete’s limb length was
measured from the anterior superior iliac spine to the most distal portion of the
ipsilateral medial malleolus with tape measure?3.

The joints angular displacement during mSEBT performance was evaluated
by a system consisting of Inertial and Magnetic Measurements Units (IMMU),
including four sensors that transmitted data via Wi-Fi to smartphone app. The
IMMU is a micro-electronic device constituted by four sensors composed of
accelerometers (16g), gyroscopes (2000°/second) and triaxial magnetometers
(16 bits)?*25 with a frequency of 100Hz. The sensors data were transmitted via
Wi-Fi to the smartphone software Smove®, where ankle, knee, hip and trunk
angular displacements during the mSEBT were computed.

The athletes performed the mSEBT in single limb support, with hands on
waist, on three metric tapes oriented in three different directions. The first tape
was oriented in the anterior direction and was separated by 135° from the other
two metric tapes, which was oriented on the posteromedial and posterolateral
directions with 90° separating each other. Before starting data collection, the
athletes performed six trials of familiarization in each direction with the dominant
lower limb as the support limb3. Then, after five minutes of rest, a previously
trained examiner positioned the IMMU on the following locations: interscapular,
sacrum, distal portion of the thigh and leg of the dominant lower limb. Then, with
the athlete in orthostatic position, the offsets of the IMMU sensors orientation
were collected. Following this, the athlete stood barefoot on the dominant lower
limb, hereafter referred to as support limb, with the distal aspect of the foot at the
intersection point of the metric tapes. While maintaining the support limb, the
athlete was asked to reach three times with the swing limb in the anterior
direction, followed by three trials in posteromedial direction and finally three trials
in posterolateral direction. The athlete was not allowed to remove the heel of the
support limb from the floor or lost balance!. This test presented excellent intra-
rater reliability, ICC varying from 0.95 to 0.98; CI95%: 0.81-0.99; SEM varying
from 6.58 to 10.37cm. Finally, the athletes performance during the mSEBT was
also recorded with two video cameras (Sony HDR CX405®), positioned anteriorly
and laterally to the athlete. The Smove® software synchronized the two-
dimensional (2D) video data with the IMMU data.
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Insert_Figure_2_near_here

Data Reduction

The mean of the distance reach by the hallux of the swing limb during three
trials in each direction was calculated® and these values normalized by the length
of the lower limb of each athlete - distance divided by limb length and multiplied
by 100%. The composite reach distance was calculated by summing the three
reach directions divided by three times the length of the lower limb, and then
multiplied by 1003

The fusion filter, proposed by Madgwick, Harrison and Vaidyanathan??, was
used to acquire the angular displacement data from the raw data of the IMMU
sensors orientation. The Smove® software provided the IMMU sensors
orientation data in form of quaternions converted in Euler angles or rotational
matrices. We used the Euler sequence ZXY, where “Z” represents the transverse
plane, “X” represents the frontal plane and “Y” represents the sagittal plane.
Then, the angular variables were obtained by deducting the values of two
subsequent sensors: trunk lateral and anterior flexion and extension were
obtained from the subtraction of the values of the sensor positioned on the
interscapular region by the values obtained from the sensor positioned on the
sacrum; hip flexion/extension and adduction/abduction were obtained from the
subtraction of the values of the sensor positioned on the sacrum from the values
obtained from the sensor positioned on the thigh; knee flexion/extension was
obtained from the subtraction of the values of the sensor positioned on the thigh
from the sensor on the leg; and ankle dorsiflexion/plantarflexion was obtained
from the subtraction of the values of the sensor positioned on the leg from the
values of the floor orientation. The angular position values of these variables at
maximal reach in each direction of the mSEBT were extracted. The examiner
visually determined the moment of maximum reach in each direction of the
MSEBT in the angular displacement data based on the 2D video data. The validity
and reliability of the IMMU to assess lower limb and trunk angular displacement
is currently under test.

To estimate the muscles’ isometric torque capacity, the mean force value, in

Newtons, was multiplied by the distance, in meters, from the dynamometer
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position to the joint axis of each test and then normalized by the athlete body

mass (Nm/kg)?’.

Statistical analysis

Descriptive statistics were performed for all of the variables. Two multiple
linear regressions were performed as follows: one to assess the association of
trunk, hip, knee and ankle angular displacement with the performance during the
MSEBT and the other to evaluate the association between trunk and hip muscles
strength and mSEBT performance. The significance was set at a = 0.05. SPSS
14.0 software (SPSS Inc., Chicago, IL) was used for all analyses.

RESULTS

The mean and standard deviation of the normalized reach distances were
64.39 + 5.07 % in the anterior direction, 99.01 + 6.79 % in the posteromedial
direction, 97.93 + 8.56 % in the posterolateral direction and 87.11 + 5.40% in the
composite reach.

Table 2 presents the angular displacement of trunk and dominant lower limb
during the mSEBT and table 3 presents the isometric torque of the trunk and hip

muscles.

Insert_Table 2 and _Table 3 near_here

The regression model revealed that hip and knee kinematics predicted
anterior reach (F =9.88; r=0.80; r> = 0.65; p < 0.01) and hip and ankle kinematics
predicted posterolateral reach (F =8.07;r=0.77; r>=0.60; p < 0.01). Specifically,
lower hip flexion and greater knee flexion were associated with greater anterior
reach in the mSEBT. In addition, greater hip flexion, adduction and greater
dorsiflexion were associated with greater posterolateral reach. Lower limbs and
trunk angular displacement also predicted the reach distance in the
posteromedial direction (F = 5.39; r = 0.70; r2 = 0.50; p < 0.01) (Table 4).

Muscle strength predicted posteromedial reach (F = 4.09; r = 0.61; r? = 0.37;
p < 0.01), posterolateral reach (F = 4.34; r = 0.62; r> = 0.39; p < 0.01) and
composite reach (F = 4.88; r = 0.64; r>= 0.41; p < 0.01). Specifically, strength of

the hip extensors was associated with greater posteromedial reach,
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posterolateral reach and composite reach. Moreover, muscle strength did not
predict anterior reach distance (F = 1.32; r = 0.40; r° = 0.16; p = 0.27). Tables 4

and 5 present linear regressions results.

Insert_ Table 4 and_Table 5 near_here

DISCUSSION

This study investigated the relationship between trunk and support limb
kinematics and trunk and support hip muscles strength with the performance
during the mSEBT. The results demonstrated that lower hip flexion and greater
knee flexion of the support limb were associated with greater anterior reach in
the mSEBT. In addition, greater hip flexion, adduction and greater ankle
dorsiflexion of the support limb were associated with greater posterolateral reach
in the mSEBT. Furthermore, hip extensors strength of the support limb was
associated with greater posteromedial reach, posterolateral reach and composite
reach, which was in accordance with our hypotheses. Finally, trunk and support
limb angular displacement did not predict posteromedial reach and trunk and hip
muscle strength did not predict anterior reach in the mSEBT.

Lower hip flexion and greater knee flexion of the support limb explained 65%
of the anterior reach variance in the mSEBT. The swing limb movement during
the performance in the anterior reach displaces the body center of mass
anteriorly. Therefore, the athlete may increase knee flexion?®2% and reduce hip
flexion?® of the support limb to posteriorly displace the body center of mass and
consequently maintain balance in single limb support. This may help explain the
association of increased knee flexion and reduced hip flexion with the
performance in the anterior reach. Moreover, eccentric activity of the large knee
and hip muscles play an important role in maintaining stability during single limb
activities such as the mSEBT, which also help to explain these findings?!. In
clinical settings, these results suggest that poor performance in the anterior reach
requires further evaluation and intervention on factors that may limit knee flexion
(e.g. quadriceps weakness'®) and control of hip flexion (e.g. hip extensors
weakness'4) in closed kinetic chain, which may help to improve the athlete’s

performance in the mSEBT.
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Hip flexion and adduction and ankle dorsiflexion of the support limb explained
60% of the posterolateral reach variance. This reach direction requires movement
in the frontal and transverse planes!!, which may explain the relationship
between hip adduction and the athlete's performance. Furthermore, to reach in
the posterolateral direction, the swing hip extends, which posteriorly displaces
the body center of mass. Therefore, in order to maintain the body center of mass
within the base of support, the athlete must flex the hip3° and dorsiflex the ankle
of the support limb. The association between hip flexion and adduction and ankle
dorsiflexion and the performance in the posterolateral direction suggest that
factors that limit these movements should be further evaluated in athletes
demonstrating poor performance in this reach direction. For example, hip
extensors weakness and reduced ankle dorsiflexion range of motion may limit hip
flexion and ankle dorsiflexion, respectively. In fact, previous studies have
demonstrated the relationship between ankle dorsiflexion range of
motion>11:31.32.33 and hip extensors strength!* and the performance in the mSBET,
which is also in accordance with the association between hip extensors strength
and the posterolateral reach distance in the present study.

Hip extensors strength explained 37% of the posteromedial reach, 39% of the
postrerolateral reach and 41% of the composite reach variance of the mSBET.
These results may be explained by the fact that during the posteromedial and
posterolateral reach, the trunk and pelvis are anteriorly positioned to the hip joint
axis. Therefore, hip extensors are recruited to resist the external hip flexor
moment resulting from the force of gravity acting on the trunk and pelvis!’. These
results are in accordance with Hubbard et al..'¥, who demonstrated positive
moderate correlations between hip extensors strength and the performance of
the posteromedial and posterolateral directions of the mSBET.

The trunk movement did not predict the performance in the mSEBT of our
athletes sample. Contrary to these results, Kang et al..}' demonstrated that the
trunk frontal plane movement predicts the performance of non-athletes in the
posterolateral and posteromedial directions. However, they did not find the
association between hip adduction and the posterolateral reach distance
demonstrated by the present study. Therefore, it is possible that, in the present
study, athletes rely more on a hip strategy than on a trunk strategy to perform the

MSEBT. Alternatively, the use of an inertial system instead of an optoelectronic
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system to capture trunk movement may explain the contradictory findings. More
specifically, the central position of the trunk sensor (i.e. interscapular region) in
this study might have compromised the tracking of the entire range of trunk
movement in the frontal plane.

Most of the results of this study are in accordance with previous studies with
non-athletes. For example, Robinson and Gribble*® found that hip and knee
flexion explained 78.1% of the anterior reach and hip flexion explained 88.6% of
the posterolateral reach in non-athletes. Kang et al..!' demonstrated that hip
flexion is the single best kinematic predictor of the posterolateral reach distance,
explaining 71% of the performance in this direction in physically active non-
athletes. Regarding hip strength, Wilson et al..>* showed that hip extensors
strength of non-athletes was positively correlated with the performance in the Y-
Balance Test, which is similar to the mSEBT. Therefore, it is likely that similar
strength and movement factors influence athletes and non-athletes performance
during the mSEBT. Future studies should investigate if these relationships are
influenced by sports modality or level of practice, since we only had non-
professional runners.

This study had some limitations. First, we evaluated the trunk and lower limbs
kinematics only in the sagittal and frontal planes. Future studies should
investigate the transverse plane, as it is likely that rotational movements also
contribute to mSEBT performance. Second, maximal isometric muscle strength
might not be the best variable to improve understanding about the relationship
between trunk and hip muscles’ function and performance in this test. Future
studies should investigate the relationship between this test performance and
different muscle functions, such as concentric and eccentric strength and
endurance. Finally, we are still testing the validity and reliability of the instrument
used to evaluate joints angular displacement.

CONCLUSION

Lower hip flexion and greater knee flexion were associated with the anterior
reach distance, and hip adduction and flexion and ankle dorsiflexion were
associated with the posterolateral reach distance of athletes in the mSEBT. In

addition, hip extensors strength was associated with the posteromedial and
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posterolateral reach distances and with the composite reach of the mSEBT.
These results suggest that, in clinical settings, hip strength and movement and
knee and ankle movement and the associated factors, such as quadriceps
strength and ankle range of motion, should be evaluated in athletes

demonstrating poor performance during the mSEBT.



TABLE 1. Athletes characteristics*

Athletes
Age (years) 41.10 £ 9.96
Weight 71.24+12.12
(Kilograms)
Height (meters) 1.72£0.97

Body mass index 23.93+2.42

Time of Training 7.69 %+ 7.05
(years)
Dosage 43.27 £13.20
(Km/week)

*Values are mean = Standard Deviation
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TABLE 2. Trunk and support limb hip, knee and ankle angular displacement

data during the mSEBT*

Variable
Anterior Posteromedial Posterolateral
Reach Reach Reach

Trunk Lateral Flexion 6.91+9.11 11.55 +37.70 15.76 + 37.84
Trunk Anterior Flexion 12.73 +9.92 551+7.24 7.36 + 9.68
Hip Abduction® -11.53 +5.57 0.85 +10.93 -32.03 +14.30
Hip Flexion 20.84 +13.86 69.21 +18.53 63.24 + 16.33
Knee Flexion 50.91+1450 58.41+13.85 50.47 + 14.14
Ankle Dorsiflexion 30.57 +7.92 24 .52 + 6.26 23.76 + 6.33

* Values are mean + Standard Deviation, (°)
T Negative values indicate movement patterns in the opposite direction, in this

case, the adduction.



TABLE 3. Results of muscle isometric torque*

Variables
Trunk Extensors 1.13+0.81

Trunk Lateral Flexors 1.03+£042

Hip Extensors 1.15+0.44
Hip Abductors 1.77 £0.76
Hip Lateral Rotators 0.78 £0.32

*Values are mean + Standard Deviation, (Nm/KQ)
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TABLE 4. Linear regression results for joint kinematics predicting performance
on the mSEBT

Reach Predictors Standardized 95%ClI P

Direction B Value
Anterior Trunk Lateral Flexion 0.15 -0.03t0 0.20 1.16
Trunk Flexion/Extension 0.14 -0.22 to 0.07 0.32

Hip Adduction/Abduction -0.11 -0.33t0 0.11 0,34

Hip Flexion/Extension -0.89 -0.47 t0 -0.20  0.00*

Knee Flexion 1.22 0.33t0 0.70 0.00*

Dorsiflexion -0.02 -0.26t0 0.21 0.84

Posteromedial  Trunk Lateral Flexion 0.11 -0.02 to 0.07 0.30
Trunk Flexion/Extension 0.13 -0.14 t0 0.15 0.34

Hip Adduction/Abduction -0.02 -0.19t0 0.39  0.83

Hip Flexion/Extension 0.35 -0.01t00.34 0.06

Knee Flexion 0.36 -0.56 to 0.54 0.10

Dorsiflexion 0.12 -0.31t0 0.66 0.46

Posterolateral  Trunk Lateral Flexion 0.21 -0.01t0 0.10 0.10
Trunk Flexion/Extension 0.07 -0.22t0-0.06 0.95

Hip Adduction/Abduction -0.35 -0.38t0 0.23  0.00*

Hip Flexion/Extension 0.47 0.06t0 0.57  0.01*

Knee Flexion -0.44 0.38t0 0,31 0.85

Dorsiflexion 0.42 0.15t0 1,31 0.01*

*n<0.05.



TABLE 5. Linear regression results for muscle strength predicting performance

on the mSEBT
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Reach Predictors Standardized 95%CI P

Direction B Value
Anterior Hip Lateral Rotators -0.09 -17.521t010.52 0.61
Hip Extensors 0.49 2.42 10 22.64 0.01

Hip Abductors -0.16 -8.00 to 3.56 0.44

Trunk Lateral Flexors -0.00 -6.21 to 6.00 0.97

Trunk Entensors -0.12 -7.23 10 3.89 0.54

Posteromedial Hip Lateral Rotators 0.31 -0.76 to 31.69 0.06
Hip Extensors 0.43 3.30 to 26.68 0.01*

Hip Abductors 0.05 -5.74t0 7.64 0.77

Trunk Lateral Flexors 0.17 -3.03 to 11.09 0.25

Trunk Extensors -0,29 -11.6910 1.18 0.10

Posterolateral  Hip Lateral Rotators 0.15 -10.971t029.48 0.35
Hip Extensors 0.43 4.26 to 33.41 0.01*

Hip Abductors -0.05 -9.56t0 7.11 0.76

Trunk Lateral Flexors 0.18 -3.46 to 14.15 0.22

Trunk Extensors 0.13 -4.96 t0 11.10 0.44

Composite Hip Lateral Rotators 0.18 -5.37t0 19.51 0.25
Reach H?p Extensors 0.56 6.48 to 24.42 0.01*
Hip Abductors -0.05 -5.96 t0 4.30 0.74

Trunk Lateral Flexors 0.16 -2.32t08.51 0.25

Trunk Extensors -0.08 -6.22 t0 3.66 0.60

*p<0.05.
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FIGURE 1. Assessment of isometric strength of the trunk extensors (A),
trunk lateral flexors (B), hip abductors (C), hip lateral rotators (D) and hip

extensors (E).
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FIGURE 2. Performance of the modified Star Excursion Balance Test on the
dominant limb as the support limb. For the test each athlete performs maximal

reaches with the swing limb in the anterior (A), posteromedial (B) and

posterolateral (C) directions.
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3 CONSIDERACOES FINAIS

O desenvolvimento desse estudo acrescenta informagdes relevantes ao
corpo de conhecimento sobre (1) associacdo entre a cinematica dos membros
inferiores e o desempenho de atletas no Star Teste Modificado e (2) associacdo
entre a forgca dos musculos extensores de quadril e 0 desempenho dos atletas
nesse teste. Especificamente, os movimentos de flexdo de quadril e joelho se
mostraram preditores do alcance anterior, enquanto os movimentos de flexdo e
aducdo do quadril associado a dorsiflexdo de tornozelo foram preditores do
alcance posterolateral. Além disso, a for¢ca dos musculos extensores do quadril
foi preditora dos alcances posteromedial, posterolateral e do alcance composto.
Esses resultados sugerem que, em ambientes clinicos, se faz necessario
avaliacOes adicionais em atletas que demonstrem pior desempenho na
realizacdo do Star Teste Modificado. Tais avaliacbes devem contemplar ndo
somente os parametros da movimentacdo dos membros inferiores e forca dos
extensores do quadril, mas também a avaliacdo dos fatores associados que
poderiam limitar essa movimentacao, tais como forca de quadriceps e amplitude
de movimento de tornozelo, contemplando assim uma ampla abordagem dos
fatores associados ao risco de lesdo de atletas. Dessa forma, os resultados
desse estudo ampliam o entendimento dos fatores que permeiam as relacées
entre um teste que avalia a capacidade de predicdo de lesdo dos membros
inferiores e funcbes do corpo, especificamente o deslocamento angular de
quadril, joelho e tornozelo, e a capacidade de geracao de torque isométrico dos

extensores do quadril.
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APENDICE A

Termo de Consentimento Livre e Esclarecido

O(A) Sr.(a) estd sendo convidado(a) a participar, como voluntario(a), da
pesquisa ASSOCIACAO ENTRE A CINEMATICA E O TORQUE DOS
MUSCULOS DO TRONCO E DO QUADRIL E O DESEMPENHO DE
CORREDORES NO STAR TESTE MODIFICADO sob a responsabilidade do
Prof. Dr. Renan Alves Resende do Departamento de Fisioterapia da
Universidade Federal de Minas Gerais (UFMG).

OBJETIVO

O objetivo dessa pesquisa € avaliar a influéncia da movimentacéao e da forca dos
musculos do tronco e do quadril no desempenho durante a realizacdo de um
teste realizado para avaliar o controle postural dinamico, chamado Star Teste
Modificado.

PROCEDIMENTOS DO ESTUDO

A avaliacdo dos movimentos e da forca da musculatura do tronco e do quadril
ser& realizada em um Unico momento no Laboratoério de Performance Humana
da UFMG com duracdo média de 1 hora e 30 minutos. Para a avaliacdo dos
movimentos do tronco e do quadril serdo utilizados sensores de movimento
posicionados na parte posterior das suas costas, na coxa e na perna e duas
cameras de video para filmar enquanto o(a) Sr.(a) realiza o Star Teste
Modificado. O teste consiste em alcancar, a maior distancia possivel com o apoio
no membro inferior dominante, sobre trés fitas métricas: uma na direcéo anterior,
e duas na direcdo posterior.

Posteriormente, serdo realizados testes de forca com o uso de um aparelho
especifico para esta medi¢do, chamado dinamdmetro manual. O(A) Sr.(a) sera
orientado(a) a realizar os testes descritos abaixo:

Teste de for¢ca dos musculos do tronco

- Extensores de tronco: deitado de barriga pra baixo, com os bragos ao longo do
corpo com as palmas das méaos voltadas para cima, sera solicitado(a) a fazer
forca para tras, estendendo o tronco.

- Flexores laterais de tronco: deitado de lado com os bracgos cruzados a frente
do corpo sera solicitado(a) a realizar for¢a para o lado, fazendo a flexéo lateral

do tronco, bilateralmente.

Rubrica do pesquisador:

Rubrica do pesquisado:
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Teste de forca dos musculos do quadril

- Rotadores Laterais do Quadril: deitado(a) de barriga pra baixo sobre uma maca,
com o joelho do membro inferior a ser testado em 90° de flex&o, sera solicitado(a)
a fazer forca no sentido do pé pra fora da maca.

- Abdutores de Quadril: deitado(a) de lado, com um travesseiro entre as pernas,
ser& solicitado(a) a realizar forca para abrir a perna.

- Extensores de Quadril: deitado(a) de barriga pra baixo com 90° de flexdo do
joelho do membro inferior a ser testado, podendo segurar na maca com 0s
membros superiores para estabilizar o tronco, sera instruido(a) a “empurrar e
mover o pé em dire¢cao ao teto”.

Por fim, sera realizada a medida do comprimento dos seus membros inferiores
por meio de fita métrica com o(a) Sr.(a) deitado(a) em uma maca de barriga pra
cima.

RISCOS E DESCONFORTOS

O presente estudo apresenta riscos como dor muscular e fadiga, que serdo
minimizados com um periodo de descanso entre a realizacdo das medidas. Nao
serdo utilizados materiais perfuro-cortantes, como seringas e agulhas.
BENEFICIOS

Os resultados da avaliacdo poderdo ser disponibilizados para vocé e/ou seu
treinador, 0 que podera ajuda-lo na prevencdo de lesdes e/ou melhora do
desempenho. Esperamos também que este estudo traga informacdes
importantes sobre a relacdo entre a movimentacdo e a forca dos muasculos do
tronco e do quadril no controle postural dinAmico, de forma que se amplie o
conhecimento na area de prevencao de lesdes esportivas.

CUSTO/REEMBOLSO
Ndo havera nenhum gasto pela sua participacdo nessa pesquisa, bem como,

nenhum pagamento. A coleta dos dados sera realizada no Laboratorio de
Performance Humana da UFMG.

CONFIDENCIALIDADE DA PESQUISA
O(A) Sr.(a) sera identificado(a) por um numero e portanto, os dados serdo

apenas mencionados por essa numeracdo. O pesquisador responsavel pelo
estudo garante total sigilo e privacidade dos dados confidenciais envolvidos na
pesquisa. Rubrica do pesquisador:

Rubrica do pesquisado:
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NATUREZA VOLUNTARIA DO ESTUDO/LIBERDADE PARA SE RETIRAR

A sua participacdo ndo € obrigatéria e o(a) Sr.(a) poderé desistir a qualquer
momento de participar e de retirar o consentimento. A recusa em participar dessa
pesquisa nao trard nenhum prejuizo na sua relagdo com o pesquisador ou com
a instituicao.

USO DOS RESULTADOS DA PESQUISA
Os dados obtidos no estudo seréo utilizados para fins de pesquisa, podendo ser

apresentados em congressos e seminarios e publicados em artigos cientificos,
porém a sua identidade sera mantida em sigilo absoluto.

ARMAZENAMENTO DOS RESULTADOS
Apés a finalizagcdo do estudo os dados coletados, incluindo as filmagens

realizadas, e o termo de consentimento livre e esclarecido assinados seréo
armazenados na sala do pesquisador Prof. Dr. Renan Alves Resende, no
Departamento de Fisioterapia da UFMG, pelo periodo de cinco anos, sendo o
mesmo responsavel por sua guarda.

DECLARAQAO E ASSINATURA
Eu,

li e entendi toda a informacdo repassada sobre o estudo, sendo os
objetivos e procedimentos satisfatoriamente explicados. Tive tempo suficiente
para considerar a informacdo acima e tive a oportunidade de tirar todas as
minhas ddvidas. Estou assinando este termo em duas vias, voluntariamente,
sendo uma a mim disponibilizada e tenho direito, de agora ou mais tarde, discutir
qualquer davida que eu venha a ter com relacdo a pesquisa com o Prof. Dr.
Renan Alves, (0XX31) 3409 7412 email: renan.aresende@gmail.com ou com
Larissa Santos Pinto Pinheiro no email: lari_pinheiro@hotmail.com.

Assinatura do Participante
Data

Assinatura do Pesquisador Responsavel Data
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TERMO DE AUTORIZA(;AO DE USO DE IMAGEM
Eu

depois de conhecer e entender os objetivos, procedimentos, riscos e beneficios

da pesquisa, bem como de estar ciente da necessidade do uso de minha
imagem, especificado no Termo de Assentimento Livre e Esclarecido (TCLE),
AUTORIZO, através do presente termo, os pesquisadores Renan Alves Resende
e Larissa Santos Pinto Pinheiro do projeto de pesquisa intitulado “Associacéo
entre a cinemética e o torque dos musculos do tronco e do quadril e o
desempenho de corredores no Star Teste Modificado” a realizar os videos que
se facam necessarios sem qualquer despesa financeira. Ao mesmo tempo, libero
a utilizacao destes videos para fins cientificos e de estudos (livros, artigos, slides
e transparéncias) obedecendo ao que esta previsto nas Leis que resguardam os
direitos das criancas e adolescentes (Estatuto da Crianca e do Adolescente —
ECA, Lei N.° 8.069/ 1990), dos idosos (Estatuto do Idoso, Lei N.° 10.741/2003)
e das pessoas com deficiéncia (Decreto N° 3.298/1999, alterado pelo Decreto N°
5.296/2004).

Assinatura do Participante
Data

Assinatura do Pesquisador Responsavel Data

Em caso de duvidas sobre o carater ético da pesquisa, o(a) Sr.(a) podera
consultar:

COEP-UFMG - Comité de Etica em Pesquisa da UFMG

Av. presidente Antonio Carlos, 6627. Unidade Administrativa Il — 2° andar — Sala
2005. Campus Pampulha. Belo Horizonte, MG — Brasil. CEP: 31270-901.
E-mail: coep@prpg.ufmg.br. Tel: 34094592.
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APENDICE B
Ficha de avaliagéo

Projeto de Pesquisa: ASSOCIACAO ENTRE A CINEMATICA E O TORQUE
DOS MUSCULOS DO TRONCO E DO QUADRIL E O DESEMPENHO DE
CORREDORES NO STAR TESTE MODIFICADO
Pesquisadora Responsavel: Larissa Santos Pinto Pinheiro

Prof. Dr. Renan Alves Resende

Participante #.: Data coleta: / / Hora:
Responsavel pela coleta:

1- Dados Pessoais:

Nome:

Data Nascimento: / / Idade: Sexo: ()F ()M
Responsavel: Parentesco:

Telefone: ( )

Endereco: Bairro:
Tempo de pratica da corrida: Km/semana:

Membro dominante ( ) Direito ( ) Esquerdo
Historico de dor/lesdo em tronco ou nos MMII hd mais de 6 meses?

Peso: Altura: IMC:
Comprimento do membro inferior D: E:

Star Teste Modificado

12 Tentativa 22 Tentativa 32 Tentativa
D E D E D E

Alcance Anterior

Alcance Posteromedial

Alcance Posterolateral

Capacidade de Geracao de Torque

acdo do segmento D E D E D

Musculos Comprimento de 12 Tentativa 22 Tentativa | 32 Tentativa

E

Extensores de
Tronco

Flexores
Laterais de
Tronco

Rotadores
Laterais de
Quadril

Abdutores de
Quadril

Extensores de
Quadril




