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“Vocé tem algum ditado favorito? — perguntou 0 menino.
Tenho sim — respondeu a toupeira.

Qual é?

Se ndo conseguir de primeira, coma um pedaco de bolo.
Entendi. E funciona?

Sempre!”’

O menino, a toupeira, a raposa e o cavalo
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RESUMO

Introducdo: O impacto repetitivo durante a corrida pode estar relacionado a incontinéncia
urinéria de esforgo (IUE) em mulheres corredoras, cuja prevaléncia varia entre 47% a 62%
neste publico. Durante a fase de apoio da corrida, a forca de reacdo do solo (FRS) aumenta de
3 a 4 vezes o peso corporal gerando um impacto que precisa ser absorvido e dissipado pelas
articulacbes dos membros inferiores, diminuindo assim a demanda que chega a pelve e a
coluna lombar baixa. A aplicagdo repetitiva de impacto na regido pélvica e a incapacidade das
corredoras de gerenciar essas demandas podem comprometer 0 mecanismo de continéncia
urinéria, resultando em sintomas de IUE. Diante disso, o objetivo deste estudo foi investigar
como as corredoras dissipam a energia na cadeia cinética e se ha diferencas entre as
capacidades musculoesqueléticas (e.g., fungdes musculares) em lidar com as demandas da
corrida (e.g., estresses gerados pelo impacto). Métodos: Foram incluidas mulheres de 18 a 45
anos, com pelo menos seis meses de experiéncia em corrida e um minimo de 20km de treino
por semana, que ndo tivesse realizado cirurgia ou sofrido lesdo nos membros inferiores ou
pelve, ndo estivessem gravidas, ndo tivessem realizado tratamento para IUE e que
concordaram em realizar a avaliagdo ginecoldgica. No grupo de corredoras incontinentes
(GCI), foram incluidas aquelas que relataram sintomas de IUE durante a corrida e no
questionario International Consultation on Incontinence Questionnaire - Short Form (ICIQ-
SF), sendo obrigatorio o sintoma de IUE durante atividades fisicas. No grupo de corredoras
continentes (GCC), foram incluidas aquelas sem relato de IUE e com pontuacdo zero no
ICIQ-SF. A func¢do dos musculos do assoalho pélvico (pressdo de contracdo em cmH20 e a
resisténcia em segundos) foi avaliada por meio do Peritron, e a forca isométrica maxima dos
rotadores laterais e mediais de quadril, flexores de tronco, flexores plantares e quadriceps
(Newtons) foi medida por um dinamémetro manual portatil. Os dados cinéticos incluiram a
absorcéo de impacto no tornozelo, joelho e quadril no plano sagital, bem como a atenuacédo do
choque entre a tibia e o fémur, durante corrida em esteira instrumentada em um sistema de
analise tridimensional do movimento. Os dados com distribuicdo normal foram analisados
pelo Teste-t, enquanto os dados com distribuicdo ndo normal foram analisados pelo teste de
Mann-Whitney. O nivel de significancia adotado foi de 0,05. Resultados: Trinta e duas
corredoras foram incluidas no estudo, sendo dezesseis no GCI e dezesseis no GCC. Os grupos
foram homogéneos em todas as variaveis sociodemograficas. A pressao de contracdo vaginal
e a resisténcia dos masculos do assoalho pélvico, bem como os testes de forca isométrica
maxima dos rotadores externos e internos do quadril, flexores do tronco, flexores plantares do
tornozelo e quadriceps, ndo mostraram diferencas estatisticas entre os grupos. Apesar de ndo
haver diferencas na magnitude vertical da forca de reacdo do solo que atinge a cadeia cinética,
0 GCI apresentou menor absor¢do de energia no tornozelo, menor atenuacdo do impacto entre
a tibia e o fémur e maior absorcdo de energia no quadril durante a fase de apoio da corrida em
comparagdo com o GCC. Conclusdo: Nenhuma diferenca foi observada na pressdao de
contracdo vaginal, na resisténcia dos musculos do assoalho pélvico ou na forca méaxima
isométrica entre corredoras com e sem IUE. Corredoras com IUE exibiram menor absor¢édo de
energia nas articulacbes do tornozelo e menor atenuacdo de impacto entre a tibia e o fémur,
associadas a uma maior absorgdo de energia no quadril durante a fase de apoio da corrida em
comparagdo com o grupo sem IUE. Esses achados sugerem que as demandas impostas as
estruturas pélvicas em corredoras com IUE sdo maiores do que em corredoras continentes,
possivelmente resultando em sobrecarga tecidual e contribuindo para os sintomas de IUE. A
IUE é uma condicdo multifatorial, e uma avaliacdo mais abrangente, levando em consideracéo
as capacidades de absorver e atenuar o impacto, é necessaria para melhor entender as relaces
complexas e néo lineares entre as capacidades individuais, as demandas da corrida e a IUE em
corredoras.
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ABSTRACT

Introduction: Repetitive impact during running may be related to stress urinary incontinence
(SUI) in female runners, with a prevalence ranging from 47% to 62% in this group. During
the stance phase of running, the ground reaction force (GRF) increases to 3 to 4 times the
body weight, causing an impact that must be absorbed and dissipated by the lower limb joints
to reduce the load transmitted to the pelvis and lower lumbar spine. The repetitive
transmission of impact to the pelvic region, combined with the inability of female runners to
manage these demands, can compromise urinary continence mechanisms, leading to SUI
symptoms. Therefore, this study investigated how female runners dissipate energy through the
kinetic chain if there are differences in the musculoskeletal capacities (e.g., muscle functions)
to handle the demands of running (e.g., stresses generated by impact) Methods: This study
included women aged 18 to 45 years, with at least six months of running experience and a
minimum of 20 km of training per week, who had no history of surgery or injury to the lower
limbs and pelvis, were not pregnant, and had not undergone and were not undergoing
treatment for SUI. Participants agreed to gynecological evaluation. The group of incontinent
runners (GIR) included those who reported SUI symptoms during running and in the
International Consultation on Incontinence Questionnaire - Short Form (ICIQ-SF), with
mandatory SUI symptoms during physical activities. The group of continent runners (GCR)
included those without SUI symptoms and with a score of zero on the ICIQ-SF. Pelvic floor
muscle function (vaginal squeeze pressure in cmH20 and endurance in seconds) was assessed
using the Peritron, and maximal isometric strength of the hip external and internal rotators,
trunk flexors, plantar flexors, and quadriceps (Newtons) was measured using a portable
handheld dynamometer. Kinetic data, including impact absorption at the ankle, knee, and hip
in the sagittal plane and shock attenuation between the tibia and femur, were analyzed during
treadmill running using a 3D motion analysis system. Data with a normal distribution were
analyzed using the t-test, while data with a non-normal distribution were analyzed using the
Mann-Whitney test. A significance level of 0.05 was set for this study. Results: Thirty-two
female runners participated in the study, with sixteen in the GIR and sixteen in the GCR.
Groups were homogeneous in all sociodemographic variables. VVaginal squeeze pressure and
endurance of the pelvic floor muscles, as well as maximum isometric strength tests of the hip
external and internal rotators, trunk flexors, ankle plantar flexors, and quadriceps, showed no
statistical differences between groups. Despite no differences in the vertical magnitude of the
ground reaction force reaching the kinetic chain, the GIR exhibited lower energy absorption at
the ankle, lower impact attenuation between the tibia and femur, and higher energy absorption
at the hip during the stance phase of running compared to the GCR. Conclusion: No
differences were observed in vaginal squeeze pressure, pelvic floor muscle endurance, or
isometric maximal strength between runners with and without SUIL. Runners with SUI
exhibited lower joint energy absorption at the ankle and reduced shock attenuation between
the tibia and femur, associated with higher energy absorption at the hip during the stance
phase of running compared to the group without SUI. These findings suggest that the
demands placed on the pelvic structures in female runners with SUI are greater than in
continent runners, possibly resulting in tissue overload and contributing to SUI symptoms.
SUI is a multifactorial condition, and a more comprehensive evaluation, taking into
consideration the capacities to absorb and attenuate impact, is necessary to better understand
the complex and non-linear relationships between individual capabilities, running demands,
and SUI in female runners.



Keywords: Running, Stress Urinary Incontinence, Pelvic Floor, Shock Attenuation,
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PREFACIO

De acordo com as normas para elaboracéo de dissertacdes do Programa de Pds-Graduacéo em
Ciéncias da Reabilitacdo da Universidade Federal de Minas Gerais, este trabalho estrutura-se

da seguinte forma:

o Introducdo expandida, em que é realizada uma revisdo bibliografica sobre o
tema, formulagdo de hipoteses, justificativa e objetivos do estudo;

o Artigo proveniente do estudo a ser submetido no periddico British Journal of
Sports Medicine;

o Por fim, sdo apresentados as consideracdes finais, referéncias bibliograficas e

0s apéndices do mestrado realizado
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1. INTRODUCAO

A incontinéncia urinaria de esforco (IUE) é caracterizada pela queixa de perda de
urina durante esforcos fisicos, como tosse, espirros, exercicios fisicos e atividades esportivas
(Doumouchtsis et al., 2023). Os sintomas de incontinéncia urinaria restringem a participacdo
social, pioram a qualidade de vida das mulheres e geram altos custos para os sistemas de
salde publico e privado (Almeida et al., 2016; Maclennan et al., 2000; Sung; Hampton,
2009). Além disso, uma a cada trés mulheres abandonam ou trocam de exercicio fisico devido
aos sintomas de incontinéncia urinaria(Dakic et al., 2021). Dentre os sintomas de disfuncdes
do assoalho pélvico em mulheres, a IUE é o sintoma mais comumente relatado durante

exercicios de alto impacto (Gan; Smith, 2023).

A corrida, caracterizada por seu alto impacto, gera aumentos subitos de pressdo intra-
abdominal e altas magnitudes de forca de reagéo do solo (FRS) (Bg; Nygaard, 2020). Durante
a fase de apoio da corrida, a FRS é de 3 a 4 vezes maior do que o peso corporal (Bennell et
al., 2004). Esta forca aumentada gera impactos que precisam ser absorvidos e dissipados pelas
articulacées dos membros inferiores (Nicola; Jewison, 2012), a fim de diminuir a demanda
que chega para a pelve e coluna. Assim, o impacto repetitivo durante a corrida pode estar
relacionado a IUE em mulheres corredoras, uma vez que a prevaléncia de incontinéncia neste
grupo varia de 47% (Forner et al., 2021) a 62% (Oli et al., 2008), em comparacdo com a
populacdo feminina geral com uma prevaléncia variando de 25 a 45% na populacdo feminina
geral (Cardozo et al., 2023). Dessa forma, a transmissdo forcas para a regido pélvica e a
incapacidade das mulheres corredoras de lidar com essas demandas pode comprometer o

mecanismo de continéncia urinaria, resultando em sintomas de IUE.

Para que a continéncia urinaria ocorra, 0S mecanismos que aumentam a pressao de
fechamento da uretra precisam funcionar corretamente para superar o aumento da pressao na
bexiga (Cardozo et al., 2023) As estruturas musculares, fasciais e ligamentares do assoalho
pélvico geram tensdo passiva no canal uretral, suportam os 6rgéos pelvicos e favorecem o
mecanismo de continéncia (Ashton-Miller; Delancey, 2007). Entretanto, durante atividades
mais vigorosas, como na corrida, a pressao intra-abdominal pode exceder a tensdo maxima
gerada pelas estruturas do assoalho pélvico (Tuttle et al., 2014; Tuttle et al., 2019), gerando a
manifestacdo dos sintomas de IUE. Para compensar a insuficiéncia das estruturas do assoalho

pélvico durante atividades vigorosas, é possivel que os musculos do assoalho pélvico
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necessitem da acdo de mausculos que atuam sinergicamente a eles para manutencdo da
continéncia urinaria(Occelli et al., 2001; Pit et al., 2003; Tuttle et al., 2014).

A pelve é um ponto de fixacdo para musculos abdominais e musculos do quadril (Tim
& Mazur-bialy, 2021). Devido a sua conexdo anatdmica, sabe-se que os musculos do assoalho
pélvico tém papel importante na estabilizacdo da cintura pélvica, na manutencdo da postura
ereta e nos movimentos do tronco e dos membros inferiores (Tim & Mazur-bialy, 2021). A
tensdo gerada por um determinado musculo pode ser transmitida a estruturas do corpo néo
adjacentes a ele por meio da transmissdo de forca miofascial (Carvalhais et al., 2013). Em
mulheres saudaveis, a solicitacdo de uma contracdo dos musculos do assolho pélvico, também
gera contracdo dos musculos obliquos internos, transverso do abdémen (Neumann & Gill,
2002; Tim & Mazur-bialy, 2021), parte inferior dos retos abdominais e gliteos (Tim &
Mazur-bialy, 2021). Mulheres com incontinéncia urinaria tém uma maior for¢a abdominal
(Arbieto et al., 2021) e ativam mais os musculos abdominais (reto abdominal e obliquos
internos e externos) ao realizarem uma contracdo voluntaria do assoalho pélvico em
comparacdo com mulheres continentes (Vesentini et al., 2019). Essa ativacdo excessiva,
combinada a uma contracdo insuficiente dos musculos do assoalho pélvico, pode estar
relacionada aos sintomas de incontinéncia urinaria (Vesentini et al., 2019). Além disso,
mulheres incontinentes tém musculos rotadores laterais e abdutores do quadril mais fracos em
comparacdo com mulheres continentes (Foster et al., 2021). Programas de fortalecimento
destes musculos, combinados com treino dos musculos do assoalho pélvico, melhoraram a
frequéncia de perda urinaria, mesmo sem mudanc¢as na forca dos musculos do assoalho
pélvico (Marques et al., 2020). Dessa forma, a acdo sinérgica dos musculos do assoalho
pélvico, abdominais e do quadril pode gerar uma distribuicdo de tensdo mais eficiente,
diminuindo a sobrecarga na regido pélvica. No entanto, pouco se sabe sobre o papel desses
musculos na diminuicdo do estresse nas estruturas pélvicas durante atividades vigorosas como

a corrida e da sua contribuicdo no mecanismo de continéncia urinéria.

Estudos indicam que corredoras incontinentes tém forga e resisténcia dos musculos do
assoalho pélvico semelhantes ou melhores que corredoras continentes (Bérubé & Mclean,
2024; Silva et al., 2020), mas possuem menor suporte passivo dos tecidos (e.g., menor rigidez
passiva dos musculos do assoalho pélvico e altura mais baixa do colo vesical em ortostatismo)
(Berube & Mclean, 2023). A maior forga dos musculos do assoalho pélvico observada no

grupo de mulheres corredoras incontinentes poderia ser uma compensacdo devido a menor
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rigidez e menor capacidade de suporte uretral observada neste grupo (Berube & Mclean,
2023). Portanto, embora a funcdo de forca e resisténcia dos musculos do assoalho pélvico
pareca ser maior entre corredoras com incontinéncia urinaria, as demandas impostas pela
corrida parecem causar mudangas no suporte passivo do assoalho pélvico que poderiam levar
a perda de urina (Bérubé & Mclean, 2024; Berube & Mclean, 2023).

No contato inicial com o solo, durante a corrida, a energia gerada pelo impacto causa
um aumento da aceleracdo dos segmentos do corpo, que precisa ser dissipada gradualmente
na cadeia cinética (Derrick et al., 1998). A performance na corrida requer certa capacidade do
sistema musculoesquelético de lidar com os estresses causados pelos impactos na cadeia
cinética (Fonseca et al., 2007). A relacdo entre a quantidade de estresse aplicado no sistema
musculoesquelético (e.g., demanda) e os recursos individuais (e.g., capacidade) sdo fatores
determinantes no aparecimento de patologias (Fonseca et al., 2007). As demandas de uma
tarefa motora podem ser definidas como os fluxos de energia mecanica (e.g., estresses
causados pelos impactos durante a corrida) aplicado no sistema musculoesquelético durante a
realizacdo de uma determinada tarefa (Fonseca et al., 2007). Em contrapartida, as capacidades
individuais sdo as habilidades do sistema em lidar com as demandas, utilizando os recursos
disponiveis para gerar, transferir e dissipar energia mecéanica (Fonseca et al., 2007). A
capacidade do sistema de lidar com as demandas de uma tarefa é dada pelos musculos locais
(e.g. musculos responsaveis pelo mecanismo de continéncia urinaria), musculos acessorios
(e.g. masculos sinergistas aos musculos responsaveis pelo mecanismo de continéncia urinaria)
e musculos ndo-locais (e.g. musculos que ndo tem conexdo direta com 0 mecanismo de
continéncia urinaria, mas sdo musculos que participam da absorcao de energia nos membros

inferiores durante a corrida).

A atenuacdo do impacto esta relacionada com as mudancas nas altas frequéncias das
aceleracGes entre segmentos distais e proximais que é passivamente dissipada por ligamentos,
fascias, cartilagens e ossos (Hamill et al., 1995). Além disso, os musculos sdo responsaveis
pela maior parte da atenuacgéo ativa da aceleracdo resultante do impacto por meio de ajustes
da rigidez articular e mudangas na cinemética (Hamill et al., 1995 Derrick et al., 1998).
Embora o impacto seja frequentemente associado ao risco de IUE em corredoras, alguns
investigadores sugerem que a capacidade adaptativa do individuo as demandas da tarefa (e.g.,
correr) € mais significativa do que o préoprio impacto (Derrick & Mercer, 2004; Fonseca et al.,

2020). A ndo adaptacdo da corredora ao ambiente e & demanda da corrida (e.g., estresses
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causados pelos impactos) pode resultar em um desempenho reduzido (Derrick & Mercer,
2004) e um aumento potencial do risco de sintomas de IUE. As capacidades e as demandas
sdo determinadas pelos mecanismos disponiveis para cada individuo (Fonseca et al., 2020;
Gruber et al., 2014), e a capacidade reduzida de atenuacdo do impacto pelos tecidos e
mecanismos musculares distais pode resultar em uma maior demanda para regides proximais,
como a pelve, potencialmente levando a sobrecarga dos tecidos (Gruber et al., 2014; VVoloshin
et al., 1988). Dessa forma, a IUE pode ser um resultado combinado do aumento de demanda
causada pela corrida e de uma capacidade muscular insuficiente para lidar com o estresse

adicional.

Métodos que consigam identificar os desequilibrios na relacdo entre a capacidade
individual (e.g., manter a continéncia urinéria e absorver os impactos) e demanda (e.g.,
estresses causados pelos impactos durante a corrida) podem representar uma ferramenta
importante para o melhor entendimento da ocorréncia de incontinéncia urinaria em mulheres
corredoras. A medida de atenuacdo de choque € uma ferramenta que tem sido utilizada para
investigar a atenuagdo do impacto ao longo da cadeia cinética. As andlises que investigam a
atenuacdo de choque fornecem informagdes relevantes sobre a contribui¢cdo dos mecanismos
de atenuacdo ativa e passiva durante a realizacdo de uma tarefa (Derrick & Mercer, 2004;
Derrick et al., 1998). Estudos mostraram, em uma andlise da corrida no plano sagital, que a
energia gerada no contato inicial é absorvida durante a fase de apoio através da modulagdo da
rigidez da articulacdo do joelho (Edwards et al., 2012) por meio da agdo isométrica do soleo
combinada com a contracdo excéntrica de quadriceps e uma rigidez e forca adequada dos
musculos rotadores laterais de quadril (Nicola & Jewison, 2012; Novacheck, 1998; Winter,
1983). Silva e colaboradores (2020) investigaram a biomecanica de corredoras com e sem
IUE para entender quais mecanismos poderiam sobrecarregar as estruturas da regido pélvica
durante a corrida. Eles ndo encontraram nenhuma diferencga significativa entre 0s grupos nas
variaveis biomecanicas investigadas (i.e., no deslocamento vertical do centro de massa, na
flexdo do joelho durante a fase de resposta a carga e no tipo de pisada) (Silva et al., 2020). No
entanto, ndo avaliaram a quantidade de energia que chegava a regido pelvica, nem como essa
energia estava sendo distribuida ao longo da cadeia cinética. Além disso, utilizaram uma
avaliacdo bidimensional da corrida, a qual ndo é considerada o padréo ouro para avaliacdo do
movimento humano. Portanto, é necessario investigar como as corredoras lidam com 0s

estresses causados pelos impactos durante a corrida, dissipando esta energia na cadeia
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cinética, e como suas capacidades musculoesqueléticas (e.g., fungdes musculares) se

organizam para lidar com essas demandas da corrida.
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2. OBJETIVOS E HIPOTESES

2.1. Objetivo geral

Investigar se existem diferencas nas capacidades musculares locais responsaveis pela
continéncia urinaria e musculos acessorios a esse mecanismo, nas capacidades musculares
ndo-locais importantes para realizar a tarefa da corrida e nas demandas impostas pela propria

corrida em mulheres corredoras com e sem IUE.

2.2. Objetivos especificos

Investigar se existem diferencas entre mulheres corredoras com e sem IUE nos seguintes

parametros:

2.2.1. Capacidade muscular local e musculatura acessoria:

2.2.1.1. Pressdo de contragdo e resisténcia dos musculos do assoalho pélvico;
2.2.1.2. Forca isométrica méxima de rotadores laterais e mediais de quadril, e
flexores de tronco;

2.2.2. Capacidade muscular ndo-local:

2.2.2.1. Forca isométrica maxima de flexores plantares e quadriceps;

2.2.3. Demanda imposta pela corrida:

2.2.3.1. Magnitude da forca de reacéo do solo;
2.2.3.2.  Absorcao de energia na fase de apoio da corrida no tornozelo, joelho e
quadril no plano sagital;
2.2.3.3. Atenuacdo do choque entre a tibia e o fémur na fase de apoio da
corrida;
2.3. Hipoteses

2.3.1. Capacidade muscular local e musculatura acessoria:
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2.3.1.1. Corredoras com IUE terdo uma capacidade muscular local (musculos
do assoalho pélvico) de pressdo de contracdo e resisténcia maior que
mulheres corredoras sem IUE;
2.3.1.2. Corredoras com IUE terdo uma capacidade muscular de musculos
acessorios ao assoalho pélvico (rotadores laterais e mediais de quadril e
flexores do tronco) menor quando comparadas com mulheres corredoras
sem IUE;

2.3.2. Capacidade muscular ndo-local:

2.3.2.1. Corredoras com IUE terdo uma capacidade muscular ndo-local (flexores
plantares e quadriceps) menor quando comparadas a mulheres corredoras
sem IUE;

2.3.3. Demanda imposta pela corrida:

2.3.3.1. Corredoras com IUE terdo maior magnitude da FRS quando
comparadas a mulheres corredoras sem IUE;

2.3.3.2.  Corredoras com IUE terdo menor absorcao de energia na fase de apoio
da corrida no tornozelo, joelho e quadril no plano sagital quando
comparadas a mulheres corredoras sem IUE;

2.3.3.3. Corredoras com IUE terdo menor atenuacéo do choque na fase de apoio
da corrida entre a tibia e o fémur quando comparadas a mulheres corredoras

sem IUE.
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3. ARTIGO

To be submitted to the British Journal of Sports Medicine

Article type: Original Article

Analysis of Muscle Function and Energy Dissipation in Runners with and without Stress

Urinary Incontinence: a cross-sectional study

ABSTRACT

Background: Increased impact transmission to the pelvis, coupled with the inability of
female runners to manage these demands, may compromise the urinary continence
mechanism, leading to stress urinary incontinence (SUI). This study investigated energy
dissipation in the kinetic chain of runners with and without SUI and if there are differences in
the musculoskeletal capacities to handle the demands of running. Methods: Thirty-two
female runners were included. The incontinent runners (GIR) (n=16) had SUI symptoms
during running and on the International Consultation on Incontinence Questionnaire - Short
Form (ICIQ-SF). The continent runners (GCR) (n=16) had no SUI symptoms and scored zero
on the ICIQ-SF. Pelvic floor muscle function was assessed using the Peritron. A portable
handheld dynamometer evaluated the maximum isometric strength of the hip external and
internal rotators, trunk flexors, ankle plantar flexors, and quadriceps. Kinetic data, including
ground reaction force, power absorption at the ankle, knee, and hip in the sagittal plane, and
shock attenuation between the tibia and femur, were obtained with a 3-D motion analysis
system during treadmill running. Group comparisons were performed using Student t-test and
Mann-Whitney. Results: Groups were homogeneous in all sociodemographic variables.
Vaginal squeeze pressure and endurance of the pelvic floor muscles, as well as maximum
isometric strength tests of the hip external and internal rotators, trunk flexors, ankle plantar
flexors, and quadriceps, showed no statistical differences between groups. Even with no
differences in the vertical magnitude of the ground reaction force that reaches the kinetic
chain, the GIR exhibit lower energy absorption at the ankle, lower impact attenuation between
the tibia and femur, and higher energy absorption at the hip during the stance phase of running
compared to the GCR. Discussion: No differences were observed in vaginal squeeze pressure,
pelvic floor muscle endurance, or isometric maximal strength between runners with and
without SUI. Runners with SUI exhibited lower joint energy absorption at the ankle and

reduced shock attenuation between the tibia and femur, associated with higher energy
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absorption at the hip during the stance phase of running compared to the group without SUI.
These findings suggest that the incapacity of runners with SUI to absorbed impact in the
Kinetic chain, leads to greater demands on the pelvic structures possibly resulting in tissue

overload and contributing to SUI symptoms.

Keywords: Running, Stress Urinary Incontinence, Pelvic Floor, Shock Attenuation,

Biomechanics.
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INTRODUCTION

Stress urinary incontinence (SUI) is characterized by urine loss during physical
exertion, such as coughing, sneezing, physical exercise, and sports activities [1]. Among the
symptoms of pelvic floor dysfunctions in women, SUI is the most reported symptom during
high-impact exercises [2]. Running, characterized by its high impact, causes sudden increases
in intra-abdominal pressure and high ground reaction force (GRF) levels [3]. The repetitive
impact during running may be related to SUI in female runners, with a prevalence varying of
47% [4] to 62% [5] in this group. During the running stance phase, GRF reaches magnitudes
of 3 to 4 times the body weight [6]. This high loading must be absorbed and dissipated by the
lower limb joints [7] to reduce the impact transmitted to the pelvis and spine. Therefore, the
transmission of repetitive impact to the pelvic region and the woman’s inability to cope with
these demands can compromise the urinary continence mechanism, resulting in SUI

symptoms.

Pelvic floor structures, such as muscles, fascia, and ligaments, neutralize intra-
abdominal pressure changes by increasing urethral closure pressure, which overcomes bladder
pressure and guarantees urinary continence [8]. However, during vigorous activities such as
running, intra-abdominal pressure can exceed the maximum tension generated by pelvic floor
muscles [2,9,10], leading to SUI symptoms. To counter the insufficiency of pelvic floor
structures during vigorous activities, the synergistic action of accessory muscles including
abdominal and hip muscles, may assist the pelvic floor muscles in managing the increased
demand. This muscle action synergy may create better tension distribution [11], reducing
pelvic region overload. However, the role of abdominal and hip muscles in mitigating stress

during running and their contribution to urinary continence is not well understood.

Studies indicate that incontinent runners have similar or greater strength and
endurance of the pelvic floor muscles [12,13] but have lower passive tissue support (e.g.,
lower passive stiffness of pelvic floor muscles and a lower bladder neck height in orthostatic
position) when compared to continent runners [14]. Therefore, although pelvic floor muscle
function of strength and endurance appears to be greater among runners with urinary
incontinence, the demands imposed by running seem to cause changes in the passive support

of the pelvic floor that could lead to urine loss [12,14].
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The energy applied at the initial contact during running causes an increase in body
segment acceleration, which must be gradually dissipated along the kinetic chain [15].
Imbalances between individual capacities (e.g., muscle capacity to attenuate the impact and
the continent mechanism) and task demands (e.g., impact stresses during running) can lead to
increased functional overload [16-18]. The ability of the system to handle the demands of a
task can be managed by local muscles (e.g., muscles responsible for the urinary continence
mechanism), accessory muscles (e.g., muscles that assist the muscles responsible for the
urinary continence mechanism), and non-local muscles (e.g., muscles that do not have a direct
connection to the urinary continence mechanism but participate in energy absorption and

attenuation in the lower limbs during running).

Shock attenuation is related to changes in high-frequency accelerations between distal
and proximal segments [19], and these analyses inform about the contribution of active and
passive attenuation mechanisms [15,20]. Although impacts are often associated with the risk
of SUI in female runners, some investigators suggest that the individual's adaptive capacity to
the demands of the task (e.g., running) is more significant than the impact itself [20,21]. The
runner's failure to adapt to the environment and the demands of running may lead to reduced
performance [20,21] and an increased risk of SUI symptoms. Silva et al. 2020 investigated the
biomechanics of runners with and without SUI to understand which mechanisms could
overload the pelvic region structures during running and found no differences in vertical
displacement, knee flexion during the loading response phase, and foot strike type [13].
However, they did not analyze the energy reaching the pelvic region and how it was
distributed along the kinetic chain. This information may be crucial to understanding the
nature of urinary loss in female runners. Methods that can identify imbalances between
capacity and demand may be essential for better understanding the occurrence of SUI in

female runners.

The objective of this study was to investigate the capacities of the local muscle
responsible for the continent mechanism, the accessory muscle of this mechanism and non-
local muscles that participate in impact attenuation during running, as well as to investigate
and quantify the absorption and attenuation of impact along the kinetic chain during running.
Our hypothesis was that runners with SUI will have: (1) better vaginal squeeze pressure and
endurance; (2) lower isometric maximal strength of the accessory muscles to the continence

mechanism and of the non-local muscles; (3) higher GRF; (4) lower joint energy absorption at
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the ankle, knee and hip during running; (5) and lower shock attenuation between tibia and

femur when compared with runners without SUI.
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METHODS

Participants

Female runners were recruited through social media and running associations for this
cross-sectional study. The general inclusion criteria were: (1) age between 18 and 45 years;
(2) at least six months of running experience with an average running training of at least 20
km per week; (3) no surgery in the lower limbs or pelvis within the last six months; (4) no
injury, defined as any musculoskeletal pain or discomfort resulting in training volume
reduction or restriction for seven consecutive days or three consecutive training sessions, or
the need for healthcare professional assistance [22]; (5) not being pregnant and not have given
birth in the last year (regardless of the method of delivery); (6) not being treated or having
undergone physiotherapeutic treatment for urinary incontinence; and (7) participants who
agreed to undergo the vaginal examination. The specific inclusion criterion for the group of
incontinent runners (GIR) group was (1) complaint of SUI assessed by direct question
(Yes/No) during running. Additionally, we complemented the self-reported loss with
responses on the International Consultation on Incontinence Questionnaire - Short Form
(ICIQ-SF) [23]; (2) not having symptoms of urgency urinary incontinence on the ICIQ-SF.
The GIR had to report symptoms of SUI, with mandatory reporting of urinary loss during
physical exercise. The specific inclusion criterion for the group of continent runners (GCR)
was (1) responding “No” to the question: “Do you have urine loss during running?” and
scoring zero on the ICIQ-SF. The general exclusion criteria were: (1) inability to run on a
treadmill and (2) experiencing pain or discomfort during running that prevented the
completion of data collection. All participants signed a consent form (Appendix 1) approved
by the University’s Ethical Research Committee (CAAE: 70329523.9.0000.5149). This study
followed the recommendations of the STROBE checklist [24].

Procedures

Initially, participants completed an online form with sociodemographic and clinical
information, including (1) age and body mass index, (2) obstetric history, (3) sports history,
and (4) characteristics of urinary incontinence related to running in the GIR. The ICIQ-SF
questionnaire [23] was used to group characterization and to complement the self-reported
urinary loss during running. Two researchers performed the inclusion and characterization of

participants, while the data collection (vaginal squeeze pressure and endurance, maximal
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isometric strength tests, and running kinetic) was conducted by the principal researcher to
ensure blinding during sample characterization, physical assessment, and statistical analyses.

The intra-rater reliability for vaginal squeeze pressure and endurance and maximal
isometric strength tests was assessed in 12 women on two different occasions, with a 7-day
interval. The intraclass correlation coefficient (ICC) was excellent for local muscular capacity
and accessory muscles: vaginal squeeze pressure (ICC = 0.96; 95% Confidence Interval
(CD):0.84 — 0.99) and endurance (ICC = 0.99; 95%CI: 0.96 — 0.99), for hip external rotator
(ICC =0.96; 95%CI: 0.85 — 0.99), hip internal rotator (ICC = 0.93; 95%CI: 0.70 — 0.98) and
trunk flexors (ICC = 0.88; 95%CI: 0.54 — 0.96) strength. And for non-local muscular
capacity: ankle plantar flexors (ICC = 0.96; 95%CI: 0.81 — 0.99) and quadriceps (ICC = 0.95;
95%CIl: 0.78 — 0.98) strength. The necessary sample size of 16 participants in each group was
estimated using a priori two-tailed power student’s t-test in the G*Power program (power =

0.80; effect size = 0.80; a error = 0.05) with ten initial data collection of the research.

The pelvic floor muscle function was evaluated by a physical therapist with three
years of experience in this evaluation. The details of the data collection are described in
“Supplementary Material 1”. Vaginal squeeze pressure and endurance were obtained using
the Peritron (CardioDesign, Australia), which is a reliable method of measuring pelvic floor
muscle strength [25] and endurance [26]. VVaginal squeeze pressure was measured as the peak
of pressure during a maximal voluntary contraction (MVC). Three MVC values were
recorded, with 30 seconds of rest between each measurement, and the mean value was used in
the statistical analysis [27]. The submaximal contraction for each participant was determined
by the value corresponding to 60% of the MVC and used as the cutoff point to be maintained
during the endurance test [27]. Endurance was measured as the period in which the
contraction could be kept above 60% of their MVVC mean [27]. Three endurance contractions
were recorded with 30 seconds of rest between them, and the mean value was used in the
statistical analysis [27]. Contractions that showed increased intra-abdominal pressure due to
the Valsalva maneuver or synergistic muscle contraction were discarded and repeated. All
participants received the same verbal instructions for the pelvic floor muscle assessments
[27,28].

A handheld dynamometer (E-lastic, Brazil) was used to measure the isometric
maximal strength of the hip external and internal rotators, trunk flexors, ankle plantar flexors,
and quadriceps. The isometric maximal strength tests are detailed in “Supplementary Material

2”. For all maximal isometric strength tests, the participant initially performed a
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familiarization repetition and then was instructed to perform MVC for five seconds. This
process was repeated three times with a 30-second interval between each trial. The examiner
offered standardized verbal encouragement to promote maximal effort. Strength
measurements were expressed as peak force normalized by the subject’s body mass (Nm/Kg).
Running kinetic data were collected using a three-dimensional motion analysis system with
eight cameras (Oqus 7, Qualysis Motion System, Gotthenburg, Sweden) at a frequency of
300Hz, and a Bertec instrumented treadmill without inclination (Bertec, Columbus, OH,
USA) at a frequency of 1200Hz. A rigid body model created from a five-second static
orthostatic trial was used to determine the position and orientation of each segment relative to
the laboratory, considering six degrees of freedom [29,30]. The movements of the foot, shank,
thigh, pelvis, trunk, arms, and head were tracked using 35 reflective markers (Fig. 1). The
participants were instructed to run for 30 minutes, with data being collected for 1 minute in
the 30" minute at a standardized speed of 3.3m/s [31]. This fixed speed was set based on
previous studies [31,32]. All participants wore their own shorts, tops, and non-minimalist

running shoes.
Insert_Figure_1 near_here
Data reduction

The kinetic data of the dominant lower limb were analyzed during the running stance
phase. Limb dominance was determined by the foot used to Kick a ball. Kinetic data were
analyzed using the inverse dynamics method based on the force platform data. The inertial
properties of the segments were estimated based on their mass, radius, center of mass

location, and three-dimensional shape [33].

Kinetic data were processed using Visual 3D software (C-Motion, Inc., Rockville,
MD, USA). The force data provided by the force platform and the linear displacement of the
tracking markers were filtered using Butterworth fourth-order low-pass filters with a cutoff
frequency of 20 Hz [34]. The heel-strike and toe-off events were detected in Visual 3D
software, based on the vertical ground reaction force of the force platform, with a threshold of
10 N. Joint power in the sagittal plane were computed for the ankle, knee and hip [35]. We
used the following Cardan sequence: mediolateral, anteroposterior, and longitudinal axes.

Data were normalized to 101 points, one for each percentage of the stance phase of running.

Lower limbs’ joint power was calculated by multiplying the net joint moment

(adjusted for participant mass) by the angular velocity for the hip, knee, and ankle in the
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sagittal plane [36]. Joint energy absorption was calculated from each ankle, knee, and hip
joint power curve as the time integral of all negative data points during the stance phase [36].
The peak of GRF was calculated as the vertical force vector's highest value during the

dominant limb's running stance phase.

To compute shock attenuation, the power spectral density was calculated from the
resultant acceleration of the tibia and femur during the running stance phase and analyzed by
integrating the power values within the high (9-20Hz) and low (1-8Hz) frequency spectrum
[37]. High-frequency ranges are commonly associated with impact, and low-frequency ranges
are related to active propulsion [38]. In our analyses we used just the high-frequency ranges.
The increase or attenuation of the power amplitude between the tibia and the femur

accelerations was computed using the following transfer function:

Amplitude = 10 x log1o (PSDfemur/ PSDrtibia),

where PSDremur is the femur’s power spectral density, and PSDxinia IS the tibia’s power spectral
density during running stance [21]. Shock attenuation was defined as the sum of all negative
amplitudes within the high-frequency range associated with ground contact (9-20 Hz) [37].
The values of shock attenuation between the tibia and the femur indicate the amount of energy
that reaches the pelvic region, that is, the amount of demand that these pelvic structures must

dissipate and attenuate.
Data analysis

Descriptive statistics were conducted to describe the study's sociodemographic
variables, and they were reported as means and standard deviations for both groups. The local
and accessory muscle capacity, non-local muscular capacity, joint energy absorption, GRF
peak, and Shock Attenuation data were tested for normal distribution using the Shapiro-Wilk
and compared using the independent Student's t-test for variables with normal distribution or
the Mann-Whitney test for variables with non-normal distribution. The effect size (d) was
interpreted as follows: small (0.2-0.49), medium (0.5-0.79), and large (>0.8) [39]. The mean
differences between groups with 95% confidence intervals (CI) were reported All analyses
were performed using MatLab R2022a (The MathWorks Inc, Natick, MA) and JASP (Version
0.18.3, JASP Team, 2024) with a significance level of 0.05.
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RESULTS

An initial sample of eighty female runners was included in this study, forty-six did not
respond to the contact to participate in the data collection after being included in the research,
one was unable to perform pelvic floor muscles assessment, and one did not have running
experience on a treadmill. Therefore, thirty-two running women (GIR=16; GCR=16)
participated in this study. A flow diagram of participants is shown in Fig.2. Table 1 shows the
characteristics of the participants in each group. No differences existed between groups in
age, body mass index, number of pregnancies, running experience, and training frequency and

distance.

Insert_Table 1 and Figure 2 near_here

Local, accessory, and non-local muscle capacity:

The results of the groups' comparisons regarding vaginal squeeze pressure and
endurance of pelvic floor muscle, as well as the isometric maximal strength of hip external
and internal rotators, trunk flexors, ankle plantar flexors, and quadriceps, are reported in Table

2. The results demonstrate no significant group differences in all variables.

Insert_Table 2 near_here

Running kinetics:

The results of the between-group comparisons regarding the peak of GRF, joint energy
absorption, and shock attenuation are reported in Table 3. No significant differences were
observed in the GRF peak (Fig.3). However, the GIR exhibited lower energy absorption in the
ankle and higher energy absorption in the hip during the stance phase of running compared to
the GCR (Fig.4). Additionally, shock attenuation between the tibia and femur was
significantly lower in the GIR (Fig.5).

Insert_Table 3 and_Figure_3_and_Figure_4 and_Figure 5 near_here
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DISCUSSION

We investigated the muscular mechanisms associated with urinary incontinence and
energy absorption during running in female runners with and without SUI. Our findings
revealed no significant differences between the groups in pelvic floor muscle strength,
endurance, and isometric maximal strength tests, nor in the magnitude of GRF. However,
runners with SUI exhibited lower joint energy absorption at the ankle and reduced shock
attenuation between the tibia and femur, which was compensated by higher energy absorption
at the hip during the stance phase of running compared to those without SUI. Despite the
proper functioning of local, non-local, and accessory muscles, the demands of running that
reaches the pelvic region appear to exceed the capacity of women with SUI to maintain
urinary continence, suggesting that SUI may be due to the reduced ability to handle the forces

imposed by running on the kinetic chain.

While weaker pelvic floor muscle function generally contributes to urinary
incontinence [40], this does not appear to be the case for runners. Our study found no
significant differences in vaginal squeeze pressure and pelvic floor muscle endurance between
runners with and without SUI. These findings align with previous research, such as de Melo
Silva et al. (2020), which also reported no differences in pelvic floor muscle between these
groups [13]. Additionally, Berube et al., 2023; Berube et al., 2024 found that incontinent
runners exhibited similar or even superior relative peak force during MVC and better
endurance compared to their continent counterparts [12,14]. The stronger pelvic floor muscles
in incontinent female runners may compensate for lower stiffness and reduced urethral
support [14]. Collectively, these studies, along with our results, suggest that pelvic floor
motor function alone may not be a decisive factor in the continence mechanism for female
runners. This reinforces the notion that urinary incontinence is a multifactorial condition and
cannot be attributed solely to the strength and endurance of the pelvic floor muscles. Given
the complexity of human movement [19, 41], it is crucial to consider additional factors to

fully understand the etiology of urinary incontinence in female runners.

During running, muscles play a crucial role in actively attenuating forces [15,21]. Our
study found that runners with SUI have less energy absorption in the distal segments of the
Kinetic chain. Interestingly, this reduction in energy absorption could not be attributed to
differences in muscle strength, as the isometric strength of the accessory muscles (hip external

and internal rotators and trunk flexors) and non-local muscles (ankle plantar flexors and
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quadriceps) was similar between runners with and without SUI. It is important to recognize
that shock attenuation capacity and the task demands, such as the impact stresses during
running, are determined by individual mechanisms [16,19]. Therefore, the strength of
accessory and non-local muscles may not be sufficient to compensate for the reduced
absorption observed in the distal segments of the kinetic chain in runners with SUI. This
reduced shock attenuation capacity in distal joints may lead to increase proximal demand for
adjacent joints, such as the hip/pelvis, potentially resulting in tissue overload [16,18], and SUI

symptoms.

Running involves continuous absorption of repetitive impacts that begin at the foot
and ankle and are subsequently transferred to the proximal segments of the kinetic chain,
including the knee, hip, and pelvis [7]. The shock attenuation analysis can help explain the
higher power absorption observed in the hip by the runners with SUI. In our study, the
runners with SUI had lower shock attenuation between the tibia and femur, meaning that the
amount of energy transferred to the hip and pelvic region was higher than that of the runners
without SUI. These results support the joint energy absorption findings, as the runners' failure
to absorb energy at the ankle increases shock in the tibia. This shock is not mitigated at the
knee, leading to higher transfer to the femur, as the reduced shock attenuation between the
tibia and femur observed in our study. This excess energy must then be compensated by
increased energy absorption at the hip. This mechanism indicates that female runners with
urinary incontinence failed to absorb the energy in the kinetic chain, resulting in greater
demand for the pelvic structures to dissipate and attenuate shock. Specifically, runners with
urinary incontinence exhibited poor energy absorption at the ankle, which was not adequately
compensated by increased energy absorption at the knee, leading to higher energy transfer to
the hip and pelvis. Although the magnitude of the GRF generated at initial contact during
running was similar between female runners with and without SUI, more energy reached the
hip and pelvic region in runners with SUI. Thus, the pelvic structures of runners with SUI had

to work harder to manage this increased demand during running.

Ideally, the foot and ankle should act as a shock absorber during the stance phase of
running by the actions of the subtalar joint [7], reducing the stress on other parts of the body.
Research supports the idea that reduced foot flexibility and lower shock attenuation at distal
joints, such as the ankle, play a role in the etiology of urinary incontinence [42,43]. The

runner's failure to adapt to the environment, which imposes higher demands on the pelvic
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structures, may lead to muscle fatigue, increasing the risk of SUI during running [2]. Indeed,
some researchers have found that after a running session, even with adequate pelvic muscle
function, the demands of running seem to cause transient morphological changes in pelvic
structures such as bladder neck descent [14], reduced pelvic floor contractility in 17% [44]
and symptoms of urinary incontinence primarily occurring in the middle or toward the end of
a training session [45]. Thus, the demand reaching the pelvic region appears to be a

determinant factor in incontinence.

STRENGTH AND LIMITATIONS

This study highlights the importance of adopting a more comprehensive approach to
better understand the complex relationships between individual capacities, running demands,
and SUI. Although our study employed gold-standard instruments that are widely accepted
and validated, there were some limitations. Specifically, we assessed vaginal squeeze pressure
and pelvic floor muscles endurance with a perineometer in the supine position. Even though
the perineometer is considered a reliable method of measuring pelvic floor muscle strength
and endurance, evaluation with other devices such as ultrasound could provide us with
important information related to pelvic structures. Additionally, measuring pelvic floor
muscle forces with in a standing position might be more task-specific, as it allows for the
evaluation of pelvic floor muscles function in a gravity-dependent position, which more
accurately reflects the load on the pelvic floor during running [14]. However, even with the
perineometer in the supine position, our results are similar with the literature that evaluate
pelvic floor muscle function. Moreover, considering energy-absorbing factors related to the
lower limbs such as eccentric and concentric strength, joint range of motion, flexibility could
provide further insights into the adaptive biomechanical patterns adopted by runners with
SUL. Future studies are needed to elucidate the differences in the impact absorption capacity
and running adaptative patterns between female runners with and without urinary leakage.

Despite the small sample size, the large effect sizes support our findings.

CONCLUSION

No differences were observed in vaginal squeeze pressure and endurance of pelvic
floor muscle, and in isometric maximal strength tests between groups of runners with and
without SUI. The group of runners with SUI exhibited lower joint energy absorption at the

ankle and reduced shock attenuation between the tibia and femur, associated with higher
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energy absorption at the hip during the stance phase of running compared to the group
without SUI. These findings suggest that the demands placed on the pelvic structures in
female runners with urinary incontinence are greater than in continent runners. This indicates
that SUI may result from a reduced capacity to manage and adequately absorb impact during
running, thereby increasing the demands on the pelvic structures. Therefore, it is crucial to
recognize that urinary incontinence is influenced by multiple factors, and a broader approach
that consider absorption mechanisms is necessary to fully understand the complex

relationships between individual capacities, running demands, and SUI in female runners.
CONFLICT OF INTEREST

The authors declare no conflict of interest and that the research was conducted in the absence

of any financial relationship that could be a potential conflict of interest.
FUNDING

The authors acknowledge the financial support offered by the Fundagdo de Amparo a Pesquisa
do Estado de Minas Gerais, Brazil (FAPEMIG), the Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior, Brazil (CAPES, Finance Code 001) and the Conselho Nacional de

Desenvolvimento Cientifico e Tecnoldgico, Brazil (CNPq).



363

364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394

30

REFERENCES

10.

11.

Doumouchtsis SK, de Tayrac R, Lee J, Daly O, Melendez-Munoz J, Lindo FM, Cross A,
White A, Cichowski S, Falconi G, Haylen B. An International Continence Society
(ICS)/International Urogynecological Association (IUGA) joint report on the terminology
for the assessment and management of obstetric pelvic floor disorders. Int Urogynecol J.
2023 Jan;34(1):1-42. doi: 10.1007/s00192-022-05397-x. Epub 2022 Nov 28.

Gan ZS, Smith AL. Urinary incontinence in elite female athletes. Curr Urol Rep. 2023
Feb;24(2):51-8. doi: 10.1007/s11934-022-01133-6. Epub 2022 Nov 24.

Bg K, Nygaard IE. Is physical activity good or bad for the female pelvic floor? A narrative
review. Sports Med. 2020 Mar;50(3):471-84. doi: 10.1007/s40279-019-01243-1.

Forner LB, Beckman EM, Smith MD. Do women runners report more pelvic floor
symptoms than women in CrossFit®? A cross-sectional survey. Int Urogynecol J.
2021;32(2):295-302. Available from: https://doi.org/10.1007/s00192-020-04531-x.

Oli MP, Azevedo M, Camargo R, Oliveira J, Costa P, Silva M, et al. Relacdo entre
incontinéncia urinaria em mulheres atletas corredoras de longa distancia e disturbio
alimentar. Rev Assoc Med Bras. 2008;54(2):117-21.

Bennell K, Crossley K, Jayarajan J, Walton E, Warden S, Kiss ZS, et al. Ground reaction
forces and bone parameters in females with tibial stress fracture. Med Sci Sports Exerc.
2004;36(3):397-404. doi: 10.1249/01.mss.0000117116.90297.el.

Nicola TL, Jewison DJ. The anatomy and biomechanics of running. Clin Sports Med.
2012;31(2):187-201. Available from: https://doi.org/10.1016/j.csm.2011.10.001.

Cardozo L, Haylen BT, Kelleher C, et al. INCONTINENCE 7th Edition 2023: 7th
International Consultation on Incontinence ICUD Editors. Available from: www.icud.info.
Tuttle LJ, McPhee J, Agha A, et al. Hip exercises improve intravaginal squeeze pressure in
older women. Physiother Theory Pract. 2019;35(5):425-431. doi:
10.1080/09593985.2019.1571142.

Tuttle LJ, Reddy T, Fong A, et al. Architectural design of the pelvic floor is consistent with
muscle functional subspecialization. Int Urogynecol J. 2014;25(2):205-212. doi:
10.1007/s00192-013-2189-5.

Carvalhais VOC, Silva RA, Figueiroa C, et al. Myofascial force transmission between the
latissimus dorsi and gluteus maximus muscles: An in vivo experiment. J Biomech.
2013;46(5):1003-1007. doi: 10.1016/j.jbiomech.2012.11.044.



395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

31

Bérubé ME, McLean L. The acute effects of running on pelvic floor morphology and
function in runners with and without running-induced stress urinary incontinence. Int
Urogynecol J. 2024;35(1):127-138. doi: 10.1007/s00192-023-05674-3.

de Melo Silva R, Roca M, Cacilhas A, Ribeiro A, Pacheco M. The relationship between
running kinematics and the pelvic floor muscle function of female runners. Int Urogynecol
J. 2020;31(1):155-163. doi: 10.1007/s00192-019-03968-z.

Berube ME, McLean L. Differences in pelvic floor muscle morphology and function
between female runners with and without running-induced stress urinary incontinence.
Neurourol Urodyn. 2023;42(8):1733-1744. doi: 10.1002/nau.25274.

Derrick TR, Hamill J, Caldwell GE. Energy absorption of impacts during running at
various stride lengths. Med Sci Sports Exerc. 1998;30(1):128-135.

Gruber AH, Hreljac A, Anderson D, et al. Impact shock frequency components and
attenuation in rearfoot and forefoot running. J Sport Health Sci. 2014;3(2):113-121. doi:
10.1016/j.jshs.2014.03.004.

Ocarino JM, Silva PL, Ferreira de Aquino C. Integration of stresses and their relationship
to the kinetic chain. Available from: https://www.researchgate.net/publication/285158719.
Accessed August 13, 2024.

Voloshin AS. Shock absorption during running and walking. J Am Podiatr Med Assoc.
1988;78(6):295-299. doi: 10.7547/87507315-78-6-295.

Hamill J, Derrick TR, Holt KG. Shock attenuation and stride frequency during running.
Hum Mov Sci. 1995;14:45-60.

Derrick TR, Mercer JA. Ground/Foot Impacts: Measurement, Attenuation, and
Consequences. Med Sci Sports Exerc. 2004;36(5):830-831. doi:
10.1249/01.MSS.0000125728.92536.54.

Fonseca ST, Pappas E, Figueiredo PR, et al. Sports injury forecasting and complexity: A
synergetic approach. Sports Med. 2020;50(10):1757-1770. doi: 10.1007/s40279-020-
01326-4.

Yamato TP, Saragiotto BT, Lopes AD. A consensus definition of running-related injury in
recreational runners: a modified Delphi approach. J Orthop Sports Phys Ther.
2015;45(5):375-380. doi: 10.2519/jospt.2015.5741.

Tamanini JTN, Costa-Pinto FA, Lima LG, et al. Validagdo para o portugués do
“International Consultation on Incontinence Questionnaire-Short Form” (ICIQ-SF). Rev
Saude Publica. [place unknown]: [publisher unknown]; [date unknown]. Available from:

www.fsp.usp.br/rsp.



429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

32

.Von Elm E, Altman DG, Egger M, et al. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol. 2008;61(4):344-349. doi: 10.1016/j.jclinepi.2007.11.008.
Ferreira CHJ, Mota CB, Sannomiya P, et al. Inter-rater reliability study of the modified
Oxford Grading Scale and the Peritron manometer. Physiotherapy. 2011;97(2):132-138.
doi: 10.1016/j.physio.2010.06.007.

Rahmani N, Mohseni-Bandpei MA. Application of perineometer in the assessment of
pelvic floor muscle strength and endurance: a reliability study. J Bodyw Mov Ther.
2011;15(2):209-214. doi: 10.1016/j.jbmt.2009.07.007.

Frawley H, Brown J, O’Connell HE, et al. An International Continence Society (ICS)
report on the terminology for pelvic floor muscle assessment. Neurourol Urodyn.
2021;40(5):1217-1260. doi: 10.1002/nau.24658.

Carvalhais A, da Silva M, Lima G, et al. Association between physical activity level and
pelvic floor muscle variables in women. Int J Sports Med. 2018;39(13):995-1000. doi:
10.1055/a-0596-7531.

Leardini A, Odolczyk J, Stagni R, et al. Rear-foot, mid-foot and fore-foot motion during
the  stance phase of gait. Gait Posture.  2007;25(3):453-462.  doi:
10.1016/j.gaitpost.2006.05.017.

Souza TR, McCarthy JJ, de Oliveira L, et al. Between-day reliability of a cluster-based
method for multisegment kinematic analysis of the foot-ankle complex. J Am Podiatr Med
Assoc. 2014;104(6):601-609. doi: 10.7547/8750-7315-104.6.601.

Santos TRT, de Sa JPR, Carvalho V, et al. Vertical stiffness and lower limb inter-joint
coordination in older versus younger runners. J Biomech. 2023;157:111705. doi:
10.1016/j.jbiomech.2023.111705.

Harrison K, van den Berg M, Hamill J. Inter-joint coordination patterns differ between
younger and older runners. Hum  Mov  Sci. 2019;64:164-170. doi:
10.1016/j.humov.2019.01.014.

Hanavan EP. A mathematical model of the human body. Aerospace Medicine Research
Laboratory; 1964. p. 1-149.

Winter DA. Biomechanics and Motor Control of Human Movement. New York: John
Wiley & Sons; 2009.

Portinaro N, Pagani A, Cazzaniga A, et al. Modifying the Rizzoli foot model to improve
the diagnosis of pes-planus: Application to kinematics of feet in teenagers. J Foot Ankle
Res. 2014;7:1-7.



463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

33

Baggaley M, White S, O’Neill E, et al. Step length and grade effects on energy absorption
and impact attenuation in running. Eur J Sport Sci. 2020;20(6):756-766. doi:
10.1080/17461391.2019.1664639.

Napoli CD, Sabatini AM, Lippiello P, et al. Dynamic visual acuity during asymmetric
walking. Hum Mov Sci. 2022;85:102998. doi: 10.1016/j.humov.2022.102998.

Lim J, Busa MA, Van Emmerik REA, Hamill J. Adaptive changes in running kinematics
as a function of head stability demands and their effect on shock transmission. J Biomech.
2017;52:122-129. doi: 10.1016/j.jbiomech.2016.12.020.

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale, NJ:
Lawrence Erlbaum Associates; 1988.

Bg K, Sherburn M. Evaluation of female pelvic-floor muscle function and strength. Phys
Ther. 2005;85(3):269-282.

Bittencourt NFN, Carvalho AC, Bertolini GR, et al. Complex systems approach for sports
injuries: moving from risk factor identification to injury pattern recognition-narrative
review and new concept. Br J Sports Med. 2016;50(21):1309-1314. doi: 10.1136/bjsports-
2015-095850.

Sorrigueta-Herndndez A, Martinez-Moreno C, Ldpez-Mifarro PA, et al. Benefits of
Physiotherapy on Urinary Incontinence in High-Performance Female Athletes: Meta-
Analysis. J Clin Med. 2020;9(10):3240. doi: 10.3390/jcm9103240.

Nygaard IE, Glowacki C, Saltzman CL. Relationship between foot flexibility and urinary
incontinence in nulliparous varsity athletes. Obstet Gynecol. 1996;87(6):1049-1051. doi:
10.1016/0029-7844(96)00079-8.

Ree ML, Nygaard I, Bg K. Muscular fatigue in the pelvic floor muscles after strenuous
physical activity. Acta Obstet Gynecol Scand. 2007;86(7):870-876. doi:
10.1080/00016340701417281.

Carvalhais A, Jorge RN, Bg K. Performing high-level sport is strongly associated with
urinary incontinence in elite athletes: a comparative study of 372 elite female athletes and
372 controls. Br J Sports Med. 2018;52(24):1586-1590. doi: 10.1136/bjsports-2017-
097587.

Resende RA, Araldjo N, Souza M, et al. Does trunk and hip muscles strength predict the
performance during a core stability test? Braz J Phys Ther. 2019. doi:
10.1016/j.bjpt.2019.03.001.

Verbrugghe J, Wuytack I, Coudane H, et al. Reliability and agreement of isometric

functional trunk and isolated lumbar strength assessment in healthy persons and persons



497
498
499
500
501
502
503
504
505

48.

49.

34

with chronic nonspecific low back pain. Physiother Theory Pract. 2019;38(7):1-7. doi:
10.1016/j.ptsp.2019.03.009.

Garcia D, Reis L, Morais M, et al. Reliability and validity of a portable traction
dynamometer in knee-strength extension tests: An isometric strength assessment in
recreationally ~ active  men.  Healthcare  (Basel).  2023;11(10):1466.  doi:
10.3390/healthcare11101466.

Marmon AR, Bowers A, McCulloch K, et al. The validity of plantarflexor strength
measures obtained through hand-held dynamometry measurements of force. Int J Sports
Phys Ther. 2013;8(6):820-827.



Table 1: Characteristics of the participants.

35

Group of Group of incontinent Group difference:

continent runners, runners, n = 16, p-value

n = 16, mean (SD) mean (SD)
Age (Years) @ 30.38 (5.79) 33.63 (8.35) 0.211
Height (Centimeters) @ 161.87 (6.56) 163.37 (5.51) 0.248
Mass (Kilograms) @ 59.15 (5.63) 62.62 (9.19) 0.456
BMI (kg/m2)? 22.59 (1.93) 23.36 (2.26) 0.307
Number of pregnancies? 0.38 (1.08) 0.69 (1.19) 0.262
Running experience (months) 53.94 (44.65) 73.19 (73.36) 0.497
Weekly training frequency (days)® 3.38(0.95) 3.75(1.12) 0.293
Weekly distance (kilometers)® 26.44 (5.31) 28.75 (11.03) 0.831

3 student’s t-test for variables with normal distribution; ®Mann-Whitney test for variables with non-normal
distribution. SD = standard deviation; BMI = body mass index.

Table 2: Local, accessory and non-local muscular capacity and the results of the comparisons between groups.

Mean between groups

Group of Group of incontinent Group . difference
] ) Effect size
continent runners, runners, n = 16, difference: (95% CI)
Cohen’s ] ]
n =16, mean (SD) mean (SD) p-value Continent minus

incontinent

Pelvic floor muscle

function
Vaginal squeeze 32.37 (21.00) 42.75 (15.59) 0.123 0.562 10.38 (-23.73 t0 2.97)
pressure Peritron
(cmH20)
Endurance Peritron 7.86 (10.08) 9.88 (4.72) 0.057 0.398 -2.02 (-7.70 to 3.66)
(seconds)

Isometric maximal

strength (Nm/Kg)
Hip external rotators 0.88 (0.34) 1.03(0.31) 0.124 0.559 -0.15 (-0.38 t0 0.08)
Hip internal rotators 0.76 (0.29) 0.80 (0.34) 0.718 0.129 -0.04 (-0.27 t0 0.19)
Trunk flexors 1.42 (0.48) 1.55 (0.41) 0.442 0.276 -0.19 (-0.45t0 0.19)
Ankle plantar flexors 1.01 (0.28) 1.09 (0.26) 0.422 0.288 -0.08 (-0.28 t0 0.12)
Quadriceps 2.03 (0.73) 2.37 (0.57) 0.162 0.506 -0.34 (-0.81 t0 0.13)

2 student’s t-test for variables with normal distribution; Nm/Kg = Peak of force in Newtons normalized by the subject’s body mass in
kilograms; SD = standard deviation; Cl = Confidence Intervals.
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Table 3: Vertical ground reaction force peak, joint energy absorption at the ankle, knee, and hip and shock attenuation.

Mean between

Group of continent Group of incontinent Group . groups difference
Effect size
runners, n = 16, runners, n = 16, difference: (95% CI)
Cohen’s . i
mean (SD) mean (SD) p-value Continent minus
incontinent
Vertical ground
] 2.21(0.22) 2.16 (0.20) 0.463 0.263 0.05 (-0.10 to 0.20)
reaction force peak (N)
Ankle?
Absorption (-) -3.46 (2.14) -2.39 (1.84) 0.019 0.538 -1.07 (-2.51 t0 0.37)
Knee?
Absorption (-) -5.59 (4.56) -6.22 (5.33) 0.571 0.127 0.63 (-2.95 to 4.51)
Hip?
Absorption (-) -1.42 (0.66) -1.93 (0.53) <0.001 0.850 0.51 (0.08 t0 0.94)
Shock attenuation
o -29.42 (34.50) -6.10 (25.73) 0.038 0.800 -23.32 (-45.29 t0 -1.35)
tibia-femur?

student’s t-test for variables with normal distribution. Ground force reaction was represented in Newtons and was normalized with the
person’s mass. SD = standard deviation; N = Newtons; Cl = Confidence Intervals.
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Fig. 1. Marker model for running biomechanics data collection: 1 — Head of the second metatarsal; 2 — Head of the
fifth metatarsal; 3 — Lateral malleolus; 4 — Calcaneus; 5 — Tibial tuberosity; 6 — Lateral epicondyle of the femur; 7 —
Patella (1 cm above the superior border of the patella); 8 — Anterior superior iliac spine; 9 — Sacrum (midpoint
between the left and right posterior superior iliac spines); 10 — Spinous process of the twelfth thoracic vertebra (T12);
11 — Spinous process of the second thoracic vertebra (T2); 12 — Jugular notch; 13 — Acromion; 14 — Lateral
epicondyle; 15 — Medial epicondyle; 16 — Styloid process of the ulna; 17 — Styloid process of the radius; 18 — Base of
the index finger; 19 — Glabella; 20 — Tragus of the ear. A-Anterior view; B-Posterior view.

Excluded (n = 48):

Included in this study (n = 80)

Participants that didn’t respond to the
contact after being included (n = 46);
unable to perform the assessment of the
pelvic floor muscles (n = 1); never ran on
a treadmill (n = 1).

v

A 4
Participated in this study (n = 32)

Group of continent runners Group of incontinent runners (n = 16):
(n=16): Participants with complaint of SUI during ruining assessed by
. . "Yes or No" question and reported symptoms of SUI
Participants with score zero on (coughing and/or sneezing) with mandatory loss during
the ICIQ-SF. physical exercise on the ICIQ-SF.

Fig.2. Flowchart illustrating the progression of all subjects throughout the research. SUI = stress urinary
incontinence; ICIQ-SF = the International Consultation on Incontinence Questionnaire - Short Form.
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Fig. 3. Vertical ground reaction force during stance phase of running on the dominant limb report in Newtons. Red
lines — Group of incontinent runners; Blue lines — group of continent runners. N=Newtons.
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Fig. 4. Joint energy absorption differences between groups from each negative data points during stance phase joint
power curve of the ankle, knee and hip. Red lines — Group of incontinent runners; Blue lines — group of continent
runners.ABS — absorption; GER - generation.
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Fig. 5. Shock attenuation between the tibia and femur during the running stance phase in runners with and without urinary incontinence. Resultant accelerations at the tibia and femur were
normalized to percent stance. The Welch's power spectral density estimate function in MatLab (pwelch) was used. The normalized acceleration profiles were converted into power spectral
densities, from which high signal power values were computed. Finally, with the transfer function, these power spectral densities were used to derive the shock attenuation occurring
between the tibia and femur. PSD = power spectral density; SA = shock attenuation; GIR = group of incontinent runners; GCR = group of continent runners.
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SUPPLEMENTARY MATERIALS

Supplementary material 1:

Evaluation of the pelvic floor muscle functions:

This evaluation was done to ensure that the women were correctly contracting the pelvic floor
muscle during the perineometer examination. During the pelvic floor muscle inspection, the
following data were analyzed: (1) voluntary contraction of the pelvic floor muscles, where the
participant was asked to perform a contraction of the pelvic floor muscles, and the researcher
documented the contraction as: present/perineal elevation (documented when there is a
cephalic displacement of the perineal body), absent (when there is no movement of the
perineal body), perineal descent (when a caudal displacement of the perineal body can be
observed) [27]; (2) relaxation of the pelvic floor muscles characterized as the return of the
perineum to the resting position after a voluntary contraction, and the researcher documented
the relaxation as: complete relaxation, partial relaxation, and no relaxation of the pelvic floor
muscles [27]; (3) pelvic floor response to a sudden increase in intra-abdominal pressure
during coughing, where the responsible researcher documented the relaxation as: perineal
elevation, no change, or perineal descent [27]. After this, vaginal palpation was performed by
inserting one finger (unidigital) up to the second phalanx into the participant's vaginal canal.
The responsible researcher used disposable powder-free gloves and neutral water-based
lubricant gel for the evaluation. The following data were assessed: (1) maximum voluntary
contraction (MVC) or pelvic floor muscle strength through three maximum voluntary
contractions, with a 30-second rest between them, and the highest score included in the
statistical analysis. The maximum voluntary contractions were graded according to the
Modified Oxford Scale (0 = no muscle function; 1 = flicker of contraction; 2 = weak
contraction; 3 = moderate contraction, with cranial movement and finger compression by the
researcher; 4 = movement towards the pubic symphysis and finger compression by the
researcher; 5 = strong muscle contraction, with movement towards the pubic symphysis and
cranial displacement, strong finger compression by the examiner) [27]; (2) pelvic floor muscle
endurance, where the participant was asked to sustain the maximum voluntary contraction for
as long as possible [27]. The test was interrupted in case of a marked decrease in contraction
or the use of synergistic muscles (abdominal, gluteal, adductors, breathing) [27].



41

Supplementary material 2:

Evaluation of the isometric maximal strength tests:

To evaluate the isometric maximal strength of the hip external and internal rotators, the
participant was positioned in prone with the knee of the side being evaluated flexed by 90°
with a manual inclinometer and the contralateral knee extended [46]. A rigid strap was used to
stabilize the participant's pelvis during the test. For assessing hip external rotator isometric
strength, the dynamometer was placed five centimeters proximal to the medial malleolus (Fig.
1A.). For hip internal rotator isometric strength, the dynamometer was placed five centimeters
proximal to the lateral malleolus (Fig. 1B.). The participant was instructed to execute
maximal strength in the direction of hip external rotation.

To evaluate the isometric maximal strength of the trunk flexors, the participant wore a vest
and sat on a standardized bench measuring 62 centimeters high. The participant maintained an
erect torso, arms crossed over the chest, and knees flexed at 90° with the popliteal fossa
resting on the edge of the bench [47]. A rigid strap was used to stabilize the thighs of the
participant during the test (Fig.1C.). The participant was instructed to execute maximal

strength in the direction of trunk flexion.

To evaluate the isometric maximal strength of the quadriceps, the participant was instructed to
sit on a standardized bench of 62 centimeters with the trunk erect and supported by a
standardized cushion on the backrest, arms at the sides holding the side of the bench, knees
flexed at 90° with the popliteal fossa resting on the edge of the bench [48]. The participant
was stabilized with a rigid strap on the abdominal region and thighs (Fig. 1D.). The load cell
was attached to the backrest and positioned three centimeters above the lateral malleolus [48].
For each measurement, the limb to be tested was placed at 90° by an inclinometer. The

participant was instructed to perform a maximal quadriceps force.

To evaluate the isometric maximal strength of the ankle plantar flexors, the participant was
positioned supine with the lower limbs extended and supported on a rigid wedge, arms at the
sides of the body, and ankle in a neutral position. The load cell was attached to a fixed hook
on the wall at a standardized height for all participants. The load cell was pulled by a chain
attached to an anklet positioned over the metatarsal heads on the foot’s sole to be tested [49].
The participant was stabilized with a rigid strap at the anterior superior iliac spines and the
medial third of the tibia. To prevent the participant from sliding during the test, the researcher
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placed the hands above the participant's shoulder (Fig. 1E.) [49]. The participant was

instructed to perform a maximal ankle plantar flexor force.

Fig. 1. Maximal strength muscle measures. (A) Hip external rotators; (B) Hip internal rotators; (C) Trunk
flexors; (D) Quadriceps; (E) Plantar flexor.
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4. CONSIDERACOES FINAIS

A presente dissertagdo de mestrado investigou se ha diferencas nas capacidades
musculoesqueléticas (e.g., fungcbes musculares) em lidar com as demandas da corrida (e.g.,
estresses gerados pelo impacto) entre mulheres corredoras com e sem IUE. Para isso, foi
desenvolvido um artigo que avaliou as diferencas entre mulheres corredoras com e sem
sintomas de IUE na: (1) capacidade muscular local responsaveis pelo mecanismo de
continéncia: pressdo de contracdo e resisténcia dos musculos do assoalho pélvico; (2) na
capacidade muscular acesséria ao mecanismo de continéncia: for¢a isométrica maxima de
rotadores laterais e mediais de quadril e flexores de tronco; (3) na capacidade muscular nao-
local: forca isométrica maxima de flexores plantares e quadriceps; (4) e nas demandas
impostas pela propria corrida: magnitude da forca de reacdo do solo, absor¢do de energia na
fase de apoio da corrida no tornozelo, joelho e quadril no plano sagital, e atenua¢do do choque

entre a tibia e o fémur na fase de apoio da corrida.

Neste estudo, concluimos que ndo houve diferenga entre os grupos de mulheres
corredoras com e sem IUE nas capacidades muscules locais, acessorias e nao-locais. Além
disso, o GCI exibiu menor absorcdo de energia no tornozelo, menor atenuacdo do impacto
entre a tibia e o fémur e maior absorcdo de energia no quadril na fase de apoio da corrida,
quando comparadas com o GCC. Embora a forca dos musculos locais, ndo locais e acessorios
ndo seja diferente entre 0s grupos, a mesma néo foi suficiente para compensar a absorcdo de
energia reduzida observada nos segmentos distais de corredoras com IUE. Desta forma, a
incapacidade das corredoras incontinentes de absorver adequadamente os impactos durante a
corrida poderia levar a uma maior quantidade de energia transferida para o quadril e a pelve.
Essa maior energia pode gerar uma sobrecarga adicional nas estruturas pélvicas, o que pode

contribuir para o desenvolvimento dos sintomas de IUE neste grupo.

Novos estudos poderiam investigar outros fatores relacionados ao funcionamento das
estruturas do assoalho pélvico como coordenacdo, espessura muscular, ténus, mobilidade e
deslocamento dos 6rgaos pélvicos, e dos membros inferiores e tronco como forca excéntrica e
concéntrica, amplitude de movimento e flexibilidade. Essas investigacfes podem ajudar a
identificar possiveis disfuncbes que afetam a capacidade de absorcéo/atenuacdo do impacto
gue podem acabar sobrecarregando a regido pélvica em corredoras com IUE. Com isso,
teremos mais respostas sobre o padrdo adaptativo adotado por correras com IUE e quais

possiveis relagcdes com estes sintomas.
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Logo, este estudo reforga a ideia de que a IUE é uma condi¢do de saide multifatorial,
e que uma abordagem mais abrangente, que leve em conta 0 comportamento complexo do
movimento humano, é essencial para o melhor entendimento e manejo desses sintomas.
Espera-se que os achados desta dissertacdo contribuam para uma compreensdao mais
aprofundada de como fatores relacionados as demandas impostas pela corrida, como a
diminuicdo de absorcdo do impacto na cadeia cinética e consequentemente o aumento de
demanda para a regido pélvica, associados as capacidades musculoesqueléticas individuais,
podem estar interagindo e influenciando a ocorréncia dos sintomas de IUE em mulheres

corredoras.
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APENDICES

APENDICE 1 - TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

DE ACORDO COM A RESOLUCAO CNS 466/2012

Titulo do Projeto: BIOMECANICA DA CORRIDA E FUNCAO MUSCULAR DE
ASSOALHO PELVICO, TRONCO E MEMBROS INFERIORES DE CORREDORAS

COM E SEM INCONTINENCIA URINARIA

Vocé estd sendo convidada a participar como voluntaria do projeto de pesquisa de mestrado
do Programa de Pds-graduacdo em Ciéncias da Reabilitacdo, da Escola de Educacdo Fisica,
Fisioterapia e Terapia Ocupacional (EEFFTO-UFMG) denominado BIOMECANICA DA
CORRIDA E FUNC;AO MUSCULAR DO ASSOALHO PELVICO, TRONCO E
MEMBROS INFERIORES DE CORREDORAS COM E SEM INCONTINENCIA
URINARIA

OBJETIVO: Nosso objetivo é investigar se existem diferencas na funcdo muscular do
tronco, quadril e assoalho pélvico, bem como na biomecanica da corrida entre corredoras com
e sem incontinéncia urinaria.

PROCEDIMENTOS: Para a coleta de dados, serd solicitado a vocé que preencha
questionarios online nos quais serdo coletados as seguintes informacdes: 1) dados
sociodemogréaficos (idade, massa, altura,indice de massa corporal, uso de medicamentos, raca
ou cor, nivel socioeconémico, outras doengas ou condi¢des de saude); Il) histérico
uroginecoldgico (hd quanto tempo vocé tem a queixa de incontinéncia urinaria; ciclicidade
menstrual, uso de contraceptivo oral (anos de uso); Ill) historia obstétrica (nUmero de
gestacOes, data do ultimo parto, nimero de partos por via vaginal, nimero de partos cesarea,
peso do maior recém-nascido); V) histdrico esportivo (tempo de experiéncia com corrida,
participacbes em competicbes de corrida no ultimo ano, caracteristicas atuais de treino
(frequéncia semanal, duracdo de cada sessdo de treinamento, pace e distancia semanal
percorrida), histérico de lesdo, pratica de outras modalidades esportivas incluindo frequéncia
semanal). V) rastreio da incontinéncia urinaria por meio de pergunta direta de perda urinaria
na corrida (SIM/NAO) complementada com as questdes do questionario International
Consultation on Incontinence Questionnaire - Short Form (ICIQ-SF).

O tempo estimado para preenchimento do questionario é de aproximadamente 10 minutos.

Em seguida, vocé sera convidado a comparecer ao Laboratério de Analise do Movimento
(LAM) na Escola de Educacdo Fisica, Fisioterapia e Terapia Ocupacional (EEFFTO-UFMG)
para realizacdo das coletas das I) fun¢des musculares do seu assoalho pélvico; testes fisicos
como 1) forga de rotadores laterais e mediais de quadril, forca de flexores do tronco, flexores
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plantares e quadriceps; Ill) andlise do seu movimento de corrida em um sistema de andlise
tridimensional. Esses testes serdo avaliados da seguinte maneira:

I) Avaliacdo das funcbes musculares do assoalho pélvico: inicialmente vocé sera orientada
quanto a realizacdo da avaliacdo das fungdes musculares do assoalho pélvico e sera
certificado que vocé esta de acordo com a realizacdo do exame. Em seguida, a avaliacdo sera
realizada em uma sala privada e vocé sera posicionada na posicdo deitada de barriga para
cima, com os quadris flexionados, abduzidos e rodados externamente e joelhos dobrados,
apoiados em um rolo com 30cm de didmetro e 70cm de comprimento. Inicialmente, serd
realizada a inspecdo da contracdo dos musculos do assoalho pélvico, a resposta dessa
musculatura a um aumento brusco da pressdo intra abdominal quando vocé tossir e 0 uso de
outros grupos musculares como glateos, abddémen, musculos internos da coxa e musculos
respiratérios no momento em que vocé contrai os muasculos do assoalho pélvico. Em seguida,
sera realizada a palpacdo vaginal por meio da introducdo de um dedo dentro do seu canal
vaginal. A pesquisadora utilizara luvas descartaveis sem poé e gel lubrificante neutro a base de
agua para realizar a avaliacdo. Serdo solicitadas trés contracdes voluntarias maximas, com
trinta segundos de descanso entre elas e trés contracbes maximas sustentadas com trinta
segundos de descanso entre elas. Por fim, ap6s cinco minutos de descanso sera avaliada a
forca e a resisténcia dos seus musculos do assoalho pélvico por meio de um manémetro
Peritron (CardioDesign, Australia). O Peritron é composto por uma sonda vaginal acoplada a
um manbémetro responsavel por registrar a pressdo de fechamento do canal vaginal em
centimetros de agua. A sonda do Peritron sera revestida com um preservativo ndo lubrificado
e sera colocado gel lubrificante neutro a base de agua para inser¢do do dispositivo no seu
canal vaginal. Apés a inser¢do, vocé sera solicitada a realizar trés contracdes voluntarias
maximas com trinta segundos de descanso entre elas e, em seguida, sera solicitado que vocé
realize trés contracfes maxima sustentadas com trinta segundos de descanso entre elas.

A forca isométrica dos musculos do tronco e membros inferiores sera medida por meio de um
dinambmetro isocinético manual portatil (E-lastic, Brasil). Vocé sera instruida a realizar uma
contracdo voluntaria maxima por cinco segundos. Esse processo sera repetido trés vezes com
intervalo de trinta segundos entre cada teste e o pesquisador fornecera incentivo verbal
durante as coletas.

I) Forca isométrica maxima de rotadores mediais e laterais de quadril: vocé sera posicionada
na posicao deitada de barriga para baixo com o joelho do lado a ser avaliado flexionado a 90°,
0 joelho contralateral estendido e a pelve estabilizada na maca por meio de fita com velcro. O
dinamodmetro sera posicionado na face medial da tibia e fixado por velcro, cinco centimetros
proximal ao maléolo medial para a avaliacdo dos rotadores externos e na face lateral da tibia
cinco centimetros proximal ao maléolo lateral para a avaliagdo dos rotadores internos. Apés o
posicionamento do dinamdmetro vocé serd solicitada a realizar forca maxima para rodar
externamente ou internamente o quadril. Flexores de tronco: vocé sera posicionada sentada
em um banco padronizado, vestindo um colete, com 0s bragos cruzados no peito, joelhos
flexionados a 90° com a fossa poplitea apoiada na bora do banco. Uma faixa de velcro sera
posicionada no fémur para estabilizar vocé durante o teste. Um dinamdmetro sera fixado a
uma tornozeleira presa no espaldar e fixada no colete que vocé esta usando. Vocé sera
instruida a realizar uma flexdo do tronco com forca maxima. Flexores plantares: vocé sera
posicionada na posicdo deitada de barriga para cima, com os membros inferiores estendidos e
apoiados sobre uma cunha rigida, bragos ao lado do corpo, tornozelos em neutro. Um velcro
sera utilizado na regido das espinhas iliacas antero-superiores e no terco medial da tibia para
te estabilizar durante o teste. O dinamémetro sera posicionado em um gancho fixo na parede e
sera tracionada por uma corrente fixada a uma tornozeleira posicionada sobre a cabeca dos
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metatarsos na planta do pé a ser testado. Vocé serd instruida a realizar uma forca maxima de
ponta de pé. Quadriceps: vocé serd posicionada sentada em um banco padronizado, com o
tronco ereto e apoiado no espaldar por uma almofada padronizada, bragos ao lado do corpo e
segurando na lateral do banco, joelho flexionados a 90° com a fossa poplitea apoiada na borda
do banco. Um velcro seré utilizado na regido abdominal e fémur para te estabilizar durante o
teste. O dinamodmetro sera fixado no espaldar e posicionada 3 centimetros acima do maléolo
lateral do membro a ser testado. VVocé serd instruida a realizar uma for¢a maxima de esticar o
joelho.

I11) anélise do seu movimento de corrida em um sistema de analise 3D: vocé sera orientada a
vir com um traje préprio (top, short e ténis usados usualmente na pratica de corrida). Ao
chegar, vocé serd preparada para a coleta com a marcacdo de pontos anatémicos especificos
para a colocacdo dos marcadores anatbmicos do sistema de coleta, a fim de determinar e
rastrear 0s segmentos do tronco, pelve, coxa, perna e pé. Além disso, um cinto toracico de
seguranca acoplado ao sistema de suspensédo da esteira sera utilizado em todas as coletas com
0 objetivo de te manter segura durante toda a coleta. Inicialmente, sera necessaria uma coleta
estatica de 5 segundos para determinacdo da posicdo e orientacdo de cada segmento em
relacdo ao laboratério. Esta coleta serd realizada com vocé posicionada sobre a esteira, em
posicdo auto-selecionada. Apos esta etapa, a coleta da corrida serd realizada em velocidade
auto-selecionada por 30 minutos, sendo que no Gltimo minuto todas vocés correrdo a uma
velocidade padronizada de 3,3m/s.

BENEFICIOS: Os resultados do questionario, da avaliagdo do assoalho pélvico, dos testes de
forca e da cinematica da corrida serdo disponibilizados para vocé, e/ou treinador ou
fisioterapeuta, 0 que poderé ajuda-la a ter uma melhora na qualidade de vida e desempenho
durante a prética esportiva, bem como na prevencdo de lesdes. Esperamos também que este
estudo traga informacGes importantes sobre como variaveis globais podem acabar interferindo
na queixa de perda urinaria na corrida, de forma que se amplie o conhecimento na area de
satde da mulher.

RISCOS OU DESCONFORTOS: Acreditamos que 0s riscos de prejuizos ou danos para a
participacdo neste estudo sejam baixos. De acordo com a Res. CNS 466/2012, toda pesquisa
envolvendo seres humanos possui algum tipo de risco. O preenchimento de questionarios
pode acarretar a vocé alguns riscos de desconforto ou constrangimento durante as respostas.
Entretanto, para minimizar esses riscos, a pesquisa sera interrompida imediatamente caso
vocé relate qualquer desconforto ou constrangimento devido as perguntas do questionario. Em
relagdo ao sigilo dos dados, nés nos certificamos que o risco de vazamento dos dados €
extremamente baixo ou nulo, ja que estamos utilizando plataformas online (Google Forms)
que tém muita credibilidade e ja foram utilizadas em estudos anteriores. A avaliacdo dos
musculos do assoalho pélvico, por ser realizada através na regido vaginal, pode gerar algum
tipo de desconforto ou constrangimento, similares ao exame ginecoldgico. Portanto, €
importante enfatizar que esta avaliacdo serd realizada com uso de técnicas validadas e
confiaveis por fisioterapeuta que atua e tem experiéncia na area da Saude da Mulher. Para este
exame serd utilizada uma sala fechada, garantindo sua privacidade. Em caso de
constrangimento ou desconforto aléem dos habituais para o exame, as avaliacbes serdo
interrompidas. Portanto, farei tudo para deixa-la a vontade e o exame podera ser interrompido
a qualquer momento, caso Vocé necessite. Para os testes fisicos, acreditamos que 0s riscos de
prejuizos ou danos sejam igualmente baixos. Estes testes possuem como intuito avaliar,
perante os resultados que serdo obtidos, como estd o seu desempenho fisico e como esses
resultados podem influenciar sua pratica de corrida. Entretanto, para minimizar possiveis
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prejuizos ou danos, os testes poderdo ser interrompidos imediatamente caso vocé relate algum
desconforto ou constrangimento durante a realizacdo desses.

CUSTO/REEMBOLSO: Vocé néo receberd remuneracdo por sua participacao. Seus gastos
com transporte publico para deslocamento até o local de coleta e para retornar & sua casa
serdo ressarcidos pelos Pesquisadores responsaveis. Vocé tera garantia de ressarcimento das
despesas por eventuais danos decorrentes da pesquisa.

CONFIDENCIALIDADE DA PESQUISA: Vocé sera identificada por um ndmero e,
portanto, os dados serdo apenas mencionados por essa humeragdo. O pesquisador responsavel
pelo estudo garante total sigilo e privacidade dos dados confidenciais envolvidos durante
todas as fases da pesquisa.

NATUREZA VOLUNTARIA DO ESTUDO/LIBERDADE PARA SE RETIRAR: A
participacdo ndo é obrigatdria e vocé podera desistir a qualquer momento de participar e de
retirar o consentimento. A recusa em participar dessa pesquisa ndo trar4 nenhum prejuizo na
sua relacdo com o pesquisador ou com a instituicao.

USO DOS RESULTADOS DA PESQUISA: Os dados obtidos no estudo serdo 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: Apo6s a finalizacdo do estudo os dados
coletados e o termo de consentimento ou assentimento livre e esclarecido assinados serdo
armazenados na sala do pesquisador Prof. Dr. Renan Alves Resende, no Departamento de
Fisioterapia da UFMG, pelo periodo de cinco anos, sendo 0 mesmo responsavel por sua
guarda.

VIA DO TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO: vocé sera
solicitada a preencher o Termo de Consentimento Livre e Esclarecido de forma online e
fisica. Vocé sera orientada a assinar dois Termos de Consentimento Livre e Esclarecidos
fisicos, sendo garantido que vocé receberd uma via assinada e a outra ficara com o
Pesquisador responsavel.

DECLARACAO E ASSINATURA

Declaro que li e entendi toda a informag&o repassada sobre o estudo, sendo os objetivos e
procedimentos satisfatoriamente explicados. Tive tempo suficiente para considerar a
informac&o acima e tive a oportunidade de tirar todas as minhas davidas. Estou assinando
digitalmente este termo ao clicar no SIM, voluntariamente, e tenho direito, de agora ou mais
tarde, discutir qualquer duvida que eu venha a ter com relagdo a pesquisa com a Mestranda
Natalia Cardoso Campos (31) 98736-2820, email: nataliacardosofisioterapia@gmail.com ou
com Prof. Dr. Renan Alves, (31) 3409 7412 email: renan.aresende@gmail.com.

Assinatura Participante

Assinatura Pesquisador


mailto:renan.aresende@gmail.com
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Em caso de davidas sobre o carater ético da pesquisa, a Sra. 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.

Em caso de danos provenientes da pesquisa, vocé podera buscar indenizacdo nos termos da
Res. 466/12. Maiores informacdes: https://www.ufmg.br/bioetica/coep/formularios.



https://www.ufmg.br/bioetica/coep/formularios
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APENDICE 2 - QUESTIONARIO SOCIODEMOGRAFICO E CLINICO

Ola, seja bem vinda!

Vocé estd sendo convidada a participar como voluntaria do projeto de pesquisa de mestrado
do Programa de Pds graduacdo em Ciéncias da Reabilitacdo, da Escola de Educacdo Fisica,
Fisioterapia e Terapia Ocupacional da Universidade Federal de Minas Gerais,
denominado "BIOMECANICA DA CORRIDA E FUNQAO MUSCULAR DE
ASSOALHO PELVICO, TRONCO E MEMBROS INFERIORES DE CORREDORAS
COM E SEM INCONTINENCIA URINARIA™.

Nosso objetivo é investigar se existem diferencas na fun¢do muscular do tronco, quadril e
assoalho pélvico, bem como na biomecanica da corrida entre corredoras com e sem
incontinéncia urinéria.

O tempo estimado para preenchimento do questionario ¢ de aproximadamente 10
minutos.

DADOS SOCIODEMOGRAFICOS:
Nome completo:
Idade:
Peso (kg):
Altura (cm):
Vocé faz uso de algum medicamento (ex: vitaminas, antidepressivos)? Se sim, qual (is)?
Auto percepcao de raga-etnia:
o Branca
o Parda
o Preta
o Indigena
o Outra
Possui alguma condicao de satde? Se sim, qual (is)?

HISTORICO UROGINECOLOGICO:
Vocé faz uso de contraceptivo oral? Se sim, ha quanto tempo?
Seu ciclo menstrual € regular?
Vocé possui algum desses sintomas?

o Dor narelacéo sexual
Dor na regido da pelve
Endometriose
Sensacéo de peso ou bola na vagina
Constipacéo intestinal
Perda de fezes ou gases
Frequéncia miccional aumentada
Dificuldade ou desconforto ao urinar
Infeccdo urinéria de repeticéo
Candidiase de repeticao
Nenhum

O O O O O O O O O O

HISTORICO OBSTETRICA:
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\océ ja engravidou?

Quantas gestacOes voceé teve?
Qual a data do seu ultimo parto?
Numero de partos por via vaginal:
NUmero de partos cesarea:

Peso do seu maior recém-nascido:

HISTORICO ESPORTIVO:

Tempo de experiéncia em corrida:

Participacdes em competicdes de corrida no ultimo ano (quantas competicdes e quantos km
cada prova):

Participa de assessoria?

Possui historico de lesdo? Onde?

Quanto tempo vocé teve que ficar parada/sem treinar por conta da lesédo?

Vocé pratica outras modalidades esportivas/outros exercicios fisicos? (ex: musculagéo,
funcional, beach tennis)? Se sim, qual (is)?

CARACTERISRICAS DO TREINO ATUAL DE CORRIDA:
Frequéncia semanal de treino:
Duracdo de cada sessdo de treinamento de corrida (por favor especifique caso haja treinos
diferentes com tempos diferentes — ex: longao, limiar, etc)
Pace
Distancia semanal percorrida do ciclo atual:
Ha quanto tempo vocé tem a queixa de perda de xixi?
A perda de xixi comegou ou aumentou apés o inicio da préatica de corrida?
Em que momento vocé perde urina na corrida?
o Noinicio do treino/competicdes
No final do treino/competicdes
Durante todo treino/competicdes
Quando tenho treino de tiros
Quando tenho treinos mais longos
Apenas nos treinos
Apenas nas competicoes
Né&o percebo quando perco, apenas quando sinto o cheiro na calcinha
o Néo sei
Em geral, o quanto que perder urina interfere no seu treino de corrida? 0 (n&o interfere) 10
(interfere muito).
Em geral, o quanto que perder urina impacta negativamente o seu desempenho nos
treinos/competicdes de corrida? 0 (ndo interfere) 10 (interfere muito).
Vocé utiliza alguma dessas estratégias para minimizar a perda urinaria?
o Bebo menos agua
Vou ao banheiro antes do treino/competicédo
Treino apenas com roupa escura
Uso absorvente diario
Paro o treino
Diminuo a intensidade
Nenhuma das anteriores

0O O O O O O O

O O O O O O



APENDICE 3 - APROVACAO DO COMITE DE ETICA E PESQUISA

UNIVERSIDADE FEDERAL DE w
MINAS GERAIS
PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titule da Pesquisa: BIOMECANICA DA CORRIDA E FUNCAQ MUSCULAR DE ASSOALHO PELVICO,
TRONCO E MEMBROS INFERIORES DE CORREDORAS COM E SEM

INCONTINENCIA URINARIA
Pesquisador: Renan Alves Resende
Area Temdtica:
Versdo: 1
CAAE: T0329523.9.0000.5149
Instituigio Proponente: Escola de Educagho Fisica, Fisioterapia e Terapia Ocupacional
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Mumero do Parecer: 6.184 G600

Apresentacio do Projeto:

Trala-se de um estudo de corte Iransversal observacional que serd realizado entre maio de 2023 a agosto
de 2024, no Laboratdrio de Andlise do Movimento (LAM) do Departamento de Educagio Fisica, Fisioterapia
& Tarapia Ocupacional da Universidade Federal de Minas Gerais (UFMG).

A amostra serd constituida por mulheres recrutadas por conveniéncia em assessorias de comida, locais de
treinamento & eventos de corrida. Os critérios de inclusdo serdo: (1) idade enire 18 @ 45 anos; (2) pelo
menos & meses de experiéncia em comida de rua com média de 20 km por semana; (3) ter participado de
eventos compelitivos de corrida de media ou longa distancia no gltimo ano (TARPENMNING et al; 2004); (4)
néo apreseniar histdrico de cirurgia musculoesqueletica nos membros inferiores ow em drgaos internos na
regido da pelve & quadril no Witimo ano; (5) ndo ter tido lesdo cu dor musculoesquelética nos membros

inferiores que tenha causado restriglo de participacao nos treinos de cormida nos itimos 6 meses, ou seja,

reducan da distancia, velocidade, duracio e volume de treino, ou afastamento da pratica de corrida por pelo

menos 7 dias (YAMATO et al.; 2015); (6) ndo estarem gravidas ou terem passado pelo parto no Gltimo ano;

(7) ndo estarem em fratamento ou terem feito tratamento fisioterapéutico para incontinéncia wrinaria; (8) ja
terem fido relagbes sexuais. Serfo excluldas do estudo as mulheres que em ambos o grupos: (1) forem
caracterizadas como mulberes climaléricas (pré ou pis menopausa) (2) iverem apenas efou predominincia
de sintomas de incontinéncia unnaria de urgéncia; (3) nBo forem capazes de

Enderego:  Av. Presidente Amionia Canos, 6627 2°. andar Sala 2005 Campus Pampulha

Baire:  Unidade &dministratiea N CEP: 39 770-601
WF: MG Municiplo:  BELO HORIZONTE
Tebetone: (31)3400-4552 E-mail: cosp@ipme. ufmg br

Piggna 11 38 08
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VERSAO BRASILEIRA DO INTERNATIONAL CONSULTATION ON

INCONTINENCE QUESTIONNAIRE - SHORT FORM (ICIQ-SF)

ICIQ-SF

Mome do Paciente: Data de Hoje: ! !

Muitas pessoas perdemn urina alguma vez. Eslamos lentando descobrir quantas pessoas

pardem urina & o gquanto isso as aborrece. Ficariamos agradecidos se voca pudesse nos

responder 4s seguintes pergunias, pensando em come vood lem passado, am média nas
ULTIMAS QUATRO SEMANAS.

1. Data de Nascimento: /! ! { Dia f Més / Ano )

2. Sexo: Feminino [_] Masculino [

3. Com que freqlénavoce perde urina? (assinale uma resposta)
Munca

Uma vez por semana ou menos
Duas ou trés vezes por semana
Uma vez ao dia

Diversas vezes ao dia

O tempo todo

000ooo

h b O P = O

4. Gostariamos de saber a quantidade de urina gue voceé pensa que perde

ral ost
(assinale uma resposta) Nenhuma [ 0

Uma pequena guantidade [ 2
Uma moderada quantidade [_] 4
Uma grande quantidade [_] &

5. Em geral quanto que perder urina interfere em sua vida diaria? Por favor, circule
um numero entre 0 (ndo interfera) @ 10 (interfere muito)

0 1 2 3 4 5 6 7 8 9 10
Mao interfara Interfare muito

ICIQ Escore: soma dos resulfados 3+ 4+ 5=

6. Quando vocé perde urina?
(Por favor assinale todas as alternativas que se aplicam a voca)
Munca
Perco antes de chegar ao banheiro
Perco quando tusso ou espiro
Perco gquando estou dormindo
Perco quando estou fazendo atividades fisicas
Perco guando terminei de urinar & estou me vestindo
Perco sem razio obvia
Perco o tempo todo

Oo0ooooo

“Obrigado por vocé ter respondido as questoes”
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