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RESUMO 

 

Considerando a participação do tronco no chute do futebol, uma órtese elástica, conectando o 
tronco aos membros inferiores, pode melhorar o desempenho nessa tarefa. Essa órtese pode 
ter efeitos imediatos na mecânica do chute, porém, há maior potencial de efeitos após um 
período de aprendizado, em médio e longo prazos. Antes da realização de estudos 
longitudinais, é necessário que seja testada a viabilidade de se investigar os efeitos da órtese 
na biomecânica e no desempenho do chute. Para isso, esse estudo investigou se o uso 
imediato de uma órtese elástica: permitiria coletar a cinemática de tronco e pelve; geraria 
mudanças biomecânicas no tronco de acordo com o mecanismo de ação proposto; restringiria 
amplitudes de movimento do tronco; e prejudicaria a biomecânica do membro inferior e o 
desempenho do chute. A órtese utilizada constitui-se de quatro faixas elásticas cruzadas no 
tronco e quadril e fixadas por ancoragens inelásticas. Participaram do estudo 26 homens 
(24±13 anos; tempo de experiência 13±6 anos) e foram coletados sete chutes com força 
máxima e dorso do pé, em quatro condições: controle, tensão confortável, “ótima” e alta 
tensão do elástico. Ângulos e momentos das articulações tóraco-lombar, lombo-pélvica, e do 
membro inferior de chute, foram medidas no plano sagital. As mesmas variáveis foram 
calculadas para as duas articulações do tronco no plano transverso. Amplitudes de movimento 
articular do tronco e membro inferior de chute e a velocidade de partida da bola foram 
computadas. Análises de variância (ANOVAs) de medidas repetidas e testes-t pareados, do 
método de Mapeamento Estatístico Paramétrico, foram utilizados para comparação de séries 
temporais. ANOVAs de medidas repetidas foram usadas para comparar as amplitudes dos 
movimentos articulares. As comparações foram entre as condições experimentais e a condição 
controle. O nível de significância foi estabelecido a 0,05. A coleta de dados cinemáticos dos 
segmentos do tronco e pelve foi viável com o uso da órtese. A condição de alta tensão 
aumentou significativamente o ângulo de extensão da articulação tóraco-lombar (p=0,027). 
Nas condições de tensões “ótima” e alta, a órtese aumentou a rotação da articulação tóraco-
lombar para o lado do membro de apoio (p<0,01) e aumentou o torque rotador de tronco para 
o mesmo lado (p=0,045). Para os demais ângulos, amplitudes e momentos articulares, e 
velocidade da bola, não houve efeito significativo. Conclui-se que o uso imediato da órtese 
elástica no tronco (a) não inviabilizou a coleta de dados laboratoriais, (b) produziu efeitos 
coerentes com o mecanismo de ação proposto, apesar de terem ocorrido apenas para a 
articulação tóraco-lombar (e não para a lombo-pélvica), (c) não restringiu as amplitudes de 
movimento articular, e (d) não levou a mudanças inesperadas ou indesejadas na biomecânica 
do membro de chute e no desempenho do chute. Assim, pode-se considerar que o estudo dos 
efeitos da órtese elástica é viável e que os efeitos a médio e longo prazos, após período de 
aprendizado, devem ser investigados. 
 
Palavras-chave: Biomecânica. Chute de futebol. Cinemática do tronco. Cinética do tronco. 
Órtese. Faixa elástica. 
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ABSTRACT 

 

Considering the trunk’s participation in football kicking biomechanics, an elastic orthosis for 
the trunk, developed for kicking, can improve this task's performance. This intervention can 
have immediate effects; however, there is a greater potential for the effects to emerge after the 
learning period, in the mid and long-terms. Before conducting longitudinal studies, it is 
necessary to test the feasibility of investigating an orthosis’s effects on the biomechanics and 
kicking performance. This study investigated whether the use of elastic orthosis: allows 
collecting the kinematics of the trunk and pelvis; generates biomechanical changes in the 
trunk according to the proposed mechanism of action; restricts the range of motion of the 
trunk; impairs the biomechanics of the lower limb and the performance of the kick. The 
orthosis consisted of four elastic bands crossing the trunk and hips, and fixed by inelastic 
anchors. Twenty-six men participated in the study (24 ± 13 years; experience time 13 ± 6 
years) and performed seven instep kicks with maximum strength in four conditions: control, 
“comfortable tension”, “optimal tension”, and “high elastic tension”. Angles and moments of 
the thoracolumbar, lumbopelvic, and kicking limb joints were measured in the sagittal plane. 
The same variables were calculated for the upper and lower trunk in the transverse plane. 
Amplitudes of joint movement of the trunk and kicking limb, and the ball velocity were 
computed. Repeated measures analysis of variance (ANOVAs) and paired t-tests, using the 
Parametric Statistical Mapping method, were used to compare time series. Repeated measures 
ANOVAs were used to compare the range of motion. Comparisons were made between 
experimental conditions and the control condition, and the level of significance was 0.05. The 
kinematic data collection of the trunk and pelvis segments was feasible using the orthosis. The 
condition of high tension significantly increased the extension angle of the thoracolumbar 
joint (p = 0.027). At optimal and high tension conditions, the orthosis increased the rotation of 
the thoracolumbar joint to the side of the supporting limb (p <0.01) and increased the rotator 
torque of the trunk to the same side (p = 0.045). There was no significant effect on the other 
angles, amplitudes and articular moments, and ball velocity. It is concluded that the use of the 
trunk elastic orthosis (a) did not make the collection of laboratory data unfeasible, (b) 
produced effects consistent with the proposed mechanism of action, despite having occurred 
only for the thoracolumbar joint (and not for lumbopelvic), (c) did not restrict the joints’ 
ranges of motion, and (d) did not lead to unexpected or unwanted changes in the 
biomechanics of the kicking limb and kick performance. Thus, it can be considered that the 
study of the effects of elastic orthosis is feasible and that the mid- and long-term effects, after 
the learning period, should be investigated. 
 

Keywords: Biomechanics. Football kick. Trunk kinematic. Trunk kinetic. Orthosis. Elastic 

band. 
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PREFÁCIO 

 

Esta dissertação foi elaborada de acordo com as regras do formato opcional do Programa de 

Pós-Graduação em Ciências da Reabilitação da Universidade Federal de Minas Gerais. A 

primeira parte é composta de uma introdução, em que é realizada uma revisão bibliográfica, 

problematização do tema, justificativa e é apresentado o objetivo deste estudo. A segunda 

parte consiste no artigo desenvolvido. O artigo foi elaborado de acordo com as regras da 

Journal of Sports Sciences (ISSN: 0264-0414 - Print; 1466-447X - Online). Por fim, são 

apresentadas as considerações finais, referências bibliográficas, anexos e o mini currículo. 
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1 INTRODUÇÃO  

 

 Durante o chute do futebol, o membro inferior transfere energia cinética para a bola, 

por meio do contato entre o pé em movimento e a bola. Para que o membro inferior se 

movimente em direção à bola, torques são produzidos nas articulações para gerar e transferir 

energia mecânica entre os segmentos do membro inferior e a bola 1. O conhecimento desses 

torques possibilita compreender as estratégias mecânicas para a realização do chute. Além 

disso, os torques articulares e as cargas mecânicas impostas sobre os tecidos do membro 

inferior,  associadas ao grande número de repetições e alta intensidade do gesto, favorecem o 

surgimento de lesões, como estiramentos musculares, rupturas ligamentares, tendinopatias, 

bursites, além de dor lombar e lesões nas articulações pélvicas, sacro-ilíacas e sínfise púbica, 

relacionadas à mecânica do membro inferior de chute 2-6. Assim, o entendimento da 

biomecânica do chute favorece a compreensão dos mecanismos associados ao desempenho do 

chute e à ocorrência de lesões.  

 Um estudo sobre o chute demonstrou que existem transferências de energia específicas 

entre o tronco superior e inferior, e entre o tronco inferior e a pelve durante o chute com força 

máxima, realizado com o dorso do pé e com bola parada 7. Foi observado que, nos instantes 

iniciais do chute, os torques articulares predominantemente flexores, ocorridos no tronco, 

produzem fluxos de energia mecânica descendentes em direção ao membro inferior de chute, 

favorecendo a inclinação posterior de cada segmento.  Nessa fase do chute, os fluxos de 

energia entre os segmentos do tronco e o membro inferior de chute mostram uma sequência 

temporal que se inicia no tronco superior e termina no pé (Figura 1). Esta sequência parece 

participar da aceleração dos movimentos do membro inferior de chute, aumentando a 

velocidade angular do pé no contato com a bola 7. Tem sido proposto que torques flexores do 

tronco, bem como de tecidos anteriores do corpo, apresentam grande importância em 

momentos específicos do chute, antes do contato com a bola 1; 8, o que contribui para a 

transferência de energia no sentido descendente 7. Além disso, torques de rotação do tronco no 

plano transverso também participam de transferências de energia para o membro inferior 1; 8. 

Os torques de rotação do tronco podem favorecer a rotação anterior da pelve que, por sua vez, 

ajudaria a levar o membro de chute à frente. Isso é corroborado por achados de que a rotação 

do tronco no plano transverso está relacionada com o aumento da velocidade de extensão do 

joelho no chute 9. Assim, durante as fases iniciais do chute, os torques flexores e rotadores do 

tronco parecem participar das transferências de energia mecânica para o membro inferior de 

chute, envolvidas na produção dos movimentos desse membro em direção à bola.   
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Figura 1. As setas amarelas representam a direção dos fluxos de energia entre os segmentos 

do corpo, tendo início no tronco e terminando no pé de chute. As setas pretas representam o 

movimento de inclinação posterior dos segmentos e os arcos vermelhos representam os 

momentos articulares gerados pelos tecidos moles anteriores do corpo.  

 
Fonte: Carvalho, 2017. 

 

 Uma vez que o tronco pode influenciar a transferência de energia e a carga imposta em 

articulações do membro inferior no chute, manipulações da biomecânica do tronco podem 

modificar o desempenho deste gesto esportivo. Ao comparar a cinemática do chute entre 

jogadores experientes e inexperientes, foi demonstrado que jogadores com mais experiência 

utilizaram mais o movimento de rotação e flexão do tronco durante o chute, favorecendo um 

aumento da velocidade de saída da bola 10. Outro estudo investigou os efeitos de um programa 

de fortalecimento muscular de membros superiores e tronco e, apesar de não ter ocorrido 

aumento da velocidade da bola (i.e. potência do chute), foi observado que o grupo que 

recebeu o fortalecimento aumentou a extensão de quadril e a rotação de tronco para o lado 

contralateral ao membro inferior de chute 11. Esta mudança teria o potencial, em médio e 

longo prazos, de aumentar a velocidade de partida da bola por favorecer o mecanismo de 

aproveitamento de energia através do alongamento de tecidos anteriores do tronco e coxa, 

além de favorecer o mecanismo de transferência de energia do tronco para o membro inferior 

de chute através do aumento da rotação do tronco. Além da manipulação de recursos 
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corporais, o uso de recursos externos ao corpo, que podem afetar a biomecânica do tronco e 

sua interação com o membro de chute, têm o potencial de modificar o padrão de movimento e 

o desempenho. Entretanto, após uma extensa pesquisa na literatura, não foram encontrados 

estudos que investigaram os efeitos de recursos mecânicos externos durante o chute de 

futebol.     

O corpo humano, quando exposto a um recurso mecânico externo (e.g. órteses com 

molas ou elásticos), pode se adaptar, utilizando deste mecanismo para desempenhar uma 

tarefa motora 12-16. Por exemplo, o recurso externo pode ser usado de forma a reduzir a 

ativação muscular e o gasto energético necessários para a execução do movimento 12; 17; 18. 

Neste caso, o indivíduo substitui parte da contribuição feita por seus recursos intrínsecos pelo 

recurso extrínseco oferecido, mantendo o mesmo nível de desempenho comparado à ausência 

do auxílio externo. Ao utilizar uma órtese com mola nos membros inferiores durante o salto,  

pesquisadores observaram que houve uma redução na ativação dos músculos flexores 

plantares, a fim de compensar a rigidez adicionada pela mola, o que manteve a rigidez total do 

conjunto pernas-molas constante 12. Esse tipo de adaptação parece ocorrer quando o objetivo 

da tarefa é manter o mesmo desempenho realizado sem o recurso externo. Outra possibilidade 

de adaptação existente é a utilização do novo recurso para adicionar aos recursos intrínsecos e 

assim, melhorar o desempenho. A melhora do desempenho pode ocorrer mesmo com a 

redução do gasto energético, como em um estudo que mostrou um aumento significativo da 

velocidade de marcha ao utilizar a órtese de tornozelo-pé com mola 17.  

O desenvolvimento e uso de tecnologias esportivas têm tido grande influência no 

desempenho em diversas modalidades de esporte, como demostrado pela melhora nos 

resultados obtidos  por atletas olímpicos ao longo do último século 19. É possível que um 

recurso mecânico externo desenvolvido para otimizar o uso do tronco no chute possa 

modificar o padrão e desempenho desse gesto. Um recurso externo cujo mecanismo de ação 

seja o aumento dos torques flexores do tronco durante as fases iniciais do chute pode otimizar 

a transferência de energia mecânica descendente e, assim, melhorar o desempenho do chute 

máximo. Esse mecanismo de ação incluiria, também, aumento nos torques rotadores axiais do 

tronco para favorecer as porções inferiores do tronco e a pelve a realizar a rotação anterior que 

auxilia no deslocamento do membro de chute em direção à bola. Um recurso externo com esse 

objetivo poderia ser uma órtese elástica cuja configuração permitiria que torques flexores de 

tronco fossem produzidos durante a extensão de tronco ocorrida nas fases iniciais do chute. 

Essa órtese elástica também seria configurada de forma a produzir um torque de rotação axial 

do tronco (entre o tronco e a pelve) durante as fases iniciais do chute. Para cumprir estes 



16 
 

requisitos, a órtese poderia ser composta de duas faixas elásticas tensionadas que se cruzam na 

frente e atrás (em formato de “X”), conectando os ombros aos quadris contralaterais. A órtese 

configurada nesse formato teria o potencial de otimizar os mecanismos de participação do 

tronco no chute máximo e modificar o desempenho no chute.  

Algumas órteses elásticas produzem efeitos desejados, como melhora no desempenho 

ou alterações cinemáticas, com pouco tempo de uso (5 a 10 minutos) ou mesmo sem nenhum 

tempo para adaptação prévia 16; 20; 21 . Outras órteses produzem os mesmos efeitos desejados 

em médio e longo prazos, possivelmente por permitir um tempo maior de prática, e, 

consequentemente, novas habilidades motoras 22; 23 Espera-se que uma órtese elástica aplicada 

sobre o tronco produza efeitos desejados no chute médio e longo prazos, como discutido por 

Assis (2013) e observado por Prieske et al. (2016) após um período de intervenção de 9 

semanas. Dessa forma, os efeitos da órtese elástica do tronco deveriam ser investigados 

considerando um período de adaptação e aprendizagem de seu uso como um recurso 

biomecânico para o chute. Entretanto, antes da realização de estudos longitudinais, é 

necessário investigar a viabilidade do estudo cinemático e cinético dos efeitos do uso da 

órtese no chute. Estudos de viabilidade investigam os requerimentos para a realização de 

estudos que demandam maiores recursos e tempo, como a possibilidade da realização de 

coletas de dados, a presença de efeitos mínimos desejados e a ausência de efeitos indesejados 
24; 25. A viabilidade da realização de estudos longitudinais sobre o efeito do uso da órtese 

elástica depende da possibilidade de, com a presença da órtese, rastrear movimentos do tronco 

e da pelve durante o chute, gerar efeitos biomecânicos imediatos que indicam a presença do 

mecanismo de ação da órtese (como o aumento de torques flexores e rotadores e a adoção de 

padrões de movimento que indicam aproveitamento desses torques), e não gerar os efeitos 

indesejados, como a limitação das amplitudes de movimentos articulares e redução da 

velocidade de partida da bola. Apesar das expectativas de aumento de desempenho (i.e., 

aumento da velocidade da bola), e de mudanças biomecânicas relacionadas em prazos mais 

longos, existe também o potencial da ocorrência de efeitos de curto prazo, o que deve ser 

investigado. 

O objetivo geral foi investigar se é viável estudar os efeitos de uma órtese elástica de 

tronco na biomecânica e no desempenho do chute de futebol. De forma específica, investigar 

se o uso agudo da órtese elástica: (a) permitiria coletar a cinemática de tronco bissegmentado 

e pelve; (b) geraria mudanças biomecânicas imediatas no movimento do tronco, indicativas da 

presença do mecanismo de ação proposto para a órtese; (c) restringiria as amplitudes de 
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movimento do tronco e membro inferior de chute; e (d) geraria mudanças no padrão de 

movimento das articulações do membro de chute e na velocidade de partida da bola.       

 A hipótese é que é viável coletar a cinemática do tronco/pelve e estudar os efeitos 

desta órtese elástica de tronco na biomecânica e no desempenho do chute, e que o uso agudo 

desta órtese gera mudanças no movimento do tronco (e também no membro inferior e no 

desempenho do chute), condizentes com o mecanismo de ação proposto, sem que hajam 

restrições de amplitudes de movimento.  
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2.1 ABSTRACT 

 

Considering the trunk’s participation in football kicking biomechanics, an elastic orthosis for 

the trunk can improve kick's performance. This intervention can have both immediate and 

long-term effects; however, before conducting longitudinal studies, it is necessary to test the 

feasibility of investigating an orthosis’s effects on the biomechanics and kicking performance. 

The main objective was to investigate whether it is feasible to study the effects of an elastic 

trunk orthosis on biomechanics and the performance of soccer kick. Twenty-six men 

participated in the study and performed instep kicks with maximum strength in four 

conditions. Angles and moments of the thoracolumbar, lumbopelvic, and kicking limb joints 

were measured, and amplitudes of joint movement of the trunk and kicking limb, and the ball 

velocity were computed. The condition of high tension significantly increased the extension 

angle of the thoracolumbar joint (p = 0.027). At optimal and high tension conditions, the 

orthosis increased the rotation of the thoracolumbar joint to the side of the supporting limb (p 

<0.01) and increased the rotator torque of the trunk to the same side (p = 0.045). There was no 

significant effect on the other angles, amplitudes and articular moments, and ball velocity. It is 

concluded that is feasible to study the effects of the trunk elastic orthosis in football players 

and the orthosis produced effects consistent with the proposed mechanism of action for the 

trunk, without any restrictions in joints’ ranges of motion or reduction of ball speed. 

 

Keywords: biomechanics; football kick; trunk kinematic; trunk kinetic; orthosis; elastic band. 
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2.2 INTRODUCTION 

 

The upper body has been receiving considerable attention during the investigation of 

the football kicking biomechanics and performance 8; 10; 26. Previous theoretical considerations 

had proposed that appropriate trunk motion and moments, in the sagittal and transverse 

planes, are important for kicking performance and to prevent lower limb overloading1; 8. In 

addition, trunk flexor moments, as well as anterior body tissues, occur mainly during trunk 

extension and are of great importance at specific moments of the kick, before the contact with 

the ball 1; 8. The trunk rotation moments in the transverse plane also participate in energy 

transfers to the kicking lower limb 1; 8. Trunk rotation moments can facilitate the anterior 

rotation of the pelvis, which, in turn, would help to bring the kicking limb forward. This is 

corroborated by findings that the rotation of the trunk in the transverse plane is related to the 

increase in the knee extension speed in the kick 9. Thus, during the initial phases of the kick, 

the flexor and rotator torso moments tend to participate in the transfer of mechanical energy to 

the kicking lower limb, contributing to the movement that anticipates contact with the ball. 

Exploiting the trunk motion would contribute to improving the forward kicking 1; 8. 

Consistently, it has been observed that experienced players show more trunk axial rotation 

and extension-flexion than inexperienced players during the kick 27. Therefore, interventions 

that can affect the trunk biomechanics may modify kicking mechanics and performance. 

Sports technologies such as specially designed garments greatly influence performance 

in several sports, as they provide external resources to the body 19. When exposed to an 

external mechanical resource (e.g., springy or elastic components), the human body can take 

advantage of this resource to perform a motor task 12; 13; 14; 15; 16. External resources can help to 

reduce muscle activation and energy consumption 12; 17; 18 to preserve or improve performance 
17. For example, in a maximal kick task, an external resource could improve kicking 

biomechanics and impact the athlete’s performance. An elastic trunk orthosis, crossing around 

the trunk (in an “X” shape) by connecting the shoulders to the contralateral hips, could be 

used for this purpose. Elastic orthoses may provide additional trunk sagittal and axial 

moments during the initial phases of the kick1, and potentially optimize trunk exploitation to 

improve kicking biomechanics and performance. An orthosis made in this way could improve 

kick performance and be used during football players’ training, favoring the acquisition of 

new motor skills, or could also be used, in short term, with the objective of reducing torque 

generation, in specific cases of athletes who are returning to training after injury. 
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Some elastic orthoses, used in different motor tasks, produce the desired effects even 

with a short time of use (5 to 10 minutes) 16; 21 or without any time for adaptation 20. Other 

orthoses only produce the desired effects in the mid- and long-term, as they require a longer 

practice to induce motor learning 22; 23. It is possible that a trunk’s elastic orthosis will only 

produce the desired effects in the mid- and long-term, as found in previous studies with 

external devices 22; 23. This can be reinforced by the discussion of Assis (2013) after a trunk 

muscles’ resistance protocol and observations of Prieske et al. (2016) after a 9-week 

intervention period with a CORE’s strength protocol. The trunk orthosis is anatomically 

located remote from the desired end-effect (i.e., lower limb and ball). Therefore, it may 

require the motor system to learn how to better exploit the chain effects on the trunk and 

lower limb segments and joints, during kicking. Thus, the effects of using the trunk’s elastic 

orthosis should be investigated longitudinally, with a planned time for adaptation and learning 

period.  

To conduct longitudinal studies, it is necessary to investigate the feasibility of 

investigating the biomechanical effects of using the orthosis during kicking. Feasibility 

studies examine requirements of studies that need resources and time to be successfully 

carried out. These requirements include the methodological possibility of conducting the data 

collection, the presence of the desired effects (i.e., selected action mechanisms), and the 

absence of unwanted effects 24; 25. The feasibility of carrying out longitudinal studies on the 

effect of using the trunk elastic orthosis depends on the possibility of tracking movements of 

the trunk and pelvis during the kick, the presence of immediate biomechanical effects 

consistent with the proposed action mechanism on the trunk (such as trunk motion suggesting 

orthosis exploitation and increases in trunk moments), and the absence of restriction of the 

joints’ ranges of motion, which would impair the movement mechanics and reduce the ball 

velocity. 

The main objective was to investigate whether it is feasible to study the effects of an 

elastic trunk orthosis on biomechanics and the performance of soccer kick. Specifically, 

investigate whether the use of the elastic orthosis: (a) allows collecting of the kinematics of a 

bisegmented trunk; (b) generates the immediate biomechanical changes consistent with the 

proposed action mechanism; (c) restricts the range of motion of the trunk and kicking limb 

joints; and (d) changes lower limb joints’ biomechanics and the ball velocity.  The hypothesis 

is that it is feasible to study the effects of the use of an elastic orthosis on the trunk, and that 

these effects are favorable to the participation of the trunk and pelvis in the mechanics of the 

kick (i.e. increasing the joint moments of the trunk and pelvis), without any major restrictions 
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on the range of motion. It may also generate other effects, such as increasing the joint moment 

of the kicking limb and ball velocity. 

 

2.3 METHODS 

 

Participants 

Twenty-six male individuals participated in the study, with an average age of 24 (±13) 

years, body weight 76.6 (±9.24) kg, and height 1.81 (±0.08) m. The experience with football 

was 13 (±6) years, and all individuals had the right lower limb as dominant. The inclusion 

criteria were: (1) age between 18 and 35 years; (2) playing football as a leisure activity at least 

once a week and having at least one year of football experience; (3) absence of 

musculoskeletal injuries and pain in the trunk, pelvis and lower limbs in the last six months; 

and (4) body mass index less than or equal to 25 kg/m². This last criterion was established to 

reduce the number of errors in the kinematic measurements, resulting from the greater amount 

of soft tissue 28. The exclusion criterion was the presence of discomfort that could preclude 

kicking performance. The sample size was calculated using data from a pilot study conducted 

with 10 participants. This calculation considered a statistical power of 80% and a significance 

level of 0.05. The outcome variable used for this calculation was the ball velocity. 

 

Instruments 

 The orthosis used for the study's experimental conditions consisted of four elastic 

bands, crossed in front and behind the participant’s trunk and hips, to increase the passive 

mechanical resistance to extension-flexion and axial rotation of the trunk. The strips were 

placed with some level of pre-tension 29, so that they had tension in most body positions. The 

bands have a non-linear length-tension curve 16 and, therefore, antagonistic elastics (i.e., 

extensors VS flexors; rotators to the right VS rotators to the left), under tension, increase the 

stiffness of the trunk and hips in opposite angular directions 29, in the sagittal and transverse 

planes of motion (i.e., extension-flexion and right and left rotations). Thus, the orthosis was 

designed to increase the trunk and hip’s flexion moment in the sagittal plane, when these 

segments and joints are extended, and vice versa. In the transverse plane, it was designed to 

increase the trunk rotation moment to the right, when it is turned to the left (concerning the 

pelvis), and vice versa. The orthosis was designed to accumulate elastic energy when the 

trunk and hip extend and, subsequently, to return energy to the segments in the form of kinetic 

energy, favoring trunk and hip flexion. Likewise, it would accumulate elastic energy when the 
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trunk (relative to the pelvis) rotates in the direction of the support limb and, subsequently, 

return energy to these segments in the form of kinetic energy, favoring trunk rotation in the 

direction of the kicking limb. At the pelvis, the lower ends of the bands are inelastic, 

involving the region of the hip and groin, at the proximal portion of the thighs. The bands' 

upper ends are also inelastic and fixed by Velcro on the shoulders, on two shoulder protectors 

made of neoprene® (M & C). Thus, the bands are elastic only at the trunk level and are 

anchored to the shoulders and hips/groin (Figure 2).  

 

 
Figure 2. Image of the elastic bands fixed on the anchoring points - anterior and posterior 

views. Each of the four bands is represented by a different color (blue, green, yellow, and red) 

and the arrows indicate the direction of each band from proximal anchoring (shoulders) to 

distal anchoring (hips/groin). 

 

For the kinematic data collection, a movement analysis system composed of 8 cameras 

(Oqus – Qualisys) was used, with a sampling frequency of 300 Hz. Passive tracking and 



24 
 

technical markers were placed in the following segments of the individual: upper trunk, lower 

trunk, pelvis, right thigh, right leg and right foot (on the futsal boots) (Figure 3). A cluster 

with five markers was also placed on the ball to track its linear velocity (Figure 4). The kinetic 

data of the contact of the support foot with the ground were obtained with a force platform 

(platform data), at a sampling frequency of 300 Hz. All participants received the same ball 

(Adidas Conext 15) and the pressure was adjusted whenever necessary (0,9 Bar). 

 

 
Figure 3. Photo indicating the clusters with clustered tracking markers used to track the 

movement of the segments: upper trunk, lower trunk, pelvis, thighs, legs and feet. The figure 

also shows the technical markers used for defining the segments’ sizes and coordinate 

systems. They were placed on: jugular notch, T1 transverse process, xiphoid process, 

posterior projection of the xiphoid process, anterosuperior and posterosuperior iliac spines, 

medial and lateral epicondyles of the femur, medial and lateral malleoli, head of the first and 

fifth metatarsals. 
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Figure 4. Photo indicating the cluster (black) with reflective passive markers. 

 

Procedures 

All participants signed a consent form, and then they were subjected to the evaluation 

of the kicking kinematics and kinetics, in the following maximal instep kicking experimental 

conditions: (a) kick without the orthosis; (b) kick with the orthosis, with “comfortable” 

tension at the bands; (c) kick with the orthosis, with “high” tension at the bands; (d) kick with 

the orthosis, with tension perceived as “optimal” for kicking. For the last condition, the 

participants were required to choose the tension they felt as optimal to improve kicking 

power. In the comfortable condition, the participant chose the most comfortable tension level. 

In the high-tension condition, the bands were deformed as much as possible by the examiner, 



26 
 

considering the participants’ trunk size (always by the same examiner). After data collection, 

the deformation's values were registered and the initial length (value without deformation) of 

the elastic was subtracted. Then, the deformation’s mean value was obtained for each 

condition (Table 1). The order of the conditions was randomized. During data collection, 

measurements of the inicial length of the elastic portion of the orthosis were made and there 

was no change in this length between collections, which shows that the viscoelastic properties 

of the tissue were preserved. 

 

Elastic Bands Comfortable Tension “Optimal” Tension High Tension 

Anterior 19.11% (9.51) 50.91% (15.38) 68.59% (8.63) 

Posterior 18.27% (11.10) 50.59% (18.64) 73.17% (13.71) 

Table 1. Mean values and standard deviation (SD) of the elastic bands’ deformation 

percentage (%) for each condition, calculated from the initial length (without deformation) of 

the elastic. 

 

Before data collection, the participants were instructed to use the time they felt 

necessary to familiarize themselves with the orthosis, considering a maximum of 15 minutes. 

The familiarization consisted of upper and lower limbs free movements, kicking simulations 

without the ball, submaximal power kicks, and maximum power kicks (between 2 and 5 

maximal kicks). The individuals were instructed to kick the ball towards the yellow boundary 

on the canvas within the laboratory setup (Figure 5), wich represented the goal 
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Figure 5. Photo showing the laboratory setup and the positioning of the ball. The red 

arrow indicates the starting location of the participants. 

 

For data collection, participants were instructed to perform maximal instep kicks, until 

seven of them were considered valid for analysis. The kicks in which the participant stepped 

inside the force plate and all body’s segments were properly tracked were considered valid. A 

maximum limit of 15 kicks was established for each experimental condition, to avoid muscle 

fatigue 7; 30; 31. The participants rested for 1 minute between each kick, and between each 

condition, they rested for 10 minutes, always in the sitting position. The initial participant 

position in the laboratory was standardized, at a 3-meter distance from the ball, with an 

approaching angle of 45º, to favor a large approach speed and increased ball velocity 26; 32; 33.  

 

Data reduction 

The Visual 3D software was used for data processing. The tracking markers' 

trajectories were filtered with a low-pass, fourth-order, Butterworth filter, with a cutoff 

frequency of 10 Hz for the body markers, and a cutoff frequency of 12.5 Hz for the ball 

markers 34; 35.  

A biomechanical model of rigid bodies was created in Visual 3D and applied to 

participants, in which each segment had its respective local coordinate system. The segments 
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were the upper trunk, lower trunk, pelvis, right thigh, right shank, and right foot. The joints 

were the thoracolumbar joint (lower trunk relative to the upper trunk), the lumbopelvic joint 

(pelvis relative to the lower trunk), hip joint (thigh relative to the pelvis), knee joint (shank 

relative to the thigh), and ankle joint (foot relative to the shank). Joint angles were calculated 

using the recommended Cardan/Euler sequences 36; 37 and joint moments were calculated 

using inverse dynamics. All calculations were performed for the sagittal plane of movement, 

from the instant the kicking foot was off the ground to ball impact. The trunk was also 

analyzed in the transverse plane 7. Ranges of motion were computed from the joint angle time 

series. The joint angle and moment times series and the joint ranges of motion were averaged 

for three to five trials for each subject, wich were selected considering data’s quality and 

cleanliness. The same trials were used to calculate all variables under analysis.   

Thus, the kick cycle was analyzed until the ball impact and was divided into three 

phases, delimited by events. The backswing phase (first phase) lasted until maximum hip 

extension in the kicking limb, the leg cocking phase (second phase) lasted until full knee 

flexion in the kicking limb, and the leg acceleration phase (third phase) lasted until ball 

impact. 

The ball velocity was computed as the three-dimensional linear velocity of its center of 

mass. The ball velocity was the average of the 10 frames after the end of the impact. The 

impact beginning was given by the first frame with positive ball velocity, and the ending was 

defined as the third frame from the beginning 38; 39. This definition of impact ending was used 

to avoid data distortion caused by ball deformation 38. 

Two participants were excluded from the study due to excessive noise in the kinematic 

time series. The final sample size was still appropriate, according to the sample size 

calculation (N=24). 

 

Statistical Analysis 

To verify the test-retest reliability of the angle and moment time series, Multiple 

Correlation Coefficients (CMC) were calculated with the pilot study data 40. To verify the 

test-retest reliability of the ball velocity and the joint ranges of motion, Intraclass Correlation 

Coefficients (CCI3,1) were calculated for two randomized trials of each subject 41.  

Repeated measures ANOVAs with one factor (condition), and four levels (control, 

comfortable tension, optimal tension, high tension) were computed for all variables. To 

compare the joints’ ranges of motion and ball velocity among test conditions, repeated 

measures ANOVAs were performed. When the main effects were significant, paired t-tests 
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were used to compare each experimental condition to the control condition. To compare joint 

angles and moments time series, repeated measures Statistical Parametric Mapping (SPM) 

ANOVAs were used. When the main effects were significant, SPM paired t-tests were used to 

compare pairs of time series (experimental conditions Vs. control condition), identifying the 

curves’ regions with significant differences 42. For all analyzes, the significance level was set 

at 0.05. Subjective perception of the orthosis effects on motion and comfort were described in 

percent of the total participants.  

 

2.4 RESULTS 

 

 The joint angles and moments time series showed good to excellent reliability (CMC 

between 0.77 and 0.99) 43. Likewise, the ball velocity data also showed good to excellent 

reliability (ICC between 0.87 and 0.94). The joints’ ranges of motion showed moderate to 

excellent reliability (ICC between 0.59 and 0.92) 44. 

For the joints’ ranges of motion, the ANOVA's main effect was not significant 

(p0.054). For the thoracolumbar joint angles in the sagittal and transverse planes, the main 

effect of the SPM-ANOVA was significant (p=0.027). In the high-tension condition, the 

thoracolumbar joint showed more extended positions than the control (p=0.033) (Figure 6). 

The thoracolumbar joint showed less rotated positions in the transverse plane, in conditions 

with higher tension (High>Control; Optimal>Control) (p0.001). SPM-ANOVAs main 

effects were not significant for the other joint angles, including the lower limb joints (p>0.05). 

For the thoracolumbar joint moment in the transverse plane, the main effect of the 

SPM-ANOVA was significant (p=0.045). In the high and optimal tension conditions, the 

rotation moment was larger compared to the control condition (p0.016). 
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Figure 6 - Angle curves of the thoracolumbar joint in the sagittal and transverse planes, 

comparing the four test conditions (SPM-ANOVAs) and pairwise comparisons (SPM-t-tests), 

indicating mean and standard deviation. The shaded gray areas show the curve section where 

there was a significant difference between the test conditions. 
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For the ball velocity, the ANOVA main effect was not significant (p = 0.392).  

The mean values and standard deviations of the joints’ ranges of motion and of the 

ball velocity are shown in Tables 2 and 3, respectively. 

 

Joint Variable Comfortable High “Optimal” Control f p 

Right Ankle 
Sagittal plane 

ROM 

15.69°  

(6.86) 

16.25° 

(6.44) 

15.55° 

(6.02) 

16.21° 

(6.89) 
0.473 0.702 

Right Knee 
Sagittal plane 

ROM 

93.08° 

(13.21) 

95.08° 

(14.32) 

93.45° 

(13.91) 

94.31° 

(13.84) 
2.076 0.111 

Right Hip 
Sagittal plane 

ROM 

30.48°  

(8.01) 

31.39° 

(7.92) 

30.52° 

(8.06) 

30.85° 

(7.2) 
0.735 0.535 

Lumbopelvic 
Sagittal plane 

ROM 

23.57°  

(7.17) 

22.5° 

(7.53) 

22.54° 

(6.87) 

24.8° 

(7.45) 
2.481 0.068 

Thoracolumbar 
Sagittal plane 

ROM 

22.31°  

(5.79) 

22.4° 

(5.2) 

22.59° 

(5.98) 

21.31° 

(5.31) 
0.968 0.413 

Lumbopelvic 
Transverse 

plane ROM 

10.06°  

(3.9) 

9.14° 

(3.16) 

8.85° 

(3.06) 

9.50° 

(3.9) 
2.681 0.054 

Thoracolumbar 
Transverse 

plane ROM 

24.73°  

(7.8) 

24.02° 

(9.04) 

25.29° 

(10.06) 

25.71° 

(8.47) 
0.576 0.633 

Table 2. Values of the means and standard deviations of the range of motion (ROM), in 

degrees (°) of the joints analyzed in each test condition. 

 

Condition Comfortable High “Optimal” Control 

Mean 15.19 15.00 15.25 15.25 

SD 2.00 2.18 1.97 2.11 

Table 3. Values of mean and standard deviation (SD) of the ball velocity. 

 

Subjective perception of movement effects 

At the end of each condition, participants were asked to provide feedback involving 

their perception of any movement change, whether positive or negative (facilitating or 

restricting movement), and on the feeling of discomfort caused by the use of the orthosis. No 

questionnaire was offered, so the participants answered if the orthosis (a) increased the 

resistance to trunk flexion/extension and axial rotation, (b) facilitated or restricted kicking 
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movement in general and specifically for the trunk and upper limbs, and (c) provided any 

discomfort or pain. All participants answered that the orthosis increased the resistance to trunk 

flexion/extension and axial rotation. Most participants reported having noticed some 

facilitation in the kicking movement, in general, with 79.17% (19 subjects) noticing this 

facilitation in the comfortable tension condition and 70.83% in the optimal and high-tension 

conditions (17 subjects). Some participants also perceived negative movement restriction of 

the trunk or the upper limb contralateral to the kicking leg (left upper limb) during the use of 

the orthosis (4.17% in the comfortable tension – one subject, 12.5% in the “optimal” – three 

subjects, and 33.33% in the high tension – eight subjects). Moreover, 20.83% (five subjects) 

reported restriction in the trunk, 8.33% (two subjects) reported restriction in the left shoulder 

(contralateral to the kick), and 8.33% (two subjects) reported restriction in both the left 

shoulder and the trunk. Finally, 50% (12 subjects) of the participants reported discomfort in 

the groin or shoulders, due to excessive compression made by the bands and anchoring parts, 

in the high-tension condition, 4.17% (one subject) in the comfortable tension condition, and 

20.83% (five subjects) in the optimal tension condition. 
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Figure 7 - Mean curves of the joint angles of the kicking lower limb (ankle, knee, and 

hip) in the sagittal plane and the trunk (lumbopelvic and thoracolumbar) in the sagittal and 

transverse planes, comparing the four test conditions (ANOVA-SPM). 
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Figure 8 - Mean curves of joint moments of the kicking lower limb (ankle, knee, and 

hip) in the sagittal plane and the trunk (lumbopelvic and thoracolumbar) in the sagittal and 

transverse planes, comparing the four test conditions (ANOVA-SPM). 

 

2.5 DISCUSSION 

 

The present results indicate that the trunk elastic orthosis can be studied, in the 

laboratory, to investigate its effects on the kinematics of a bisegmented trunk, pelvis, and 

kicking lower limb. The orthosis interfered with the trunk's biomechanics, and the observed 

effects were consistent with the proposed action mechanism of the orthosis, especially for the 

thoracolumbar joint. There were no changes in the ranges of motion of the trunk and lower 

limbs, which indicates that the use of the orthosis was not restrictive. Immediate effects were 

not observed for the lumbopelvic and lower limb joints, and for the ball velocity. Considering 

the appropriate kinematic data collection, the immediate effects observed in the 

thoracolumbar joint, and the absence of major movement restriction for the other joints and 

the ball velocity, it is recommended that the mid and long-term effects of the orthosis use 

should be investigated. 

 The increase in the extension angle of the thoracolumbar joint caused by the use of the 

orthosis during the backswing phase, in the high-tension condition, suggests that the 

participant started to further exploit trunk extension to kick, as previously observed after a 

trunk muscle strengthening program 11. Increased trunk extension at this early stage of kicking 

increases the tension in the anterior elastic bands, as one of the proposed action mechanisms, 

and could contribute to a better usage and transfer of energy between the trunk and the 

kicking lower limb 7. Along with this kinematic effect, an increase in the eccentric flexion 

moment was not observed, as it could have occurred due to an accumulation of elastic energy 

in the anterior bands. From the net moments of the inverse dynamics, it was not possible to 

distinguish the moments due to body tissues and orthosis actions 45. The participants reported 

that the orthosis increased resistance against active motion, from the neutral standing position, 

in accordance with the expected action mechanism. Thus, the absence of an increased flexion 

moment in the trunk joints might have been accompanied by a decrease in the muscle-

generated flexion moments. Although no kinematic and kinetic changes were observed for the 

lumbopelvic joint, the same rationale for the flexion moment can be made due to the anterior 

bands’ tensioning. This rationale cannot be confirmed by the present data and should be 

further studied.  
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The findings also indicate that the proposed orthosis’ action mechanism was present in 

the high and optimal tension conditions in the transverse plane. The orthosis increased 

thoracolumbar rotation to the side of the kicking leg during most of the analyzed cycle. This 

finding means that the lower trunk relative to the upper trunk was more forwardly rotated, 

pushing forward the lower trunk, pelvis, and lower limb. Also, the rotational moment of the 

thoracolumbar joint favored the kinematic change observed. An additional rotation moment 

tension rise in the anterior elastic band going from the left shoulder to the right hip, due to the 

thoracolumbar and lumbopelvic extensions and axial rotations, may have been exploited to 

boost the muscle-generated moment. This mechanism is according to the proposed action of 

the orthosis. Furthermore, the absence of rotation in the lumbopelvic joint suggests that the 

pelvis also rotated forward with the lower trunk. As for the sagittal plane, the absence of 

changes in the lumbopelvic joint net moment, even with the increased band tension, may have 

also been exploited with a decrease in the muscle-generated rotation moments. Again, this 

possibility was not tested in the present study. 

 No changes were observed for the joints’ ranges of motion, lower limb kinematics and 

kinetics, and ball velocity. These findings show that the orthosis did not impair kicking 

biomechanics and performance, which would be an undesirable effect of the device. Although 

the time for adapting the orthosis was not predetermined, at the end of the data collection 

some participants reported that they would need more time to get used to the orthosis, 

suggesting that the adaptation time was insufficient for the movement to occur naturally. Still, 

considering that the participants performed maximal kicks, immediate improvements in 

performance could have happened, as observed for some elastic/springy orthoses 16; 20; 21. 

However, the trunk orthosis was developed for performance improvements in the mid- and 

long-term 22; 23. Yang et al. (2017) found that a spring-like orthosis increased walking 

distance, walking speed, and decreasing energy expenditure in paraplegic patients after a 4-

week training session. Thus, future longitudinal studies, possibly with a training/learning 

protocol, should investigate the mid and long-term effects of the trunk elastic orthosis in the 

kicking biomechanics and performance.  

      After each test condition, the participants reported that they perceived the orthoses 

resisting the flexion/extension and axial rotation of the trunk relative to the pelvis. This 

perception is consistent with the proposed action mechanism of the orthosis. Although some 

participants perceived negative trunk motion restrictions, this was not confirmed by the joint 

range of motion results. However, some subjects also perceived restricted motion of the 

shoulder contralateral to the kicking limb (i.e., left shoulder), which seems to contribute to 



37 
 

kicking 8; 26. The perceived shoulder restriction and the groin and shoulders discomfort 

reported by some participants can be considered limitations of the trunk orthosis that should 

be minimized or prevented in future longitudinal studies. The upper limb was not analyzed, 

which is a limitation of the present study. In addition, electromyography (EMG) data should 

provide relevant information on the orthosis action mechanism and biomechanical effects. 

Thus, the absence of EMG data was a limitation to be considered.       

 

2.6 CONCLUSION 

 

The present study's findings show that the biomechanical effects of a trunk elastic orthosis 

on football kicking can be properly studied. The immediate effects observed suggest that the 

proposed action mechanism for the orthosis was present. The orthosis use increased the trunk 

participation in the kick movement, but it did not show any effects in pelvis or lower limb 

kinetics and kinematics. It also did not restrict the range of motion or produced undesirable 

biomechanical or performance effects. Although improvements are necessary to minimize or 

prevent some discomfort, it is feasible to study the trunk elastic orthosis' effects on the 

biomechanics and performance of football kicking. Longitudinal studies, with learning 

opportunities, should be conducted to investigate mid- and long-term effects.  
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3 CONSIDERAÇÕES FINAIS 

 

O presente estudo teve como objetivo investigar a viabilidade do uso agudo de uma 

órtese elástica no tronco, desenvolvida para otimizar a biomecânica do chute no futebol.  Foi 

possível realizar uma coleta de dados cinemáticos do tronco bissegmentado, pelve e membro 

inferior de chute sem interferências nos marcadores de rastreamento devido à disposição da 

órtese. Além disso, os achados cinemáticos e cinéticos seguiram o mecanismo de ação 

inicialmente proposto por este recurso. A utilização da órtese elástica nas tensões “ótima” e 

“alta” favoreceu a participação do tronco no movimento do chute, tanto no plano sagital 

quanto no plano transverso. Além disso, o uso da órtese não restringiu as amplitudes de 

movimento do tronco, não prejudicou a biomecânica do membro inferior e nem o desempenho 

do chute. Esta análise de efeitos imediatos foi necessária para testar a viabilidade de se 

investigar os efeitos da órtese em estudos longitudinais, em médio e longo prazos. Há maior 

potencial de efeitos biomecânicos e no desempenho após período de aprendizado 22; 23, o que 

permitiria que os participantes explorassem livremente a órtese e se familiarizassem o 

suficiente com este recurso externo oferecido, utilizando-o de forma eficiente e podendo 

modificar não só a biomecânica do tronco, mas também a biomecânica do membro inferior e 

o desempenho do chute. 

Estudos futuros poderiam ser feitos utilizando, por exemplo, um protocolo semanal de 

treinamento baseado no aprendizado diferencial 46. Neste protocolo, os participantes teriam 

maior tempo e frequência de exposição à órtese elástica, permitindo a exploração de padrões 

individuais de desempenho e aprimoramento do chute máximo. Outras pesquisas envolvendo 

recursos externos, como molas e elásticos mostraram efeitos positivos na biomecânica após 

um protocolo de treinamento, o que reforça a ideia de que o período de aprendizagem pode 

contribuir para que os participantes utilizem a órtese de tronco como dispositivo auxiliar no 

movimento de chute 22; 23. 

Este estudo apresentou os dados de torque articular a partir dos cálculos de dinâmica 

inversa obtidos através de uma plataforma de força. Porém, dados da eletromiografia (EMG) 

poderiam fornecer informações relevantes sobre o mecanismo de ação da órtese e os efeitos 

biomecânicos, sendo os sinais de atividade muscular uma possível variável de interesse a ser 

investigada em um estudo longitudinal. O relato de desconforto por parte dos participantes 

durante a utilização da órtese também deve ser considerado em futuros estudos, para que os 

elásticos sejam adaptados com espumas ou com algum tecido mais confortável de forma a 

reduzir este incômodo. Além disso, a utilização de marcadores de rastreamento no membro 
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superior contralateral ao chute pode também oferecer informações importantes, devido à 

importância do membro superior na biomecânica do chute 8; 26. 
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ANEXO I 

TERMO DE CONSCENTIMENTO LIVRE E ESCLARECIDO 

 

Título do Estudo: A utilização de uma órtese elástica no tronco pode alterar os fluxos de 

energia mecânica e a potência do chute em praticantes de futebol? 

 

Investigador Principal: Sabrina Penna Cintra 

 

Orientador: Prof. Dr. Thales Rezende de Souza  

 

Primeiramente gostaríamos de convidá-lo para participar do estudo e também de agradecer 

por seu interesse. O nosso objetivo é investigar como o tronco participa do chute em pessoas 

que jogam futebol. Essa informação poderá ajudar profissionais da saúde e do esporte a, no 

futuro, realizarem práticas mais adequadas para prevenir e tratar lesões e para melhorar o 

desempenho no chute em praticantes de futebol. Assim, este estudo pretende avaliar os 

movimentos do corpo durante chutes à bola de futebol, com e sem a utilização de elásticos 

fixados no tronco. 

 

Procedimentos: A avaliação dos movimentos do chute será realizada na Escola de Educação 

Física, Fisioterapia e Terapia Ocupacional da Universidade Federal de Minas Gerais 

(UFMG). Para todo o procedimento, você estará vestindo apenas short e calçado adequado 

para chutar. Inicialmente, seu peso e sua altura serão medidos com uma balança e altímetro. 

Logo após, serão afixados marcadores em seu tronco, pelve, pernas e pés sendo que esse 

procedimento é indolor. Depois, você será orientado a chutar uma bola de futebol com o 

dorso do pé, em direção a um gol à sua frente. Inicialmente, serão realizadas algumas 

repetições como treinamento. Você realizará chutes com o máximo de força possível, 

primeiro sem a fixação da órtese elástica em seu tronco, a fim de adaptação, e posteriormente 

com a fixação da mesma. Serão dados intervalos de descanso entre os chutes. Você não 

poderá realizar o teste se tiver alguma dor ou incômodos que o limitem a chutar a bola. 

 

Riscos e desconfortos: Os testes não oferecem riscos além daqueles oferecidos durante suas 

atividades esportivas. 
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Benefícios esperados: Não são esperados benefícios diretos para você em decorrência da 

participação no estudo. Entretanto, os resultados desse estudo irão acrescentar ao 

conhecimento científico sobre o esporte e, assim, ajudar profissionais que trabalham com o 

futebol. 

 

Confidencialidade: Para garantir a confidencialidade da informação obtida, seu nome não 

será utilizado em qualquer publicação ou material relacionado ao estudo. 

 

Recusa ou desistência da participação: Sua participação é inteiramente voluntária e você 

está livre para se recusar a participar ou desistir do estudo em qualquer momento sem que 

isso possa lhe acarretar qualquer prejuízo. 

                                                                            

Gastos: Caso você necessite deslocar-se para universidade apenas para participar da 

pesquisa, os gastos com o seu transporte para comparecer ao laboratório serão de 

responsabilidade dos pesquisadores. Se for do seu interesse, será oferecido um lanche nos 

dias de realização da avaliação.  

__________________ 

Rubrica do Voluntário 

Você pode solicitar mais informações ao longo do estudo com a pesquisadora (Sabrina), por 

meio do telefone 98761-7777 ou com o orientador do projeto (Prof. Thales) através do email: 

thalesrsouza@gmail.com. O COEP – Comitê de Ética em Pesquisa/UFMG deverá ser 

consultado somente em caso de duvidas de ordem ética. 

 

Após a leitura completa deste documento, caso concorde em participar do estudo, você 

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

receberá uma via assinada do presente documento. 

 

TERMO DE CONSENTIMENTO 

 

Declaro que li e entendi toda a informação acima, e recebi uma cópia deste termo de 

consentimento livre e esclarecido. Todas as minhas dúvidas foram satisfatoriamente 

respondidas e eu concordo em ser um voluntário do estudo.  

 

 

mailto:thalesrsouza@gmail.com
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______________________________________               ____________ 

Assinatura do Voluntário                                                                           Data 

 

_____________________________________ ____________ 

Sabrina Penna Cintra – Pesquisadora                Data  

 

_____________________________________ ____________ 

Prof. Thales Rezende de Souza – Orientador                                        Data 

 

Contatos: 

COEP – Comitê de Ética em Pesquisa/UFMG 

Av. Pres. Antônio Carlos, 6627 – Unidade Administrativa II – 2º Andar –Sala 2005 – CEP 

31270-901- Belo Horizonte – MG/ Telefax: (31) 3409-4592 

E-mail: coep@prpq.ufmg.br 

 

Sabrina Penna Cintra (Pesquisadora) 

Av. Pres. Antônio Carlos, 6627 – Departamento de Fisioterapia 

Telefone: (31) 98761-7777  Fax: (31) 3409-4783 

E-mail: spenna_fisio@yahoo.com.br 

 

Thales Rezende Souza (Professor Orientador) 

Av. Pres. Antônio Carlos, 6627 – Departamento de Fisioterapia 

Telefone: (31) 3409-4783 e 4781-7407 Fax: (31) 3409-4783 

E-mail: thalesrsouza@gmail.com 

 

 

 

 

 

 

 

 

 

 



48 
 

ANEXO II 

PARECER CONSUBSTANCIADO DO COMITÊ DE ÉTICA 
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