DAYANNE SARAH LIMA BORGES

ANALISE DA ASSOCIACAO ENTRE MODULACAO DA FREQUENCIA
CARDIACA, INCIDENCIA DE LESOES E MANIFESTACAO DE
SUPRATREINAMENTO EM NADADORES

Campo Grande, MS
2017



MINISTERIO DA EDUCAGCAO
FUNDACAO UNIVERSIDADE FEDERAL DE MATO GROSSO DO SUL
PROGRAMA DE POS-GRADUACAO EM SAUDE E DESENVLVIMENTO NA REGIAO CENTRO-
OESTE

DAYANNE SARAH LIMA BORGES

Analise da associacdo entre modulacdo da frequéncia cardiaca, incidéncia de lesbes e
manifestacdo de supratreinamento em nadadores

Dissertacdo apresentada como requisito para a obtencado do titulo
de Mestre no Programa de Pés Graduagdo em Salde e
Desenvolvimento na  Regido  Centro-Oeste, Fundagdo
Universidade Federal de Mato Grosso do Sul, sob orientacdo do
Prof. Dr. Silvio Assis de Oliveira Junior.

A banca examinadora, ap6s a avaliacdo do trabalho, atribuiu ao candidato o conceito

Campo Grande, 10 de Marco de 2017.

BANCA EXAMINADORA

Prof. Dr. Silvio Assis de Oliveira Janior - Universidade Federal de Mato Grosso do Sul-
UFMS

Prof. Dr. Jeeser Alves de Almeida - Universidade Federal de Mato Grosso do Sul- UFMS

Prof. Dr. Thomaz Nogueira Burke- Universidade Federal de Mato Grosso do Sul- UFMS



DEDICATORIA

A Deus por me dar sustento na realizacdo de varios sonhos, inclusive este. Por toda a
protecdo e béncdos sem 0s quais jamais conseguiria avancar nenhum passo. A Ele toda honra
e gléria.

A minha familia, meu maior tesouro. A forca e grandeza de meus pais Antonio e
Maria Auxiliadora, aos meus irmdos Dayvid e Dayvison que sd8o minhas inspiracdes e
orgulho, aos meus amados sobrinhos Davi, Sara, Jodo Victor e Isabela, alegria de nossas
vidas.

Ao meu marido Jefferson, que nesta caminhada cheia de percalcos sempre se

disponibilizou em ajudar, pela paciéncia e compreensdo fundamentais nesse processo.



AGRADECIMENTOS

Agradeco ao meu orientador Silvio e minha co-orientadora Paula por imprimirem
carinho na sua pratica docente e acreditarem em nosso potencial através da generosidade e
disposicao para o ensino.

Meus sinceros agradecimentos aos amigos da poés-graduacdo, pelas contribuicdes,
disposicdes para esclarecer duvidas e didlogos informais que tornaram 0s momentos mais
leves.

Ao programa de P6s-Graduagdo em Saude e Desenvolvimento na regido Centro-Oeste,
sem o qual ndo seria possivel a realizacdo desta pesquisa. E ainda, aos atletas voluntérios que
se dispuseram gentilmente a participar do estudo, aos pais que ndo mediram esforcos para
trazer seus filhos nas avaliacBes e que sem duvida entenderam a importancia da pesquisa

cientifica.

Muito obrigada!



“E muito melhor langar-se em busca de conquistas grandiosas, mesmo expondo-se ao
fracasso, do que alinhar-se com os pobres de espirito, que nem gozam muito nem sofrem
muito, porque vivem numa penumbra cinzenta, onde ndo conhecem nem vitoria, nem

derrota.” (Theodore Roosevelt)



Artigo 1:

Tabela 1

Tabela 2

Tabela 3

Tabela 4

Tabela 5

Tabela 6

Artigo 2:

Tabela 1

Tabela 2

Tabela 3

Tabela 4

Tabela 5

Tabela 6

LISTA DE TABELAS

Descricao geral de acordo com o grupo e periodo de treinamento

Andlise linear da variabilidade da frequéncia cardiaca no dominio do
tempo e frequéncia de acordo com o grupo e periodizagdo do treinamento
indices geométricos da variabilidade da frequéncia cardiaca de acordo
com o grupo e periodizacdo do treinamento

Escalas de recuperacao-estresse de acordo com o grupo e periodizacdo do
treinamento

Correlacdo entre variabilidade da frequéncia cardiaca e escalas de
recuperagao-estresse

Resultados descritivos da incidéncia de lesdes desportivas de acordo com
0 grupo e periodizacdo do treinamento

Caracteristicas gerais de acordo com a faixa etéria e periodizacdo do
treinamento

Resumo das escalas de recuperacéo-estresse por dominios de acordo com
a faixa etéria e periodizacao do treinamento

Mudangas nas escalas de recuperacdo-estresse de acordo com a faixa
etaria e periodizacéo do treinamento

Resultados descritivos da incidéncia de lesdes desportivas de acordo com
a faixa etaria e periodizacao do treinamento

Andlise linear da variabilidade da frequéncia cardiaca no dominio do
tempo de acordo com a faixa etaria e periodizacdo do treinamento

indices geométricos da variabilidade da frequéncia cardiaca de acordo

com o grupo e periodizacdo do treinamento

71
72

73

74

75

77

105

106

107

108

109

110



LISTA DE ABREVIACOES E SIGLAS

UFMS Universidade Federal de Mato Grosso do Sul

LMD Lesdes musculoesqueléticas desportivas
OF Overreaching funcional

ONF Overreaching ndo-funcional

oT Overtraining

SNA Sistema nervoso autbnomo

VFC Variabilidade da frequéncia cardiaca
PSE Percepgéo subjetiva de esforco

FEDAMS Federacdo de Desportos Aquaticos de Mato Grosso do Sul

TCLE Termo de consentimento livre e esclarecido

TALE Termo de assentimento livre e esclarecido

M1 Momento 1; pré-temporada; inicial

M2 Momento 2; preparacdo geral; Base

M3 Momento 3; preparacdo especifica

M4 Momento 4; periodo competitivo

RRtri indice triangular

TINN Interpolacdo triangular do histograma de intervalo NN

SD1 Indice de registro instantaneo da variabilidade de batimento a batimento
SD2 VFC em registros de longo prazo

SD1/SD2 Razéo entre 0s registros

RMSSD Raiz quadrado media de diferengas entre intervalos RR normais adjacentes em
um intervalo de tempo

SDNN Desvio padréo dos intervalos RR

Percentagem de diferencas absolutas entre intervalos RR normais sucessivos

pNNS50

que excedem 50 ms
LF Baixa frequéncia
HF Alta frequéncia

REST-Q  Questionario de estresse e recuperacao para atletas



SUMARIO

1 INTRODUGAO . ......coieieeeeteetee e eeeetesae e 11
2 OBJIETIVOS.....ooisieeeeeeeveeteeee et ase st 14
3 METODOS.......ooiieeeieeetee ettt s anensnes 15
3.1 Tipo de estudo € PartiCIPANTES...........cvirrierierie i 15
3.2 Desenho eXPerimental...... ... 16
3.3 CaracterizaGio geral..........cocoviiiiiiieieieie s 16
3.4 Questionarios para identificacdo de LMD e overtraining.............cc.ccevenene 17
3.5 Avaliacdo da Modulacdo Autonémica da Frequéncia Cardiaca................. 18
3.6 ANALISE A0S DAUOS.......cccviecriiieie ettt eree s 19
4 RESULTADOS E DISCUSSAO........cocovmvreeeriieiiriessssssssessssnsnsnseniees 20
REFERENCIAS.......ooovieeieieeeeeeeree et eses st s st sas s 21
P == N 5] [0 =3 T 25
APENDICE Bu....oooeeeees ettt nes sttt 30
APENDICE C...oooveveeteeeeeess ettt st ss st 33
APENDICE Di....ooovoeeveeeteeees e s esae s snes st s s eenansnes 36
APENDICE E.....oooovieeeeeeeeeeeteee ettt sn st ss s senaes 39
APENDICE Fu...oooveeeeeeeeee ettt 41
APENDICE Gi.....oooveveeeeeeese ettt s s 43
APENDICE H...ooooocveeeeeeeeee et s s eanen s 51
APENDICE Lu.oviiceeeeeeeeeeeee st ene st sn s 80
APENDICE J.....oooieceeeeeeeeeee ettt en s sn st na e 86
APENDICE Koot see ettt nasses st 88
W == N 5] [0 =S U 111
APENDICE Moot ee s en s st sasses s aanees 113

B CONCLUSAOD ... oo e e 120



RESUMO

Os efeitos do treinamento fisico sdo dependentes da relacéo entre sobrecarga fisico-motora e
recuperacdo; porém, quando a intensidade e/ou o volume de treinamento ultrapassam a
capacidade de recuperacdo e de adaptacdo do corpo, o organismo pode apresentar estados de
fadiga excessiva, overtraining, um importante fator predisponente a lesdes
musculoesqueléticas  desportivas. Poucos estudos estabeleceram relacbes entre o
comportamento da modulacdo do sistema nervoso autbnomo, ocorréncia de overtraining e
incidéncia de lesdes entre nadadores. Sendo assim, o presente trabalho foi desenvolvido para
analisar a relacdo entre alteragdes da modulacdo autondmica da frequéncia cardiaca e o
aparecimento de sinais de overtraining e lesbes musculoesqueléticas, no decorrer de um
macrociclo de treinamento de natacdo. O presente trabalho tem natureza observacional, com
delineamento longitudinal e duracdo de seis meses. A casuistica foi constituida por 44 atletas
de natacdo com registro na Federacdo de Esportes Aquaticos de Mato Grosso do Sul-
FEDAMS, de Campo Grande, MS. Foram abordados participantes de diferentes categorias,
infantil, juvenil e janior, e de diversos estilos de natacdo, incluindo nadadores de crawl,
costas, peito e borboleta. Da mesma forma, todas as metragens foram consideradas: 50, 100,
200, 400, 800 e 1.500 metros. Os procedimentos de analise foram realizados ao fim de cada
mesociclo de treinamento e integraram mensuracfes antropométricas, monitoramento de
lesbes musculoesqueléticas, investigacdo do balanco entre estresse e recuperacdo e analise da
variabilidade da frequéncia cardiaca. Os resultados sdo apresentados em duas partes,
constituidas por manuscritos ja submetidos para publicacdo. A primeira abordagem compara
atletas velocistas com fundistas em que foi constatado que o treinamento de velocistas foi
associado a ativacdo progressiva do sistema nervoso simpético e diminui¢do da variabilidade
da freqiéncia cardiaca, além de maior incidéncia de lesdes esportivas, em compara¢do com
fundistas durante um macrociclo. O periodo de treinamento ndo alterou o equilibrio entre
estresse e recuperacdo em sprinters e nadadores de resisténcia. Ja na segunda abordagem,
embora a periodizacdo do treinamento de natagéo tenha produzido ativagdo progressiva do
sistema nervoso simpatico e diminuicdo da variabilidade da freqliéncia cardiaca em ambos os
grupos etarios, ela prejudicou os escores gerais de recuperacgao e resultou em maior incidéncia

e prevaléncia de lesGes esportivas por atleta Master, em comparacdo ao grupo Juvenil.

Palavras-chave: overtraining, macrociclo de natacéo, treinamento desportivo.



ABSTRACT

The effects of physical training are modulated by the relation between physical-motor
overload and recovery; when the intensity and / or volume of training have been exceeding
the body's recovery and adaptation, the athlete may present excessive fatigue and
overtraining, an important risk factor for onset of sports musculoskeletal injuries. Few studies
have established relationships among the behavior of autonomic nervous system modulation,
occurrence of overtraining, and incidence of injuries among swimmers. Thus, the present
work was developed to analyze the relationship among alterations in autonomic heart rate
modulation, appearance of signs of overtraining, and onset of sports injuries, during a
swimming training macrocycle. The sample was constituted by 44 swimming athletes from
Federacdo de Esportes Aquaticos de Mato Grosso do Sul- FEDAMS, from Campo Grande,
MS. Participants included practitioners of different categories, ages, and various swimming
styles, such as crawl, back, chest and butterfly. Likewise, all the distances were considered:
50, 100, 200, 400, 800 and 1,500 meters. The analysis procedures were performed at the end
of training mesocycles and integrated anthropometric measurements, monitoring of
musculoskeletal injuries, and investigation of the balance between stress and recovery,
besides heart rate variability. The results are presented in two parts, consisting of manuscripts
already submitted for publication. The first approach compares sprinter athletes with
endurance in which it was found that sprinter training was associated with progressive
activation of the sympathetic nervous system and decreased heart rate variability, as well as a
higher incidence of sports injuries, compared to endurance during a macrocycle. The training
period did not alter the balance between stress and recovery in sprinters and endurance
swimmers. In the second approach, although periodization of swimming training produced
progressive activation of the sympathetic nervous system and decreased heart rate variability
in both age groups, it impaired overall recovery scores and resulted in a higher incidence and

prevalence of sports injuries per athlete Master, compared to the Young group.

Key words: overtraining, swimming macrocycle, sports training.
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1. INTRODUCAO

A natacdo constitui uma modalidade que exige muito das capacidades aerdbias do
atleta (captacéo, transporte e utilizacdo de oxigénio), pois o dispéndio de energia € necessario
tanto para manter a flutuacdo quanto para movimentar diferentes segmentos corporais em
contato com a agua (McARDLE, KATCH, KATCH, 2011). Levando-se em conta a
especificidade da modalidade, cabe ressaltar que o treinamento de natacdo € geralmente
voltado para aprimorar diferentes capacidades fisicas, como forca, resisténcia, velocidade,
poténcia e flexibilidade. Com razéo, o bom desenvolvimento desses atributos pode colaborar
com o melhor desempenho de nadadores (MAGLISCHO, 2010).

O treinamento fisico pode ser definido como processo de sobrecarga que altera a
homeostase resultando em fadiga aguda, mas no geral, leva a melhora do desempenho fisico-
motor (MEEUSEN et al., 2006). Nesse sentido, a sistemética solicitacdo por aprimoramento
fisico e técnico, comum ao treinamento desportivo de competicdo, constitui-se em um
processo de alternancia entre sobrecarga e declinio de rendimento atlético, que visa
proporcionar alteracbes adaptativas de ordem morfologica, metabdlica e funcional (NUNES,
2010; COUTTS et.al., 2010; NOCE et.al., 2011; VIVEIROS et.al., 2011).

No entanto, quando a intensidade e/ou o volume de treinamento ultrapassam a
capacidade de recuperacdo e de adaptacdo do corpo, o organismo pode apresentar estados de
fadiga excessiva comum a sindrome de supratreinamento, overtraining, um importante fator
predisponente a lesBes musculoesqueléticas desportivas (LMD) e evento limitador do
rendimento desportivo (NOCE et. al., 2011; Aguiar et al., 2010). Devido a sua causa
multifatorial, o overtraining é considerado uma sindrome, sendo descrita por um desequilibrio
crénico entre o treinamento e sua recuperagdo, com acumulo de fadiga e diferentes sintomas
fisiologicos e psicoldgicos. Nesse sentido, indica uma grande ameaca a saude do atleta
(LEHMANN et. al., 1992). Em sua evolucédo, a Sindrome de Supratreinamento possui uma
fase inicial, que pode ser revertida em pouco tempo, chamada de Overreaching. Nederhof et.
al (2006) classifica a sindrome em i) Overreaching funcional (OF); ii) Overreaching nao-
funcional (ONF) e iii) Overtraining (OT), sendo que 0 primeiro apresenta sintomas suaves e
recuperacdo curta (dias a semanas); o segundo é composto por sintomas moderados e com
recuperacdo que demanda semanas a meses, enquanto o terceiro, mais severo em Sseus
sintomas, demora de meses a anos para a recuperacao do atleta.

Na fisiopatologia da sindrome de overtraining, tem-se a hipOtese de que uma

disfuncdo do sistema nervoso autdnomo (SNA) pode estar relacionada na explicacdo dos
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sintomas (WILMORE, COSTILL e KENNEY, 2010). O sistema nervoso autbnomo divide-se
em duas porgdes, simpatico e parassimpatico (vagal), que atuam diretamente no coragao
inibindo ou estimulando sua atividade (GUYTON, 2011). Sob essa perspectiva, Lehmann et.
al (1998) destaca que é possivel classifica-lo em duas categorias: a simpética e a
parassimpética, na qual a forma simpatica é caracterizada pelo aumento de sua atividade
sendo sua maior ocorréncia em esportes que utilizam predominantemente o metabolismo
anaerdbio para suprir as demandas energéticas. No que tange a forma parassimpatica, esta é
caracterizada pela predominancia do ténus parassimpatico no repouso e no exercicio, e é
notorio principalmente em desportos de resisténcia (WILMORE, COSTILL e KENNEY,
2010).

Nesse aspecto, a verificacdo da variabilidade da frequéncia cardiaca (VFC) tem
sido considerada uma boa ferramenta para avaliar de forma ndo invasiva os impulsos
autondmicos, constituindo-se num dos mais favoraveis marcadores quantitativos do balanco
autondmico em resposta ao treinamento (TASK FORCE, 1996). A VFC evidencia a analise
da modulacdo autonémica do sistema cardiovascular e € realizada através do registro do
intervalo R-R, obtido entre as ondas R do exame eletrocardiografico (LEITE et. al, 2012).
Existem varios métodos de avaliar os registros dos intervalos R-R, sendo o eletrocardiograma
um modelo cléassico. Contudo, a anélise da VFC em séries temporais, obtidas por meio do
frequencimetro Polar® S810i, constitui um importante instrumento de estudo, detentor de
confiabilidade compativel ao do eletrocardiograma (VANDERLEI et. al, 2008).

Com razdo, diversos autores se pautaram na VFC para monitorar os efeitos do
treinamento em nadadores (FERREIRA, 2009; BORGES, 2011; LOURES 2014). Ferreira
(2009) utilizou a VFC em sete momentos correspondentes a um macrociclo com o objetivo de
analisar as modificagcfes fisiologicas e psicoldgicas ocorridas no periodo de polimento. O
autor concluiu que houve um aumento da VFC do dominio do tempo no periodo pré-
competitivo, revelando assim uma boa estratégia do SNA para a preparagdo frente ao
exercicio fisico. Borges (2011) mostrou que alteracbes hematologicas, imunoldgicas,
musculares e também da modula¢do autonémica apresentavam uma relacdo direta com as
adaptacGes obtidas no decorrer do macrociclo de treinamento. J& Loures (2014) investigou 0s
efeitos do treinamento sobre as respostas fisiologicas, bioquimicas e autondmicas em
nadadores submetidos ao nado estacionario por seis semanas. Juntamente com a percepcao
subjetiva de esfor¢o (PSE), a VFC foi utilizada como ferramenta para identificar diferentes
zonas de treinamento. Entretanto, foram encontrados poucos estudos que tenham analisado o

comportamento da modulacdo do sistema nervoso autbnomo num contexto longitudinal, isto
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é, no decorrer de um macrociclo de treinamento de natagdo. Além disso, ndo ha evidéncias da
possivel associacdo entre esses indicativos e o aparecimento de overtraining e LMD em

nadadores.
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2. OBJETIVOS

2.1. Objetivo Geral
O objetivo geral deste trabalho foi analisar a relacdo entre alteracdes da modulacdo
autondmica da frequéncia cardiaca e o aparecimento de sinais de overtraining e lesdes

musculoesqueléticas em nadadores ao longo de um macrociclo de treinamento.

2.2. Objetivos especificos

Artigo 1 (APENDICE H):

Titulo: Potential sympathetic activation in response to a training periodization is
associated to sport injuries incidence in sprint swimmers

Revista: Biology of Sport

Submisséo: 31/01/2017

Normas: Apéndice |

Comprovante de submissao: Apéndice J

Artigo 2 (APENDICE K):

Titulo: Differential effects of a training macrocycle in young and masters swimmers.
Revista: International Journal of Sports Physiology and Performance

Submisséo: 01/03/2017

Normas: Apéndice L

Comprovante de submissdo: Apéndice M
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3. METODOS

3.1. Tipo de estudo, participantes, e critérios de incluséo e exclusao

O presente trabalho tem natureza observacional, com delineamento longitudinal e
duracéo de seis meses. O protocolo integra as seguintes etapas:

1) Caracterizacéo geral;

2) Monitoramento de lesGes e overtraining;

3) Andlise da modulacdo autonémica da frequéncia cardiaca;

A casuistica do presente estudo foi constituida por 44 atletas de natacdo (amostra por
conveniéncia) com registro na Federacdo de Esportes Aquéaticos de Mato Grosso do Sul-
FEDAMS, residentes na cidade de Campo Grande, MS. Foram abordados participantes de
diferentes categorias, infantil (12-14 anos), juvenil (15-17 anos) e adulto (18-30 anos), e de
diversos estilos de natacdo, incluindo nadadores de crawl, costas, peito e borboleta. Da
mesma forma, todas as metragens foram consideradas: 50, 100, 200, 400, 800 e 1.500 metros.

Sendo que a categoria infantil era constituida por: 5 mulheres e 8 homens, os quais
nadavam provas de: 50m crawl (n=4), 100m crawl (n=5), 50m borboleta (n=3), 50m peito
(n=2), 100m peito (n=3), 50m costas (n=2), 100m costas (n=2), medley (n=6), 800m livre (n=
4)

A categoria juvenil era composta por 5 mulheres e 12 homens, as provas nadadas
eram: 50m crawl (n=8), 100m crawl (n=6), 50m borboleta (n=1), 50m peito (n=3), 100m
peito (n=2), 50m costas (n=3), 100m costas (n=1), medley (n=1), 800m livre (n=) e 1500m
livre (n=). E a categoria adulto, 6 mulheres e 7 homens, provas de 50m crawl (n=9), 100m
crawl (n=9), 50m borboleta (n=1), 50m peito (n=3), 100m peito (n=3), 50m costas (n=3),
100m costas (n=3), medley (n=1), 800m (n=3) e 1500m (n=3)

Como critérios de incluséo, participaram do estudo atletas federados com idade entre
12 a 30 anos, de ambos 0s sexos e com histdrico de préatica esportiva de, pelo menos, dois
anos. Como critérios de exclusédo: (1) presenca de LMD na circunstancia de abordagem ou (2)
estar em uso de medicamentos relacionados a processos inflamatorios, infeccdes, doencas
metabolicas ou do sistema cardiorrespiratério conhecidas.

Para inclusdo de participantes na pesquisa, foram cumpridos os preceitos da
Declaracdo de Helsinque e do Codigo de Nuremberg, respeitadas as Normas de Pesquisa

Envolvendo Seres Humanos (Res. CNS 466/12) do Conselho Nacional de Saude, e somente
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ap6s a aprovagéo do projeto de pesquisa pelo Comité de Etica em Pesquisa Envolvendo Seres
Humanos da Universidade Federal de Mato Grosso do Sul- UFMS sob a aprovagdo n°
1.300.377, CAAE 46913915.3.0000.0021 (Apéndice A), os participantes receberam
informacdes a respeito de todos os procedimentos e também quanto aos riscos e beneficios da
pesquisa; ao concordarem com a participacdo, assinaram o Termo de Consentimento Livre e
Esclarecido- TCLE (Apéndice B). No caso de participantes com idade menor de 18 anos
completos, além da assinatura de um TCLE especifico para pais ou responsaveis (Apéndice
C), os participantes, estando de acordo, assinaram um Termo de Assentimento Livre e
Esclarecido — TALE (Apéndice D).

3.2. Desenho experimental da pesquisa, instrumentos e procedimentos de analise.

O desenho experimental contendo o fluxograma com os diferentes momentos de
avaliacdo € apresentado na Figura 1. O tempo total de acompanhamento dos participantes foi
de seis meses, periodo correspondente a um macrociclo de treinamento. Nesse periodo, 0s
participantes foram submetidos a quatro avaliaces, organizadas segundo cada mesociclo de
treinamento: Pré-temporada (Momento 1, M1); mesociclo de Preparacdo Geral ou Base
(Momento 2, M2), mesociclo de Preparacdo Especifica ou Técnica (Momento 3, M3) e
mesociclo Competitivo (Momento 4, M4). A duracdo semanal de cada periodo foi de: oito
semanas em preparacao geral, oito semanas em preparacao especifica, e 4 semanas de periodo

competitivo. Os atletas treinavam em condigdes semelhantes.

20 semanas (Macrociclo de verao)

v

Janeiro Fevereiro Marco Abril Maio Junho
Pré-temporada Base Especifico Competitivo
8 semanas 8 semanas 4 semanas i
Avaliacao Avaliagdo Avaliagao Avaliacao

Fig. 1. Representacdo esquematica do desenho experimental.

3.3. Caracterizacao geral

Na abordagem inicial, a primeira avaliagdo (M1) foi composta por uma anamnese, na
qual foram obtidas informacGes de idade, sexo, tempo de treinamento e estilo de nado. Além

disso, a caracterizacao geral integrou avaliacdo antropomeétrica, realizada também nos demais
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momentos de analise: M2, M3 e M4 (Apéndice E).

Na avaliagdo antropométrica, realizaram-se mensuragdes de massa corporal, estatura,
composicdo morfologica e dobras cutdneas. Para a determinacdo da massa corporal, foi
utilizada uma balanca analogica (Welmy R-110, 2010 Séo Paulo, Brazil), calibrada e aferida,
com resolucdo de 0,019 e escala de 0 a 150 kg. Para a afericdo da estatura foi utilizado um
estadiémetro portatil (Sanny, Brazil). Para investigar a composicdo morfoldgica, foram
considerados os perimetros de tdrax, cintura, abdémen, quadril, antebraco, coxa e perna, por
meio de procedimentos previamente descritos por Lohman (1988), com uso de fita métrica
com precisdo de 0,1 cm. As espessuras de dobras cutaneas (peitoral, , tricipital, axilar média,
subescapular, abdominal, suprailiaca e coxa medial) foram obtidas em triplicata, utilizando-se
de um adipdmetro (Sanny, Brazil). A partir da espessura das dobras cutaneas, foi determinada
a densidade corporal (DC) pela formula de Jackson e Pollock (1978) (ANDREATO et. al.,
2012):

DC = 1,11200000 — 0,00043499 (7EDC) + 0,00000055 (7EDC)2 — 0,00028826
(IDADE)

X7EDC é o somatorio da espessura das sete dobras cutaneas (peitoral, axilar média, tricipital,
subescapular, abdominal, suprailiaca e coxa).

3.4. Questionarios para identificacdo de LMD e overtraining

Na presente pesquisa, a coleta e registro de dados relacionados a epidemiologia de
LMD foram realizados por meio de um inguérito de morbidade referida, voltado para a
deteccdo de agravos decorrentes da pratica de natagdo (AGUIAR et al., 2010). Em geral,
ferramentas de andlise como inquéritos e questionarios tém sido utilizadas na obtencéo de
informacdes sobre o estado de saude de grupos populacionais especificos (PARDINI et. al.,
2001; GREGO et. al., 2006; HOSHI et. al., 2008; HINO et. al., 2009; SILVEIRA et. al.,
2013). Esses instrumentos tém sido adequados para aquisicdo de informagdes no formato
descritivo, possibilitando facil interpretacdo, alem de serem direcionados a agravos incidentes
e ndo se restringindo a uma modalidade desportiva especifica. Foram tomadas informacdes
sobre incidéncia e prevaléncia de LMD, caracteristicas quanto a natureza, localizacéo
anatdmica, mecanismos de manifestacdo, periodo de afastamento, recorréncia, necessidade de
acompanhamento meédico-terapéutico, entre outros (Apéndice F). Levando-se em conta que o

desenvolvimento do estudo perdurou por seis meses, 0 inquérito de morbidade foi
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administrado quinzenalmente.

Concomitantemente ao registro de lesdes, foi realizado o monitoramento de sintomas
indicativos de overtraining, mediante a aplicacdo do questionario REST-Q (Apéndice G),
validado e traduzido (KELLMAN, 2010). Este instrumento € composto por 77 questdes
divididas em 19 escalas, sendo elas: estresse geral, estresse emocional, estresse social,
conflitos/presséo, fadiga, falta de energia, queixas somaéticas, sucesso, relaxamento social,
relaxamento somatico, bem-estar, sono, perturbacOes, exaustdo, lesbes, estar em forma,
aceitacdo pessoal, auto eficacia e auto regulacdo. Cada pergunta possui uma escala de 0 a 6
pontos, onde 0 representa a nunca, 1 pouquissimas vezes, 2 poucas vezes, 3 metade das vezes,
4 muitas vezes, 5 muitissimas vezes e 6 sempre. O questiondrio de Overtraining foi

administrado mensalmente, ao longo do desenvolvimento do estudo.

3.5. Avaliacao da Modulagdo Autondmica da Frequéncia Cardiaca

Para avaliar o comportamento da modulacéo do sistema nervoso autbnomo em relacéo
as diferentes fases do treinamento, nos quatro momentos de analise (M1, M2, M3 e M4), os
participantes do estudo foram submetidos a analise da variabilidade da frequéncia cardiaca em
repouso. No dia do teste, os sujeitos foram questionados e examinados em relagdo ao seu
bem-estar geral, uma boa noite de sono (7-8 horas) e cumprimento das instruces. Depois de
um periodo de descanso de 20 minutos, a pressao arterial sistémica (Missouri-Mikato, SP,
Brasil) e o pulso radial (Nonin Medical, MN, EUA) foram mensurados para determinar se as
condigdes basais serdo adequadas para o teste.

Na sequéncia, um receptor de frequéncia cardiaca Polar V800 (Polar Electro,
Finlandia), equipamento previamente validado para captacdo da frequéncia cardiaca
batimento-a-batimento e a utilizacdo dos seus dados para analise da variabilidade da
frequéncia cardiaca em jovens e adultos (GAMELIN et al., 2008; VANDERLEI et al., 2008),
foi ajustado ao térax dos participantes, ao nivel do terco distal do esterno, enquanto uma cinta
de captacéo foi fixada no seu pulso. Apds a colocacédo da cinta e do monitor, os voluntarios se
mantiveram em decubito dorsal em um colchonete e permaneceram em repouso e com
respiracdo espontanea por 20 minutos.

Para analise da VFC, o padrdo de seu comportamento foi registrado batimento-a-
batimento, durante todo o protocolo experimental, com uma taxa de amostragem de 1.000 Hz.
Para analise dos dados, foram utilizados 1.000 intervalos RR consecutivos, apds devido

refinamento de batimentos ectdpicos prematuros e artefatos. Somente séries com mais de
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95,0% de batimentos sinusais foram incluidas no estudo (VANDERLEI et al., 2012).

A anélise da VFC foi realizada por meio dos métodos geométricos: RRtri, TINN e plot
de Poincaré (SD1, SD2, relacdo SD1/SD2). O RRtri foi calculado a partir da construcdo de
um histograma de densidade dos intervalos RR, o qual contém no eixo horizontal todos os
possiveis valores dos intervalos RR mensurados, em uma escala discreta com caixas de
7,8125 ms (1/128 segundos) e, no eixo vertical, a frequéncia com que cada um deles ocorre. A
unido dos pontos das colunas do histograma forma uma figura semelhante a um triangulo. O
RRtri foi obtido dividindo-se o nimero total de intervalos RR utilizados para construcao do
histograma pela frequéncia modal dos mesmos (valor do intervalo RR que mais apareceu na
série RR). O TINN consiste na medida da base de um triangulo, sendo o método da diferenca
dos minimos quadrados utilizado para determinacdo do triangulo. O RRtri e o TINN
expressam a variabilidade global dos intervalos RR (VANDERLEI et al., 2012).

O plot de Poincaré € um mapa de pontos em coordenadas cartesianas, construido a
partir dos valores dos intervalos RR obtidos, onde cada ponto é representado no eixo X
(horizontal/ abcissa) pelo intervalo RR normal precedente e, no eixo y (vertical/ordenada),
pelo intervalo RR seguinte. Para analise quantitativa do plot, foi ajustada uma elipse aos
pontos do gréafico, com centro determinado pela média dos intervalos RR, e foram calculados
os indices SD1, que mede o desvio-padrdo das distancias dos pontos a diagonal y = X, e SD2
gue mede o desvio-padrdo das distancias dos pontos a reta y = -x + RRm, onde RRm € a
média dos intervalos RR. O SD1 é um indice de registro instantaneo da variabilidade
batimento-a-batimento e representa a atividade parassimpatica, enquanto que o indice SD2
representa a VFC, em registros de longa duracéo, e reflete a variabilidade global. A relacéo de
ambos (SD1/SD2) mostra a razdo entre as variagcbes curta e longa dos intervalos RR
(VANDERLEI et al., 2009; VANDERLEI et al., 2012). O software HRV analysis - Versédo
2.0 foi utilizado para o célculo desses indices (NISKANEN et al., 2004). As analises foram

realizadas nas dependéncias da Clinica Escola Integrada (CEI/CCBS).

3.6. Analise dos Dados

Para fins de sistematizacdo e determinagdo do perfil dos participantes do projeto, 0s
resultados foram organizados em planilhas computacionais do software Microsoft Excel. A
analise dos resultados foi realizada por meio dos programas SIGMA STAT 3.0 ou SYSTAT
versdo 12.0. Os dados foram apresentados por meio de medidas de centralidade, posicéo e
variabilidade.

Levando-se em conta as varidveis quantitativas, foi realizada a analise da distribuicéo
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dos dados quanto a normalidade dos mesmos e, conforme o resultado, optou-se por testes
paramétricos ou ndo-paramétricos para as comparacOes estatisticas. Para a comparacao entre
momentos, foi utilizada analise de variancia de duas vias no modelo de medidas repetidas,
complementada com teste de comparacbes multiplas de Bonferroni ou de Dunn, para
distribuicOes paramétricas e ndo-parametricas, respectivamente. Em todas as analises

estatisticas realizadas o nivel de significancia foi estabelecido em p<0,05.

4. RESULTADOS E DISCUSSAO

Os resultados obtidos sdo apresentados mediante se¢fes, com 0s respectivos artigos ja
submetidos para analise e revisdo em revistas cientificas sob a tematica de estudo.

Abaixo, 0s manuscritos séo apresentados:

Artigo 1 (APENDICE H):

Titulo: Potential sympathetic activation in response to a training periodization is
associated to sport injuries incidence in sprint swimmers

Revista: Biology of Sport

Submisséo: 31/01/2017

Normas: Apéndice |

Comprovante de submissdo: Apéndice J

Artigo 2 (APENDICE K):

Titulo: Differential effects of a training macrocycle in young and masters swimmers.
Revista: International Journal of Sports Physiology and Performance

Submissdo: 01/03/2017

Normas: Apéndice L

Comprovante de submissdo: Apéndice M
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Analise da associagdo entre desempenho funcional, modulagdo autondmica da
frequéncia cardiaca e manifestagio de supratreinamento em nadadores

Pesquisador: Silvio Assis de Oliveira Jinior

Area Tematica:

Versao: 3

CAAE: 46913915.3.0000.0021

Instituigdo Proponente: Universidade Federal de Mato Grosso do Sul - UFMS
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 1.300.377

Apresentagao do Projeto:

A natacfo constitui uma modalidade que exige muito das capacidades aerdbias do atleta (captagéo,
transporte e utilizagdo de oxigénio), pois o dispéndio de energia & necessario tanto para manter a flutuagao
guanto para movimentar diferentes segmentos corporais em contato com a Agua. Portanto, o treinamento
fisico solicita um equilibric entre carga de forga e descanso, porém guando a intensidade e/ou o volume de
treinamento ultrapassam a capacidade de recuperagao e de adaptagio do corpo, o organismo pode
apresentar estados de fadiga excessiva, overtraining, um importante fator predisponente a lesdes
musculoesgueléticas desportivas. A partir de outras pesquisas, verificou-se que ha uma escassez de
estudos gue tenham analisado o comportamento das capacidades fisicas treinaveis, partindo-se de testes
funcionais, do desempenho muscular segmentar, avaliade por meio de elefromicgrafia, e da modulagdo do
sistema nervoso autbnomo, durante um macrociclo de treinamento de natagcdo. Alem disso, ndo ha
evidéncias da possivel associagdo entre todos esses indicativos e o aparecimento de overiraining em
nadadores.

Objetivo da Pesquisa:

Objetivo Primario:

Analisar a associagio entre alteragSes das capacidades fisicas treinaveis no contexto global e localizado, da
modulagio autonbmica da frequéncia cardiaca e o aparecimento de sinais de
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Bairro: Caixa Postal 549 CEP: 79.070-110
UF: M5 Municipio: CAMPO GRANDE
Telefone: (67)3345-7T187 Fax: (67)3345-T187 E-mail: bioetica@propp.ufms.br

Pagina 01 de 04

26



@ UNIVERSIDADE FEDERAL DO
T MATO GROSSO DO SUL - G Grasy o™
Dt UFMS

Continuagho do Parecer: 13000377

overtraining em nadadores, no decorrer de um macrociclo de treinamento

Avaliagio dos Riscos e Beneficios:

Riscos:

Desconforto nos testes de carga maxima, aplicagdo dos eletrodos e mensuragdo antropométrica. A
aplicagdo dos guestionarios ndo acarretara nenhum desconforto, devido ao participante fazer seu
preenchimento sem a interferéncia dos pesquisadores, portanto, ndo havera nenhum constrangimento sobre
os questionamentos. Os pesquisadores realizardo todos os procedimentos éticos a fim de minimizar algum
tipo de risco, isso sera assegurado pela pesquisa de protocolos validados de cada teste, além da explicagdo
informal sobre cada procedimento.

Beneficios:

Os beneficios da pesquisa encontram-se nos mais diversos niveis, como por exemplo, o conhecimento dos
resultados e interpretacdo dos mesmos para os técnicos com o proposito de melhorar sua intervencao no
que tange a aplicacdo de treinos para os atletas, os quais irdo ter conhecimento das variaveis importantes e
o gue pode influenciar o seu desempenho nos treinos e competigdes.Em adigio a estes fatores, a pesquisa
subvenciona os conhecimentos cientificos das Ciéncias do Esporte e da Salde, permitindo assim a

ampliagdo e encadeamento das investigagdes em torno deste assunto

Comentarios e Consideragdes sobre a Pesquisa:
Pesquisa economicamente viavel gue pretende observar a associagdo da ocorréncia de overtraining com
distarbios de forga, flexibilidade, resisténcia, poténcia e velocidade, assim como menor variabilidade da
frequéncia cardiaca no mesociclo de competigio.

Consideragoes sobre os Termos de apresentagao obrigatoria:

Folha de rosto referendada pela Coordenadora do Curso de Fisioterapia da UFMS.

Carta de autorizacio para pesquisa emitida pelo Radio Clube de Campo Grande.

Autorizagdo da Diretora do CCBS/UFMS para o uso dos laboratdrios de fisioterapia do CCBS/UFMS.
Ficha de avaliagio antropométrica.

Ficha de registro de testes fisicos.

Ficha de inguérito de morbidade referida.

Questionario de Sintomas Clinicos do Overtraining.

TCLE para participantes maiores de 18 anos.

TALE para participantes de 12 a 18 anos incompletos.

TCLE para responsaveis por participantes menores de 18 anos.

Enderago: Prd Reitoria de Pesquisa e Pds Graduagaa/UFMS

Bairro: Caixa Postal 549 CEP: 79.070-110
UF: MS Municipio: CAMPO GRANDE
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Recomendacgdes:

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Pendéncias anteriores atendidas.

Nao existem outras pendéncias.

Consideragoes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situagdo
Informacgdes Basicas|PB_INFORMAGCOES_BASICAS_DO_P | 08/10/2015 Aceito
do Projeto ROJETO 528612.pdf 15:54:32
Recurso Anexado |ClIResposta.pdf 08/1042015 | Silvio Assis de Aceito
pelo Pesquisador 15:54:08 | Oliveira Junior
Declaragdo de CEl.pdf 08/1042015 | Silvio Assis de Aceito
Instituicdo e 15:53:14 | Oliveira Junior

| Infraestrutura
QOutros AGOvertraining.pdf 08/10/2015 | Silvio Assis de Aceito
15:51:21 | Oliveira Junior
QOutros AFLMD.pdf 08/10/2015 | Silvio Assis de Aceito
15:50:53 | Oliveira Junior
QOutros AETestes.pdf 08/10/2015 | Silvio Assis de Aceito
15:50:28 | Oliveira Junior
QOutros ADAnamnese.pdf 08/10/2015 | Silvio Assis de Aceito
15:50:01 | Oliveira Junior
TCLE / Termos de  |ACTALE.pdf 08/10/2015 | Silvio Assis de Aceito
Assentimento / 15:47:01 | Oliveira Janior
Justificativa de
[Auséncia
TCLE / Termos de  |ABTCLER.pdf 08/10/2015 | Silvio Assis de Aceito
Assentimento / 15:46:48 | Oliveira Junior
Justificativa de
[Auséncia
TCLE / Termos de  |AATCLE.pdf 08/10/2015 |Silvio Assis de Aceito
Assentimento / 15:46:35 | Oliveira Junior
Justificativa de
Auséncia
Projeto Detalhado / | projeto2.pdf 08/10/2015 |Silvio Assis de Aceito
Brochura 15:42:57 | Oliveira Junior
Investigador
Declaracdo de Declaracao_CCBS.docx 18/09/2015 |Silvio Assis de Aceito
Instituicdo e 16:18:21 | Oliveira Junior
Infraestrutura

Enderego: Prd Reitora de Pasquisa e Pds GraduagaalUFMS

Bairro: Caixa Postal 549
Municipio: CAMPO GRANDE
(BT)3345-T187

UF: MS
Telefone:

CEP: 79.070-110

Fax: (G67)3345-T187 E-mail:

bicetica@propp.ufms_br
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Continuagho do Parecer: 1.300.377

folhaDeRosto.pdf 17/06/2015 Aceito
11:57:55

Declaragao de Carta de Anuéncia_Radio Clube.pdf 15/06/2015 Aceito
Instituicao e 19:15:02
Infraestrutura

Folha de Rosto

Situacado do Parecer:
Aprovado

Necessita Apreciagao da CONEP:
MNio

CAMPO GRANDE, 28 de Outubro de 2015

Assinado por:
PAULO ROBERTO HAIDAMUS DE OLIVEIRA BASTOS
(Coordenador)

Enderego: Prd Reitoria de Pesquisa & Pds GraduagialUFMS

Bairre: Caixa Postal 549 CEP: 79.070-110
UF: MS Municipio: CAMPO GRANDE
Telefone: (67)3345-7187 Fax: (67)3345-T187 E-mail: bicetica@propp.ufms.br
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

As informacdes contidas neste termo foram fornecidas pelo Prof. Dr. Silvio Assis de Oliveira Janior, com o objetivo de
firmar acordo escrito, mediante o qual, o participante da pesquisa autoriza sua participacdo com pleno conhecimento da
natureza dos procedimentos € minimos riscos a que se submetera, com a capacidade de livre arbitrio e sem qualquer
coagéo.

1. Titulo do Trabalho: Analise da associagdo entre desempenho funcional, modulagdo autondémica da frequéncia cardiaca e
manifestacdo de supratreinamento em nadadores

2. Objetivo: o objetivo deste trabalho é analisar a relacdo entre alteracGes das capacidades fisicas treinaveis, da
variabilidade da frequéncia cardiaca e o aparecimento de sinais de overtraining e lesées musculoesqueléticas em nadadores,
no decorrer de uma temporada de treinamento.

3. Justificativa: Ndo foram encontrados estudos que tenham analisado o comportamento das capacidades fisicas treinaveis,
partindo-se de testes funcionais, do desempenho muscular segmentar, avaliado por meio de eletromiografia, e da
variabilidade da frequéncia cardiaca, durante uma temporada de treinamento de natacdo. Além disso, ndo ha evidéncias da
possivel associagdo entre todos esses indicativos e o aparecimento de overtraining em nadadores.

4. Procedimentos de Coleta: Medigdo da massa corporal, com uso de balanca digital, altura, por meio da utilizacdo de
estadidmetro, medicao de perimetros e dobras cutdneas em segmentos corporais pré-definidos. Em seguida, serd avaliada a
variabilidade da frequéncia cardiaca, por meio de frequencimetro de pulso. Na sequéncia, serdo realizados testes para
avaliacdo da flexibilidade, forca, poténcia, velocidade e resisténcia. Posteriormente uma analise eletromiogréafica dos
musculos deltdide, iliocostais e reto femoral serd também feita. Por fim, sera realizado o preenchimento de questionarios
para monitorar sinais de overtraining e investivacdo de lesdes uma entrevista destinada ao fornecimento de informacdes
sobre as condig8es individuais, as quais serdo registradas a partir de um inquérito de morbidade, e monitoramento de sinais
de overtraining, por meio de um questionario de Overtraining.

5. Desconfortos ou Riscos Esperados: Cansago dos testes, lesdes musculoesqueléticas, complicacGes
cardiolégicas/respiratdrias. Constrangimento ao responder questionarios e realizacdo de testes. Lesdes na pele (infec¢éo,
irritacdo, alergia) devido a aplicacdo de eletrodos na pele.

6. Informagdes: Como participante, existem garantias de que recebera respostas a quaisquer perguntas ou esclarecimentos
de quaisquer davidas quanto aos procedimentos de coleta, riscos, beneficios e outros assuntos relacionados a pesquisa. Os
pesquisadores também assumem o compromisso de proporcionar informacgdo atualizada obtida durante o estudo, ainda que
esta possa afetar a vontade do individuo continuar participando.

7. Métodos alternativos existentes: ndo ha.

8. Quantidade de participantes: 40 participantes.

9. Critérios de Inclusdo e exclusdo: Serdo incluidos atletas federados de ambos os sexos com idade entre 12 e 30 anos com
pratica de natagdo de pelo menos 2 anos. Serdo excluidos atletas com a presenca de lesdes musculoesqueléticas na
abordagem inicial, estar em uso de medicamentos relacionados a processos inflamatdrios, infecciosos, metabolicos ou de
doengas cardiorrespiratorias.

10. Procedimentos gerais: Caso o atleta apresente lesdes musculoesqueléticas, alteracBes cardiorrespiratorias, seréd
interrompida sua participa¢do na pesquisa e serd garantido o tratamento imediatamente, por meio de encaminhamento ao
profissional competente na Universidade Federal de Mato Grosso do Sul a partir da solicitacdo do Servico de Atendimento
Mével de Urgéncia-SAMU.

11. Beneficios da pesquisa: Conhecimento e interpretacdo dos resultados para os participantes e técnicos a fim de melhorar
seu desempenho na natagdo. Além de aumentar as pesquisas neste assunto.

12. Retirada do Consentimento: Como participante, tem a liberdade de retirar o consentimento a qualquer momento e
deixar de participar do estudo sem sofre qualquer penalidade.

13. Aspectos Legais: O presente instrumento foi elaborado, de acordo com as diretrizes e normas regulamentadas de
pesquisa envolvendo seres humanos atendendo a Resolugdo n°.466/12, do Conselho Nacional de Sadde do Ministério de
Saude — Brasilia — DF.

14. Garantia de Sigilo: Os pesquisadores asseguram a privacidade dos participantes quanto aos dados confidenciais
envolvidos na pesquisa.

15. Formas de Ressarcimento das Despesas decorrentes da Participacdo na Pesquisa: Nao havera custos para o participante,
bem como ressarcimento de nenhuma natureza.

16. Local da Pesquisa: Os procedimentos de estudo, desde a abordagem até a coleta de dados, serdo realizados por dois
pesquisadores, sendo que parte serd realizada no clube de treinamento do atleta e outra parte do estudo serd desenvolvida
nas dependéncias da Unidade XII (CCBS) e da Clinica Escola Integrada (CEI/CCBS)

17. Nome Completo e telefone do Pesquisador principal (Orientador) para Contato: Prof. Dr. Silvio Assis de Oliveira
Junior (067) 8117 1822/ (067) 3345 783

Rubrica do participante
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18. Consentimento Pés Informagéo:

Eu, , apos leitura e compreensdo deste termo de
informacdo e consentimento, concordo com minha participacdo nesta pesquisa, entendendo que a participacdo é voluntaria
e que posso retirar o consentimento a qualquer momento do estudo, sem prejuizo algum.

Confirmo que recebi copia deste termo de consentimento, e autorizo a execucdo do trabalho de pesquisa e a
divulgacéo cientifica dos dados obtidos neste estudo no meio cientifico.

* Nao assine este termo se ainda tiver alguma divida a respeito.

Campo Grande, de de 2016.

Nome (por extenso):
Assinatura:

12 via: Instituicdo

2% via: Voluntario
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO DO RESPONSAVEL LEGAL

As informacdes contidas neste termo foram fornecidas pelo Prof. Dr. Silvio Assis de Oliveira Janior, com o objetivo de
firmar acordo escrito, mediante o qual, o participante da pesquisa autoriza sua participacdo com pleno conhecimento da
natureza dos procedimentos e minimos riscos a que se submetera, com a capacidade de livre arbitrio e sem qualquer
coagéo.

1. Titulo do Trabalho: Analise da associagdo entre desempenho funcional, modulagdo autondémica da frequéncia cardiaca e
manifestacdo de supratreinamento em nadadores

2. Objetivo: 0 objetivo deste trabalho é analisar a relagdo entre alteracfes das capacidades fisicas treinaveis, da
variabilidade da frequéncia cardiaca e o aparecimento de sinais de overtraining e lesdes musculoesqueléticas em nadadores,
no decorrer de uma temporada de treinamento.

3. Justificativa: Ndo foram encontrados estudos que tenham analisado o comportamento das capacidades fisicas treinaveis,
partindo-se de testes funcionais, do desempenho muscular segmentar, avaliado por meio de eletromiografia, e da
variabilidade da frequéncia cardiaca, durante uma temporada de treinamento de natagdo. Além disso, ndo ha evidéncias da
possivel associagdo entre todos esses indicativos e o aparecimento de overtraining em nadadores.

4. Procedimentos de Coleta: Seu filho/dependente serd submetido & medi¢do da massa corporal, com uso de balanca digital,
altura, por meio da utilizacdo de estadidmetro, medigdo de perimetros e dobras cutdneas em segmentos corporais pré-
definidos. Em seguida, serd avaliada a variabilidade da frequéncia cardiaca, por meio de frequencimetro de pulso. Na
sequéncia, serdo realizados testes para avaliacdo da flexibilidade, forca, poténcia, velocidade e resisténcia. Posteriormente
uma analise eletromiogréfica dos musculos deltdide, iliocostais e reto femoral serd também feita. Por fim, serd realizado o
preenchimento de questionarios para monitorar sinais de overtraining e investivacéo de lesbes uma entrevista destinada ao
fornecimento de informagfes sobre as condi¢Bes individuais, as quais serdo registradas a partir de um inquérito de
morbidade, e monitoramento de sinais de overtraining, por meio de um questionario de Overtraining.

5. Desconfortos ou Riscos Esperados: Cansago dos testes, lesdes musculoesqueléticas, complicacGes
cardiolégicas/respiratdrias. Constrangimento ao responder questionarios e realizagdo de testes. LesGes na pele (infeccdo,
irritacdo, alergia) devido a aplicacdo de eletrodos na pele.

6. Informacdes: Como participante, seu filho/dependente tem garantias de que recebera respostas a quaisquer perguntas ou
esclarecimentos de quaisquer davidas quanto aos procedimentos de coleta, riscos, beneficios e outros assuntos relacionados
a pesquisa. Os pesquisadores também assumem o compromisso de proporcionar informacdo atualizada obtida durante o
estudo, ainda que esta possa afetar a vontade do individuo continuar participando.

7. Métodos alternativos existentes: ndo ha.

8. Quantidade de participantes: 40 participantes.

9. Critérios de Inclusdo e exclusdo: Serdo incluidos atletas federados de ambos os sexos com idade entre 12 e 30 anos com
pratica de natagdo de pelo menos 2 anos. Serdo excluidos atletas com a presenca de lesdes musculoesqueléticas na
abordagem inicial, estar em uso de medicamentos relacionados a processos inflamatorios, infecciosos, metabdlicos ou de
doengas cardiorrespiratorias.

10. Procedimentos gerais: Caso o atleta apresente lesdes musculoesqueléticas, alteracBes cardiorrespiratorias, seréd
interrompida sua participa¢do na pesquisa e serd garantido o tratamento imediatamente, por meio de encaminhamento ao
profissional competente na Universidade Federal de Mato Grosso do Sul a partir da solicitacdo do Servico de Atendimento
Mével de Urgéncia-SAMU.

11. Beneficios da pesquisa: Conhecimento e interpretacao dos resultados para os participantes e técnicos a fim de melhorar
seu desempenho na natagdo. Além de aumentar as pesquisas neste assunto.

12. Retirada do Consentimento: Como responsavel legal do participante, tem a liberdade de retirar o consentimento a
qualquer momento e deixar de participar do estudo sem sofre qualquer penalidade.

13. Aspectos Legais: O presente instrumento foi elaborado, de acordo com as diretrizes e normas regulamentadas de
pesquisa envolvendo seres humanos atendendo a Resolugdo n°.466/12, do Conselho Nacional de Salde do Ministério de
Saude — Brasilia — DF.

14. Garantia de Sigilo: Os pesquisadores asseguram a privacidade dos voluntérios quanto aos dados confidenciais
envolvidos na pesquisa.

15. Formas de Ressarcimento das Despesas decorrentes da Participacdo na Pesquisa: Nao havera custos para o participante,
bem como ressarcimento de nenhuma natureza.

16. Local da Pesquisa: Os procedimentos de estudo, desde a abordagem até a coleta de dados, serdo realizados por dois
pesquisadores, sendo que parte seré realizada no clube de treinamento do atleta e outra parte do estudo serd desenvolvida
nas dependéncias da Unidade XII (CCBS) e da Clinica Escola Integrada (CEI/CCBS)

17. Nome Completo e telefone do Pesquisador principal (Orientador) para Contato: Prof. Dr. Silvio Assis de Oliveira
Junior (067) 8117 1822/ (067) 3345 7837.

Rubrica do responsavel legal do participante
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18. Consentimento Pés Informagéo:

Eu, : responsavel legal de
, apls leitura e compreensdo deste termo de informacdo e consentimento,
concordo com a participacdo nesta pesquisa, entendendo que a participacdo € voluntaria e que posso retirar o consentimento
a qualquer momento do estudo, sem prejuizo algum.

Confirmo que recebi copia deste termo de consentimento, e autorizo a execucdo do trabalho de pesquisa e a
divulgacéo cientifica dos dados obtidos neste estudo no meio cientifico.
* N4o assine este termo se ainda tiver alguma ddvida a respeito.
Campo Grande, de de 2015.
Nome (por extenso):
Assinatura:
12 via: Instituicdo
2% via: Voluntario
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TERMO DE ASSENTIMENTO LIVRE E ESCLARECIDO
(Adolescentes com 12 anos completos, maiores de 12 anos e menores de 18 anos)

O assentimento informado para a crianga/adolescente ndo substitui a necessidade de consentimento informado dos
pais ou guardis. O assentimento assinado pela crian¢a demonstra a sua cooperagao na pesquisa.

O assentimento significa que vocé concorda em fazer parte de um grupo de adolescentes, da sua faixa de
idade, para participar de uma pesquisa. Serdo respeitados seus direitos e vocé receberd todas as
informacGes por mais simples que possam parecer.

Vocé esta sendo convidado (a) como voluntario (a) a participar da pesquisa que tem como titulo “Andlise da
associacdo entre desempenho funcional, modulagdo autondmica da frequéncia cardiaca e manifestacdo de
supratreinamento em nadadores”. Nesta pesquisa pretendemos analisar a relagéo entre alteragbes das capacidades
fisicas treinaveis, da variabilidade da frequéncia cardiaca e o aparecimento de sinais de overtraining e lesGes
musculoesqueléticas em nadadores, no decorrer de um macrociclo de treinamento.

O motivo que nos leva a estudar esse assunto é que ndo foram encontrados estudos que tenham analisado o
comportamento das capacidades fisicas treinaveis, partindo-se de testes funcionais, do desempenho muscular, e da
modulacéo do sistema nervoso autdnomo, durante um macrociclo de treinamento de natacdo. Além disso, ndo ha
evidéncias da possivel associacdo entre todos esses indicativos e o aparecimento de overtraining em nadadores.
Para esta pesquisa adotaremos 0(s) seguinte(s) procedimento(s): vocé sera submetido a procedimentos de medicéo
da massa corporal, com uso de balanga digital, altura, por meio da utilizagdo de estadibmetro, medi¢do de
perimetros e dobras cutaneas em segmentos corporais pré-definidos. Em seguida, ser4 avaliada a variabilidade da
frequéncia cardiaca, por meio de frequencimetro de pulso. Na sequéncia, serdo realizados testes para avaliacdo da
flexibilidade, forca, poténcia, velocidade e resisténcia. Posteriormente uma analise eletromiogréfica dos masculos
deltdide, iliocostais e reto femoral serd também feita. Por fim, serd realizada uma entrevista destinada ao
fornecimento de informag@es sobre as condi¢des individuais, as quais serdo registradas a partir de um inquérito de
morbidade, e monitoramento de sinais de overtraining, por meio de um questionario de Overtraining.

Para participar desta pesquisa, o responsavel por vocé deverd autorizar e assinar um termo de consentimento. VVocé
ndo tera nenhum custo, nem receberd qualquer vantagem financeira. Apesar disso, caso sejam identificados e
comprovados danos provenientes desta pesquisa, vocé tem assegurado o direito a indenizagdo. Vocé sera
esclarecido (a) em qualquer aspecto que desejar e estara livre para participar ou recusar-se. O responsavel por vocé
poderd retirar 0 consentimento ou interromper a sua participacdo a qualquer momento. A sua participacdo é
voluntaria e a recusa em participar ndo acarretara qualquer penalidade ou modificagdo na forma em que € atendido
(a) pelo pesquisador que ira tratar a sua identidade com padr&es profissionais de sigilo. Vocé ndo sera identificado
em nenhuma publicagdo. No decorrer da pesquisa, vocé poderd sentir cansaco dos testes, lesdes
musculoesqueléticas, complicacBes cardioldgicas/respiratorias, constrangimento ao responder questionarios e
realizacdo de testes. Assim como, lesdes na pele (infeccdo, irritacdo, alergia) devido a aplicagdo de eletrodos na
pele. Caso vocé apresente esses sinais serd interrompida sua participacdo na pesquisa e sera garantido o tratamento
imediatamente, por meio de encaminhamento ao profissional competente na Universidade Federal de Mato Grosso
do Sul a partir da solicitacdo do Servico de Atendimento Movel de Urgéncia-SAMU. A pesquisa contribuira para
melhora da intervencdo do técnico na aplicagdo dos treinos, além da ampliacdo das pesquisas em Ciéncias do
Esporte.

Quantidade de participantes: 40 participantes.

Critérios de Incluséo e exclusdo: Serdo incluidos atletas federados de ambos os sexos com idade entre 12 e 30 anos
com pratica de natacdo de pelo menos 2 anos. Serdo excluidos atletas com a presenga de lesdes
musculoesqueléticas na abordagem inicial, estar em uso de medicamentos relacionados a processos inflamatérios,
infecciosos, metabdlicos ou de doengas cardiorrespiratérias.

Como participante, vocé tem a liberdade de retirar o consentimento a qualquer momento e deixar de participar do
estudo. Os pesquisadores asseguram a privacidade dos voluntarios quanto aos dados confidenciais envolvidos na
pesquisa.

Os procedimentos de estudo, desde a abordagem até a coleta de dados, serdo realizados por dois pesquisadores,
sendo que parte sera realizada no clube de treinamento do atleta e outra parte do estudo serd desenvolvida nas
dependéncias da Unidade XII (CCBS) e da Clinica Escola Integrada (CEI/CCBS).

Os resultados estardo a sua disposi¢do quando finalizada. Seu nome ou 0 material que indique sua participacdo ndo
sera liberado sem a permissdo do responsavel por vocé. Os dados e instrumentos utilizados na pesquisa ficardo
arquivados com o pesquisador responsavel por um periodo de 5 anos, e apos esse tempo serdo destruidos. Este
termo de assentimento encontra-se impresso em duas vias originais: sendo que uma sera arquivada pelo
pesquisador responsavel, e a outra sera fornecida a vocé. Os pesquisadores tratardo a sua identidade com padrdes
profissionais de sigilo, atendendo a legislacao brasileira (Resolugdo N° 466/12 do Conselho Nacional de Salde),
utilizando as informagdes somente para os fins académicos e cientificos.

Rubrica do participante
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Eu, , fui informado (a) dos objetivos da pesquisa, de
maneira clara e detalhada e esclareci minhas ddvidas. Sei que a qualquer momento poderei solicitar novas
informacdes, e 0 meu responsavel podera modificar a decisdo de participar se assim o desejar. Tendo o
consentimento do meu responsavel ja assinado, declaro que concordo em participar dessa pesquisa. Recebi o
termo de assentimento e me foi dada a oportunidade de ler e esclarecer as minhas duvidas.

Campo Grande, de de 2016.

Assinatura do (a) menor
Em caso de duvidas com respeito aos aspectos eticos desta pesquisa, vocé podera consultar:

Nome Completo e telefone do Pesquisador principal (Orientador) para Contato: Prof. Dr. Silvio Assis de Oliveira
Junior (067) 8117 1822/ (067) 3345 7837.
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ANAMNESE
NOME: TEMPODE TREINO: __
ESTILO:
AVALIACAO ANTROPOMETRICA
PESO: ESTATURA: IMC:

CLASSIFICACAO:

PERIMETROS

Torax: Cintura: Abdbémen: Quadril: Antebrago:

Coxa: Perna:

DOBRAS CUTANEAS:

Medidas 1 2 3

Peitoral

Triciptal

Axilar média

Subescapular

Abdominal

Suprailiaca

Coxa

Densidade Corporal:

AVALIACAO DA MODULACAO AUTONOMICA

Datainicial: __ /[
Dados iniciais: PA: FC:
Hora de inicio do teste (posi¢ao decubito dorsal):

Dados finais: PA: FC:
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Nome:

Inquérito de Morbidade Referida

Presenca de lesdo desportiva: ( )Sim ( )Nao

Data:

42

Destro: ( ) Canhoto: ( )

Variaveis Lesbes desportivas

Identificacdo da lesdo desportiva 12 28 3 42 52 62 78 82

Data do acometimento

Tipo de lesdo

Local anatdmico

Periodo de treinamento

Mecanismo de lesdo ou aumento do sintoma

Tratamento

Tempo de afastamento

Retorno as atividades normais

*Especificar

Codificacdo das varigveis

Tipo de lesdo Mecanismo de lesdo Localizagdo anatbmica
1-Contuséo 1-Explosdo 1-Cabeca 13-Quadril
2-Distensdo muscular 2-Tiros de velocidade (Sprint) 2-Ombro 14-Virilha
3-Contratura muscular 3-Resisténcia 3-Brago 15-Coxa anterior
4-Tendinopatia 4-Saida 4-Antebrago 16-Coxa superior
5-Entorse 5-Virada 5-Cotovelo 17-Coxa medial
6-Mialgia 6- Chegada 6-Punho 18-Coxa lateral
7-Periostite 7- Musculacdo 7-Méo 19-Joelho
8-Sinovite 8- Alongamento 8-Torax 20-Perna
9-Fratura 9- Treino de coordenagdo 9-Abdome 21Panturrilha
10-Bursite 10- Saltos 10-Regido cervical 22-Tornozelo
11-Dor aguda inespecifica 11- Corda elastica 11-Regido Toréacica 23-Pé
12-Dor croénica inespecifica 12- Outros* 12-Regido lombar 24-Outra*

13-Luxagdo/Sub-luxagao

14-Outros*

*Qutro tipo de lesédo:

*Qutro mecanismo de lesdo:

*Qutra localizagdo anatémica:

*Alteracéo do treinamento:

OBS:
Afastamento Tratamento médico Retorno as atividades Periodo de Treinamento
normais T -Base
1-Dias (n) 1-Néo i _
1-Assintomatica >-Especifico
2-Alteracio (0) 2-Sim R P
2-Sintomética —
3-Competitivo
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REST-Q

Nome:

Data: Hora: Idade: Sexo:

Esporte/situagao:

Nivel educacional:
() primeiro grau incompleto () primeiro grau completo ( ) segundo grau incompleto
() segundo grau completo ( ) superior incompleto ( ) superior completo

RESTQ-76 Sport

Este questionario consiste numa série de afirmagdes. Estas afirmagdes possivelmente
descreverao seu estado mental, emocional e bem estar fisico, ou suas atividades que vocé
realizou nos ultimos 3 dias e noites.

Por favor, escolha a resposta que mais precisamente demonstre seus pensamentos €
atividades. Indicando em qual freqiiéncia cada afirmac¢io se encaixa no seu caso nos
ultimos dias.

As afirmagdes relacionadas ao desempenho esportivo se referem tanto a atividades de
treinamento quanto de competigéo.

Para cada afirmagao existem sete possiveis respostas. Por favor, faga sua escolha marcando
0 numero correspondente a resposta apropriada.

Exemplo:

Nos ultimos (3) dias/noites

oo Eu li um jornal

0 1 2 3 4 x 6
nunca pouquissimas  poucas vezes metade das muitas vezes mufitisstnas sempre
vezes vezes vezes

Neste exemplo, o nimero 5 foi marcado. O que significa que vocé leu jornais muitissimas
vezes nos ultimos trés dias.

Por favor, ndo deixe nenhuma afirmac¢io em branco.
Se vocé esta com divida em qual opgdo marcar, escolha a que mais se aproxima de sua
realidade. Agora vire a pagina e responda as categorias na ordem sem interrupcao.

Copyright by M. Kellmann, K.W. Kallus, D. Samulski & L. Costa
University of Bochum (ALE), UFMG (BRA), 2002

Nos ultimos (3) dias/noites
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1) ...eu vi televisao

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

2) ...eu dormi menos do que necessitava

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

3) ...eu realizei importantes tarefas

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

4) ...eu estava desconcentrado

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

5) ...qualquer coisa me incomodava

0 1 2 3
nunca pouguissimas poucas vezes metade das
vezes vezes

6) ... eu sorri

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

7) ...eu me sentia mal fisicamente

0 1 2 3
nunca pouguissimas poucas vezes metade das
vezes vezes

8) ...eu estive de mau humor

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

9) ...eu me sentia relaxado fisicamente

0 1 2 3
nunca pouguissimas poucas vezes metade das
vezes vezes

10) ...eu estava com bom dnimo

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

11) ...eu tive dificuldades de concentragao

0 1 2 3
nunca pouquissimas  poucas vezes metade das
vezes vezes

12) ...eu me preocupei com problemas nao resolvidos

0 1 2 3
nunca pouguissimas poucas vezes metade das
vezes vezes

13) ...eu me senti fisicamente confortavel (trangiiilo)
0 1 2 3

nunca pouquissimas  poucas vezes metade das
vezes vezes
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14) ...eu tive bons momentos com meus amigos

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

15) ...eu tive dor de cabeg¢a ou pressdo (exaustao) mental

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

16) ...eu estava cansado do trabalho

0 1 2 3 4
nunca pouguissimas poucas vezes metade das muitas vezes
vezes vezes

17) ...eu tive sucesso ao realizar minhas atividades

0 1 2 3 4
nunca pouguissimas poucas vezes metade das muitas vezes
vezes vezes
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6
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18) ...eu fui incapaz de parar de pensar em algo (alguns pensamentos vinham a minha

mente a todo momento)
0 1 2 3 4
nunca pouguissimas poucas vezes metade das muitas vezes
vezes vezes

19) ...eu me senti disposto, satisfeito e relaxado

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

20) ...eu me senti fisicamente desconfortavel (incomodado)

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

21) ...eu estava aborrecido com outras pessoas

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

22) ...eu me senti para baixo

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

23) ...eu me encontrei com alguns amigos

0 1 2 3 4
nunca pouguissimas poucas vezes metade das muitas vezes
vezes vezes

24) ... eu me senti deprimido

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

25) ...eu estava morto de cansag¢o apés o trabalho

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

26) ...outras pessoas mexeram com meus Nervos

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

Nos ultimos (3) dias/noites

27) ... eu dormi satisfatoriamente
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0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

28) ...eu me senti ansioso (agitado)

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

29) ... eu me senti bem fisicamente

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

30) ...eu figuei “de saco cheio” com qualquer coisa

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

31) ...eu estava apatico (desmotivado/lento)

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

32) ... eu senti que eu tinha que ter um bom desempenho na frente dos outros

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

33) ...eu me diverti

0 1 2 3 4 5
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

34) ...eu estava de bom humor

0 1 2 3 4 5
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

35) ... eu estava extremamente cansado

0 1 2 3 4 5
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

36) ...eu dormi inquietamente

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

37) ... eu estava aborrecido

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

38) ... eu senti que meu corpo estava capacitado em realizar minhas atividades

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

39) ... eu estava abalado (transtornado)

0 1 2 3 4 5
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas
vezes vezes vezes

Nos ultimos (3) dias/noites

40) ...eu fui incapaz de tomar decisdes
0 1 2 3 4 5
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nunca pouguissimas  poucas vezes metade das muitas vezes
vezes vezes

41) ...eu tomei decis6es importantes

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

42) ... eu me senti exausto fisicamente

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

43) ... eu me senti feliz

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

44) ... eu me senti sob pressdo

0 1 2 3 4
nunca pouguissimas  poucas vezes metade das muitas vezes
vezes vezes

45) ... qualquer coisa era muito para mim

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

46) ... meu sono se interrompeu facilmente

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

47) ... eu me senti contente

0 1 2 3 4
nunca pouguissimas  poucas vezes metade das muitas vezes
vezes vezes

48) ... eu estava zangado com alguém

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

49) ... eu tive boas idéias

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

50) ... partes do meu corpo estavam doloridas

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

51) ...eu ndo conseguia descansar durante os periodos de repouso

0 1 2 3 4
nunca pouguissimas  poucas vezes metade das muitas vezes
vezes vezes
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52) ...eu estava convencido que eu poderia alcangar minhas metas durante a competigao ou

treino
0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes

vezes vezes

Nos ultimos (3) dias/noites

53) ... eu me recuperei bem fisicamente
0 1 2 3 4

nunca pouguissimas  poucas vezes metade das muitas vezes
vezes vezes
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54) ...eu me senti esgotado do meu esporte

0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

55) ...eu conquistei coisas que valeram a pena através do meu treinamento ou competigao

0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

56) ...eu me preparei mentalmente para a competigao ou treinamento

0 1 2 3 4 5 6
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

57) ...eu senti meus misculos tensos durante a competi¢cdao ou treinamento

0 1 2 3 4 5 6
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

58) ... eu tive a impressdo que tive poucos periodos de descanso

0 1 2 3 4 5 6
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

59) ... eu estava convencido que poderia alcancar meu desempenho normal a qualquer

momento
0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre

vezes vezes vezes

60) ... eu lidei muito bem com os problemas da minha equipe

0 1 2 3 4 5 6
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

61) ... eu estava em boa condigio fisica

0 1 2 3 4 5 6
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

62) ...eu me esforcei durante a competicdo ou treinamento

0 1 2 3 4 5 6
nunca pouquissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

63) ...eu me senti emocionalmente desgastado pela competi¢do ou treinamento

0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

64) ... eu tive dores musculares apos a competicao ou treinamento

0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

65) ... eu estava convencido que tive um bom rendimento

0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

Nos ultimos (3) dias/noites

66) ... muito foi exigido de mim durante os periodos de descanso

0 1 2 3 4 5 6
nunca pouguissimas  poucas vezes metade das muitas vezes muitissimas sempre
vezes vezes vezes

67) ...eu me preparei psicologicamente antes da competi¢do ou treinamento



0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

68) ...eu quis abandonar o esporte

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

69) ...eu me senti com muita energia

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

70) ...eu entendi bem o que meus companheiros de equipe sentiam

0 1 2 3 4
nunca pouguissimas poucas vezes metade das muitas vezes
vezes vezes

71) ... eu estava convencido que tinha treinado bem

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

72) ...0s periodos de descanso nao ocorreram nos momentos corretos

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

73) ... eu senti que estava proximo de me machucar

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

74) ...eu defini meus objetivos para a competi¢ao ou treinamento

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

75) ...meu corpo se sentia forte

0 1 2 3 4
nunca pouguissimas poucas vezes metade das muitas vezes
vezes vezes

76) ... eu me senti frustrado pelo meu esporte

0 1 2 3 4
nunca pouquissimas poucas vezes metade das muitas vezes
vezes vezes

77) ... eu lidei bem com os problemas emocionais dos meus companheiros de equipe

0 1 2 3 4
nunca pouquissimas  poucas vezes metade das muitas vezes
vezes vezes

Muito Obrigado!
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POTENTIAL SYMPATHETIC ACTIVATION IN RESPONSE TO A TRAINING
PERIODIZATION IS ASSOCIATED TO SPORT INJURIES INCIDENCE IN SPRINT
SWIMMERS

Effects of a training periodization in swimmers

Abstract

Background: Although overtraining is associated with disturbed cardiac autonomic
modulation and sport injuries incidence, these issues are poorly understood in swimmers.
This study analyzed heart rate variability (HRV), stress/recovery relationship, and sport
injuries incidence during a training periodization of teenage swimmers of different
modalities.

Methods: Thirty teenage swimmers (12 until 17 years-old) were divided in two modality
groups: Sprint (n=17) and Endurance (n=13). Subjects were evaluated during a training
periodization within twenty weeks, scheduled on three stages: general and technical
preparation, besides competition. HRV indexes were used in the time and the frequency
domain, as well as geometric measures. Besides sport injuries incidence, stress/recovery
states in athletes were analyzed with the Recovery-Stress-Questionnaire of Athletes. All
proceedings were developed at the initial moment and in the end of each periodization step.
Results: Recovery-stress monitoring was affected only by the swimming training
periodization (p<0.05). During general preparation, differences between recovery and stress
scales have been directly correlated with the RMSSD, and geometric indexes SD1 and RRtri.
After a period of technical and specific preparation, differences between general recovery and
stress scales were inversely correlated with some geometric indexes. Moreover, sprint
swimmers showed higher measures of incidence of sport injuries than endurance athletes

(Sprint, 0.0214+0.0068; Endurance, 0.0136+0.0050 cases/1000 hours; p<0.05).



54

Conclusion: Sprint training was associated with progressive activation of the sympathetic
nervous system and decreased heart rate variability, besides higher incidence of sport injuries,

in comparison to endurance swimming during a training macrocycle.

Key words: fatigue, athletic performance, autonomic nervous system.
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Introduction

Periodization is a widely accepted organizational strategy for both aerobic and
anaerobic training in athletes of different sport modalities [1]. It promotes systematic
variation in training specification, intensity and volume, organized within shorter cycles or
“periods” within an overall program, in order to increase athletic performance and to prevent
the onset of overtraining syndrome [2]. A training periodization is scheduled in a macrocycle,
which constitutes the total training period, and is divided into several mesocycles (lasting
from several weeks to several months), and microcycles (lasting approximately 1 week).
Commonly, three or four mesocycles may be found in the training periodization of most
competitive sport modalities, including stages of general and technical preparation, and
competitive period, besides a transition interval [3].

Since training periodization is variable according to sport modality, competitive
exercise of swimming integrates multiple models of training periodization in terms of sport
specification, intensity and volume of athletic performance [2]. Concerning specification,
sprint swimmers are commonly submitted to high intensity training, while endurance athletes
have usually been subjected to elevated volume of training activities [4]. In both cases,
progressive overload with planned recovery, inherent to periodization, promotes fitness gains
while preventing physical signs of overtraining syndrome: severe fatigue, performance
impairments, and sport injuries [5].

In this context, several proceedings have been suggested to identify fatigue levels and
describe overtraining aspects due to training overload. Among these analytical methods, study
of heart rate variability (HRV) has revealed important information about activity of cardiac
autonomic modulation [6]. Actually, a lot of studies have established relationships among
training overload, levels of fatigue, and HRV in different sport modalities, such as rowing [7],

triathlon [8], soccer [9], and gymnasts [10]. High levels of training loads and psychological
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stress also have been inversely associated with HRV and performance measures in adult
athletes [11]. Differently, Schnitzler et al. [12] did not detect relationships among HRV,
performance parameters, and levels of physical fatigue in competitive swimmers. Despite
these associations, no investigation has detailed possible associations among HRV, measures
of balance stress/fatigue and incidence of sports injuries in swimming athletes.

Take into account that young athletes have been submitted to constant overloads from
training periodization [13], the purpose of the present study was to analyze HRV, balance
between stress and recovery, and incidence of sport injuries in young swimmers of different
modalities, during a training macrocycle. These issues have not been enough studied in young
swimmers and constitute important topics of interest to multiple scientists, health
professionals, coaches, and athletes, to comprehend the potential effects of the relationships
between volume and intensity during a training periodization. The initial hypothesis is that
sprint swimmers might present lower HRV, associated to higher measures of fatigue, and

increased incidence of sport injuries, when compared to the endurance athletes.

MATERIALS AND METHODS
Participants and design

Thirty trained athletes ages 12-17 years (10 women and 20 men) were recruited.
Convenience sample integrated athletes of all swimming styles and distances, current
participants in diverse regional and national competitions in Brazil. Based on swimming
styles, participants were categorized in two groups: Sprint (n=17; 4 women and 13 men) or
Endurance (n=13; 6 women and 7 men) groups. Sprint group integrated athletes of butterfly,
backstroke, breaststroke, freestyle, and medley styles, in distances of 50 and 100 m;
Endurance was consisted of medley and freestyle swimmers, performing 400, 800, and 1500

m.
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Longitudinal study was developed during a macrocycle of swimming training with
duration of 20 weeks, scheduled between January and June 2016. Training periodization
consisted in classical theory of Matveev, which has promoted wave-like progression (periods
of overload interspersed with periods of recovery), typically moving from general training
towards specific and competitive training [13]. In the present study, general and specific
training periods had similar intervals - eight weeks, while competitive period totalized four
weeks of duration. Figure 1 shows in detail the training periodization.

The investigation was approved by the Research and Ethics Committee of the Federal
University do Mato Grosso do Sul (UFMS), approval n° 1.300.377, CAAE

46913915.3.0000.0021.

Protocol and analytical procedures

Initial evaluation also aimed to obtain information about demographic
characterization, training history and swimming style. Concerning the anthropometry, while
height (to the nearest cm) was measured with a portable stadiometer (Sanny, Brazil), body
weight was obtained from an electronic flat-bed scale (Welmy R-110, 2010 Séo Paulo,
Brazil). As a procedure to estimate body fat percentage, skinfold sites were located using
scientific calipers (Sanny, Brazil) as described by Jackson e Pollock (1978). Measurements
were taken on participants wearing minimal clothing; volunteers were instructed to wear
swimming trunks, briefs, underwear or tight-fitting shorts. Only the right side of the body was
used for unilateral skinfold thickness measurements in order to maintain consistency in the
measurement method [15].

During the training macrocycle, proceedings for body weight and density evaluation,
heart rate variability analysis, Recovery-Stress-Questionnaire for Athletes (REST-Q Sport)

[16], and incidence of sports injuries evaluation were performed at the baseline (initial
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moment), and after eight-weeks (period of general preparation, GP), 16-weeks (period of
specific preparation, SP), and 20-weeks (competitive period, CP) training periodization.

In order to evaluate the heart rate variability at the baseline and after each training
period, volunteers were assessed individually under controlled conditions of 22-24°C and 40-
60% of relative humidity in the morning, between 7:00 and 11:00 a.m. , to minimize the
circadian rhythm interference. Participants were previously instructed to avoid alcoholic
and/or stimulant drinks such as coffee or tea, and those on continuous prescription drugs, such
as bronchodilators, mucolytics and anti-inflammatory interventions, were requested to
suspend their medication for a period of 12 hours prior to the HRV evaluation.

After receiving explanation about data collection procedures, an electrode was placed
on the participant’s chest at the sternal angle using an elastic strap, and the heart rate receiver
(Polar Electro, model V800, Finland) was attached to the patient’s wrist. The equipment had
previously been validated to record beat-to-beat heart rate and for use in collecting HRV data
for analysis [17]. Afterwards, volunteers were instructed to remain alert, in silence, with
spontaneous breathing resting in the supine position for 20 minutes on a couch [6].

To analyze HRV measures, 1000 intervals of consecutive heart beats were used,
selected after digital filtering, complemented by manual depuration to cut out artifact and
ectopic beats, and only series with more than 95% of sinus beats were included in the study
[6]. The analysis procedures integrated measurements in the frequency and time domains, as
well as geometric indexes [6]. Parameters of linear methods of frequency domain included LF
(low frequency) and HF (high frequency), which are related to sympathetic and
parasympathetic modulation, respectively. Measures of RMSSD (root mean square of the
successive differences), SDNN (standard deviation of intervals RR), and pNN50 (percentage
of absolute differences between successive normal RR intervals that exceed 50 ms) were

considered as variables from time domain.
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HRV analysis was also performed by means of geometrical methods: RRtri and
Poincaré plot (SD1, SD2, and SD1/SD2 ratio). RRtri was calculated from the construction of
a density histogram of RR intervals, which contains the horizontal axis of all possible values
of RR intervals measured on a discrete scale with 7.8125 ms boxes and on the vertical axis,
the frequency with which each occurred. The RRtri was obtained by dividing the total number
of RR intervals used to construct the histogram by their modal frequency (RR interval value
that most frequently appeared on RR). The Poincaré plot is a scattergram in which each R-R
interval is plotted as a function of the previous R-R interval [6, 17]. In order to analyze the
plot, an ellipse was fitted to the points of the chart, with the center determined by the average
RR intervals, and the SD1 indexes were calculated to measure the standard deviation among
the distances of the points to the diagonal y = x. SD2 measures were used to calculate
standard deviation of the distances of points to the line y = - x + RRm, where RRm is the
average of RR intervals. The SD1 is an index of instantaneous recording of the variability of
beat-to-beat and represents parasympathetic activity, while the SD2 represents HRV in long-
term records, and reflects the overall variability. Their ratio (SD1/SD2) shows the ratio
between short and long variations of RR intervals [6]. The HRV analysis software Kubios 2.0
(Biosignal Analysis and Medical Image Group, Department of Physics, University of Kuopio,
Finland) was used to calculate these data.

To examine the balance of stress and recovery at the baseline and after each training
period, participants completed the Recovery-Stress Questionnaire for Athletes (RESTQ-
Sport), a systematically used method to study overtraining in athletes [16]. The RESTQ-Sport
consists of 77 items (19 scales with four items each plus a warm-up item), which participants
answer retrospectively. This questionnaire is scheduled in seven general stress scales (General
Stress, Emotional Stress, Social Stress, Conflicts/Pressure, Fatigue, Lack of Energy, Physical

Complaints), five general recovery scales (Success, Social Recovery, Physical Recovery,
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General Well-being, Sleep Quality), three sport-specific stress scales (Disturbed Breaks,
Emotional Exhaustion, Injury), and four sport-specific recovery scales (Being in Shape,
Personal Accomplishment, Self-Efficacy, Self-Regulation). A Likert-type scale is used with
values ranging from O (never) to 6 (always); high scores in the stress-associated activity scales
reflect intense subjective stress, whereas high scores in the recovery-oriented scales are
associated with good recovery activities.

To collect data on sport injuries incidence, a morbidity report was prospectively
performed during training periods [18]. Sport injury was considered as any event of muscle-
skeletal pain, feeling or injury that resulted from participation in sport circumstance (training
or competition) and caused changes in normal training periodization activities to the mode,
duration, intensity or frequency, regardless of whether or not time is lost from training or

competition [18].

Statistical analysis

Statistical analysis was performed using the Sigma Stat statistical package version 3.5
(SYSTAT, Inc. San Jose, CA, USA) software. Results were presented as descriptive measures
of centrality and variability or position. Data distribution was checked using the Kolmogorov-
Smirnov test. General characteristics, HRV, and RESTQ variables were evaluated by
Repeated Measures Two-Way ANOVA. When significant differences were found (p<0.05),
the post hoc Bonferroni’s multiple comparisons was performed.

Sports injuries incidence results were analyzed using Student t-test; proportional
occurrence of sports injuries was analyzed using Goodman’s test for contrasts between and
within multinomial populations. Also, respective associations among variables of HRV and
recovery-stress scales were analyzed with Pearson’s correlation coefficient. For all statistical

proceedings, level of significance was considered to be 5%.
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Results

Concerning general characterization, body mass analysis revealed statistical
interaction between group and moment of evaluation (p=0.017); while endurance activities
unchanged body mass, sprint training increased body mass from initial until competitive
moment (p<0.05). Other anthropometric variables haven’t been altered by any factor of study.
Moreover, endurance was associated with higher values of performed distance in swimming
training than sprint in all moments of evaluation (p<0.001); both groups have presented
progressive reduction of performed distance with the macrocycle development (Table 1).
History of training time was similar between groups (Sprint, 4.09+1.40; Endurance, 4.69+2.53
years; p>0.05).

Take into account HRV assessment, Sprint group presented significant reductions in
all variables time-domain (SDNN, RMSSD, and pNN50), from period of general preparation
until competitive moment. In relation to the responses in the frequency domain, sprinters have
also presented increased values of low frequency (LF) together with reduced measures of high
frequency (HF) in competitive period compared to general preparation segment (Table 2). In
relation to the geometric indexes of HRV measured in the competitive period, sprint
swimmers showed lower values of SD1, when compared to the end of general preparation,
and reduced SD2 and RRtri, when compared to the GP moment (Table 3). Endurance training
periodization did not promote HRV changes during training macrocycle.

Results of recovery-stress monitoring are presented in Table 4. Both general stress and
recovery scales were affected by the swimming training periodization (p<0.05). While general
stress increased from initial to GP moment (Initial, 6.84+0.59; GP, 9.23+0.59; TP, 7.62+0.59;
CP, 8.49+0.59; p=0.030), general recovery has been greater after technical training period,
when compared to GP (GP, 12.47+0.52; TP, 14.29+0.52; p=0.047). Endurance group has

showed higher values of general reserve at the end of the period of technical and specific
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preparation when compared to GP moment. Additionally, both studied groups showed
increased responses of specific sport stress scale after a period of general preparation in
comparison to the initial moment; at the end of the macrocycle, only the Sprint group returned
to the initial levels of specific sport stress response. Sprinters have also exhibited higher
measures of difference between sport specific recovery and stress scales at the end of the
macrocycle (Table 4).

During basic preparation, respective measures of differences between general and
specific recovery and stress scales have been directly correlated with the RMSSD, and
geometric indexes SD1 and RRtri. Differently, after a period of technical and specific
preparation, values of general reserve were inversely correlated with the geometric indexes
SD1, SD2, and RRtri. At the end of the competitive period, general reserve has also been
inversely correlated with RRtri (Table 5).

Concerning the prospective analysis of sport injuries, prevalence of injured athletes
has been higher in the Sprint in comparison to Endurance group, during GP and TP phases.
Furthermore, sprint swimmers showed higher measures of incidence than endurance athletes
during the period of technical and specific preparation, as well as total incidence by 1000

hours of training (p=0.047; Table 6).
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Sprint training was associated with a higher number of sport injuries cases (Figure 2).

Figure 2. Sport injuries incidence in swimming according to group and training
periodization; (A) Sprint group; (B) Endurance group; GP, period of general
preparation; TP, period of technical and specific preparation; CP, competitive period,;
Goodman test (p>0.05).

Discussion

The present study aims to prospectively investigate HRV, balance between
physiological stress and recovery, and incidence of sport injuries in young swimmers of
different modalities, during a training macrocycle. As an initial hypothesis, it was
established that sprint swimmers present lower HRV, higher measures of stress and
fatigue, and increased incidence of sport injuries, when compared to the endurance
athletes. Actually, prospective results have revealed that sprint training periodization
was associated with progressive activation of the sympathetic nervous system and
consequent decreased heart rate variability from the beginning until the end of the
macrocycle (Tables 2 and 3). This effect of the sprint training was related to higher
incidence of sport injuries in sprinters, compared to endurance volunteers. On the other
hand, no significant difference concerning the balance between physiological stress and
recovery was identified between Sprint and Endurance groups, during the study period.

In relation to HRV, multiple indicators of cardiac global variability, as RMSSD,
SDNN, pNN50, HF, and RRtri, were concomitantly reduced in Sprint group, during the
training macrocycle. Also, sprint training was associated with reduced hemodynamic
variability after the competitive period, also demonstrated by the increased values of
low frequency (LF); LF is considered a measure of the cardiac sympathetic activity [6].
Take into account that muscle power and anaerobic capacity are essential to sprint
performance, increased sympathetic activity conjugated to parasympathetic inhibition
have been supporting a neural adaptation in order to increase athletic performance based

on improved cardiovascular function and perfusion [19]. Elite athletes have presented
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reduced vagal nerve stimulation and improved sympathetic response during competitive
sport practice, and autonomic activation for the posterior period of rest [20; 21; 22].
Accordingly, sprinters have showed increase in the sport specific reserve since general
preparation until competitive period (Table 4), besides decrease in sport injuries
incidence during competitive period, in comparison to technical training interval (Table
6).

Moreover, RMSSD, HF, SD1, and RRtri have been positively correlated with
general physiological reserve in the initial mesocycle. Also, while LF has been
inversely correlated with general physiological reserve, RMSSD, SD1, and RRtri have
been positively correlated with sport specific physiological reserve (Table 5). Hence,
elevations in the general/ sport specific reserves have been associated with increased
levels of global variability of heart rate and reduced measures of sympathetic activity.
Traditional periodization promotes wave-like progression (overload alternated with
recovery), moving from general training (high-volume/low intensity), common to
general preparation period, towards specific training (low volume/high intensity) [13].
This model is well sustained by the measures of trained volume of both studied groups
(Table 1). Likewise, general aerobic activities, typically related to the beginning of the
training period — general preparation, have been associated with improved
parasympathetic modulation in athletes [23; 24]. In this context, enhanced vagal activity
during the general preparation period could be associated to improved physical
performance for the posterior training periods, as postulated by Botek [25].

On the other hand, general scales of recovery and physiological reserve were
inversely correlated with LF and geometric indexes of heart rate variability,
respectively, during the technical mesocycle. Similarly, general reserve and RRtri were
negatively correlated in the competitive training period (Table 5). Importantly, both
levels of general recovery and reserve increased in the technical period when compared

to the general preparation training (p<0.05); therefore, these physiological responses are
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associated to reductions in trained volume (Table 1). According to Elbe et al. [26],
training transition from general to specific and technical preparation contributes to
reduce general stress, increasing general levels of recovery. Previous studies have
showed negative correlation between training volume and recovery [27]. Actually,
technical preparation period is based on a combination of aerobic and anaerobic
overloads, with reduction in volume associated to increases in activity intensity [13]. As
a consequence, increased levels of physiological recovery and reserve have been
directly related to the progressive reductions in trained volume since technical period
until competitive mesocycle.

On the other hand, general reserve has been continuously correlated with RRTri,
a geometric measure of HRV. These two variables presented positive correlation after
general preparation and negative correlation after the other training steps (Table 5). As
previously referred, predominance of high intensity demands during technical and
competitive periods have been associated with sympathetic hyperactivity [28]. In order
to obtain the best athletic performance, competitive mesocycle is designed to the
practice of intense exercises in reduced volume of sport training associated with
expanded recovery [4].

As postulated by different authors [29], swimming training is characterized by
high measures of volume and intensity despite style and modality. These conditions
contribute to onset of overtraining and sport injuries in swimmers [30; 31]. In the
present study, sport injuries incidence was higher in sprint swimming group, and
technical period was the main training period of occurrence (Table 6). Despite the
reduced volume, technical training of sprinters is characterized by highly specific
exercises and elevated overload [32], when compared to endurance athletes.
Biomechanically, these conditions have contributed to onset of sports injuries in
swimmers.

Sports injuries etiology has multifactorial nature and may result from a complex
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interaction between internal and external risk factors [33]. In this perspective, several
factors have been described as etiological agents of sport injuries in swimming, as
excessive training volume [34; 35; 36] and muscle overuse and fatigue [37]. Flexibility,
biomechanical muscle disorders, and joint laxity are intrinsic factors related to injuries
in swimmers [37]. Therefore, future studies might be developed in order to

prospectively investigate the pathophysiology of sport injuries in swimmers.

Conclusion

Sprint training was associated with progressive activation of the sympathetic
nervous system and decreased heart rate variability, besides higher incidence of sport
injuries, in comparison to endurance swimming during a macrocycle. Training
periodization unchanged the balance between stress and recovery in sprinters and

endurance swimmers.
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Table 1. General description according to group and training periodization

71

Periods of training periodization

Factors (p-value)

Variables Group
Initial GP TP CP SM (Group) Interaction
Sprint 63.64 + 3.28 64.44 + 3.19 65.07 £ 3.32 65.34 + 3.29
Body mass (kg) 0.017
Endurance 60.34 + 3.77 60.66 *3.43 59.43 +3.97 59.65 + 3.99
. Sprint 171.44 +2.80 171.78 £ 2.74 171.65+2.71 171.88 +2.78
Body height 0.698
cm
(cm) Endurance 166.09 + 1.80 166.55 +1.81 166.25 + 1.83 166.25 + 1.83
. Sprint 1.089 + 0.002 1.080 = 0.002 1.081 + 0.002 1.081 + 0.002
Body density 0.241
/ml '
(@/mi) Endurance 1.072 +£ 0.004 1.072 + 0.004 1.074 + 0.004 1.072 + 0.004
Sprint 8.57+0.81 8.56 + 0.85 8.19+0.91 7.87 £0.89
%Fat 0.217
Endurance 11.82+1.83 11.83+1.82 10.86 + 1.88 11.89+1.85
. Sprint - 105.35+1.31  83.24 +1.68° 27.77 +0.82%
Training <0.001
volume (km) g $ '
Endurance - 359.69 +3.33* 324.08 +3.06* 88.08 + 1.33*%

Values expressed as mean and standard deviation; %Fat, fat percentage; GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive

period; SM, swimming modality. * p<0.05, vs. Sprint; # p<0.05 vs. Initial period; $ p<0.05 vs. GP; 1 p<0,05 vs. TP; ANOVA and Bonferroni’s test.



Table 2. Linear analysis of heart rate variability in time and frequency domains according to group and training periodization

Variables Group Periods of training periodization Factors (p-value)
Initial GP TP CP SM (Group)  Period Interaction
Sprint 73.046.6 78.1+8.5 63.5+3.5 54.1+3.5" 0.105 0.015 0.183
= SDNN(MS) £ qurance 86.6+8.4 75.3+10.6 75.048.3 74.047.4 ' ' '
IS ; $
s RMSSD(ms) Sprint 55.3+6.2 66.6+8.6 49.9+4.7 42.0+3.7 0.236 0.007 0.293
g Endurance 71.9+7.2 63.3+8.4 61.0+£10.8 53.6%5.5
[= Sprint 32.74+4.5 39.1+4.6 29.1+4.4 23.3+4.0° 0.135 <0.001 0524
PNNSO(MS)  Endurance 46.2+4.7 42.4+6.1 37.246.5 32.944.8 ' ' '
Sprint 48.5+4.3 45.1+35 53.4+4.4 58.5+4.0 ° 0.927 0.022 0.399
[y . . .
E LF (nu) Endurance 48.8+53 50.7+6.0 54,6457 53.5+4.7
o
© - $
> HE () Sprint 51.4+4.3 54.8+3.5 46.4+4.4 40.6+4.0 0.971 0012 0.442
S Endurance 51.1+5.3 49.6+6.0 46.1+5.8 45.6+4.9
>
g sprint 1.24+0.24 0.95+0.13 1.57+0.30 1.88+0.34
w LE/ HE 0.552 0.309 0.319
Endurance 1.61+0.64 1.59+0.41 1.88+0.50 1.50+0.31

Values  expressed as mean and  standard  deviation; SDNN, standard  deviation of normal-normal  beats; RMSSD, root mean  square
of successive R-R intervals; pNN50, percentage of absolute differences between successive normal RR intervals that exceed 50 ms; LF, low frequency; HF, high frequency; LF/HF,
ratio between high and low frequencies. GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive period; SM, swimming modality. # p,0.05
vs. Initial period; $ p<0,05 vs. GP; ANOVA and Bonferroni’s test.



Table 3. Geometric indexes of heart rate variability according to group and training periodization

Periods of training periodization

Factors (p-value)

Variables Group
Initial GP TP CP SM(Group) Period Interaction
Sprint 39.1+4.4 47.1+6.1 35.3+3.3 30.5+2.6 *
SD1(ms) 0.098 0.003 0.704
Endurance 53.6+5.9 52.6+8.0 47.8+9.1 39.9+3.8
Sprint 94.9+8.7 93.5+7.4 82.2+4.3 7154457
SD2(ms) 0.101 0.024 0.672
Endurance 111.4+11.1 101.8+14.8 100.3+11.1 95.9+9.6
Sprint 0.41+0.03 0.49+0.04 0.43+0.03 0.43+0.03
SD1/SD2 0.230 0.007 0.573
Endurance 0.50+0.04 0.55+0.06 0.46+0.04 0.44+0.03
Sprint 18.9+1.8 18.4+1.2 16.0+1.1 13.7+1.0 %
RRtri(ms) 0.336 0.005 0.748
Endurance 20.5+1.6 18.2+2.4 18.0+1.9 16.3£1.6

73

Values expressed as mean and standard deviation; SD1, standard deviation of instantaneous variability beat-to-beat; SD2, long-term standard deviation of continuous R-R intervals;
SD1/SD2, ratio between SD1 and SD2; RRtri, Triangular index; GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive period; SM,
swimming modality. # p,0.05 vs. Initial period; $ p<0,05 vs. GP; ANOVA and Bonferroni’s test.



Table 4. Recovery-stress scales according to group and training periodization

74

Periods of training periodization

Factors (p-value)

. Variable
Domain (Scale) Group
nitia rou erio nteraction
Initial GP TP CP SM(Group Period | i
Sprint 7.05+0.93 9.27+0.98 8.46+0.82 8.35+0.74
Stress 0.563 0.030 0.665
Endurance 6.63+0.98 9.20+1.05 6.78+0.98 8.64+0.80
= Sprint 12.68+0.83 12.38+0.80 13.94+0.67 14.34+0.69
E Recovery 0.188 0.047 0.193
a Endurance 15.43+0.63 12.57+0.94 14.65+0.83 14.11+0.70
Sprint 5.05+0.82 3.11+£1.62 5.48+1.27 5.99+1.27
Reserve 0.526 0.018 0.581
Endurance 6.38+0.88 3.37+1.74 7.87+1.59° 5.47+1.26
Sprint 7.59+1.02 10.86+0.95" 9.51+0.80 7.14+0.82°
Stress 0.493 <0.001 0.593
Endurance 5.74+0.66 10.46+1.18" 9.05+0.93 7.62+0.89
Q
E Sprint 14.99+0.98 14.09+£1.07 14.63+0.95 16.16+0.95
& Recovery 0.112 0.308 0.419
‘g Endurance 15.44+1.10 12.62+1.09 14.02+0.90 13.31+£0.75
o
wn
Sprint 6.19+0.81 3.23+1.72 5.12+1.61 9.03+1.55°
Reserve 0.370 0.004 0.605
Endurance 5.63+£0.97 2.15+1.90 4.97£1.50 5.69+1.23

Values expressed as mean and standard deviation; GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive period; SM, swimming
modality; Reserve, respective difference between measures of Recovery and Stress. * p<0.05, vs. Sprint; # p,0.05 vs. Initial period; $ p<0,05 vs. GP; ANOVA and Bonferroni’s test.



Table 5. Correlation between heart rate variability and recovery-stress scales

Heart rate variability variables

Moments Scales RMSSD LF HF SD1 SD2 RRtri
r p r p r p r p r p r p
General Stress  -0.233  0.214 0.0143 0.940 -0.012 0.948 -0.275 0.142 -0.194 0.306 -0.155 0.412
General Recovery  -0.022  0.907 -0.057 0.764 0.057 0.763 0.034 0.859 -0.083 0.662 -0.220 0.243
Sport Specific Stress  -0.259  0.167 0.029 0.881 -0.026 0.892 -0.265 0.157 -0.243 0.195 -0.220 0.243
o
© Specific Recovery  0.126  0.506 -0.157 0.409 0.156 0.411 0.145 0.443 -0.071 0.707 -0.074 0.696
General Reserve 0576  0.001* -0.409 0.025* 0411 0.024*  0.521 0.003*  0.347 0.060 0.476 0.008 *
Specific Reserve  0.428  0.018 * -0.167 0.377 0.169 0.373 0.395 0.031* 0.326 0.078 0.405 0.027 *
General Stress  -0.128  0.499 0.059 0.758 -0.050 0.791 -0.116 0.542 -0.177 0.348 -0.178 0.346
General Recovery  0.538  0.002* -0.436 0.016 *  0.427 0.019*  0.390 0.033*  0.167 0.379 0.133 0.482
Sport Specific Stress  -0.043  0.822 0.061 0.750 -0.053 0.779 -0.114 0.550 -0.114 0.549 -0.155 0.412
o
= Specific Recovery ~ 0.498  0.005* -0.312 0.094 0.306 0.100 0.324 0.080 0.242 0.198 0.191 0.312
General Reserve  -0.309  0.096 0.245 0.193 -0.230 0.222 -0.448 0.013* -0.440 0.015* -0.476 0.008 *
Specific Reserve  -0.158  0.404 0.089 0.638 -0.083 0.663 -0.242 0.198 -0.214 0.256 -0.166 0.381
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General Stress
General Recovery

Sport Specific Stress

CP

Specific Recovery
General Reserve

Specific Reserve

0.017

0.082

0.056

0.156

-0.329

-0.172

0.928

0.665

0.768

0.412

0.076

0.362

-0.119

0.186

-0.152

0.115

0.229

0.153

0.532

0.325

0.423

0.544

0.224

0.419

0.108

-0.175

0.150

-0.118

-0.218

-0.152

0.570

0.356

0.429

0.535

0.246

0.423

0.111

-0.227

0.183

-0.071

-0.322

-0.312

0.559

0.228

0.332

0.710

0.083

0.093

0.130

-0.177

0.138

0.028

-0.277

-0.286

0.493

0.348

0.467

0.883

0.139

0.126

0.062

-0.251

0.072

-0.004

-0.377

-0.349

0.744

0.181

0.703

0.983

0.040 *

0.059

RMSSD, root mean square of successive R-R intervals; LF, low frequency; HF, high frequency; SD1, standard deviation of instantaneous variability beat-to-beat; SD2, long-term standard
deviation of continuous R-R intervals; RRtri, Triangular index; GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive period. * p<0.05;

Pearson’s Correlation.
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Table 6. Descriptive results of sport injuries incidence according to group and training periodization

Periods of training periodization

Variables Group
GP TP CP Total
Sprint 3 (17.7%) 5 (29.4%) 2 (11.8%) 6 (35.3%)
Injured Athletes
Endurance 2 (15.4%) 3 (23.1%) 2 (15.4%) 6 (46.2%)
Sprint 3 (25.0%) 7 (58.3%) 2 (16.7%) 12 (57.1%)
Sports injuries
Endurance 3 (33.3%) 3 (33.3%) 3 (33.3%) 9 (42.9%)
Sprint 0.18 0.41 0.12 0.71
Cases/ Athlete
Endurance 0.23 0.23 0.23 0.69
Sport -
Incidence Athlete
Endurance 1.5 1.0 1.5 1.5
Sprint 0.0010 (0.0000) 0.0014 (0.0005) 0.0010 (0.0000) 0.0214 (0.0068)
Cases/ 1000 hours *
Endurance 0.0015 (0.0007) 0.0010 (0.0000) 0.0010 (0.0000) 0.0136 (0.0050)

GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive period; * values presented in mean and standard deviation; T p<0.05 vs.

Sprint; Student t-test.
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Figure 1. Periodization of training according to the group's specialty. MICR, microcycle; MESO, mesocycle; INT (%), intensity; WK (Km),
week volume (Km).
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Figure 2. Sport injuries incidence in swimming according to group and training periodization; (A)
Sprint group; (B) Endurance group; GP, period of general preparation; TP, period of technical and
specific preparation; CP, competitive period; Goodman test (p>0.05).
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Abstract

Background: Despite understanding that the training overload can result in stress,
reduced heart rate variability (HRV), and sports injuries, these issues are still not well
understood considering swimmers’ different age groups. This study analyzed recovery-
stress state and HRV sports as well as injury prevalence and incidence, in swimmers’
different age groups during a training macrocycle.

Methods: Thirty-one swimmers (15 until 30 years-old) were divided in two age-
groups: Young (n=17) and Master (n=14). Subjects were evaluated during a twenty-
week training periodization, scheduled for three stages: general and technical
preparation, besides competition. HRV indexes integrated time-domain analyses and
geometric measures. Besides sport injuries incidence, stress/recovery states in athletes
were prospectively analyzed. All proceedings were developed in the initial moment and
at the end of each periodization step.

Results: In a global context, the Young has presented higher sport specific stress score
than the Master group (p=0.041). General training period resulted in greater measures of
fatigue and injury in the Young, and reduced somatic relaxation score in the Master
group. Concerning sports injuries, incidence and prevalence of injured athletes have
been higher in the Master than in the Young. Moreover, the Young group presented
significant reductions in several HRV variables along the training macrocycle.
Conclusion: Although swimming training periodization has decreased heart rate
variability in both age groups, it has impaired general scores of recovery, and resulted in
a higher incidence and increased prevalence of sports injuries per athlete in the Master,

compared to the Young group.

Key words: athletic injuries, autonomic modulation, exercise, fatigue.
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INTRODUCTION

The autonomic nervous system plays a key role in regulating changes and
responses in the cardiovascular system and its adaptation to multiple human body
conditions [1]. Autonomic regulation of heart rate as an indicator of the body’s ability to
adapt to a training stimulus has been evaluated in many studies through heart rate
variability (HRV) and post-exercise heart rate recovery [2, 3]. Chronically, physical
training stimulus leads to an autonomic adjustment evidenced by a reduced sympathetic
and an increased parasympathetic outflow to the heart [2, 3]. Hence, increases in active
vagal-related indexes of resting and post-exercise HRV are evident when positive
adaptation to training has occurred, allowing increments in performance [4, 5]. This
physiological response is accompanied by improvements in the autonomic regulation of
the heart and a large decrease in heart rate (HR) [2]. Negative effects derived from
physical training are generally associated with reduced vagal activity and diminished
HRV, which may be related to overtraining states and onset of sports injuries [6, 7].

On the other hand, increases in post-exercise HRV also occur in response to
overreaching and overtraining, in elite athletes, supporting that additional parameters of
training tolerance may be required to determine whether training-induced changes in
these parameters are related to positive or negative adaptations [8]. In this context, the
Recovery-Stress Questionnaire for Athletes (RESTQ-Sport) has also been used to assess
the recovery-stress state of different athletes [9]. Recovery-stress state indicates the
extent to which an individual is physically and/or mentally stressed, with increased
probability of sports injuries, and whether or not the person is capable of using
individual strategies for recovery [9]. Actually, accentuated training overload and
psychological stress have been inversely associated with HRV and physical
performance in endurance athletes [10]. Moreover, high stress and overtraining state
may contribute to the onset of sports injuries [11].

Importantly, some few studies have established relations between training
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overloads and HRV in swimming; Nicolas et al. [12] documented that increased vagal
modulation has been associated with improved cardiorespiratory capacity and physical
performance in young swimmers. Other authors [3, 13] have verified that fatigue states
are accompanied by unchanged HRV measures in master swimmers. These studies
integrated short periods of evaluation, and no investigation has examined relationships
among HRYV, recovery-stress state, and occurrence of sports injuries in different age
groups of swimmers. Some studies documented that regular swimming training has
contributed to the onset of sports injuries in young [14] and master competitive athletes
[14, 15]. In this context, young and master athletes have presented different responses to
regular swimming training [1, 2] and monitoring these effects is essential to prevent
sports injuries and to optimize athletic performance.

Therefore, the present study was purposed to analyze recovery-stress state and
sports injuries prevalence and incidence, as well as HRV in different age groups of
swimmers during a training macrocycle. Since master swimmers usually have higher
history of competitive practice of swimming, as initial hypothesis, master athletes
present increased stress as well as sports injuries prevalence and incidence, and more

accentuated HRV disorders compared to younger swimmers.

METHODS
Design and Subjects

The present study has integrated a prospective design, in which athletes who
already followed a specific training program were accompanied and tested along some
time. Casuistry integrated thirty-one healthy trained athletes aged 15-30 years (11
women and 20 men). This convenience sample was composed of athletes of all
swimming styles and distances, current participants in diverse regional and national
competitions in Brazil. Based on age, participants were divided in two groups: Young,

composed of athletes aged 15-17 years (n=17 athletes, 5 women and 12 men), or
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Master, that included volunteers aged 18-30 years (n=14, 6 women and 8 men). While
Young was 15.8+0.83 years old, and 4.7£1.9 years of time as practitioner at
Confederacdo Brasileira de Desportos Aquaticos, CBDA, Brazil, Master group was
26+4.85 years old and 5.7+2.5 years as federated practitioner at CBDA, Brazil. O grupo
juvenil integrou 6 fundistas (breaststroke n= 2; freestyle n= 6; butterfly n= 2 and
backstroke n= 1) e 11 velocistas (breaststroke n= 3; freestyle n= 8; butterfly n= 1,
backstroke n= 3 and medley n=1). J& o grupo master foi composto por 7 velocistas
(breaststroke n= 3; freestyle n= 6; butterfly n= 1, backstroke n= 1) e 7 fundistas
(freestyle n= 3, backstroke n=2 and medley n=4).

The prospective study was developed during a 20-week macrocycle of
swimming training, and scheduled between January and June 2016. Training
periodization consisted of the classical theory of Matveev, which has promoted wave-
like progression (periods of overload interspersed with periods of recovery), typically
moving from an overall training towards specific and competitive training steps. In the
present study, initial and specific training periods had a similar duration interval of eight
weeks, while competitive stage totalized four weeks of duration. During the training
macrocycle, proceedings for body weight and density evaluation, heart rate variability
analysis, Recovery-Stress-Questionnaire for Athletes (REST-Q Sport) [9], and sports
injuries incidence were evaluated at the baseline (initial moment), and after eight-week
(period of general preparation, GP), 16-week (period of specific preparation, SP), and
20-week (competitive period, CP) training periodization.

The present investigation was approved by the Research and Ethics Committee
of the Federal University do Mato Grosso do Sul (UFMS), approval n® 1.300.377,

CAAE 46913915.3.0000.0021.
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Procedures to analyze anthropometry, stress and recovery conditions, and sports
injuries incidence

Initial evaluation was also destined to obtain information about general
characterization, training history and swimming style. Concerning the anthropometric
measures, standing height (cm) was obtained with a portable stadiometer (Sanny,
Brazil), while body mass was evaluated with an electronic flat-bed scale (Welmy R-110,
2010 Sao Paulo, Brazil). To estimate body fat percentage, skinfold sites were located
using a scientific caliper (Sanny, Brazil), as described by Jackson and Pollock (1978).
Measurements were taken in participants wearing minimal clothing; volunteers were
instructed to wear swimming trunks, briefs, underwear or tight-fitting shorts. Only the
right side of the body was used for unilateral skinfold thickness measurements in order
to maintain consistency in the measurement method.

In order to examine the balance between stress and recovery at the baseline and
after each training period, participants completed the Recovery-Stress Questionnaire for
Athletes (RESTQ-Sport), a systematically used method to study overtraining in athletes
[9]. The RESTQ-Sport consists of 77 items (19 scales with four items each plus a
warm-up item), which participants answer retrospectively. This questionnaire is
scheduled in seven general stress scales (General Stress, Emotional Stress, Social
Stress, Conflicts/Pressure, Fatigue, Lack of Energy, Physical Complaints), five general
recovery scales (Success, Social Recovery, Physical Recovery, General Well-being,
Sleep Quality), three sport-specific stress scales (Disturbed Breaks, Emotional
Exhaustion, Injury), and four sport-specific recovery scales (Being in Shape, Personal
Accomplishment, Self-Efficacy, Self-Regulation). A Likert-type scale is used with
values ranging from 0 (never) to 6 (always); high scores in the stress-associated activity
scales reflect intense subjective stress, whereas high scores in the recovery-oriented
scales are associated with good recovery activities.

To collect data on sport injuries incidence, a morbidity report was prospectively
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performed during training periods [15]. Sport injury was considered as any event of
musculoskeletal pain, feeling or injury that occurred from participation in sport
circumstance (training or competition), and caused changes in normal training
periodization activities to the mode, duration, intensity or frequency, regardless of
whether or not time is lost from training or competition [15]. All proceedings of
acquisition and report of information about sports injuries were performed by one
researcher.

Heart rate variability

In order to evaluate the heart rate variability at the baseline and after each
training period, volunteers were assessed individually under controlled conditions of 22-
24°C and 40-60% of relative humidity in the morning, between 7:00 and 11:00, to
minimize the circadian rhythm interference. Participants were previously instructed to
avoid alcoholic and/or stimulant drinks such as coffee or tea, and those taking
continuous prescription drugs, such as bronchodilators, mucolytics and anti-
inflammatory interventions, were requested to suspend their medication for a period of
12 hours prior to the HRV evaluation. Also, volunteers were oriented to suspend
exercises and training activities for a period of 24 hours before HRV analysis. The
protocol did not disturb the periodization.

After receiving explanation about data collection procedures, an electrode was
placed on the participant’s chest at the sternal angle using an elastic strap, and the heart
rate receiver (Polar Electro, model V800, Finland) was attached to the patient’s wrist.
The equipment had previously been validated to record beat-to-beat heart rate and for
use in collecting HRV data for analysis [16]. Afterwards, volunteers were instructed to
remain alert, in silence, with spontaneous breathing resting in the supine position for 20
minutes on a couch [17].

To analyze HRV measures, 1000 intervals of consecutive cardiac beats were

used, selected after digital filtering, complemented by manual depuration to cut out
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artifact and ectopic beats, and only series with more than 95% of sinus beats were
included in the study [17]. The analysis procedures integrated measurements in the time
domain, and geometric indexes [17]. Measures of RMSSD (root-mean square of
differences between adjacent normal RR intervals in a time interval expressed in
milliseconds), SDNN (standard deviation of all normal RR intervals recorded in a time
interval expressed in milliseconds), and pNN50 (percentage of absolute differences
between successive normal RR intervals that exceed 50 ms) were considered as
variables from time domain. Geometrical methods integrated analysis of RRtri, TINN
(triangular interpolation of NN interval histogram) and Poincaré plot (SD1, standard
deviation of the instantaneous variability beat to beat; SD2, standard deviation of the
long-term variability; and SD1/SD2 ratio). RRtri was calculated from the construction
of a density histogram of RR intervals, which contains the horizontal axis of all possible
values of RR intervals measured on a discrete scale with 7.8125 ms boxes and on the
vertical axis, the frequency in which each occurred. The RRtri was obtained by dividing
the total number of RR intervals used to construct the histogram by their modal
frequency (RR interval value that most frequently appeared on RR).

The Poincaré plot is a scattergram in which each R-R interval is plotted as a
function of the previous R-R interval [16, 17]. In order to analyze the plot, an ellipse
was fitted to the points of the chart, with the center determined by the average RR
intervals, and the SD1 indexes were calculated to measure the standard deviation among
the distances of the points to the diagonal y = x. SD2 measures were used to calculate
standard deviation of the distances of points to the line y = - x + RRm, where RRm is
the average of RR intervals. The SD1 is an index of instantaneous recording of the
variability of beat-to-beat and represents parasympathetic activity, while the SD2
represents HRV in long-term records, and reflects the overall variability. Their ratio
(SD1/SD2) shows the ratio between short and long variations of RR intervals [25]. The

HRV analysis software Kubios 2.0 (Biosignal Analysis and Medical Image Group,
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Department of Physics, University of Kuopio, Finland) was used to calculate these data.

Proceedings of statistical analysis

Statistical analysis was performed using the Sigma Stat statistical package
version 3.5 (SYSTAT, Inc. San Jose, CA, USA) software. Results were presented as
descriptive measures of centrality and variability or position. Data distribution was
checked using the Kolmogorov-Smirnov test. General characteristics, HRV, and
RESTQ variables were evaluated by Repeated Measures Two-Way ANOVA. When
significant differences were found (p<0.05), the post hoc Bonferroni’s multiple
comparisons was performed. Results of history of training as well as sports injuries
incidence per 1000 hours were analyzed using Student t-test. For all statistical

proceedings, level of significance was considered to be 5%.

RESULTS

Concerning the general characterization, history of training time was similar
between groups (Young, 4.70£1.93; Master, 5.71+2.49 years; p=0.214).
Anthropometrically, the Master group has presented increased levels of body density
and lower relative measures of fat from the 8" training week - GP, in comparison to the
initial moment (p<0.001). Concerning age effects, the Young has showed higher values
of performed distance in swimming training than the Master group during GP and SP;
both groups showed reduction of performed distance with the macrocycle development
(Table 1).

Results of summarized recovery-stress monitoring are presented in Table 2.
Despite age groups, general reserve values at the end of the period of general
preparation were lower than the initial measures (Initial, 6.95 + 0.88; GP, 3.42 + 0.88;
p=0.035). Regarding sport specific domain, stress levels of the Young group were

reduced in CP compared to GP; within a global context, the Young has presented higher
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sport specific stress score than the Master group (Young, 9.33 £ 0.44; Master, 7.92 +
0.49; p=0.041). Sport specific reserve was reduced within the Young group after eight
weeks of general training preparation; both age groups have showed increased measures
of reserve at the CP in comparison to GP (Table 2).

More detailed recovery-stress scales are exposed in Table 3. Taking into account
stress scales, GP training has amplified fatigue, somatic complaints, and injury scores in
the Young in relation to the initial moment; fatigue scores remained unchanged until the
end of the macrocycle. In general, injury score was higher in the Young than in the
Master (p=0.042). On the other hand, GP and TP trainings impaired somatic relaxation
and sleep quality, respectively, in the Master group; concerning sport specific scores,
being in shape, self-efficacy, and self-regulation scales were increased at the end of the
competitive period for master athletes. It is noteworthy that Master reported lower self-
efficacy and self-regulation scores in comparison to the Young athletes (p=0.012).

Concerning prospective analysis of sports injuries, prevalence of injured athletes
has been higher in the Master in comparison to the Young group, mainly along GP and
TP. Furthermore, master swimmers showed higher number of sports injuries and
measures of incidence of cases per athlete than the young athletes, during the periods of
general and specific preparation as well as total incidence. Differentially, total incidence
indexes of cases per injured athletes and cases by 1000 hours (p>0.05) of training were
similar between age groups (Table 4).

Concerning HRV assessment, the Young group presented significant reductions
in several time-domain variables (RMSSD and RR Interval), from the period of general
preparation until the competitive moment (Table 5). About the geometric indexes of
HRYV, young swimmers showed lower values of SD1 in the CP, when compared to the
end of the general preparation; Master has exhibited reduced levels of SD1/SD2 ratio
after competitive preparation, compared to the initial moment. Additionally, TINN

values were higher in the Young compared to the Master, during GP and CP moments
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(Table 6); SD1/SD2 was increased in the Young in relation to the Master during TP

training and in global context (Young, 0.441 + 0.026; Master, 0.360 + 0.028; p=0.048).

Discussion

The present study aimed to prospectively investigate balance between
physiological stress and recovery, prevalence and incidence of sports injuries, as well as
HRV in young and master swimmers of different styles, during a training macrocycle.
As an initial hypothesis, it was established that master athletes present increased stress,
sports injuries prevalence and incidence, as well as more accentuated HRV disorders,
when compared to younger swimmers. Actually, the Master group presented some
impaired general scores of recovery, reduced global heart rate variability, as
demonstrated by the values of SD1, SD1/SD2 and TINN, and higher values of incidence
and prevalence of sports injuries per athlete, in relation to the Young group.

On the other hand, training periodization has also promoted important effects on
younger swimmers. The Young group showed higher stress levels, as well as
progressive reduction in heart rate variability showed by RRtri, Mean HR and RR
interval from the beginning through the end of the macrocycle. Concerning the HRV,
several parameters, as RMSSD, RR interval, and the geometric index SD1, reflect the
parasympathetic modulation due to young athletes’ swimming training. Nicolas et al.
[12] reported that young swimmers have presented inferior levels of parasympathetic
activity accompanied by increased sympathetic stimulation in response to progressive
training overload (2 weeks). Since the Young group has showed higher values of
training volume than the Master during all training macrocycle (Table 1), it is possible
to argue that both age groups presented lower parasympathetic activity due to
progressive training overload.

Actually, swimming training is characterized by high measures of volume and

intensity despite style and age category [18]. In order to increase possibilities of sports
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success in the adult phase, sports training schedules for infant and teenage practitioners
have tried to hasten improvements in physical and technical performance [19]. Injury
and sport specific stress scores were globally higher in the Young than in the Master
group (Tables 2-3), suggesting substantial impact of training practice on younger
swimmers. As a probable result, incidence of sports injuries was higher in the Young
than in the Master group along competitive period, despite progressive reduction of the
training volume and stress scores during this training stage (Table 4). Notably,
inadequate training planning can promote excessive exposure to physical overload,
which can impair motor development, with potential risks for overtraining and sports
injury occurrence in teenage athletes [19, 20].

Taking into account that muscle power and anaerobic capacity are essential to
swimming performance, increased sympathetic activity conjugated to parasympathetic
inhibition have been supporting a neural adaptation in order to increase athletic
performance based on improved cardiovascular function and perfusion [21]. Elite
athletes have presented reduced vagal nerve stimulation and improved sympathetic
response during competitive sport practice, and autonomic activation for the posterior
period of rest [12, 22, 23]. Accordingly, both age groups have showed increase in the
sport specific reserve through general preparation until competitive period (Table 4),
besides decrease sport injuries incidence during competitive period in comparison to
technical training interval (Table 4).

Traditional training periodization promotes wave-like progression (overload
alternated with recovery), moving from general training (high-volume/low intensity),
and common to general preparation period, towards specific training (low volume/high
intensity). In the global context, it is noteworthy that general preparation has been
associated with impaired scores of general and sport specific reserves, fatigue, somatic
complaints and injury, as well as high sports injuries incidence. Classically, training

periods involving high workload are generally accompanied by substantial fatigue and
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acute performance reduction [24]. If these circumstances of overload are followed by
appropriate recovery periods, training processes result in metabolic and functional
improvements in order to optimize physical performance [25]. In this study, somatic
complaints and relaxation scores were reduced in Young and Master groups,
respectively, after general preparation period (Table 3). Probably, elevated training
overload associated with deficient recovery have disordered recovery-stress
relationships, and important sports injuries incidence during general preparation period
in both age groups.

Likewise, heart rate variability was unaffected during this first training period.
Differentially, in the presence of adequate recovery, general preparation periods have
been associated with improved parasympathetic modulation in athletes, and enhanced
vagal activity derived from this period is essential to sustain better physical
performance for the posterior training periods [24].

Moreover, the Master group has presented lower measures of SD1/SD2 ratio due
to training macrocycle, and reduced TINN levels in comparison to the Young group
(Table 6). In the present study, the indices SD1, SD2 and SD1/SD2 ratio were
calculated quantitatively. SD1 is an index of instantaneous recordings of beat-to-beat
variability and represents parasympathetic activity, while the SD2 index records the
long-term HRV and reflects the overall variability. Therefore, the ratio of both
(SD1/SD2) shows the ratio between short and long variations of RR intervals [27, 29].
Also, TINN measure expresses global heart rate variability [28, 17], and some studies
have documented multiple age effects on cardiac autonomous control, and aging has
usually reduced global heart rate variability during rest conditions [22]. Results of
SD1/SD2 and TINN have suggested that the Master group presented lower cardiac
parasympathetic modulation than the Young. Reductions in SD1/SD2 have also been
related to increased body density and lower body fat [17, 29]. Master revealed lower

measures of body fat and higher results of density right after general preparation period
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associated with reduced indexes of HRV (Table 1). Rossi et al. [30] documented that
young highly trained swimmers had lower fat mass, increased fat-free mass, and better
HRV measures than young adult non-athletes and suggests that a lower amount of fat
mass and, especially, a greater fat-free mass are linked to better autonomic modulation.
Instead, concerning the design of the present study, age groups were composed
of practitioners of different swimming styles, including sprinters and endurance
athletes. Although this factor is similar within and between age groups (~50% for sprint
and 50% of endurance), the influence of this variable on the results may not be
discarded, and configures a limitation of the present study. Moreover, since some
swimmers may participate in a higher number of national and regional competitions,
different workloads may result in increased risk for overtraining and onset of sports
injuries. Therefore, new investigations should be carried to clarify the participation of
these circumstances in balance between physiological stress and recovery, prevalence

and incidence of sports injuries, and HRV in young and master swimmers.

Conclusion

Although swimming training periodization has produced progressive activation
of the sympathetic nervous system and decreased heart rate variability in both age
groups, it has impaired general scores of recovery, and resulted higher incidence and

prevalence of sports injuries per athlete in Master, compared to the Young group.
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Table 1. General characteristics according age group and training periodization

Periods of training periodization

Factors (p-value)

Variables Group
Initial GP TP CP Age (Group) Period Interaction
Young 69.3+2.8 69.4+29 69.6 £2.9 70.1+28
Body mass (kg) 0.827 0.894 0.100
Master 71.2+3.2 70.6 £ 3.0 70.2+29 70.0+3.0
. Yo 1735+2.3 1735+2.2 1735+2.3 173.7 £ 2.3
Body height ung
(cm) 0.772 0.663 0.578
Master 172.3+3.0 172.6 +3.1 1725+3.1 1725+3.1
. Young 1.072 £ 0.002 1.073 £ 0.003 1.074 £ 0.003 1.073 £ 0.003
Body density
(g/ml) 4 u u 0.552 <0.001 0.168
Master 1.067 +0.002 1.072 £ 0.002 1.073 £ 0.002 1.072 £ 0.003
Young 11.93 +1.19 11.39+1.32 10.92 + 1.37 11.32+1.34
YoFat 0577 <0.001 0.155
# # # . . .
Master 14.07 +1.13 11.85+0.94 11.48 £ 0.91 11.92 +1.33
. Young - 194.53 + 29.89 168.18 + 28.24 49.23 +6.96 %
Training volume
(km) ) . st 0.081 <0.001 0.014
Master - 133.50 + 3.98 107.07 £1.19 41.07 £0.57

Values expressed as mean + standard deviation; %Fat, fat percentual; GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive
period; SM, swimming modality. * p<0.05 vs. Young group; # p<0.05 vs. Initial period; $ p<0.05 vs. GP; 1 p<0.05 vs. TP; Two-Way ANOVA and Bonferroni’s test.
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Table 2. Summarized recovery-stress scales by domain according age group and training periodization
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Domain Variable Group

Periods of training periodization

Factors (p-value)

Initial GP TP CP Age (Group) Period Interaction
Young 7.71+1.00 9.74+0.81 8.56 +0.84 9.02+0.71
Stress 0.148 0.081 0.785
Master 7.37+£0.97 8.89 +0.63 6.79 £ 0.70 7.59 +0.83
T Young 13.76 £ 0.85 12.59 + 0.66 13.85+0.78 13.81+0.70
g Recovery 0.505 0.079 0.482
8 Master 15.20 £0.72 12.87 £0.81 13.06 £0.70 14.53 £0.80
Young 6.06 £ 1.65 2.85+1.30 5.28 £1.33 4.79+1.23
Reserve 0.226 0.042 0.963
Master 7.83 £1.53 3.98+1.32 6.27 £1.16 6.94 £ 1.35
Young 8.23+£0.94 11.18 £0.92 10.10 £ 0.78 7.82+0.75°
Stress 0.041 <0.001 0.984
Master 6.90+1.10 9.86 + 0.58 8.29+0.78 6.64 +0.93
o
:§ Young 15.46 £ 0.87 13.23£1.02 14.57 £ 0.99 15.09 £ 0.99
& Recovery 0.147 0.059 0.122
= Master 12.66 + 1.26 13.30 £ 0.86 11.87 £0.87 15.98 £ 0.86
o
@ Young 7.22+1.36 2.06+1577 4.47 +1.55 726 +151°
Reserve _ 0.809 <0.001 0.534
Master 5.76 £ 1.52 345+1.16 3.59+1.26 9.34+1.53°

Values expressed as mean + standard deviation; GP, period of general preparation — Basis; TP, period of technical and specific preparation — Specific; CP, competitive
period — Competition; SM, swimming modality; Reserve, respective difference between measures of Recovery and Stress within each domain. # p<0.05 vs. Initial period; $
p<0.05 vs. GP; 1 p<0.05 vs. TP; Two-Way ANOVA and Bonferroni’s test.



Table 3. Changed recovery-stress scales according age group and training periodization
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Age groups and periods of training periodization

Factors (p-value)

Parameters Young Master
Initial GP TP CP Initial GP TP CP Age (Group) Period Interaction

General stress

Fatigue 6.71+0.96 12.06+1.13" 9.88+1.19 10.35+1.21 8.14+0.94 1043+1.20 8.00+0.88 8.86 + 1.89 0.355 0.014 0.438
Somatic complaints  7.41+1.12 11.76 +1.07 * 788+0.87° 8.59 + 0.87 5.64 +0.92 8.50+0.97* 7.64+1.21 7.71+1.03 0.067 0.004 0.445
Specific stress

Exaustion 7.82+131 9.18%1.25 8.29£0.99 482+1.08°%° 543+1.23 8.21+1.16 7.29+1.25 3.86+0.84 0.107 0.003 0.908
Injury 9.06+1.09 1535+129" 11.76+1.02 941+103°% 793+1.65 1221+124 886+1.11 8.43+1.23 0.042 <0.001 0.696
General recovery

Somatic relaxation 1476 +1.34 10.82+0.71 13.29+0.99 13.35+0.93 1579+1.17 12.79+0.70" 12.36+1.16 14.79+0.98 0.339 0.003 0.441
Sleep quality 1047 +£0.73 8.82+0.76 9.35+0.76 10.47 +0.62 11.57+0.66 10.57+0.66 8.71+0.53" 10.00+0.66 0.443 0.023 0.190
Specific recovery

Being in shape 1512 +1.04 11.71+1.12 1429+0.93 14.23+1.32 1536+0.99 1221+094 1264+1.06 17.07+1.15°% 0.597 0.002 0.193
Self-efficacy 1500+£1.18 1259+1.38 1359+1.09 14.18+0.99 13.14+1.03 12.64%1.39 9.86+1.01" 14.86+0.72" 0.205 0.039 0.167
Self-regulation 16.18+1.15 14.23+1.40 1500+1.40 1582+1.31 10.00+2.10 12.79+1.12 1250+1.03 1571+1.17" 0.012 0.224 0.159

Values expressed as mean + standard deviation; GP, period of general preparation — Basis; TP, period of technical and specific preparation — Specific; CP, competitive period —
Competition; SM, swimming modality; Reserve, respective difference between measures of Recovery and Stress. * p<0.05 vs. Young group; # p<0.05 vs. Initial period; $ p<0.05 vs. GP; t
p<0.05 vs. TP; Two-Way ANOVA and Bonferroni’s test.



Table 4. Descriptive results of sport injuries incidence according group and training periodization
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Periods of training periodization

Variables Group
GP TP CP Total
Young 3(17.6) 4 (23.5) 3(17.6) 6 (35.3)
Injured Athletes
Master 7 (50.0) 6 (42.9) 0 (00.0) 7 (50.0)
Young 3(27.3) 5 (45.4) 3(27.3) 11
Number of injuries
Master 7 (53.8) 6 (46.1) 0 (00.0) 13
Young 0.18 0.29 0.18 0.65
Cases/ Athlete
Master 0.50 0.43 0.00 0.93
Cases/ Young 1.0 1.2 1.0 11
Sport Injuries
Incidence Injured Athletes Master 1.0 1.0 0.0 1.0
Young 0.0010 + 0.0000 0.0012 + 0.0005 0.0010 + 0.0000 0.0166 + 0.0068
Cases/ 1000 hours *
Master 0.0010 + 0.0000 0.0010 £ 0.0000 - 0.0198 £ 0.0040

GP, period of general preparation; TP, period of technical and specific preparation; CP, competitive period; * values presented in absolute and relative

numbers; Student t-test.



Table 5. Linear analysis of heart rate variability in time domain according group and training periodization
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Periods of training periodization

Factors (p-value)

Variable Group
Initial GP TP CP Age (Group) Period Interaction
Young 84.32 +6.34 84.26 £ 7.97 82.12 £ 6.56 69.61 + 4.55
SDNN 0.810 0.254 0.571
Master 73.91+11.71 83.42 £11.97 78.28 £ 8.37 75.21 £ 10.38
Young 65.65 * 6.45 73.98 £9.42 67.69 £9.79 50.66 + 3.62 °
RMSSD 0.199 0.009 0.529
Master 54.29 +10.19 61.09 £ 12.60 4527 £8.91 44,99 £4.94
Young 38.55+4.18 41.13+4.64 39.74 £5.30 31.58 +3.45
pNN50 0.055 0.072 0.409
Master 27.39+6.61 31.92+7.25 20.91 £5.03 23.55+4.44
Young 946 + 23 992 + 31 920 + 19 891+21°
RR Interval 0.252 0.011 0.877
Master 975 + 39 1002 + 24 943 + 36 942 + 27
Young 64.61 + 1.64 61.95 £ 2.02 66.13 £ 1.34 68.45+1.72°
Mean HR 0.241 0.007 0.875
Master 62.97 £ 2.17 60.08 £ 2.20 65.23 £2.23 64.84+1.74
Values expressed as + standard deviation; SDNN, standart deviation of normal-normal beats; RMSSD, root mean square

of successive R—R intervals; pNN50, percentage of absolute differences between successive normal RR intervals that exceed 50 ms. GP, period of general
preparation; HR, heart rate; TP, period of technical and specific preparation; CP, competitive period. $ p<0,05 vs. GP; Two-Way ANOVA and Bonferroni’s test.
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Periods of training periodization

Factors (p-value)

Variable Group
Initial GP TP CP Age (Group) Period Interaction
Young 46.33 £ 4.56 52.34 + 6.66 47.90 £ 6.93 36.11+2.55"
SD1 0.215 0.013 0.564
Master 38.41+7.21 43.30 £ 8.90 32.85£6.25 32.54 £3.48
Young 109.34 £ 8.16 106.03 £ 9.84 104.75 £ 7.24 91.46 £ 6.41
SD2 0.898 0.641 0.106
Master 89.54 £11.73 101.63 £ 12.03 108.56 + 10.95 105.99 + 14.49
Young 0.423 £0.026 0.490 £ 0.036 0.440 £ 0.036 0.410 £ 0.029
SD1/sD2 . 0.048 0.011 0.088
Master 0.417 £0.046 0.398 £ 0.053 0.296 £ 0.032 * 0.330 £ 0.026
Young 19.57 +1.24 19.63+1.71 19.08 £1.25 16.94 + 0.962
RRtri 0.564 0.941 0.341
Master 17.44 +2.22 17.28 £1.90 18.21+1.34 18.76 £ 2.29
Young 259.7 £ 11.7 230.9 + 26.5 262.4 £15.2 284.4 +£18.4
TINN 0.004 0.086 0.818
Master 175.7+31.2* 176.1 + 23.6 215.7+£24.2 220.4+£27.0*

Values expressed as mean + standard deviation; SD1, standard deviation of instantaneous variability beat-to-beat; SD2, long-term standard deviation of continuous R-
R intervals; SD1/SD2, ratio between SD1 and SD2; RRtri, triangular index; TINN, triangular interpolation of RR intervals; GP, period of general preparation; TP, period
of technical and specific preparation; CP, competitive period; * p<0.05, vs. Young; # p,0.05 vs. Initial period; $ p<0,05 vs. GP; Two-Way ANOVA and Bonferroni’s test.
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5. CONCLUSAO

De acordo com os resultados e discussdes apresentadas, puderam-se realizar as seguintes
conclusdes:
- Na comparacdo entre especialidades (velocistas e fundistas):

O treinamento com velocistas foi associado a ativacdo progressiva do sistema
nervoso simpético e diminuicdo da variabilidade da frequéncia cardiaca, além de maior
incidéncia de lesdes esportivas, em comparacdo com a natacdo de resisténcia durante um
macrociclo. O periodo de treinamento ndo alterou o equilibrio entre estresse e recuperagédo
em velocistas e fundistas.

- Na comparacdo entre categorias por idades:

Embora a periodizacdo do treinamento em natacdo tenha diminuido a variabilidade
da frequéncia cardiaca em ambos 0s grupos etarios, ela prejudicou os escores gerais de
recuperacdo e resultou em maior incidéncia e aumento da prevaléncia de lesdes esportivas
por atleta no grupo Master, em comparagédo ao grupo Juvenil.

De modo geral, foram observadas importantes altera¢cdes da modulagdo autondmica
da frequéncia cardiaca e o aparecimento de sinais de overtraining e lesbes

musculoesqueléticas em nadadores, no decorrer de um macrociclo de treinamento.



