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RESUMO

INTRODUCAO: O Muay Thai utiliza uma mescla de golpes com membros superiores e
inferiores e tem ganhado reconhecimento mundial. No esporte a avaliacdo da
variabilidade da frequéncia cardiaca (VFC) e da composicao corporal por bioimpedancia
elétrica (BIA) é fundamental para monitorar a carga de treinamento e o desempenho dos
atletas. OBJETIVOS: Investigar a relacdo entre os parametros da VFC, o desempenho
no frequency speed kick test (FSKT) e a composicao corporal de atletas amadores de
Muay Thai. METODOLOGIA: Foi realizado um estudo transversal com 37 lutadores, no
qgual se avaliou a resposta aguda durante a execucao do FSKT em 10 segundos (FSKT-
10s). Foi mensurado a VFC, tanto em repouso quanto durante o teste, e realizada a
avaliacdo da composicdo corporal por andlise de bioimpedancia elétrica (BIA). Em
seguida, 22 atletas participaram do ensaio clinico, submetendo-se a um programa de
treinamento de forca aliado a orientag&o nutricional durante 8 semanas. Nas duas fases,
os atletas foram avaliados por meio dos testes FSKT-10s e FSKT-mult, BIA e analise da
VFC. RESULTADOS: No estudo transversal, durante o FSKT-10s, observou-se um efeito
agudo na modulacdo autonémica, caracterizado por aumento da ativacdo simpdtica e
retirada vagal. Além disso, o nimero de chutes mostrou correlagao positiva com a massa
livre de gordura e determinados parametros da VFC, enquanto o indice de fadiga dos
chutes correlacionou-se inversamente com os indices parassimpaticos e diretamente com
os indices simpéaticos. No ensaio clinico, apds 8 semanas de intervencdo, houve aumento
significativo no nimero de chutes (tanto no FSKT-10s quanto no FSKT-mult), incremento
da massa livre de gordura e do metabolismo basal, bem como melhora na modulagéo
parassimpética, evidenciado pelo aumento RMSSD, do pNN50, da amplitude na faixa de
alta frequéncia e do SD1 da VFC. CONCLUSAO: A integracéo de treinamento de forca
com orientacdo nutricional promove melhorias significativas no desempenho, na
composic¢ao corporal e no equilibrio autondmico de atletas de Muay Thai. Ademais, a
avaliacdo aguda da VFC durante os testes de performance reforga a importancia do
monitoramento da resposta autonémica para a otimizacao do treinamento e a prevencao

da fadiga.

Palavras-chave: Muay Thai; Sistema nervoso autbnomo; Capacidade funcional;

Variabilidade da frequéncia cardiaca.



ABSTRACT

INTRODUCTION: Muay Thai combines upper and lower limb strikes and has gained
worldwide recognition. In this sport, assessing heart rate variability (HRV) and body
composition using bioelectrical impedance analysis (BIA) is essential for monitoring
training load and athlete performance. OBJECTIVES: To investigate the relationship
between HRV parameters, performance in the frequency speed kick test (FSKT), and body
composition in amateur Muay Thai athletes. METHODOLOGY: A cross-sectional study
was conducted with 37 fighters to evaluate the acute response during the execution of the
10-s FSKT. HRV was measured both at rest and during the test, along with body
composition assessment via BIA. Then, 22 athletes participated in a clinical trial,
undergoing an eight-week strength training program combined with nutritional guidance.
In both phases, athletes were assessed using the FSKT-10s and FSKT-mult tests,
bioelectrical impedance analysis (BIA), and HRV analysis. RESULTS: In the cross-
sectional study, an acute effect on autonomic modulation was observed during the FSKT-
10s, characterized by increased sympathetic activation and vagal withdrawal. Additionally,
the number of kicks showed a positive correlation with fat-free mass and specific HRV
parameters, while the kick fatigue index correlated inversely with parasympathetic indices
and directly with sympathetic indices. In the clinical trial, after eight weeks of intervention,
there was a significant increase in the number of kicks (in both the FSKT-10s and FSKT-
mult), an increase in fat-free mass and basal metabolism, as well as an improvement in
parasympathetic modulation, evidenced by increases in RMSSD, pNN50, high-frequency
band amplitude, and SD1 of HRV. CONCLUSION: Integrating strength training with
nutritional guidance leads to significant improvements in performance, body composition,
and autonomic balance in Muay Thai athletes. Furthermore, acute HRV assessment
during performance tests highlights the importance of monitoring autonomic responses to

optimize training and prevent fatigue.

Keywords: Muay Thai; Autonomic nervous system; Functional capacity; Heart rate

variability.



Resumo para leigos

O Muay Thai, conhecido como "boxe tailandés", € um esporte de combate que utiliza
socos, chutes, joelhadas e cotoveladas. Para que os atletas tenham um bom
desempenho, € importante monitorar como o corpo responde ao treinamento,
especialmente o coragao e a composic¢ao corporal. Nosso estudo teve dois momentos.
No primeiro, analisamos 37 lutadores para entender como o coracao reage durante
um teste de chutes rapidos (FSKT-10s). Descobrimos que, quanto mais chutes eles
davam, maior era a ativacdo do sistema nervoso e melhor era sua composicéo
corporal. No segundo momento, 22 atletas passaram por um treinamento de forca
combinado com orientagao nutricional por 8 semanas. No final, esses lutadores néo
s6 melhoraram o numero de chutes, mas também ganharam mais musculos,
aceleraram o metabolismo e tiveram um equilibrio melhor no controle do coracao.
Concluimos que treinar for¢a aliado a uma boa alimenta¢édo melhora o desempenho e
a recuperacdo dos atletas de Muay Thai. Além disso, acompanhar a resposta do

coracao pode ajudar a evitar 0 cansaco excessivo e otimizar os treinos.
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Capitulo 1 Reviséo de Literatura

1.1. Introducéo

As artes marciais podem ser descritas como qualgquer manifestacao
semelhante a uma metafora de guerra, seja por costumes sociais e/ou religiosos nos
mais diferentes ambientes. Historicamente, surgiram como um método de protecéo
na Tailandia diante de um cenéario de invasdes. Os tailandeses comecaram a
desenvolver técnicas de luta que dariam origem ao Muay Thai (Hercules et al., 2020).

Também chamado de boxe tailandés, o Muay Thai utiliza uma mescla de golpes
dos membros superiores (como socos e cotoveladas), assim como dos membros
inferiores (como os chutes e joelhadas). Também séo utilizadas técnicas de esquiva
(como o péndulo) e protecéo, utilizando o préprio corpo para realizar sequéncias de
golpes e defesas em um jogo de ataque e contra-ataque (Confederagéo Brasileira de
Muay Thai, 2023). Os golpes utilizados no Muay Thai podem ser observados no
Quadro 1. Atualmente o Muay Thai é praticado em todo o mundo e € uma das
principais disciplinas em muitos campos de treinamento de artes marciais mistas
(MMA). E popular tanto como esporte de competicdo quanto como forma de exercicio
e condicionamento fisico. A pratica do Muay Thai pode levar a uma melhora

significativa da forca, flexibilidade, resisténcia e habilidade de combate (Croom, 2022).

Quadro 1. Tipos de golpes utilizados no Muay Thai.

Golpe Definigéo

Soco E o golpe mais comum do Muay Thai e é realizado com o punho

fechado. Sao diferenciados em jab, direto, cruzado e uppercut.

Cotoveladas | E um tipo de golpe que pode ser realizado de varias maneiras. Por

ser impulsionado pelo quadril, tende a ser mais violento.

Chutes Podem ser efetuados com os pés e com as canelas com o objetivo

de atingir as pernas, abdémen e a cabeca do adversario.

Joelhadas Podem ser aplicadas de forma frontal e lateralmente. Podem
também ser precedidas de saltos com alto indice lesivo ao
adversario.

Fonte: Adaptado da CBMT, 2023.
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O treinamento de Muay Thai geralmente pode ser dividido em trés categorias
principais, que sdo o treinamento técnico, o treinamento fisico e treinamento mental,

detalhados no Quadro 2.

Quadro 2. Categorias que compdem o treinamento de Muay Thai.

Treinamento Caracteristicas

Treinamento técnico | O treinamento técnico é a base do Muay Thai e envolve a
aprendizagem e aperfeicoamento de técnicas de ataque e
defesa, como socos, chutes, cotoveladas, joelhadas e

clinch.

Treinamento fisico O treinamento fisico é essencial para o desempenho no
Muay Thai e inclui exercicios de resisténcia, forca e
flexibilidade. Isso pode incluir corrida, natagao, ciclismo,
levantamento de peso, flexdo e agachamento, entre outros.

Sparring Sparring é o método que permite aos lutadores aplicar as

técnicas aprendidas em situacdes de combate simuladas.

Fonte: Adaptado de Souza et al., 2019.

O Frequency Speed Kick Test (FSKT) é um teste de desempenho utilizado para
medir a velocidade e a frequéncia dos chutes. Geralmente € realizado com um saco
de pancadas ou chute ao alvo, cujo objetivo é acertar o maior nimero de alvos
possivel em um determinado periodo de tempo. Os testes normalmente usam
crondmetros para medir o tempo e contadores para registrar chutes. Os lutadores séo
instruidos a chutar o alvo o mais rapido possivel dentro de um determinado tempo. Os
resultados geralmente sdo expressos em chutes por minuto (com). Também pode ser
usado como um indicador de condicionamento fisico e como meta de treinamento para
melhorar a velocidade e a frequéncia dos chutes (Santos et al., 2021).

A nutricdo € um aspecto importante no Muay Thai, pois pode afetar o
desempenho, a recuperacdo e a saude geral dos lutadores. Alguns aspectos
nutricionais importantes a serem considerados podem ser observados no Quadro 3,

segundo mostra Machado et al. (2017).
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Quadro 3. Aspectos nutricionais importantes no Muay Thai.

Nutriente

Funcéao

Carboidratos

Os carboidratos séo a principal fonte de energia para 0 corpo e séo
importantes para fornecer energia durante o treinamento e as
competi¢cdes. Os lutadores devem consumir carboidratos complexos,
como pao integral, arroz integral, batatas e frutas, para fornecer

energia de liberacéo lenta durante todo o dia.

Proteinas

As proteinas sd8o essenciais para a reparacdo e 0 crescimento
muscular, e sdo importantes para os lutadores no intuito de que eles
desenvolvam e mantém a massa muscular magra. As fontes de
proteinas incluem carne, peixe, frango, ovos, leite e derivados, além

de vegetais como feijao, ervilha, lentilha e soja.

Gorduras

As gorduras saudaveis sdo importantes para a saude geral e sao
importantes para fornecer energia durante o treinamento. As fontes
de gorduras saudaveis incluem abacate, nozes, sementes, 6leo de

COCO € azeite.

Liquidos

E importante o atleta manter-se hidratado, especialmente durante o
treinamento e competicéo, para evitar desidratacao e garantir o bom

funcionamento do corpo.

Fonte: Adaptado de Machado (2017).

7

A suplementagdo esportiva € o uso de suplementos alimentares, como

vitaminas, minerais, aminoacidos e outros nutrientes, para complementar a dieta e

atingir os objetivos de saude e desempenho especificos. No Muay Thai, alguns

suplementos podem ser Uteis, conforme aponta Dias et al. (2017) (Quadro 4).

Quadro 4. Alguns suplementos comuns usados no Muay Thai.

Suplemento

Funcéao

Whey protein

E importante para a recuperacgao e o crescimento muscular, e pode
ser util para os lutadores que tém dificuldades em obter proteina

suficiente através da dieta.

Creatina

Pode aumentar a forga e a resisténcia muscular e pode ser util para

melhorar o desempenho no treinamento.
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Beta-alanina Trata-se de um aminoacido que pode aumentar a resisténcia e a
capacidade de treinar com intensidade.
Fonte: Adaptado de Dias et. al. (2017).

A composicdo corporal refere-se a distribuicdo relativa de diferentes
componentes no corpo de um individuo, especificamente a propor¢cdo de massa
magra, massa gorda e adgua. A massa magra inclui muasculos, 0ssos, 6rgaos e tecidos
ndo gordurosos, enquanto a massa gorda é a quantidade de gordura armazenada no
corpo. A agua corporal refere-se a quantidade de agua presente no organismo, que
desempenha um papel importante em diversas funcdes fisioldgicas. E importante para
avaliar a condicao fisica de um atleta. Nesse cenério, uma das formas de realizar essa
avaliacdo é através da bioimpedancia (BIA), que € uma técnica de avaliacdo da
composicao corporal que pode ser util para quantificar a condicéo fisica de atletas de
Muay Thai. Algumas das vantagens da bioimpedancia incluem a nédo invasividade, ou
seja, ela ndo envolve a insercdo de agulhas ou a exposicdo a radiagdo. Além do mais,
trata-se de um método rapido, preciso e com boa exatiddo, desde que seguido os
protocolos de avaliagdo, com o objetivo de avaliar a proporcdo de massa magra e
massa gorda corporais e, assim, averiguar o perfil de hidratacéo do atleta (Nascimento
et al., 2017).

1.2. Aspectos morfofisiolégicos dos esportes de combate

O exercicio fisico promove diversas adaptacdes, como aquelas vistas na fracao
de ejecdo, consumo maximo de oxigénio (VO:zmax), hipertrofia muscular, pressao
arterial sistémica, equilibrio 4cido-base, densidade capilar e densidade mitocondrial
(RIVERA-BROWN et al., 2012). O metabolismo energético € o processo geral pelo
qual as células adquirem e usam a energia necessdaria para desempenhar suas
funcbes. Dessa forma, torna-se fundamental entender as diferentes vias que
produzem moléculas de adenosina trifosfato (ATP) nos esportes de combate. Apesar
de haver o envolvimento aerébico na producdo de energia, observa-se um
metabolismo de lactato predominantemente na pratica de esportes de combate
(Mcardle, 2019). Alguns autores também sugerem variaveis de interesse, como forga

muscular, capacidade aerobia, capacidade anaerébia, caracteristicas de forca e
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flexibilidade, para comparar o nivel de competicdo de atletas de diferentes paises,
sendo desejavel detectar aspectos potencialmente chaves de alto rendimento nesses
padrdes (Franchini et al., 2011).

Um ponto importante e muito comumente utilizado nos esportes de combate
Sao as estratégias para lutar em categorias de peso mais baixa. Nesse caso, tem sido
amplamente utilizada a perda rapida de peso. Dentre os resultados fisiologicos da
rapida perda de peso em atletas, pode-se constatar uma reducdo de
aproximadamente 5,6% do peso corporal e do volume de sangue (RELJIC et al.,
2013).

Kirk et al. (2020) observaram que diferentes golpes tém predominancias de
gasto metabdlico diferentes. Assim, por exemplo, durante um sparing (simulacdo de
uma luta) existe uma predominancia anaerdbia, gerando acumulo de lactato
sanguineo. No mesmo estudo, também foi possivel observar um aumento na
densidade mineral 6ssea e, ainda, o fato de que um treinamento especifico de forca e
condicionamento fisico para os esportes de combate sdo benéficos, pois melhoram
as métricas dos testes de VO2zmax, forca de uma repeticdo maxima, teste de impulsao
vertical (salto vertical) e corrida de 10 metros (Kirk et al., 2020). Na pratica de atletas
de elite de esportes de combate, € possivel observar importante hipertrofia excéntrica
do ventriculo esquerdo (Milovancev et al., 2022). Também sé&o vistas adaptacdes no
tendao de Aquiles e no tendéao patelar (Cassel et al., 2016).

A flexibilidade é a capacidade de mover uma articulagéo através de seu amplo
movimento possivel. O treinamento de flexibilidade é importante para o desempenho
no Muay Thai, pois ajuda a aumentar a amplitude de movimento das articulagdes. I1sso
pode, por conseguinte, melhorar a velocidade, a poténcia e a precisdo dos golpes
(Santos et al., 2021).

1.3. Performance em esportes de combate

A aptidao fisica de um atleta é fator importante no sucesso do seu desempenho
esportivo. A capacidade aerdbica tem sido aceita como seu principal componente. A
maioria dos autores considera a VO2zmax 0 melhor indicador da capacidade aerdbica
de um organismo e, ao mesmo tempo, o melhor indicador do desempenho fisico de

um atleta (Rankovic et al., 2010).
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Um estudo recente mostrou possivel melhora na performance, apés um periodo
de aclimatacéo de 5 dias no calor em atletas de combate (STONE et al., 2022). Outras
estratégias para a melhora da performance também tém sido estudadas para essa
populacdo, como a utilizagdo de recursos ergogénicos, tais como a cafeina, a creatina
e as estratégias alimentares (Vicente-Salar et al., 2022).

Nesse sentido, a hidratacdo € extremamente importante para atletas de
combate que precisam atingir um peso especifico. De fato, a desidratacao pode levar
ao cansaco e diminuicao do desempenho (Reichmann, 2020), como visto no Quadro
5.

Desta forma calculos advindos da bioimpedanciometria para estimar os niveis
de equilibrio hidroeletrolitico dos atletas torna-se uma ferramenta oportuna para os
treinadores e equipe técnica para otimizacado dos resultados (Baranauskas et al.,
2023).

Quadro 5. Comprometimentos fisiolégicos da perda hidrica.

Porcentagem de | Comprometimento

perda hidrica

1% Sede, comprometimento da termorregulacao.

2% Sensacéo de sede mais intensa, perda do apetite.

3% Boca seca, hemoconcentracdo e reducédo do débito urinario
4% Diminuicdo de 20 a 30% na capacidade de trabalho.

5% Reducéo da concentracao, cefaleia, sonoléncia, impaciéncia.
6% Comprometimento grave da regulacdo da temperatura, aumento

da frequéncia respiratoria.

7% Reducdo acentuada do volume hidrico, provavel colapso
circulatorio.
Fonte: Adaptado de MCARDLE (2019).

A capacidade funcional de atletas pode ser diminuida ap0s a perda rapida de
peso, porém a sua reducédo de forma cronica ndo € eficaz para a manutencao da
performance (Mendes et al.,, 2013). Um estudo observou o aumento do tbnus

simpatico apos a perda de peso ponderal em atletas (Nascimento-Carvalho et al.,
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2018); aléem do mais, também foi possivel observar adaptacdes, conforme a

porcentagem da diminuicdo do peso (Quadro 6).

Quadro 6. Efeitos fisiolégicos sobre o rendimento segundo a porcentagem de

massa corporal perdida.

Porcentagem de

massa corporal

Efeito

perdida

1% Aumento do trabalho cardiaco e reducéo do rendimento aerdbio
em climas quentes

2% Sede intensa, mal-estar, perda de apetite e diminuicdo do
rendimento mental e cognitivo.

3% Diminuicdo do volume sanguineo, aumento do risco de
contraturas, caimbras e lipotimia, reducdo do tempo de reacéao,
concentragéo e discriminagao perceptiva.

4% Maior esforco para a realizacéo dos trabalhos fisicos e nduseas.

5% Aumento da temperatura até 39°C, rapida diminuicdo do
rendimento e alto risco de lesdes musculotendineas.

6% Diminuicéo e falha do mecanismo de termorregulacgéo.

Fonte: Adaptado de Garcia-Jiménez et al. (2010).

No Muay Thai, a desidratacdo pode ser causada por varios fatores, incluindo

suor excessivo durante o treinamento, falha em repor liquidos suficientes antes e

durante a atividade fisica, e condi¢cdes climéaticas quentes, assim como protocolos

especificos de desidratacao pré-lutas.

1.4. Controle autonémico cardiaco e Muay Thai

A frequéncia cardiaca (FC) € uma medida da atividade cardiaca e varia de

acordo com varios fatores, incluindo a idade, o nivel de condicionamento fisico e o

nivel de atividade. A FC pode ser monitorada de varias maneiras, incluindo com o uso
de monitores de FC (Cesar et al., 2002).
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Um coracgéo dito “saudavel’ ndo € um puramente um metrénomo. Na verdade,
ele tem microvariacdes perceptiveis que podem ser analisadas em diversos aspectos,
sejam eles no dominio do tempo e dominio da frequéncia e na andlise da entropia,
por exemplo (Shaffer et al., 2014).

A variabilidade da frequéncia cardiaca (VFC) é a variacdo no intervalo entre
batimentos cardiacos e € medida em milissegundos (ms). A VFC pode ser usada como
um indicador da capacidade do sistema nervoso autdbnomo (SNA) de regular a
atividade cardiaca. A analise da VFC pode ser util para avaliar a resposta ao
treinamento e monitorar a saude cardiovascular (Saraiva et al., 2022).

O controle da carga de treinamento envolve monitorar e ajustar a quantidade e
intensidade do treinamento de acordo com a capacidade de cada atleta. O volume de
treinamento é a quantidade total de treinamento realizado pelos atletas. Esse volume
pode ser medido em horas, distancia e numero de repeticdes, por exemplo, enquanto
a intensidade de treinamento se refere ao esforco exigido dos atletas durante o
treinamento. A intensidade pode ser controlada por meio da frequéncia cardiaca, da
velocidade e da carga de peso (Podeszwa et al., 2018).

No contexto de esportes de combate, como o Muay Thai, a VFC pode ser usada
como uma ferramenta para avaliar a resposta ao treinamento. Uma reducéo na VFC
pode indicar que o atleta esta se sobrecarregando e pode estar em risco de lesdo. Por
outro lado, uma diminuicdo na VFC pode indicar fadiga e pode ser um sinal de que o
atleta precisa de mais descanso (Suetake et al., 2018). Além disso, a VFC também
pode ser usada como uma ferramenta para avaliar a recuperacao apos o treinamento
ou competicdo. Caso a VFC nao volte ao normal apos o treinamento ou competicao,
pode ser um sinal de que o atleta ainda ndo esta completamente recuperado e pode
precisar de mais tempo para se recuperar, antes de voltar a treinar ou competir
(Morales et al., 2014).

De certa forma, podemos analisar a carga de treinamento utilizando medidas
da VFC como o teste durante o exercicio. Isso € importante no intuito de adquirir dados
como a reatividade autondmica sob o estresse, assim como a cinética da VFC durante
o exercicio (Michael et al., 2017).

Nos esportes de combate de alto rendimento, pode-se observar adaptacdes da
VFC em cada fase do treinamento. Uma rapida perda de peso, por exemplo, prejudica
a recuperacdo da VFC (Roklicer et al., 2022), podendo variar de acordo com a

classificacdo de performance (Bae et al., 2020), situacdo técnica e tatica do



26

treinamento e da simulacdo do esporte (Gavrlilovic et al., 2016). A retirada e a
reativacao vagal é uma alternativa interessante de analise para visualizacdes de 30
segundos em 30 segundos objetivando conseguir estimar a evolugdo aerébica de
atletas (Perandini et al., 2010).

1.5. Justificativa

O treinamento de Muay Thai imple altas exigéncias fisicas aos atletas,
impactando diretamente seu desempenho, recuperacao e longevidade esportiva. A
avaliacao da capacidade fisica, composicéo corporal, desempenho neuromuscular e
fatores de risco para lesGes € crucial para otimizar a preparacdo e a performance
desses lutadores, considerando o impacto direto dessas variaveis na carreira
esportiva. A analise detalhada da carga de treino e da recuperacao permite identificar
limitagcBes no rendimento e fatores que podem comprometer a progressao dos atletas,
como déficits biomecanicos e adaptacdes inadequadas ao treinamento.
Adicionalmente, a prevencao de lesdes e a melhora da eficiéncia energética durante
0s combates tornaram-se focos centrais na preparacéo de atletas de alto rendimento,
uma vez que essas variaveis influenciam diretamente sua competitividade e tempo de
permanéncia no esporte. Nesse contexto, avancos nas metodologias de avaliacdo da
performance, bem como uma compreensdo mais aprofundada da fisiologia do
treinamento especifico para o Muay Thai, tornam-se fundamentais para o
desenvolvimento de estratégias baseadas em evidéncias que promovam um

desempenho sustentavel e seguro.

1.5.1. Relevancia para as Ciéncias da Reabilitacao

BN

Devido a auséncia na literatura de estudos que avaliaram uma possivel
associacao entre a VFC e os processos de desidratacdo em atletas amadores de
Muay Thai, torna-se fundamental a avaliacdo dessa correlagcdo. Em vista da crescente
busca pela pratica do Muay Thai nas academias, torna-se de suma importancia a
avaliacdo do equilibrio simpatico-vagal, da composi¢cao corporal e da avaliacdo da
capacidade fisica desses praticantes. Nesse sentido, a avaliagdo da carga de

treinamento é importante no esporte do Muay Thai, ajudando a garantir que 0s



27

lutadores estejam se preparando de forma adequada para competir e evitando
sobrecarga e lesdes.

Esta avaliacdo da carga de treinamento permite que os treinadores e atletas
possam monitorar o volume, intensidade e duracao do treinamento, e fazer ajustes
conforme necessario. Isso pode incluir o aumento ou a diminuicdo do namero de
sessoOes de treinamento, 0 aumento ou a diminuicdo da intensidade do treinamento e,

ainda, o adicionamento ou a remocéao de exercicios especificos do treinamento.

1.5.2. Relevancia para a Agenda de Prioridades do Ministério da

Saude

O Muay Thai € uma modalidade esportiva que oferece beneficios tais como a
melhora da saude fisica, pois o treinamento de Muay Thai € uma forma eficaz de
exercicio aerobio que pode ajudar a melhorar a saude cardiovascular e respiratoria,
além de fortalecer os musculos e aumentar a densidade mineral 6ssea.

Diante disto este trabalho se encaixa no eixo 5 da agenda de prioridades do
ministério da saude, prevencédo das doencas crénicas nao transmissiveis. No item 5.2
Avaliacdo da efetividade de estratégias de tratamento ndo farmacolégico da

obesidade na atencédo basica.

1.5.3. Relevancia para o Desenvolvimento Sustentavel

Dentre os 17 Objetivos de Desenvolvimento Sustentavel (ODS), destaca-se
aguele voltado a Saude e Bem-Estar o ODS 3. Nesse cenario, 0 Muay Thai pode
contribuir para o desenvolvimento sustentavel com a promocédo de um estilo de vida
ativo. O Muay Thai incentiva as pessoas a se manterem fisicamente ativas, o que
pode contribuir para uma vida saudavel e reduzir o risco de doencas crénicas. Além
do mais, o treinamento de Muay Thai pode promover o desenvolvimento comunitario,

ajudando as pessoas a construir lacos sociais e promover a inclusao social.
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1.6. Objetivos

1.6.1 Geral

Verificar a relagcéo entre os indicadores de hidratacéo, os parametros da VFC
e o desempenho no frequency speed kick test (FSKT) em praticantes de Muay

Thai durante o periodo de treinamento de 8 semanas.

1.6.2 Especificos

1.7.

Analisar os valores de dgua corporal e massa corporal total de atletas de Muay
Thai.

Avaliar os valores da VFC no dominio do tempo e da frequéncia de atletas de
Muay Thai.

Correlacionar os valores dos indicadores de hidratagdo com os parametros da
VFC no dominio do tempo e da frequéncia.

Hipoteses

HO: Ndo ha associacdo entre os indicadores de composi¢cao corporal, 0s
parametros da VFC e o desempenho no FSKT de atletas amadores de Muay
Thai.

H1: Ha associacdo entre os indicadores de composicdo corporal, 0s
parametros da variabilidade da frequéncia cardiaca e o desempenho no FSKT

de atletas amadores de Muay Thai.
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2. Participantes e Méetodos

2.1. Aspectos éticos

O protocolo experimental foi submetido e aprovado pelo Comité de Etica em
Pesquisa (CEP) do Centro Universitario Augusto Motta (UNISUAM), antes da
execugcdo do estudo, em consonancia com a Resolugdo 466/2012 do Conselho
Nacional de Saude (CNS). Todos o0s participantes assinaram um termo de
consentimento livre e esclarecido (TCLE) (Apéndice 1), ap6s serem informados sobre
a natureza do estudo e o protocolo a ser realizado. Previamente foram estabelecidos
0S seguintes itens:

. BENEFICIOS E RISCOS: Os beneficios da colaboracio dos
participantes na pesquisa seréo a divulgacéo dos dados a ele com fins cientificos e/ou
educativos e, além do mais, pode-se destacar a possivel melhora da performance. Ha
riscos, incluindo: risco de lesdes, visto que os atletas podem se machucar durante os
testes fisicos realizados neste estudo, como o FSKT; e desconforto fisico ou
psicoldgico, pois alguns atletas podem se sentir desconfortaveis ou emocionalmente
estressados durante a avaliagcado da VFC e dos indicadores de desidratacéo.

. CRITERIOS PARA SUSPENSAQ: Essa pesquisa sera suspensa caso
se perceba algum risco ou dano a saude dos participantes ndo previsto no projeto
e/ou termo de consentimento ou caso seja solicitada, por qualguer motivo, a
suspensao pelo CEP da UNISUAM.

. PREVISAO DE RESSARCIMENTO DE DESPESAS, INDENIZAQAO E
ACOMPANHAMENTO E ASSISTENCIA AOS ENTREVISTADOS CASO SE FACA
NECESSARIO: O participante ndo tera despesas pessoais em qualquer fase do
estudo, nem compensacao financeira relacionada a sua participacdo. Em caso de
dano pessoal diretamente causado pelo procedimento proposto neste estudo, o
participante tera direito a tratamento clinico e/ou psicolégico, bem como as
indenizacdes legalmente estabelecidas. No entanto, caso tenha qualquer despesa
decorrente da participacao na pesquisa, havera ressarcimento mediante depdsito em

conta-corrente ou cheque ou dinheiro. De igual maneira, caso ocorra algum dano
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decorrente da participacdo no estudo, o participante sera devidamente indenizado,
conforme determina a lei

Os itens obrigatorios para apreciacdo do CEP encontram-se identificados no
Checklist Etico Preliminar (Anexo 1) e a declara¢do de anuéncia encontra-se como
Anexo 2. O estudo foi aprovado pelo CEP-UNISUAM, via Plataforma Brasil
(https://plataformabrasil.saude.gov.br) antes da execucao do estudo, em consonancia
com a resolucdo 466/2012! sob o CAAE-76445923.3.0000.5235 (Anexo 3).

2.1.1. Uso de modelos generativos em redacao cientifica

Durante a elaboracgéo deste trabalho, o autor ndo utilizou modelos generativos

para escrita cientifica.

2.1.2. Delineamento do estudo

Trata-se de um ensaio clinico ndo controlado, experimental e prospectivo.

2.1.3. Local derealizacéo do estudo

O presente estudo foi realizado na Academia AAZIZ, localizada na cidade de

Curitiba (Endereco: Rua Eduardo Pinto da Rocha, nimero 600, Sitio Cercado, Parana.

2.1.4. Pré-registro do protocolo

Este estudo foi registrado no site Clinicaltrials.gov com o ID NCT06338501

2.1.5. Envolvimento de Pacientes e do Publico

Os atletas do estudo foram recrutados apés avaliagdo com a comissao técnica,
sendo encaminhados para os testes de desempenho e analise de performance. Eles

foram recepcionados pelos pesquisadores e informados sobre todos os

1 https://conselho.saude.gov.br/resolucoes/2012/Reso466.pdf
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procedimentos e avaliacOes a serem realizados. O treinamento de Muay Thai impacta
significativamente na capacidade fisica e na recuperacao dos atletas. Dessa forma,
todos os testes refletiram diretamente as demandas e limitacdes que essa modalidade
impbe no alto rendimento. Os achados deste trabalho podem contribuir para
conscientizar atletas e treinadores sobre a importancia da avaliagcéo fisica detalhada
e do monitoramento da carga de treino. Além disso, os resultados reforcam a
necessidade de abordagens que considerem as caracteristicas individuais dos

lutadores, promovendo estratégias de treinamento mais eficazes e personalizadas.

2.2. Amostra

2.2.1. Local de recrutamento do estudo

O recrutramento foi realizado na Academia AAZIZ, localizada na cidade de

Curitiba (Endereco: Rua Eduardo Pinto da Rocha, numero 600, Sitio Cercado, Parana.

2.2.2. Critérios de inclusao

1. Atletas amadores de Muay Thai da cidade de Curitiba e regiao
metropolitana, com idade = 18 anos do sexo masculino.

2. Atletas amadores de Muay Thai durante um periodo minimo de 6 meses.

2.2.3. Critérios de exclusao

1. Hipertensdao arterial ndo controlada.
2. Incapacidade para realizar testes de performance

3. Interrupcéo de qualquer teste de forma espontanea

2.2.4. Equidade, diversidade e inclusao

O Muay Thai é praticado por atletas de diferentes idades, géneros, niveis de

experiéncia e condicbes socioecondmicas, sendo especialmente desafiador para
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aqueles com menor acesso a recursos de treinamento e suporte técnico
especializado. Por isso, tivemos todo o cuidado ao conduzir as avaliagcdes, garantindo
que os protocolos fossem acessiveis e adaptados as particularidades de cada atleta.
Essa pesquisa visa reduzir desigualdades no acesso a metodologias de preparacéo
fisica e performance, beneficiando lutadores de diferentes contextos e ampliando a

aplicacao de estratégias baseadas em evidéncias para o desenvolvimento esportivo.

2.3. Procedimentos/Metodologia proposta

2.3.1. Avaliacgao clinica

Os atletas inicialmente preencheram o TCLE. Em seguida, foram coletados os
dados demograficos e os dados clinicos. Os participantes também foram pesados e
medidos, utilizando a balanca 104A (Welmy, Sao Paulo, Brasil) para ser realizado o

calculo de indice de massa corporal (IMC), que consiste em massa corporal/estatura2.

2.3.2. Avaliacdo da performance com o Frequency Speed of Kick
Test

A perfomance foi avaliada por meio da realizagdo do FSKT, proposto por Villani
et al. (2007) e posteriormente utilizado por Del Vecchio & Palermo Jr. (2007) e Antunez
et al. (2012). Nesse teste, o atleta se posiciona a uma distancia de 90 cm do “saco de
pancadas” e, apos o sinal de inicio do teste, o atleta aplica a técnica denominada
bandal tchagui alternadamente (Figura 1) por 10 segundos, na maior velocidade e
poténcia possivel (ESTEVES et al., 2006). Durante a aplicacdo do teste, € registrado
0 numero de golpes aplicados. Para a realizacdo do FSKT, sera solicitado ao atleta
gue se posicione diante do suporte equipado com um tronco de treinamento (boneco
de boxe). Entédo, o avaliador emite um sinal de comando e o atleta inicia a execuc¢ao

dos chutes, os quais sao alternados entre as pernas direita e esquerda.
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Figura 1. Atleta desferindo o golpe Bandal tchagui alternadamente (ESTEVES
et al., 2006).

O FSKT muiltiplo foi calculado da seguinte forma: cada atleta realizou cinco
FSKT de 10 segundos com igual tempo de intervalo de descanso entre as repeticoes.
As variaveis utilizadas foram as seguintes: numero total em cada série; numero total
de chutes em cinco séries; e indice de fadiga de chutes.

A diminuicdo de desempenho durante o teste foi avaliada através do indice de
fadiga de chute. Seu célculo considera o nimero de chutes aplicados durante o FSKT

multiplo e o indice de fadiga de chute sera calculado através da seguinte equacao:

. _ Melhor Chute-Pior Chute
Indice de fadiga% = ( )x

Melhor Chute

Apés um intervalo de 1 min, o atleta reiniciou o teste FSKT-multi que consiste
em 5 séries de 10 s com 10 s de recuperacdo. Para cada série de 10 segundos, foram
contabilizado o nimero de chutes, bem como o total de chutes acumulado para avaliar

o indice de fadiga do atleta.
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2.3.3. Avaliacédo de Composicao Corporal por bioimpedancia

Foi empregado o método de avaliacdo por bioimpedéancia (BIA), utilizando-se o
aparelho BIA tetra polar de corpo inteiro (Body Fat Analyser BF 906 — Maltron, Reino
Unido) com frequéncia elétrica de 50 kHz. Para a realizacdo desse procedimento, foi
solicitado ao atleta retirar todos os objetos metélicos que estiver portando, tais como
brincos, pulseiras, reldgio, piercings, dentre outros. Na sequéncia, o atleta era
posicionado deitado em decubito dorsal para a colocacao de quatro eletrodos no lado
direito, sendo dois eletrodos detectores, anexados em linha entre 0s processos
estiloide radial e ulnar no dorso do punho e na linha entre os maléolos medial e lateral
no dorso do pé. Outros dois eletrodos fonte foram colocados sobrepondo a cabeca do
terceiro metacarpo no dorso da méao e o terceiro metatarso no dorso do pé (Micheli et
al., 2014).

Foi necessério que realizasse um jejum de 4 horas pré-teste, evitar exercicios

fisicos 12 horas antes do teste e ndo usar 6leos e lo¢cbes sobre a pele.

2.3.4. Protocolo de treinamento e nutricional

Foi montado um protocolo de treinamento padrdo de duracdo de 8 semanas e
um protocolo de treinamento especifico de condicionamento e forca com base nas
especificidades do esporte, seguindo ajustes como controle da carga e do intervalo
inter-séries com 3 dias do método fullbody, combinando exercicios especificos das
lutas com exercicios funcionais (Dias et al., 2017). O treino pode ser observado no
Apéndice 1.

Os protocolos nutricionais para atletas de Muay Thai foram baseados nas
necessidades individuais de cada atleta. No entanto, algumas caracteristicas gerais
incluem a dieta. Esta deve ser baseada numa variedade de alimentos saudaveis,
como frutas, vegetais, cereais integrais, proteinas magras e gorduras saudaveis,
segundo a piramide alimentar. Recomendou-se consumir agua suficiente. Nesse
sentido, foi realizada uma orientacdo nutricional pré-protocolo sobre os ajustes
nutricionais que os atletas deveriam realizar, assim como um rastreamento metabdlico

pré e pdés-treinamento, conforme Apéndice 2 (Zimmermann et al., 2019).
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Os patrticipantes foram avaliados antes e apds um programa de treinamento de
oito semanas, realizado trés vezes por semana. As avaliacdes incluirdo a
quantificacdo da variabilidade da frequéncia cardiaca (VFC) em repouso, o FSKT além
disso, a bioimpedancia foi medida para avaliar a composicdo corporal dos

participantes pré e pés treinamento

2.3.5. Andlise de indices de variabilidade da frequéncia cardiaca

Para o registro e analise da VFC, foi utilizado o cardiofrequéncimetro polar
V800 (Polar Elgectro Oy, Kempele, Finlandia), sendo sua tira elastica fixada de acordo
com as instru¢ées do manual do fabricante, no térax da participante, de modo que
possa se aderir a pele para a correta obtencéo dos dados. A VFC foi analisada durante
todo periodo antes e durante o FSKT. Os intervalos R-R captados pelo
cardiofrequencimetro serdo exportados para o software Kubios HRV (versao 2.0.,
Biomedical Signal Analysis Group, Kuopio, Finlandia) para o calculo dos indices de
VFC através das medidas em dominio de tempo, dominio de frequéncia e utilizacéo
do gréafico de andlise nado linear de Poincaré. As medidas na analise do dominio de
tempo foram as seguintes: média dos intervalos RR; frequéncia cardiaca (FC)
maxima; SDNN, que representa a atividade autonémica global; RMSSD, que
representa a modulacéo vagal; pNN50, que também representa a modulacédo vagal; e
a variabilidade dos intervalos R-R (TINN), que representa a atividade autondémica
global. As medidas na andlise do dominio de frequéncia foram as seguintes: poténcia
total (ms?), que é a poténcia no espectro da FC entre 0,003-0,40 Hz; esta é
especificada como LF (medida entre 0,04 e 0,15 Hz) que é um marcador
predominantemente de atividade simpatica e HF (medida entre 0,16 e 0,4 Hz) que é
um marcador de atividade parassimpética; razdo LF/HF, que representa o equilibrio
simpatico-vagal onde um alto valor dessa razdo indica dominancia simpéatica do
impulso autonémico cardiaco. Foi avaliado o grafico de Poincaré que gera medidas
nao lineares, conforme segue: SD1, que descreve a variabilidade de curto prazo
(representa modulacao parassimpatica); SD2, que descreve a variabilidade de longo
prazo (representa a atividade autonémica cardiaca global); razdo SD2/SD1; e ApEn,
gue indica a complexidade do SNA. O registro e as analises foram feitos conforme

descritos pela Task Force of the European Society of Cardiology and the North
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of Pacing and Electrophysiology (1996).

Todos estes indices podem ser observados no Quadro 7.

Quadro 7 — indices da variabilidade da frequéncia cardiaca.

BPM

5

>

N3ao possui

=

X

=

% e Ms
% e Ms
% e Ms

=

=

5

2.4. Desfechos

N

Maximo de batimentos por minuto.
Média de todos os intervalos RR normais.

Desvio-padrado de todos os intervalos RR normais.

Entropia aproximada, que mede a regularidade e complexidade
de uma série temporal.

Raiz quadrada das diferencas sucessivas entre os intervalos RR
normais adjacentes ao quadrado.

Percentual de intervalos RR normais que diferem mais que 50
ms de seu adjacente.

Interpolagdo triangular do histograma de intervalo NN,
expressando a variabilidade global dos intervalos RR.

Faixa de baixa frequéncia.

Faixa de alta frequéncia.

Razdo entre faixa de baixa frequéncia e faixa de alta frequéncia.

Desvio padrdo do grafico de Poincaré perpendicular a linha de
identidade.

Desvio padrdao do grafico de Poincaré ao longo da linha de
identidade.

Razdo entre SD1 e SD2

4.1. Desfecho primario

Mensuracéo da VFC obtida durante o protocolo FSKT, pré e pds-treinamento

de 8 semanas especifico de condicionamento e for¢ca para o Muay Thai e intervencéo

nutricional.
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2.4.2. Desfecho secundario

Com base nos resultados obtidos por meio do teste de analise de BIA, foi
investigada a existéncia de correlagdes potencialmente significativas entre essas
medicdes e a atividade do sistema nervoso autdnomo, especificamente a regulacéo

simpético-vagal, avaliada por meio da analise da VFC.

2.5. Analise dos dados

2.5.1. Tamanho amostral

O célculo do tamanho da amostra foi realizado no software MedCalc 8.2
(MedCalc Software Mariakerke, Bélgica). Uma vez que o desfecho principal foi a
associagao entre o comportamento simpatico-vagal e o resultado do FSKT, o tamanho
da amostra foi calculado com o objetivo de alcancar uma correlacdo de pelo menos
0,4. Com uma anélise bidirecional aceitando alfa de 0,05 e beta de 0,20, o tamanho

estimado da amostra sera de 36 individuos.

2.5.2. Variaveis do estudo

e Variaveis de controle Idade; género; peso; altura; IMC; controle na ingesta de
agua e controle alimentar.

e Varidveis de exposicdo: Tempo total do FSKT, recomendac¢édo nutricional
treinamento especifico para a modalidade.

e Varidveis de confusdo: Medidas obtidas através da mensuracdo da VFC
durante o FSKT.

2.5.3. Plano de analise estatistica

A andlise estatistica foi realizada utilizando o software SPSS versdo 26 (IBM
Corp., Armonk, NY, EUA). A distribuicdo dos dados foi verificada por meio do teste de
Shapiro-Wilk e anélise grafica dos histogramas. A analise descritiva foi apresentada
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em formato tabular, expressando os dados observados por medidas de tendéncia
central e dispersao apropriadas para variaveis numéricas.

A variacao entre os dois momentos (antes e durante o FSKT) foi avaliada pelo
teste de Wilcoxon para postos sinalizados. Além da significancia binéria, a magnitude
e relevancia dos resultados foram analisadas por outros métodos estatisticos. Assim,
os tamanhos de efeito foram calculados utilizando o d de Cohen, com as seguintes
interpretagfes para individuos altamente treinados: <0,25 = trivial, 0,25-0,50 =
pequeno, 0,50-1,0 = moderado, >1,0 = grande.

Para testar a forca das associacdes entre FSKT-10s, KFI, BIA e VFC antes do
FSKT-10s, foram utilizadas a correlacdo de Spearman (rs) e o coeficiente de
determinacdo (R?) com seus respectivos intervalos de confiangca (IC) de 95%. O
calculo do IC para o coeficiente de correlagdo de Spearman foi realizado por meio da
transformacdo de Fisher. Os pontos de corte do rs foram definidos como 0,1
(pequeno), 0,3 (moderado), 0,5 (grande), 0,7 (muito grande) e 0,9 (quase perfeito).

O nivel de significancia adotado foi de 5%. Com base em um erro tipo | a priori
de a = 0,05 (bicaudal), a analise de poder estatistico indicou que efeitos significativos
foram detectados nas comparacdes entre os parametros de VFC obtidos antes e
durante o FSKT-10s. O poder estatistico variou entre 91% e 98%, confirmando que o

tamanho amostral foi adequado para a obtencéo de resultados significativos.

2.5.4. Disponibilidade e acesso aos dados

Os resultados serdo divulgados em meio cientifico sem identificacdo do
participante. Os dados da pesquisa séo de inteira responsabilidade do pesquisador e
0 mesmo garante preservar os dados coletados em formato fisico e digital por 5 anos
apos o término da pesquisa. Os dados do presente estudo estardo disponiveis através
de um repositério de dados universal, além da biblioteca virtual e banco de dados da
UNISUAM.

2.5.5. Adequacéo a Lei Geral de Protecao de Dados

A presente Tese esta em consonancia com os principios e normas da Lei Geral
de Protecédo de Dados Pessoais (LGPD), Lei n°® 13.709/2018.
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2.6. Financiamento

Este estudo é financiado pela Fundacdo Carlos Chagas Filho de Apoio a
Pesquisa do Estado do Rio de Janeiro (FAPERJ, No. E-26/211.104/2021) e pela
Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior - Brasil (CAPES) -
Cddigo Financeiro 001, No. 88881.708719/2022-01, e No. 88887.708718/2022-00).

Quadro 1: Apoio financeiro.

Tipo de

CNPJ Nome _Apoio. E-mail Telefone
financeir

(0]

00889834/0001-08 CAPES Bolsa prosup@capes.gov.br (061) 2022-6250

Auxilio a
33.654.831/0001-36 CNPq ) atendimento@cnpaq.br (61) 3211 4000
pesquisa

Auxilio a central.atendimento@faperj.br

30.495.394/0001-67 | FAPERJ _ (21) 2333-2001
pesquisa

2.7. Orcamento

Quadro 2: Detalhamento do orgamento.

Identificacdo do

e Quantidade Tipo Valor

Relégio Polar V800 01 Material permanente R$ 1000,00

Bioimpedancia Maltron .

BF 906 01 Material permanente R$ 3000,00

Eletrodos 04 Material permanente R$ 150,00
iof . .

Cardiofrequencimetro 03 Material permanente R$ 1000,00

H10


mailto:prosup@capes.gov.br
mailto:atendimento@cnpq.br
mailto:central.atendimento@faperj.br
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Papel A4 500 folhas 01 Custeio R$ 100,00
Cartucho para | 02 Custeio R$ 250,00
Impressora
Publicacéo | 1 Custeio R$ 11.560,00
Total R$ 17.010,00
2.8. Cronograma
Quadro 3: Cronograma de execucao.
ETAPA INICIO FIM
Elaboragéo do projeto de pesquisa Agosto/23 Fev/24
©
g Exame de Qualificagéao Fev/24 Fev/24
§ Apreciacdo do Comité de Etica em Pesquisa Dez/23 Jan/24
% Registro do protocolo de pesquisa Jan/24 Jan/24
©
e Elaboragéo de manuscrito (protocolo e/ou Abril/24 Abril/24
(D)
=) revisao)
o — .
Submisséo de manuscrito
Treinamento dos procedimentos e/ou estudo Jan/24 Fev/24
m -
_cgs piloto
a Coleta e tabulacédo de dados Fev/24 Ago/24
(5]
= Andlise dos dados Out/24 Out/24
% Elaboracdo de manuscrito Out/24 Nov/24
© Depésito do banco de dados em repositorio - -
Submissao de relatério para o Comité de - -
'§ Etica
= Elaboragéo do trabalho de concluséo Out/24 Nov/24
ne_ Exame de Defesa Marco/25 | Abril/25
Submissao de manuscrito (resultados) Dez/24 Dez/24
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Elaboracédo de midias para disseminacgao

Dez/24

Dez/24

Entrega da verséo final do trabalho de

conclusao

Abril/2025

Maio/25
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Apéndice 1 — Termo de Consentimento Livre e

Esclarecido

Avaliacdo da variabilidade da frequéncia cardiaca, performance e desidratacao
em atletas de Muay Thai: Ensaio clinico

(Resolucéo n°466, de 10 de dezembro de 2012. Conselho Nacional de Saude)
Breve justificativa e objetivos da pesquisa: A justificativa para este trabalho é
demonstrar a relevancia e a urgéncia de investigar a relacéo entre os indicadores de
desidratacdo, os parametros da variabilidade da frequéncia cardiaca (VFC) e o
desempenho no frequency speed kick test (FSKT) em atletas de Muay Thai. A
desidratacdo é um problema comum em atletas, que pode afetar negativamente o
desempenho fisico e cognitivo, além de influenciar a regulacdo da frequéncia
cardiaca, um indicador significativo da saude cardiovascular. O FSKT é amplamente
utilizado em esportes de luta, como o Muay Thai, para avaliar a capacidade dos atletas
em realizar movimentos rapidos e precisos. Por isso, compreender a relagdo entre 0s
indicadores de desidratacdo, os parametros da VFC e o desempenho no FSKT é
fundamental em atletas de Muay Thai. Além disso, a andlise dos valores de agua
corporal e massa corporal total, bem como a avaliacao dos valores da VFC no dominio
do tempo e da frequéncia, pode fornecer informacdes valiosas sobre a hidratacéo e a
saude cardiovascular desses atletas. O entendimento dessas relagdes pode contribuir
para o desenvolvimento de estratégias para melhorar o desempenho e a hidratacéo
dos atletas de Muay Thai, além de fornecer informacdes relevantes para outros
esportes de luta e atividades fisicas intensas.Assim, 0 objetivo desta pesquisa é
verificar a relacdo entre os indicadores de hidratacdo, os parametros da VFC e o
desempenho no FSKT em praticantes de Muay Thai durante o periodo de treinamento
de 8 semanas.
Procedimentos desta pesquisa: Vocé sera avaliado antes e apds um programa de
treinamento de 8 semanas, realizado 3 vezes por semana. As avaliacfes incluirdo a
medicdo do sistema nervoso em repouso e o teste fisico de chute; além disso, a
bioimpedancia ser4d medida para avaliar a sua composi¢cdo corporal pré e pés
treinamento.
Potenciais riscos e beneficios: Dos beneficios, pode-se destacar a possivel melhora
da sua performance. Risco de lesdes: os atletas podem se machucar durante os testes
fisicos realizados neste estudo, como o FSKT. Desconforto fisico ou psicologico:
alguns atletas podem se sentir desconfortdveis ou emocionalmente estressados
durante a avaliacdo da VFC e dos indicadores de desidratacdo. Essa pesquisa sera
suspensa caso se perceba algum risco ou dano a sua saude ndo previsto nesse termo
de consentimento ou caso seja solicitada, por qualquer motivo, a suspenséo pelo
comité de ética em pesquisa que a aprovou.
Garantia de sigilo, privacidade, anonimato e acesso: Sua privacidade sera
respeitada, ou seja, seu nome ou qualquer outro dado ou elemento que possa de

Participante ou seu responsavel legal Responsavel por obter o consentimento

Comité de Etica em Pesquisa: Rua Dona Isabel 94, Bonsucesso, Rio de Janeiro, RJ,
(21) 3882-9797 ramal 2015, e-mail: comitedeetica@unisuam.edu.br
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qualquer forma Ihe identificar, serdo mantidos em sigilo. Sera garantido o anonimato
e sua privacidade. Caso haja interesse, 0 senhor (a) ter4 acesso aos resultados do
estudo.

Garantia de esclarecimento: E assegurada a assisténcia durante toda pesquisa,
bem como a garantia do seu livre acesso a todas as informacdes e esclarecimentos
adicionais sobre o estudo e suas consequéncias.

Garantiade responsabilidade e divulgacéo: Os resultados dos exames e dos dados
da pesquisa serdo de responsabilidade do pesquisador, e esses resultados serao
divulgados em meio cientifico sem citar qualquer forma que possa identificar o seu
nome.

Garantia de ressarcimento de despesas: Vocé nado terd despesas pessoais em
qualquer fase do estudo, nem compensacao financeira relacionada a sua participacgao.
Em caso de dano pessoal diretamente causado pelos procedimentos propostos neste
estudo, tera direito a tratamento médico, bem como as indenizacdes legalmente
estabelecidas. No entanto, caso tenha qualquer despesa decorrente da participacao
na pesquisa, havera ressarcimento mediante depdsito em conta-corrente ou cheque
ou dinheiro. De igual maneira, caso ocorra algum dano decorrente da sua participacao
no estudo, vocé sera devidamente indenizado, conforme determina a lei.

Sobre a recusa em participar: Caso queira, o senhor (a) podera se recusar a
participar do estudo, ou retirar seu consentimento a qualguer momento, sem precisar
justificar-se, ndo sofrendo qualquer prejuizo a assisténcia que recebe.

Contato do pesquisador responsavel e do comité de ética: Em qualquer etapa do
estudo vocé podera ter acesso ao profissional responsavel, Antonio Beira de Andrade
Junior, que pode ser encontrada no telefone (41)99735-7895 e e-mail:
antoniobeira96@gmail.com. Se tiver alguma consideracao ou duvida sobre a ética da
pesquisa, podera entrar em contato com o Comité de Etica em Pesquisa (CEP): Praca
das Nagdes, n° 34 - Bonsucesso, Rio de Janeiro - RJ, Tel.: (21) 3882-9797 - ramal:
2015; e-mail: comitedeetica@unisuam.edu.br.

Se este termo for suficientemente claro para lhe passar todas as informacdes sobre o
estudo e se o0 senhor (a) compreender os propositos do mesmo, 0s procedimentos a
serem realizados, seus desconfortos e riscos, as garantias de confidencialidade e de
esclarecimentos permanentes. Vocé podera declarar seu livre consentimento em
participar, estando totalmente ciente das propostas do estudo. Uma cépia desse
documento sera entregue a vVocé.

Curitiba, de de

Nome e assinatura do participante

Nome e assinatura do responsavel por obter o consentimento

Participante ou seu responsavel legal Responsavel por obter o consentimento

Comité de Etica em Pesquisa: Rua Dona Isabel 94, Bonsucesso, Rio de Janeiro, RJ,
(21) 3882-9797 ramal 2015, e-mail: comitedeetica@unisuam.edu.br
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Apéndice 2 — Protocolo de treinamento experimental
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Apéndice 3 — Sugestao nutricional

Café da Manha:
e Aveia com frutas frescas (como morangos, banana)
« Uma omelete de claras de ovo com espinafre e tomate.
« Um copo de suco de laranja natural.
Lanche da Manha:
e Um punhado de nozes ou améndoas.
e Uma fruta, como uma magéa ou uma pera.
Almocgo:
« Peito de frango grelhado com uma por¢ao de Arroz Branco.
e Legumes cozidos no vapor (brocolis, cenoura e couve-flor).
« Uma salada com folhas verdes, tomate e abacate, temperada com azeite de
oliva e lim&o.
Lanche da Tarde:
e Um punhado de castanhas-do-para.
Jantar:
e Arroz branco
o Um pequeno punhado de arroz integral.
Lanche Noturno (opcional, se necessario):

e Um copo de leite integral ou um iogurte natural.
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Anexo 1 — Checklist Etico Preliminar (CEPIist)

A Lista de Itens para o Comité de Etica em Pesquisa (CEPIist) foi elaborada

com base na Resolucédo do Conselho Nacional de Saude No. 466 de 12 de dezembro

de 2012 com o objetivo de melhorar a qualidade das informac¢des dos Protocolos de
Pesquisa envolvendo seres humanos que sao submetidos a apreciacao pelo sistema

CEP/CONEP.

A CEPIlist é preenchida pelo pesquisador principal do projeto antes de sua
submissdo para ser anexada na Plataforma Brasil como “Outros” documentos. O
pesquisador preencherd o nimero da pagina onde consta a referida informacao. Caso
o item nao se aplique, devera ser preenchido com “NA”.

a) Documentos obrigatérios Paginas
a.l.Termos a) Termo de Anuéncia da instituicdo P&g. 55
proponente redigido em papel timbrado,
datado e assinado por representante
b) Termo(s) de Anuéncia da(s) instituicdo(des) | NA
coparticipante(s) redigido(s) em papel
timbrado, datado(s) e assinado(s) por
representante
a) Termo de Consentimento Livre e Apéndice 1
Esclarecido / Pag. 88
b) Termo de Assentimento Livre e Esclarecido | Pag. 48
c) Termo de Autorizacéo para Uso de Dados NA
secundarios
a.2.Cronograma | a) Cronograma detalhado quanto as etapas do | Pag.41
projeto de pesquisa
a.3.0rcamento a) Orcamento detalhado quanto a aplicacéo Pag.40
dos recursos
b) Citacdo do(s) patrocinador(es) da pesquisa | NA
a.4.Declaragbes | a) Declaracéo de Instituicéo e Infraestrutura NA
redigido em papel timbrado, datado e
assinado por representante
b) Declaracdo de Pesquisadores Pag 64 e
82
c) Declaracdo de Patrocinador NA
a.5. Dispensa a) Justificativa para dispensa do Termo NA
solicitada pelo pesquisador responsavel ao
Sistema CEP/CONEP
b) Projeto de pesquisa (PP) Paginas
b.1.Introducao a) Fundamentacdo em fatos cientificos, P&4g. 18 a
experimentacao prévia e/ou pressupostos 26
adequados a area especifica da pesquisa
b.2. Materiais e a) Métodos adequados para responder as Pag. 30 a
Métodos guestdes estudadas, especificando-os, seja | 37



http://conselho.saude.gov.br/resolucoes/2012/Reso466.pdf
http://conselho.saude.gov.br/resolucoes/2012/Reso466.pdf
http://plataformabrasil.saude.gov.br/
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a pesquisa qualitativa, quantitativa ou quali-

guantitativa
b) Calculo e/ou justificativa do tamanho da Pag. 38
amostra
c) Critérios de incluséo e exclusdo bem Péag. 32
definidos
d) Procedimento detalhado de recrutamento Pég.31
dos participantes
e) Local(is) de realizacéo da(s) etapa(s) da P&g.32
pesquisa
f) Periodos de wash-out ou uso de placebo NA
justificados e com andlise critica de risco
g) Explicacao detalhada e justificada dos NA
exames e testes que serao realizados
h) Manutencao dos dados da pesquisa em P&g.39
arquivo, fisico ou digital, sob guarda e
responsabilidade do pesquisador principal,
por 5 anos apds o término da pesquisa
i) Critérios detalhados para suspender e NA
encerrar a pesquisa
b.3.Apéndices e |a) Questionario(s) para coleta de dados NA
Anexos
c) Termo de Consentimento Livre e Esclarecido (TCLE) Paginas
c.1l. Informacdes | a) Titulo do projeto abaixo do titulo do Termo Apéndice 1
Obrigatdrias / Pag. 48
b) Informagdes prestadas em linguagem clara | Apéndice 1
e acessivel ao participante / Pag. 48
c) Justificativa e os objetivos claros e bem Apéndice 1
definidos / Pag. 48
d) Procedimentos e métodos detalhados a Apéndice 1
serem utilizados na pesquisa / Pag. 48 a
49
e) Possibilidade de incluséo (sorteio) em grupo | NA
controle ou experimental
f) Possiveis desconfortos e riscos decorrentes | Apéndice 1
da participacdo na pesquisa / Pag. 48
g) Possiveis beneficios decorrentes da Apéndice 1
participacdo na pesquisa / Pag. 48
h) Providéncias e cautelas a serem Apéndice 1
empregadas para evitar e/ou reduzir efeitos | / Pag. 48
e condicOes adversas que possam causar
dano
i) Formas de acompanhamento e assisténcia | Apéndice 1
a que terao direito os participantes da | Pag. 48

pesquisa para atender complicacdes e
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danos decorrentes, direta ou indiretamente,
da pesquisa

j) Garantia de plena liberdade ao participante | Apéndice 1
da pesquisa, de recusar-se a participar ou | Pag. 48
retirar seu consentimento, em qualquer fase
da pesquisa, sem penalizacdo
k) Garantia de manutencao do sigilo e da Apéndice 1
privacidade dos participantes da pesquisa / Pag. 48
durante todas as fases da pesquisa
[) Garantia de que o participante da pesquisa | Apéndice 1
recebera uma via do Termo | Pag. 48
m) Garantia de ressarcimento e como serao Apéndice 1
cobertas as despesas tidas pelos | Pag. 48
participantes da pesquisa e dela decorrentes
n) Explicita a garantia de indenizag&o diante de | Apéndice 1
eventuais danos decorrentes da pesquisa / Pag. 48
0) Esclarecimento sobre a possibilidade de NA
inclusédo do participante em grupo controle
ou placebo, explicitando, claramente, o
significado dessa possibilidade
p) Compromisso de encaminhar os resultados | Apéndice 1
da pesquisa para publicacdo em meio / Pag. 48
cientifico
gq) Declaracdo do pesquisador responsavel que | Apéndice 1
expresse 0 cumprimento das exigéncias da |/ Pag. 48
Resolucdo No. 466/2012
r) Declaracdo do pesquisador responsavel de | Apéndice 1
gue os resultados dos exames e/ou dados | Pag. 48
da pesquisa serdo de responsabilidade dos
pesquisadores
c.2. Pesquisador | a) Consta, em todas as folhas e vias do Termo, | Apéndice 1
0 endereco e contato telefénico ou outro, / Pag. 49
dos responsaveis pela pesquisa
c.3. Comité de a) Consta, em todas as folhas e vias do Termo, | Apéndice 1
Etica 0 endereco e contato telefénico ou outro, do |/ Pag. 49
CEP
c.4. Participante |a) Ha espaco para o nome do participante e/ou | Apéndice 1
responsavel legal e local para sua / Pag. 49
assinatura
d) Termo de Assentimento Livre e Esclarecido (TALE) Paginas
d.1.Apresentagdo | a) Ha termo de consentimento dos NA

responsaveis com anuéncia dos menores de
idade ou legalmente incapazes
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Anexo 2 — Declaracéao de Instituicao Coparticipante

Declaracgao de Instituicao Coparticipante

Curitiba, 2 de Fevereiro de 2024

Declaro estar ciente da coparticipagdo na pesquisa com o titulo "Avaliacdo da
variabilidade da frequéncia cardiaca, performance e desidratagio em atletas de
Muay Thal: Ensaio clinico”, O projeto sera realizado em parcena com a Aaziz
Fight Club LTDA - CNPJ 50.212.958/0001-14.

Pesquisador Principal: Antonio Beira de Andrade Junior
CPF: 061.183.369-70

Telefone: (41)99735-7895 E-mall; antonicbeiraf8@agmail.com
Assinatura:

Instituicdo Proponente: Centro Universitario Augusto Motta/UNISUAM
Grande Area de Conhecimento (CNPQ): Area 4: Ciéncias da Salde
Area predominante: 4.08.00.00-8: Fisioterapia e Terapia Ocupacional
Propdsito Principal do Estudo: Clinico

Instituico Coparticipante: Aaziz Fight Club LTDA

Nome do contato: Paulo de Jesus Cunha

Assinatura:
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Anexo 3 — Parecer Consubstanciado do Comité de

Etica em Pesquisa
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Anexo 4 — Comprovante de submissao do
manuscrito




PARTE Il - PRODUCAO INTELECTUAL
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Contextualizacéo da Producéo
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Quadro 4: Declaragédo de desvios de projeto original.

pesquisa?

Declaracdo dos Autores Sim | Nao
A producéo intelectual contém desvios substantivos do tema

X
proposto no projeto de pesquisa?
Justificativas e Modificacdes
A producédo intelectual contém desvios substantivos do

X
delineamento do projeto de pesquisa?
Justificativas e Modificacbes
A producédo intelectual contém desvios substantivos dos
procedimentos de coleta e analise de dados do projeto de X

Justificativas e Modificacdes

Nenhuma.




Disseminac&o da Producao
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LERTIFICADO S

Certificamos que ANTOMIO BEIRA DE ANDRADE JUNIOR, ELENA MARIE PEIXOTO RUTHES DE ANMDRADE, JOAO
PEDRO LIMA DE ALMEIDA, PATRICIA DOS SANTOS VIGARIO, CESAR ANTONIO LUCHESA, JOAO EDUARDO DE
AZEVEDO VIEIRA, IGOR RAMATHUR TELLES DE JESUS, AGNALDO JOSE LOPES apresentaram o trabalho
“ASSOCIACOES ENTRE DESEMPENHO NO FREQUENCY SPEED KICK TEST, VARIABILIDADE DA FREQUENCIA
CARDIACA E COMPOSICAO CORPORAL EM LUTADORES AMADORES DE MUAY THAI", no
VIII Simpdsio Paradesportivo Carioca, realizado em 18 de setembro de 2024, na UNISUAM, Unidade

Bonsucesso. —
Pl din Aands rmeas RO
FROF PATRICIS VIGARID CLAUDIA DE FREITAS LOPES COSTA
DOCENTE DO PROGRAMA DE POS-GRADUACAD E DIRETORA DE PESQUISA, EXTEMSAD E INOWACAD
CIENCIAS DA REABILITACAD UNISUAM
ACADEMIA PROGRAMA
¢ CADEMIA . FAPERJ CIENCIAS
= e OA REABILITACAL

Apresentacdo de resumo em formato de pbOster no 8° Simpdésio Paradesportivo

Carioca
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Manuscritos Publicado e Submetido

NOTA SOBRE MANUSCRITOS PARA SUBMISSAO

Este arquivo contém manuscrito(s) a ser(em) submetido(s) para publicacao para
revisdo por pares interna. O contetdo possui uma formatacédo preliminar
considerando as instru¢des para os autores do periédico-alvo. A divulgacao do(s)
manuscrito(s) neste documento antes da revisdo por pares permite a leitura e
discusséo sobre as descobertas imediatamente. Entretanto, o(s) manuscrito(s) deste
documento nédo foram finalizados pelos autores; podem conter erros; relatar
informacgdes que ainda néo foram aceitas ou endossadas de qualquer forma pela
comunidade cientifica; e figuras e tabelas poderéo ser revisadas antes da publicacéo
do manuscrito em sua forma final. Qualquer mencao ao contetudo deste(s)
manuscrito(s) deve considerar essas informacdes ao discutir os achados deste
trabalho.
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3.1 Adaptations of the Autonomic Nervous System and

3.1.1

Body Composition After 8 Weeks of Specific Training
and Nutritional Re-Education in Amateur Muay Thai

Fighters: A Clinical Trial

Contribuic&o dos autores do manuscrito para submissao
#1

Iniciais dos autores, em ordem: | ABAJ EMPRA GRS AJL
Concepcao X X X
Métodos X X X X
Programacao
Validacéao X X X X

Andlise formal

Investigacao

Recursos

Manejo dos dados

Redacé&o do rascunho

Revisao e edicéo

X| X| X| X
X
X

Visualizacao

>
X| X| X| X

Supervisao

Administracéo do projeto X

Obtencéao de financiamento X

Contributor Roles Taxonomy (CRediT)?

2 Detalhes dos critérios em: https://doi.org/10.1087/20150211
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Abstract: Background: Considering that the nervous system regulates
cardiac autonomic modulation (CAM) and that low CAM is associated
with poorer performance, it is essential to evaluate the effects of training
to increase parasympathetic modulation in Muay Thai (MT) fighters.
Therefore, the aim of this study was to evaluate the effects of an 8-week
intervention based on strength training and nutritional counseling on
performance, CAM, and nutritional status in amateur MT fighters.
Methods: This is a longitudinal and interventional study in which 22 MT
fighters underwent a strength training program and nutritional protocol.
Before and after the intervention, they underwent the ten-second
frequency speed of kick test (FSKT-10s), multiple frequency speed of kick
test (FSKT-mult), bioimpedance analysis (BIA), and assessment of heart
rate variability. Results: After the intervention, there was an increase in
the number of kicks in both FSKT-10s and FSKT-mult (p = 0.0008 and p =
0.032, respectively). In BIA, there was a significant increase in both fat-free
mass and basal metabolic rate (p = 0.031 and p = 0.020, respectively). After
the intervention, significant increases were observed during the physical
test in the

parasympathetic modulation: square root of the mean squared differences

following variables that denote improvement in
of successive RR intervals (p = 0.005); percentage of adjacent RR intervals
with a difference in duration greater than 50 ms (p =0.002); high frequency
range (p < 0.0001); and standard deviation measuring the dispersion of
points in the plot perpendicular to the line of identity (p = 0.004).
Conclusions: In amateur MT fighters, an intervention with strength
training and nutritional guidance is able to improve CAM through greater
parasympathetic activation. Furthermore, there is an improvement in

performance and body composition after the intervention.

Keywords: Muay Thai; autonomic nervous system; body composition;
intervention
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1. Introduction

The popularity of martial arts in modern times is evident both as a
competitive sport and as a form of exercise and physical conditioning [1].
Using either the entire body or a single fighting tool, such as a sword,
martial arts allow fighters to employ a variety of different types of fighting
techniques [1]. In recent decades, there has been a shift in the standards of
martial arts, moving from negative connotations against violence to a
perception as an activity of self-improvement, physical fitness, recreation,
and logical competition [2]. Among the sports modalities of martial arts is
Muay Thai (MT), which is characterized as a type of fighting that involves
standing strikes with the combined use of fists, elbows, knees, shins, and
feet [3]. MT is associated with good physical preparation, which makes it
a very efficient full-contact fight for aerobic fitness both acutely and after
training [4,5]. As with MT, the importance of training has been
demonstrated in other martial arts. In judo, a specific training program
can increase the ability to support greater weights and power during
fights [6]. In karate, training increases power in the loaded
countermovement jump exercise and maximum repetition strength in the
squat exercise [7]. An important measure of the ability to perform high-
intensity intermittent efforts is the 10 s frequency speed of kick test (FSKT-
10s) and the multiple frequency speed of kick test (FSKT-mult). Although
these tests have not been previously evaluated in MT fighters, they have
been shown to be important performance tools in Taekwondo fighters and
are associated with muscle mass and lower limb performance after
training [8,9].

Heart rate (HR) is a measure of cardiac activity and varies according
to several factors, including age, fitness level, and type of physical activity
[10]. The autonomic nervous system (ANS) has a fundamental function in
cardiac autonomic modulation (CAM), and its performance can be
evaluated by analyzing CAM, which reflects sympathetic or
parasympathetic modulations [11]. Physical activity causes changes in the
nervous system, ranging from stimulation at the central level to the action
of baroreceptors and the reflection of nervous activity in the muscles [10].
A critical factor in promoting CAM benefits is the intensity of training,
which can be achieved through martial arts [12]. Importantly, low CAM
has been associated with poorer performance and the development of
chronic cardiovascular disease and higher prevalence of mortality [13,14].
Indeed, neural adaptations to physical training, as occurs in MT fighters,
may increase resting parasympathetic nervous system (PNS) activation
and decrease sympathetic nervous system (SNS) activation; this increases
cardiovascular fitness, and therefore assessment of heart rate variability
(HRV) in fighters may be of interest in sports medicine [15]. In this sense,
it is important to look at parameters that represent vagal activation when
measuring HRV, such as the square root of the mean squared differences
of consecutive RR intervals (rMSSD), the percentage of adjacent RR
intervals with a difference in duration greater than 50 ms (pNNG50), the
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high frequency range (HF), and the standard deviation measuring the
dispersion of points in the plot perpendicular to the line of identity (SD1).

Martial arts schools not only teach MT fighting techniques, but are
also training centers where practitioners receive nutritional advice under
the supervision of trainers [1]. Indeed, nutrition is an important aspect of
MT as it can affect the performance, recovery, and overall health of
fighters. To this end, it is essential to have a correct intake of not only
fluids, but also carbohydrates, proteins, and fats [16]. In MT, some
nutritional supplements may be useful, such as whey protein, which
promotes muscle recovery/growth, creatine, which increases muscle
strength/endurance, and beta-alanine, which increases endurance and the
ability to train with intensity [17]. In addition to adequate nutritional
status, nutrient intake is important because MT competitors are usually
paired based on key characteristics, including body mass. In this sense,
official weigh-ins are conducted prior to each competition to verify that
the athlete’s body mass is consistent with their chosen weight class [18].
A recent study in mixed martial arts fighters showed difficulty in
achieving adequate nutrient intake by category and recommended that
these fighters receive attention regarding nutritional strategies [19].

It is unclear whether an intervention program based on strength
training and nutritional counseling in MT fighters can provide CAM and
body composition benefits in this population, although physical activity
is essential to improve cardiovascular function. In this sense, the
assessment of CAM by indirect measures, such as HRV, has gained
popularity in the evaluation of martial arts fighters to provide information
on cardiac regulation as well as neural adaptations to training [15].
Therefore, the effects of training in MT fighters to increase HRYV, i.e., to
increase parasympathetic modulation, should be investigated. Similarly,
dietary habits are closely related to physical performance, although there
is a gap in the literature on amateur or professional MT fighters regarding
this aspect [19]. We hypothesized that strength training along with
nutritional guidance can not only improve the performance of MT
fighters, but can also activate the PNS and improve the nutritional profile.
Therefore, the present study aimed to evaluate the effects of an 8-week
strength training and nutritional counseling intervention on performance,
CAM, and nutritional status.

2. Materials and Methods
2.1. Study Design

This was a longitudinal and interventional study. It included the
results of baseline assessment and an intervention study.

2.2. Participants

Between March and November 2024, male amateur Muay Thai
fighters from the AAZIZ Academy, Curitiba, Brazil, were evaluated. The
following inclusion criteria were used: age > 18 years and a minimum
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training period of 24 weeks. The following exclusion criteria were used:
individuals with a history of cardiac arrhythmia or arterial hypertension,
individuals with severe orthopedic disease that prevented them from
practicing martial arts, use of alcohol or drugs, and inability to perform
the performance tests.

The study was approved by the Research Ethics Committee of the
Centro  Universitario Augusto Motta (UNISUAM) (CA-AE-
77325224.4.0000.5235; 14 March 2024). This trial was registered at
ClinicalTrials.gov (NCT06338501, 29 March 2024). Informed consent was
obtained from all subjects enrolled in the study.

2.3. Training Program and Intervention

A standard 8-week training program was performed in conjunction
with a specific conditioning and strength training program based on the
specifics of MT. These programs were performed three times per week
and lasted 90 min. In each training session, the participant performed the
following sequence: (1) stretching for 15 min; (2) warm-up for 10 min; (3)
specific martial arts training for 1 h; and cool-down with stretching for 5
min. The MT training consisted of kicks, knees, punches, evasions, and
defenses. Finally, kicks, knees, and defenses were performed both at rest
and in motion. In this study, load control and interval adjustments
between sets were used with 3 days of the whole body method, combining
combat specific exercises with functional exercises [3,17]. Of note, the
training program of these amateur fighters prior to the intervention
consisted only of MT training, without any type of resistance exercise
beyond the training itself and the physical conditioning performed during
the sessions, such as push-ups, burpees, and jumping rope.

A nutritional protocol based on the individual needs of each
participant was also used. One of the central points of this protocol was
the diet, which should be based on a variety of healthy foods such as
fruits, vegetables, whole grains, lean proteins and healthy fats according
to the food pyramid. In this sense, nutritional guidance was provided on
the nutritional adjustments that the participant should make, as well as
metabolic tracking before and after training [20]. The following dietary
suggestion was given with instructions to eat to satiety: (1) Breakfast:
oatmeal with fresh fruit (e.g., five strawberries or a banana), an egg-white
omelette with spinach and tomato, and a glass of fresh orange juice; (2)
Mid-morning snack: a handful of walnuts or almonds, and a fruit (e.g., an
apple or a pear); (3) Lunch: grilled chicken breast with a serving of white
rice, steamed vegetables (cauliflower, carrots, and pear), and a salad with
green vegetables, tomato and avocado dressed with olive oil and lemon;
(4) Afternoon snack: a handful of Brazil nuts; (5) Dinner: white rice or a
small serving of brown rice; and (6) Evening snack (optional, if needed): a
glass of whole milk or plain yoghurt [21].

No amateur MT fighter consumed any type of supplement, and since
it was only a dietary suggestion, compliance was not monitored. In
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addition, no fighter requested food substitutions, as these foods are
commonly found in Brazilian cuisine [21]. Notably, we asked about the
fighters’ dietary habits before the intervention, and none of them had
previously received dietary advice or reported symptoms of malnutrition.

2.4. Measures
2.4.1. 10 s Frequency Speed of Kick Test (FSKT-10s)

First, the participant stood 90 cm away from the bag. Then the
participant started the FSKT-10s using a technique called bandal tchagui.
After the sound signal, the participant performed as many kicks as
possible, alternating between the right and left leg. The intensity was
controlled by the coach’s instruction to the participant (maximum effort).
The number of blows delivered was recorded in blows per minute [21].

2.4.2. Multiple Frequency Speed of Kick Test (FSKT-Mult)

After a 1-min rest, the participant began the FSKT-mult test. This test
consists of 5 sets of 10 s separated by 10 s of passive recovery. In each 10-
set, the number of kicks was counted and added at the end of the sequence
[22,23]. Performance was determined by the total number of kicks, i.e., the
sum of the number of kicks in each set.

2.4.3. Bioimpedance Analysis (BIA)

Prior to the performance tests, BIA was performed with a whole-
body tetrapolar device (Sanny® BIA 1010, Sao Paulo Brazil) using an
electrical frequency of 50 kHz. Prior to the test, the athlete was instructed
to fast for 4 h and avoid physical activity for 12 h. In addition, the athlete
was asked to remove any metal objects he/she was wearing. The
participant was then placed in the supine position for electrode insertion.
Four disposable electrodes were used: (1) on the hand, just below the third
joint of the middle finger; (2) in the wrist region, between the styloid
processes of the ulna and radius; (3) in the region below the second and
third toes; and (4) on the ankle, in the central region between the lateral
and medial malleoli. Basal metabolic rate (BMR) values were estimates by
BIA [24].

2.4.4. Cardiac Autonomic Modulation (CAM)

HRV measurements were performed between 6 pm and 8 pm to
avoid daily variations. To assess CAM, participants were instructed to eat
only a light meal and not to consume alcohol or stimulants such as coffee,
tea, and chocolate for at least 12 h prior to the assessment so that there
would be no direct influence on CAM at the time of collection. They were
also asked to avoid high-intensity physical exercise for at least 2 h before
the recording session [25]. CAM was assessed using a heart rate monitor
(V800, Polar Electro Oy, Kempele, Finland). Measurements were taken at
rest before the physical test, with the participant lying on a stretcher for
10 min, and during the physical test for 4 min. No warm-up was
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performed before the FSKT test. The RR interval signals were obtained
from the heart rate monitor. These signals were exported to Kubios HRV
software version 3.5 (Biosignal Analysis and Medical Image Group,
Department of Physics, University of Kuopio, Finland) for HRV analysis
using time domain, frequency domain, and Poincaré plot nonlinear
analysis measures. The selected segments were the 5-min rest period and
the visually most stable 2-min bout period. In this last analysis, the first 40
s of the bout and the last 30 s were excluded to avoid the vagal withdrawal
period and the influence of blood pressure measurement, respectively.
For HRV analysis, the data collected by the HR monitor were visually
inspected for noise, and narrow peaks (<100 ms) were removed by linear
interpolation. All signals were filtered using low-pass filters with a cutoff
frequency of 20 Hz. Time domain analysis measures were as follows: (1)
mean RR intervals (RR mean); (2) maximum HR; (3) standard deviation
of RR intervals (SDNN), which captures overall HRV and reflects
circadian heart rhythm; (4) rMSSD; (5) pNN50; and (6) triangular
interpolation of RR interval histogram (TINN), which represents global
autonomic activity. Frequency domain analysis measures were as follows:
(1) the low frequency range (LF), which represents an index of SNS
activity; (2) HF; and (3) LF/HF ratio, which is an indicator of sympathetic-
vagal balance, with an increase possibly related to sympathetic
predominance and a decrease indicating greater parasympathetic
modulation. The power of the LF and HF components was evaluated in
normalized units (nu). Finally, the following nonlinear Poincaré plot
measures were evaluated: (1) SD1; (2) the standard deviation measuring
the dispersion of points along the line of identity (5D2), which represents
global HRV variability; (3) the ratio SD2/SD1, which represents PNS
action; and (4) the approximate entropy (ApEn), which takes into account
the complex dynamics of biological systems in series of RR intervals,
where ApEn values close to 0 are considered highly regular and higher
values imply greater complexity. We also evaluated the PNS index,
calculated in the Kubios HRV software from measures of RR interval
mean, rMSSD, and Poincaré plot index SD1, and the SNS index, calculated
in the Kubios HRV software from measures of mean HR, a geometric
measure of HRV reflecting cardiovascular system load, and Poincaré plot
index SD2. Previously published recommendations [26] were followed.

2.5. Statistical Analysis

Histograms and the Shapiro-Wilk test were used for the evaluation
of the data distribution. Data were expressed using measures of central
tendency and dispersion appropriate for numerical data. Inferential
analysis consisted of the Student’s t-test for paired samples or the
Wilcoxon signed-rank test to assess the variation between the pre- and
post-intervention moments in the resting and physical test conditions. The
5% level was used as the criterion for determining significance. Statistical
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analysis was performed using SPSS version 26 (IBM Corp., Armonk, NY,
USA).

3. Results

Of the 34 male MT fighters eligible for the study, 13 were excluded
because they did not return for the post-intervention assessment. The
mean age of the participants was 29.2 + 8.1 years. The median number of
kicks on the FSKT-10 was 20 (16-24) and 30 (20-34) at pre- and post-
intervention, respectively (p = 0.0008). The median number of kicks on the
FSKT-mult was 92 (80.5-111) and 108 (92-134) at pre- and post-
intervention, respectively (p = 0.032). In BIA, there was a significant
increase in both fat-free mass (FFM, 68 (62-85) vs. 71 (62-84) kg, p = 0.031)
and BMR as determined by BIA (1878 (1748-2125) vs. 2063 (1806-2414
kcal), p = 0.020) between pre- and post-intervention measurements.
Comparisons of body composition between pre- and post-intervention are
shown in Table 1.

Table 1. Body composition comparisons between pre- and post-intervention.

Variables Pre-Training Post-Training p-Value
Body mass (kg) 83.4+18 84.2+16.7 0.28
BMI (kg/m?) 26.3+4.6 26.6 +4 0.20
Body fat (%) 13 (10-14) 12 (11-13) 0.89
Body fat (kg) 10.1 (7.5-13.3) 9.9 (7.4-12.9) 0.81
FEM (%) 87 (78-89) 88 (86-90) 0.088
FFM (kg) 68 (62-85) 71 (62-84) 0.031
TBW (%) 64 (64-65) 64 (63-66) 0.68
TBW (L) 50 (45-63) 52 (46-60) 0.27
BMR (kcal) 1878 (1748-2125) 2063 (1806-2414) 0.020
BMI: body mass index; FFM: fat-free mass; TBW: total body water; and BMR: basal
metabolic rate. Data represent mean * standard deviation or median (quartiles).
The values in bold refer to significant differences.
When comparing HRV indices obtained before physical test (10 min)
between pre- and post-intervention, an increase in HF [26.6 (23.2-34.8) vs.
78 (62.9-82) ms, p <0.0001] and SD1 [28.9 (22.9-36.8) vs. 53.4 (40-77.8) ms,
p = 0.001] was observed. There was a trend towards an increase in the
LF/HF ratio [1.47 (0.73-2.69) vs. 1.07 (0.61-1.27), p = 0.073]. Comparisons
of resting HRV indices obtained before physical test between pre- and
post-intervention are shown in Table 2 and Figure 1.
Table 2. Comparisons of resting heart rate variability indices before physical test
between pre- and post-intervention.
Variables Pre-Training Post-Training p-Value
RR mean (ms) 765 (662-891) 810 (738-900) 0.57
Maximum HR (bpm) 78 (67-91) 74 (66.5-81.5) 0.63
SDNN (ms) 80 (62-106) 87 (57-254) 0.34
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rMSSD (ms) 78 (60-125) 87 (62-323) 0.41
pNN50 (%) 30.9 (10.3-40.1) 34.5 (30.5-48.3) 0.1
TINN (ms) 546 (409-966) 537 (333-2376) 0.43
LF (nu) 51.8 (37.7-55.9) 49.5 (32.2-52.8) 0.09

HF (nu) 26.6 (23.2-34.8) 78 (62.9-82) <0.0001
LF/HF 1.47 (0.73-2.69) 1.07 (0.61-1.27) 0.073
SD1 (ms) 28.9 (22.9-36.8) 53.4 (40-77.8) 0.001
SD2 (ms) 90 (73-121) 102 (67-276) 0.26
SD2/SD1 1.38 (1.18-1.77) 1.61 (1.32-2.12) 0.29
ApEn 61 (0.85-134) 125 (0.77-229) 0.41
PNS index 0.71 (-0.56-2.27) 0.82 (-0.33-7.13) 0.54
SNS index 0.37 (738-900) -0.05 (-0.87-0.95) 0.57

Data represent median (quartiles). The values in bold refer to significant
differences. RR mean: mean RR intervals; HR: heart rate; SDNN: standard
deviation of RR intervals; rMSSD: the square root of the mean squared differences
of consecutive RR intervals; pNN50: the percentage of adjacent RR intervals with
a difference in duration greater than 50 ms; TINN: triangular interpolation of RR
interval histogram; LF: the low frequency range; HF: the high frequency range;
SD1: the standard deviation measuring the dispersion of points in the plot
perpendicular to the line of identity; SD2: the standard deviation measuring the
dispersion of points along the line of identity; ApEn: approximate entropy; PNS,

parasympathetic nervous system; SNS: sympathetic nervous system.
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Figure 1. Comparisons of (A) the high frequency range (HF, p <0.0001) and (B) the
standard deviation measuring the dispersion of points in the plot perpendicular
to the line of identity (SD1, p = 0.001) obtained at rest before physical test between

pre- and post-intervention. Data represent median (quartiles).

When comparing the HRV indices obtained during the physical test
(4 min) between pre- and post-intervention, significant increases were
observed in the following variables: rtMSSD [55 (27-76) vs. 79 (47-131) ms,
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p = 0. 005]; pNN50 [9.6 (5-26.1) vs. 36.2 (24.4-48)%, p = 0.002]; HF [19.5
(16.9-22.5) vs. 59.5 (51.5-65.6) nu, p < 0.0001]; and SD1 [50.4 (39.4-79.5) vs.
84.2 (74.8-88.1) ms, p = 0.004]. Comparisons of HRV indices obtained
during the physical test between pre- and post-intervention are shown in
Table 3 and Figure 2.

Table 3. Comparisons of heart rate variability indices obtained during the physical

test between pre- and post-intervention.

Variables Pre-Training Post-Training p-Value
RR mean (ms) 403 (382-452) 387 (379-420) 0.48
Maximum HR (bpm) 149 (133-157) 155 (143-158.5) 0.41
SDNN (ms) 71 (45-128) 46 (38-82) 0.60
rMSSD (ms) 55 (27-76) 79 (47-131) 0.005
PNN50 (%) 9.6 (5-26.1) 36.2 (24.4-48) 0.002
TINN (ms) 539 (357-722) 431 (286-708) 0.74
LF (nu) 55.8 (33.2-69.3) 39 (29.6-67.2) 0.36

HF (nu) 19.5 (16.9-22.5) 59.5 (51.5-65.6) <0.0001
LF/HF 1.26 (0.50-2.07) 0.64 (0.42-2.20) 0.45
SD1 (ms) 50.4 (39.4-79.5) 84.2 (74.8-88.1) 0.004
SD2 (ms) 50 (41-85) 72 (44-146) 0.69
SD2/SD1 1.13 (1-1.27) 1.17 (1-1.74) 0.54
ApEn 0.32 (0.27-0.50) 0.44 (0.34-0.71) 0.071
PNS index -2.38 (-2.81-0.82) -0.77 (-2.11-1.03) 0.16
SNS index 7.66 (5.38-8.56) 6.75 (4.87-7.81) 0.61

Data represent median (quartiles). The values in bold refer to significant
differences. RR mean: mean RR intervals; HR: heart rate; SDNN: standard
deviation of RR intervals; rMSSD: the square root of the mean squared differences
of consecutive RR intervals; pNNb50: the percentage of adjacent RR intervals with
a difference in duration greater than 50 ms; TINN: triangular interpolation of RR
interval histogram; LF: low frequency range; HF: the high frequency range; SD1:
the standard deviation measuring the dispersion of points in the plot
perpendicular to the line of identity; SD2: the standard deviation measuring the
dispersion of points along the line of identity; ApEn: approximate entropy; PNS,

parasympathetic nervous system; SNS: sympathetic nervous system.
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Figure 2. Comparisons of (A) square root of the mean squared differences of
successive RR intervals (rMSSD, p = 0.005), (B) the percentage of adjacent RR
intervals with a difference in duration greater than 50 ms (pNN50, p = 0.002), (C)
the high frequency range (HF, p < 0.0001), and (D) the standard deviation
measuring the dispersion of points in the plot perpendicular to the line of identity
(SD1, p = 0.004) obtained during the physical test between pre- and post-

intervention. Data represent median (quartiles).

4. Discussion

Based on anthropometric data and physiological profile (e.g., limb
strength and cardiovascular fitness), martial arts competitors are
classified into categories [27]. Thus, understanding the changes that occur
in body composition and CAM after an intervention program with
strength training and nutritional guidance is essential to assess
performance and adequately guide exercise prescription. The main
findings of the present study were that, after an 8-week intervention in
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amateur MT fighters, there was an improvement in performance assessed
by an increase in the number of strikes applied. In these fighters, there
was an improvement in body composition assessed by FFM. Furthermore,
the CAM assessed between the 2 pre-combat rest periods (pre- and post-
intervention) showed a vagal withdrawal assessed by the elevation of HF
and SD1. This parasympathetic activation became more evident when the
2 exercise periods were compared (pre- and post-intervention), with an
increase in tMSSD, pNN50, HF and SD1. To our knowledge, this is the
first study that evaluated CAM in MT fighters after an intervention based
on strength training and nutritional guidance.

Kicking is a fundamental aspect of martial arts such as MT, where
the impact and speed of the kick depends on numerous variables,
including body flexibility and lower limb strength [28]. Using the FSKT-
10s and FSKT-mult techniques, which are among the most frequently
used techniques in official competition [29], we observed a significant
increase in the number of strikes applied in both FSKT-10s and FSKT-
mult. Proposed mechanisms for determining kick velocity and impact
force include: (1) effective use of body mass; (2) use of proximal to distal
lower limb movement; (3) adequate coordination; and (4) muscle
activation. There are a number of conditions that influence kick
performance, such as flexibility, lower limb strength, hip muscle strength,
and jumping ability [30]. Therefore, we believe that an 8-week
intervention in MT fighters should be promoted for MT fighters because
lower body strength is likely to exert its effect by increasing the fighter’s
ability to generate ground reaction forces. However, to increase kick
effectiveness, not only ground reaction force but also impact force and
foot speed are required [31]. It is worth noting that although the FSKT has
been used almost exclusively to assess physical performance in
taekwondo fighters [22,29], our findings point to its importance for
assessing physical performance and CAM in MT fighters as well.

In MMA fighters, Anyzewska and colleagues [32] reported
insufficient energy intake from carbohydrates, as well as decreased
minerals (iodine, potassium, calcium) and vitamins (D, folate, C, E)
throughout a training day. Using a nutritional protocol based on the
individual needs of each athlete, we observed an increase in FFM and
BMR. In line with our findings, Cha and Jee [33] showed that Wushu
Nanquan training —which is also another type of martial art—is effective
not only in improving cardiac function, but also in improving body
composition, which is accompanied by an increase in BMR. In this sense,
it is worth highlighting the debate about rapid weight loss (RWL) and
rapid weight gain (RWG). Despite the potential health and performance
risks associated with RWL, many fighters believe that RWL followed by
RWG provides a competitive advantage. Interestingly, a recent study
showed that MT competition winners have greater RWL and RWG than
losers, and rapid weight change in women appears to be associated with
competitive success in this group [18]. It is worth noting that in our study
there was no consumption of supplements or use of doping substances
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such as testosterone by the fighters, according to the initial pre-
participation and final informal investigations. However, this opens
perspectives for future research on the use of supplements such as
creatine and beta-alanine on FSKT performance and ANS function.

In the present study, we assessed HRV using both linear methods to
quantify sympathovagal balance and nonlinear methods to assess the
complexity of the interaction of biological systems in the heart [34]. In the
present study, we observed greater vagal activation after the intervention.
Interestingly, this greater PNS activity was more pronounced when
comparing the combat periods (rMSSD, pNN50, HF, SD1) with the pre-
combat rest periods (HF and SD1). Interval or intermittent training has
been shown to promote improvements in CAM, especially at higher
intensities [35]. In contrast to our findings, Suetake and colleagues [10]
observed no improvement in CAM among MT fighters and healthy
controls after nine months of intervention. Interestingly, these authors
observed significant increases in rMSSD and SD1 post-intervention only
in judo fighters. However, it is worth noting that Suatake and collegues
[10] used only training as part of the intervention, without any nutritional
guidance. Thus, we believe that the assessment of CAM before and after
intervention may be an important parameter for monitoring
cardiovascular health, especially when training is associated with
nutritional guidance.

The strength of this study is that it demonstrated important effects
on performance, CAM, and nutritional status following an 8-week
protocol of strength training and nutritional counseling in amateur MT
fighters. However, several limitations should be highlighted. First, the
sample is relatively small and there is no control group for either habitual
physical activity or dietary intake. Second, martial arts have some
characteristics, such as the use of fast and explosive movements, physical
confrontation, and frequent breaks, which make it difficult to monitor
HRYV during the fight [36]. Third, the nutritional protocol, although based
on the individual needs of each athlete, was not monitored; however, this
is a condition that is carried out in real life. Despite these limitations, our
study can serve as a starting point for randomized controlled trials with a
larger number of fighters from different modalities, with the application
of long-term intervention.

5. Conclusions

In amateur MT fighters, an 8-week intervention of strength training
and nutritional counseling is able to improve CAM, particularly through
parasympathetic activation. This greater PNS activity is better seen in
HRV measurements taken during competition than during rest before
competition. In these fighters, there is a better performance after the
intervention as assessed by the FSKT. In addition, there is an
improvement in body composition as indicated by an increase in both
FFM and BMR. Based on these results, the use of an 8-week intervention
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is highly recommended for amateur MT fighters, and this should be kept
in mind by coaches, physical trainers, and nutritionists of this type of
martial art.
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Abbreviations

The following abbreviations are used in this manuscript:

ANS Autonomic nervous system
ApEn Approximate entropy

BIA Bioimpedance analysis

BMR Basal metabolic rate

CAM Cardiac autonomic modulation

FSKT-10s 10 s frequency speed of kick test
FSKT-multiMultiple frequency speed of kick test

HF The high frequency range

HR Heart rate

HRV Heart rate variability

LF The low frequency range

MT Muay Thai

PNN50 The percentage of adjacent RR intervals with a difference in duration greater than 5(
ms

PNS Parasympathetic nervous system

rMSSD The square root of the mean squared differences of consecutive RR intervals
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RRmean Mean RR intervals
The standard deviation measuring the dispersion of points in the plot perpendicula:

Sb1 the line of identity

SD2 The standard deviation measuring the dispersion of points along the line of identity
SDNN Standard deviation of RR intervals

SNS Sympathetic nervous system

TINN Triangular interpolation of RR interval histogram

UNISUAM Centro Universitario Augusto Motta
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ABSTRACT

In martial arts, heart rate variability (HRV) measurements can be used to assess injury
risk and susceptibility to fatigue. In Muay Thai, the frequency speed of kick test (FSKT)
is used to measure kick speed, which may be influenced by autonomic modulation. We
aimed to evaluate the correlations between FSKT, HRV, and body composition
measures in amateur Muay Thai fighters. This is a cross-sectional study with 37 Muay
Thai fighters. They underwent FSKT-10 and multiple FSKT to measure the kick fatigue
index (KFI). In addition, body composition was assessed using bioimpedance analysis

and HRV using a heart rate monitor before and during the FSKT-10s. The median
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number of kicks in the FSKT-10 and the KFI were 20 (17-26) and 20 (14-29) %,
respectively. When comparing the values before and during the FSKT-10s, there was
a decrease in the percentage of interval differences of consecutive successive NN
intervals greater than 50 ms (pNN50), approximate entropy, and parasympathetic
nervous system (PNS) index, with an increase in the sympathetic nervous system
(SNS) index. The number of kicks assessed in the FSKT-10s correlated positively with
fat-free mass (FFM) and low frequency range (LF). The KFI correlated negatively with
the FFM and PNS index, and positively with the LF and SNS index. When amateur
Muay Thai fighters perform the FSKT-10s, there is an acute effect on autonomic
modulation with increased sympathetic activation, vagal withdrawal, and decreased
system complexity. There are relationships between FFM and sympathetic activation

with performance and susceptibility to fatigue.

KEY WORDS: Martial art, autonomic nervous system, exercise

INTRODUCTION

Martial arts such as Muay Thai have become increasingly popular in recent
years. Muay Thai is a kickboxing style that allows full-contact striking to the head, torso,
and legs, using standing strikes and various clinching techniques (27). It combines a
mixture of upper-limb strikes, such as punches and elbows, and lower-limb strikes,
such as kicks and knees. Muay Thai also uses evasion and protection techniques,
where fighters use their own bodies to execute sequences of strikes and defenses in

a game of attack and counterattack (21). Muay Thai is considered an "eight-limbed

martial art, with practitioners using eight points of contact with the opponent (i.e., fists,
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elbows, knees, and feet) (30). The potential benefits associated with practicing this
sport include changes in body composition, improved balance control, improved
cardiorespiratory fitness, and increased aerobic power, flexibility, agility, and mobility
(20).

In martial arts, success in competition and training depends on overall motor
fitness, which results primarily from the development of coordination and flexibility
skills, as well as force-speed and force-endurance interactions that affect physical and
mental performance (30). Muay Thai training can lead to significant improvements in
strength, flexibility, endurance, and fighting ability (6). Flexibility is the ability to move
a joint through its greatest possible range of motion, and flexibility training is important
for performance in Muay Thai because it helps to increase the range of motion of the
joints, thereby improving the speed, power, and accuracy of strikes (25). In this sense,
the frequency speed of kick test (FSKT) has been increasingly used as a performance
test to measure the speed and frequency of kicks. The FSKT is typically performed
with a punching bag to achieve as many kicks as possible in a given period of time. In
addition, the FSKT can be used as an indicator of fithess and as a training target to
improve kicking speed and frequency (25).

Heart rate (HR) is a measure of cardiac activity and its variation depends on
several factors, including age, level of physical fithess, and type of physical activity. In
this sense, heart rate variability (HRV) is the variation in the interval between
heartbeats and can be used as an indicator of the activity of the autonomic nervous
system (ANS) to regulate cardiac activity. Exercise contributes to changes that involve
neural changes, including adaptations in the central nervous system, baroreceptor

activity, and the muscle contraction reflex (28). Greater variability between heartbeats
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reflects greater parasympathetic action and consequently better autonomic efficiency,
whereas low variability represents greater sympathetic action (1). Thus, HRV analysis
can be useful in evaluating response to training and monitoring cardiovascular health
of fighters, and martial arts practice appears to improve autonomic modulation (13,
26). A decrease in HRV may indicate that the athlete is trying too hard and may be at
risk for injury, while an increase in HRV may indicate fatigue and be a sign that the
athlete needs more rest (28).

In addition to the percentage of fat-free mass (FFM) and fat mass in Muay Thai
athletes, it is important to evaluate body water as it plays a fundamental role in several
physiological functions (17). Improvements in dietary habits must be sought to help
these athletes achieve a balanced ratio of nutrients to improve their quality of life (14).
Dehydration in Muay Thai athletes can be caused by several factors, including
excessive sweating during training, lack of adequate fluid replacement before and
during physical activity, and hot weather conditions, as well as specific pre-fight
dehydration protocols. Nutrition is another aspect that should always be evaluated in
Muay Thai fighters, as it can affect the performance, recovery, and overall health of
fighters (14).

Muay Thai fighters rely heavily on the use of the roundhouse kick due to its
effectiveness and impact on the final score. Therefore, different timings of full force
strikes are used during training as a method of increasing kick power (4). In this sense,
training load assessment is fundamental in Muay Thai, as it helps to ensure that
fighters are adequately prepared for competition, thus avoiding overuse and injury.
Training load assessment allows coaches and athletes to monitor training volume,

intensity, and duration and make adjustments as necessary. This may include changes
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in the number and intensity of training sessions, as well as the addition of specific
training exercises that may have a strong impact on body composition and autonomic
modulation, with a greater risk of injury and fatigue. We hypothesize that there are
interrelationships between FSKT performance, cardiac autonomic function, and body
composition. Therefore, this study aimed to evaluate the correlations between FSKT,

HRV, and body composition measures in amateur Muay Thai fighters.

METHODS
Participants

This is a cross-sectional study of amateur Muay Thai fighters, aged =18 years,
conducted between February and May 2024. Athletes' motor fithess assessment and
baseline measurements of body composition and HRV were performed at Academia
AAZIZ, Curitiba, Brazil. Muay Thai fighters with at least 6 months of training were
included. Muay Thai fighters with at least 6 months of training were included. The
following exclusion criteria were used: history of diabetes, hypertension, kidney
disease, liver dysfunction, and neoplastic disease; use of any medication to control
blood pressure or heart rate; history of alcohol or drug abuse; and inability to perform
performance tests.

This research was carried out fully in accordance to the ethical standards of the
International Journal of Exercise Science (18). The study was conducted in
accordance with the tenets of the Declaration of Helsinki. All participants gave informed
consent before the start of the study. The protocol was approved by the Research

Ethics Committee of the Augusto Motta University Center under CAAE-
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77325224.4.0000.5235. The protocol was registered on ClinicalTrials.gov under the

number NCT06338501.

Protocol

To perform the ten seconds frequency speed of kick test (FSKT-10s), the athlete
was asked to stand in front of the support equipped with a training trunk (boxing
dummy) at a distance of 90 cm. The athlete was previously instructed to alternate the
Bandal Tchagui technique for 10 seconds at the highest possible speed and force.
Then the evaluator gave a command signal and the athlete began to perform the kicks,
alternating between the right and left legs. We used a stopwatch to measure the time
and a counter to record the number of kicks performed. The results were expressed in
kicks per minute (7, 20, 25).

We also performed the multiple frequency speed of kick test (FSKT-mult) to
measure the kick fatigue index (KFI). After a 1-minute rest, the athlete restarted the
FSKT-mult test, which consists of 5 sets of 10 seconds with 10 seconds recovery. The
number of kicks in each 10-second set was counted. The KFI calculation took into
account the number of kicks performed during the FSKT-mult and was calculated as
follows: KFI (%) = (best kick - worst kick / best kick) x 100 (7, 25).

Prior to the FSKT-10, bioimpedance analysis (BIA) was performed with a whole-
body tetrapolar device (Sanny®, BIA 1010, Brazil) using an electrical frequency of 50
kHz. Prior to BIA, the participant was instructed to fast for 4 hours, to avoid physical
activity for 12 hours before the test, and to avoid the use of oils and lotions on the skin.
To perform the BIA, the participant was asked to remove any metal objects he was

wearing, such as earrings, bracelets, watches, and piercings. The participant was then
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placed in the supine position so that four electrodes could be placed on the right side,
two of which were detector electrodes placed on a line between the radial and ulnar
styloid processes on the dorsum of the wrist and the line between the medial and lateral
malleoli on the dorsum of the foot. Two other source electrodes were superimposed
on the head of the third metacarpal on the dorsum of the hand and the third metatarsal
on the dorsum of the foot (15). The following parameters were calculated: body fat;
FFM; total body water (TBW); and basal metabolic rate (BMR).

HRV was assessed using a heart rate monitor (V800, Polar OY, Finland) before
and during the FSKT-10s. The normal-to-normal RR (NN) intervals recorded by the
heart rate monitor were exported to the Kubios HRV software (University of Finland,
Kuopio, Finland) for HRV analysis by time domain, frequency domain, and Poincaré
plot nonlinear analysis. Time domain analysis measurements were as follows: mean
NN intervals; maximum HR; standard deviation of all NN intervals (SDNN), which
captures overall HRV and reflects circadian heart rhythm; the square root of the mean
squared differences between consecutive NN intervals (rMSSD), which correlates with
parasympathetic nervous system (PNS) activity; percentage of interval differences of
consecutive NN intervals greater than 50 ms (pNN50), representing primarily vagal
activity; and triangular interpolation of NN intervals histogram, representing global
autonomic activity. Measurements in the frequency domain analysis were as follows:
total power (TP, 0.04-0.15 Hz), which reflects global autonomic activity; low frequency
range (LF, 0.04-0.15 Hz) which is a marker primarily for sympathetic nervous system
(SNS) activity; high frequency range (HF, 0.15-0.40 Hz), which reflects modulation of
PNS efferent activity by ventilation; and LF/HF ratio, which reflects autonomic balance,

with higher values indicating SNS predominance. The power of the LF and HF
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components was also evaluated in standard units (nu). The following Poincaré plot
nonlinear measures were evaluated: standard deviation of the instantaneous variability
beat-to-beat (SD1), which describes short-term variability (representing
parasympathetic modulation); standard deviation of long-term continuous NN
intervals) (SD2) which describes long-term variability (representing global cardiac
autonomic activity); SD2/SD1 ratio; and approximate entropy (ApEn), which detects
changes in a time series and indicates ANS complexity. We also evaluated the PNS
index which is calculated in the Kubios HRV software from measurements of mean NN
intervals, rMSSD, and Poincaré plot index SD1, and the SNS index which is calculated
in the Kubios HRV software from measurements of mean HR, a geometric measure of
HRV reflecting cardiovascular system stress, and Poincaré plot index SD2. Recording
and analysis were performed according to the recommendations of the Task Force of
the European Society of Cardiology and the North American Society of Pacing and

Electrophysiology (9).

Statistical Analysis

Statistical analysis was performed using SPSS statistical software version 26
(IBM Corp., Armonk, NY, USA). The normality of the data distribution was checked
using the Shapiro—Wilk test and graphical analysis of histograms. Descriptive analysis
was presented in the form of tables. The observed data were expressed using
measures of central tendency and dispersion appropriate for numerical data. The
variation between the two moments (before and during the FSKT) was evaluated using
the Wilcoxon signed rank test. In addition to binary meaning, we address the

magnitude and significance of results using other statistical methods (11). Thus, we
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also calculated effect sizes using Cohen's d with the following interpretations for highly
trained subjects: <0.25 = trivial, 0.25-0.50 = small, 0.50-1.0 = moderate, >1.0 = large
(22). Spearman's correlation (rs) and determination coefficient (R2) with their
respective 95% confidence intervals (Cl) were used to test the strength of the
associations for FSKT-10s, KFI, BIA, and HRV before FSKT-10s. To calculate the CI
for Spearman’s rank correlation coefficient (rs), the Fisher transformation was used
(24). The rs cut-offs of 0.1, 0.3, 0.5, 0.7, and 0.9 were considered small, moderate,
large, very large, and nearly perfect, respectively (10). The significance level was set
at 5%.

Based on an a priori type | error of a = 0.05 (two-tailed), the power analysis
showed that significant effects were detected in the comparisons between HRV
parameters obtained before and during the FSKT-10s. The power varies between 91%

and 98%; therefore, the sample size was adequate to obtain significant results (5).

RESULTS

Of the 37 amateur Muay Thai fighters eligible for the study, 3 were excluded for
the following reasons: history of hypertension (n = 2) and discontinuation of FSKT-mult
(n =1). The mean age was 27.9 £ 7.7 years and all participants were male. Based on
body mass index (BMI), 15 (44%) were eutrophic, 12 (35%) were overweight and 7
(21%) were obese. The median number of kicks in the FSKT-10 was 20 (17-26), while
the KFI assessed in the FSKT-mult was 20 (14-29) %. Anthropometric data and BIA

parameters are shown in Table 1.
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Table 1. Anthropometric Data and Bioimpedance Analysis Parameters in the

Studied Sample (N = 34).

Variable Value

Anthropometry
Age (years) 27.9+7.7
Weight (kg) 81.9+17.8
Height (m) 1.75+0.08
BMI (kg/m?) 26.6 +5

Bioimpedance analysis
Body fat (%) 12 (11-14)
Body fat (kg) 9.9 (7.5-12.7)
FFM (%) 88 (87-90)
FFM (kg) 69 (61-78)
TBW (%) 64 (63—65)
TBW (L) 51 (45-59)
BMR (kcal) 1966 (1767-2146)

The values shown are mean + SD, median (interquartile range) or number (%). BMI:
body mass index; BMR: basal metabolic rate; FFM: fat-free mass; TBW: total body

water.

With regard to HRV, we observed higher values at rest, i.e. before the FSKT-

10s, for the following parameters: mean NN intervals [762 (628-890) vs. 402 (382—

422), p <0.0001, Cohen’s d = 3.05]; pNN50 (%) [29 (11-49) vs. 9.8 (5-24.3), p =

0.0007, Cohen’s d = 1.47]; ApEn [1.03 (0.73-1.20) vs. 0.42 (0.31-0.66), p = 0.0001,

Cohen’s d = 1.85]; and PNS index [0.71 (-0.31-2.22) vs. -1.01 (-2.46-0.03), p = 0.005,

Cohen’s d = 1.29]. However, we observed higher values during the FSKT-10s for the
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following parameters: maximum HR [117 (98-117) vs. 195 (181-208), p <0.0001,
Cohen’s d = -2.85], SD2/SD1 [1.15 (0.99-1.33) vs. 1.43 (1.21-1.77), p = 0.0001,
Cohen’s d = -1.75]; and SNS index [0.51 (-0.73-1.26) vs. 6.88 (5.2—7.6), p <0.0001,
Cohen’s d = -3.25]. Comparisons between HVR parameters obtained before and

during FSKT-10 are shown in Table 2.

Table 2. Comparisons Between Heart Rate Variability Parameters Obtained
Before and During the FSKT-10s (n = 34).

Variable Before Durante p-value Effect Size
FSKT-10s FSKT-10s (Cohen’s d)
mean NN 762 (628— 402 (382-422) <0.0001 3.05
intervals (ms) 890)
maximum 117 (98-117) 195 (181-208) <0.0001 -2.85
HR (bpm)
SDNN (ms) 77 (59-129) 63 (43-111) 0.11 0.48
rMSSD (ms) 93 (59-139) 92 (54-133) 0.47 0.39
pNN50 (%) 29 (11-49) 9.8 (5-24.3) 0.0007 1.47
TINN (ms) 556 (388— 538 (358-621) 0.26 0.42
1142)
Total power 3255 (1577—- 3479 (715— 0.78 -0.18
(ms?) 8381) 11148)
LF (Hz) 0.077 (0.05—-  0.097 (0.07— 0.092 -0.72
0.10) 0.13)
LF (nu) 49 (39-62) 57 (32-67) 0.84 -0.15
HF (Hz) 0.21 (0.17- 0.20 (0.16- 0.85 0.10
0.28) 0.32)
HF (nu) 51 (38-60) 43 (33-67) 0.83 0.16
LF/HF 0.96 (0.66— 1.33 (0.48- 0.63 -0.23
1.62) 2.04)
SD1 (ms) 66 (42—-99) 65 (38—-94) 0.47 0.37
SD2 (ms) 63 (43-130) 89 (70-151) 0.092 -0.76
SD2/SD1 1.15 (0.99- 1.43 (1.21- 0.0001 -1.75
1.33) 1.77)
ApEn 1.03 (0.73—- 0.42 (0.31- 0.0001 1.85
1.20) 0.66)
PNS index 0.71 (-0.31-  -1.01 (-2.46- 0.005 1.29
2.22) 0.03)
SNS index 0.51 (-0.73— 6.88 (5.2-7.6) <0.0001 -3.25

1.26)
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The values shown are mean £ SD, median (interquartile range) or number (%). Bold
type indicates significant correlations. ApEn: approximate entropy; BMR: basal
metabolic rate; FFM: fat-free mass; HF: high frequency range; HR: heart rate; LF: low
frequency range; NN: normal-to-normal; pNN50: percentage of interval differences of
consecutive normal-to-normal intervals greater than 50 ms; PNS: parasympathetic
nervous system; rMSSD: the square root of the mean squared differences between
consecutive normal-to-normal intervals; SD1: standard deviation of the instantaneous
variability beat-to-beat; SD2: standard deviation of long-term continuous NN intervals;
SDNN: standard deviation of all normal-to-normal intervals; SNS: sympathetic nervous
system; TBW: total body water; TINN: triangular interpolation of normal-to-normal
intervals histogram; TP: total power.

We evaluated the correlations between the FSKT kicks and the other study
variables with HRV measured before the FSKT-10s (rest) (Table 3 and Figures 1 and
2). The number of kicks assessed in the FSKT-10s was significantly correlated with
FFM (%) (rs = 0.408, 95% CI: 0.160-0.898, R2 = 0.167, p = 0.016, moderate
correlation) and LF (ms2) (rs = 0.484, 95% CI: 0.175-0.706, R2 = 0.235, p = 0.003,
moderate correlation). The KFl assessed in the FSKT-mult was significantly correlated
with FFM (%) (rs = -0.419, 95% CI: -0.663—-0.095, R2 = 0.176, p = 0.013, moderate
correlation), LF (ms2) (rs = 0.653, 95% CI: 0.405-0.811, R2 = 0.427, p <0.0001, large
correlation), PNS index (rs = -0.400, 95% CI: -0.728—-0.150, R2 = 0.160, p = 0.020,
moderate correlation) and SNS index (rs = 0.405, 95% CI: 0.157-0.732, R2 = 0.164,p
= 0.017, moderate correlation). It is worth mentioning that the correlation between the
number of kicks evaluated in the FSKT-10s and the KFI was weak and not significant

(rs =0.279, 95% CI: -0.065-0.563, R2 = 0.078, p = 0.11,) small correlation).
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Table 3. Spearman’'s Correlation Coefficients for FSKT-10s, KFI, Bioimpedance Analysis, and Heart Rate Variability Before

FSKT-10s (n = 34).

Variables FSKT-10s KFI

rs 95% ClI R? p-value r's 95% CI R? p-value
Body fat (%) -0.294 -0.539-0.014  0.087 0.091 -0.029 -0.363-0.312 0.001 0.87
Body fat (kg) -0.243 -0.383-0.051  0.059 0.17 0.163 -0.185-0.475 0.027 0.36
FFM (%) 0.408 0.160-0.898 0.167 0.016 -0.419 -0.663—-0.095 0.176 0.013
FFM (kg) 0.317 -0.028-0.642  0.009 0.068 0.094 -0.244-0.368 0.100 0.60
TBW (%) -0.144 -0.459-0.204 0.021 0.42 0.004 -0.334-0.341 0.000 0.98
TBW (L) 0.323 -0.017-0.658  0.001 0.062 0.023 -0.317-0.296 0.105 0.90
BMR (kcal) 0.176 -0.172-0.485 0.031 0.32 0.325 -0.014-0.597 0.106 0.061
mean NN intervals 0.170 -0.178-0.480 0.029 0.34 0.187 -0.161-0.493 0.035 0.29
(ms)
maximum HR (bpm) -0.032 -0.366-0.309  0.001 0.86 0.071 -0.273-0.399 0.005 0.69
SDNN (ms) 0.117 -0.230-0.437 0.014 0.51 0.256 -0.090-0.546 0.065 0.14
rMSSD (ms) 0.131 -0.216-0.449  0.017 0.46 -0.240 -0.586-0.054 0.057 0.17
pNN50 (%) -0.052 -0.383-0.291  0.003 0.77 -0.187 -0.535-0.119 0.035 0.29
TINN (ms) 0.296 -0.046-0.576  0.088 0.089 -0.198 -0.546-0.106 0.039 0.26
Total power (ms?) -0.013 -0.349-0.326  0.000 0.94 0.210 -0.137-0.511 0.044 0.23
LF (Hz2) 0.484 0.175-0.706 0.235 0.003 0.653 0.405-0.811 0.427 <0.0001
LF (nu) 0.180 -0.128-0.528 0.033 0.31 0.027 -0.361-0.314 0.001 0.88
HF (Hz) -0.213 -0.514-0.134  0.045 0.23 -0.164 -0.475-0.184 0.027 0.35
HF (nu) -0.179 -0.527-0.129 0.032 0.31 -0.032 -0.373-0.302 0.001 0.86
LF/HF -0.189 -0.495-0.159  0.036 0.28 -0.032 -0.366-0.309 0.001 0.86
SD1 (ms) 0.131 -0.217-0.448 0.017 0.46 -0.240 -0.106-0.534 0.057 0.17
SD2 (ms) 0.063 -0.281-0.392  0.004 0.72 0.279 -0.065-0.563 0.078 0.11
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SD2/SD1 -0.168 -0.478-0.180 0.028 0.34 -0.058 -0.388-0.285 0.003 0.74
ApEn -0.300 -0.579-0.042  0.090 0.085 -0.115 -0.436-0.232 0.013 0.52
PNS index 0.102 -0.244-0.425 0.010 0.57 -0.400 -0.728--0.150 0.160 0.020
SNS index 0.254 -0.037-0.600  0.065 0.15 0.405 0.157-0.732 0.164 0.017

Bold type indicates significant correlations. ApEn: approximate entropy; HF: high frequency range; LF: low frequency range; NN:
normal-to-normal; pNN50: percentage of interval differences of consecutive normal-to-normal intervals greater than 50 ms; PNS:
parasympathetic nervous system; rMSSD: the square root of the mean squared differences between consecutive normal-to-normal
intervals; SD1: standard deviation of the instantaneous variability beat-to-beat; SD2: standard deviation of long-term continuous NN
intervals; SDNN: standard deviation of all normal-to-normal intervals; SNS: sympathetic nervous system; TBW: total body water;
TINN: triangular interpolation of normal-to-normal intervals histogram; TP: total power.
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Figure 1. Relationship of kick fatigue index (KFI) with the fat-free mass (FFM, rs
=-0.419, 95% CI: -0.663—-0.095, R2 = 0.176, p = 0.013, moderate correlation).
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Figure 2. Relationships of kick fatigue index (KFI) with the low frequency range
(LF, rs = 0.653, 95% CI: 0.405-0.811, R2 = 0.427, p <0.0001, large correlation).
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Finally, we evaluated the correlations of the FSKT kicks and other study variables with
HRV measured during the FSKT-10s (exercise). In this analysis, we did not observe
significant correlations between the FSKT-10s, KFI, BIA, and HRV during the FSKT-

10s.

DISCUSSION

The ability to generate force in the lower limbs with the least amount of fatigue
is critical to the success of many sporting events, including amateur Muay Thai fights.
In this sense, we used the FSKT-10s technique and its multiple version, as they are
among the most used techniques during an official competition (17). Using HRV
measurements coupled to the FSKT-10s, the main findings of the present study were
that in amateur Muay Thai fighters, when comparing the periods before and during the
FSKT, there is a vagal withdrawal (reduction of pNN50 and PNS index) and an
increased sympathetic activity (elevation of SD2/SD1 and SNS index), with the ANS
becoming less complex. In these athletes, the greater the number of kicks applied in
the FSKT-10s, the greater the FFM and the greater the sympathetic activation
assessed by LF. Furthermore, the greater the fatigue, the lower the FFM, the greater
the sympathetic activation as assessed by both the LF index and the SNS index, and
the greater the vagal withdrawal as assessed by the PNS index.

HRV measurement is a non-invasive and easily performed assessment tool that
allows the identification of potential cardiovascular risks (28). When moving from rest
to the FSKT-10s technique, we observed an increase in parameters indicative of
sympathetic activation and a decrease in parameters indicative of vagal withdrawal.

Consistent with our findings, Leite et al. (12) studied the immediate effects of high-
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velocity low-amplitude thrust (HVLAT) in judo athletes and demonstrated that HVLAT
was capable of altering HRV through sympathetic hyperactivity. However, these
authors did not observe a decrease in PNS performance - as we observed in pNN50
and PNS index - suggesting that Muay Thai and Judo may have different effects on
autonomic modulation. The possible mechanisms involved in the modification of HRV
and especially parasympathetic modulation in the exercising participants are
speculative, especially regarding the immediate effects. In the long term, exercise
reduces levels of angiotensin Il, a substance that inhibits vagal activity, and there is
also an increase in nitric oxide, which may be related to greater activation of vagal
modulation (28).

In high-performance matrtial arts, adaptations in HRV can be observed during
each phase of training (23). Interestingly, we observed a significant reduction in ApEn
when the athlete left the resting position to strike in the FSKT. ApEn describes the
predictability or randomness of physical systems, where a high ApEn indicates high
complexity and chaos of a given system, while a low ApEn indicates a more regular
signal (29). Although this parameter has not yet been evaluated in the literature in
martial artists, the findings of Saraiva et al. (26) and Bhattacharya et al. (2) suggest
that there is a greater time-dependent adaptability of the ANS in karate and judo
fighters, which may contribute to resilience to stress and improve recovery time. In this
sense, it is essential to carry out studies with larger cohorts and longitudinal
evaluations to better define the benefits of Muay Thai on the ANS, since low ApEn is
associated with better homeostatic behavior of the individual and reduced individual

risk of cardiovascular disease (16).
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In the present study, the greater the number of kicks applied in the FSKT-10,
the greater the sympathetic activation assessed by the LF. Consistent with our study,
Lu and Kuo (13) compared the autonomic profile of two martial arts groups (tai chi
chuan and wai tan kung) with a control group; these authors reported that both martial
arts groups had higher LF values compared with controls. Importantly, we observed
that higher KFI was associated with sympathetic activation and vagal withdrawal.
Although it is believed that the availability of adenosine triphosphate and
phosphocreatine energy reserves and the ability to perform successive high-intensity
actions are key elements in achieving good performance in martial arts, a balance
between rest and effort is necessary to generate potential (3). Analyzing the
biomechanics of the kicking leg using 3D kinematic data from Muay Thai fighters,
Gavagan and Sayers (8) observed that the effectiveness of the roundhouse kick is
characterized by rapid rates of pelvic axial rotation and knee extension, and rapid
movements of the center of mass toward the target, although all of these conditions
can predispose to fatigue if overused and not properly trained.

Based on BMI, we observed that almost half of our sample consisted of
eutrophic athletes. In agreement with our results, Machado and Medeiros (14) showed
that 70% of Muay Thai practitioners have an adequate body composition and 53% also
have a eutrophic nutritional status according to BMI, although 83% of them follow a
hypocaloric diet. Still on body composition, we observed significant correlations
between FFM and both performance on the FSKT (positive correlation) and KFI
(negative correlation). Comparing the level of physical fithess between Muay Thai and
Brazilian Jiu-Jitsu athletes, Wasacz et al. (30) recently observed that Jiu-Jitsu athletes

performed better in strength tests, with high correlations between training load and
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level of physical fitness in flexibility and strength tests in Jiu-Jitsu athletes and in most
strength tests in Muay Thai athletes. In contrast, Rapkiewicz et al. (21) found no
significant correlations between physical fitness indicators and basal body fat or BMI
in Muay Thai athletes. However, since there is heterogeneity in age group and
percentage of body fat and BMI, the adaptations provided by training may differ
according to the characteristics of the athletes. In this scenario, FFM measurement
may be a more reliable indicator of performance and fatigue.

The strength of this study is that it evaluated in detail the behavior of the ANS
before and during an exercise test in amateur Muay Thai fighters and observed
associations with body composition as measured by BIA. However, limitations must be
noted. First, we use BIA to assess FFM and body fat. Although BIA is a reliable
technique, other methods with greater accuracy, such as dual-energy X-ray
absorptiometry, may provide more accurate assessments of changes in body
composition. Second, we did not directly measure cardiorespiratory fitness using
cardiopulmonary exercise testing to obtain oxygen consumption. Third, the lack of a
control group makes important interpretations of the magnitude of our results difficult.
Despite these limitations, our study can serve as a starting point for randomized
controlled longitudinal studies to evaluate the prognostic value of HRV in Muay Thai
athletes.

In conclusion, in amateur Muay Thai fighters, there is an acute effect on the
ANS with increased sympathetic activation, vagal withdrawal, and decreased system
complexity when these athletes are subjected to the FSKT-10s. In these athletes, there
is a relationship between FFM and both performance on the FSKT-10s and

susceptibility to fatigue. Furthermore, there is a relationship between sympathetic
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activation and the number of kicks and the susceptibility to fatigue. Thus, the results of
this study can be used by coaches as guidelines for developing strength and
conditioning programs for their Muay Thai athletes in preparation for martial arts

competitions.
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