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RESUMO

O paratleta apresenta alteracbes musculoesqueléticas derivadas da sua
condicdo desaude, e a pratica esportiva pode provocar alteragcdes nessas variaveis.
Os estudos apresentados nesta tese objetivam acompanhar ao longo de uma
temporada esportiva medidas funcionais de forca muscular, mobilidade articular,
postura e testes de performancedo ombro e tronco de paratletas da natacédo, atletismo
e halterofilismo e a sua relacdo comcada modalidade e o tipo de deficiéncia. O primeiro
estudo avaliou a amplitude de movimento (ADM), postura e fungcdo muscular da
articulagdo do ombro bilateralmente e comparou os achados entre as modalidades,
tipos de deficiéncia e com um grupo controle na pré- temporada esportiva. Para isso
foi realizado um estudo observacional com 31 paratletas,onde foi avaliado a amplitude
de movimento (ADM) total (rotagc&o interna (RI) + externa (RE)) do ombro, a postura
do ombro e a relacdo da forgca muscular isométrica entre os Rle RE do ombro. Foi
encontrada uma diferenca na ADM entre a natacdo e as outras modalidades
esportivas e o grupo control. Também foi verificada uma diferen¢a na postura do ombro
entre o halterofilismo e a natacdo. O segundo estudo buscou investigar como as
variaveis de ADM (RI, RE e total (RI+ RE)), postura e fungdo muscular do ombro de
paratletas da natacéo e halterofilismose comportam ao longo da temporada esportiva
e se houve diferenca entre as modalidades esportivas e os tipos de deficiéncia. Trata-
se de um estudo observacional longitudinal com 25 paratletas durante de onze meses,
os paratletas foram avaliados em trés momentos diferentes, com intervalos entre as
avaliacoes de trés meses, foi encontrado um aumento da ADM (RI, RE e total) e dos
valores da postura do ombro bilateralmente, independentemente da modalidade
esportiva e do tipo de deficiencia. O terceiro estudo buscou acompanhar a
performance dos membros superiores, do tronco ea forca muscular do serratil anterior
em paratletas da natacdo ao longo de uma temporadaesportiva. Tratou-se de um
estudo observacional longitudinal com doze paratletas duranteonze meses em que 0s
paratletas foram avaliados em trés momentos diferentes, com intervalos entre as
avaliacoes de trés meses, nesse estudo encontramos uma reducao dos valores da
performance da performance dos musculos do tronco, independentementedo tipo de
deficiéncia, os paratletas com deficiéncia motora apresentaram valores menores na

forca do serratil anterior ao fim da temporada esportiva quando comparados com



paratletas com deficiéncia visual/intelectual. Dessa forma, os estudos apresentados
nessa tese contribuem para compreender como variaveis musculoesqueléticas variam
aolongo de uma temporada esportiva em paratletas, e melhorar o monitoramento

periddico pelas equipes multidisciplinares de saude.

Palavras-chave: Natacéo, halterofilismo, paradesporto, avaliagdo, ombro.



ABSTRACT

The para athlete exhibits musculoskeletal changes from their health condition,
and sports participation can influence these variables. This thesis aims to monitor
clinical measures of muscle strength, joint mobility, posture, and shoulder and trunk
performance tests among para athletes in swimming, athletics, and powerlifting
throughout a sports season, analyzing the relationship with each sport and type of
impairment. The first study evaluated the range of motion (ROM), posture, and
shoulder joint muscle function, comparing findings across sports, types of impairments,
and a control group during the preseason. An observational study was conducted with
31 para athletes, assessing total shoulder ROM (internal rotation (IR) + external
rotation (ER)), shoulder posture, and the isometric muscle strength ratio between IR
and ER. Differences were found in ROM between swimming and other sports
modalities, as well as with the control group, and in shoulder posture between
powerlifting and swimming. The second study sought to investigate the behavior of
ROM variables (IR, ER, and total (IR+ER)), posture, and shoulder muscle function in
swimming and powerlifting para athletes throughout the sports season, examining
differences across sports modalities and types of impairment. This observational
longitudinal study followed 25 para athletes over eleven months, with evaluations
conducted at three different time points, spaced three months apart. An increase in
ROM (IR, ER, and total) and bilateral shoulder posture values was observed,
regardless of sport modality or type of impairment. The third study tracked upper limb
performance, trunk strength, and serratus anterior muscle strength in swimming para
athletes throughout a sports season. This observational longitudinal study included
twelve para athletes over eleven months, with assessments at three different time
points, spaced three months apart. This study found a reduction in trunk muscle
performance values, regardless of disability type; para athletes with motor impairments
exhibited lower serratus anterior strength values by the end of the season than those
with visual/intellectual impairments. Thus, the studies presented in this thesis
contribute to understanding how musculoskeletal variables fluctuate throughout a
sports season in para athletes and support enhanced periodic monitoring by

multidisciplinary health teams.

Keywords: swimming, powerlifting, parasports, evaluation, shoulder.
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PREFACIO

Este documento foi elaborado de aacordo com as regras do Formato Opcional
do Programa de P6s-Graduacédo em Ciéncias da Reabilitacdo da Escola de Educacao
Fisica, Fisioterapia e Terapia Ocupacional da Universidade Federal de Minas Gerais
(UFMG), mediante resolucdo N° 004/2018, disponivel no site do referido programa.

Nesse formato opcional, a primeira sessao é composta pela introdugéo na qual
€ realizada e apresentada base teorica e revisdo bibliogréfica, problematizacao,
justificativa e objetivos dos trés estudos que compdem a tese. Em seguida, a segunda
secdo consiste na apresentacdo dos trés artigos desenvolvidos, sendo o primeiro
artigo, “Shoulder Characteristics in Para- athletes: A Comparative Analysis of Range
of Motion, Posture, and Muscle Function”, foi submetido ao Journal of Sport
Rehabilitation (ISSN: 1543-3072), o segundo artigo, “Seasonal Changes In Shoulder
Range of Motion, Posture, and Isometric Strength Ratio In Parathletes”, e foi
submetido ao Brazilian Journal of Physical Therapy (ISSN: 1413-3555), e o terceiro,
“Seasonal Changes in Performance of Upper Limbs and Trunk In Para Athlete’s
Swimmers” foi aceito pelo Journal: Physical Therapy in Sport (ISSN: 1873-1600). Por
altimo sé@o apresentadas as consideracfes finais da tese os apéndices, anexos e 0
mini curriculo do discente do programa de Pdés-Graduacdo em Ciéncias da

Reabilitacdo da Universidade Federal de Minas Gerais.
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1 INTRODUCAO

Os esportes paralimpicos tiveram seus primeiros Jogos em Roma em 1960, e
desde entdo a participacdo de paratletas, como as modalidades esportivas, vem
aumentando exponencialmente (Pinheiro et al., 2020). No esporte paralimpico, os
paratletas podem apresentar deficiéncias fisica, visual ou intelectual, e sédo divididos

pela sua capacidade funcional (Oh et al., 2013; Silva; Vital; Mello, 2016).

Dentre as modalidades esportivas com maior numero de participantes e provas,
se encontram a natacao, atletismo e o halterofilismo (Silva et al., 2019). Na natagao e
atletismo participam paratletascom deficiéncias motora, visual e intelectual, enquanto
no halterofilismo apenas paratletas com deficiéncia motora nos membros inferiores
sao elegiveis (Silva et al., 2019). As modalidades apresentam em comum uma alta
demanda dos membros superiores (MMSS), e existem particularidades dessas
modalidades que as diferenciam que podem influenciar nas caracteristicas
musculoesqueléticas dos paratletas (Blauwet et al., 2016; Ona Ayala et al., 2019;
Willick et al., 2016).

Na natacdo, por exemplo, os movimentos séo ciclicos e ocorrem no meio aquético,
0 que pode provocar alteracdes no sistema musculoesquelético ocasionados pela
hidrodinamica e os efeitos fisiologicos da imesédo na agua (Pozzi et al., 2020). Por
conseguinte, o atletismo é dividido em provas de pista e campo (ex. lancamentos,
arremessos e saltos) (Brasil, 2011), nas provas de arremesso e langcamento o paratleta
pode realizar as provas sentado em um banco adaptado ou em posicao ortostatica
(Brasil, 2011; Wilk et al., 2016) e sao caracterizadas por movimentos de alta poténcia
com grandes amplitudes de movimento (ADM) do membro superior dominante (Wilk
et al., 2016). Por outro lado, o halterofilismo consiste em levantar a maior quantidade
de peso possivel no supino reto com barra, onde os competidores devem abaixar a
barra até o peito, segura-la imével nessa posicao e, em seguida, empurra-la para cima
até permanecer com os cotovelos estendidos, sendo o vencedor aquele que levantar

a maior quantidade de peso (Ona Ayala et al., 2019; Willick et al., 2016).

Em relagdo a prevaléncia e incidéncia de lesdes musculoesqueleticas no
paraesporte sao altas, muitas vezes, maiores que o esporte olimpico (Blauwet et al.,

2016; Pinheiro et al., 2024a), e nas nessas trés modalidades a articulacdo do ombro é
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a mais acometida (Ona Ayala et al., 2019; Willick et al., 2016). Por exemplo, nas
paraolimpiadas do Rio de Janeiro de 2016, os paratletas do halterofilismo
apresentaram uma alta prevaléncia e incidéncia de lesbes nos MMSS, sendo 45,5%
detodas as queixas na articulacdo do ombro (Ona Ayala et al., 2019; Willick et al., 2016).

Na natacdo paralimpica composta por individuos com deficiéncia visual, foi
verificado que a maioria das queixas foram ocasionadas por overuse e a articulacao
mais acometida foi a do ombro com uma prevaléncia de 29,2% (Magno e Silva et al.,
2013). Por fim, nas paraolimpiadas de Londres em 2012, os paratletas das provas de
campo apresentaram uma alta prevaléncia de lesdes musculoesqueléticas na
articulagcado do ombro (Blauwet et al., 2016), mais precisamente os arremessadores e
lancadores, e os paratletas que fazem uso do banco para realizar o arremesso
apresentam uma prevaléncia de 19,3% e uma incidéncia de 23,7 (IC: 17,5 — 30,0) das
lesbes na articulagdo do ombro, os classificados com baixa estatura apresentam uma
maior prevaléncia e incidéncia (RR: 3,2; IC: 1,7 — 7,9) quando comparado com
paratletas com deficiéncia visual (RR: 1,19; IC:0,4 — 3,0) e amputados (RR: 1,34; IC:
0,6 — 2,7) (Blauwet et al., 2016).

Ademais, as lesdes esportivas sao influenciadas por diversos fatores intrinseco e
extrinsecos, que podem ser modificaveis ou ndo modificaveis, que interagem entre si
de forma mdultipla e ndo linear (Bittencourt et al., 2016; Fonseca et al., 2020). Diante
disso, as equipes multidisciplinares de esportes overhead devem observar como
fatores podem influenciar o desenvolvimento de lesdes, tais como a posicao do atleta,
fatores psicossociais, cinesiofobia, historico de lesées, tipo de nado, nivel esportivo
do atleta/equipe, idade, sexo e tipo de deficiéncia podem estar associados ao
surgimento de lesdes musculoesqueléticas (Bittencourt et al., 2016; Schwank et al.,
2022). Outras variaveis intrinsecas e modificaveis tém sido associadas as lesdes
nessa articulagcdo, por exemplo, em individuos cadeirantes a postura e flexibilidade
do peitoral menor (Finley; Ebaugh, 2017) tem apresentado uma associac¢ao positiva,
ja em atletas, a forca muscular do serratil anterior (Neumann; Camargo, 2019), o
desempenho da musculatura do tronco (RUSS et al., 2021), o desempenho dos MMSS
(Tuccietal., 2014), a ADM articular e desequilibrios musculares (Schwank et al., 2022;
Tate et al., 2012). Schwanck et al. (2022), no ultimo consenso do manejo dos atletas
overhead, destaca que, independentemente donivel atlético e modalidade esportiva,

as principais variaveis relacionadas as lesbes na articulagdo do ombro séo as
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alteracdes na ADM de rotacdo interna e externa do ombro, bem como o desequilibrio
muscular acentuados entre os musculos responsaveis pelarealizacdo desses mesmos

movimentos.

Além disso, o atleta com deficiéncia pode apresentar alteracdes
musculoesqueléticas nas varidveis supracitadas que podem ser ocasionadas por
adaptacdes no organismo perante aquela condicdo de saude (Pinheiro et al., 2021).
Individuos hemiparéticos, por exemplo, apresentam uma reducao dos valores da ADM
articular (Andrews; Bohannon, 1989) além de déficit e um maior desequilibrio na forca
muscular do ombro no lado acometido (Nascimento et al., 2014). Como também,
estudos prévios encontraram uma associacado positiva entre o tempo de uso da
cadeiras de rodas e alteracbes musculoesqueléticas, em que individuos com leséo
medular baixa, apresentaram uma reducdo da flexibilidade muscular do peitoral
menor, alteracbes na postura do ombro e uma associacdo positiva entre o
encurtamentodo peitoral menor e a presenca de dor no ombro (Finley; Ebaugh, 2017,
Wellisch et al.,, 2021). No esporte adaptado de forma geral, essas mudancasno
sistema musculoesquelético também séo influenciadas pela condicdo de saude do

individuo e a modalidade praticada (Morrien; Taylor; Hettinga, 2016).

A préatica esportiva pode provocar mudancas significativas no sistema
musculoesquelético, as quais variam estdo de acordo com o aprimoramento das
habilidades especificas exigidas pelo esporte (Fernandez-Fernandez et al., 2019).
Esportes que exigem alta demanda dos MMSS tendem a provocar alteragbes
musculoesqueléticas significativas na articulacdo do ombro(Batalha et al., 2015, 2013;
Ceballos-Laita et al., 2022a). Essas mudancasrefletem a adaptacéo do individuo as
demandas especificas do esporte. Entretanto, estudos transversais que analisaram
variaveis como a ADM e a forca isométrica em atletas de diferentes modalidades e
grupos controles foram inconclusivos. Um estudo, por exemplo, que avaliou jovens
atletas sem deficiéncia do ténis e comparou com um grupo controle, encontrou apenas
uma diferenca clinica nos valores da ADM de rotacdo externa do ombro (Ceballos-
Laita et al., 2022b).

Outro estudo que avaliou os indices de desequilibrio muscular em atletas overhead
e comparou com um grupo controle de atletas (ndo overhead) ndo encontrou diferenca
significativa entre as modalidades no sexo masculino, mas sim no sexo feminino

(Vargas et al., 2021). Por outro lado, alguns estudos longitudinais tém encontrado
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alteracdes de algumas das variaveis supracitadas ao longo de uma temporada. Por
exemplo,atletas de beisebol e softbol ao fim da temporada esportiva apresentaram
mudancas na ADM da rotacdo extema e rotacdo interna do ombro bilateralmente,
ocorrendo um aumentodos valores da rotacédo externa e uma reducao dos valores da
rotacdo interna (Dwelly et al., 2009). Outro estudo encontrou que um ciclo de
treinamento esportivo de natacdo provocou aumento do desequilibrio muscular entre
os rotadores internos (RI) e rotadores externos (RE) do ombro em nadadores (Batalha
et al., 2015).

Entretanto, estudos longitudinais realizados com algumas das variaveis que
essa tese se propde a estudar sdo escassos. Cabe destacar que a avaliagdo da
desempenho funcional em atletas e paratletas, por meio de testes padronizados,
desempenha um papel importante que conjuntamente a outras variaveis que auxiliam
as equipes esportivas a detectar precoscemente alteracées que podem influenciar os
parametros de resisténcia eestabilidade necessarios para conservar um desempenho
atlético adequado conforme a demanda de cada modalidade (Barbosa et al., 2024,
Schwank et al., 2022). Estes testes, sao ferramentas que podem ser utilizadas para
verificar a progressao no processo de reabilitacdo dos MMSS de um atleta, como
também, para identificar déficits de desempenho funcional (Schwank et al., 2022).

Equipes multidisciplinares comumente realizam avaliacées que buscam tanto a
obtencao da condicao fisica do atleta, acompanhar o desempenho fisico,como também
detectar precocemente possiveis fatores de risco que possam estar relacionados ao
esporte e o desenvolvimento de lesdes (Morrien; Taylor; Hettinga, 2016; Pozzi et al.,
2020). A avaliacdo na pré-temporada € uma ferramenta valiosa para monitorar a
saude dos paratletas, rastrear condicbes de saude e identificar barreiras que
possam impactar o desempenho e participacédo do paratleta (Pinheiro et al., 2024a),
sendo comumente realizada por equipes esportivas para detectar também possiveis
fatores extrinsecos e intrinsecos que possam aumentar as chances de um individuo
ou equipe esportiva sofrerem alguma lesdo durante uma temporada esportiva
(Barbosa et al., 2024; Schwank et al., 2022).

Com base nos resultados dessas avalia¢cdes, medidas de controle de variaveis
podem ser implementadas para reduzir o risco de lesbes e melhorar o desempenho
do atleta (Schwank et al., 2022). Além disso, os achados das avaliagdes também
podem ser utilizados como critério para alta do processo de reabilitacdo e retorno a

pratica esportiva (Schwank et al., 2022). Por conseguinte, o conhecimento e



20

gerenciamento dos fatores de risco deve ser o foco de todos os programas preventivos
de equipes esportivas, dessa maneira, a necessidade de focar na implementacao de
medidas preventivas, um programa de prevencéo de lesdes deve ser embasado nos
resultados das avaliacdes de pré-temporada e deve ter como objetivo o controle e a
melhora dessas variaveis (Pinheiro et al., 2024a; Schwank et al., 2022).

Em sintese, a pratica esportiva pode provocar alteracdes significativas nas
varidveis musculoesqueléticas como a ADM do ombro, forca muscular, desempenho
funcional, postura do ombro, performance do tronco e, aliado a isso, a natureza das
condicBes de saude de um paratleta pode influenciar nas variaveis supracitadas. Além
disso, diante das caracteristicas e necessidades especificas de cada paratleta, e o
entendimento que os fatores de risco ndo permanecem estagnados, eles podem
oscilar ao longo do tempo, portanto compreender como as variaveis supracitadas
mudam ao longo de uma temporada esportiva, pode auxiliar na criacdo de protocolos
longitudinais e treinamento adaptado que podem beneficiar cada paratleta, e pode
promover uma maior inclusao do atleta com deficiéncia nas praticas esportivas. Dessa
maneira, a vigilancia longitudinal dessas variaveis se faz necessario para observar se
existem diferencas entre as modalidades esportivas e os tipos de deficiéncia. As
alteracdes observadas ao longo de um temporada podem fornecer informacdes
valiosas para as equipes multidisciplinares de saude, facilitando um melhor
gerenciamento e mais eficaz dos fatores que podem impactar a performance atlética,

além de contribuir para a mitigacao do risco de lesdes musculoesqueléticas.
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OBJETIVOS

2.1Geral
Observar as mudancas ao longo de uma temporada esportiva das variaveis de amplitude de
movimento articular, forca muscular, postura, e desempenho damusculatura do tronco e

membros superiores em paratletas.

2.2 Objetivo principal estudo 1
2.2.1 Comparar os valores da amplitude de movimento, for¢ca isométrica e postura do ombro
entre as modalidades esportivas natacdo, halterofiismo e atletismo e tipos de
deficiéncia.

2.3 Objetivo principal estudo 2
2.3.1 Auvaliar as mudancas na rotacao interna, rotacéo externa, amplitude total de movimento
(ADM), postura do ombro e forga muscular da articulacdo do ombro em paratletas da
natagéo e halterofilismo ao longo da temporada esportiva.
2.3.2 Objetivo secundéario estudo 2
Investigar a diferenga dos achados entre modalidades, tipos de deficiéncia,sexo e
idade.

2.4 Objetivo principal estudo 3
2.4.1 Avaliar as mudangas no desempenho dos membros superiores, a resisténcia dos
extensores do tronco e a forga do serrétil anterior em paratletas nadadores ao longo
de uma temporada esportiva.
2.4.2 Obijetivo secundario estudo 3
Investigar a diferenca dos achados entre modalidades, tipos de deficiéncia, sexo

e idade
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ABSTRACT

Context: Shoulder range of motion, isometric shoulder strength, and posture may differ
between sports and types of impairments. This study aimed to compare the total range ofmotion,
posture, and muscle function of the shoulder in athletes with impairments engaged in
swimming, powerlifting, and throwing, while also comparing these modalitiesand impairments
with a control group. Design: A cross-sectional study. Methods: Thirty-one para athletes and a
control group of nine individuals participated. The assessments included shoulder range of
motion, posture, and isometric muscle strength measures. Data distribution was verified using
the Shapiro-Wilk test. Subsequently, one-way analysis of variance (ANOVA) was employed to
evaluate differences between groups based on sport and impairment. The post hoc Bonferroni
test was used to identify differences between modalities and impairments, and Cohen’s D was
calculated to assessthe effect size. Results: For the total shoulder range of motion, swimming
presented thelowest bilateral values when compared to powerlifting (Dominant Side (DS): F:
23.4, p< 0.01, Cohen's d: 2.8; Non-Dominant Side (NDS): F: 25.4, p < 0.01, Cohen's d: 2.5),
throwing (DS: p < 0.01, CI: 20.2 — 53.6, Cohen's d: 3.17), and the control group (NDS: F: 7.7,
p <0.01, Cohen's d: 1.34). Powerlifting exhibited significant differences bilaterally (DS): F: 6.3,
p < 0.01, Cohen's d: 1.53; NDS: F: 6.1, p = 0.03, Cohen's d: 1.65) comparedto swimming.
Conclusion: This study revealed that powerlifting para athletes displayed higher postural
alterations in the shoulder joint compared to swimming athletes bilaterally. On the other hand,
swimmers exhibited a lower total ROM than othermodalities and there were no differences
among the variables and types of impairments.

Keywords: Swimming, Powerlifting, Impairments, Para athletes, Throwing

INTRODUCTION
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The pre-existing health conditions and the specific demands of sports modality influence
the physical functions of para athletes (Pinheiro et al., 2020). Para athletes present a spectrum
of health conditions, including cerebral palsy, spinal cord injury, upper and lower limb
amputations, short stature, and visual and intellectual impairment. (Blauwet et al., 2016; Ona
Ayala et al., 2019). Consequently, these varied health conditions affect crucial physical
functions, such as joint mobility and muscle function. (Janse Van Rensburg et al., 2018).
Furthermore, each sport modality imposes distinct demands including sport-specific movement
patterns that, over time, can also impact the levels of joint mobility, joint posture, and muscle
function exhibited by parathletes (Pinheiro et al., 2024b).

Para-sport overhead modalities such as swimming (Struyf et al., 2017), powerlifting
(Blauwet et al., 2022), and throwing substantial demands on the upper limbs, particularly on
the shoulder joint complex (Ona Ayala et al., 2019; Struyf et al., 2017). In overhead athletes,
musculoskeletal alterations in the shoulder joint are commonly observed, including changes in
range of motion (ROM), imbalances inisometric strength between internal (IR) and external
rotators (ER), and postural alterations (Schwank et al., 2022; Struyf et al., 2017). The
assessment of these variables at the beginning of the season is common in sports teams, and the
values are used to identify potential individual and team risk factors that may be related to the
demands of the sport (Schwank et al., 2022). Notably, there is a high prevalence of shoulder
injuries among para athletes participating in these three sports modalities compared to athletes
without impairments (Blauwet et al., 2016; Ona Ayala et al., 2019; Tooth et al., 2020).

For para athletes, various clinical diagnoses and impairments can significantly influence
muscular imbalance, shoulder ROM, and shoulder posture (Blauwet et al., 2016). Previous
studies have observed muscle imbalances between IR and ER in the shoulder joint in overhead
para athletes with lower limb motor impairments (LL) (Mayrhuber et al., 2022) and non-
athletes with hemiparesis on their non-dominant side (NDS) (Nascimento et al., 2014).
Additionally, overhead athletes with LL exhibited a reduction in shoulder ROM (Nascimento
et al., 2014), and swimming para athletes with upper limb impairments (UL) showed lower
values of total ROM compared to para athletes with visual impairments (Shimura et al., 2021).
Alterations in shoulder posture and mobility were observed and associated with increased
duration of wheelchair use in individuals with LL (Finley; Ebaugh, 2017).These musculoskeletal
adaptations in this population correlated with the most prevalent shoulder pain and risk of injury
(Blauwet et al., 2016; Mayrhuber et al., 2022).

Notably, participation in overhead sports, combined with impairment, leads to
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musculoskeletal adaptations that can affect muscle strength balance, total ROM, and shoulder
posture. Therefore, our study aims to compare the differences in shoulder muscle balance, total
ROM, and shoulder posture between the sports modalities (swimming, throwing, and
powerlifting) and types of impairments (lower limb motor, upper limb motor, and
intellectual/visual), and compared to a controlgroup. Based on the identified research problem,
we have formulated the following hypotheses: 1) Para athletes involved in swimming will
exhibit lower total shoulder ROM during the preseason; 2) Swimming and throwing athletes
will have a lower isometric strength ratio of shoulder internal rotation (IR) to external rotation
(ER) compared to powerlifting and the control group; 3) Para athletes with motor impairments
are expected to demonstrate lower values, particularly on the non-dominant side (NDS), in the
isometric strength ratio of ER to IR and total shoulder ROM, compared to para athletes with
intellectual/visual impairments and the control group.

METHODS

Study Desing

This cross-sectional observational study was carried out with para athletes participating
in swimming, powerlifting, and throwing sports (specifically, throwing andjavelin) at the
Centro de Treinamento Esportivo of the Universidade Federal de Minas Gerais (CTE/UFMG)
during the sports preseason, which commenced in January and extended until March 2022.

Participants

The sampling employed was non-probabilistic and convenience-based. Inclusioncriteria
mandated that para athletes were part of a team in one of the sports modalities included in this
study and a minimum of one year of specific sports training. Furthermore,they were required to
train during the preseason for at least two hours per day, three timesa week, starting from the
beginning at CTE/UFMG. Exclusion criteria encompassed shoulder pain during activity or at
rest (scoring greater than 4 on a 10-point visual analogscale), swelling of the upper limbs,
incapacity to perform physical exercises, upper limbsurgery within the last year, and other
dysfunctions limiting the ability to complete the test protocol. A control group comprised active
individuals without impairment who reported engaging in sports (football, running) or gym
activities for a minimum of six months preceding the evaluation, with a minimum frequency of

three times per week andwithout involvement in overhead sports. They did not report shoulder
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pain during the week of assessment using the visual analog scale, had not undergone surgical
procedureswithin one year before the evaluation, and had no history of shoulder injuries in the
last six months.

Participants, including those under 18 and their parents/guardians, were briefed on the
study's objectives and provided written consent to participate in the protocol. Additionally,
athletes under 18 with impairments provided their written consent before participating. Thestudy
adhered to the Declaration of Helsinki, and the project received approval from the Research
Ethics Committee of the Universidade Federal de Minas Gerais (CAAE:2718619.4.0000.5149).
Procedures
Type of impairment

Individuals were categorized in two ways: by sports modality and type of impairment,
further divided into three categories: 1. Intellectual and visual impairment; Motor impairment
of lower limbs (including spinal cord injury, lower limb amputation,lower limb malformation,
and diplegia); 3. Motor impairment of the upper limb (covering hemiplegia, upper limb
malformation or amputation, tetraplegia, or hemiplegic cerebral palsy).

Range of Motion

To evaluate the ROM for shoulder IR and ER, the participants assumed a supine position
with the shoulder abducted and the elbow flexed at 90 degrees. Before the assessment, the
inclinometer (Auto-plaza, model APO00088OS, Brazil) was calibrated and positioned on the
forearm near the styloid process of the ulna (dorsal surface for IR and ventral surface for ER).
For IR assessment, a hand was placed on the humeral head to prevent anterior displacement.
Participants were instructed to keep the upper limb relaxed during the movement performed by
the evaluator, rotating to a natural stopping point with resistance at the final range (Figure 1).
This position was maintained for two seconds, and the measurement was recorded (Higson et
al., 2018; Rosa et al., 2019). In the case of shoulder ER ROM, starting from the neutral position,
measurements were conducted in the same manner as previously, without manual stabilization.
The evaluatormaintained continuous and clear communication during the assessment, carefully
monitoring any signs of discomfort or pain. To determine the total ROM, the value obtained for
IR was combined with the value for ER (IR + ER: Total ROM) (Dutton et al., 2019; Rosa et
al., 2019).
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Figure 1 - Assessment of shoulder internal and external rotation range of motion (the figures are
not ofthe study participants). Source: Personal archive.

Posture

Shoulder posture was assessed through the table-to-acromion distance test who assess
the shoulder’s anteriority (Lewis; Valentine, 2007). In this evaluation, the participants assumed
a supine position with arms at the sides, elbows extended, and hands supported laterally.
Employing a rigid transparent plastic, the evaluator measured the linear distance in centimeters

from the treatment table to the postero-lateral acromion (Lewis;Valentine, 2007).

Figure 2 - Assessment of shoulder posture (the figures are not of the study
participants). Source: Personal archive.
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Isometric Strength of ER and IR

A handheld dynamometer (microFET®2, Hoggan Scientific, LLC, USA) was utilized
for evaluating the isometric muscular strength of the shoulder's IR and ER muscles. The
participant maintained a supine position, with the shoulder abducted and theelbow flexed at 90
degrees, supported on the treatment table. The evaluator resisted the maximal force of ER and
IR, with the evaluator's wrist positioned on the participant's elbow to prevent compensation
(Figure 2) (Higson et al., 2018; Mclaine et al., 2018). Two submaximal contractions were
performed in each attempt to acquaint the participant with the test. Subsequently, three maximal
contractions were executed, each lasting fiveseconds, with a 15-second interval between them

(Higson et al., 2018; Mclaineet al., 2018). The meaning of the three attempts was employed for

peak torque analysis, and the isometric ratio was calculated using the formula: ER/IR * 10
(Mclaine et al., 2018;Vargas et al., 2021).

IS

Figure 3 - Assessment of the isometric strength of the shoulder ER and IR (the figures are not of thestudy

participants). Source: Personal archive

Dealings

Before assessments, a training session was conducted with a team comprising two

experienced physiotherapists and one student. The evaluators’ training and qualification
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included three theoretical and practical sessions for familiarization with the assessment
instruments. The Intraclass Correlation Coefficient (ICC) was calculated for intra-rater and
inter-rater agreement analysis to ensure high levels of reliability. Specifically, one
physiotherapist and the student evaluated the shoulder IR ROM (ICC: 0.61) and ER ROM(ICC:
0.62); the student assessed table-to-acromion distance test (ICC: 0.73), and the second
physiotherapist evaluated the muscular strength of IR (ICC: 0.97) and ER (ICC: 0.96). Initially,
general data were collected from para athletes, including age, gender, mass, height, type of
impairment, and dominant limb. Before the assessment, under supervision, all participants
performed a five-minute warm-up with free active exercises(circumduction, extension, and
flexion of the upper limbs). The assessment was conducted in a session lasting approximately
30 minutes before specific sports training.
Statistical Analyses

Demographic characteristics, including gender, sports discipline, and types of
impairment, were delineated using simple tabulations presenting numerical values and
percentages. Concurrently, the body max index and age were derived from the mean values and
standard deviation (SD) within the groups. Data distribution was verified using the Shapiro-
Wilk test. Subsequently, one-way analysis of variance (ANOVA) was employed to evaluate
differences between modalities (swimming, throwing, powerlifting, and control) and different
types of impairment (visual/intellectual, motor impairment lower limb, and motor impairment
upper limb). The Bonferroni test was then applied to identify differences between modalities
and impairment types. Cohen's D was utilized to calculatethe effect sizes of the differences
between modalities and impairment groups. A significance level of p < 0.05 was adopted, and
confidence intervals (CI) for each variablewere scrutinized.
RESULTS

This study included 31 para athletes (21 males, mean age 28.4 + 9.7 years) and nine
individuals in the control group. The sample primarily comprised male para athletes(67.7%), for
the motor impairment the majority of whom utilized wheelchairs (35.4%), followed by diplegia
(19%), hemiplegia (14,3%), amputation/malformation of UL (9,5%) and short stature (9,5%)
and predominantly engaged in swimming (38.7%). The general characteristics and the

distribution of para athletes and the control group are presented in Table 1.
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Table 1. General characteristics of parathletes and distribution of groups from different sports modalities.
Data are presented by mean, standard deviation (SD), number (n), and total percentage (%).

Sex Impairment
Age BMI Total F M LL UL Int/Vis
Sports Mean (SD) Mean (SD) n (%) n n n (%) n (%) n (%)
Control 23,6 (£3,4) 23,3 (+2,3) 9 (22,5) 4 5 - - -
Powerlifting 27,5(x7,9) 23,5 (%4,9) 11 (27,5) 3 8 11(355) -
Swimming 24 (49,00 21,03 (4,0) 12 (30) 3 9 3097 6 (19,4) 3(9,7)
Throwing 35,2 (9,6) 27,4 (6,5) 8 (20) 4 4  2(65) - 6 (19,4)

Legend: F: female; M: male; n: number; %: total percentage; BMI: Body Max Index; LL: Lower Limb;
UL: Upper Limb; Int: Intellectual; Vis: Visual

Table 2 outlines the results of the total ROM, posture, and ER/IR ratio for each modality
and the control group. Statistically significant differences in shoulder posture and total ROM
assessments were observed between modalities and the control group. In the Bonferroni post
hoc test, powerlifting demonstrated statistically higher values in the table-to-acromion distance
test bilaterally (Dominant Side (DS): F: 6.3, p < 0.01, Cohen'sd: 1.53; NDS: F: 6.1, p = 0.03,
Cohen's d: 1.65) when compared to swimming. For TotalROM, swimmers presented the lowest
bilateral values when compared to powerlifting (DS: F: 23.4, p <0.01, Cohen's d: 2.8; NDS: F:
25.4, p < 0.01, Cohen's d: 2.5), throwing(DS: p < 0.01, CI: 20.2 — 53.6, Cohen's d: 3.17), and
the control group (NDS: F: 7.7, p <0.01, Cohen's d: 1.34).

Table 3 describes the meaning of total ROM, posture, and ER/IR ratio for each type of
impairment and the control group. A statistical difference was observed in the values of total
ROM and the ER/IR ratio, both on the NDS. In the Bonferroni post hoc test, only one difference
was observed between para athletes with UL and the control group in TotalROM (F: 7.8; p <0.01;
Cohen's d: 2.60) and ER/IR ratio (F: 3.5; p: 0.01; Cohen's d: 1.87),both on the NDS.
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Table 2: Studied Variables and respective mean values, standard Deviation (SD), and Confidence Interval (Cl) divided by modalities and control group.

Control Throwing Powerlifting Swimming
Variable Mean (SD) Cl (95%) Mean (SD) Cl (95%) Mean (SD) ClI (95%) Mean (SD) ClI (95%) F p

ER/IR Ratio

Dominant 9,8(x1,1) 8,8-10 8,6 (£1,0) 7,7-95 10,4 (£1,6) 9,3-115 10,0 (£1,9) 8,4-11,7 2,1 0,1

Not dominant 10,2 (£ 1,4) 9-115 10,2 (£1,6) 8,9-11,6 10,4 (£2,2) 8,9-11,9 8,4 (x1,9) * 7,0-10 2,9 0,06
Total Shoulder’s ROM

Dominant 162 (+ 23) 142-182 175 (x19) 159-191 166 (+16,5)  155-177 141 (¥13,4) 129-152 62  <0,01

Not dominant 164 ( 26,9) 141-187 178 (¥15,9) 165-192  164(+x19,8) 151-177  125(+30,8)*  99-151 77  <0,01
Shoulder Posture

Dominant 42(x12) 3,1-53 4,7 (£1,1) 3,8-56 5,7 (£1,3) 4,8-6,6 4,1(x0,9) 3,3-4,6 4,5 <0,01

Not dominant 39(x19) 23-563  48(x1,1) 3,8-58 5,5 (£1,2) 4,6 -6,3 3,6 (x1,1) 2,8-45 3,5 0,02

Legend: SD: Standard Deviation; Cl = Confidence Interval; ROM: Range of Motion: ER: External Rotation; IR: Internal Rotation *two athletes did not were evaluated

because of anatomic problems.

Table 3: Studied Variables and respective mean values, standard Deviation (SD), and Confidence Interval (Cl) divided by impairment and control group.

Control Intellectual/Visual Motor Impairment LL Motor Impairment UL
Variable Mean (SD) Cl (95%) Mean (SD) Cl (95%) Mean (SD) Cl (95%) Mean (SD) ClI (95%) F p

ER/IR Ratio

Dominant 9,8(x1,1) 8,8-10 9,6 (1,5) 8,4-10,9 9,8 (1,9) 8,8-10,8 9,6 (1,5) 5,7-135 1,6 0,17

Not dominant 10,2 (£ 1,4) 9-115 10,1 (1,6) 8,7-11,4 10,2 (2,0) 9,1-11,3 7,3(2,2) 16-13,0 4.2 0,02
Total Shoulder’s ROM

Dominant 162 (+ 23) 142 - 182 168 (26,4) 146 - 190 161 (17,3) 152 - 170 142 (17,9) 98 — 187 0,8 0,7

Not dominant 164 (+ 26,9) 141 — 187 168 (24,4) 147 - 188 163 (18) 153 -173 95 (32,5) 14 - 176 6,8 <0,01
Shoulder Posture

Dominant 42 (x1,2) 3,1-53 4,3 (1,1) 3,3-53 5,3(1,3) 4,6-6,0 4,4 (0,8) 2,4-6,4 2,3 0,08

Not dominant 39(x19) 2,3-5,63 4,5 (1,2) 34-55 5,1(1,3) 44-58 4,3 (0,7) 2,4-6,2 2,3 0,11

Legend: SD: Standard Deviation; ROM: Range of Motion; ER: External Rotation; IR: Internal Rotation: CI: Coefficient Interval; LL: Lower Limb; UL: Upper Limb
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DISCUSSION

This study characterized the shoulder total ROM, posture, and ER/IR ratio in paraathletes
participating in swimming, powerlifting, and throwing. We also compared thesemodalities and
impairments with each other and with a control group. Regarding total ROM, swimming
demonstrated lower values than powerlifting, throwing, and the control group. In contrast to
swimming, powerlifting exhibited higher values in the acromion-to-table distance test.
Concerning impairment, we have not found differences between the groups in ER/IR ratio, total
ROM, and shoulder posture bilaterally.

There were no differences between the parasport modalities and the control groupwhen
assessing the shoulder ER/IR ratio. Our findings differ from a study that assessed isometric
strength and found differentiation among overhead sports in eccentric and concentric
evaluations, and ER/IR ratios showed differences between sports (Cools et al., 2016). Our
findings align with a cross-sectional study that found no difference in the isokinetic strength
ratio of the shoulder between overhead sports and a control group (Vargas et al., 2021).
Although no statistical difference was obtained between the DS and NDS of the modalities, we
emphasize the importance of evaluating this variable, as muscular imbalance is one of the risk
factors for musculoskeletal injuriesin the shoulder joint (Schwank et al., 2022). Our study
method for assessing the ER/IRratio might have influenced our findings. Specifically, we didn't
measure the eccentric contraction of the shoulder ER, which is crucial for activities like
swimming and throwing. Consequently, differences in ER/IR ratio modalities and the control
group could exist. However, this remains speculative within the realm of sports science.

Our study unveiled differences between swimming and other sports modalities and the
control group for total shoulder ROM. Although no previous studies directly compare this
variable among different parasport modalities, the values for swimmers with impairments in our
study differ from prior research assessing total ROM in elite swimmers without impairments
(Higson et al., 2018; Holt et al., 2017) but align with the results of studies involving university
swimmers (Tate et al., 2012, 2020). It is crucial to note that previous studies have suggested that
swimming practice may decrease ROM at the end of a sports season (Tate et al., 2020).
However, given that this is a cross-sectional study, our values may have been influenced by
chronic effects on ROM caused by swimming practice, presenting lower levels than other
sports modalities. This difference may be characterized by the long-term flexibility adaptation
in swimmers due to repetitive movements in specific ranges during swimming.

A difference was observed in shoulder posture when comparing powerlifting and
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swimming through the acromion-to-table distance test, the powerlifters showed higher values
than swimmers. Furthermore, the employed test suggests that values above 2.6 cm indirectly
indicate a shortening of the pectoralis minor muscle, leading to a postural alteration resulting
in increased shoulder protrusion (Lewis; Valentine, 2007). In our research, we observed that all
groups exhibited values above the mentioned threshold upon adopting this value as a diagnostic
criterion. Previous studies have found the test isreliable, but it lacks diagnostic precision in
identifying individuals with alterations in pectoralis minor involvement (Lewis; Valentine,
2007). Thus, if the linear distance exceeds 2.6 cm, clinicians may need to conduct extra tests to
evaluate pectoralis minor muscle shortening along with shoulder posture.

Nonetheless, comparable to our findings a study conducted with non-disabled
powerlifters demonstrated high values of the acromion-table-test when compared to a control
group, which may be attributed to a common characteristic in individuals performing the barbell
flat bench press exercise (Cutrufello; Gadomski; Ratamess, 2016). Finley et al. (2017) found a
correlation between the shortened pectoral minor, using another test, and shoulder pain in
wheelchair users. Despite the test lacking normative data or results in inferring factors affecting
para athletes' musculoskeletal condition, a posture differentiation was noted between
powerlifting and swimming para athletes. This may be due to sport-specific practices, therefore
powerlifting trains with high intensity the pectoral minor muscle compared to swimming.
Therefore, the acromion-to-table distance test can complement other assessments of pectoralis
minor shortening and its impact on shoulder musculoskeletal conditions.

The third aim of the study was to identify differences between motor impairments and
intellectual/visual and the control group in the ER/IR ratio and total shoulder ROM. Although
a significant p-value was found for the difference between theUL and other groups in the total
ROM and ER/IR ratio variables, both on the NDS, the confidence intervals for the means of
these groups showed considerable overlap. This suggests that substantial variability in the data
raises doubts about the observed differences (Ranstam, 2012; SIL; Betkerur; DAS, 2019).
Therefore, it implies that these differences may not be clinically significant (Ranstam, 2012).
These results contrast with previous studies involving swimmers with motor impairments
compared to visual impairments, which identified significant differences in total ROM (Shimura
etal., 2021), and another study found differences in ER/IR ratio in individuals with hemiparesis
(Nascimento et al., 2014). It is important to note that previous studies with upper limb amputees
(Resnik et al., 2022) and people with high spinal cord injury(Eriks-Hoogland et al., 2009) found
low shoulder ROM values. On the other hand,corroborating with our funding, a study did not

find differences in passive shoulder ROMwhen compared to chronic spinal cord injury in a
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generated population (Frye et al., 2020). Our sample, comprised of the LL group, consisted of
powerlifting para athletes, specifically those with low-level spinal cord injuries, potentially
leading to a lack of differentiation between the LL group and the rest. It is relevant to highlight
the high values of confidence intervals in the group with motor impairments in the UL, showing
considerable variability, possibly resulting from the small number of para athletes in this group.
This limitation may have contributed to the absence of significance in the results.

This study provides valuable insights into physical variables in para athletes. However,
certain considerations need to be addressed. The data obtained may not precisely represent the
general population of para athletes in the studied modalities. Additionally, one uncontrolled
factor in the research was the training load imposed by coaches. Therefore, even though the
assessment was conducted before sports training, chronic effects such as delayed muscle fatigue
may have influenced the ER/IR ratio results. Furthermore, another factor that can influence the
variables is the experience of para athletes. Also, it is important to note that the control group
was not exclusively composed of athletes, which may have influenced responses to the
variables. It is crucial to mention the heterogeneity of the sample, which is not a limitation of
the study, as adaptive modalities inherently present this characteristic.

This study aimed to characterize and compare commonly measured variables in pre-
season assessments conducted by para-athletic teams. It fills a gap as previous studies haven't
focused on this population. The findings offer practical benefits for clinical settings and insights
into future research on the relationship between these variables and different para-sports.
Understanding their impact on swimming, powerlifting, and throwing can improve the
functional classification criteria for Paralympic athletes.Moreover, raising awareness about
para-sports and studying these variables can promote healthier lifestyles, performance, and

injury prevention in this community and beyond.
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ABSTRACT

Objective: To evaluate the changes in internal rotation (IR), external rotation (ER), totalrange
of motion (ROM), shoulder posture, and muscle strength of the shoulder joint in para athletes
throughout the sports season and compare findings between modalities and impairments.
Methods: A prospective cohort study was conducted over 11 months with 44 para athletes. We
evaluated participants’ IR ROM, ER ROM, total ROM, shoulder posture, and strength of the
shoulder joint muscles in three season phases (pre-season, middle-season, and end-season). A
Generalized Mixed Model was selected to model thefixed relationships between variables,
considering fixed effects (age, sex, sport modality,and impairment) and random effects (subject
and season phase), with their respective 95% confidence intervals (CI) and was adopted a
significance level of 5%. Results: There was an increase in total shoulder ROM (c: 30.8;
p<0.01), IR (c:19,8; p <0,01), and ER (c:11,1; p<0,01) ROM between pre-season and middle-
season (c: 30.8; p<0.01), with posture showing an increased only at the end-season (c: 0.6 p:
0.02). Sports modality influenced the IR ROM (c: 18,9; p<0.01), total ROM (c: 26,7; p<0.01)
on the dominant side, and IR ROM (c: 27,3; p<0.01), total ROM (c: 34; p: 0.02) and ER/IR ratio
(c:3,4; p:0,04) on the Non-dominant side; changes in the variables were independent of the type
of impairment. Conclusion: Shoulder ROM increased between the pre and middle seasons and
remained stable afterward. Shoulder posture changed at the end-season, and there were no
changes in ER/IR values throughout the sports season. The modality had an influence only on
the pre-season values of ROM, and the type of impairment did not influence the variables'

changes.
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INTRODUCTION

Since its first edition in 1960 (Rome), there has been an exponential increase in the
number of participants and the variety of sports at the Paralympic Games. For example, during
the 2012 London Paralympic Games, more than 160 countries participated, with over 4,000
para athletes (Morrien; Taylor; Hettinga, 2016).Paralympic sports encompass athletes with
visual, intellectual, and physical impairments, and the individual characteristics of each
impairment can significantly influence injury rates and overall sports performance. (Pinheiro et
al., 2021, 2024b). Furthermore, each sport's specific demands and requirements can further
impact the physiological adaptations experienced by para athletes (Fieseler et al., 2015a,
2015b).

In the Paralympic Games, swimming includes athletes with motor, visual, and
intellectual impairments. Para swimmers are classified based on their functionality and can
compete in various events and categories (Ona Ayala et al., 2019). On the other hand, para
powerlifters only include athletes with lower limb motor impairments (LL)and powerlifting
athletes are classified based on their body mass (Ona Ayala et al., 2019). Despite the
distinctions between sports, swimming, and powerlifting have a high incidence of
musculoskeletal injuries in the shoulder joint, often attributed to repetitive movements during
training and competitions. (Derman et al., 2018; Ona Ayala et al., 2019). Intrinsic variables that
may be related to shoulder injuries and pain in athletes include range of motion (ROM) of the
shoulder joint, imbalance in the muscle strength of internal rotators (IR) and external rotators
(ER), and shoulder posture (Schwank et al., 2022; Struyf et al., 2017).

Sports training in overhead sports often induces specific musculoskeletal adaptations
(e.g., changes in ROM, strength, and shoulder posture) that can occur throughout a sports season
(Batalha et al., 2015; Gillet et al., 2017). For example,a decrease in IR ROM and an increase in
ER ROM have been commonly observed over a sports season in overhead athletes (Gillet et
al., 2017). Regarding muscle strength, especially the balance between shoulder IR and ER,
swimmers have shown a significant reduction in this balance over the sports season (Batalha et
al., 2013). It is important to note that although there are no studies that have investigated
postural changes throughout a sports season, more protracted shoulder postures have been
associated with shoulder pain in athletes (Struyf et al., 2017).

Musculoskeletal characteristics may vary according to the impairment type.
Individuals with upper limb motor impairments (UL) such as hemiplegia or upper limb
amputations tend to have lower shoulder ROM and strength than the general population

(Nascimento et al., 2014; Resnik et al., 2022). Furthermore, individuals with lowerlimb motor
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impairments (LL), such as spinal cord injuries, have shown a reduction in passive shoulder
ROM compared to the general population (Frye et al., 2020). On the other hand, individuals
with LL who use wheelchairs have also shown postural alterations resulting from wheelchair use
(Finley; Ebaugh, 2017).

The musculoskeletal shoulder alterations caused by sports practice and underlying
impairment are complex. Longitudinal studies investigating how musculoskeletal changes in
overhead para athletes change over a sports season are crucial for promoting healthy sports
practice and understanding how other associated factors may influence these alterations.
Therefore, this study investigated how shoulder ROM, posture, and the strength ratio between
the IR and ER of the shoulder change over the sports season and whether changes in these
variables are associated with the sport modality (swimming and powerlifting), type of
impairment (visual/intellectual, UL, and LL) in para athletes, sex and age. Our hypotheses were:
1) There will be differences between sports modalities inthe dependent variables, primarily in
shoulder range of motion and isometric strength.; 2)It is expected that para athletes with UL will
show lower values in the evolution of the variables assessed, specifically on the non-dominant
side, due to musculoskeletal alterations caused by motor impairments, and para athletes with
LL will show higher values in posture compared to other impairments.

METHODS

This prospective cohort study was conducted over eleven months (January 2022 to
December 2022). We recruited para athletes from the swimming and powerlifting teams at the
Sports Training Center of the Federal University of Minas Gerais (CTE/UFMG). The study
adhered to the Declaration of Helsinki, and the project received approval from the Research
Ethics Committee of the Universidade Federal de Minas Gerais (CAAE:
2718619.4.0000.5149).

Participants

The sampling method employed was non-probabilistic and convenience-based. To be
included in this study, para athletes had to be part of a team in one of the sports modalities
included in this study (i.e., swimming and powerlifting) and had a minimum of one year of
training. Furthermore, we only included para athletes who train during the preseason for at least
two hours per day, three times a week, from the beginning at CTE/UFMG. Exclusion criteria
included shoulder pain during activity or at rest (scoring greater than 4 on an 11-point visual
analog scale), swelling of the upper limbs, incapacity to perform physical exercises (e.g. sports

modality, gym), upper limb surgery within the previous year, and other dysfunctions limiting



40

the ability to complete the test protocol.

Variables

Descriptive variables

Initially, descriptive data were collected, including age, gender, mass, height, type of
impairment, and dominant limb.

Individuals were categorized by sports (swimming or powerlifting) and type of
impairment (1. Intellectual and visual impairment; 2. Motor impairment of lower limbs (spinal
cord injury, lower limb amputation, lower limb malformation, and diplegia); 3. Motor
impairment of the upper limb (hemiplegia, upper limb malformation or amputation, tetraplegia,

or hemiplegic cerebral palsy)).

Range of Motion — Internal and External Rotation

To evaluate the ROM for shoulder IR and ER, the participants were positioned in the
supine position with the shoulder abducted and the elbow flexed at 90 degrees. Before the
assessment, the inclinometer was calibrated and positioned on the forearm near the styloid
process of the ulna (dorsal surface for IR and ventral surface for ER). For IR assessment, the
evaluator’s hand was placed on the humeral head to prevent anterior displacement. The
evaluator rotated the participant’s shoulder to a natural stopping point with resistance at the
final range and participants were instructed to keep the upper limb relaxed during the movement
performed by the evaluator. The final position was maintained for two seconds, and the degrees
were recorded (Rosa et al., 2019). For ER ROM, measurements were conducted using the same
method used for IR ROM; however,without manual stabilization. The evaluator maintained
continuous and clear communication during the assessment, carefully monitoring any signs of
discomfort or pain. To determine the total ROM, the value obtained for IR was combined with
the value for ER (i.e., IR + ER = total ROM) (Dutton et al., 2019; Rosa et al., 2019).

Shoulder posture

Shoulder posture was assessed through the table-to-acromion distance test (Lewis;



41

Valentine, 2007). Participants assumed a supine position with their arms at their sides, elbows
extended, and hands supported laterally by a stretcher. The evaluator measured the linear
distance in centimeters from the treatment table to the postero-lateral acromion using a rigid
transparent plastic ruler (Lewis; Valentine, 2007).

Muscle strength

A handheld dynamometer (microFET®2, Hoggan Scientific, LLC, USA) was used for
evaluating the isometric muscular strength of the shoulder's IR and ER muscles.The participant
maintained a prone position, with the shoulder abducted and the elbow flexed at 90 degrees,
supported on the treatment table. The evaluator resisted the maximal force of ER and IR, with
the evaluator's wrist positioned on the participant's elbow to prevent compensation (Higson et
al., 2018; Mclaine et al., 2018). Two submaximal contractions were performed in each attempt
to acquaint the participant with the test. Subsequently, three maximal contractions were
executed, each lasting five seconds, with a 15-second interval between them (Higson et al.,
2018; Mclaine et al., 2018). The meaning of the three attempts was used for peak torque
analysis, and the isometric ratio was calculated using the formula: ER/IR * 10 (Mclaine et al.,
2018)

Procedures

Data collection was carried out at three distinct time points: January/February (pre-
season phase), June/July (mid-season phase), and November/December (end-season phase).
Before all assessments, a training session was conducted with a team of evaluators that included
three experienced physiotherapists. The evaluators’ training included three theoretical and
practical sessions for familiarization with the assessment instruments. The Intraclass
Correlation Coefficient (ICC) was calculated for intra-rater and inter-rater agreement analysis
to ensure levels of reliability. Specifically, two physiotherapists evaluated the shoulder IR ROM
(ICC: 0.61) and ER ROM (ICC: 0.62); one physiotherapist assessed the table-to-acromion
distance test (ICC: 0.73), and the second physiotherapist evaluated the muscular strength of
IR (ICC: 0.97) and ER (ICC: 0.96). Before each assessment, the participants performed a five-
minute warm-up with free active exercises (circumduction, extension, and flexion of the upper
limbs) under thesupervision of a physiotherapist. The assessment was conducted in a session

lasting approximately 30 minutes before specific sports training.
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Statistical Analysis

For model selection, we first assessed the longitudinal dispersion of all variables.Then,
we analyzed the models using the Akaike Information Criterion (AIC) and selected the model
with the lowest AIC value (Casals; Girabent-Farrés; Carrasco, 2014; Daowen; Xihong, 2008).
The chosen model allows for modeling fixed relationships between variables, considering fixed
effects (age, sex, sport modality, and impairment) and random effects (subject and season
phase).

Therefore, the chosen model was a Generalized Mixed Model to investigate the
relationship between the dependent variables (ROM of ER, IR, total, posture, and ER/IRratio)
and the independent variables (type of impairment, sport modality, age, and sex). Initially, a
hierarchical structure model was specified, considering thematic and temporallevels (Casals;
Girabent-Farrés; Carrasco, 2014; Daowen; Xihong, 2008). The subject was included as a
random factor to capture individual variation, while the season phase was treated as a fixed term
to assess changes in dependent variables. Due totheir quantitative nature, a Gamma link function
was used for the dependent variables. An unstructured covariance matrix was adopted.

The selected computations with the lowest AIC values were as follows:

Y = B0+ B1impairment + [2 season phase + f3 age + [34 sex +

B5 sports + 6 impairment * season phase + &i

and

Y = B0+ B1impairment + [2 season phase + 3 age + [34 sex + (5 sports

+ B6 sports * season phase + ¢i

Where Y is the dependent variable; BO represents the subject; Bl is the effect of
impairment; B2 is the effect of season phase; B3 is the effect of age, B4 is the effect of sex;
B5 is the effect of sport, B6 is the effect of the interaction between impairment/sport and season
phase; yDO represents the random effect, and &i is the random error.

The independent variables age, sex, type of impairment, and sport modality were
included as fixed terms in the model. Age was treated as a continuous variable, while sex,sports

modality, and type of impairment were categorical variables. The software used for analysis
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was Jamovi (version 2.3.26). The model analyzed the variance between pre-season values and
mid-season and end-season values. To assess the variability between mid-season and end-
season, the Bonferroni post hoc test was used. Coefficients were estimated for each independent
variable, along with their respective 95% confidence intervals (CI). A significant level of 5%

was adopted.

RESULTS

Forty-four para athletes were recruited. Nineteen were excluded because they
participated in only one assessment. Therefore, 25 para athletes were evaluated throughout the
sports season and included. For motor impairment the majority of whom utilized wheelchairs
(52.3%), followed by malformation/amputation of UL (19%), short stature (14,2%), diplegia
(9,5%), and hemiplegia (4,7%). Descriptive data are presented in Table 1.

Table 1 — Demographic data of parathletes with number (n) of distribution and percentages (%).

Sex Impairment
Age Body Max Index Total F M Int/Vis LL UL
Sports Mean (SD) Mean (SD) n (%) n n n (%) n (%) n (%)
Powerlifting 27,3(9,4) 22,8 (4,7) 12 (48) 2 10 - 12 (48)
Swimming 22,5 (8,8) 21 (3,7) 13(52) 3 10 4(16) 4(16) 5(20)

Legend: SD: Standard Deviation; n: number; %: percentage; F: female; M: Male; Int/Vis: Intellectual and Visual
Impairment; LL: Lower limb impairment; UL: Upper limb impairment.

Table 2 showed a difference between pre-season values compared to middle- season on
the dominant side in IR ROM (c: 19,8+3,0; p<00,1; Cl:13,8 — 25,7); ER ROM(c: 11,1 +3,4;
p<00,1; Cl:4,4 — 17,8) and Total ROM (c: 30,8 £3,6; p<00,1; CI:23,0 — 38,5) and non-
dominant side in IR ROM (c: 24,8+4,0; p<00,1; CI:17 — 32,7); ER ROM(c: 12,4 +2,5; p<00,1;
Cl:7,4 — 17,4) and Total ROM (c: 38,1 £5,3; p<00,1; Cl:27,6 —48,6), and between pre-season
and end-season on the dominant side values in IR ROM(c:17,9 £3,3; p<0,01; CI: 11,4 — 24,5),
ER ROM (c: 16,5 £3,7; p<0,01; CI: 9,1 — 23,8), Total ROM (c: 33,8+ 4,2; p<0,01; Cl: 25,4 —
42,1), posture (c:0,6 +0,2; p: 0,02; CI: 0,08 - 1,1) and in the non-dominant side in IR ROM
(c:35,7 £5; p<0,01; ClI: 25,9 — 45,5), ER ROM (c: 12,9 +2,7; p<0,01; CI: 7,5 — 18,3), Total
ROM (c: 49,1+ 5,9; p<0,01; CI: 37,4 —60,8), posture (c:1,0 £0,3; p<0,01; CI: 0,3 -1,7).

Table 2 observed differences between sports modalities in the dominant side in IRROM
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(c:18,9 £7,7; p<0,01 CI:3,3 — 34,2) and Total ROM (c:26,7 £9,5; p<0,01 CI:8,0 —
45,7) in the non-dominant side in IR ROM (c: 27,3 £10,4; p<0,01; CI: 6,8 — 47,9), TotalROM
(c: 34,0 £15,4; p:0,02; CI: 4,0 — 64,1) and RE/RI ratio (c: 3,4 £15,4; p:0,04; CI: 0,4
- 6,7) and sex (c: 21,4 £8,9; p:0,01; CR: 3,8 —39). No statistically significant differences

were found between the types of impairments.



45

Table 2 - ROM of IR, ER, and total shoulder ROM, pectoralis minor flexibility, ER/IR strength ratio, and independent variables. Values are presented as coefficient of variance

(C), standard deviation (SD), and confidence interval (ClI).

IR ROM ER ROM TOTAL ROM RE/RI RATIO POSTURE

C (SD) Cl P C (SD) Cl P C(SD) Cl p C (SD) Cl p C (SD) Cl p
Dominant Side
Age 0,4 (0,2) -0,04-1,0 0,07 -0,3(0,3) -1,1--0,02 0,04 -0,6 (0,3) -1,2-0,01 >0,05  -0,03 (0,3) -0,7-0,6 09 0,03(x0,01) -0,02-0,06 0,06
Sex 10,9 (6,5) -1,8-238 0,09 23(43) -6,0-10,8 0,11 -105 (+8,0) -265-7,9 0,1 1,2 (x0,8) -0,4-2,8 0,1 -0,4 (x0,4) -1,3-0,3 0,2
Sport 18,9 (7,7) 3,3-34,2 0,01 -6,6(4,7) -158-25 0.1 26,7 (¥9,5) 8,0-457 <0,01 -9,3 (£1,0) -29-1,0 0,3 -0,5 (x0,4) -15-0,4 0,2
Lower Limb 0,7 (10,2) -19,2 - 20,7 09 -86(6) -20-3,0 0,1 -7,6 (x12,2) -31,6-16,3 0,5 -0,2 (£1,3) -2,8-2,3 0,8 0,1 (+0,6) -1,1-13 0,8
Upper Limb 51(9,1) -12,7-23,0 05 51(55) -58-16 0,3 10,8 (¥10,9) -31,0-16,3 0,3 -1,0 (+1,2) -34-1,3 0,3 0,2 (+0,5) -09-14 0,6
Middle-season 19,8 (3,0) 13,8-257 <001 111 (3,4) 44-178 <0,01 30,8 (+3,6) 23,0-385  <0,01 1,1 (+0,3) -04-08 06 -01(x02) -0,06-02 0,4
End-season 17,9 (3,3) 114-245 <0,01 165 (3,7) 9,1-23,8 <0,01 33,8(4,2) 254-42,1 <0,01  -0,6 (x0,36) -0,7-0,6 0,8 0,6 (£0,2) 0,08-1,1 0,02
Non-Dominant Side
Age 0,7 (0,4) -1,5-0,06 0,07 -0,6(0,3) -1,3-0,003 0,049 -1,2(x0,6) -24-09 003  -0.04(+0,06) -0,17-0,07 04 004(x0,02) -0,01-008 0,6
Sex 21,4 (8,9) 3,8-39 0,01 13,5 (7,0) -0,3-27,3 0,055 7,7 (¢12,9) -322-186 05 1,1 (+1,3) -15-38 04 -01(x05) -1,1-08 0,7
Sport 27,3(10,4) 6,8-47,9 <0,01 -6.5(8,4) -232-10 0,43 34,0 (+15,3) 4,06-64,1 0,02 34(x1,7) 0,4-6,7 0,04 -0,1(x0,5) -1,2-1,0 0,8
Lower Limb 0,4 (13,3) -25,7 26,6 0,9 -10.5(10,8) -32-10 0,3 -8,8 (+19,5) -47,1-293 06 -1,4 (2,1) 56-27 04 -001(x07) -1,4-14 0,9
Upper Limb 9,8 (13) -15,7-354 04 -14.7(10,6) -35-6,1 0,1 -5,5(+19,2) -431-321 07 2,3 (+272) 66-20 02 -1,1(x06) -24-02 0,1
Middle-season 24,8 (4) 17-32,7 <.001 12.4(2,5) 74-174 <0,01 38,1(#5,3) 276-486 <0,01 -0,07 (+0,6) -1,3-11 0,9 0,09 (0,3) -0,4-0,6 0,7
End-season 35,7 (5) 259-455 <.001 12.9(2,7) 75-183 <0,01 49,1 (+59) 37,4-60,8 <0,01 05 (+0,6) 06-18 03 10(+x03) 03-17 <001

Legend: IR: Internal Rotation; ER: External Rotation; ROM: Range of motion; SD

Confidence

: Standard Deviation; P: Powerlifting; S: Swimming; C: Coefficient of variance; IC: Interval
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Table 3 — Mean values of Total shoulder ROM, posture, and the RE/RI isometric shoulder strength ratio
comparison between sport modalities. Values are presented as mean, standard deviation (SD), and confidence

interval (CI).
Pre-season Middle-season End-season
Mean (SD) Cl Mean (SD) Cl Mean (SD) Cl

IR ROM

Dominant Side P 80,6 (15,5) 70,7 —90,489,5 (12,2) 81,4-97,7 84,7 (5,5) 79,6 —89,3
S 51,6 (12,1) 42,9 - 60,376,0 (15,4) 65,6 — 86,4 78,6 (9,3) 71,9-853

Not dominant side P 81,3 (20,7) 68,1 —94,489,9 (10,4) 82,9-96,9 89,6 (7) 83,1-96,1
S 481(17,7)  33,3-62,977,9 (14) 67,9 87,9 78,9 (11,3) 69,4884

ER ROM

Dominant Side P88 (6,5) 83,9 92,1107 (11,8) 98,8 — 115 104 (7,1) 97,8111
S 92,8(125) 83,7 — 102104 (12,3) 95,2 - 112 113 (9,1) 106 — 119

Not dominant side P 87,8 (7,8) 82,8 -92,7100 (9,4) 93,8107 99,9 (7,7) 92,7 -107
S 91,6(24,9) 72,4 - 11197,8 (13,9) 87,8-108 97,1 (25) 76,2 - 118

Total ROM

Dominant Side P 169 (+14,4) 169 (+14,4)199 (+19,7) 185213 187 (+10,4) 176 —198
S 158 — 179 158 — 179191 (+ 18,5) 170 -190 191 (+10,1) 184-198

Not dominant side P 169 (x£22,9) 154 — 184191 (+ 18,5) 178 — 204 188 (£ 12,2) 175-200
S 138 (+37) 107 - 169176 (+ 14,5) 165 - 186 176 (£ 28,8) 152 - 200

Posture

Dominant Side P  56(x12)48-64 4,6 (£0,9) 4,0-53 5,6 (+0,5) 51-6,4
S 39(+08)34-45 4,4 (£0,7) 39-49 5,0 (+0,9) 43-57

Not dominant side P 53(+x1245-63 4,8 (+1,0) 41-55 5,5 (+0,9) 45-65
S 35(+1,02,8-4,2 4,1 (+0,9) 35-4,7 45 (+1,1) 37-53

ER/IR Ratio

Dominant Side P 10,7 (+1,6)9,6-11,7 11,4 (+2,1) 9,7-13,1 10,1 (+0,9) 9,0-11,1
S 97(x15) 8,7-10,79,2 (+ 1,3) 8,3-10,7 9,5 (+1,8) 8,1-11,0

Not dominant side P 11,1(+3,4)89-133 10,7 (+ 1,0) 9,7-11,5 11,1 (+1,3) 9,6-125
S 8,7 (x21) 7,2-10,39,4 (£ 1,8) 8,0-10,8 7,9 (£24) 59-99

Legend: IR: Internal Rotation; ER: External Rotation; ROM: Range of motion; SD: Standard Deviation; P: Powerlifting;S:

Swimming; IC: Interval Confidence.
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Table 4 —Total shoulder ROM, posture, and the ER/IR isometric shoulder strength ratio comparison between

impairments. Values are presented as mean, standard deviation (SD), and confidence intervals (CI).

Pre-season Middle-Season End-season
Mean (SD) Cl Mean (SD) Cl Mean (SD) Cl

IR ROM

Dominant Side VIl 473(11) 20-74,7 84,7 (18,6) 385-131 77,3(11,7) 483 -106
LL 74,7(185) 645-85 86,7 (12,7) 79,4-94,1 83(8,2) 68,3-90
UL 55 (17,2) 27,7-82 70,6 (16,7) 499-913 79,3(6,9) 77,1-88

Non-dominantside ~ V/I 45 (7) 276-624 783 (11,5) 496-107 793(129) 473-111
LL 74,7(23,1) 61,9-875 89,4 (9,5) 83,8-949 844(115) 76,2-92,6
UL 52(42,2) 10 - 102 70,5 (17,6) 425-98,5 88 (2,8) 62,6 - 113

ER ROM

Dominant Side VIl 94 (11,1) 66,3 — 122 105 (9,8) 80,8 — 130 114 (14,4) 78,2150
LL 88(6,7) 84,3-91 104 (13,9) 96— 112 105 (6,7) 100110
UL 95 (17,5) 67,6 -123 109 (8,5) 97,8-119 116 (4,6) 109 -123

Non-dominant side V/I 993 (11,4) 71-128 101 (6,9) 83,8-118 109 (7,5) 89,9 - 127
LL 885(10,7) 826-94 99,7 (8,6) 947-105 985(10,6) 90,9106
UL 84(41,6) 19,3-187 95,3 (22,6) 59,3-131 825 (53) 29 - 135

Total ROM

Dominant Side VIl 141 (29) 119-164 190 (£12,5) 159-221 191 (#14,0) 157-221
LL 163 (¥234) 105-222 182 (+16,9) 155 — 209 195(7) 184 — 209
UL 160 (+23)  147-172 190 (+22) 178-203 187 (+9,6)  179-203

Non-dominant side VIl 144 (18,1) 124 - 165 179 (£10,1) 154 -204 188 (x14,2) 153-204
LL 124 (+93,3) 28-220 167 (+20,5) 116 -218 171 (#559)  48-218
UL 163 (+23,8) 150-176 188 (+17,4) 178-198  181(+19,8) 166198

Posture

Dominant Side VIl 3,5(x0,8) 1,3-5,6 4,3(%0,5) 29-57 5,3 (x1,0) 2,7-57
LL 42(+09) 31-54 4,7 (+0,9) 32-62  50(+12) 30-62
UL 5,2 (£1,3) 45-6,0 4,5 (+0,8) 4,0-5,0 5,2 (+0,7) 48-5,0

Non-dominant side VIl 3,5(x0,8) 1,3-5,6 4,5 (x0,5) 3,2-57 5,6 (20,2) 49-57
LL 33(x14) 09-57 3,4 (+1,1) 15-53  37(x09)  22-53
UL 50(+1,3) 4,3-57 4,7 (+0,8) 42-52 5,4 (+1) 4,4-52

ER/IR Ratio
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Dominant Side

Non-dominant side

Vi
LL

UL

11 (£1,3)
8,2 (+0,5)

10,7 (1,5)
VI 9,9 (+1,2)
LL 7,4 (x33)

UL 106 (+3,1)

7,6-143
75-8,8

98-115
6,9-129
3,9-157

8,8-123

9,0 (£2,4) 30-150 90(x21) 37150

9,5 (+1) 79-111 9717  54-111
10,7 (+2,1) 93-11,1  10(¢1,4) 89-12,0
9,7 (+1,8) 51-144  84(x17) 41-144
8,0 (+1,9) 58,-258  7,5(3,6) 3,9-258
10,4 (£1,3) 95-11,2 99(+25  80-112

Legend: ROM: Range of motion; SD: Standard Deviation; V/I: Visual/Intellectual Impairment; UL: Upper Limblmpairment; LL:

Lower Limb Impairment; IC: Interval Confidence.

The Bonferroni post hoc test did not show differences in total ROM in the dominant side

between the middle-season and end-season (c: 10.3 £6.2; p: 0.2) and non-dominant side (c: 1.43

15,1; p: 1.0). Similarly, there was no difference between the middle-season and end-season in

shoulder posture on the dominant side (c: 0.8 £0.2; p: 0.08) and non-dominant side.
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In Figure 1 we can find differences between the sports modalities in the pre-seasonfor
bilateral IR ROM and total shoulder ROM on the dominant side (Figure 1).
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ratio between ER/IR in para athletes as we assumed that these variables would vary throughout

a season across different sports modalities and types of impairment. To our knowledge, this is

the first study to propose this investigation into this population. We observed changes during

the season in shoulder posture and total ROM, ER, and IR.We found differences between sports

modalities in IR ROM and total ROM values only in the pre-season. The shoulder was

significantly different only in the end-season. The isometric shoulder strength ratio did not show

significant changes, and the type of impairment was not associated with the changes throughout

the season.

We explored total passive rotational ROM differences in para athletes and found

differences between pre-season and middle-season. There was an increase in bilateral total
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ROM regardless of the sport modality or type of impairment. However, when comparing the
middle-season to the end-season this variable remained stable until the end of the season. Our
findings do not align with previous studies that observed a reduction in total ROM, IR, and ER
values at the end of a swimming season (Tate et al., 2020; Thomas et al., 2009) and professional
handball players (Fieseler et al., 2015b). Our findings align with a study that evaluated baseball
and softball players and found an increase in total ROM when comparing the pre-season to the
middle season and a plateau effect at the end of the season (Dwelly et al., 2009). These
inconsistencies among studies may reflect differences in the population, sport practiced, and
research designs. We included swimming and powerlifting para athletes, Fieseler et al. (2015)
included only male handball athletes, and Thomas et al. (2009) included only high school-aged
athletes and assessed them only twice (pre-season and end-season). It is crucial to understand
that high values of ROM, particularly for ER, have been associated with shoulder injuries
(Schwank et al., 2022; Tooth et al.,, 2020). Given the alteration found in our study,
multidisciplinary teams must reassess this variable throughout the sport modalities season to
monitor the para athlete and adjust injury prevention protocolsfor this population.

Our second aim was to evaluate the evolution of shoulder posture throughout a season.
To our knowledge, this is the first study to investigate shoulder posture longitudinally. We did
not find any association between sports modalities or types of impairment. The study shows a
significant increase in shoulder posture values favoring protraction; this variable showed an
increase only at the end-season bilaterally, suggesting that pectoralis minor muscle extensibility
may have been reduced. The flexibility of the pectoralis minor plays a vital role during shoulder
kinematics; the pectoralis minor is an antagonist of the posterior scapular muscles, and during
arm elevation, a pectoralis minormuscle with decreased length or reduced extensibility has the
potential to negatively influence scapular kinematics and increase shoulder protraction (Rosa
et al., 2019). In sports such as swimming, scapular kinematics are essential for achieving
satisfactory performance and preventing injuries. Some studies have shown that shoulder
posture is not directly associated with shoulder pain, nor does it influence shoulder ER ROM
(Rosa et al., 2019), and at the same time, shoulder posture should not be considered a
distinguishing factor in individuals with chronic shoulder pain (Navarro-Ledesma;Fernandez-
Sanchez; Luque-Suarez, 2018). However, a study conducted with manual wheelchair users
identified an association between reduced pectoralis minor and reduced shoulder girdle
mobility, pain, and duration of wheelchair use in individuals with spinal cord injuries (Finley;
Ebaugh, 2017). Notably, sports such as powerlifting include several para athletes who use

wheelchairs. Therefore, evaluating how pectoralis minor shortening and shoulder posture
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behave over seasons in this population may benefit the prevention and treatment of potential
shoulder injuries.

Our third aim was to investigate the isometric ER/IR ratio strength throughout theseason.
We observed a statistically significant difference between sports modalities on the non-
dominant side. However, upon analyzing the CI associated with these values, it becomes
evident that the observed difference is not clinically significant, as there is substantial overlap
in the CI values, indicating considerable group overlap (Ranstam,2012; SIL; Betkerur; Das,
2019). These results are consistent with a previous study that evaluated male handball (Fieseler
et al., 2015a) and rugby (Haines; Fish; O’sullivan, 2019) players over a season, and no
significant changes were found. However, our findings do not align with a study with swimmers
that showed a significantreduction in this variable over the season (Batalha et al., 2013). It is
important to highlight that muscle imbalance is a modifiable risk factor in overhead sports
(Schwank et al., 2022) and wheelchair tennis (Mayrhuber et al., 2022). Our studyassessed
isometric muscle strength concentrically, while tasks such as water propulsion involve eccentric
contractions of ER muscles (Watanabe, 2000). Thus, the way these muscle groups are evaluated
may influence our results, and future studies should consider these specific muscle actions,
especially in tasks involving eccentric contractions, to improve precision and applicability in
injury prevention and performance optimization.

Our second hypothesis was that the type of impairment would influence changes n
variables throughout the sports season. This might be the first longitudinal study to assess these
variables in this population over a sports season. However, a previous cross-sectional study has
found differences in shoulder ROM between para athletes with motor and visual impairments
(Shimura et al., 2021). Although previous cross-sectional studies have found differences in the
general population, the type of impairment did not influence changes throughout the season.
These findings may be due to the low number of para athletes classified as UL and VI, which
probably may have caused high variability in CI values, favoring their overlap. Thus, these
results highlight the need for future studies to increase the sample size to analyze the influence
of the type of impairment on changes in the variables studied more robustly and conclusively.

This study provides valuable insights into physical variables in swimming and
powerlifting para athletes, which can assist sports teams in understanding how these variables
behave throughout a sports season. However, some limitations should be mentioned. The data
obtained may not accurately represent the general population of paraathletes in swimming and
powerlifting due to the small sample size of our study. This can be influenced by the values of

para athletes classified with VI and LL impairments. Therefore, even though the assessment
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was conducted before sports training, chronic effects such as delayed-onset muscle may have
impacted the performance of the para athletes in the studied variables. It is crucial to mention
the heterogeneity of the sample, which is not a limitation of the study, as adaptive sports
inherently exhibit this characteristic, and the para athletes were grouped by impairments as
closely as possible.

Pre-season assessments are carried out to improve the performance of para athletes and
prevent injuries, with physiotherapists playing a fundamental role. However,basing preventive
measures solely on pre-season data may overlook changes in certain variables during the sports
season, as demonstrated in this study. Therefore, sports health teams should consider periodic
assessments of shoulder ROM and posture for effective monitoring and timely adjustments of
preventive strategies, ensuring a comprehensive injury prevention program for para athletes
throughout the season.
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ABSTRACT

Objectives: To evaluate upper limb performance, trunk extensor endurance, and serratus
anterior strength in para swimmers over a sports season.

Design: A cohort study conducted over eleven months.

Settings: Three assessments were performed at pre-season, mid-season, and post-season,
evaluating the CKCUEST, Sorensen Test, and isometric strength of the serratus anterior.
Participants: Twelve para swimmers from a sports center.

Main Outcome Measures: Generalized Mixed Models were used to assess seasonal changes
and the influence of sex, age, type of impairment, and season phase. Coefficientsof variation for
each variable were calculated along with 95% confidence intervals (Cls),with a 5% significance
level.

Results: Sorensen Test values decreased during the season (C: -22.0; CI: -33.9 to -10.4; p <
0.01). A serratus anterior isometric strength difference was observed post-season between para
athletes with motor impairments and those with visual/intellectual impairments on the dominant
side (C: -3.3; ClI: -6.2 t0 -0.5; p = 0.02).

Conclusion: Sorensen Test values declined in mid-season, and para athletes with motor
impairments showed lower serratus anterior strength in post-season. CKCUEST values

remained stable throughout the season.
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INTRODUCTION

Paralympic swimming is one of the oldest and most widely practiced sports by para
athletes with motor, visual, or intellectual impairments (Fortin-Guichard et al., 2022). Various
types of impairments can be present within a single class (e.g., amputation, spinal cord injury,
cerebral palsy) as classes are classified by para athletes’ level of functionality (Derman et al.,
2018) The individual characteristics of each impairment can significantly influence physical
performance, injury rates, and overall athletic success (Pinheiro et al., 2020, 2024b).

The cyclical nature of overhead movement associated with the continuous motion
performed in water may impose a high overload on the shoulder joint that results in a high
incidence and prevalence of overuse injuries (Stray ET AL., 2017). These injuries may occur
primarily in the shoulder and lumbar regions, regardless of the athletes' level (amateur, young,
or professional), gender, or age in conventional athletes (Fernandez- Fernandez et al., 2019)
and para athletes (Pinheiro et al., 2020, 2024b). However, in para athletes with visual
impairments, the trunk has been more frequently affected bymusculoskeletal injuries than the
shoulder joint (Magno e Silva et al., 2013).

During overhead movements executed in swimming, the serratus anterior muscleplays
a crucial role in the proper movement and stability of the shoulder complex (Hayekian ET AL.,
2018; Neumann & Camargo, 2019). Fatigue of the serratusanterior reduces scapular upward
rotation, clavicular elevation, and scapular external rotation during overhead movements
(Neumann; Camargo, 2019). Additionally, the sport of swimming can provoke alterations in
scapular kinematics and scapulothoracic muscle activation during overhead movements
(Hayekian et al., 2018). Consequently, the insufficient activation, control, and strength of the
serratus anterior muscle have been associated with shoulder injuries (Neumann; Camargo,
2019). Individuals with impairments often experience changes in motor control, range of
motion, and muscle (Magno E Silva et al., 2013). These compensatory adaptations can overload
the shoulder joint and assess the serratus anterior functionality in para athletes to identify
potential risk factors for shoulder injuries.

Sports teams routinely employ the use of physical performance tests. These tests can be
employed during the rehabilitation process of musculoskeletal injuries and the evaluation and
classification of the injury risk profile of an athlete or sports team (Schwank et al., 2022).
Importantly, these tests should be related to the sport's demands (Schwank et al., 2022).
Performance-based tests are a quick, low-tech, and easy-to-administer method (Schwank et al.,
2022). Among these tests, the Closed Kinetic Chain Upper Extremity Stability Test
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(CKCUEST) is normally used to assess the functional performance of the upper limbs and has
demonstrated reliable values in overhead athletes (Schwank et al., 2022) as well as in sedentary
individuals with and without shoulder impingement syndrome (Tucci et al., 2014). The
Sorensen test to failure provides clinical results related to the performance of the trunk extensor
muscles.It is a valid test for evaluating fatigue in this muscle group (Demoulin et al., 2016;
Russ et al., 2021) in athletes (Demoulin et al., 2016) and the general population (Ghraib et al.,
2015).

Recent consensus has emphasized the importance of incorporating screening
examinations as part of periodic assessments in overhead sports (Schwank et al., 2022).
Typically, during the sports preseason, physical performance and muscle strength tests were
conducted to evaluate athletes' physical capacities, risk factors, and overall performance
(Schwank et al., 2022; Tooth et al., 2020). It is crucial to note that certain physical capacities
may be subject to change over a short period, therefore, more frequent monitoring may be
indicated, and the type of impairment can significantly impact the longitudinal values of
variables, requiring more individualized and consistent attention over time.

Thus, this study evaluates variations in upper limb performance, lumbar muscle
endurance, and serratus anterior muscle strength in para athletes’ swimmers throughout asports
season. We also explored whether impairment type, gender, age, and the interactionbetween
impairment type and season phase could influence these changes.

MATERIAL AND METHODS

This prospective cohort study was conducted over eleven months (January 2022 to
December 2022). We recruited para athletes from the swimming team at the Centro deTreatment
Sportive da Universidade Federal de Minas Gerais (CTE/UFMG).
Participants

The sampling method employed was non-probabilistic and convenience-based. To be
included in this study, para athletes had to be part of the swimming team and have at least one
year of training. Furthermore, we included para athletes throughout the season, who were
training for at least two hours per day, three times a week, from the beginning at CTE/UFMG.
Exclusion criteria included parathletes who completed only one of the evaluations, those who
reported undergoing shoulder surgery in the previous year, and those who experienced shoulder
or lumbar spine pain (scoring greater than 4 on an 11— point visual analog scale), swelling of

the upper limbs or incapacity to perform physical exercises (e.g. sports modality, gym) and
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dysfunctions limiting the ability to complete the test protocol. If para athletes reported pain
(shoulder or lumbar spine) the evaluation was rescheduled for the following week, and even
after rescheduling the para athlete who reported pain, was excluded from the study.
Procedures

Para athletes were recruited throughout the sports pre-season, and data collection
occurred at three distinct points: January/February (pre-season), June/July (middle-season), and
November/December (end-season). Initially, demographic information was collected such as
age, gender, mass, height, type of impairment, pain level, and dominant limb. A five-minute
warm-up comprising free exercises, including squats, lungs, and upper limb movements such
as shoulder rotation, circumduction, abduction, and adduction. Parathletes perform partial or
assisted versions of squats and lungs when necessary, using wall or chair support for additional
stability. We adjusted upper limb movements according to each participant’s range of motion
and comfort, focusing on smaller, controlled circles or abbreviated rotations. We provided clear
instructions, demonstrations, and tactile guidance when needed. Breaks were available to ensure
each participant could perform movements comfortably, pain-free, and at their own pace.
Subsequently, the CKCUEST, the Sorensen test, and the isometric muscle strength of the
serratus anterior were evaluated in a random order between para athletes. Throughout the tests,
para athletes received verbal encouragement to motivate their best performance.
Variables
Type of impairment

Individuals were categorized by type of impairment - 1. Intellectual and visual
impairment; 2. Motor impairment (spinal cord injury, lower limb amputation, lower limb
malformation, diplegia hemiplegia, upper limb malformation or amputation, tetraplegia, or
hemiplegic cerebral palsy).
Close Kinetic Chain Upper Extremity Stability Test

For the CKCUEST, the para athlete assumed a plank position with hands 91.4 cmapart,
using floor marks as reference points (Xu et al., 2023). The body was aligned with feet shoulder-
width apart. The dominant hand reached across to touch the non-dominanthand and returned to
the starting position and the non-dominant hand then performed the same movement (Xu et al.,
2023). Participants were instructed to perform as many alternating touches as possible in 15
seconds while maintaining the plank position. For female para athletes, the test was adapted
with knees on the floor (Xu et al., 2023). For para athletes with short stature, tape pieces were
placed on the floor at an acromial distance (Barbosa et al., 2024). One researcher timed the test

with a digital stopwatch,while another counted the touches (Xu et al., 2023). The test began



62

when the second researcher said "go" and ended when they said "stop” (Xu et al., 2023). The
para athlete completed a familiarization test followed by three attempts, with one-minute rest
intervals. We averaged the three attempts and normalized the values using the equation: total
average/height (Barbosa et al., 2024). The previous study demonstrated good intrasession
reliability (ICC = 0.86-0.95) (BARBOSA et al., 2024).
Sorensen’s Test

To assess trunk muscle strength and endurance, the para athlete was positioned prone
on a table, with the upper body (above the anterior superior iliac spines) extending beyond the
table edge and secured at three points: near the malleoli, at the knee folds, and the greater
trochanter of the femur (Ghraib et al., 2015; Russ et al., 2021). The straps were adjusted with
consideration for the para athlete's comfort. Before starting the test, the para athletes rested their
upper bodies on a bench (Russ et al., 2021). They were then instructed to lift their upper bodies
off the bench, cross their arms over their chests, and maintain a neutral trunk alignment for as
long as possible (RUSS et al., 2021). The researcher measured the time the para athlete could
sustain this position, providing verbal encouragement throughout. The test ended when the para
athlete stopped due to fatigue, pain, or other symptoms, or if the researcher determined the trunk
was no longer in a neutral position (Russ et al., 2021).
Isometric Strength of Anterior Serratus

We assessed the isometric muscle strength of the anterior serratus with the para athlete
in a supine position, and the tested upper limb flexed at 90° at the shoulder and elbow (Barbosa
et al., 2022). Was instructed the para athlete to position the tested upper limb at the initial third
of the total scapular protraction range, simulating "touching the ceiling with the elbow". The
researcher positioned the dynamometer three centimeters from the olecranon. Before the test,
the para athlete performed a submaximal contractionfor familiarization. Then, three repetitions
of five seconds were performed each, with 15-second rest intervals. To minimize compensation,
the para athlete held support with the non-tested hand. If any errors occurred, a fourth attempt
was made. The average of the three evaluations was calculated and normalized based on the
para athlete's body mass index (BMI) (SA value / MBI) (Barbosa et al., 2022).
Statistical Analysis

For model selection, we first assessed the longitudinal dispersion of all variables.Then,
we analyzed the models using the Akaike Information Criterion (AIC) and selected the model
with the lowest AIC value. The chosen model allows for modeling fixed relationships between
variables, considering fixed effects (age, sex, and impairment) and random effects (subject and
season phase) (Casals et al., 2014; Darwen & Xihong, 2008).
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Therefore, the chosen model was a Generalized Mixed Model to investigate the
interaction between the dependent variables (CKCUEST, Sorensen test, and Muscle Strength)
and the independent variables (type of impairment, age, and sex). A hierarchicalstructure model
was initially specified, considering thematic and temporal levels (Casals et al., 2014; Darwen &
Xihong, 2008). The subject was included as a random factor tocapture individual variation,
while the season phase was treated as a fixed term to assesschanges in dependent variables. Due
to their quantitative nature, a Gamma link function was used for the dependent variables. An
unstructured covariance matrix was adopted.

The selected computations with the lowest AIC values were as follows:

Y = B0+ B1impairment + [2 season phase + B3 age + 34 sex +

+5 impairment * season phase + &i

Where Y is the dependent variable; BO represents the subject; Bl is the effect of
impairment; B2 is the effect of season phase; B3 is the effect of age, B4 is the effect of sex; B5
is the effect of the interaction between impairment and season phase; yDO represents the random
effect, and it is the random error.

The independent variables age, sex, and type of impairment were included as fixed terms in
the model. Age was treated as a continuous variable, while sex and type of impairment were
categorical variables. The software used for analysis was Jamai (version 2.3.26). The model
analyzed the variance between pre-season values and middle-season and end-season values. To
assess the variability between middle-season and end-season, the Bonferroni post hoc test
was used. Coefficients were estimated for each independent variable, along with their respective

95% confidence intervals (CI). A significant level of 5% was adopted.

RESULTS

Seventeen para athletes were recruited; however, five para athletes were excluded for not
completing at least two assessments during the sports season. The final sample consisted of 12
para athletes with an average BMI of 21 (SD: + 3.7) and an average age of 23.1 (SD: £ 8.9).
The para athletes had the following functional classifications: one in classes S12, S5, S6, and
S8, and two in classes S14, S10, S7, and S9.

Table 1. Distribution of para athletes for impairment. The data were presented with the

number (n) andpercentage (%)
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Sex

F M
Impairment n (%) n (%)
Motor 3(25) 6 (50)
Intellectual/Visual 0 3 (25)
Motor Impairment
Hemiplegia 0 1(8,3)
Amputation/malformation of UL. 1(8,3) 3(25)
Short Stature 1(8,3) 0
Diplegia 1(8,3) 2 (16,5)

Legend: F: female; M: male; n: number; %: percentage; UL: Upper Limb

Table 3 shows a significant change in the Sorensen test between preseason and mid-season

(Mean: -22.0 (£5.9); Cl: -33.9t0-10.4; p <0.01) and between preseason and end-season (Mean:
-18.3 (x 6.9); CI: -31.9 to -4.7; p < 0.01). Additionally, a significant difference is observed in

the strength of the serratus anterior on the dominant side between athletes with visual/intellectual

impairments (V/1) and motor impairments (MI) from preseason to end-season (Mean: -3.3 (£
1.4); ClI: -6.2 t0 -0.5; p = 0.02).

variables when comparing the findings from the season to the end-season.

In the post hoc Bonferroni test, no significant differences were found in any of the

Table 2 —Mean, standard deviation (SD), and confidence intervals (CI) for pre-season, middle-season,and end-

season
Pre-season Middle-Season End-Season
Mean (SD) Cl Mean (SD) Cl Mean (SD) Cl
CKCUEST 0,36(0,1) 01-05 0,36 (0,07) 0,2-0,4 0,39 (0,09) 0,2-0,4
Sorensen 106 (45,9) 75.9-137 81,9 (36,7) 57 — 107 85,9 (31,3) 53-119
AS DS 11,2(2,6) 95-128 11,6(2,2) 10,1-131 12(36) 9,1-148
AS NDS 112(23) 95-129 11,4(223) 96-132 11,6(21) 98-134

Legend: CKCUEST: Closed Kinetic Chain Upper Extremity Stability Test SA: Anterior

Serratus; DS: DominantSide; NDS: Non-dominant side.
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Table 3 — Association of CKCUEST, Sorensen, and Anterior Serratus Muscle Strength with Demographic and Seasonal Variables with the Coefficient of changes (C),Standard

Deviation (SD), Interval Coefficient (IC), and p-value.

CKCUEST SORENSEN DS—-AS NDS - SA
C (SD) Cl p  C(SD) cl p C (SD) cl P C (SD) cl p

Age 0,008 (+0,005) -0,003-0,02 0,1 0.1 (¥147) -269-37 08 -0,06(x0,08) -02-009 04 -0,009(x0,09) -0,1-01 0,9
Sex 0,09 (+0,09) -0,09-02 03 301 (+324) -3324-935 03 -16(x19 -53-21 03 -28(x16) -61-03 0,08
Impairment -0,05(x0,05) -02-01 05 -14(+334) -67,20-644 09 -15(+18) -51-20 03 04(t16) -27-35 07
Season 0,03 (x0,02) -0,01-008 01 -220(+59) -339--104 <001 01(+06) -1,0-14 07 01(x05 -09-11 0,8
Post-Season 0,05 (+0,02) -0,002-0,1 0,06 -183(+69) -319--47 <001 07(0,7) -06-22 02 06(x05) -05-17 02
TUT2-MI-1/VI  -0,09 (0,05) -0,19-54 0,05* 10,3 (+11,7) -12,79-334 038 08(1,2) -16-33 05 -15(x11) -37-06 0,1
TUT3-MI-I/VI  -0,05(+0,05) -0,1-005 03 8,7 (138) -1848-359 053 -33(x14) -62--05 002 -15(+11) -38-06 0,1

Legend: CKCUEST: Closed Kinetic Chain Upper Extremity Stability Test; MI: Motor Impairment; I/V1: Intellectual/Visual Impairment; T1: Pre-season; T2: Middle-Season; T3: End-season; DS:

Dominant Side; NDS: Non-dominant side; SA: Anterior Serratus.

*Not statistically significant, p-value >0,05
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DISCUSSION

The premise behind investigating the relationships between CKCUEST, the Sorensen
test, and the isometric muscle strength of the anterior serratus in swimming paraathletes is that
multidisciplinary sports teams commonly analyze these variables. These tests have been used
to assess para athletes' performance, serve as discharge criteria in the rehabilitation process,
stratify risk profiles, and monitor changes in these variables throughout the season. Our study
observed a decrease in the Sorensen test and a difference in the isometric strength of the serratus
anterior between para athletes with visual/intellectual impairments and those with motor
impairments.

Our study observed that CKCUEST values did not exhibit statistically significant
changes throughout the sports season and no interaction effects of age, gender, and type of
impairment were observed. To date, the authors are not aware of any studies that have evaluated
the pattern of this variable throughout a swimming season. This test has been identified as
capable of discerning differences in overhead athletes (Barfield et al., 2023), sedentary and
active individuals, with a history of previous shoulder joint injuries (Tucci et al., 2014).
Additionally, it has demonstrated a significant correlation with other performance tests, such as
the Medicine Ball Throw (Barbosa et al., 2024; Deceive et al., 2020) and the Upper Quarter Y
Balance Test (Berms & Cools, 2018). It is widely used as a criterion for return to sport in
overhead athletes following sports-related injuries (Schwank et al., 2022). Therefore, it is
suggested that the resultsobtained in the CKCUEST test during the pre-season are expected to
remain stable throughout the entire sports season in para athlete swimmers. This applies
regardless of the type of impairment (motor, visual, or intellectual) gender, or age, which calls
into question the need for repetitive assessments during the season.

In our study, para athletes exhibited a reduction in Sorensen test values in the middle-
season. Our study differs from a previous study that found an improvement in trunk motor
control between preseason and postseason values in para swimmers (Cavaggioni; et al. 2021.
Previous studies with non-athletes found that isometric weakness of the trunk extensors
(measured by the Sorensen test) is associated with a higher likelihood of low back pain
recurrence (Demoulin et al., 2016) and increased lower back pain in physically active
individuals (Demoulin et al., 2016). Low scores on the Sorensen test have also been associated
with shoulder pain in young swimmers (Parmenides et al., 2023). A previous study on visually
impaired para athletes showed a high prevalence of lumbar spine injuries caused by overuse

(Magno e Silva et al., 2013). The trunk muscles are responsible for maintaining spinal stability
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and play a crucial role in transmitting energy from large muscle groups to smaller ones during
sports activities (Parmenides ET AL., 2023). Therefore, the reduction in Sorensen test
performance in the middle-season in this population may increase the risk of low back
complaints and shoulder joint injuries. We recommend that sports teams consider this when
implementing injury prevention protocols throughout the swimming season.

Statistically significant changes in the isometric strength of the serratus anterior were
found only on the dominant side and according to the type of impairment. Para athletes with
motor impairments showed lower values at the end of the sports season. Thisdifference between
types of impairments contradicts a previous cross-sectional study that examined hand strength
in hemiparetic and visually impaired para athletes, which found no differences on the dominant
side (Shimura et al., 2021). However, other studies have found differences in muscle strength
among various physical impairments (Dingley; Pyne; Burkett, 2014; Hogarth et al., 2019). It is
noteworthy that the scapulothoracic muscles play a crucial role in stabilizing and achieving
maximum external rotation of the humerus during the out-of-water phase (Hayekian et al.,
2018). Our findings may be attributed to the high demand placed on the dominant upper limb
in para athletes with motor impairments, potentially causing a reduction in performance in this
muscle group. Therefore, injury prevention exercise protocols for thispopulation should consider
the type of impairment, with particular attention to para athletes with motor impairments, as
they are more prone to alterations in this muscle group.

Regarding age, our study found no statistically significant influence on changes in the
studied variables. This data aligns with a cross-sectional study that compared the isometric
strength of the serratus anterior in adult and young tennis players, which, after normalizing for
BMI, found no age-related differences (Barbosa et al., 2022). However, in the CKCUEST, a
cross-sectional study found age differences in handball, basketball, and volleyball players, with
younger athletes showing higher test values (Norms & Cools, 2018). In our sample, para
athletes had similar ages with only minor variations between participants. Therefore, the age
homogeneity of our sample may have contributed to the lack of statistical significance in the
interaction effect of age.

Sex also did not show statistical significance in the changes observed during the sports
season. These findings align with previous cross-sectional studies that found no difference
between sexes in 1. isometric muscle strength of the lumbar extensors in young swimmers
(Parmenides et al., 2023); 2. isometric strength of the serratus anterior in adultand young tennis
players when normalizing data by BMI (Zancanaro et al., 2023); and 3 in the CKCUEST test

score among overhead athletes (Borms; Cools, 2018). Therefore, our longitudinal analysis
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triangulates with previous cross-sectional studies andsuggests that sex is not a determining
factor for changes in the variables throughout a swimming season.

This study provides valuable insights into physical variables in para swimmers.
However, some issues need to be addressed. The data obtained may not precisely represent the
general population of swimming para athletes due to our study's relatively small sample size.
Additionally, even though the assessment was conducted before the sports training, chronic
effects such as delayed muscle fatigue might have impacted the para athletes' performance in
the studied variables. It is also important to mention the heterogeneity of our sample. Although
this is not a limitation of the study, as adaptive sports inherently exhibit high heterogeneity of
impairments, it may have influenced the variable values.

Ultimately, pre-season assessments are conducted to improve para athlete performance,
reduce injury risk, and guide more specific injury prevention programs by multidisciplinary
sports teams (Schwank et al., 2022). However, relying solely on pre-season data for preventive
measures may overlook changes in certain variables throughout the sports season, as
demonstrated in this study. Therefore, periodic assessments of trunk extensor muscles
endurance (e.g., through the Sorensen test), and closer monitoring of para athletes with motor
impairments should be considered by sports health teams for effective monitoring and timely
adjustments of preventive strategies, ensuring a comprehensive injury prevention program

throughout the season.
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CONSIDERACOES FINAIS

Esta tese de doutorado teve a premissa de acompanhar e investigar as
alteracdes que podem ocorrer em variaveis fisicas comumente avaliadas por equipes
multidisciplinares esportivas com paratletas overhead, e observar, principalmente, se
o tipo de deficiéncia e a modalidade esportiva podiam influenciar as mudancas ao
longo de uma temporada esportiva. Os resultados obtidos nessa tese de doutorado,
ao acompanhar paratletas das modalidades danatacdo, halterofilismo e atletismo
campo (arremesso e lancamento) do Centro de Referéncia Paralimpico Brasileiro
situado em Belo Horizonte - MG (CRPB), descrevem com a mudancas significativas
em algumas variaveis estudadas na pré-temporada e ao longo da temporada
esportiva. Em sintese, no estudo 1, onde foi realizado um estudo transversal e
avaliadas as variaveis ADM do ombro, a relacdo da forca isométrica dos Rl e RE do
ombro e postura dos paratletas da natacdo, halterofilismo, atletismo campo
(arremesso e lancadores) e um grupo controle, observamos que os paratletas da
natacdo apresentaram menores valores na ADM do ombro quando comparado as
outras modalidades esportivas e 0 grupo controle e os paratletas do halterofilismo
apresentaram maiores valores da postura do ombro comparados a natacdo. Esses
achados podem auxiliar equipes esportivas multidisciplinares na elaboracéo e
implementacdo de medidas preventivas com maior direcionamento para cada
modalidade esportiva. No caso dos paratletas da natacdo, as medidas preventivas
podem priorizar a manutencao ou melhora da ADM de ombro e no halterofilismo, focar
em medidas que melhorem a postura.

No estudo 2 foi realizado um estudo observacional longitudinal das mesmas
variavéis do estudo 1, entretanto, com os paratletas das modalidades de halterofilismo
e natacao. Foi observado um aumento bilateral dos valores da ADM total, da Rl e RE
independentemente da modalidade esportiva e do tipo de deficiéncia, essa alteracéo
ocorreu entre a avaliagcdo da pré-temporada e o0 meio da temporada, e os valores do
fim da temporada permaneceram inalterados. E observamos uma aumento dos
valores da postura do ombro, independente do tipo de deficiéncia e modalidade
esportiva, entre os valores da pré-temporada e fim de temporada. Cabe destacar que
a ADM de ombro esta intimamente associada as lesbes da articulagdo do ombro.
Diante disso, equipes esportivas devem observar com maior frequénciaessa essa

variavel ao longo da temporada esportiva, e pode auxiliar a ajustar os protocolos de
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exercicios comumente implementados por equipes esportivas para essa populacao,
independentemente do tipo de deficiéncia e esporte. Em relacéo a postura do ombro,
apesar de ndo estar diretamente relacionado ao encurtamento do musculo peitoral
menor, o teste utilizado pode sugerir alteracbes nesse grupo muscular, que esta
associado a alteracdes na cinematica do complexo do ombro. Por tanto, a avaliacao
dessa variavel ao longo da temporada pode auxiliar os protocolos de exercicios
comumente implementados por equipes esportivas.

Por fim, no estudo 3, foi realizado um estudo longitudinal com os paratletas da
natacdo, onde avaliamos a forca muscular isométrica do serratil anterior, desempenho
da performance dos MMSS e tronco, avaliados, respectivamente, através da forca
isométrica, CKCUEST e teste de Sorensen. Observamos que houve reducdes
significativas nos valores de pré-temporada emeio de temporada, independentemente
do tipo de deficiéncia, sexo ou idade, tendo em vista a reducdo do desempenho do
teste tende a diminuir no inicio datemporada nesta populacao, o que pode aumentar os
riscos de queixas lombares e lesGes na articulagdo do ombro, recomendamos que as
equipes esportivas devem levar isso em consideracéo para modificar os protocolos de
prevencdo de lesGes das equipes ao longo da temporada esportiva. Além disso, foi
encontrada uma diferenca entre os paratletas com deficiéncia fisica motora
comparado aos paratletas com deficiéncia visual/intelectual nos valores do fim da
temporada da forca isométrica do serratil anterior, diante disso, esses achados podem
auxiliar e promover uma maior atencdo aos paratletas da natacdo com deficiéncia
motora, visto que, esse grupo pode estar mais suscetivel as alteracdes nesse grupo
muscular.

Contudo, em ultima analise, os resultados aqui obtidos informam as equipes
multidisciplinares que utilizar dados obtidos apenas na pré-temporada para as
medidas preventivas pode negligenciar alteragbes que podem ocorrer ao longo de
uma temporada esportiva. Por tanto, 0 acompanhamento periddico das variaveis como
ADM, postura do ombro, e o desempenho dos musculos extensores do tronco e a
forca isométrica do serratil anterior para os paratletas com deficiéncia motora da
natacdo devem ser considerados pelas equipes de salde esportiva para um
acompanhamento eficaz e promover ajustes oportunos das estratégias preventivas,
assegurando um programa de prevencao ao longo de uma temporada esportiva. Além
disso, para estudos futuros, se recomenda um aumento do tamanho amostral, além

da inclusdo de outras variaveis que podem ser modificadas ao longo de uma
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temporada esportiva e podem influenciar na satde e desempenho de paratletas. Este
estudo oferece uma base sdlida para futuras investigacdes que visem promovera

conscientizacdo sobre o impacto das variaveis estudadas na pratica esportivade dos
paratletas.
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ANEXOS

Termo de Consentimento Livre e Esclarecido — TCLE Maiores

Avaliacdes e Monitoramento de Aspectos Fisicos, Fisiologicos e

Comportamentais em Atletas Paralimpicos
Pesquisador: Prof. Dr. Marco Tulio de Mello

Prezado, convidamos vocé a participar da pesquisa “Avaliagcbes e Monitoramento de
Aspectos Fisicos, Fisiologicos e Comportamentais em Atletas Paralimpicos”. Pedimos a sua
autorizacao para a coleta, o depdsito, 0 armazenamento, a utilizacdo e descarte dos dados
coletados. A coleta sera realizada presencialmente no Centro de Treinamento Esportivo da
UFMG e em formato online através de formularios do Google para avaliar parametros
decorrentes do isolamento social na pandemia ocasionada pelo COVID-19. A utilizagdo dos
dados esta vinculada somente a este projeto de pesquisa. Nesta pesquisa, pretendemos
avaliar aspectos que influenciam norendimento esportivo como: sono, carga de treinamento,
aspectos biomecanicos e acompanhamento de lesdes durante todo o ciclo paralimpico até
Paris 2024. Os dados serdo coletados no Centro de Treinamento Esportivo da UFMG, local
de seu treinamento esportivo. Para a coleta dedados, sera solicitado a vocé que preencha
guestionarios eparticipe das sessdes de treinamento, as quais vocé ja participaria. Além disso,
alguns instrumentos especificos serao utilizados, como a actigrafia que sera utilizada por um
periodo de 15 dias para avaliar seu ritmo de sono, a polissonografia para avaliar algum
possivel distirbio de sono encontrado por meio da actigrafia. Nao somente, também
participara de filmagens para analisesbiomecénicas com o intuito de melhorar a técnica do
movimento esportivo. As coletas de dados acontecerdo emmomentos distintos: as avaliagdes
da fisioterapia e controle da carga de treinamento serdo semanais, ja as avaliacbes
biomecéanicas e de sono acontecerdo a cada 2 meses.

Os principais riscos inerentes a sua participacdo na pesquisa sao oaparecimento de
lesbes inerentes a pratica da modalidade esportiva. Ressaltamos que este é exatamente o
mesmo risco da sua pratica diaria na modalidade. Podem também ocorrer situagfes de
desgaste ou fadiga muscular. Nestes casos, vocé tem total liberdadepara desistir de participar
do estudo, sem nenhum prejuizo.Sera fornecida assisténcia integral por qualquer dano que
venha a ocorrer durante sua participacdo. Em situacdo de emergéncia, o Servico de
Atendimento Movel de Urgéncia (SAMU / 192) sera chamado. Esse sera o responsavel
primario para qualquer eventualidade de cunho médico, e a equipe de pesquisadores
acompanhara todos os procedimentos. Vocé ndo tera nenhuma remuneracéo financeira e
nemdespesa durante a pesquisa, de forma quequaisquer custos inerentes a sua participacao
serdo cobertos pelos pesquisadores.

Rubrica do pesquisador:

Rubrica do participante:
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O principal beneficio da sua participagdo é o acessoa dados qualificados sobreo
desempenho na modalidade esportiva, assim como acompanhamento de treinador,
nutricionista, psicélogo, fisioterapeuta e médico. Estes dados serdo encaminhados a vocé
em forma de relatério apds cada coleta de dados e poderdo ser utilizados por vocé e pela
comissao técnica para a melhoria do processo de treinamento.

Durante a realizagdo da pesquisa, vocé estd autorizado a solicitar esclarecimentos
sobre os protocolos, métodos e objetivos de todas as condutas dos pesquisadores. Além
disso, possiveis desconfortos devem ser comunicados e serdo prontamente atendidos pelos
pesquisadores. Quaisquer informacdes sobre a pesquisa poderdo ser obtidas a partir do
contato com o pesquisador, situado na Av. Anténio Carlos, 6627, Escola de Educacao Fisica
Fisioterapia e Terapia Ocupacional-EEFFTO,Belo Horizonte, MG, Brasil. CEP 31270-901.
Telefones (31)34092324 / (31)99158050, e-mail: tmello@demello.net.br. Informacgbes de
caréater ético com o COEP: Comité de Etica em Pesquisa, situado na Avenida Anténio Carlos,
6627, Unidade Administrativall, 2° andar sala 2005. Campus Pampulha. Belo Horizonte, MG,
Brasil, CEP:31270- 901.Telefone:34094592.

Lembramos a possibilidade de vocé, em qualquer momento e sem penalizacdo de
nenhuma ordem, retirar sua participagcéo no estudo, caso haja interesse.

Este termo de consentimento encontra-se impresso em duas vias originais, sendo que
uma sera arquivada pelo pesquisador responsavel, na Universidade Federalde Minas Gerais
e a outra sera fornecida a vocé. Os dados, materiais e instrumentos utilizados na pesquisa
ficardo arquivados com o pesquisador responsavel no Centro de Estudos em Psicobiologia
e Exercicio que pertence a Escolade Educacao Fisica, Fisioterapia e Terapia Ocupacional da
UFMG. Os pesquisadores tratardo a sua identidade com padrBes profissionais de sigilo,
atendendo a legislacdo brasileira (Resolucdes N° 466/12; 441/11 e a Portaria 2.201 do
Conselho Nacional de Saude e suas complementares), utilizando as informac¢des somente
para fins académicos e cientificos, de forma que sua identidade ndo sera divulgada em
nenhuma hipotese.

Antes de concordar em participar desta pesquisa e assinar este termo em duas vias,
0s pesquisadores deverdo responder todas as suas davidas e, se vocé concordar em
participar do estudo, deve ser entregue uma via deste termo para vocé.

Rubrica do pesquisador: _

Rubrica do participante:_
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Eu, , portador do
documento de Identidade , fui informado dos objetivos, métodos,
riscos ebeneficios da pesquisa, de maneira clara e detalhada e esclareci minhas davidas. Sei
gue a qualquer momento poderei solicitar novas informacdes e modificar minha decisdode
participar se assim o desejar.

Declaro que concordo com a minha participacdo na pesquisa. Recebi uma via original
deste termo de consentimento livre e esclarecido assinado por mim e pelo pesquisador, que
me deu a oportunidade de ler e esclarecer todas as minhas davidas.

Nome completo do participante

Assinatura do participante

Prof. Dr. Marco Tulio de Mello Endereco: Avenida Anténio Carlos, 6627CEP: 31270-901 /
Belo Horizonte — MG Telefones: (31) 3409-2324
E-mail: tmello@demello.net.br

Assinatura do pesquisador

Em caso de dlvidas, com respeito aos aspectos éticos desta pesquisa, vocé podera
consultar:

COEP-UFMG - Comissé&o de Etica em Pesquisa da UFMG

Av. Antbnio Carlos, 6627. Unidade Administrativa Il - 2° andar - Sala 2005.Campus Pampulha. Belo
Horizonte, MG — Brasil. CEP: 31270-901.
E-mail: coep@prpg.ufmg.br. Tel: 34094592.
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Termo de Consentimento Livre e Esclarecido — TCLE Responsaveis Legais

AvaliacGes e Monitoramento de Aspectos Fisicos, Fisiologicos e
Comportamentais em Atletas Paralimpicos

Pesquisador: Prof. Dr. Marco Tulio de Mello

Prezado, convidamos o menor pelo qual o Sr. (a) é responsavel a participar da
pesquisa “Avaliacbes e Monitoramento de Aspectos Fisicos, Fisiolégicos e Comportamentais
em Atletas Paralimpicos”. Pedimos a sua autorizacdo para a coleta, o depdésito, o
armazenamento, a utilizacdo e descarte dos dados coletados. A coleta sera realizada
presencialmente no Centro de Treinamento Esportivo da UFMG etambémem formato online
através de formularios do Google para avaliar parametros decorrentes do isolamento social
na pandemia ocasionada pelo COVID-19. A utilizacdodos dados esta vinculada somente a
este projeto de pesquisa. Nesta pesquisa, pretendemos avaliar aspectos que influenciam no
rendimento esportivo como: sono, carga de treinamento, aspectos biomecénicos e
acompanhamento de lesdes durante todo o ciclo paralimpico até Paris 2024. Os dados seréo
coletados no Centro de Treinamento Esportivo da UFMG, local de seu treinamento esportivo.
Para acoleta de dados, sera solicitado a vocé que preencha questionarios e participe das
sessfes de treinamento, as quais vocé ja participaria. Além disso, alguns
instrumentosespecificos serao utilizados, como a actigrafia que sera utilizada por um periodo
de 15 dias para avaliar seu ritmo de sono, a polissonografia para avaliar algum possivel
distarbio de sono encontrado por meio da actigrafia. Nao somente, também participara de
filmagens para andlises biomecanicas com o intuito de melhorar a técnica do movimento
esportivo. As coletas de dados acontecerdo em momentos distintos: as avaliagbes da
fisioterapia e controle da carga de treinamento serdo semanais, ja as avaliagdes biomecanicas
e desono acontecerdo a cada 2 meses.

Os principais riscos inerentes a sua participagdo na pesquisa sdo oaparecimentode
lesbes inerentes a pratica da modalidade esportiva. Ressaltamos que este € exatamente o
mesmo risco da sua prética diaria na modalidade. Podem também ocorrer situagbes de
desgaste ou fadiga muscular. Nestes casos, vocé, bem como o menor peloqual vocé é
responsavel, tém total liberdade para desistir de participar do estudo, sem nenhum 6nus, a
qualguer momento. Seré fornecida assisténcia integral por qualquer dano que venha a ocorrer
durante da participacdo do
(a) menor pelo (a) qual vocé é responsavel nos procedimentos. Em situagéo
deemergéncia, o Servico de Atendimento Movel de Urgéncia (SAMU / 192) sera chamado.Esse
sera o responsavel primario para qualquer eventualidade de cunho médico, e a equipe de
pesquisadores acompanhara todos os procedimentos. Vocé nao tera nenhuma remuneracao
financeira e nem despesa durante a pesquisa, de forma que quaisquer custos inerentes a sua
participacdo serdo cobertos pelos pesquisadores.

Rubrica do pesquisador:

Rubrica do participante:
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O principal beneficio da sua participacdo é o acesso a dados qualificados sobreo
desempenho na modalidade esportiva, assim como acompanhamento de treinador,
nutricionista, psicoélogo, fisioterapeuta e médico. Estes dados serdo encaminhados a vocé em
forma de relat6rio apés cada coleta de dados e poderao ser utilizados por vocée pela comissao
técnica para a melhoria do processo de treinamento.

Durante a realizacdo da pesquisa, vocé esta autorizado a solicitar esclarecimentos
sobre 0s protocolos, métodos e objetivos de todas as condutas dos pesquisadores. Além
disso, possiveis desconfortos devem ser comunicados e serdo prontamente atendidos pelos
pesquisadores. Quaisquer informacdes sobre a pesquisa poderdo ser obtidas a partir do
contato com o pesquisador, situado na Av. Anténio Carlos, 6627, Escola de Educagéo Fisica
Fisioterapia e Terapia Ocupacional-EEFFTO,Belo Horizonte, MG, Brasil. CEP 31270-901.
Telefones (31)34092324 / (31)99158050, e-mail: tmello@demello.net.br. Informagbes de
carater ético com o COEP: Comité de Etica em Pesquisa, situado na Avenida Antdnio Carlos,
6627, Unidade Administrativall, 2° andar sala 2005. Campus Pampulha. Belo Horizonte, MG,
Brasil, CEP:31270- 901.Telefone:34094592.

Salienta-se a liberdade do responsavel legal e do voluntario em recusar, em qualquer
momento e sem penalizacdo de nenhuma ordem, a participagéo no estudo, bem como retirar
seu consentimento caso haja interesse.

Este termo de consentimento encontra-se impresso em duas vias originais, sendo que
uma serd arquivada pelo pesquisador responsavel, na Universidade Federalde Minas Gerais
e a outra sera fornecida ao Sr. (a). Os dados, materiais e instrumentosutilizados na pesquisa
ficardo arquivados com o pesquisador responsavel no Centro de Estudos em Psicobiologia
e Exercicio que pertence a Escolade Educacao Fisica, Fisioterapia e Terapia Ocupacional da
UFMG. Os pesquisadores tratardo a sua identidade com padrdes profissionais de sigilo,
atendendo a legislacdo brasileira (Resolugbes N° 466/12; 441/11 e a Portaria 2.201 do
Conselho Nacional de Saude e suas complementares), utilizando as informac¢des somente
para fins académicos e cientificos, de forma que sua identidade néo sera divulgada em
nenhuma hipétese.

Antes de concordar em participar desta pesquisa e assinar este termo em duas
vias, 0s pesquisadores deverao responder todas as suas duvidas e, se vocé concordar em
participar do estudo, deve ser entregue uma via deste termo para voceé.

Rubrica do pesquisador: _

Rubrica do participante:_
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Eu, , portador do
documento de  Identidade , responsavel legal pelo menor
identidade

, fui informado dos objetivos, métodos, riscos e beneficios
da pesquisa, de maneira clara e detalhada e esclareci minhas dividas. Sei que a qualquer
momento poderei solicitar novas informagdes e modificar minha deciséo de participar seassim
o desejar.

Declaro que concordo com a participacdo do menor sob minharesponsabilidade
voluntario na pesquisa. Recebi uma via original deste termo deconsentimento livre e
esclarecido assinado por mim e pelo pesquisador, que me deu a oportunidade de ler e
esclarecer todas as minhas duvidas.

Nome completo do participante

Assinatura do participante

Prof. Dr. Marco Tulio de Mello Endereco: Avenida Anténio Carlos, 6627CEP: 31270-901 /
Belo Horizonte — MG Telefones: (31) 3409-2324
E-mail: tmello@demello.net.br

Assinatura do pesquisador

Em caso de duvidas, com respeito aos aspectos éticos desta pesquisa, vocé podera
consultar:

COEP-UFMG - Comisséo de Etica em Pesquisa da UFMG

Av. Anténio Carlos, 6627. Unidade Administrativa Il - 2° andar - Sala 2005.Campus Pampulha. Belo
Horizonte, MG — Brasil. CEP: 31270-901.
E-mail: coep@prpg.ufmg.br. Tel: 34094592.
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Termo de Assentimento Livre e Esclarecido — TALE

Avaliacdes e Monitoramento de Aspectos Fisicos, Fisiolégicos e

Comportamentais em Atletas Paralimpicos
Pesquisador: prof. Dr. Marco Tulio de Mello

Prezado, convidamos vocé a patrticipar da pesquisa “Avaliagdes e Monitoramento de
Aspectos Fisicos, Fisiolégicos e Comportamentais em Atletas Paralimpicos”. Pedimos a sua
autorizacao para a coleta, o depésito, 0 armazenamento,a utilizacdo e descarte dos dados
coletados. A coleta sera realizada presencialmente noCentro de Treinamento Esportivo da
UFMG e também em formato online através de formularios do Google para avaliar parametros
decorrentes do isolamento social na pandemia ocasionada pelo COVID-19. A utilizagdo dos
dados esta vinculada somente a este projeto de pesquisa. Nesta pesquisa, pretendemos
avaliar aspectos que influenciam no rendimento esportivo, como: sono, carga de treinamento,
aspectos biomecanicos e acompanhamento de lesdes durante todo o ciclo paralimpico até
Paris2024. Para a coleta de dados, sera solicitado a ele que preencha questionarios e participe
das sessfes de treinamento, as quais ele ja participaria. Além disso, alguns instrumentos
especificos serdo utilizados, como a actigrafia que serd utilizada por um periodo de 15 dias
para avaliar seu ritmo de sonoe a polissonografia para avaliar algumpossivel distlrbio de sono
encontrado por meio da actigrafia. Nao somente, também participara de filmagens para
analises biomecanicas com o intuito de melhorar a técnicado movimento esportivo. As coletas
de dados acontecerdo em momentos distintos: as avaliacbes da fisioterapia e controle da
carga de treinamento serdo semanais, ja as avaliagbes biomecéanicas e de sono acontecerao
a cada 2 meses.

Os principais riscos inerentes a participagcdo na pesquisa sdo 0 aparecimentode
lesBes inerentes a pratica da modalidade esportiva. Ressaltamos que este é exatamente o
mesmo risco da pratica diaria na modalidade. Podem também ocorrer situacdes de desgaste
ou fadiga muscular. Nestes casos, vocé, bem como o0 menor pelogual vocé é responsavel, tém
total liberdade para desistir de participar do estudoa qualquer momento, sem nenhum prejuizo
a vocés. Sera fornecida assisténcia integral por qualquer dano que venha a ocorrer durante
da participacéo do (a) menor pelo (a) qual vocé é responsavel. Em situacdo de emergéncia, o
Servico de Atendimento Movelde Urgéncia (SAMU / 192) serd chamado. Esse sera o
responsavel primario para qualquer eventualidade de cunho médico e a equipe de
pesquisadores acompanhara todos os procedimentos. Os pesquisadores também se
responsabilizardo em comunicé-lo (a) nestes casos. Vocé néo terd nenhuma remuneracao
financeira e nem despesa durante a pesquisa, de forma que quaisquer custos inerentes a sua
participacdo serdo cobertos pelos pesquisadores.

Rubrica do pesquisador: _

Rubrica do participante:_
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O principal beneficio da sua participacdo é o acesso a dados qualificados sobreo
desempenho na modalidade esportiva, assim como acompanhamento de treinador,
nutricionista, psicoélogo, fisioterapeuta e médico. Estes dados serdo encaminhados a vocé em
forma de relat6rio apés cada coleta de dados e poderao ser utilizados por vocée pela comissao
técnica para a melhoria do processo de treinamento.

Durante a realizacdo da pesquisa, vocé esta autorizado a solicitar esclarecimentos
sobre 0s protocolos, métodos e objetivos de todas as condutas dos pesquisadores. Além
disso, possiveis desconfortos devem ser comunicados e serdo prontamente atendidos pelos
pesquisadores. Quaisquer informacdes sobre a pesquisa poderdo ser obtidas a partir do
contato com o pesquisador, situado na Av. Anténio Carlos, 6627, Escola de Educagéo Fisica
Fisioterapia e Terapia Ocupacional-EEFFTO,Belo Horizonte, MG, Brasil. CEP 31270-901.
Telefones (31)34092324 / (31)995159050, e-mail: tmello@demello.net.br. Informagdes de
carater ético com o COEP: Comité de Etica em Pesquisa, situado na Avenida Antdnio Carlos,
6627,Unidade Administrativa I1,2° andar sala 2005. Campus Pampulha. Belo Horizonte, MG,
Brasil, CEP:31270- 901.Telefone:34094592.

Lembramos a possibilidade de vocé, em qualguer momento e sem penalizagdo de
nenhuma ordem, retirar sua participagcéo no estudo, caso haja interesse.

Este termo de consentimento encontra-se impresso em duas vias originais, sendo que
uma sera arquivada pelo pesquisador responsavel, na Universidade Federalde Minas Gerais
e a outra serd fornecida por vocé. Os dados, materiais e instrumentosutilizados na pesquisa
ficardo arquivados com o pesquisador responsavel do Centro deEstudos em Psicobiologia e
Exercicio da UFMG, que pertence a Escola de Educacgdo Fisica, Fisioterapia e Terapia
Ocupacional da UFMG. Os pesquisadores tratardo a sua identidade com padrdes profissionais
de sigilo, atendendo a legislacdo brasileira (Resolugdes N° 466/12; 441/11 e a Portaria 2.201
do Conselho Nacional de Saude e suas complementares), utilizando as informa¢des somente
para fins académicos e cientificos.

Antes de concordar em participar desta pesquisa e assinar este termo em duas
vias, 0s pesquisadores deverao responder todas as suas duvidas e, se vocé concordar em
participar do estudo, deve ser entregue uma via deste termo para vocé.

Rubrica do pesquisador: _

Rubrica do participante:_
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Eu, , portador do
documento de Identidade , fui informado (a) dos objetivos,
métodos,riscos e beneficios da pesquisa, de maneira clara e detalhada e esclareci minhas
davidas. Sei que a qualquer momento poderei solicitar novas informacdes e modificar minha
decisédo de participar se assim o desejar.

Declaro que concordo com a minha participacdo na pesquisa. Recebi uma via original
deste termo de consentimento livre e esclarecido assinado por mim e pelo pesquisador, que
me deu a oportunidade de ler e esclarecer todas as minhas davidas.

Nome completo do participante

Assinatura do participante

Prof. Dr. Marco Tulio de Mello: Endereco: Avenida Antdnio Carlos, 6627CEP: 31270-901 /
Belo Horizonte — MG Telefones: (31) 3409-2324
E-mail: tmello@demello.net.br

Assinatura do pesquisador

Em caso de duvidas, com respeito aos aspectos éticosdesta pesquisa, vocé
poderaconsultar:

COEP-UFMG - Comisséo de Etica em Pesquisa da UFMG

Av. Anténio Carlos, 6627. Unidade Administrativa Il - 2° andar - Sala 2005.Campus Pampulha. Belo
Horizonte, MG — Brasil. CEP: 31270-901.
E-mail: coep@prpg.ufmag.br. Tel: 34094592,
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UNIVERSIDADE FEDERAL DE Plataforma
MINAS GERAIS ¥ Brasil

PARECER CONSUBSTANCIADO DO CEP

DADOS DA EMENDA

Titulo da Pesquisa: Avalia¢gdes e Monitoramento de Aspectos Fisicos, Fisiolégicos e
Comportamentais emAtletas Paralimpicos

Pesquisador: Marco Tulio de Mello

Area Tematica:

Versdo: 5

CAAE: 27518619.4.0000.5149

Instituicdo Proponente: Escola de Educacgdo Fisica da Universidade Federal de Minas Gerais
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

NUamero do Parecer: 4.512.422

Apresentacédo do Projeto:

Trata-se de uma emenda do projeto aprovado sob parecer de niumero 3.990.278, com pareceres
anteriores de nimero 4.331.475 e 4.446.352. Este projeto objetiva avaliar os parametros fisicos,
fisiolégicos e comportamentais de atletas paralimpicos que treinam no Centro de Treinamento
Esportivo da UFMG (CTE- UFMG) até Paris durante o ciclo olimpico visando Paris 2024. Dessa
maneira, as avaliagdes terdo inicio em 2020 e seguirdo até 2024, sendo elas: composi¢ao
corporal, capacidade e poténcia aerdbia e anaerdbia em testes na esteira, ergbmetro de braco
e rolo especifico para cadeiras de rodas, teste de forga muscular, teste de equilibrio, padrao
de sono, assim como acompanhamento longitudinal de lesGes e pardmetros biomecéanicos
visando aprimoramento do gesto esportivo. A ementa solicita a inclusdo da Avaliacdo do Sonopor
meio de formulério online dos atletas envolvidos no projeto, devido a pandemia ocasionada pelo
Covid- 19, e dada a impossibilidade de encontros presenciais. A avaliagdo consistira de duas
etapas: na primeira, as perguntas se baseardo em comportamentos que podem ter sido
deflagrados pelo isolamento social, e que de alguma forma impactam no sono (anexo 19).Na
segunda etapa, os atletas serdo avaliados, também em formato online, por meio de questionarios
gue ja se encontram aprovados no presente projeto de pesquisa. Apés a realizagdo das
avaliacOes, os atletas e treinadores receberdo relatérios com os resultados e sugestdes para
melhorar o rendimento.

Enderego: Av. Presidente Antonio Carlos,6627 2° Ad SI 2005

Bairro: Unidade Administrativa Il CEP: 31.270-901

UF: MG Municipio: BELO HORIZONTE

Telefone: (31)3409-4592 E-mail: coep@prpg.ufmg.br
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UNIVERSIDADE FEDERAL DE ) Plabafor
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Continuagéo do Parecer: 4.512.422
Segundo as informacdes basicas do projeto, apresentadas junto a emenda, amostra sera composta
por atletas paralimpicos de alto rendimento de ambos os sexos, que treinam Centro deTreinamento
Esportivo (CTE/UFMG) e do Centro de Treinamento Paralimpico Brasileiro de Sao Paulo das
modalidades de atletismo, natagdo e halterofilismo. Assim como apresentado no parecer inicial de
aprovagao, o projeto esta bem escrito e fundamentado. O parecer do colegiado aprova sua viabilidade
e habilidade do proponente acerca do tema e métodos.

Objetivo da Pesquisa:

Objetivo geral

Avaliar e monitorar parametros fisicos, fisioldgicos e comportamentais de atletas paralimpicos do
Centro de Treinamento Paralimpico de S&o Paulo e do Centro de Treinamento Esportivo da
UFMG até Paris 2024 nas modalidades de atletismo, natagc&o e halterofilismo.

Objetivos especificos

- Avaliar e monitorar de maneira subjetiva e objetiva a qualidade e a quantidade de sono de
atletas paralimpicos até Paris 2024.

- Compreender o perfil de queixas e lesdes esportivas em atletas paralimpicos e como se
relacionam os fatores de estrutura e fungdo corporal e contextuais desses atletas com a
ocorréncia da lesdo esportiva até Paris 2024.

- Monitorar e controlar a carga de treinamento dos atletas paralimpicos até Paris 2024;

- Verificar os efeitos da ETCC no desempenho de atletas paralimpicos

- Avaliacdo e monitoramento das variaveis biomecénicas relacionadas ao desempenho dos
atletas paralimpicos até Paris 2024.

- Avaliar as percepcgbes subjetivas de sono, de recuperacéo, de dor e de esfor¢co dos atletas
paralimpicosaté Paris 2024.

- Utilizar o banco de dados no Comité Paralimpico Brasileiro de S&o Paulo que possui esses
parametros fisicos, fisioldgicos e comportamentais de atletas paralimpicos ja coletados.

- Impacto do isolamento social nos aspectos comportamentais do sono dos atletas paralimpicos.

Avaliacéo dos Riscos e Beneficios:

Tal como apresentado no parecer de aprovacgao do projeto, os autores informam que os métodos
do presente projeto apresenta risco leve para o atleta paralimpico, como dor muscular leve
provenientes do treinamento esportivo no qual eles realizam. Nesta eventualidade, o participante
sera assistido pelos pesquisadores. Quanto aos beneficios, os atletas serdo avaliados e
monitorados ao longo de 4 anos, sendo que, todas as avaliagbes realizadas serdo
posteriormente repassadas quanto aos resultados aos atletascom o objetivo de melhorar seu
desempenho e seu desempenho esportivo. A emenda solicitada néo altera esses aspectos.

Enderego: Av. Presidente Antonio Carlos,6627 2° Ad SI 2005

Bairro: Unidade Administrativa Il CEP: 31.270-901

UF: MG Municipio: BELO HORIZONTE

Telefone: (31)3409-4592 E-mail: coep@prpg.ufmg.br
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Continuagéo do Parecer: 4.512.422

Comentérios e Consideracdes sobre a Pesquisa:

Segundo o parecer de aprovagdo, o projeto é factivel, pertinente e estd bem fundamentado.
Apresenta justificativa para sua realizacdo e possiveis beneficios. Tais afirmacfes sédo
corroboradas pelo parecer do departamento. A emenda solicitada ndo altera esses aspectos.
Conforme apresentado na Ultima carta resposta, serdo feitas coletas de maneira remota com os
atletas do Centro de Treinamento Esportivo da UFMG e do Centro de Treinamento Paralimpico
de Séo Paulo. O TCUD para acesso ao banco de dados do o Centro de Treinamento Paralimpico
de Sao Paulo foi apresentado, sendo o objetivo geral do proejto adequado de acordo com a
utilizacdo desses dados, conforme solicitado no parecer anterior.

Consideracdes sobre os Termos de apresentacdo obrigatéria:

Foram apresentados o0s seguintes documentos: carta resposta ao CEP; informac¢des basicas do
projeto; projeto completo com inclusdo do solicitado na emenda; TCLE, TALE, TCLE para
responsdaveis; parecer do departamento; folho de rosto; carta de anuéncia do CPB; carta de
anuéncia do CTE. Conforme solicitado e apresentado na carta resposta, os métodos da emenda
foram incluidos nos TCLEs e o TALE. Foi esclarecido pelo proponente que a carta de anuéncia
do CPB é referente ao Centro de Treinamento Paralimpico Brasileiro de S&o Paulo. Tal como
solicitado no parecer anterior do CEP, foi apresentado o TCUD para acesso ao banco de dados
do Centro de Treinamento Paralimpico Brasileiro de Sao Paulo.

Conclusdes ou Pendéncias e Lista de Inadequacgdes:
Uma vez realizadas as adequacdes solicitadas em pareceres anteriores, atendendo as
solicitagdes deste CEP,somos, S.M.J. favoravel a aprovacdo da emenda

Consideracdes Finais a critério do CEP:

Tendo em vista a legislacdo vigente (Resolucdo CNS 466/12), o CEP-UFMG recomenda
aos Pesquisadores: comunicar toda e qualquer alterag&o do projeto e do termo de consentimento
via emenda naPlataforma Brasil, informar imediatamente qualquer evento adverso ocorrido
durante o desenvolvimento da pesquisa (via documental encaminhada em papel), apresentar na
forma de notificacao relatérios parciais do andamento do mesmo a cada 06 (seis) meses e ao
término da pesquisa encaminhar a este Comité um sumario dos resultados do projeto (relatorio
final).

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor

| Situacéo |
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Continuagéo do Parecer: 4.512.422
Informacdes Basicas| PB_INFORMACOES_BASICAS_160073| 15/12/2020 Aceito
do Projeto 2 _E1l.pdf 15:49:48
Outros Anexos4aol19.pdf 15/12/2020 |Marco Tulio de Mello | Aceito
15:42:13
Outros CartaRespostaPendenciaCOEPDEZEM | 15/12/2020 |Marco Tulio de Mello | Aceito
BRO.pdf 15:34:36
Declaragéo de TCUDCepUFMGCPBassinadoDezembr | 15/12/2020 | Marco Tulio de Mello| Aceito
concordancia 02020.pdf 15:32:48
Projeto Detalhado / | ProjetoparalimpicoCTEAtualizadoDezem| 15/12/2020 |Marco Tulio de Mello | Aceito
Brochura bro2020.pdf 15:31:27
Investigador
TCLE / Termos de [ Anexo2TCLEMaioresParalimpicoCTE.pd| 15/12/2020 | Marco Tulio de Mello| Aceito
Assentimento / f 15:29:05
Justificativa de
Auséncia
TCLE / Termos de | Anexo3TCLERespLegaisParalimpicoCT | 15/12/2020 |Marco Tulio de Mello [ Aceito
Assentimento / E.pdf 15:27:53
Justificativa de
Auséncia
TCLE / Termos de [ AnexolTALEparalimpicoCTE.pdf 15/12/2020 | Marco Tulio de Mello| Aceito
Assentimento / 15:27:40
Justificativa de
Auséncia
Outros CartaRespostaPendencia_ COEP_nove | 05/11/2020 |Marco Tulio de Mello | Aceito
mbro_2020.pdf 15:49:54
Projeto Detalhado / | Projeto_Emenda.pdf 23/07/2020 | Marco Tulio de Mello| Aceito
Brochura 17:10:01
Investigador
Outros CartaRespostaPendencia.pdf 12/20§/22g20 Marco Tulio de Mello| Aceito
:32:34
Declaragéo de parecerconsubstanciado.pdf 19/12/2019 |Marco Tulio de Mello | Aceito
Instituicdo e 18:30:37
Infraestrutura
Folha de Rosto folhaderosto.pdf 15194313{8224119 Marco Tulio de Mello| Aceito
Declaragéo de CPB.pdf 16/12/2019 | Marco Tulio de Mello| Aceito
Instituicéo e 14:25:00
Infraestrutura
Declaracéo de CTE.pdf 16/12/2019 | Marco Tulio de Mello | Aceito
Instituicdo e 14:24:16
Infraestrutura

Situacéo do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:
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Continuagéo do Parecer: 4.512.422
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BELO HORIZONTE, 27 de
Janeiro de 2021

Assinado por:
Crissia Carem Paiva
Fontainha(Coordenador(a))
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MINICURRICULO DO DISCENTE

GERONIMO JOSE BOUZAS SANCHIS

email: gero.bouzas@gmail.com
Tel:(84) 99466-8565
1. FORMACAO ACADEMICA

2009 - 2013

2014 - 2016

2018 2020

2020

Graduacao em fisioterapia. Universidade Federal do Rio Grande

do Norte, UFRN, Brasil.

Especializacdo em Fisioterapia nas disfun¢gdes musculo
esqueléticas. (Carga Horéria: 390h).
Faculdade Estacio do Rio Grande do Norte, Estacio FATERN,
Brasil.

Mestrado em Sauide Coletiva
Universidade Federal do Rio Grande do Norte, UFRN, Brasil
Titulo: Prevaléncia e Fatores Associados a Sindrome da Dor

Patelofemoral em Escolares de Natal-RN

Orientador: Angelo Giuseppe Roncalli da Costa Oliveira.

Especialista em Fisioterapia Esportiva pela Sociedade Brasileira

de Fisioterapia Esportiva

2. VINCULO INSTITUCIONAL E ATUACAO PROFISSIONAL

2016 - 2018

Faculdade Mauricio de Nassau

Preceptor do Curso de Fisioterapia nas disciplinas praticas:
Estagio supervisionado em Saude Coletiva; Estagio
supervisionado em Fisioterapia Desportiva e Saude
Coletiva; Estagio supervisionado em Ortopedia e

Traumatologia.


mailto:gero.bouzas@gmail.com

2018 — 2020 Fundagdo Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior — CAPES
Bolsista modalidade mestrado
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2021 Universidade Federal do Rio Grande do Norte

Professor substituto (40 horas) no quadro de Fisioterapia
Geral e ministrei as disciplinas tedricas e praticas de
Recursos Terapéuticos Manuais, Eletrotermofototerapia,
Cinesiologia e Cinesioterapia.

2020 — 2024 Fundacdo Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior — CAPES

Bolsista modalidade doutorado

3. PUBLICAQ()ES E OUTROS APERFEICOAMENTOS
3.1. Artigos completos publicados em periddicos

Geronimo José Bouzas Sanchis, Jeysiane A.S. do Nascimento;Rebeca de Castro
Santana; Vagner M. dos Santos; Vitor L. da Cunha; Sanderson José Costa de Assis;
Rafael L Cavalcanti; Thais Sousa Rodrigues Guedes; Angelo Giuseppe; Marcello
B.O.G. Guedes. Biomechanical factors associated with patellofemoral pain in children
and adolescents. Scientific Reports v 14, article number: 15490 (2024). DOI:
10.1371/Journal.Pone.0300683

Geronimo José Bouzas Sanchis, Joubert Vitor De Souto; RafaelL Cavalcanti;
Josiane Costa Pereira Bezerra; Maristela Linhares dos Santos; Thais Sousa
Rodrigues Guedes; Sanderson José Costa de Assis; Rebeca de Castro Santana;
Johnnatas Mikael Lopes; Roncalli, Angelo Giuseppe; Marcello B.O.G.
Guedes.Patellofemoral Pain Syndrome in Children and Adolescents: A Cross-
Sectional Study. Plos One, 19(4): April 2024.DOI: 10.1371/Journal.Pone.0300683

Geronimo José Bouzas Sanchis, Johnnatas Mikael Lopes, Sanderson José Costa
de Assis, Romena Le&do Azevedo Catdo, Thiago Ribeiro Teles Santos, Angelo
Giuseppe da Costa Oliveira Roncalli. Dynamic knee valgus prevalence in children
and its association with pain intensity, foot mobility, and sex— A cross-sectional
study. Heliyon; 2022-10.DOI: 10.1016/j.heliyon. 2022.e10984


https://www.nature.com/srep
https://doi.org/10.1016/j.heliyon.2022.e10984

101

Sanderson José Costa de Assis; Clecio Gabriel de Souza; Geronimo José
Bouzas Sanchis; Angelo Giuseppe Roncalli. Factors associated with waiting
physiotherapy service: analysis fromthe Access and Quality Improvement Program
(PMAQ). Fisioterapia em Movimento. DOI: 10.1590/fm.2023.36135

Sanderson José Costa de Assis; Clecio Gabriel de Souza; Geronimo José
Bouzas Sanchis; Angelo Giuseppe Roncalli. Influence of physical activity and

postural habits in schoolchildren withscoliosis. Archives of public health. 63, 2021

Costa De Assis, Sanderson José; Lopes, Johnnatas Mikael; Guedes, Marcello
Barbosa Otoni Gongalves; Sanchis, Geronimo José Bouzas; Araujo, Diego
Neves; Roncalli, Angelo Giuseppe. Primary health care and social isolation
against COVID-19 in Northeastern Brazil: Ecological time-series study. PLoS
One, v. 16, p. e0250493, 2021.

Costa De Assis, Sanderson José; Lopes, Johnnatas Mikael; De Lima Filho,
Bartolomeu Fagundes; Sanchis, Geronimo José Bouzas; Sousa Rodrigues
Guedes, Thais; Limeira Cavalcanti, Rafael; Araujo, Diego Neves; José Sarmento
Da Nobrega, Antbnio; Barbosa Otoni Goncalves Guedes, Marcello; Giuseppe
Roncalli Da Costa Oliveira, Angelo. Dissemination of COVID-19 in inland cities of
Northeastern Brazil. PLoS One, v. 16, p. 0253171, 2021.

Guedes, Marcello Barbosa Otoni Gongalves; De Assis, Sanderson José Costa;
Sanchis, Geronimo José Bouzas; Araudjo, Diego Neves; Oliveira, Angelo
Giuseppe Roncalli da Costa; Lopes, Johnnatas Mikael. COVID-19 in Brazilian
Cities: Impact of social determinants, coverage, and Quality of primary health
care. PLoS One, v. 16, p. e0257347, 2021.

Lopes, Johnnatas Mikael; Sanchis, Geronimo José Bouzas; Medeiros, Jeovany
Luiz Alves De; Dantas, Fabio Galvdo. Hospitalizacdo por acidente vascular
encefalico isquémico no Brasil: estudo ecolégico sobre possivel impacto do

Hiperdia. Revista Brasileira de Epidemiologia (Online), v. 19, p. 122-134, 2016.

Baroni; Sanchis, Geronimo Jose Bouzas; Assis, Sanderson José Costa;

ICR


https://doi.org/10.1590/fm.2023.36135
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Santos, R.G; Sousa, Klayton Galante; Pereira, S. A; Lopes, J, M. Factors
Associated with Scoliosis in Schoolchildren: A Cross-Sectional Population-Based

Study. Journal of Epidemiology , v. 25, p. www.jstage.jst, 2015.

3.2 Capitulos de livro publicados

Sanchis, Gerbnimo José Bouzas; Lopes, Johnnatas Mikael. Atencédo

Fisioterapéutica no Manejo do Acidente Vascular Encefalico. Fisioterapia E
Atencédo Priméria: Manual De Pratica Baseada Em Evidéncia. 1led.: Atheneu,2019,
v.1.

3.3 Trabalhos publicados em congressos

Sanchis, Geronimo José Bouzas; Barreto, Bruna; Resende Renan; de Melo,
Marco Tulio; Mohmara, Yasser; Silva, Andressa. Strength evaluation and

differences in powerlifting and swimming para athletes during training season. In:

6th International Scientific Tendinopathy Symposium, 2023, Valencia, Espanha.

Sanchis, Geronimo José Bouzas; Barreto, Bruna; Resende Renan; de Melo,

Marco Tulio; Mohmara, Yasser; Silva, Andressa. Muscle Strength and Shoulder

Joint Mobility of Swimming Parathletes. In: 6t International Scientific

Tendinopathy Symposium. 2023, Valencia, Espanha.

Brenda Katrovyevysky Costa Castro, Geronimo José Bouzas Sanchis, Renan
Alves Resende, Marco Tulio de Mello, Andressa da Silva de Mello. Forca
Muscular, Mobilidade e Flexibilidade de Ombro em Atletas Paraolimpicos de

Halterofilismo. XI Congresso Brasileiro de Fisioterapia Esportiva. 2023

Barreto, Bruna; Martins, Amanda; Sanchis, Gerénimo; Mello, Marco Tulio; Silva,
Andressa. Avaliacbes Pré-temporada e a Prevencdo de Lesdes no Esporte
Paralimpico De Alto Rendimento” de autoria de, foi apresentado no formato
Video-poéster no “1° Congresso Brasileiro de Pedagogia do Paradesporto.2022

Barreto, Bruna; Sanchis, Ger6nimo; Guerreiro, Renato; Mello, Marco Tulio;
Silva, Andressa. “Dor, Sono e Qualidade De Vida Dos Atletas Paralimpicos De

Alto Rendimento" foi apresentado no formato ORAL de modo virtual no “1o


http://www.jstage.jst/
http://lattes.cnpq.br/9914610304300484
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Congresso Brasileiro de Pedagogia do Paradesporto. 2022

LOPES, J, M; Bouzas Sanchis, Geronimo Jose. Tendéncia da Taxa de
Mortalidade por Acidente Vascular Cerebral no Brasil: Analise de 15 anos de
série temporal. In: IX Congresso Brasileiro de doencas Cerebrovasculares, 2013,
Fortaleza. Anais do Evento, 2013. p. 42-42.

4. BANCAS
4.1. Participacdo em bancas de trabalho de concluséo

4.1.1. Monografias de cursos de aperfeicoamento/especializacéo

Bouzas Sanchis, Geronimo José. Participacdo em banca de Paloma dos Reis
Silva. Efeitos do Exercicio Nérdico De Isquiossurais Em Atletas De Futebol
Amador, Uma Reviséo De Literatura. 2022. Monografia
(Aperfeicoamento/Especializacdo em Fisioterapia) - Escola de Educacéo Fisica,
Fisioterapia e TO-UFMG.

Bouzas Sanchis, Geronimo Jose. Participagdo em banca de Paula de Faria

Fernandes Martins. Definicdes De Lesao Utilizadas Nos Estudos Em Esportes

Paralimpicos - Reviséo De Literatura. 2022. Monografia
(Aperfeicoamento/Especializacdo em Fisioterapia) - Escola de Educacéo Fisica,
Fisioterapia e TO-UFMG.

Bouzas Sanchis, Geronimo Jose. Participagcdo em banca de Natalia Helen
Avila de Oliveira Lino. Anélise das propriedades das raquetes nas lesfes
musculoesqueléticas em jogadores de ténis: revisdo de literatura. 2022.
Monografia (Aperfeicoamento/Especializacdo em Fisioterapia) - Escola de

Educacéo Fisica, Fisioterapia e TO-UFMG.

4.1.2 Trabalhos de conclusao de curso de graduacéao

Lopes, Johnnatas Mikael; Bouzas Sanchis. Geronimo Jose; Brito, C. C.

Participagdo em banca de Justo Ferraz Neto Segundo. Internagdes Materna Por
Hipertensdo: Analise Situacional Do Brasil Entre 2008 A 2019. 2023. Trabalho de

Concluséo de Curso (Graduacédo em Medicina) - Universidade Federal do Vale


http://lattes.cnpq.br/9914610304300484
http://lattes.cnpq.br/9914610304300484
http://lattes.cnpq.br/9914610304300484

do Sao Francisco.

Barbosa Otoni Goncgalves Guedes, Marcello; Limeira Cavalcanti, Rafael; Assis,
Sanderson José Costa De; Sanchis, Gerénimo José Bouzas. Participacdo em
banca de Vagner Messias Dos Santos. Fatores Biomecanicos Associados A
Sindrome Da Dor Patelofemoral Em Criancas E Adolescentes. 2023. Trabalho
de Conclusao de Curso (Graduacao em Fisioterapia) - Universidade Federal do
Rio Grande do Norte.

Guedes, Marcello Barbosa Otoni Gongalves; Limeira Cavalcanti, Rafael; Bouzas
Sanchis, Geronimo Jose. Participacdo em banca de Josiane Pereira Bezerra.

Prevaléncia Da Sindrome Da Dor Patelofemoral E Sua Associacdo Com Nivel
De Atividade Fisica, Maturacdo Sexual E Faixa Etaria - Um Estudo Transversal.
2022. Trabalho de Conclusdo de Curso (Graduacdo em Fisioterapia) -
Universidade Federal do Rio Grande do Norte.

LOPES, J, M; Bouzas Sanchis. Geronimo Jose; AMARAL, C. E. M.
Participacdo em banca de Kathary Loory Soares Silveira. Condicionantes da

depressao em pessoas com e sem ensino superior: estudo survey na populacao
brasileira. 2021. Trabalho de Conclusdo de Curso (Graduacdo em Medicina) -

Universidade Federal do Vale do S&o Francisco.

5. Orientagcbes

5.1. Monografias de concluséo de curso de aperfeicoamento/especializacao

Carlos Pereira Couto. Prevaléncia e fatores associados a dor no joelho em
escolares - um estudo transversal. 2022. Monografia.
(Aperfeicoamento/Especializagdo em Fisioterapia) - Escola de Educagéo Fisica,

Fisioterapia e TO-UFMG. Orientador: Geronimo Jose Bouzas Sanchis.

ADRIANA SILVA GUIMARAES. Efeitos do Treinamento Neuromuscular na
prevencgédo de lesdes em atletas de futebol do sexo masculino. 2022. Monografia.

(Aperfeicoamento/Especializacdo em Fisioterapia) - Escola de Educacgéo Fisica,
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Fisioterapia e TO-UFMG. Orientador: Geronimo Jose Bouzas Sanchis.

5.2. Trabalho de concluséo de curso graduacgao

Vagner Messias dos Santos. Fatores Biomecanicos Associados A Sindrome Da
Dor Patelofemoral Em Criangas E Adolescentes. 2023. Trabalho de Concluséo
de Curso. (Graduacdo em Fisioterapia) - Universidade Federal do Rio Grande do

Norte. Orientador: Geronimo Jose Bouzas Sanchis

Josiane Pereira Bezerra. Prevaléncia Da Sindrome Da Dor Patelofemoral E Sua
Associagdo Com Nivel De Atividade Fisica, Maturagdo Sexual E Faixa Etéria -
Um Estudo Transversal. 2022. Trabalho de Conclusédo de Curso. (Graduacao em
Fisioterapia) - Universidade Federal do Rio Grande do Norte. Orientador:

Geronimo Jose Bouzas Sanchis.
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