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Indicadores de performance que diferenciem equipes de sucesso das equipes de  cossMa
ndo sucesso na La Liga
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RESUMO

Objetivo: Este estudo buscou identificar se existe influéncia na classificacdo nos indicadores de performance técnico das equipes liga espanhola, e
identificar indicadores de performance técnico que diferenciem equipes de sucesso das equipes de ndo sucesso da liga espanhola.

Meétodo: Foram coletados dados de cinco varidveis técnicas, sendo elas: chute de dentro da area e de fora da drea, média de passes para setor de defesa,
meio-campo e ataque de 1900 partidas da La Liga entre os anos 2014 a 2019, por meio do site "whoscored.com", a analise da confiabilidade utilizou-se o
sistema de rastreamento OPTA com valores ponderados de 0,92 e 0,94. As equipes foram divididas em cinco grupos contendo 4 equipes, de acordo com a
sua classificacdo na competi¢do anualmente. Apds a coleta, para determinacéo da distribuicio das varidveis foi utilizado o teste de Kolmogorov-Smirnov.
Para a identificacdo do efeito da tabela nas a¢des técnicas das equipes, foi utilizado o teste de ANOVA One-Way. Para as comparac¢des multiplas entre os
grupos, foi utilizado o teste de Bonferroni.

Resultado: Os indicadores de técnicos de desempenho que permitem diferenciar as quatro melhores equipes da competicdo das demais equipes sdo:
chute de dentro da 4rea, passe para o setor de meio-campo e para o setor de ataque.

Conclusdo: O estudo demostrou eficaz pois alcancou seus objetivos ao identificar as varidveis técnicas que diferenciam equipes de sucesso das equipes de
néo sucesso, bem como auxilia treinadores, analistas e demais profissionais do futebol a entender o contexto de atuacdo e se direcionar suas intervengoes
futuras.

Palavras-chave: Futebol; Indicadores Chaves de Desempenho; Anélise de Partida; Andlise de Desempenho.

Indicadores de performance que diferencian equipos exitosos, equipos no exitosos en La Liga

RESUMEN

Objetivo: Este estudio buscé identificar si existe influencia en la clasificacién en los indicadores de desemperiio técnico de los equipos de la liga espafola, e
identificar indicadores de desempeifio técnico que diferencian a los equipos exitosos de los no exitosos en la liga espafiola.

Meétodo: Se recogieron datos de cinco variables técnicas, a saber: tiros desde dentro y fuera del drea, promedio de pases para el sector defensa,
mediocampo y ataque de 1900 partidos de La Liga entre los afios 2014 a 2019, a través del sitio web “whoscored.com * el andlisis de confiabilidad utilizé
el sistema de rastreo OPTA con valores ponderados de 0.92 y 0.94. Los equipos se dividieron en cinco grupos de 4 equipos, segun su clasificacién en la
competicién anualmente. Después de la recoleccidn, se utilizé la prueba de Kolmogorov-Smirnov para determinar la distribucién de las variables. Para
identificar el efecto de la tabla en las acciones técnicas de los equipos, se utiliz6 la prueba ANOVA de una via. Para las comparaciones multiples entre
grupos se utilizo la prueba de Bonferroni.

Resultado: Los indicadores de rendimiento técnico que permiten diferenciar a los cuatro mejores equipos de la competicion del resto de equipos son: tiro
desde dentro del drea, pase al sector medio y al sector de ataque.

Conclusién: El estudio demostro ser efectivo pues logrd sus objetivos identificando las variables técnicas que diferencian a los equipos exitosos de los no
exitosos, ademds de ayudar a entrenadores, analistas y otros profesionales del futbol a comprender el contexto de su desempefio y orientar sus futuras
intervenciones.

Palabras clave: Futbol; Indicadores Clave de Rendimiento; Analisis de Partidos; Analisis de Rendimiento.

* Autor para correspondéncia.
Correios eletrénicos: duartelucas2507@gmail.com (L. Duarte).
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Influence of some types of passes and finishing in the comparison of the performance of successful and
unsuccessful teams in La Liga

ABSTRACT

Objective: This study sought to identify if there is an influence on the classification in the technical performance indicators of the Spanish league teams,
and to identify technical performance indicators that differentiate successful from non-successful teams in the Spanish league.

Method: Data were collected from five technical variables, namely: kicking from inside the area and outside the area, average passes for the defense
sector, midfield and attack of 1900 La Liga matches between the years 2014 to 2019, through from the website "whoscored.com", the reliability analysis
used the OPTA tracking system with weighted values of 0.92 and 0.94. Teams are divided into five groups containing 4 teams, according to their ranking
in the competition annually. After data collection, the Kolmogorov-Smirnov test was used to determine the distribution of variables. To identify the effect
of the table on the technical actions of the teams, the One-Way ANOVA test was used. For multiple comparisons between groups, the Bonferroni test was
used.

Results: The technical performance indicators that allow you to differentiate the four best teams in the competition from the other teams are: kick from
inside the area, pass to the midfield sector and to the attack sector.

Conclusion: The study proved to be effective because it achieved its objectives by identifying the technical variables that differentiated successful from
non-successful teams, and can help coaches, analysts and other football professionals to understand the context of their performance and target their

future interventions.

Keywords: Soccer; Key Performance Indicators; Match Analysis; Performance Analysis.

Introducio

A andlise de uma partida de futebol tem por meta a identificacio
de pontos fortes e fracos da propria equipe e de seus adversarios’.
Este processo de andlise pode ser realizado através da avaliacio e
monitoramento de a¢des coletivas e individuas, apresentando uma
descricdo da equipe, afim de fornecer informacdes importantes
para a preparacéo e desenvolvimento da equipe **.

Para Castellano et al., a andlise de jogos nos esportes tem sido
usada como um processo importante que fornece ao treinador
informacoes determinadas que pode ser usada na potencializac¢io
do rendimento da equipe e no planejamento de treinamentos.
Lago e Dellal®, corrobora apontando que os principais beneficios
de realizar uma andlise de desempenho da sua prépria equipe é
identificar qualidades que podem ser potencializadas e fraquezas
que devem ser melhoradas. Assim sendo, os estudos de andlise de
desempenho tém direcionado principalmente nos indicadores de
sucesso, variaveis de passes, finalizacdo e probabilidade de
vencer®, subentender futuros desempenhos bem sucedidos ou
identificando diferencas entre competices e equipes’. Esses
indicadores servem como parimetros que ajudam a projetar
resultados esportivos em um campeonato.

Dentre os estudos com andlise de desempenho no futebol,
destacam-se os que buscam identificar indicadores que
discriminam equipes vencedoras de equipes perdedoras. O estudo
de Zhou et al.® apontou que a probabilidade de vencer é 0,79-3,50
vezes maior de vencer partidas, a partir de chutes ao gol, entéo a
sustentacdo do impacto positivo dos chutes exige que os
treinadores estejam atentos a esse indicador. Zhou, Gémez, &
Lorenzo’, na Superliga Chinesa demostraram que as equipes que
obtiveram sucesso na competicdo, tiveram numeros de chutes ao
gol aumentados ao longo das seis temporadas analisadas (2012-
17). Sob o mesmo ponto de vista Alves et al.'’, as equipes
vencedoras na Copa do Mundo FIFA 2018, demonstraram realizar
mais finalizacfo e finalizacfo ao gol. Contudo Liu et al.?, apresenta
uma ressalva importante, em relacdo aos indicadores de
performance de finalizacéo, devido sua instabilidade ao longo de
uma sequéncia de partidas. No estudo de Yi et al."’, a varidvel de
chutes e chutes ao gol nédo obteve alteracio, entretanto embora os
numeros de chutes variaram pouco, o nimero de toques e passes
realizados para tercos de jogo foram aumentados nas temporadas
analisadas (2009-2018).

Vale destacar que no estudo foram coletadas as varidveis
técnicas ofensivas relacionadas a finalizacdo e passe, buscando
entender a partir delas qual sua influéncia nos resultados finais de
uma partida e de um campeonato. Por fim, evidenciar a
importancia dos estudos acima que comparam os times
vencedores dos perdedores, mas que ha uma necessidade de uma

nova abordagem desta temdtica, afim de identificar as diferencas
entre as equipes de diferentes posicoes na tabela com base em seu
comportamento técnico ofensivo.

Desta forma, este estudo tem como objetivos: (i) identificar se
existe influéncia na classificacdo nos indicadores de performance
técnico das equipes liga espanhola; (ii) identificar indicadores de
performance técnico que diferenciem equipes de sucesso das
equipes de néo sucesso da liga espanhola.

Método.

Amostra

A amostra deste estudo consistiu na coleta de dados referentes
ao comportamento técnico ofensivo de 5 temporadas completas,
totalizando 1900 partidas da La Liga entre os anos de 2014 a
20109.

Varidveis

Os indicadores de desempenho técnico selecionados para o
presente estudo foram: chute de dentro da area; chute de fora da
area; passes para o setor de defesa; passes para o setor de meio
campo; passes para o setor de ataque; total de pontos obtidos
pelas equipes na competicdo ao longo das temporadas analisadas.
No total, em todas as temporadas analisadas ocorreram 27.231
chutes de dentro da area, 19.416 chutes de fora da drea, 309.008
passes para o setor de defesa, 909.125 passes para o setor de meio
campo e 576.450 passes para o setor de ataque, sendo todos os
dados apresentados em médias por partida das equipes
analisadas.

Coleta de Dados e Andlise de Confiabilidade

Os dados utilizados no estudo foram coletados do site
"whoscored.com”, das quais o fornecedor dos recursos é a
empresa de dados esportivos OPTA Sportsdata Company %,

Em relacdo a andlise da confiabilidade do estudo, utilizou o
sistema de rastreamento (OPTA Client System) usado pela empresa
para gerar estatisticas de partidas ao vivo. De acordo com o estudo
Liu et al.’®, percebeu-se que os eventos das equipes codificadas
por operadores independentes alcancou uma consonéncia 6tima,
como valores de Kappa ponderados de 0.92 e 0.94.

Procedimentos
Para este estudo, foram determinados cinco grupos contendo 4

equipes, de acordo com a sua classificacdo final por ano na
competicdo. Sendo assim, o Grupo 1 é composto pelo 1° colocado
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ao 4° colocado; o Grupo 2 é composto pelo 5° colocado ao 8°
colocado; o Grupo 3 é composto pelo 92 colocado ao 12° colocado;
o Grupo 4 é composto pelo 13° colocado ao 16° colocado; e o
Grupo 5 é composto pelo 17° colocado ao 20° colocado. Desta
forma, serd analisado se hd influéncia na classificacéo final a partir
da média de realizacdo das varidveis e quais indicadores de
performance técnicos determinam sucesso e ndo sucesso na liga
espanhola.

Andlise Estatistica

Na andlise estatistica, realizamos a andlise por temporada para
evidenciar se a influéncia das varidveis no sucesso das equipes se
manteve constante ao longo das temporadas ou se modifica, para
determinacio da distribuicdo das variaveis foi utilizado o teste de
Kolmogorov-Smirnov. Para a identificacéo do efeito da tabela nas
acoes técnicas das equipes, foi utilizado o teste de ANOVA One-
Way. Para as comparacdes multiplas entre os grupos de equipes
analisados, foi utilizado o teste de Bonferroni. Foi considerado
para a andlise o valor de p<0.05 para nivel de significancia. O
software SPSS® 20.0 para Windows, Chicago, IL, USA. foi utilizado
em todos os testes neste estudo.

Resultados

A partir da aplicacdo dos procedimentos anteriormente
descritos, nesta secdo apresenta-se os resultados obtidos. Na
Tabela 1, observa-se os valores médios anuais por partida e totais
da realizacdo das a¢des de chute de dentro da édrea e fora da area.
Nota-se que os valores totais da varidvel de chute de dentro da
area apresenta influéncia nos grupos, com valores de p<0,05.
Nesta varidvel no valor total o Grupo 1 diferenciou-se
significativamente dos demais grupos, enquanto no valor por
partida, no campeonato 2016-17 apenas o Grupo 3, 4 e 5
diferenciaram do Grupo 1. Em relacéo a variavel de chute de fora
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Grupo 3, 4 e 5 demostraram diferenca significativa em rela¢io ao
Grupo 1, bem como o Grupo 02 em relacéo ao Grupo 5.

Na Tabela 2, verifica-se os valores médios anuais por partida e
totais da realizacio das acdes de passe para o terco defensivo, para
o terco de meio campo e para o terco de ataque. Percebe-se que os
valores totais da varidvel de passe para o terco defensivo
apresentam apenas diferenca significativa entre o Grupo 1 em
relacdo ao Grupo 5. Em relacdo aos valores totais das varidveis de
passe para o terco de meio campo e para o terco de ataque
apresentam influéncia nos grupos, com valores de p<0.05. Nessas
varidveis o valor total do Grupo 1 se diferenciou significativamente
dos demais grupos, com excecéo da varidvel passe para o terco de
ataque que o Grupo 2 demostrou diferenca significativa para o
Grupo 5. Em relacéo os valores por temporada, as acdes de passes
para o setor de meio campo, na temporada 2016-17 o Grupo 1
teve diferenca significativa para o Grupo 5, por fim na variavel de
passe para terco de ataque nas temporadas 2014-15 e 2018-19 o
Grupo 1 demostrou diferenca significativa para o Grupo 5, bem
como na temporada 2017-18 o Grupo 1 obteve uma diferenca
significativa em relacéo ao Grupo 3,4 e 5.

Discussao

O presente estudo teve como objetivos identificar se existe
influéncia na classificagéo nos indicadores de performance técnico
das equipes liga espanhola, bem como identificar indicadores de
performance técnico que diferenciem equipes de sucesso das
equipes de nio sucesso da liga espanhola. Os resultados do estudo
identificaram que os indicadores que permitiram diferenciar as
equipes foram chute de dentro da area, passe para o setor de
meio-campo e passe para o setor de ataque. Esses dados
confirmam o estudo de Andrzejewski, et al.'* que destaca a
importancia das equipes concentra-se no desenvolvimento de
estratégias para criar situacdes mais frequentes de chutes ao gol

da 4rea, a dnica influéncia foi na temporada 2014-15, no qual o como fundamentais para osucesso de uma equipe
Tabela 1. Comparacéo da frequéncia de Chutes por partida entre diferentes grupos de classificacéo.
Acéo Técnica Ofensiva Grupo 1 (M+SD) Grupo 2 (M+SD) Grupo 3 (M+SD) Grupo 4 (M+SD) Grupo 5 (M+SD) F P
Total 8.61+2.30 7.21£0.95° 6.890.98 6.21£0.89* 6.48+0.77* 847  <0.001
2014-2015 6.40£1,29 6.37+0,68 6.31£1.28 5.87+0.99 6.22£0.55 0.18 0.946
Chute de dentro da area 201572016 9.06+2.88 7.58+0.90 6.56%0.67 6.42+0.60 6.76£0.66 2.29 0.107
2016-2017 9.99£2.06 7.38+0.65 6.700.84° 6.660.47* 5.80£0.83* 8.08 0.001
2017-2018 9.11+2.73 7.10£1.28 7.41£0.61 6.90:1.01 6.63+0.89 1.69 0.204
2018-2019 8.48+1.43 7.60£1.01 7.44+1.23 7.30£0.97 7.01£0.58 1.04 0.418
Total 5.95£2.11 5.17+1.65 4.89:0.92 4.75+0.85 4.77+0.87 2.66 0.037
2014-2015 9.40+2.18 8.05+1.03 6.37£0.47° 5.80+0.37° 5.27+0.71* 8.67 0.001
Chute de fora da drea 2015-2016 497+1.55 4.30:0.73 4.38+0.39 471121 4.7120.77 0.29 0.881
2016-2017 5.13+0.63 4.75:0.43 4.28:0.92 4.82+0.20 4.85:1.59 0.47 0.756
2017-2018 5.11£0.70 4.61:0.63 4.800.50 4.100.63 4.35£0.49 1.68 0.207
2018-2019 5.16+0.52 4.17£1.06 4.59:0.18 4.31£0.50 4.65:0.59 141 0277
M = Média; DP = Desvio Padréo; *Diferenca significativa para o Grupo 1; *Diferenca significativa para o Grupo 2. p<0.05.
Tabela 2. Comparacéo da frequéncia de Passes por partida entre diferentes grupos de classificacéo.
Acéo Técnica Ofensiva Grupo 1 (M+SD) Grupo 2 (M+SD) Grupo 3 (M+SD) Grupo 4 (M+SD) Grupo 5 (M+SD) F P
Total 93.99+21.34 81.23+22.05 82.23+22.82 75.04+19.13 74.08+18.87* 2.90 0.026
2014-2015 73.72+10.26 73.408.06 71.67+21.98 66.14+8.44 73.72+10.26 1.07 0.404
Passe para o terco 2015-2016 86.49+17.94 79.21+14.42 83.97+15.87 61.015.73 74.20+16.62 1.86 0.169
defensivo 2016-2017 102.19+20.14 82.49+20.17 82.59+7.66 90.82+23.03 66.92+13.15 2.12 0.129
2017-2018 105.06+19.33 93.63+33.59 86.20+28.18 82.98+28.53 83.21+22.20 0.48 0.747
2018-2019 102.51+26.54 77.39+30.93 86.72+38.85 74.27+9.25 88.60+18.09 0.68 0.613
Total 286.65:50.29 236.37+37.40° 235.14+31.13° 223.09+31.93° 214.95+21.27° 1226  <0.001
2014-2015 288.40£76.39 246.06+31.88 220.85+28.83 215.65+14.74 204.90+17.32 2.71 0.070
Passe para o terco de 2015-2016 288.42+55.30 235.05+37.71 249.50+38.86 215.816.93 220.28+16.52 2.71 0.070
meio campo 2016-2017 285.17+37.65 242.66+22.33 231.73+11.96 258.02+37.32 206.64+11.46 * 4.79 0.011
2017-2018 282.73+49.05 246.0661.19 232.11+23.50 219.52+47.36 220.00+31.21 1.38 0.287
2018-2019 288.53+57.15 212.00+32.82 241.51+49.70 206.45£19.95 222.92+28.37 2.74 0.068
Total 183.82+31.35 154.24+11.70* 147.85£23.41° 139.21+10.83* 133.35:08.45*®  20.80  <0.001
2014-2015 188+47.21 160.95+7.47 154.84+10.42 138.20£6.95 128.916.37° 429 0.016
Passe para o terco de 2015-2016 183.98+32.93 157.66+2.15 147.16+19.31 142.62+19.55 139.40+8.51 3.37 0.037
ataque 2016-2017 184.86+22.59 157.65+15.03 129.46+17.10° 140.93+3.42° 132.86+10.92° 891 0.001
2017-2018 179.91+37.60 145.06+13.47 151.90+25.36 137.14£15.17 137.07+7.32 2.48 0.088
2018-2019 181.61+30.44 149.86+13.05 155.91+37.81 137.15+6.20 128.37+5.85° 3.21 0.043

M = Média; DP = Desvio Padréo; *Diferenca significativa para o Grupo 1; "Diferenga significativa para o Grupo 2. p<0.05.
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A Tabela 1 mostra que a média de chutes de dentro da 4rea e
fora da 4rea apresentaram-se como uma varidvel capaz de
influenciar o resultado de uma partida e de um campeonato,
indicando que estds varidveis podem determinar sucesso das
equipes. Stafylidisi et al.'® completa, demostrando uma
consideravel probabilidade de vencer jogos na Liga Grega de
2020-21 a partir de chutes no gol e chutes totais, o estudo de
Lepschy, Wische, & Woll'® corrobora destacando a influéncia
significativa nas vitorias das ac¢des de chute ao gol, chutes dentro
da area penal e total de chutes, mas chama atenc¢éo que néo s6 a
frequéncia dos disparos, mas também a qualidade dos disparos
estd intimamente relacionada ao sucesso da partida.

Ainda na Tabela 2 a média de passe para o setor de meio-campo
e passe para o setor de ataque também se apresentaram como
varidveis capazes de influenciar o resultado de uma partida e de
um campeonato. Rein, Raabe, & Mennert'’ sugere que o nimero
de jogadores ultrapassados, bem como a eficicia do passe de
mudanca de terco de ataque do campo, fornece um valor
consideravel para analisar o desempenho no futebol. Indo de
encontro Bradley et al.'® pontua que as esquipes bem sucedidas
tendem a “controlar” e ditar o jogo para se aproximar do setor de
ataque do campo, para criar oportunidades de finalizacao.

No estudo de Tenga et al."’ foi detectado diferencas significativas
nas zonas frequentadas pelos times de sucesso, onde os gols
marcados iniciados por passes no ter¢o de ataque mostram-se
mais eficaz entre as equipes bem sucedidas, solidificando Casal et
al”’ verificou que equipes de sucesso, tendem a ocupar com maior
frequéncia o terco meio-ofensivo, enquanto os times menor
sucesso tentem a ocupar o terco meio-defensivo, no entanto Tenga
& Sigmundstad”’ destacou que as equipes bem sucedidas
marcaram mais gols em passes que comecaram no terco de meio
campo em comparacdo as equipes mal sucedidas, isto ocorre,
porque para marcar gols a partir de passes que comecem
distantes de gol exige-se jogadores com alto nivel de habilidade,
muitas vezes encontrados em equipes de sucesso. Para que esses
dados sejam respeitdveis, seria necessario realizar novos estudos
que identificassem a relacdo entre posse de bola e zonas de passes
entre equipes de nivel técnico similares.

Desta forma, os indicadores de desempenho quantificados
fornecem informacdes importantes para os treinadores e analistas
de desempenho durante a elaboracio de treinamento e
preparacdo para jogos. Por exemplo, uma maior énfase na precisio
de passes e chutes pode ser benéfica, medidas de treinos podem
ser adaptadas a jogos médios e grandes, e que as equipes podem
competir de acordo com os principios de superioridade numérica,
ex: 8 contra 6, 9 contra 7, 10 contra 8 podem ser ambientes que
provoquem mais situacdes que terminem com um gol ou
finalizacdo. Além de servir como benchmark para os grupos 2 ao 5,
que buscam melhora no desempenho, sendo uma alternativa é
preconizar no modelo de jogo do time a manutencio da posse de
bola nos setores de meio-campo e ataque, tentando sempre que
possivel a finalizacdo no gol adversério.

Com base nos resultados obtidos, conclui-se que, na liga
espanhola, os indicadores de técnicos de desempenho que
permitem diferenciar as quatro melhores equipes da competicéo
das demais equipes sdo: chute de dentro da area, passe para o
setor de meio-campo e passe para o setor de ataque. Assim, estes
indicadores permitem uma caracterizacio do perfil de sucesso de
uma equipe na liga espanhola, o que auxilia treinadores, analistas
e demais profissionais do futebol a entender o contexto de atuacédo
e se direcionar suas intervencdes futuras.
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ABSTRACT

Objective: Most modern breast cancer treatments are shown to be effective in terms of survival but lead to side effects such as dysfunction of the upper
limb, lymphedema, pain syndrome, plexitis, cardiotoxicity, fatigue, and pulmonary complications. Applied radiotherapy enhances the number of side
effects that patients with breast cancer experience over a long period. The aim of this study was to compare effectiveness of Hatha Yoga and Pilates
interventions on respiratory function in patients with breast cancer.

Methods: 95 women completed the interventions and were included in the final analysis. The participants, staged I-II, were randomly assigned to 2
groups. Group A (n = 48, 57.53 + 1.92 years) received Hatha Yoga intervention and group B (n = 47, 58.00 + 1.27 years) received Pilates intervention.
Both programs were conducted for 12 weeks, with three 60-min sessions per week. Spirometry was used to measure pre- and post-intervention
functional capacity of the respiratory system.

Results: Significant differences (p<0.05) were found in Vital Capacity, Forced Vital Capacity, Peak Expiratory Flow, Maximum Expiratory Flow25,
Expiratory Reserve Volume and Maximal Voluntary Ventilation in Hatha Yoga group compared with Pilates group. There was no significant difference
between both groups in Force Expiratory Volume and Maximum Expiratory Flow50 (p>0,05)

Conclusions: Hatha Yoga and Pilates interventions are both effective in respiratory function, but Hatha Yoga turns out more beneficial.

Keywords: Breast cancer; Respiratory system; Yoga; Pilates

Efectividad de la intervencion de Yoga vs Pilates en la funcién respiratoria de pacientes con ciAncer de mama

RESUMEN

Objetivo: La mayoria de los tratamientos modernos contra el cincer de mama han demostrado ser efectivos en términos de supervivencia, pero provocan
efectos secundarios como disfuncién del miembro superior, linfedema, sindrome de dolor, plexitis, cardiotoxicidad, fatiga y complicaciones pulmonares.
La radioterapia aplicada aumenta la cantidad de efectos secundarios que experimentan los pacientes con cancer de mama durante un periodo
prolongado. El objetivo de este estudio fue comparar la efectividad de las intervenciones de Hatha Yoga y Pilates sobre la funcién respiratoria en
pacientes con cdncer de mama.

Meétodos: 95 mujeres completaron las intervenciones y fueron incluidas en el andlisis final. Los participantes, estadios I-II, fueron asignados
aleatoriamente a 2 grupos. El grupo A (n = 48, 57.53 + 1.92 aiios) recibi6 intervencién de Hatha Yoga y el grupo B (n = 47, 58.00 + 1.27 afios) recibid
intervencién de Pilates. Ambos programas se realizaron durante 12 semanas, con tres sesiones de 60 min por semana. La espirometria se utiliz6 para
medir la capacidad funcional del sistema respiratorio antes y después de la intervencioén.

Resultados: Se encontraron diferencias significativas (p<0.05) en Capacidad Vital, Capacidad Vital Forzada, Flujo Espiratorio Pico, Flujo Espiratorio
Méximo25, Volumen de Reserva Espiratorio y Ventilacién Voluntaria Maxima en el grupo de Hatha Yoga comparado con el grupo de Pilates. No hubo
diferencia significativa entre ambos grupos en Volumen Espiratorio Forzado y Flujo Espiratorio Méximo50 (p>0.05).

Conclusiones: Las intervenciones de Hatha Yoga y Pilates son efectivas en la funcién respiratoria, pero Hatha Yoga resulta més beneficiosa.

Palabras clave: Cancer de mama; Sistema respiratorio; Yoga; Pilates
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Eficacia comparativa da intervencio de Yoga e Pilates na funcido respiratdoria de pacientes com cancer de

mama

RESUMO

Objetivo: A maioria dos tratamentos modernos de cancer de mama se mostram eficazes em termos de sobrevida, mas levam a efeitos colaterais como
disfuncdo do membro superior, linfedema, sindrome da dor, plexite, cardiotoxicidade, fadiga e complicacdes pulmonares. A radioterapia aplicada
aumenta o niumero de efeitos colaterais que as pacientes com cancer de mama experimentam por um longo periodo. O objetivo deste estudo foi comparar
a eficacia das intervencoes Hatha Yoga e Pilates na funcéio respiratdria em pacientes com cancer de mama.

Meétodos: 95 mulheres completaram as intervencdes e foram incluidas na andlise final. Os participantes, estagio I-II, foram distribuidos aleatoriamente em
2 grupos. O grupo A (n = 48, 57.53 + 1.92 anos) recebeu intervencio de Hatha Yoga e o grupo B (n = 47, 58.00 + 1.27 anos) recebeu intervencio de
Pilates. Ambos os programas foram realizados durante 12 semanas, com trés sessdes de 60 minutos por semana. A espirometria foi utilizada para medir

a capacidade funcional pré e pds-intervencio do sistema respiratorio.

Resultados: Foram encontradas diferencas significativas (p<0.05) na Capacidade Vital, Capacidade Vital Forcada, Pico de Fluxo Expiratério, Fluxo
Expiratério Maximo25, Volume Expiratério de Reserva e Ventilacdo Voluntaria Maxima no grupo Hatha Yoga comparado ao grupo Pilates. Nao houve
diferenca significativa entre os dois grupos no Volume Expiratdrio de Forca e Fluxo Expiratério Maximo50 (p>0.05).

Conclusées: As intervengdes de Hatha Yoga e Pilates séo eficazes na funcfio respiratéria, mas Hatha Yoga se mostra mais benéfica.

Palavras-chave: Cancer de mama; Sistema respiratério; Yoga; Pilates

Introduction

Modern data underline the rise in the number of women with
breast cancer. Most modern oncological treatment methods are
shown to be effective in terms of survival but lead to side effects
such as dysfunction of the upper limb, lymphedema, pain
syndrome, plexitis, cardiotoxicity, fatigue, and pulmonary
complications, fatigue, and pulmonary complications induced by
adjuvant cancer therapies.”* Furthermore, applied radiotherapy
enhances the number of side effects that patients experience over
a long period” which necessitates the development of
differentiated physical rehabilitation aimed at preventing post-
treatment complications and improving the functional state of the
cardiovascular system.

Numerous studies have shown that thoracic radiotherapy in
patients with breast cancer might lead to significant impairment
in functional capacity of respiratory system (chest mobility
restriction , muscle weakness, dyspnea, impaired lung diffusion)
and exercise performance,*® which is imperative to consider when
developing a rehabilitation program.

Previous studies have emphasized the significant role of
different interventions in improving functional capacity in breast
cancer patients. These interventions include aerobic exercises,’

Pilates exercises,'® yoga exercises,"*** and combined aerobic and

resistance exercise programs.**'” Nevertheless, previous studies
have principally focused on the efficacy of yoga therapy in
reducing fatigue, depression, and cancer-related lymphoedema in
women suffering from breast cancer.’**

To date, there are publications that show the positive role of
Pilates in improving the respiratory function in patients with
multiple sclerosis?® and cardiorespiratory parameters in healthy
sedentary women with low respiratory capacities.”®
Contemporary publications also show that regular Yoga practice
increases the vital capacity, timed vital capacity, maximum
voluntary ventilation, breath holding time and maximal
inspiratory and expiratory pressures in yoga practitioners** and
lung cancer patients.”® The aim of this study was to compare
effectiveness of Hatha Yoga and Pilates interventions separately on
respiratory function in patients with breast cancer.

Methods
Participants

A total of 110 women consented to take part in the study but
only 102 met the inclusion criteria and were involved (8 patients

did not meet the research criteria and were excluded). The
inclusion criteria were as follows: Ukrainian individuals aged
between 55 and 60 years, I-II stages of the tumour; the average
time after breast cancer surgery (Madden mastectomy) ranged
between 3 and 4 weeks. The exclusion criteria involved cognitive
deficiency or psychiatric disease, bilateral mastectomy, heart
failure, stage III tumour, refusal to participate. Overall, 95 women
completed the interventions and were included in the final
analysis (Figure 1).

Subject characteristics and breast cancer stage are shown in
Table 1. The women were randomized by using sequentially
numbered, opaque sealed envelopes. The randomization was
performed by an independent person via random numbers
generated in Microsoft Excel. An independent person who was
separate from the assessment and recruitment of the patients
opened the envelopes. The participants’ mean age was 57.53 +
1.92 years for group A (Hatha Yoga) and 58.00 + 1.27 years for
group B (Pilates).

Table 1. Demographic and clinical characteristics of the
participants
Characteristics Aln= 48)GroupsB (n=47) p
Age, years (M + SD) 57.53+1.92 58.00+1.27 >0.05
Race White, n (%) 46 (96) 45 (96) >0.05
Black, n (%) 2 (4) 2(4) >0.05
Body mass index, kg/m2 (M + SD) 24.23+0.38 24.25+0.38 >0.05
Weeks since surgery treatment completion (M+ SD) 3.23+1.17 3.25+1.19 >0.05
Cancer stage 1,n (%) 8 (17) 9(19) >0.05
2,n (%) 40 (83) 38 (81) >0.05

The research related to human use has complied with all the
relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has been
approved by the ethical committee of Khortytsia National
Academy. Written informed consent has been obtained from all
individuals included in this study.

The research related to human use has complied with all the
relevant national regulations and institutional policies, has
followed the tenets of the Declaration of Helsinki, and has been
approved by the ethical committee of Khortytsia National
Academy. Written informed consent has been obtained from all
individuals included in this study.

Procedure
The independent researcher who administered the spirometry

was blinded to the group assignment of the participants.
Spirometry was used to measure pre- and post-intervention
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ENROLMENT

Assessed for eligibility (n = 110)

Excluded (n = 8):
- Did not meet inclusion criteria (n=7)
- Declined to participate (n=1)

Randomized (n = 102)

ALLOCATION

Group A (Hatha Yoga) (n = 52) Group B (Pilates) (n = 50)

FOLLOW-UP

Discontinued intervention (n = 4)
Became ill, dropped out of the study, and
did not complete 2-week intervention

Discontinued intervention (n = 3)
Became ill, dropped out of the study, and
did not complete 2-week intervention

ANALYSIS

Analysed (n=48)

Analysed (n=47)

Figure 1. CONSORT flow diagram of the study

respiratory function. Spirometry was performed with the help of
SMP-21/01 RD Spirometer SMP-21/01 RD (Monitor Ltd. Co.,
Rostov-on-Don, Russia). The following variables were assessed:

+ Vital Capacity (VC): the largest volume measured on complete
exhalation after full inspiration, expressed in liters and was
performed unforced. For VC, the largest value from at least three
acceptable maneuvers was recorded.

* Forced vital capacity (FVC): the maximal volume of air exhaled
with maximally forced effort from a maximal inspiration,
expressed in liters. The subject inhaled rapidly and completely
from functional residual capacity while the breathing tube was
inserted into the subject’s mouth with lips sealed around the
mouthpiece and tongue not occluding the mouthpiece.

* Forced expiratory volume in 1 s (FEV;): the maximal volume of
air exhaled in the first second of a forced expiration from a
position of full inspiration, expressed in liters. FVC and FEV; were
measured from three forced expiratory curves that had an
acceptable start of test and were free from artifact. The largest
FVC and the largest FEV, were recorded after examining the data
from all of the usable curves.

+ Peak expiratory flow (PEF): the highest flow achieved from a
maximum forced expiratory maneuver started without hesitation
from a position of maximal lung inflation, expressed in 1/s. PEF is
dependent on effort and lung volume, with subject cooperation
being essential. PEF must be achieved as rapidly as possible and at
as high a lung volume as possible, in order to obtain the maximum
value.

* Maximum Expiratory Flow at 25% of FVC (MEF25): the
maximum expiratory flow, when 25% of the FVC has been exhaled.

* Maximal Expiratory Flow at 50% FVC (MEF50): the maximum
expiratory flow, when 50% of the FVC has been exhaled.

¢ Maximum Volume of Ventilation (MVV): the maximum volume
of air a subject can breathe over a specified period.

* Inspiratory Reserve Volume (IRV): the maximal volume of air
inhaled from end-inspiration.

* Expiratory Reserve Volume (ERV): the maximal volume of air
exhaled from end-expiration, expressed.

Heart rate control mode during hatha yoga and Pilates sessions
were monitored using a tracker Polar.

Interventions

The participants of group A and group B performed both
programs for 12 weeks, with three 60-min sessions per week.
Exercise intensity was individualized for the patients and varied
from 50% to 60%. Heart rate control mode during hatha yoga and
Pilates sessions. Both interventions took place at the Zaporizhzhya
Regional Cancer Centre and were performed by the same certified
yoga and Pilates therapist. Each session of yoga intervention
consisted of several continuous poses (static, dynamic, stato-
dynamic, relaxing, and respiratory) that were based on the
participants’ individual baseline functional capacity of the
cardiovascular system. The yoga intervention consisted of
breathing exercises (10 min), asanas in standing, sitting, lying
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Table 2. Dynamics of respiratory function in the studied groups

Group A (n =48)

Group B (n=47)

Indicator

Beginning 3-month intervention Beginning 3-month intervention
Vital capacity, 1 Actual 2.58+0.04 2.83+0.07** 2.51+0.08 2.60+0.07
% of predicted 79.72+1.98 85.92+2.09* 78.00+2.73 79.82+2.20
Forced vital capacity, 1 Actual 2.50+0.02 2.65+0.04** 2.47+0.04 2.48+0.03
% of predicted 79.12+1.41 83.36£1.51* 79.68+1.70 79.96x1.68
Forced expiratory volume in 1 second,1  Actual 1.97+0.07 2.36+0.06"** 1.96+0.05 2.23+0.04***
% of predicted 79.90+3.28 89.16+2.74** 79.35+2.07 89.91+2.24**
Peak expiratory flow, 1/sec Actual 3.86+0.13 4.66+0.16** 3.74+0.17 3.75+0.15
% of predicted 63.88+2.13 72.84+2.70* 61.96+2.96 62.16+2.64
Maximum expiratory flow ,s, 1/sec Actual 3.52+0.14 3.99+0.13* 3.48+0.16 3.57+0.14
% of predicted 65.72+2.46 76.68+2.50** 65.04+3.16 66.84+2.82
Maximum expiratory flow s, 1/sec Actual 3.42+0.12 3.75£0.15 3.39£0.14 3.40£0.15
% of predicted 90.00+3.24 98.76+3.62 89.72+3.93 89.82+4.23
Inspiratory reserve volume, 1 1.11+0.03 1.19+0.07 0.99+0.06 1.11+0.07
Expiratory reserve volume, | 0.70+0.03 0.96+0.08** 0.88+0.12 0.70+0.08
Maximal voluntary ventilation, 1/min 58.86+1.52 67.77+2.40* 64.61+3.15 61.04+2.18

*p<0.05 **p<0.01, ***p<0.001 for the data in groups A and B after intervention; VC - Vital capacity, FVC - Forced vital capacity, FEV1 - Forced expiratory volume in 1
second, PEF - Peak expiratory flow, MEF25 - Maximum expiratory flow 25, 1/sec, MEF50 - Maximum expiratory flow 50, IRV - Inspiratory reserve volume, ERV - Expiratory

reserve volume, MVV - Maximal voluntary ventilation.

Table 3. A comparison of post-intervention score averages of the spirometry indicators between the groups

Group A (n = 48)

Group B (n =47)

Indicator 3-month intervention 3-month intervention P
Vital capacity, 1 Actual 2.83+0.07 2.60+0.07 <0.05
% of predicted 85.92+2.09 79.82+2.20 <0.05
Forced vital capacity, 1 Actual 2.65+0.04 2.48+0.03 <0.05
% of predicted 83.36x1.51 79.96+1.68 <0.05
Forced expiratory volume in 1 second,1  Actual 2.36+0.06 2.23+0.04 >0.05
% of predicted 89.16+2.74 89.91+2.24 >0.05
Peak expiratory flow, 1/sec Actual 4.66+0.16 3.75+0.15 <0.05
% of predicted 72.84+2.70 62.16+2.64 <0.05
Maximum expiratory flow s, 1/sec Actual 3.99+0.13 3.57+0.14 <0.05
% of predicted 76.68+2.50 66.84+2.82 <0.05
Maximum expiratory flow s, 1/sec Actual 3.75+0.15 3.40+0.15 >0.05
% of predicted 98.76+3.62 89.82+4.23 >0.05
Inspiratory reserve volume, 1 1.19+0.07 1.11+0.07
Expiratory reserve volume, 1 0.96+0.08 0.70+0.08 <0.05
Maximal voluntary ventilation, 1/min 67.77+2.40 61.04+2.18 <0.05

VC - Vital capacity, FVC - Forced vital capacity, FEV1 - Forced expiratory volume in 1 second, PEF - Peak expiratory flow, MEF25 - Maximum expiratory flow 25, 1/sec, MEF50 -
Maximum expiratory flow 50, IRV - Inspiratory reserve volume, ERV - Expiratory reserve volume, MVV - Maximal voluntary ventilation.

positions (40 min), and relaxation exercises in lying position (10
min).

To improve the functional state of the respiratory system, static
pranayama was used to change the phases of the respiratory cycle
(time of inhalation and exhalation); with alternate change of the
type of breathing (elements of full breathing); with forced
exhalations due to abdominal and diaphragm muscles
(Kapalabhati, Bhastrika breathing); with delayed breathing after
prolonged exhalation (Rechaka, Shunyaka, rhythmic breathing);
with increasing strength and endurance of expiratory respiratory
muscles (Uddiyana Bandha, Uddiyana Bandha Kriya, etc.).

Group B participants performed a Pilates program that included
Pilates matwork exercises (30 min), Power Pilates (10 min),
Pilates ball (10 min), and Pilates stretch (10 min). The main
purpose of Pilates matwork exercises was to teach the women safe
and rational techniques of performing basic exercises, breathing
properly, and focusing on the movements performed. Exercise
intensity was related to the functional capacity of the
cardiovascular system in the women after breast cancer surgery.

Statistical Analysis

The obtained data were analysed with the Statistical Package for
the Social Sciences (SPSS) computer program. The Shapiro-Wilk
test was preliminarily completed to spot the normal distribution
of data. Dependent t-test was used to compare pre- and post-
treatment respiratory changes for each group. Independent t-tests
served to compare post-intervention respiratory parameters
between group A and group B.

Results

All indicators of respiratory function were equivalent in the
study groups at the beginning of the rehabilitation. Thus, the

groups were homogeneous at the start of the study. Dynamics of
respiratory function in the studied groups is presented in Table 2.

As presented in Table 2, the dependent and independent t-test
analysis revealed that in group A there was a significant increase
in the functional state of the respiratory system.

Post-intervention impact (p < 0.05) in patients of group B was
noted only by the forced expiratory volume in 1 second that
significantly increased by 0.27 1. Applying the 3-month hatha yoga
intervention, a significant increase was observed in group A: in
vital capacity by 0,251 (p < 0.01), in forced vital capacity by 0.151
(p < 0.01), in forced expiratory volume in 1 second by 0.391 (p <
0.001), in peak expiratory flow by 0.80 l/sec (p < 0.01), in
maximum expiratory flow 25 by 0.47 l/sec (p < 0.05), in
expiratory reserve volume by 0.26 1 (p < 0.01) and in maximal
voluntary ventilation by 8.91 1 (p < 0.05). The predicted values of
vital capacity improved significantly in patients of group A by
6.20% (p < 0.05), forced vital capacity by 4.24% (p < 0.01), forced
expiratory volume in 1 second by 9.26% (p < 0.01), peak
expiratory flow by 8.96 % (p < 0.05), maximum expiratory flow 25
by 10.96 % (p < 0.01) respectively. A comparison of post-
intervention score averages of the spirometry indicators between
the groups is presented in Table 3.

The actual values of vital capacity, forced vital capacity, peak
expiratory flow, maximum expiratory flow 25, expiratory reserve
volume and maximal voluntary ventilation were significantly
higher in group A compared with group B participants: by 0,23 1
(p <0.05),by 0,171 (p < 0.05),0,911/sec (p < 0.05), 0,42 1/sec (p <
0.05), 0,26 1 (p < 0.05) and 6.73 1/min respectively. The predicted
values of vital capacity was significantly higher in group A
compared with group B patients by 6.10% (p < 0.05), forced vital
capacity by 3.4% (p < 0.01), peak expiratory flow by 10.68% (p <
0.05), maximum expiratory flow 25 by 9.84 % (p < 0.01)
respectively. No differences were found in FEV and MEF50
between groups after intervention.
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Discussion

The study was conducted to assess the impact of Hatha Yoga
intervention on the functional state of the respiratory system in
patients after breast cancer surgery. It was found a positive effect
of Hatha Yoga on respiratory function in patients with breast
cancer. Most antecedent yoga intervention for patients with breast
cancer have been organized to reduce cancer treatment-related
symptoms such as fatigue,?* functional state of the upper limb,***¢
peripheral muscle strength,”” lymphedema,® depression,
anxiety,® and health-related quality of life.”> Some previous
studies have identified that yoga considerably impacts on
cardiorespiratory fitness and strength in healthy adults,"*** but
Hatha Yoga effect on functional capacity of the respiratory system
in breast cancer Ukrainian patients has not been reported.

The current results demonstrated significant positive effects of
the Hatha Yoga intervention on increasing vital capacity, in forced
vital capacity, forced expiratory volume in 1 second, peak
expiratory flow, maximum expiratory flow,s, expiratory reserve
volume and in maximal voluntary ventilation. These findings
might be particularly important for women with low capacity to
participate in traditional aerobic or resistance programs. The
results of this research agree with those of other studies which
suggest that yoga exercises are a safe and effective intervention for
patients with breast cancer.

The current study has several notable strengths, which include a
complex application of asanas and breathing exercises in
accordance with the type of respiratory and autonomic
dysfunction. To regulate the activity of the autonomic nervous
system, emphasis was placed on the duration of the respiratory
cycle phases, respiratory retardation, and stimulation of breathing
through the corresponding nostrils. To increase the activity of the
parasympathetic department, we focused on prolonged non-
forced exhalation through the left nostril and delay after
exhalation; to increase the activity of the sympathetic one - on
forced inhalation and exhalation through the right nostril, delay
after inhalation. Different asanas were performed in standing,
sitting, and lying positions. Despite the positive results, our study
has some limitations. The results obtained cannot fully explain the
changes in pulmonary function, because our study lacked a control
group that received no intervention. In addition, minor differences
in the lifestyle and genetic factors of the women studied could
have influenced the results obtained.

As conclusion, in the face of these results, we consider that the
Hatha Yoga intervention was more effective than Pilates, with a
favourable impact on functional capacity of the respiratory system
in women after breast cancer surgery. Yoga exercises are a safe
and effective intervention for patients with breast cancer.
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ABSTRACT

Objective: Research suggests that an active re-warm-up (RW-U) during half-time improves performance capacity in team sports, despite limited evidence
in basketball. This study aimed to identify the practice of RW-U activities during the half-time period in elite and sub-elite Spanish men's and women's
basketball teams.

Methods: We asked strength and conditioning coaches from all teams competing at ACB, LF, LF2, LEB Oro, LEB Plata and EBA leagues during the 2020/21
season to fill in a web survey.

Results: All respondents reported familiarization with the RW-U concept, although 45% only reproduced traditional strategies. Half of the coaches
indicated that they always performed some activity, while the other half pointed out lack of time (45.7%) and player demands (62.9%) as the main
constraints impeding its regular use.

Conclusion: Spanish basketball teams continue to reproduce traditional practices of active re-warm-up during half-time, regardless of their competitive
level.

Keywords: Coaches; Half-time; Performance; Survey; Team sport.

Practicas de re-calentamiento en equipos de baloncesto masculino y femenino de élite y sub-élite esparioles:
perspectivas de los profesionales

RESUMEN

Objetivo: La investigacién sugiere que un recalentamiento activo (RW-U) durante el descanso mejora la capacidad de rendimiento en los deportes de
equipo, a pesar de que la evidencia en el baloncesto es limitada. Este estudio tiene como objetivo identificar la préctica de actividades de RW-U durante el
periodo de descanso en equipos de baloncesto espaiioles de élite y sub-élite.

Meétodos: Se pidi6 a los preparadores fisicos de todos los equipos que compiten en las ligas ACB, LF, LF2, LEB Oro, LEB Plata y EBA durante la temporada
2020/21 que rellenaran una encuesta web.

Resultados: Todos los encuestados declararon estar familiarizados con el concepto RW-U, aunque el 45% soélo reprodujo las estrategias tradicionales. La
mitad de los entrenadores indic6 que siempre realizaba alguna actividad, mientras que la otra mitad sefial¢ la falta de tiempo (45,7%) y la exigencia de
los jugadores (62,9%) como las principales razones que limitan su uso regular.

Conclusion: Los equipos de baloncesto espaiiol siguen reproduciendo précticas tradicionales de re-calentamiento activo durante el medio tiempo,
independientemente de su nivel competitivo.

Palabras clave: Entrenadores; Medio tiempo; Rendimiento; Encuesta; Deportes de equipo.
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Praticas de reaquecimento nas equipas de elite e subelite espanholas de basquetebol masculino e feminino:

perspectivas dos praticantes

RESUMO

Objectivos: A investigacdo sugere que um reaquecimento activo (RW-U) durante o intervalo melhora a capacidade de desempenho nos desportos de
equipa, apesar das provas limitadas no basquetebol. Este estudo visava identificar a prdtica de actividades de RW-U durante o intervalo nas equipas de

elite e subelite espanholas de basquetebol masculino e feminino.

Meétodos: Pedimos forca e condicionamento aos treinadores de toda as equipas que competiram nas ligas ACB, LF, LF2, LEB Oro, LEB Plata e EBA durante

a época de 2020/21 para preencher um inquérito na web.

Resultados: Todos os inquiridos relataram familiariza¢do com o conceito de RW-U, embora 45% reproduzissem apenas estratégias tradicionais. Metade
dos treinadores indicaram que sempre realizaram alguma actividade, enquanto a outra metade apontou a falta de tempo (45,7%) e as exigéncias dos
jogadores (62,9%) como os principais constrangimentos que impedem a sua utilizacdo regular.

Conclusdo: As equipas espanholas de basquetebol continuam a reproduzir praticas tradicionais de reaquecimento activo durante o intervalo,

independentemente do seu nivel competitivo.

Palavras-chave: Treinadores; Intervalo; Desempenho; Inquérito; Esportes de equipa.

Introduction

Basketball is a court-based team sport with a broad array of
physical, physiological, mechanical, technical, and tactical
demands." Namely, the intermittent high-intensity nature of most
actions and basketball-specific movements (e.g. accelerating,
decelerating, changing direction, jumping, shuffling, cutting, etc.)
stress the aerobic and anaerobic energy systems.” Ultimately, this
can lead to a considerable fatigue level,® where the ability to resist
the development of fatigue could positively influence critical
aspects of basketball performance.*

Basketball matches, by regulation, have a 10-minute break
between halves that might not allow for a complete recovery from
fatigue. Moreover, the passive activities that generally occur
during these breaks could be detrimental to second-half
performance.® Indeed, research has shown that passive half-time
practices are not an optimal strategy for both professional® and
amateur ’ players. For instance, there appears to be a relatively
rapid decline in jumping and sprinting performance when elite
male and female basketball players remain inactive after warm-
up.t

In order to avoid a decline in the ability to perform high-
intensity activities, in other intermittent team sports such as
association football, it seems advisable to perform brief exercise
bouts (e.g. running, cycling, or leg press) during the half-time
break, usually known as re-warm-up (RW-U) activities.” However,
despite scientific evidence indicating the positive impact RW-U
activities had on the players' subsequent physical and technical
performance,”® most coaches continue to design their half-time
strategies based on experience.™

In basketball, few investigations have sought to analyse the
effects of RW-U practices on the players' physical performance.*
Indeed, it seems that no research has informed about the
prevalence of this practice during basketball half-time period. In
addition, no study has sought to describe how basketball
practitioners are applying RW-U activities. The lack of information
poses a challenge when identifying whether RW-U strategies are
usually implemented in basketball and determining which
activities should be conducted during half-times. Making available
such details would allow coaches and practitioners to make
better-informed decisions about RW-U and develop half-time
strategies that help basketball players meet the physical demands
to compete at the highest level.

In light of the above, this study has a double-fold objective.
Firstly, it aims to determine the prevalence, and main
characteristics of RW-U practices typically carried out by the
strength and conditioning (S&C) coaches of elite and sub-elite
Spanish basketball teams. A secondary aim is to identify the

reasoning and situational factors that underpin this practice in the
prominent Spanish basketball leagues.

Methods
Design

A cross-sectional study was developed following the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines.**

Participants

Strength and conditioning coaches of men's and women's
basketball teams from the Spanish elite (ACB and Liga Femenina)
and sub-elite (LEB Oro, LEB Plata, Liga Femenina 2, and EBA)
leagues participated in this study. The first author of the current
work identified the teams' contact information through the
website of the Spanish Basketball Federation. A letter of invitation
and guidelines for the online survey were distributed
electronically and via mail to each team. Invitations to the survey
were circulated in March of the 2020/21 basketball season, as we
assumed that the coaching staff already had the half-time
protocols. Two hundred fifty-two S&C coaches of teams competing
in the ACB (men's top professional league, n = 19), LEB Oro (men's
second professional league, n = 19), LEB Plata (men's third
professional league, n = 28), EBA (men's fourth professional
league n = 128), Liga Femenina (women's top professional league,
n = 16) and Liga Femenina 2 (women's second professional league
n = 42) were contacted, meaning that the total population was
targeted. Namely, the person responsible for the player's
conditioning level in the first team squad of the selected teams
was asked to complete the survey. All participants were informed
of the study requirements and provided written informed consent.
The Local Ethics Committee of the Faculty of Education and Sports
Science (University of Vigo) approved the study protocol with
code 06-0721.

Procedure

Four authors of this manuscript (three doctors and one PhD
student in Physical Activity and Sports Sciences), with expertise in
basketball S&C research and practice, designed an ad-hoc survey
to collect data on RW-U practices. The first author of this
investigation initiated the survey development process by
determining the key areas of the questionnaire. A second author
supervised this process. These two researchers developed an
initial questionnaire including 14 items after some debate on how
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best to gather information through a survey. They deemed RW-U
as the warm-up strategies carried out during half-time to
mitigate physical performance decline and reduce injury risk.
Subsequently, another two authors revised this preliminary
version of the survey and then argued that the questionnaire
should be shorter, brief, and concise. A substantive discussion took
place, resulting in a survey comprising nine items considered the
final version by these four authors. The survey was pre-tested
with five Spanish S&C coaches from professional leagues in other
countries to ensure face validity, using the Google Forms web
survey platform. As a result of the pilot testing, the survey was
slightly modified to clarify and improve the wording of a small
number of questions. Additionally, some questions were
shortened to create a survey that could be easily read and
answered through a smartphone.

Survey

The refined version of the questionnaire consisted of nine
dichotomous, categorical, or multiple-choice questions. The S&C
coaches could choose the time (about 4 minutes or less) and mode
(e.g. via computer or mobile phone) to fulfil it, and the web link
remained open to the participants for one month. All data were
collected anonymously without identifiers to ensure privacy.

The initial section of the questionnaire involved items regarding
S&C coaches' age, how long they had been coaching, and the
team's competitive level. After that, the survey evaluated the
current status of the RW-U practice from the participant's
perspective. It focused on four themes: 1) Knowledge about the
concept of RW-U, 2) Strategies to improve the performance during
the second half, 3) Motivations for performing RW-U; and 4) Time
allocated to RW-U.

Data analysis

The analysis and presentation of data are predominantly
descriptive due to the characteristics of this study. All statistical
analyses were performed using SPSS 15.0. (SPSS Inc., Chicago, IL,
USA). Summary statistics were calculated as dichotomous or
categorical variables and presented as percentages.

Contingency tables were calculated to detect systematic
associations of the assessed variables. All variables were analysed
using a Chi-Square Test of Independence or Fisher's exact test
when the contingency table was 2x2 (o = 0.05). Adjusted
standardized residuals were applied to isolate sources of variation
among groups (using o = 0.05). Adjusted standardized residuals
were applied to isolate sources of variation among groups.**
Responses from open-ended questions and other voluntary
comments from respondents were transcribed and underwent
content analysis for common themes.

Results

Thirty-three per cent of the invited teams responded to the
survey with the highest response rate in ACB (84.2%) and the
lowest in LEB Silver (17.9%). Contradictory answers were
eliminated after data collection (n = 9). Therefore, 72 S&C coaches
and three head coaches who also performed the role of S&C coach
were finally included.

Table 1 shows the main findings of the research. Most of the
respondents (94.7%) reported knowledge about the RW-U
concept, although 45.3% of them recognized performing only
traditional activities (e.g. shooting drills, 1x1). Aerobic and
strength exercises were the most common RW-U activities
mentioned by those who employed less conventional activities.

Technical and tactical activities (e.g. shooting drills, 1x1) were
predominant, with 86.7% of the teams conducting them as part of
their half-time routine. In contrast, static stretching/mobility was

the least used strategy (12.0%). Finally, four respondents
indicated that they carried out nutritional strategies.

Half of the respondents reported that they usually perform the
same RW-U routine, while 40% tailored this practice according to
the players' demands. In this aspect, sub-elite S&C coaches were
more prone to modify the RW-U routine than their elite
counterparts (44.4% vs 28.6%). Almost half of the respondents
(46.7%) administered an R-WU routine of 1-3 minutes.

The fundamental rationale behind carrying out RW-U activities
was "mental preparation” (74.7%), "increase body temperature"
(61.3%), and "set a good rhythm in the third quarter" (53.3%).
Conversely, "post-activation potentiation (PAP)" (38.6%),
"decrease muscle and joint stiffness" (40.0%) and "injury
prevention" (1.3%) were considered the least essential motives.
Thirty-five teams not always conducted RW-U activities, with their
S&C coaches detailing that the lack of time (45.7%) or letting the
players do their preferred RW-U practice independently (62.9%)
were reasons for it.

The statistical analysis indicated that years of coaching
experience and age influence the level of the team they coached (p
= 0.045 and p < 0.01, respectively). Despite this, no significant
differences between elite and sub-elite teams were observed in all
the variables analysed.

Discussion

This study aimed to determine the current RW-U practices
during half-time in elite and sub-elite Spanish men's and women's
basketball teams. Although several investigations have been
conducted to date on this topic, we are not aware of any that have
described the practices used by basketball S&C coaches in their
teams. The present study provides information and
recommendations in this regard, which could be helpful for those
coaches and practitioners interested in improving their half-time
RW-U activities. Besides, sports scientists might identify critical
points for future research concerning RW-U practices.

Previous research indicates that passive rest is not an optimal
strategy to use during the break.’* Most of our respondents
reported being familiar with the concept of RW-U and,
interestingly, we observed that all the practitioners administered
some active RW-U. At the same time, it must be noted that many
S&C coaches continue to use traditional strategies exclusively,
perhaps reflecting historical practices or the players' and coaches'
preferences. However, when dealing with high-level teams,
updating and designing evidence-based RW-U routines should be
a paramount concern to basketball practitioners to ensure optimal
player performance during the initial stages of the second half.

In recent years, some research has suggested that RW-U
activities based on strength’® or aerobic exercise'® could improve
muscular power and sprint performance, which may be suitable
strategies for basketball. Nonetheless, only 41.3% of our
participating teams reported implementing strength exercise, and
this percentage dropped to 22.7% for aerobic exercise.
Furthermore, only half of the respondents utilized passive RW-U
strategies (e.g. heated jacket or tracksuit) combined with other
active RW-U practices at half-time. These responses may be in line
with Russell et al., who demonstrated that integrating both types
of strategies had additional positive performance effects, perhaps
due to attenuated heat loss, although evidence is lacking in
basketball.

Towlson et al.** point out that it is crucial to design short-time
RW-U routines (~3 minutes) in association football. In addition,
some research argues that very brief exercise bouts (1 minute) at
high intensity may be sufficient to elicit physiological and
performance benefits in the second half of intermittent team
sports.’®'? The latter is interesting, as more than half of the elite
coaches surveyed reported spending between 1-3 minutes on this
type of activity, even though the half-time period is shorter in
Spanish basketball than in English association football.

17
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Table 1. Summary of the survey responses of strength and conditioning coaches of Spanish men's and women's basketball teams

according to competitive level (elite or sub-elite).

Elite Sub-elite Total

(n=21) (n=54) (N=75) Prvalue
Age (years) <0.01
21-45 71.4 (15) 94.4 (51) 88.0 (66)
46-65 28.6 (6) 5.6 (3) 12.0 (9)
Coaching experience (years) 0.04
1-3 4.8 (1) 16.7 (9) 13.3 (10)
4-6 14.3 (3) 33.3(18) 28.0 (21)
7-11 28.6 (6) 27.8 (15) 28.0 (21)
>12 52.4(11) 22.2 (12) 30.7 (23)
Knowledge about the concept of RW-U 0.89
Yes 95.2 (20) 94.4 (51) 94.7 (71)
No 4.8 (1) 5.6 (3) 5.3 (4)
Frequency of implementation RW-U activities 0.63
Always 61.9 (13) 46.3 (25) 50.7 (38)
Only with those players starting the second half 0 (0) 1.9 (1) 1.3 (1)
Depending on match context 4.8 (1) 1.9 (1) 2.7 (2)
Depending on the head coach 4.8 (1) 5.6 (3) 5.3 (4)
Depending on the player's demands 28.7 (6) 44.4 (24) 40.0 (30)
Time allocated to RW-U practice (minutes) 0.044
1-3 52.4 (11) 44.4 (24) 46.7 (35)
4-8 38.1(8) 55.6 (30) 50.7 (38)
>8 9.5 (2) 0 (0) 2.7 (2)
RW-U strategies
Technical and tactical activities 90.5 (19) 85.2 (46) 86.7 (65) 0.53
Heated jacket or tracksuit 38.1(8) 53.7 (29) 49.3 (37) 0.22
Tactical instructions 38.1(8) 37.0 (20) 37.3(28) 0.93
Strength exercise 52.4(11) 37.0 (20) 41.3 (31) 0.23
Aerobic exercise 28.6 (6) 20.4(11) 22.7 (17) 0.45
Static stretching/mobility 23.8 (5) 7.4 (4) 12.0 (9) 0.06
Nutritional strategies 14.3 (3) 1.9 (1) 5.3 (4) 0.06
Use of traditional RW-U strategies 0.79
Yes 42.9 (9) 46.3 (25) 45.3 (34)
No 57.1(12) 53.7 (29) 54.7 (41)
The rationale for conducting the RW-U strategies
Mental preparation 76.2 (16) 74.1 (40) 74.7 (56) 0.85
Increase body temperature 61.9 (13) 61.1(33) 61.3 (46) 0.95
Set a good rhythm in the third quarter 52.4 (11) 53.7 (29) 53.3 (40) 0.92
Decrease muscle and joint stiffness 47.6 (10) 37.0 (20) 40.0 (30) 0.40
Post-activation potentiation (PAP) 33.3(9) 37.0 (20) 38.7 (29) 0.64
Injury prevention 0 (0) 1.9 (1) 1.4 (1) 0.42
Reasons for not carrying out RW-U strategies*
Lack of time 62.5 (5) 40.7 (11) 45.7 (16) 0.75
Avoid player’s fatigue 12.5 (1) 11.1 (3) 11.4 (4) 0.89
Lack of space and/or material 12.5 (1) 3.7 (1) 5.7 (2) 0.51
Players are free to perform their preferred activities 37.5(3) 70.4 (19) 62.9 (22) 0.06

* Elite (n = 8); Sub-elite (n = 27); Total (N = 35). Bold denotes statistical significance (P <0.05).

When asked about the most important reasons for performing
RW-U practices, coaches indicated that they were "mental
preparation” and "increased body temperature." The latter
explanation seems to be supported by previous research showing
that RW-U effectively preserved body temperature compared to
passive rest?® Notably, only one coach detailed that "injury
prevention" was a relevant factor, yet it seems that RW-U
strategies could help to reduce the risk of injury during the second
half in soccer.”

Time pressures and player demand were the main limiting
factors mentioned by coaches who did not always perform the
RW-U. In this sense, Galazoulas et al.® questioned the need for all
players to warm up before the match because of the rapid drop in
temperature when players are in passive rest. Hence,
individualizing the RW-U according to the demands of the players
could be an appropriate strategy to alleviate this situation during
the break period, allowing those players who are going to start the
third quarter to do it and respecting those players who demand to
warm up for psychological reasons. Future research could shed
light on this issue during the half-time in basketball.

Basketball is one of the most popular intermittent team sports
globally, including Spain.”? This popularity could explain why lack
of space or equipment was not recognized as a limiting factor by
most high-level S&C coaches participating in this research.

Sports scientists, coaches and practitioners should interpret the
findings of this survey considering possible recall bias, the
potential reluctance to share current practice and errors with a
retrospective survey methodology. The questionnaire was
designed to be user-friendly and straightforward to encourage the

participation of the S&C coaches, despite the risk of losing
information. However, we did not gather detailed information
regarding specific RW-U strategies other than aerobic or strength
exercise due to the short length of the questionnaire. Finally, we
reached most of the top-level Spanish basketball teams,
overcoming the challenge of accessing the physical conditioning
practitioners working in them. Indeed, a strength of this research
is that more than 80% of S&C coaches in ACB (the top professional
basketball division of the Spanish basketball league system) teams
answered the questionnaire. Nevertheless, the survey response
rate might be deemed low, as it seems to be when web surveys are
delivered.”® In any case, it was still higher than that detected in
other studies with similar target populations.”* Therefore, we
consider that our final sample was sufficiently representative.

In conclusion, although widespread in elite and sub-elite
Spanish men's and women's basketball teams, our results suggest
that active RW-U strategies continue to reproduce traditional
practices by many teams. Therefore, the RW-U activities
implemented during half-time do not reflect evidence-based
practice in all cases. It does not seem that the competitive level of
the teams influences the type of RW-U strategies performed
during the half-time period.
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ABSTRACT

Objective: The use of the aerobic system is especially relevant due to the duration of the soccer game. In fact, the correct development of the aerobic
system benefits the soccer player giving greater energy efficiency because the continuous change of energy system due to the intermittent nature of the
game causes a high consumption of glycogen. The purpose of the present study was to evaluate oxygen consumption by means of the Yo-Yo intermittent
test and anthropometrical measures, and different COD (change of direction) tests in young soccer players and to observe their possible relationship.
Methods: A total of forty-seven young male soccer players (age= 15.7 + 1.2 years; height = 188.8 + 5.8 cm, and body mass= of 75.7 + 8.3 kg; 7.6 + 2.0 years
of experience) from the region of Baleares, Spain, performed the Yo-yo test and subsequently, COD was evaluated by tests in the following order (i) V-cut
test; (ii) 505-COD test; and (iii) Illinois test.

Results: A correlation analysis between VO2max and BMI revealed a moderate negative correlation, r=-0.35, p=0.01, and between VO2max and 505-COD,
showed a large negative correlation, r=-0.55, p=0.001.

Conclusions: The finding of the present study reveals that there is no relationship between VO2max and agility. Therefore, there is no single method to
improve VO2max and agility since both are independent variables. The different agents involved should take this into account if they want to improve
VO2max and plan some aerobic resistance exercises; and to improve agility they must plan agility exercises separately.

Keywords: Soccer; VO2max; Young soccer players; Change of direction; Agility.

Asociacion entre V02max, medidas antropomeétricas y test de cambio de direccién en futbolistas jovenes

RESUMEN

Objetivo: El uso del sistema aerdbico es especialmente relevante debido a la duracion del partido de futbol. De hecho, el correcto desarrollo del sistema
aerdbico beneficia al futbolista otorgandole una mayor eficiencia energética ya que el continuo cambio de sistema energético debido a la naturaleza
intermitente del juego provoca un alto consumo de glucégeno. El propésito del presente estudio fue evaluar el consumo de oxigeno mediante la prueba
Yo-Yo intermitente y medidas antropométricas, y diferentes pruebas COD (cambio de direccién) en jévenes futbolistas y observar su posible relacion.
Meétodos: Un total de cuarenta y siete jévenes futbolistas masculinos (edad= 15.7 + 1.2 aiios; altura = 188.8 + 5.8 cm, y masa corporal= de 75.7 + 8.3 kg;
7.6 + 2.0 anos de experiencia) de la regién de Baleares, Espana, realiz6 la prueba Yo-yo y posteriormente, se evalud la DQO mediante pruebas en el
siguiente orden (i) prueba de corte en V; (ii) prueba 505-COD; y (iii) prueba de Illinois.

Resultados: Un anélisis de correlacién entre VO2max e IMC reveld una correlaciéon negativa moderada, r=-0.35, p=0.01, y entre VO2max y 505-COD
mostr6 una correlacién negativa grande, r=-0.55, p=0.001.

Conclusiones: El hallazgo del presente estudio revela que no existe una relacién entre el VO2max y la agilidad. Por lo tanto, no existe un método tnico para
mejorar el VO2max y la agilidad ya que ambas son variables independientes. Los diferentes agentes implicados deberian tener esto en cuenta si quieren
mejorar el VO2max y planificar algunos ejercicios de resistencia aerébica; y para mejorar la agilidad deben planificar ejercicios de agilidad por separado.
Palabras clave: Futbol; VO2max; Jévenes futbolistas; Cambio de direccion; Agilidad.
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Associacio entre V02max, medidas antropométricas e teste de mudanca de direcio em jovens de futebol

RESUMO

Objetivo: A utilizacdo do sistema aerdbico é especialmente relevante devido a duracéo do jogo de futebol. De facto, o correcto desenvolvimento do sistema
aerdbico beneficia o jogador de futebol dando-lhe uma maior eficiéncia energética porque a mudanca continua do sistema energético devido & natureza
intermitente do jogo provoca um elevado consumo de glicogénio. O objetivo do presente estudo foi avaliar o consumo de oxigénio por meio do teste Yo-Yo
intermitente e medidas antropométricas e diferentes testes de COD (mudanca de dire¢do) em jovens jogadores de futebol e observar sua possivel relacio.
Meétodos: Quarenta e sete jovens futebolistas masculinos (idade= 15,7 + 1,2 anos; estatura = 188,8 + 5,8 cm e massa corporal= 75,7 + 8,3 kg; 7,6 + 2,0 anos
de experiéncia) da regido de Baleares, Espanha, realizou o teste Yo-yo e, posteriormente, o COD foi avaliado por testes na seguinte ordem (i) teste V-cut;

(ii) teste 505-COD; e (iii) teste de Illinois.

Resultados: Uma andlise de correlacdo entre VO2max e IMC revelou uma correlacdo negativa moderada, r=-0,35, p=0,01, e entre VO2max e 505-COD,

mostrou uma grande correlacdo negativa, r=-0,55, p=0,001.

Conclusées: O achado do presente estudo revela que ndo ha relacdo entre VO2max e agilidade. Portanto, ndo existe um método tnico para melhorar o
VO2maix e a agilidade, pois ambos séo varidveis independentes. Os diferentes agentes envolvidos devem ter isso em consideracio se quiserem melhorar o
VO2max e planejar alguns exercicios aerébicos de resisténcia; e para melhorar a agilidade devem planejar exercicios de agilidade separadamente.
Palavras-chave: Futebol; VO2max; Jovens jogadores de futebol; Mudancga de direcéo; Agilidade.

Introduction

Soccer is an intermittent sport that requires different physical
characteristics for the development of performance. This
intermittence involves the use of the different metabolic
substrates, both aerobic and anaerobic, as well as the different
muscle fibers in a constant way.

The use of the aerobic system is especially relevant due to the
duration of the game (more than 90 minutes) and the distance
covered, between 10 and 13 km." The correct development of the
aerobic system benefits the soccer player giving greater energy
efficiency because the continuous change of energy system, due to
the intermittent nature of the game, causes a high consumption of
glycogen. However, if the player has a good aerobic capacity,
he/she will be able to attenuate glycogen depletion by utilizing the
fat aerobic system in phases of the game where medium/high
intensity is not required.” Therefore, a higher oxygen consumption
will allow the player to recover better between actions of different
intensity, thereby decreasing glycogen depletion.® Elsewhere, it
has also been positively correlated that the higher the VO2max,
the better the performance at medium/high intensities.* This can
occur in counter-attack or retreat situations or when there is
constant pressure on the opponent. Thus, the development of the
aerobic capacity of soccer players in training becomes essential. In
addition, in this phase of biological maturity, major changes occur
at the cardiorespiratory level where the type of sport acquires
special relevance. Thus, a study reported that in young people the
post-exercise recovery capacity was higher in participants of
mixed sports (such as soccer) versus sedentary subjects and those
practicing other sports modalities.® Another recent study reported
that soccer practice has a positive effect on the cardiorespiratory
system expressed in VO,max.® Although VO2max fluctuates in
professional soccer players, those who compete at higher levels of
play and in championships demonstrate greater values.”
Therefore, the evaluation of maximal oxygen consumption to
assess performance is essential in young soccer players.
Furthermore, it is important to measure this parameter in a way
that is related to the nature of the sport, i.e., intermittently. In this
respect, the YO-YO intermittent test has been extensively used by
different researchers to assess VO2max in soccer players.®*2

It is clear that performance in intermittent sports such as soccer
is not only limited to high VO,max levels; during matches players
perform approximately 1,350 activities (every 4-6 s), such as
accelerations/decelerations, COD and jumps, all interspersed with
short recovery periods.®*** Therefore, there are other
performance indices such as agility. This parameter requires COD
and movement of the whole body in a precise and intentional
manner, being of great use in activities that require speed and
attention, such as in soccer.” In this regard, COD occur constantly
in dribbling, unmarking and defensive situations. COD involve

muscle action of the stretch-shortening cycle producing greater
force in the shortest possible time.'* Moreover, in game situations
where spaces are limited, COD are one of the most effective
solutions. In fact, COD are considered one of the most important
physical qualities for predicting success in a wide variety of field
sports.””*® Furthermore, it has been suggested that higher COD
speed could be the most important performance factor during a
match.”” This highlights the importance of COD in high
performance soccer. Nevertheless, the development of this
parameter in the later stages of adolescence is not clear.?’ Hence,
the assessment of COD by performing different tests is essential
for the evaluation of the explosive strength and performance of
the soccer player.***

Currently, the relationship between repeated sprints and
VO2max is known. Da Silva et al.”® found a positive correlation
between these two parameters, and another previous study
reported similar findings.* This is consistent because as previously
reported, a higher VO2max will propitiate a change of energy
system for the sparing of the phosphagen system. However, the
literature on the relationship between VO2max and COD is limited,
and still unclear. Therefore, given the importance of both
parameters, it is of scientific interest to observe the possible
correlation between these two parameters in young players. Thus,
the main objective of this study was to evaluate oxygen
consumption by means of the Yo-Yo intermittent test and
anthropometrical measures, and different COD tests in young
soccer players and to observe their possible relationship.

Methods

The research was carried out in March. Young soccer players
were recruited at the end of 2020-2021 season. The data
collection was previously followed by 48 hours of rest. The Yo-Yo
test IR-Level 1 was evaluated. Subsequently, COD evaluation was
performed in the following order (i) V-cut test; (ii) 505-COD; and
(iii) Illinois test. Two attempts were made with a 3-minute
recovery. A standardized 12-minute warm-up was performed
prior to the measurements. This consisted of several exercises
including ballistic stretching.

Participants

Forty-seven young male soccer players (age= 15.68 + 1.20 years;
height = 188.84 + 5.81 cm, and body mass= of 75.74 + 8.37 kg;
7.64 + 2.02 years’ experience) from the region of Baleares, Spain,
were recruited from the city of Palma de Mallorca. These players
trained three times a week (90 min per session) and played one
match a week. The training sessions were based on technical and
tactical content development (70% of training time), technical
skill improvements (10% of training time), and general
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improvements in physical condition (20% of training time).
Generally, training sessions comprised a warm-up, main part, and
cooldown.

The participants’ parents obtained information about the main
aims of the investigation and signed informed consent forms. The
study was conducted in accordance with the ethical principles of
the Helsinki declaration for human research and was approved by
the Research Ethics Committee of the Pontifical University of
Comillas (2021/74). Inclusion criteria for the participants in this
study were (i) reporting normal vision and no history of any
neuropsychological impairments that could affect the results of
the experiment, (ii) being an active player with a federation
license, (iii) not presenting any injuries during the previous two
months, and (iv) giving their consent.

Anthropometric measurements

Body mass (kg) was assessed by bioelectric meter (Tanita BC-
730) with an accuracy of 0.1 kg. Height (cm) was determined with
a stadiometer (type SECA 225, Hamburg, Germany) with an
accuracy of 0.1 cm. Body mass index values were also obtained.

Yo-Yo Intermittent Recovery Test - Level 1 (YYIRT Level 1)

The test was carried out in accordance with the guidance given
by Gonzélez-Ferndndez et al.’? The YYIRT Level 1 consists of 4
initial out-and-back runs (0 to 160 meters) at 10-13 km/h and 7
runs (160 to 440 meters) at 13.5-14 km/h. Subsequently, the
running speed continues to increase progressively by 0.5 km/h
after every 8 runs until the participant is unable to reach the finish
line in time twice. The completed number of levels and the total
distance travelled in meters at the end of the test were recorded.

Change-of-direction assessment

Data collection was performed by the same researchers. The
participants performed a total of three COD tests. The tests are
described below. Time was stopped once the athlete passed the
finish line in every test and between the timing gates using the
Chronojump-Boscosystem®  (Barcelona, Spain) photocells
developed by de Blas et al..**

V-Cut

Along the lines established by Gonzalo-Skok et al.,”® the test
consists of running a distance of 25 m., performing 4 changes of
direction of 45 degrees every 5 m. A line is placed separated by
two cones, spaced 0.7 m apart, where each player must step
beyond the line with at least one foot for the test to be valid. The
best record of two attempts was collected. The coefficient of
within-subject variation was 0.43%.

505-COD

This test was performed under the guidelines of Nimphius et
al.?® The test consisted of performing a 15 m sprint and a 180°
turn with the dominant leg. For the turn to be valid the
participants had to step on the line located at 15. The time was
recorded from 10 m from the start and 5 m after the change of
direction. A photocell was placed at 10 m from the start to record
the time. Two attempts were made, separated by 3 minutes. The
best time (s) was recorded. The coefficient of within-subject
variation was 2.01%.

Ilinois agility test
This test was performed as described by Simonek et al.,?’ a total

of 5 direction changes are performed in a period of between 13
and 19 s and a total distance of 60m. There are 902 and 180°

direction changes. Each participant performed two attempts
separated by 3 min. The best of the two attempts was recorded.
The coefficient of within-subjects variation was low (2%).

Statistical analysis

All analysis were conducted using Statistica (version 13.1;
Statsoft, Inc., Tulsa, OK, USA) and the significance level was set at
p<0.05. Descriptive statistics were calculated for each variable.
Normal distribution and homogeneity tests (Kolmogorov-Smirnov
and Levene’s, respectively) were conducted on all metrics. The
data presented a normal distribution. Subsequently, Pearson’s
correlation coefficient rho was used to examine the relationship
between the VO2max and anthropometrical measures (BMI), and
physical fitness (505-COD, VCut test and Illinois Agility test). We
adopted the following criteria to interpret the magnitude of these
correlations: Trivial: <0.10; small: 0.10 to 0.29; moderate: 0.30 to
0.49; large: 0.50 to 0.69; very large: 0.70 to 0.89; almost perfect: >
0.90.

Descriptive statistics were calculated for each variable (Table 1).

Table 1. Anthropometrical measures and physical fitness

parameters in the experiments (mean * SD).
Young soccer players (n=47)

Mean (SD) IC Lower 95% IC IC Upper 95%
Anthropometrical measures
Age (years) 16.23+1.07 15.92 0.31 16.54
Height (cm) 171.65+4.73  170.30 1.35 173.00
Body mass (kg) 66.00£10.51  63.00 3.00 69.01
BMI (%) 21.11+3.20 20.20 0.92 22.03
Physical fitness parameters
VO2max (mL/min/kg) 39.99+5.57 38.40 1.59 41.59
CMJ (cm) 33.11+5.45 31.55 1.56 34.67
Illinois (sec) 18.90+1.41 18.50 0.40 19.31
505-COD (sec) 2.56+0.60 2.39 0.17 2.73

VO02max was estimated by the next equation: Yo-Yo IR1 test: VO2max (mL/min/kg) =
IR1 distance (m) x 0.0084 + 36.4 28. BMI: Body Mass Index; CMJ: Countermovement
Jump

First, a correlation analysis was performed between VO2max
and anthropometric measures (BMI) and physical fitness
parameters (CM], Illinois and 505-COD) and the values revealed a
negative moderate correlation between VO2max and BMI (r=-0.35,
p=0.01) and a large negative correlation between VO2max and
505-COD (r=-0.55, p=0.001). However, the results did not show
any significant correlation among physical fitness parameters.
(More information in Table 2, Figure 1 and 2).

Table 2. Correlation between VO2max and anthropometric

measures and physical fitness parameters.
Young soccer players (n=47)

BMI (%) CMJ (cm) Illinois (sec) 505-COD (sec)
V02max (mL/min/kg) r=-24 r=.19 r=.24 r=-.55
p=.01* p=.19 p=.11 p=.001**

*Denotes significance at p<0.05, and ** denotes significance at p<0.01.
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Figure 1. Correlations analysis between VO2max and BMI.
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Discussion

The main aim of this study was to evaluate oxygen consumption
by means of the Yo-Yo intermittent test and COD in young soccer
players and to observe their possible relationship.

One of the main findings is the significant correlation between
VO2max and BMI (r=-0.24). This relationship indicates that BMI is
inversely proportional to VO2max. Therefore, it could be
determined that those people with a lower BMI have a greater
capacity to process a greater amount of oxygen during the practice
of physical exercise. This means that the lower the BMI, the
greater the respiratory capacity to maintain the intensity and
duration of the exercise. These data agree with those found by
Nevill et al,”” in which they related BMI to VO2max and showed
how a lower BMI, within healthy parameters, is essential to
achieve optimum VO2max. In this context, it is known that aerobic
fitness (VO2max) increases with a greater practice of physical
exercise. However, it has been identified that this association is
curvilinear, with greater initial benefits (gains in physical
condition) with sedentary adolescents (those who report low
levels of exercise) also considering factors such as weight, age and
sex.®**! This message should be received by those physical activity
and sport professionals who are trying to encourage sedentary
adolescents to improve their sports performance. Besides, Alonso-
Fernéndez et al.*? reported that the association between VO2max
and BMI was more pronounced in the lower weight groups.

The data from the present study show a significant negative
correlation between VO2max and the agility observed by the 505-
COD (r=-0.55). Therefore, the relationship between VO2max and
agility was inversely proportional. Agility has been shown to be a
relevant factor that can improve the quality of performance of any
athlete.*® In contrast to the results found and following Handaru et
al®* VO2max can affect agility performance in the game, the
greater the aerobic capacity, the greater the ability to repeat an
effort with a perfect technical execution after recovering from the
previous effort. The finding of the present study contrasts with the
findings of de Arazi et al,*® who suggested that aerobic power and
agility were significantly related. This is determined by the fact
that VO2max is one of the most important factors in the
performance of the athlete. However, agile movements focused on
change of direction are actions that require anaerobic metabolism
in high-intensity situations, which are really the actions that
determine success in a match.*® This could be explained by the fact
that players with a greater aerobic capacity tend to be the
midfielders who cover greater distances during soccer matches,
while attackers tend to be more specialized in COD to perform
dribbling and passing.®”*® In addition, adaptations to longer
distances cause changes in type II muscle fibers, like greater
capillarization and oxidative capacity, also producing a loss of
explosive strength.*”> In contrast, COD could lead to neural nerve

adaptations and linear sarcomeric hypertrophy, which in turn
leads to an increase in power.*®

In this respect, it could be discerned that trying to improve
VO2max will not entail any benefits in agility and if the objective is
to improve this skill, it will be necessary to follow a specific
training program for its enhancement.

It this respect, soccer skills such as dribbling or feinting actions
are also essential when carrying or driving the ball from one place
to another, to take advantage of free space or to deceive the
opponent and gain a competitive advantage. Furthermore,
VO2max plays a key role in maintaining the ATP-PCr stores and
makes it possible to carry out actions of COD and agility, aspects of
the game that are decisive for performance'. Thus, the above-
mentioned skills have a direct relationship with the capacity to
repeat short efforts and high intensity actions. Therefore, COD
depend more on VO2max, thus smaller variations in BMI and 505-
COD are a better representation of COD ability with less
dependency on sprinting and illinois and CM]J values.

This study has several limitations such as the sample size. other
limitations are that measurements were not taken at different
times of the season to assess improvement due to maturity, as well
as comparing players by age ranges and position. In addition, one
of the limitations of the study is the lack of data on the body
composition of the participants, data that would make the
relationships found between the different variables more reliable.

As conclusion, the results of this study show that maximal
oxygen uptake or VO2max and BMI, are inversely related. A
minimum and appropriate BMI is essential to achieve a higher
VO2max. Therefore, in order to increase VO2mayx, it is necessary to
reduce BMI to be able to achieve improvements. This finding may
help athletes, coaches, physical therapists, and club managers to
become familiar with the need for proper weight maintenance for
athletes to control their BMI and ultimately increase VO2max.

Furthermore, the finding of this present study also reveals that
there is no relationship between VO2max and agility. COD-focused
agility movements are actions that require anaerobic metabolism
in high-intensity situations, which are different from VO2max
capacity. Therefore, there is no single method to improve VO2max
and agility, since both are independent variables. Consequently,
the different agents involved must take this into account if they
want to improve VO2max and agility, and must plan some
exercises separately. Although, correlations appear between the
study variables, they may be influenced by other aspects that have
not been considered and, therefore, it is necessary to continue
research in this line.
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RESUMEN

La termografia infrarroja estd siendo utilizada en la actualidad para medir la temperatura de la piel (Tsk) tanto en medicina como en ciencias del
ejercicio. Sin embargo, para obtener una imagen termografica de calidad, es necesario tener en cuenta factores que intervienen para evitar una
interpretacion erronea de los resultados observados, incluidos los factores antropomeétricos y de la composicion corporal. Por lo tanto, el objetivo de esta
revision narrativa, es establecer cémo los pardmetros antropomeétricos y de composicion corporal pueden afectar los valores de Tsk, repercutiendo asi en
la evaluacién de las imagenes termograficas. Los resultados de este estudio apuntan a un alto nivel de influencia de la superficie corporal y,
especialmente, de la cantidad de grasa corporal en el patrén de normalidad esperado de la Tsk evaluada por termografia infrarroja, siendo los sujetos con
mayor cantidad de grasa corporal quienes presentan menores valores de Tsk comparados con los de menor cantidad de grasa, algo que deberia
considerarse al evaluar a la poblacién general y a los atletas con diferentes patrones de composicion corporal.

Palabras clave: Termografia; Mapeo de temperatura; Antropometria; Tejido adiposo.

Influence of anthropometric parameters and body composition in thermographic images

ABSTRACT

Infrared thermography has been recently used to measure skin temperature (Tsk) in both medicine and sports medicine. However, to obtain a quality
thermographic image, it is necessary to observe intervening factors to avoid misinterpretation of the results, including anthropometric and body
composition factors. Therefore, the objective of this narrative review is to establish how anthropometric and body composition parameters can affect the
Tsk response, thus influencing the assessement of thermographic images. The results of this study point to a high level of influence of the body surface
and, especially, of the amount of body fat in the expected Tsk pattern of normality evaluated by infrared thermography, being the subjects with higher
amount of body fat who present lower Tsk values compared to those with lower body fat, which is something that should be considered when evaluating
the general population and athletes with different body composition patterns.

Keywords: Thermography; Temperature mapping; Anthropometry; Adipose tissue.
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Influéncia de parametros antropométricos e de composicio corporal em imagens termograficas

RESUMO

A termografia infravermelha tem sido empregada de forma mais recente para mensurar a temperatura da pele (Tsk) sendo utilizada na medicina e
também na medicina esportiva. Entretanto, para se obter uma imagem termografica de qualidade, varios fatores intervenientes precisam ser observados
para que se evite um erro de interpretacdo sobre os resultados observados, dentre eles os fatores antropomeétricos e de composicio corporal. Assim que,
o objetivo desta revisdo narrativa é estabelecer de que forma os parametros antropométricos e de composicio corporal podem afetar a resposta da Tsk,
impactando assim na avaliacio de imagens termograficas. Tém-se como principais conclusdes que as evidéncias apontam para um elevado nivel de
influéncia da superficie corporal e especialmente da quantidade de gordura corporal sobe o padrdo de normalidade esperada da Tsk avaliada por
termografia infravermelha, de modo que individuos com maior quantidade de gordura corporal apresentam valores menores de Tsk quando comparados
a individuos com menor quantidade, devendo assim ser considerado ao avaliar a populacdo em geral e atletas com diferentes padroes de gordura

corporal.

Palavras-chave: Termografia; Mapeamento de temperatura; Antropometria; Tecido adiposo.

Introduccién

Actualmente una de las formas de evaluar la temperatura de la
piel (Tsk) es mediante el uso de imagenes termograficas?. Este
tipo de imagen se ha utilizado como herramienta auxiliar en el
diagnéstico de enfermedades como el cancer, la neuropatia
diabética, los trastornos vasculares y las lesiones musculares®™.
Mias recientemente, se ha utilizado para determinar las
alteraciones termorreguladoras resultantes de COVID-19°
Especificamente en el deporte, la termografia infrarroja (IRT) se
ha utilizado como herramienta para detectar lesiones y procesos
inflamatorios’” del conocimiento previo sobre el patrén de
normalidad térmica del individuo, que puede incidir directamente
en la interpretaciéon de la carga fisica realizada durante el
entrenamiento fisico del deportista®?°.

Para una evaluacion cualificada de la normalidad térmica de la
Tsk en reposo hay que tener en cuenta varios factores™ como el
género’?, edad'?, regioén corporal analizada®® y la hora del dia™.
Esta combinaciéon de factores aumenta la complejidad en la
busqueda de un diagnoéstico correcto para identificar si una zona
determinada estd hipo- o hiper-irradiada, lo que indica la
necesidad de realizar pruebas de imagen mds elaboradas.

Es posible encontrar en la literatura estudios que evaluaron el
perfil de normalidad térmica de ciertas poblaciones, como los de
Marins et al.** con la poblacion brasilefia, de Zaproudina et al.** con
la poblacién finlandesa, de Zhu y Xin*® con el chino y de Kolosovas-
Machuca y Gonzélez'” con nifios mexicanos. Sin embargo, en
ninguno de estos estudios se tuvieron en cuenta factores
intervinientes, como las caracteristicas antropométricas y la
composicién corporal, a la hora de estandarizar los valores de
normalidad térmica, lo que puede llevar a un error de
interpretacién, especialmente porque hay estudios que observan
la tendencia a que un mayor porcentaje de grasa pueda interferir
en la Tsk, como los estudios de Chudecka et al.'®, Chudecka y
Lubkowska'?, Neves et al.””y Salamunes et al.*,

Por lo tanto, para tener una interpretacién correcta de los
valores de normalidad de la Tsk es importante establecer cémo la
grasa corporal puede influir en esta lectura. Esto mejorara la
capacidad de los profesionales de la medicina deportiva para
interpretar estas imdgenes, ya que dependiendo del deporte
practicado, es natural que el porcentaje de grasa sea muy
diferente, por ejemplo, un corredor de maratén®® frente a un
lanzador de peso”. Ademads, también puede aportar una forma de
analisis critico al registro de la Tsk de forma masiva, como se ha
hecho, de forma exploratoria, en la identificacién de COVID-19.

Este articulo de revisién se propone presentar las bases tedricas
y las evidencias que sefialan la magnitud de la influencia de los
parametros antropométricos y de la grasa corporal como factores
que tienen el potencial de alterar la Tsk, modificando asi la forma
de andlisis de las imagenes termograficas y, en consecuencia, la
caracterizacion de un estado de normalidad o anormalidad

térmica. Por lo tanto, el objetivo de este estudio es describir en
que forma los pardmetros antropométricos y de composicién
corporal pueden afectar a la respuesta de Tsk, repercutiendo asi
en la interpretacion de las imdgenes termograficas.

Comprender los principios fisiolégicos del tejido adiposo, asi
como las caracteristicas relacionadas a la grasa corporal,
antropometria y su influencia en el mecanismo de
termorregulacién humana y, consecuentemente, en la Tsk, es
fundamental para realizar una evaluacién termogréfica de calidad.
Este trabajo lleva a cabo una revisién narrativa estructurada en
cuatro apartados: 1) Tejido adiposo y ajustes termorreguladores;
2) El tejido adiposo como barrera fisica de transferencia de calor;
3) Pardmetros antropométricos y ajustes térmicos; 4) Evidencias
sobre la influencia de la grasa corporal con la Tsk. Cada uno de
estos temas serd presentado con mayor detalle a continuacion.

1. Tejido adiposo y ajustes termorreguladores.

El tejido adiposo es un érgano endocrino complejo, muy activo y
que segrega hormonas, como la leptina, la adiponectina y las
citoquinas®. Estas hormonas tienen una fuerte influencia en la
termogénesis y la homeostasis energética, principalmente a través
del aumento de la produccién de calor en el musculo
esquelético®* y en la activacién de las neuronas hipotaldmicas
implicadas en la regulacién de la termogénesis sin temblores?”.

En el organismo, los lipidos se almacenan en 2 tipos de tejido: el
tejido adiposo blanco (TAB) y el tejido adiposo marrén (TAM). El
TAB es la estructura que promueve una mayor cantidad de energia
para el cuerpo, ademds de tener la funcién de aislamiento y
proteccién mecénica para algunos érganos vitales?®*, E1 TAM, a su
vez, actlia, sobre todo, en la metabolizacién de los acidos grasos,
secretando también wuna serie de factores reguladores,
principalmente impulsados por la termogenina®’, una proteina
desacopladora que tiene como funcién promover un mayor
bombeo de protones localizados en la membrana mitocondrial
interna, trasportando los protones e electrones del espacio
intermembrana hacia la matriz mitocondrial, disipando el
gradiente de protones por medio de la membrana interna de la
mitocondria y desprendiendo energia en forma de calor?%, Este
equilibrio de acciones entre el TAB y el TAM -contribuye
directamente al mantenimiento del equilibrio energético del
organismo.

Estos factores, cuando se observan, pueden afectar
directamente a una de las principales estructuras fisioldgicas
encargadas de mantener el equilibrio térmico, la piel, que, a través
de sus receptores térmicos superficiales, ayuda a controlar la
temperatura para preservar la funcionalidad vital del organismo®2
Los depdsitos de tejido adiposo en la hipodermis pueden actuar
como aislante térmico, interfiriendo en la transferencia de calor
entre el cuerpo y el ambiente y, por consiguiente, disminuyendo la
Tsk***!, lo que puede afectar directamente a los valores de
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temperatura observados en esta region, afectando asi al rango
normal esperado de Tsk registrado durante las imé&genes
termograficas. Las personas con obesidad tienen una mayor tasa
metabélica en reposo®, pues al tener mayor cantidad de tejido
adiposo, secretan mdas leptina, adiponectina y citoquinas, lo que
genera un aumento de la temperatura interna*2° Ademsés,
también pueden presentar alteraciones en la microbiota
intestinal®®, que podria tener una relacién directa en el control de
la termogénesis humana®’, modificando el metabolismo del
individuo por medio de sefiales procedentes del intestino,
produciendo mayores niveles de inflamacién, resistencia a la
insulina y aumento en la cantidad de grasa local®.

2. El tejido adiposo como barrera fisica de transferencia de calor.

La temperatura corporal (TC) estd controlada por el centro
termorregulador situado en la parte anterior del hipotdlamo y es
el resultado de un complejo equilibrio entre los procesos
metabdlicos y la actividad muscular®**’, junto con las condiciones
climiticas en las que se encuentra el sujeto. Para el buen
funcionamiento del organismo, la temperatura interna del cuerpo
debe mantenerse aproximadamente a 37,0°C*'. Existen
mecanismos fisicos que actian en la regulacion de esta
temperatura, como la radiacién, la conveccién, la conduccién y la
evaporacién. La generacion de calor interno - especialmente
cuando se genera por el ejercicio fisico-, el entorno en el que se
inserta la persona -tierra o agua -, ademds de la temperatura, la
humedad, la velocidad del viento y la radiacién solar, influirdn en
la accién de estos mecanismos. La figura 1 muestra los principales
factores relacionados con el equilibrio térmico.

\’ Sol: Radiacién

Piel: Radiacion

\ Sl Cuerpo: Evaporacién

Figura 1. Mecanismos de intercambio de calor y su accién en el
ser humano. Fuente: Elaboracién propia.

Uno de los factores que influyen de forma diferente en Tsk en las
personas obesas es el proceso de conduccién®’. Este proceso de
transferencia de calor se produce de un cuerpo a otro a través de
un agente liquido, sélido o gaseoso. Este intercambio de calor estd
directamente asociado con el gradiente de temperatura entre las
superficies, la conductividad térmica del material, el espesor y el
drea de contacto entre las superficies*”. El nivel de actividad
metabdlica de una determinada zona central del cuerpo es una
fuente de generacién de calor®. Este calor se transfiere entre los
tejidos hacia la piel por la diferencia de gradiente desde la regién
mads caliente a la mas fria, por lo que se produce una reduccién
gradual de la temperatura en funcién de las capas de tejido que
existen entre la piel y la regién productora de calor.

Una persona con una mayor acumulacién de grasa corporal
creard una mayor barrera fisica, disminuyendo la capacidad de
perder calor debido a este mecanismo fisico***®, Esto ocurre

porque el tejido adiposo presenta valores de conductividad
térmica menores***” que el tejido muscular®®*®*’ , dermis® e
epidermis®’, haciendo que sujetos con mayores cantidades de
grasa retengan mads el calor, dificultando su intercambio entre el
organismo y ambiente. Esta es una adaptacion positiva en
ambientes frios, porque la grasa actia como agente aislante,
reduciendo el riesgo de hipotermia®. La figura 2 presenta este
aspecto del grosor de la grasa corporal como agente influyente en
el proceso fisico de la conduccién.

_A ,
TP=36.0°C Tp = 35.0°C
Epidermis — S

.\.t \Ay T.< 6,1

> 4

EO
o s’ Transferencia

de calor

Dermis —

[ Tejido
—_—
adiposo

Hipodermis =
Tejido
muscular

Actividad metabélica

Figura 2. Representacién del proceso de generacién y
transferencia de calor en un individuo con bajo (A) y alto
porcentaje de grasa (B). TC: Temperatura Corporal. Fuente:
Elaboracién propia.

3. Pardmetros antropométricos y ajustes térmicos;

Se han relacionado algunos aspectos antropométricos como
posibles influyentes en el TC, como el tamafio de la superficie
corporal, la cantidad de masa corporal, el indice de masa corporal
(IMC) y la composicién corporal.

3.1 Area de Superficie Corporal (SC)

Cuando se expone a la temperatura ambiente, la superficie
corporal es un factor importante que estd directamente
relacionado con la capacidad de intercambiar calor con el entorno.
Los individuos con mayores dimensiones presentan una mayor
tasa de conveccidn, radiacién y evaporacién que los individuos con
menores dimensiones, lo que permite una mayor pérdida o
absorcién de calor®

De este modo, los individuos con una mayor superficie corporal,
al salir de un ambiente cdlido a un ambiente frio son capaces de
mantener los valores de TC de forma mas eficiente que los
individuos con una menor superficie corporal®'. Ademas, dado que
esta caracteristica influye directamente en el intercambio de calor,
los individuos con una menor area de exposicion tienen un efecto
de disipacion de calor mucho mds limitado, lo que, analizando
exclusivamente por este factor, puede llevar a problemas en el
control termorregulador®*

La SC parece ser un factor importante a considerar ya que
tiene un efecto potencial en el rango normal de Tsk captado por
las imagenes termograficas. Esto hace que sea necesario realizar
un perfil térmico especifico al evaluar a los nifios y a los adultos.

3.2 Masa Corporal

Desde una perspectiva termodindmica, la masa corporal
desempena dos importantes funciones en el intercambio de
energia térmica del ser humano. En primer lugar, la masa es la
parte interna del cuerpo que disipa el calor y, por tanto,
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contribuye a su variacién térmica y a su mantenimiento. En
segundo lugar, el coste energético necesario para realizar el
intercambio de calor con el entorno es mayor en los individuos
més pesados®.

Durante el estrés térmico elevado, una mayor cantidad de masa
corporal también puede influir en la tasa de aumento de la
temperatura central®®**, Teéricamente, a una temperatura
ambiente elevada, las tasas de intercambio de calor en relacién
con la cantidad de superficie corporal son similares,
independientemente del tamafio del cuerpo. Sin embargo, las
correspondientes tasas de intercambio de calor por unidad de
masa son mayores en los individuos maés ligeros. Como resultado,
la tasa de almacenamiento de calor deberia ser mayor para una
carga de calor metabdlica equivalente y deberia dar lugar a
mayores cambios de temperatura central entre los individuos con
una menor relacién entre la masa y la superficie corporal®**®,

Hasta la fecha (agosto de 2022), no se han identificado estudios
de perfil térmico en poblaciones con gran masa muscular como los
fisicoculturistas para observar, por ejemplo, si mayores cantidades
de la masa corporal magra podrian repercutir en la Tsk, en
comparacién con personas con valores normativos de masa
muscular, lo que genera un interesante campo de estudio en el
futuro préximo.

3.3 Indice de Masa Corporal

En algunos estudios se ha demostrado que el IMC se asocia
positivamente con la temperatura corporal®>=>= , un hecho que
puede atribuirse a un mayor aislamiento térmico debido a una
capa mas gruesa de tejido adiposo subcutdneo****, lo que hace que
los individuos con obesidad sean capaces de mantener su CT
mejor controlado en ambientes frios, pero tienen mayor dificultad
para disipar este calor interno en ambientes calientes, haciéndolos
mas susceptibles a situaciones de hipertermia®®, De forma
préactica, el impacto en la Tsk en las regiones con acumulacién de
grasa corporal puede observarse como se muestra en la Figura 3,
en la que la temperatura de la regién anterior del tronco puede
variar hasta 3,5°C al comparar sujetos con diferentes rangos de
IMC.

=
=
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Figura 3. Efectos promovidos por diferentes rangos de IMC en Tsk.
Nota: A - Peso bajo; B - Peso normal; C - Sobrepeso y; D - Obesidad.
Fuente: Imdgenes de la base de datos del Laboratorio de
Rendimiento Humano - Universidad Federal de Vigosa - Brasil.

3.4 Composicién Corporal

La relacién entre la cantidad de tejido muscular magro, grasa
corporal y hueso y la masa corporal total determina la capacidad
térmica media del cuerpo. El calor especifico de la grasa es mayor
que el de otros tejidos adyacentes, lo que hace que se considere un
aislante térmico al tener una menor capacidad de disipar el calor,
afectando directamente al mantenimiento de la homeostasis
corporal®®, En consecuencia, los individuos con mayor cantidad de
tejido adiposo acumulan valores de temperatura central mds
elevados®.

Los cambios en estos tres patrones de influencia suelen
observarse en personas con obesidad, una condicién asociada a
una mayor cantidad de calor interno total en el cuerpo, hace que

los valores metabdlicos en reposo de los individuos obesos sean
més altos que en los individuos con bajo indice de adiposidad
debido a la mayor cantidad de masa libre de grasa, que es mayor
en las personas obesas, lo que aumenta la cantidad de calor
generado®. Al mismo tiempo, el alto contenido de grasa crea una
barrera aislante para la conduccién y el intercambio de calor y, por
lo tanto, reduce la capacidad del cuerpo para responder
eficazmente a los cambios de la temperatura ambiente, de modo
que el tejido adiposo atenua la transferencia de calor®®. Asi, existe
un importante indicio de que la anormalidad térmica por IRT sera
diferente segtn la cantidad de grasa corporal, lo que generara la
necesidad de establecer estindares de normalidad térmica
especificos segtn la grasa corporal, ayudando a la interpretacién
de las imdagenes.

Otro componente de la composicién corporal afectado por la
obesidad es la densidad mineral ésea (DMO), principalmente el
contenido mineral 6seo® % La DMO en personas con obesidad es
mayor que la personas sin sobrepeso debido a la mayor
sobrecarga mecdnica a la que se ve sometido el tejido 6seo y a
alteraciones hormonales, principalmente unos altos niveles de
adipocinas comtnmente asociados a la obesidade®***, y que
pueden promover acciones tanto de cardcter anabdlico como
catabélico en el osteoblasto®**°. Ademaés, la DMO parece tener una
relacién positiva con la cantidad de TAM en el organismo, lo que
puede promover una mayor produccién de calor y, como
consecuencia, aumentar la temperatura corporal del individuo,
influenciando directamente el mecanismo de termorregulacién®”
69

Otro factor que afecta a los procesos de emisién de calor es la
microcirculacién cutdnea que, debido a los procesos inflamatorios
derivados de la obesidad, acaba viéndose perjudicada y generando
un proceso vasoconstrictor’’. Esta situacién genera una alteracion
directa en los valores de perfusidn sanguinea de la superficie de la
piel, provocando una reduccién de su temperatura®3%%,

Por lo tanto, la obesidad, asociada a un aumento de la superficie
corporal, de la masa corporal, de la cantidad de grasa y de los
pardmetros inflamatorios, tiene el potencial de influir
directamente en el control de la temperatura central, haciendo
que todo el mecanismo de ganancia y pérdida de calor sea
diferente y alterando la respuesta de varias estructuras
fisiolégicas responsables de la termorregulacion, incluida la piel.

Finalmente, el factor edad puede influir de manera muy
importante en la Tsk de los humanos. En el caso de los nifios, el
control térmico se ve muy afectado por la proporcion de superficie
corporal, que es muy distinta a la del adulto. Ademas, el sistema
nervioso central y periférico de los nifios ain no estan totalmente
maduro para generar una respuesta térmica apropiada™ %,

Es importante destacar que, a lo largo del proceso de
envejecimiento, el organismo presenta diversas alteraciones
relacionadas con el control de la TC y, consecuentemente, de la
Tsk™. Factores como la variacién de la composicién corporal
(pérdida de masa magra y ganancia de grasa), la disminucién de la
capacidad de produccién y disipar de calor, el cambio del area de
superficie corporal en relacién al peso, las modificaciones en la
actividad del sistema nervioso central, ademds de aspectos termo-
sensoriales periféricos deben ser considerados durante una
valoracion de la TC a lo largo de la vida™.

La menor cantidad de masa corporal magra en sujetos mayores
produce una reduccidén de la actividad metabdlica, un factor
importante en la produccién de calor, ademéds de una disminucién
de la cantidad de agua en el organismo, factor que ayuda en la
transferencia de calor’. Se puede afiadir, una tendencia a padecer
trastornos vasculares, especialmente en sujetos diabéticos”’,
perjudicando la circulacién sanguinea y, consecuentemente, la
perfusion de los tejidos, influyendo negativamente en la pérdida
de calor tanto por radiacién como por conveccién’®, Por tltimo, las
alteraciones enddcrinas que aparecen con la edad también pueden
producir alteraciones en el metabolismo de los individuos**¢ que
pueden alterar la Tsk.
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4. Pruebas sobre la influencia de la grasa corporal con Tsk

Se han desarrollado una serie de estudios que buscan identificar
la relacién entre la grasa corporal y la Tsk, encontrando evidencias
muy interesantes que pueden ayudar a entender este proceso e
incluso a interpretar las imagenes termograficas.

Livingstone et al.”” dividieron a 17 hombres de entre 21 y 56
afios en tres grupos segun el porcentaje de grasa: 7.6-13.6%, 17.4-
22.1% y 27.1-46.4%, clasificados respectivamente como delgados,
intermedios y obesos. Las regiones anterior y posterior del
cuerpo, en las porciones superior e inferior, fueron evaluadas, y se
observé que los individuos que tenian un mayor porcentaje de
grasa tenian un Tsk més bajo.

Chudecka et al'® y Chudecka y Lubkowska® evaluaron la
influencia de diferentes rangos de clasificacién del IMC en Tsk. En
el primer estudio’® la Tsk de 20 mujeres consideradas obesas (IMC
> 30kg/m?) se comparé con la de 20 mujeres con IMC considerado
normal (18,5-24,99 kg/m?), se observé una diferencia de
temperatura en la regién de los brazos, la espalda, el abdomen, los
muslos y las piernas, ademds de una correlacién negativa entre la
Tsk y el porcentaje de grasa para las regiones del abdomen y el
muslo. En el segundo estudio®® al comparar la influencia de un IMC
considerado normal (18,5-24,99 kg/m?) con el IMC de las mujeres
con anorexia (< 17 kg/m?), con edades comprendidas entre los 18
y los 24 afios, verific6 un aumento de la Tsk en la regién de la
espalda, abdomen, muslos y pantorrillas en las mujeres con
anorexia, ademds de una correlacién negativa entre el IMC y el
porcentaje de grasa para la regiéon del abdomen. En ambos
estudios se evaluaron las regiones del térax, el abdomen, los
brazos, las manos, los muslos y las piernas, tanto en la vista
anterior como en la posterior, ademds de obtener los valores del
porcentaje de grasa mediante la evaluacién de la bioimpedancia.

Siah y Childs* utilizando también la IRT para verificar la Tsk de
la region del abdomen, evalué a 30 participantes (23 hombres y 7
mujeres), divididos en tres rangos de clasificacion del IMC:
delgado (<18.5 kg/m?), normal (18.6-24.9 kg/m?) y con sobrepeso
(>25.0 kg/m?). Como resultado, observaron que la Tsk presentaba
un parametro decreciente para los individuos con sobrepeso en
comparacién con los otros rangos de clasificacién en la regiéon
analizada.

Salamunes et al.?* y Neves et al.? utilizaron la técnica de Dual-
Energy X-Ray Absorptiometry (DXA) para comparar los efectos del
porcentaje de grasa en los valores de Tsk, evaluados mediante la
IRT. Salamunes?’, evaluando a 130 mujeres de entre 18 y 35 afios,
observd una correlacién negativa entre los valores de Tsk y el
porcentaje de grasa para las regiones de brazos, abdomen,
espalda, muslos y pantorrillas. Asimismo, Neves et al.*° al evaluar
a 94 participantes (47 hombres y 47 mujeres), con edades
comprendidas entre los 18 y los 28 afios, se observé un patrén de
correlacién negativa entre la Tsk y el porcentaje de grasa para las
regiones de tronco, brazos y piernas, en las vistas anterior y
posterior, en los hombres, y en las regiones de brazos y piernas, en
la vista anterior, y tronco y piernas, en la vista posterior, en las
mujeres. Todos estos estudios sefialan que es necesario que los
trabajos en los que se establece el perfil térmico, es necesario
considerar el impacto de la grasa corporal en la Tsk, con el
objetivo de evitar interpretaciones inadecuadas de las imagenes.

La cantidad de grasa corporal en Tsk también parece afectar el
proceso de termorregulacién en durante el ejercicio. Weigert et
al.’ a su vez, evalué el impacto del porcentaje de grasa, evaluado a
través de la técnica de pliegues cutdneos, en la Tsk en 38 hombres,
con edad entre 19 y 32 afios, tras la realizacién de ejercicios
resistidos y comprobé que los participantes considerados obesos
(225% de grasa) presentaron una menor elevacién de la Tsk que
los individuos considerados normales (<25% de grasa) al final del
protocolo de ejercicios, presentando, ademds, un patrén mdis
heterogéneo en la distribucién de los puntos de calentamiento.
Ademss, al observar el comportamiento de la Tsk a lo largo del

tiempo, comprobaron que, incluso con una elevacién menor de la
Tsk al final de la sesién de ejercicio resistido, los individuos
considerados obesos mantenian este patrén de elevacién durante
un periodo de tiempo mas largo.

Por otro lado, un articulo sefialé resultados contradictorios
utilizando la termografia dindmica, que, a diferencia del modelo
tradicional, monitoriza la respuesta de una determinada region
corporal de interés a un estrés térmico, ya sea de frio o calor,
evaluando la respuesta de la Tsk®, Payne et al.®* utiliz6 la técnica
IRT para verificar si el tamaiio y la composicién corporal, medidos
por bioimpedancia, influirian en el recalentamiento de la regién de
la mano tras la exposicidn al frio. Las manos de 114 participantes
(63 mujeres y 51 hombres), con edades comprendidas entre los
18 y los 48 afios, se sumergieron en agua helada y se evalu6 la Tsk
en los momentos posteriores a la inmersién. No se encontré
ninguna relacién entre los pardmetros evaluados y la capacidad de
recalentamiento de las manos en Tsk lo que indica que, en estas
condiciones, para esta regiéon de interés, el tamafio corporal y el
porcentaje de grasa no tienen ninguna influencia. Es posible que
esta region, por estar ricamente vascularizada, y por la técnica
utilizada para el registro (termografia dindmica), no tenga efecto
de la grasa corporal.

Implicaciones Practicas

La valoracién correcta de las imdgenes termograficas es esencial
para establecer un estdndar de normalidad térmica, ya sea
individualmente o en una poblacion especifica.

En el caso de la evaluacién individual, especialmente en los
atletas, es necesario tener en cuenta los factores presentados en
esta revisién, sobre todo en aquellos en los que el porcentaje de
grasa suele ser mayor, como los deportistas de atletismo en las
pruebas de lanzamiento y los luchadores de categoria de peso mas
altas.

Otra condicién especial es cuando el deportista de ja de realizar
actividad fisica durante un determinado periodo de tiempo (entre
temporadas o por lesidn). En estos casos se espera un aumento de
peso debido a la inactividad, lo que promueve cambios en la
composicién corporal y la consiguiente variacién de los valores de
Tsk. Si durante el seguimiento de este atleta a través de la IRT no
se observan los aspectos presentados en este trabajo, la
interpretacién de un cuadro de normalidad térmica podria ser
inadecuada.

Asimismo, en situaciones de diagndstico poblacional, es
importante que los investigadores consideren los factores
antropomeétricos y de composicién corporal en el momento de la
caracterizacion, por lo que cada regién especifica puede presentar
un perfil poblacional de composicién corporal totalmente
diferente, lo que dard lugar variaciones en los valores de Tsk, las
cuales, en un estudio de gran envergadura, puede generar
problemas de interpretacién y consideracién de las imdgenes
obtenidas por la cAmara termografica.

Como recomendacién final, considerando la importancia de
establecer el perfil térmico mediante IRT en la poblacién general y
de los atletas de diferentes modalidades deportivas en particular
es necesario que en la informacién metodolégica de los articulos
se indiquen los pardmetros antropométricos relacionados con la
superficie corporal, el grosor de los pliegues cutdneos y el
porcentaje de grasa, para que pueda ayudar en la evaluacién de las
imagenes térmicas obtenidas, ademds de proporcionar una base
documental para estudios mas detallados sobre el tema. También
es importante que se lleven a cabo estudios empleando IRT para
establecer el efecto del factor edad, especialmente en jévenes
antes de la pubertad o personas mayores con mds de 60 afios, ya
que los factores antropométricos, especialmente la relacién de
“masa magra vs. masa grasa” corporal, puede cambiar mucho en
funcién de la edad. Otra posibilidad de estudio que podria ser
verificar la relacién entre la DMO y la Tsk evaluada por IRT, debido
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a que esta variable también parece presentar ligada al proceso de
termorregulacion en los seres humanos.

Conclusion

Existen fuertes evidencias de que la obesidad es una condicién
que afecta directamente a la temperatura de la piel debido a la
influencia de ciertas caracteristicas antropométricas como la
superficie corporal y la composicién corporal, especificamente la
cantidad de grasa corporal, la cual presenta una relacién inversa
con la Tsk. Por lo tanto, es necesario tener en cuenta estos factores
especialmente cuando se interpreta el patrén de normalidad
térmica de un sujeto obtenido por IRT, tanto en la poblacién
general como en deportistas con diferentes valores de grasa
corporal.
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ABSTRACT

The study aims to conduct a review of right ventricle, measured by echocardiography or magnetic resonance imaging, in athletes with high dynamic
component and moderate static, the limit of the physiological adaptation. A search was carried out in the Medline database up to the end of 2017. This
study showed that the mean values for the different measurements of the right ventricle in athletes are significantly greater than that of sedentary
controls. In two of the 12 studies that analyzed mean diameter of the right ventricle in apical 4C, including 1477 endurance athletes and 498 controls,
with high heterogeneity. Endurance athletes presented significantly higher longitudinal diameter of the RV in apical absolutes scores compared to
control. The end diastolic volume and end systolic volume measured by magnetic resonance imaging, showed a significant standardized mean difference
favoring athletes with a moderate heterogeneity.

Keywords: Physiological adaptation; Right ventricle; Meta-analysis; Endurance athletes; High dynamic component.

El limite de la adaptacion fisiolégica del ventriculo derecho al entrenamiento de resistencia

RESUMEN

El estudio tiene como objetivo realizar una revision del ventriculo derecho, medido por ecocardiografia o resonancia magnética, en deportistas con alto
componente dindmico y estdtico moderado, el limite de la adaptacién fisiolégica. Se realizé una busqueda en la base de datos Medline hasta finales de
2017. Este estudio mostrd que los valores medios de las diferentes mediciones del ventriculo derecho en los deportistas son significativamente mayores
que los de los controles sedentarios. En dos de los 12 estudios que analizaron el didametro medio del ventriculo derecho en apical 4C, incluyendo 1477
atletas de resistencia y 498 controles, con alta heterogeneidad. Los atletas de resistencia presentaron un didmetro longitudinal del VD en absolutas
apicales significativamente mayor en comparacién con los controles. El volumen diastélico final y el volumen sistolico final medidos por resonancia
magnética, mostraron una diferencia media estandarizada significativa a favor de los atletas con una heterogeneidad moderada.

Palabras clave: Adaptacion fisiolégica; Ventriculo derecho; Meta-analisis; Atletas de resistencia; Alto componente dindmico.

0 limite da adaptacéo fisioldgica do ventriculo direito ao treino de resisténcia

RESUMO

0 estudo visa conduzir uma revisdo do ventriculo direito, medido por ecocardiografia ou ressonancia magnética, em atletas com elevada componente
dinamica e estatica moderada, o limite da adaptacéo fisiolégica. Foi realizada uma pesquisa na base de dados Medline até ao final de 2017. Este estudo
mostrou que os valores médios das diferentes medidas do ventriculo direito em atletas sdo significativamente superiores aos dos controlos sedentdrios.
Em dois dos 12 estudos que analisaram o didmetro médio do ventriculo direito em 4C apical, incluindo 1477 atletas de endurance e 498 controlos, com
elevada heterogeneidade. Os atletas de resisténcia apresentaram um didmetro longitudinal do VD significativamente mais elevado nas pontuagdes
absolutas apicais, em comparacdo com os controlos. O volume diastélico final e o volume sistélico final medido por ressonancia magnética, mostraram
uma diferenca média padronizada significativa, favorecendo os atletas com uma heterogeneidade moderada.

Palavras chave: Adaptacéo fisiol6gica; Ventriculo direito; Meta-anélise; Atletas de resisténcia; Componente altamente dinamica.
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Introduction

Although the right ventricle is situated anatomically parallel to
the left ventricle, functionally it is “connected” in series, as both
ventricles have the same cardiac output (CO) in average values."
The equality in cardiac output means that the systolic volume of
the right ventricle is the same as that of the left ventricle in spite
of considerable anatomical and physiological differences.”®
However, both pumps exert a different pressure on their
respective vascular tree. The right ventricle exerts about 4 times
less pressure, so that the resistance of the respiratory vascular
tree is about 10 times lower than the systemic vascular tree.
During dynamic exercise of moderate to high intensity there is an
increase in CO and central venous pressure (CVP).* A sustained
increase in CVP as occurs in sports with high dynamic and
moderate static components could condition the maximum
physiological limit of cardiac adaptation to training.

The described conditions mean that the phenomena of
physiological adaptation to training are exerted in a similar
fashion on both sides of the heart. Thus, the right ventricle should
experience similar modifications to the left ventricle in order to
satisfy the same demand produced during exercise, as Henschen®
proposed intuitively. However, in spite of the development of
echocardiography since 1970, interest in the adaptation of the
right ventricle to training has been practically non-existent. In fact,
in a review study published in 1986 on athlete’s heart, of the 29
articles reviewed, only 8 had taken measurements of the right
ventricle using one-dimensional echocardiography.® As Vitarelli
affirms the right ventricle has been the “forgotten ventricle” and it
is only since the last two decades that interest in the field of
cardiology has also focused on evaluating the function of the right
ventricle.® As a consequence, there has been a considerable
increase in studies devoted to understanding the adaptation of the
right ventricle to training.

The objective of this study was to perform a meta-analysis on
articles dealing with the dimensions of the right ventricle in
athletes who develop a high dynamic and moderate static
component. The review considered articles where the
measurement of the right ventricle (RV) were made either by
echocardiography or by nuclear magnetic resonance considered
the gold standard for evaluating cardiac dimensions.’

Methods

This paper reviews the adaptation of the right ventricle to
endurance training from a strictly physiological perspective. A
search was carried out in the Medline database up to the end of
2017, including printed articles. The initial search term was: “right
ventricle and athletes OR sport and echocardiography OR
magnetic resonance” only of human subjects and in English. In
addition, knowing the existence of a doctoral thesis published in
Spain on the right ventricle in athletes, it was considered
appropriate to include the results in the meta-analysis, because it
meets the search requirements. The following criteria were taken
into account for the selection of the studies to be reviewed:

19) First criterion: Athletes who practiced disciplines belonging
to Categories II and/or III of the classification by Mitchell,®
independently of the level of the static component.

29) Second criterion: Measurements recorded by:

* Echocardiography. At least 3 measurements of the right
ventricle at rest or before participating in a determined event,
according to  the  guidelines for  standardizing
echocardiographic measurements of the right ventricle.**

* Nuclear magnetic resonance. Measurements of the volume of
the right ventricle in diastole and systole and the myocardial
mass.

32) Third criterion: The studies had to present the following

data and comply with the following criteria:

« Age (mean and SD)

« Anthropometric data: weight, height and body surface area
(mean and SD)

« Years of training (mean and SD)

« Absence of pathologies

. Presence of sedentary controls

. Male sex. Given that it has been shown that there are
differences in cardiac measurements between the two sexes, this
study only considered data on men.

. Age range. Studies were eliminated that focused on
populations at the growing stage or ages when the heart begins to
deteriorate.

Data collection

The articles were selected by two of the authors (FJC and MB)
according to the established criteria. All the data were entered
onto a spreadsheet (FJC) and the units of the echocardiographic
and nuclear magnetic resonance measurements were reviewed
(FJC and MB). In those articles that studied the variations
experienced during the competition or the recovery, the values of
the analyzed variables were those corresponding to the initial

state (Figure 1).

Articles potentially apt
for review
Medline = 288

Excluded articles:
Criterion 1: 36 studies

—>
Criterion 2: 115 studies

v Criterion 3: 38 studies

99 articles potentially
apt for analysis

Excluded articles:

- The study objective
P Was to evaluate athletes’

pathologies: 42

' - No data presented on

sedentary people: 26

Studies included in the
meta-analysis: 31
- 19 echocardiographic
studies
- 12 nuclear magnetic
resonance studies

Figure 1. Results of the bibliographic search on the different
studies using echocardiography or nuclear magnetic resonance for
inclusion in the meta-analysis.

Data synthesis and statistical analysis

Data were analyzed using the Review Manager 5.3 statistical
package” A standardized mean difference (SMD); and its
corresponding 95% confidence intervals (CIs) were estimated as a
measure of effect size. Their interpretation was based on the
following criteria: small: < 0.49; moderate: 0.50 — 0.79 and large:

> 0.80.” Heterogeneity between studies was tested using Chi-
square and I? statistical tests. A P-value of less than 0.1 indicated a
statistically significant heterogeneity for the Chi-square test.* The
percentage of I’ represented the degree of heterogeneity:
percentages of 25, 50, and 75% indicated a low, moderate, and
high degree of heterogeneity, respectively.® When significant
heterogeneity was found a random-effects model was used to pool
the study results; otherwise, a fixed-effects model was adopted.
For all analyses, a forest plot was generated to display results.

Although some articles used Foale abbreviations, for a clearer
understanding of the text we have used those of Rudski et al.™.
The variables that were taken into account for the meta-analysis
and their nomenclature were as follows:
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12) Dimensions of the right ventricle

* Diameter of the RVOT by parasternal long axis (RVOT-Prox
long axis)

* Diameter of the proximal RVOT by parasternal short axis
(RVOT-Prox short axis)

* Diameter of the distal RVOT by parasternal short axis (RVOT-
Distal short axis)

* Basal diameter of the RV in apical 4 (RVD1)

* Mean diameter of the RV in apical 4C (RVD2)

* Longitudinal diameter of the RV in apical (RVD3)

* Diastolic area of the RV in apical 4C

* Systolic area of the RV in apical 4C

29) Thickness of the RV in M-mode or 2D, parasternal and

subcostal projections

Results
Echocardiographic measures

The characteristics of the included studies, published between
2002 and 2017 are shown in Table 1. Since not all of them
included all the measures, we selected those measures that
appeared in at least 5 studies.

The forest plots for the 5 studies in which RVD1 was measured
in relation to body surface area (Figure 2). One of the studies®
included 2 samples from endurance athletes and 2 samples from
controls. The sample for the meta-analysis involved a total of 939
endurance athletes and 316 controls. The endurance athletes
presented significantly higher RVD1 relative scores compared to
controls (SMD = 0.98, 95% CI: 0.62-1.35,Z = 5.29, P < 0.001) with
significant heterogeneity in these estimates (1> = 82%, P <0.001).

Table 1. Studies, published between 2002 and 2017

159

RVD2 abs (Figure 2) appeared in 12 studies, one of them with 2
samples from endurance athletes and one from controls.’” These
studies included 1477 endurance athletes and 498 controls.
Analysis of combined results showed a significant SMD favoring
athletes with high heterogeneity in these estimates (SMD = 1.12,
95% CI: 0.78-1.47,Z = 6.32, P <0.001, I = 88%, P < 0.001).

Eight studies included RVD3 (Figure 2) or RV LAX abs
measurements, involving 1357 endurance athletes and 415
controls. Endurance athletes presented significantly higher RVD3
absolutes scores compared to controls (SMD = 0.64, 95% CI: 0.52-
0.76,Z =10.5,P < 0.001,1* = 6%, P = 0.38)

RVOTprox absolute (Figure 3) was measured in 8 studies
involving 859 endurance athletes and 365 controls and the
thickness of the right ventricle wall (RVWT) abs (Figure 3) in 7
studies (1232 endurance athletes and 372 controls). Endurance
athletes presented significantly higher RVOTprox abs scores (SMD
= 0.47, 95% CIL: 0.24-0.70, Z = 3.96, P <0.001) and RVWT abs
scores (SMD = 0.70, 95% CI: 0.22-1.18, Z = 2.83, P = 0.005)
compared to controls, with significant heterogeneity in these
estimates (I = 61%, P < 0.01 for RVOTprox abs and I* = 92%, P <
0.001 for RVWT abs scores ).

Finally, RVFAC abs (%) (Figure 3) was measured in 6 studies
(594 endurance athletes and 235 controls). No differences were
found between endurance athletes and controls (SMD = 0.31, 95%
CI: -0.20-0.83, Z = 1.18, P = 0.240) although a high variability was
found in these studies (I = 89%, P < 0.001).

Resonance measures
Table 2 shows the baseline characteristics of the twelve studies

included in this review, published between 2010 and 2017. We
select those measures that at least appeared in 5 studies.

Author

Echocardiographic parameters

Number of athletes and

Sports from category C

Foale or Rutsky measurement criteria

sedentary subjects

Baucem et al,, 2008

Baggish et al,, 2010
De Luca etal,, 2013
Erol et al,, 2002
Esposito et al., 2014
Gjerdalen et al., 2014
Henriksen et al., 1998
King et al, 2013
Pagourelias et al., 2013
Popovic et al., 2011
Simsek et al.,, 2013
Teske et al., 2009
Utomi et al., 2015
Vitarelli et al., 2013

Zaidi et al.,, 2013

Heras E., 2016

RVD2; RVD3 ; RVOTProx
RVFAC abs

RVD2; RVFAC abs
RVOTProx
RVD2
RVD2; RVD3; RVWT abs
RVD1, RVD2, RVD3, RVWT abs
RVD2; RVD3; RVOTProx
RVD2; RVWT abs
RVD2; RVD3; RVOTProx
RVFAC abs
RVOTProx

RVD2; RVFAC abs

RVD1

RVD1; RVD2; RVD3; RVOTProx;

RVWT abs
RVFAC abs; RVWT abs

RVFAC abs; RVWT abs

RVOT-Prox long axis
RVOT-Prox short axis
RVOT-Distal short axis; RVD1;
RVD2; RVD3; VD Thickness

40 athletes
40 sedentary

20 athletes
20 sedentary
25 athletes
20 sedentary
36 athletes
16 sedentary
40 athletes
43 sedentary
504 athletes
47 sedentary
82 athletes
29 sedentary
42 athletes
17 sedentary
80 athletes
26 sedentary
21 athletes
20 sedentary
44 athletes
30 sedentary
117 athletes
94 sedentary
19 athletes
21 sedentary
35 athletes
35 sedentary
375 athletes
84 sedentary

217 athletes

125 athletes CI

Soccer (28.7 %) Foale
Volleyball (10.25)
Running (2.5 %)
Rowing Lang
20 Soccer, 5 Basketball Rudski

14 Running Not mentioned
Rowing Italian Society of cardiology
Soccer Lang; Horton, Ruski
Orienteering Foale
18 Rowing and 24 Soccer Lang
Cycling, Running and Triathlon Lang
Waterpolo Foale
Long distance running Rudski

Long distance running American Society of

Echocardiography
Long distance running Lang
Endurance Lang
Endurance. Badminton, Lang and Ruski
Basketball, Boxing, Canoeing,
Cycling, Hockey, Middle and
long distance running, Rowing,
Soccer, Skating, Squash,
Swimming, Tennis and
Triathlon
Middle and long distance Lang and Ruski

running, Badminton,
Orienteering, Soccer, Field
hockey, Padel, Basketball,

Swimming, Handball

RVD2: Mean diameter of the RV in apical 4C; RVD3: Longitudinal diameter of the RV in apical; RVOT: Right ventricular outflow tract; RVWT: Thickness of the right ventricle
wall;RVD1rel: Basal diameter of the RV in apical 4
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Std. Mean Difference

Std. Mean Difference:
IV, Random, 95% CI

Study (RVD1rel) Weight IV, Random, 95% CI
Gjerdalen etal, 2014 18.7% 094 [0.54,1.14]
Henriksen etal, 1008 159% 1.44[0.97,1.00]
Heras stal, 2016 19.9% 0.33 [0.16, 0.60]
Teske stal., 2008 (@} 17.4% 116 [0.78,1.54]
Taske etal, 2008 fb) 158% 116 [0.69, 1 64]
Utomi etal., 2015 12.4% 112[0.45,1.78]
Total (95% CI) 100.0% 0.98 [0.62, 1.35]

Heterogeneity Tau® = 0.16; Chf= 27.72, df= 5 (P < 0.0001); F= 82%
Testfor overall effect Z= 5.29 (P = 0.00001)

2

R
Favors [controls] Favors [Athletes]

Std. Mean Difference Stil. Mean Difference
Study (RVD2 abs) Weight IV, Random, 95% CI IV, Random, 95% CI
Baggish etal, 2010 520 368 (263,473 —_—
Bauce etal., 2008 8.4% 0.28F0.16,0.72) T
Erol &Karakelleoglu, 2002 52% 282 177,387
Esposito et al, 2014 2.2% 1.44 [0.96,1.93) —
Gjerdalen el al, 7014 0% 0.35 [0.05, 0.65) =
Henriksen etal,, 1998 82% 1.53[1.08, 2.00] ——
Heras efal, 2016 9.3% 0.39[0.47, 0.62) -
King etal, 2013 (&) 5% 1.64 (0886, 2 47] =
King etal, 2013 (o) 6.9% 1.46 (0,76, 2.17] —_—
Pagourelias etal, 2013 2.3% 0.99 [0.53, 1.46] —_
Simsek etal, 2013 81% 0.92[043,1.41] "l
Utami etal, 2015 7a% 0,33 [-0.30, 0 95] -—
Zaidietal, 2012 9.3% 0.69 [0.45, 0.93) -
Total (95% CI) 100.0% 1,12 [0.78, 1.47] <>

Heterogeneity Tau” =033, Chi*= 96 90, off = 12 (P < 0.00001), F= 88%
Testfor overall efiect 2= 6.32 (P < 0.00001)

Std. Mean Difference

-2 2z
Favors [Controls] Favors [Athletes]

Std. Mean Difference

Study (RVD3 abs) Weight IV, Fixed, 95% CI IV, Fixed, 95% C1
Bauce etal, 2008 A% 0.55[0.10,0.99]

Espositoetal, 2014 7.0% 0.83[0.38,1.28]

Gjerdalen et al, 2014 15.5% 0.73[0.43,1.03] T
Henrksen et al, 1998 76% 063 [0.20, 1.08] .
Heras etal, 2016 281% 0.56[0.33,0.78] ——
Pagourelias etal, 2013 7.2% 0.16 [-0.28, 0.60] e T
Utomi et al, 2015 3.4% 0.72[0.08,1.36]

Zaidietal, 2013 241% 0.77 [053,1.02] —
Total {95% Cly 100.0% 0.64 [0.52, 0.76] L
Heterogeneity: Chi*= 7,45, df=7 (P=0.38); *= 6% 5 =)

Testfor overall effect Z=10.50 (P < 0.00001)

Favors [Controls]  Favors [Athletas)

Figure 2. Forest plots corresponding to the following echocardiographic parameters considered in this work: RVD1, RVD2 and RVD3.

RVD1rel: Basal diameter of the RV in apical 4 (relative); RVD2abs: Mean diameter of the RV in apical 4C (absolute);

diameter of the RV in apical (absolute)

Std. Mean Difference
Study (RVOTprox abs)  Weight IV, Random, 95% CI

Std. Mean Difference
IV, Randoin, 95% C1

Bauce &1 al, 2008 125% 0.06 -0.38,0.49]
De Luca etal, 2013 1% 0.24 }0.35,0.83]
Hentiksen et al, 1992 127% 0.60 [0.17,1.03]
Heras etal, 2016 18.8% 0.200.02,0.42]
Pagourelias etal, 2013 11.9% 0.91 (0.45,1.37]
Popavic etal, 2011 8.2% 0.91 (0.27,1.56]
Utomi et al, 2015 8.6% 0.25 F0.38, 0.87]
Zaldi etal, 2013 18.2% 0.66 [0.41,0.80]
Total (95% CI) 100.0% 0.47 [0.24, 0.70]

-

Heterogeneity Tau™= 0.08, Chi*= 1815, df=7 (P=001), F= 1%

Testfor overall effect Z=3.96 (P = 0.0001) 52

Std. Mean Difference
Study (RVWT abs Weight IV, Random, 95% CI

1) 1
Favors [Controls] Favors [Athlates]

Std. Mean Difference
IV, Random, 95% C1

Espositoetal, 2014 118% 2720212,332)
Glerdalen etal, 2014 13.7% 06100.31,091]
Heras etal, 2018 14.0% 062039, 0.84)
King etal, 2013 () 11.3% 0.43[0.24,1.10]
King etal, 2013 () 1.7% 0.00[0.52, 053]
Utomi etal, 2015 10.9% 1.63[0.91,2.36]
vitarelli et al, 2013 127%  -0.25[0.72,023
Zaidietal, 2013 14.0% 010[0.14,0.34]
Total (95% CI) 100.0% 0.70[0.22, 1.18]

g

|

-

Heterageneity: Tau™= 0,42, Chi*= 8592, df= 7 (P < 0.00001), F=92%
Testfor overall effect; Z= 2.83 (P = 0,005)

Std. Mean Difference

Favors [Controls] Favors [Athletes]

Std. Mean Difference

Study (RWFAC abs) Weight IV, Random, 95% CI I, Random, 95% CI

Bagaish etal, 2010 18.2% 1.500.79, 2.21) —_—
Bauce etal, 2008 17.0% -0.24 [-0.68, 0.20] e

Pagourelias etal, 2013 16.7% 1.08 [0.62,1.55] T
Simseketal, 2012 16.2% 017 [0.30, 0.63] ——

Witarelli et al., 2013 16.7% 014 (061, 0.23] —*—

Zaidietal, 2013 18.6% -0.25[0.49,-0.01] =

Total (95% CI) 100.0% 0.31]-0.20, 0.83] g
Heterogeneity: Tau®= 0,36, Chi*= 43 66, df= & (F < 0.00001), = 38% =1 1

Test for overall effect Z=1.18(P = 0.24)

Fawors [Controls] Favors [Athletes]

RVD3: Longitudinal

Figure 3. Forest plots corresponding to the following echocardiographic parameters considered in this work: RVOT absolute, RVWT and
RVFAC. RVOT: Right ventricular outflow tract; RVWT: Thickness of the right ventricle wall; RVFAC: Right ventricular fractional area

change
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Table 2. Baseline characteristics of the twelve studies included in this review, published between 2010 and 2017

Author Nuclear magnetic Number of athletes and sedentary Sports from Category C
resonance parameters subjects
Dupont et al,, 2017 EDV rel 12 athletes Triathlon
CIrel 12 sedentary

Esch et al, 2010
La Gerche etal, 2011
La Gerche et al., 2015

Luijkx et al,, 2013
Luijkx et al., 2012
Perseghin et al., 2007
Petersen et al., 2006

Prakken et al, 2010

EDV abs; ESV abs
EDV abs; ESV abs
EDV abs; ESV abs
EDV rel; ESV abs; Mass rel
EDV rel; ESV abs; Mass rel
EDV abs; EDV rel
EDV rel; ESV abs; CI rel

EDV abs; EDV rel; ESV abs;
Mass rel

8 athletes
8 sedentary
39 athletes
14 sedentary
10 athletes
7 sedentary
52 athletes
52 sedentary
93 athletes
56 sedentary
9 athletes
10 sedentary
23 athletes
21 sedentary
46 athletes
56 sedentary

2 Cycling, 5 Triathlon, 1 Biathlon
7 Marathon, 9 Cross country skiing, 10 Long-distance runners,

13 Ultra-triathlon
Triathlon and Cycling

54 III C and 93 III A Mitchell)
Marathon
15 Rowing, 2 Swimming, 6 Triathlon

Rowing, Biathlon, Triathlon, Water polo

Scharfetal, 2010 EDV rel; Mass rel; CI rel 29 athletes Soccer
29 sedentary
Scharfetal, 2010 EDV rel; Masa rel; CI rel 26 athletes Triathlon
27 sedentary
Steding-Ehrenborg et al.,, 2015 EDV abs; ESV abs; CI rel 6 athletes Endurance
8 sedentary

EDV = End Diastolic volume (absolute and relative); ESV = End systolic volume (absolute); Mass = myocardial mass (absolute and relative); CI = cardiac index

Stuiy (EDV abs)

Std. Mean Difference

Std, Mean Difference

Weight I, Fixed, 95% CI IV, Fixed, 95% CI
Eschetal, 2010 5.9% 119010, 2.28) -~
La Gerche etal, 2011 16.6% 1.77 [1.07, 2.48] —_—
La Gerche etal, 2015 6.8% 1.26 [0.26, 2.46]
Perseghin etal 2007 10.0% 0.30 061, 1.21) —
Prakken etal, 2010 41.4% 1.54 [1.10,1.99) —i—
Steding-Enrenborg et al, 2015 (a) 48% 1.74[0.44, 3.05]
Steding-Ehrenborg et al, 2015 (8}  13.5% 1.38 [0.60, 2.16]
Total (95% Ch 100.0% 1.41[1.12, 1.69] -

Helerogeneity: Chi*=7.50, df= 6 (P = 0.28), I*= 20%

Testfor overall effect: Z= 962 (P <

0.00001)

Std, Mean Difference

Study (EDV rel} Weight

IV, Random, 95% CI

t + + t

= -1 1 b
Favors [Controls] Favors [Athletas]

Std. Mean Difference
IV, Random, 95% CI

Dupont etal, 2017 47%
Luijloretal, 2012 (@) 165%
Luijke etal, 2012 (o) 14.4%
Luljix et al, 2013 14.3%
Perseghin et al, 2007 6.1%
Pelersen etal, 2006 10.2%

Prakken etal, 2010 14.0%
Seharfetal, 2010k 10.3%
Scharf el al., 20104 9.4%
Total (95% CI) 100.0%

346 [1.35, 3.56)
1.30[0.93, 1.66]
1.87 [1.43,2.32)
1.66[1.21,2.11]
0.70 10.24,1.63]
1.07 [0.44, 1.71]
1.73[1.27,219)
1.93[1.30, 2.56)
2.09[1.41,2.77)

1.63 [1.36, 1.90]

R WHW

Heterogeneity: Tau®= 0.08; Chi*= 1611, df= 8 (P = 0.04); F= 50%
Testfor overall effect £=11.88 (P = 0,00001)

Std. Mean Difference

2 - 12
Favors [Confrols] Favors [Athletes]

Std. Mean Difference
v, Random, 95% CI

Study (ESV abs) Weight IV, Random, 95% CI
Eschetal, 2010 1% 1.04 [-0.0Z, 2.10)
La Gerche etal, 2011 BE% 2.01 [1.28, 2.74]
La Gerche etal, 2015 57% 0.54 [-0.36, 1.63)
Luijk: et al., 2012 (&) 15.8% 1.21 [0.85,1.57]
Luijlee et al., 2012 () 141% 1.73[1.30,2.17)
Luijle et al., 2013 14.1% 1.40 (0,87, 1.83)
Pelersen el al, 2008 10.7% 0.49[-0.11,1.09]
Prakken etal, 2010 13.9% 1.48[1.04,1.92]
Steding-Ehrenborg et al, 2015 (a) 25% 1.91 [0.56, 3.26]
Steding-Ehrenborg et al, 2015 (b) 9.5% 0.97 [0.24,1.71]
Total (95% CI 100.0% 1.30[1.03, 1.58]

Heterogeneity: Tau®= 0.09, Chif=18.80, df=9 (P =0.03), "= 53%
Testfor overall effect. Z= 9.24 (P < 0.00001)

Stcl. Mean Difference

- -1 1 2
Favors [Controls] Favors [Athletes]

Std. Mean Difference
IV, Random, 95% C1

Study (Mass Weight IV, Random, 95% CI
Luijk et al., 2012 (&) 18.0% 0.42[0.08,0.75]
Luijk et al., 2012 (@) 17.1% 1.81 .37, 2.29]
Luijke et al, 2013 17.5% 0.84 [0.44,1.25]
Erakken etal, 2010 17.2% 1.29[0.26,1.72
Scharfetal, 2010k 15.6% 1.70[1.10,2.31]
Scharfetal , 2010a 14 5% 2.26 [1 .56, 2 96]
Total (95% CI) 100.0% 1.35[0.81, 1.89]

Heterogeneity: Tau®= 0 40; Chi*= 42 43, df= & (P < 0.00001), 1*= 88%
Tastfor overall effect 2= 4.66 (P = 0,00001)

Favors [Confrals] Favars [Athlstes]

Figure 4. Forest plots corresponding to the following magnetic resonance parameters considered in this work: absolute End Diastolic
Volume (EDV abs), relative End Diastolic Volume (EDV rel), absolute End Systolic volume (ESVabs) and myocardial mass (Mass).

The EDV abs (Figure 4) was measured in 6 studies; one of
them*® included 2 samples from endurance athletes and 2 samples
from controls. These studies involved 134 endurance athletes and
119 controls. EDV rel (Figure 4) was measured in 7 studies (347
endurance athletes and 263 controls), one of them (8) including 2
samples from endurance athletes and 1 sample from controls.
Endurance athletes presented significantly higher EDV abs scores

(SMD = 1.41, 95% CI: 1.12-1.69, Z = 9.62, P < 0.001, I* = 20%, P =
0.28) and EDV rel scores (SMD = 1.63, 95% CI: 1.36-1.90, Z =
11.88, P < 0.001) compared to controls. In SMD estimates for EDV
rel scores moderate heterogeneity was found (I* = 50%, P = 0.04).
ESVabs (Figure 4) was measured in 8 studies, one of them with
2 samples from endurance athletes and one from controls'* and
another one'® included 2 samples from endurance athletes and 2
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samples from controls. These studies included 350 endurance
athletes and 294 controls. The analysis of combined results
showed a significant SMD favoring athletes with a moderate
heterogeneity in these estimations (SMD = 1.30, 95% CI: 1.03-
1.58,Z=9.24,P < 0.001,12 = 52%, P = 0.03).

Five studies included Mass rel measures (Figure 4), one of them
with 2 samples from endurance athletes and one from controls.™
These studies included 330 endurance athletes and 220 controls.
Endurance athletes presented significantly higher Mass rel scores
compared to controls with a high heterogeneity in these
estimations (SMD = 1.35, 95% CIL: 0.81-1.89, Z = 4.86, P < 0.001, I?
= 88%, P < 0.001). Finally, five studies included IC rel measures,
one of them™ included 2 samples from endurance athletes and 2
samples from controls, involving 112 endurance athletes and 113
controls. Endurance athletes presented significantly higher IC rel
scores compared to controls with a moderate heterogeneity in
these estimations (SMD = 0.47, 95% CI: 0.20-0.74, Z = 3.42, P <
0.001,1* = 46%, P = 0.10).

Discussion

The aim of this review was to characterize the limit of
physiological adaptation of the right ventricle in endurance
athletes by means of echocardiography and magnetic resonance
imaging. As Morganroth'® rightly surmised more than a century
ago, the adaptation of the right ventricle had to “symmetrically
match” that of the left ventricle. In fact, the balance of the
right/left adaptation was demonstrated later by,*'”'® although La
Gerche obtained higher values in the left ventricle/right
ventricle ratio suggesting a different physiological adaptation
mechanism to training, as the right ventricle is more sensitive to
the volume overload resulting from greater venous return during
exercise.

1) Discussion of the echocardiographic results. This study
showed that the mean values for the different measurements of
the right ventricle in athletes are significantly greater than that of
sedentary controls. However, the differences found in some
studies may be due to 1) problems arising from the
echocardiographic technique and 2) the way the different authors
defined endurance athletes and sedentary controls.

The technical echocardiographic problems include: 1) the
placement of the transducer to obtain the best image, 2) the
unequivocal delimitation of the axes of the right ventricle (short
and long axis), 3) the inclusion or not of certain structures in the
different measurements of the right ventricle, which has made it
difficult in many cases to standardize them, and 4) the
delimitation of the endocardial borders, given the considerable
trabeculation of this chamber.

Regarding the selection of the population of athletes and
controls, it is necessary to bear in mind the characteristics of
endurance athletes. For example, the population studied by
Gjerdalen et al.* includes soccer players whose static component
is notably lower than rowers, cyclists and long-distance runners.
Soccer is characterized by high-intensity intermittent activity and
although aerobic energy contributes significantly to performance
in this sport, a high anaerobic capacity is also required.'*** The
maximum oxygen consumption reached by soccer players on
average is lower than that obtained by endurance athletes.”

Oxygen consumption ( VO, ) is a parameter that integrates
the functions of uptake (respiratory system), pumping, transport
and distribution (cardiorespiratory system) and use (mainly
muscle tissue). Therefore, the athletes with a greater \702
develop a greater ventricular function which translates into a
higher degree of adaptation. Moreover, the selection of the
controls is also of utmost importance.

The study by Heras” did not include a sedentary population, but
it was decided to use the “opposite extreme” IA of Mitchell’s
classification (golf, Olympic shooting) that is, sports with low
dynamic and static components. Although it may in fact be

questionable to choose these athletes as controls, the values of the
different echocardiographic measurements are within normal
limits for the sedentary population.®® It is also exceptional for the
different studies included in this review to adequately describe
the characteristics of the control population. In our understanding
it is not enough to indicate that the control population did not
suffer from any cardiac pathology and that it was physically
inactive. To really understand the possibilities of physiological
adaptation the control population should have revealed conditions
of “cardiac atrophy” as happens to people on bed-rest or those
who have been in space for a long time. In this type of study, the
mean loss of heart muscle mass measured by resonance is 14%."*

RVD1. In several studies ®'*'®'*?” which measured this variable
the endurance athletes had higher values than the sedentary
controls. In this echocardiographic measurement Heras showed a
difference of means of 0.38. As indicated above this value may be
due to the consideration of athletes from category IA as the
control population. Mitchell's classification® may have a clear
cardiological indication but not from the viewpoint of the athletes’
cardiac overload. Currently, golfers, for example, have very
comprehensive training including dynamic and static overload, so
that they may experience a certain degree of adaptation.

RVD2. This echocardiographic measurement also shows a great
amount of heterogeneity among the different studies'>'>'82023:242¢-
%% due both to the small differences found between athletes and
sedentary controls’>'**”*° and also to the higher values of the
athletes compared to sedentary controls.”””® Bauce and
Gjerdalen”®*" include in the athlete population soccer players and
volleyball players who are clearly not classified at the maximum
limit of adaptation (Mitchell’s category IIIC).?

RVD3. In contrast to the previous measurements, the degree of
homogeneity in this variable was very high in all the studies that
analyzed it.'*'®1%2*?7%0 Only Pagourelias et al.*’> observed similar
values in the studied athlete population and the sedentary
controls. This homogeneity probably suggests that this
measurement was not affected by the echocardiographic
technique or the choice of the athletes. The results of this author
attract attention as the athlete population is clearly made up of
endurance athletes and also a consensus method was used.®

RVOTProx. Although moderately heterogeneous, the values
found by Bauce et al, De Luca et al., Heras and Popovic et
al.?¢%13%3 are similar between the athlete population and the
sedentary controls. With regard to the results of Heras,”® it seems
reasonable to think that the population chosen to compare with
the endurance athletes was not suitable, as indicated above.

RVFAC abs (%). The high degree of heterogeneity in this
echocardiographic measurement observed in the studies that
analyzed it?****®*%%** is due, in our opinion, to the
echocardiographic methodology used. As the measurement is
taken during the two phases of the cardiac cycle (systole and
diastole) it is highly conditioned. The phases of the cardiac cycle
considered for the left ventricle cannot be extrapolated. The
pressure/volume ratio in the right ventricle has been defined as a
trapezium or triangle, with a poor definition of the periods of
isovolumetric contraction and relaxation that are observed in the
left ventricle.**® The pressure exerted by the right ventricle is
lower and has a different form, as it reaches an initial peak very
quickly in contrast to the form and magnitude of pressure in the
left ventricle.

RVWT abs. Again, the high degree of heterogeneity in this
measurement is due to the inherent errors that can be made when
measuring the thickness of the myocardium of the right ventricle.
Thus, while Espésito et al. and Utomi et al.*”*® found considerable
differences for this measurement between endurance athletes and
sedentary controls, other authors that measured this
variable'*'>?”?%% did not observe significant differences.

2) Discussion of the results of the magnetic resonance. In
contrast to the echocardiographic measurements, the
homogeneity found between the different volumetric values
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presented in the different studies that measured them using
magnetic resonance is worthy of note. The differences in effect
size between the resonance and the echocardiograph are due to
the greater accuracy of the former in quantification, as the
structural limits are determined more precisely. In fact, magnetic
resonance constitutes the gold standard for determining volumes,
for this reason we think that the differences observed in the
volumetric measurements taken by magnetic resonance may be
due more to the selection of the sample of athletes and sedentary
controls than the technique itself. However, other parameters
measured using magnetic resonance, the relative myocardial mass
(Mass rel) and the relative cardiac index (CI rel) showed a great
deal of heterogeneity. In these two measurements the differences
are due both to the technique itself and to the selection of the
study subjects.

EDV_abs. Only the study by Perseghin et al.*’ failed to
demonstrate differences in this measurement, while in the rest of
the studies”®'**>*° the ventricular volume was greater in the
endurance athlete population studied. It is curious that although
the athlete population studied by Perseghin et al.*’ was clearly
made up of endurance athletes, no differences were found
compared to the control group.

EDV rel. The evaluation of the right ventricular volume relative
to body surface area showed significant differences between the
two populations. Of note are the extreme values: no differences in
the study by Perseghin et al.*” and considerable differences in that
by Dupont et al.*".

Mass rel. The heterogeneity in this measurement is due both to
the selection of the endurance athletes as to the errors that can be
made in the valuation of the right myocardial mass. With regard to
the former problem, all the resonance studies consulted were
carried out with endurance athletes that could be included in
Mitchell's group IIIC,* with the exception of the study by Scharf,"”
who carried it out with soccer players.

CI rel. The heterogeneity of this variable seems coherent as the
heart output depends on the size of the body and although it is
relativized by body surface area, the values are very similar among
individuals from the same type.

In conclusion, this review study shows that the right ventricle
experiences an adaptation to endurance training, but without
reaching values that are considered pathological. This adaptation
is a consequence of the high heart output that the athletes develop
during training and competition. In spite of the statistical
differences found in this meta-analysis, it can be stated that the
effect size measures in this review are within the moderate to high
range.” This means that the percentage of control subjects with
values lower than those of the endurance athletes in some
measurements of the right ventricle reached more than 70%.
Finally, the differences found between the two techniques used
(echocardiography and resonance) should be underlined.

Limitations of the study. We consider that to be able to compare
the degree of adaptation of the two cardiac pumps it would have
been advisable to analyze the structural variables using
echocardiography and magnetic resonance. Because in spite of the
studies that present a similar degree of adaptation of the two
ventricles, there are also others that indicate the opposite.
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RESUMEN

El Grupo de Trabajo Avilés fue impulsado por el Consejo Superior de Deportes en 2009 y esta formado por representantes de los Centros de Medicina de
la Educacidn Fisica y el Deporte de todas las comunidades auténomas que cuentan con estas infraestructuras y representantes de centros de medicina
del deporte de centros de tecnificacion, centros municipales de medicina del deporte y la Agencia Espafiola de Proteccion de la Salud en el Deporte. Como
objetivos de este grupo de trabajo figuran la coordinacion entre estas estructuras autonémicas de la medicina del deporte, el planteamiento de soluciones
comunes a las diferentes problematicas que sufren cada uno de los centros y el ser un grupo de asesoramiento, en los diferentes ambitos de la medicina
de la educacidn fisica y el deporte, para el Consejo Superior de Deportes.

Este grupo de trabajo se reune periddicamente; en su ultima reunidn, celebrada en Barcelona el 3 y 4 de octubre de 2022, se acordaron una serie de
conclusiones, en relacién a la muerte subita y las arritmias en el deporte, el SARS Cov-2, la prevencidn, la salud mental, la diversidad sexual y la
especialidad MIR.

Palabras clave: Muerte Subita; Arritmias; Deporte; Salud Mental; SARS-CoV-2; Prevencién; Diversidad Sexual; Especialidad MIR.

* Autor para correspondencia: mcarmen.vaz@juntadeandalucia.es (C. Vaz-Pardal).
* * Coordinadora del Grupo Avilés

https://doi.org/10.33155/j.ramd.2022.12.001
e-ISSN: 2172-5063/ © 2022 Consejeria de Turismo, Cultura y Deporte de la Junta de Andalucia. Este es un articulo Open Access bajo la licencia CC BY-
NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ramd.2018.01.001&domain=pdf

166 C. Vaz-Pardal et al. / Rev Andal Med Deporte. 2022;15(4): 165-167

Conclusions of the XI Conference of the Aviles Group on Sports Medicine, October 3 and 4, 2022 (Barcelona)

ABSTRACT

The Avilés Working Group was promoted by the National Sports Council in 2009 and is made up of representatives of Physical Education and Sports
Medicine Centers of all the autonomous communities that have these infrastructures, Sports Technification Centers, municipal Sports Medicine Centers
and the Spanish Agency for Health Protection in Sport. The objectives of this working group include the coordination between these autonomous
structures of Sports Medicine, the proposal of common solutions to the different problems suffered by each of the centers and to be an advisory group in
the different areas of the Physical Education and Sports Medicine, for the National Sports Council.

This working group meets periodically; at its last online meeting, held in Barcelona on October 3-4, 2022, a series of conclusions were agreed in relation
to sudden death and arrytmias in sport, SARS Cov-2, prevention, mental health, sexual diversity and the MIR specialty.

Keywords: Sudden Death; Arrhythmias; Sports; Mental Health; SARS-CoV-2; Prevention; Mental Health; Sexual Diversity; MIR Specialty.

Conclusdes da XI Conferéncia do Grupo Aviles de Medicina Esportiva, 3 e 4 de outubro de 2022 (Barcelona)

RESUMO

0 grupo de Trabalho Avilés foi incentivado pelo Conselho Superior de Esportes em 2009. E composto por representantes dos Centros de Medicina da
Educacéo Fisica e Esporte de todas as comunidades autdonomas que contam com estas infraestruturas, bem como representantes dos centros de medicina
do esporte de centros técnicos, centros municipais de medicina do esporte e da Agencia Espanhola de Protecdo da saide no Esporte. Como objetivos de
trabalho desde grupo, figuram a coordenacéo entre estas estruturas autondmicas da medicina do esporte, a criacdo de solucdes comuns as diferentes
problemaéticas que sofrem cada um dos centros, além de ser um grupo de assessoramento, nos diferentes &mbitos da medicina da educacéo fisica e do
esporte, para o Conselho Superior de Esportes.

Este grupo de trabalho se retine periodicamente; Em sua ultima reunifo, realizada em Barcelona de 3 e 4 de outubro de 2022, foi acordada uma série de

conclusoes em relacio a morte sdbita e arritmias no esporte, SARS Cov-2, prevencio, saude mental, diversidade sexual e especialidade MIR.

Palavras-chave: Morte Subita; Arritmias; Esporte; SARS Cov-2; Prevencéo; Saude Mental; Diversidade Sexual; Especialidade MIR.

Introduccion

El “Grupo de Trabajo Avilés” estd integrado por representantes
médicos de los centros publicos de Medicina del Deporte de
Comunidades Auténomas, de Centros de Alto Rendimiento y de
Tecnificacién Deportiva y de entidades locales, y sus objetivos son:

¢ Armonizar el trabajo técnico y profesional de los Centros de
Medicina del Deporte que dependen de las entidades publicas.

¢ Buscar soluciones a problemas de funcionamiento comunes.
Compartir y mejorar el conocimiento técnico y cientifico.

¢ Mejorar la formacién de los profesionales que prestan
servicio en esos Centros.

« Disponer de un foro de intercambio de ideas, inquietudes e
iniciativas en el Aambito profesional.

A tal efecto, el Grupo establece reuniones anuales de contenido
cientifico y técnico que sirven de intercambio de experiencias en
el &mbito de la Medicina del Deporte y cuyas conclusiones puedan
servir a los responsables publicos para poner en marcha las
politicas mads eficientes. A su vez, ejerce de via de distribucién de
conocimientos y de relacién de los responsables de los centros de
Medicina del Deporte de la administracion publica del pais.

Conclusiones de las XI Jornadas del Grupo de Trabajo “Avilés”
de Medicina del Deporte (Barcelona, octubre 2022)

* Se insiste en la importancia de los reconocimientos médicos
previos a la practica deportiva para la prevencién de la muerte
stubita. Una exploracién médico-deportiva que incluya anamnesis,
exploracion fisica y ECG, es esencial como punto de partida. La
realizacién de pruebas mds especificas como ecocardiograma o
prueba de esfuerzo, estarian indicadas como complementarias
para los deportistas a partir de los 14 o 15 afios o en el caso de
sospecha de patologia cardiaca.

* El ejercicio de resistencia “extremo” continuado durante
muchos afios puede provocar alteraciones en la estructura y
funcién cardiaca y crear un sustrato para padecer arritmias. Por
este motivo, y especialmente en las personas que practican este

tipo de deportes, es importante y necesaria la realizacién de
valoraciones cardiacas periédicas.

* La incidencia de miocarditis por SARS Cov-2 es baja y en
general leve. Esta incidencia tras la vacunacién es todavia més
baja, afectando en este caso a la franja de edad de 18-25 afios. Se
aconseja no practicar deporte durante la infeccién. Si bien la
prescripcion y préctica deportiva es de gran ayuda en el proceso
de recuperacién de pacientes post COVID.

* En relacién con la infeccién por SARS Cov-2, no se ha
observado un aumento de muerte subita en el deporte.

* Se ha de normalizar la realizacién de pruebas de esfuerzo
segun el criterio del especialista en medicina del deporte si bien es
importante mantener en todo caso la utilizacién de mascarilla por
parte del personal sanitario, y realizarse en espacios con
abundante ventilacién y renovacién del aire. En el caso de un
deportista sintomatico se debe realizar un test diagnéstico previo.

¢ Se recuerda la importancia de la prevencién en el deporte en
general y especialmente en el deporte de alto nivel. Es de destacar
que no se llega al alto rendimiento si no hay salud.

* Hay que avanzar en la prescripcién de ejercicio fisico para la
salud mental.

* La actividad fisica modula la neuroplasticidad y estimula la
adherencia terapéutica por lo que es recomendable su uso para el
tratamiento de las enfermedades en salud mental, con una
prescripcion individualizada para cada paciente.

* Es importante tener en cuenta los estudios y aportaciones
que sobre la diversidad sexual y de género, el deporte y sus
implicaciones se vienen realizando en nuestra sociedad.

* Las wunidades de medicina deportiva deberian estar
vinculadas a los departamentos hospitalarios junto al resto de
especialidades médicas por el valor afiadido que suponen para
cuidar la salud de nuestros deportistas, sea cual sea su nivel, y
practicantes de actividad fisica asi como por su utilidad como
herramienta preventiva y terapéutica para las distintas patologias.

e La actual falta de formaciéon en Espafia de médicos
especialistas en medicina del deporte ha originado una grave
carencia de estos y que continuard agravandose en los préximos
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afios si no se aprueba préximamente el sistema de formacién MIR
en esta especialidad.

e Este déficit afecta de forma importante a todo el sistema
deportivo, a la salud de los deportistas en general y especialmente
en los de alto nivel. Un pais con importantes resultados deportivos
internacionales no puede desprenderse de unos profesionales que
vienen contribuyendo sustancialmente al cuidado de la salud y
mejora del rendimiento de nuestros deportistas. Del mismo modo
la formacién de Médicos del Deporte es la referencia especializada
para una sociedad activa y saludable que practica deporte de
forma segura.

* Una vez mads este Grupo de trabajo “Avilés” insta al Ministerio
de Sanidad a la aprobacién prioritaria y urgente de la formacién
de Médicos Especialistas en Medicina del Deporte.

Los participantes de estas jornadas fueron:

» Comunidades Auténomas:
* Andalucia. Centro Andaluz de Medicina del Deporte.
Carmen Vaz Pardal.
* Asturias. Unidad Regional de Medicina Deportiva del
Principado de Asturias. Nicolas Terrados Cepeda.
* Cantabria. Centro Regional de Medicina Deportiva de
Cantabria. Leonor Berlanga Navarro.

* Catalufia. Consell Catala de I'Esport. Daniel Brotons
Cuixart.

* Galicia. Centro Galego de Tecnificacién Deportiva (CGTD).
Santiago Perote Suarez-Rivero.

* Madrid. Centro de Medicina Deportiva de la Comunidad
de Madrid. Jesus Lépez Peral.

Centros de Alto Rendimiento y de Tecnificacidn:

* CAR de Sant Cugat del Vallés (Barcelona). Montse Bellver
Vives.

¢ CTD de Alicante. Julidn Alvarez Garcia.

Entidades Locales:

* Alcobendas (Madrid). Pablo Gasque Celma.

* Rivas (Madrid). Juan Carlos Tébar Rodrigo.

¢ Consell Insular de Menorca. Fernando Salom Portella.

Comisién Espafiola para la Lucha Antidopaje en el Deporte

(CELAD)

* Jose Luis Terreros Blanco. Director del CELAD.

* Fernando Gutierrez Ortega. Director del Centro Medicina
del Deporte. Departamento Deporte y Salud (CELAD).

* Enrique Lizalde Gil. Jefe del Departamento de Deporte y
Salud (CELAD).

* Carmen Arnaudas Roy. Coordinadora Grupo Avilés.
Departamento Deporte y Salud (CELAD)
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