Universidade do Estado do Rio de Janeiro

4y
-\
W@

& :
2 UERJ§ Centro de Educacao ¢ Humanidades
%ﬁ'!\j:ﬂh%$

Instituto de Educacao Fisica e Desportos

Renato Tavares Fonseca

Efeitos do treinamento pliométrico e de for¢a sobre a impulsao vertical,
percepc¢ao subjetiva de esforco, dor muscular de inicio tardio e poténcia

muscular em jovens jogadores de futebol de campo.

Rio de Janeiro

2021



Renato Tavares Fonseca

Efeitos do treinamento pliométrico e de forca sobre a impulsao vertical, percepc¢ao
subjetiva de esforco, dor muscular de inicio tardio e poténcia muscular em jovens

jogadores de futebol de campo.

Tese apresentada como requisito parcial para
obtengdo do titulo de Doutor, ao Programa de
Pés-Graduacao em Ciéncias do Exercicio e do
Esporte da Universidade do Estado do Rio de
Janeiro. Area de concentragdo: Aspectos
Biopsicossociais do Esporte.

Orientador: Prof. Dr. Rodrigo Gomes de Souza Vale

Rio de Janeiro

2021



CATALOGACAO NA FONTE
UERJ/REDE SIRIUS/BIBLIOTECA CEH/B

F676 Fonseca, Renato Tavares.

Efeitos do treinamento pliométrico e de forga sobre a impulsdo vertical,
percepg¢ao subjetiva de esforco, dor muscular de inicio tardio e poténcia
muscular em jovens jogadores de futebol de campo / Renato Tavares
Fonseca. — 2021.

60 f.: il.

Orientador: Rodrigo Gomes de Souza Vale.
Tese (doutorado) — Universidade do Estado do Rio de Janeiro, Instituto
de Educacao Fisica e Desportos.

1. Exercicios fisicos - Teses. 2. Treinamento de forga - Teses. 3. Dor
muscular — Teses. 4. Esforgo fisico — Teses. 5. Adolescentes — Teses. 6.
Futebol — Teses. 1. Vale, Rodrigo Gomes de Souza. II. Universidade do
Estado do Rio de Janeiro. Instituto de Educacao Fisica e Desportos. III.
Titulo.

CDU 613.7
Bibliotecaria: Mirna Lindenbaum. CRB7 4916

Autorizo, apenas para fins académicos e cientificos, a reprodugao total ou parcial desta tese,
desde que citada a fonte.

Assinatura Data



Renato Tavares Fonseca

Efeitos do treinamento pliométrico e de forca sobre a impulsao vertical, percepc¢ao
subjetiva de esforco, dor muscular de inicio tardio e poténcia muscular em jovens

jogadores de futebol de campo.

Tese apresentada como requisito parcial para
obtenc¢do do titulo de Doutor, ao Programa de
Pos-Graduagao em Ciéncias do Exercicio e do
Esporte da Universidade do Estado do Rio de
Janeiro. Area de concentragdo: Aspectos
Biopsicossociais do Esporte.

Aprovada em 05 de agosto de 2021.

Banca Examinadora:

Prof. Dr. Rodrigo Gomes de Souza Vale (Orientador)
Instituto de Educacao Fisica e Desportos — UERJ

Prof. Dr. Luciano Alonso Valente dos Santos

Universidade Federal do Rio de Janeiro

Prof. Dr. Gilson Ramos de Oliveira Filho
Universidade do Estado do Rio de Janeiro - CAp-UERJ

Prof. Dr. Gustavo Casimiro Lopes

Instituto de Educacao Fisica e Desportos — UERJ

Prof. Dr. Rodolfo de Alkmim Moreira Nunes
Instituto de Educacao Fisica e Desportos — UERJ

Rio de Janeiro

2021



DEDICATORIA

Dedico este trabalho a todas as pessoas que de alguma forma amam o futebol, e assim como a todos aqueles que

sempre me incentivaram a percorrer esta trajetoria dentro do esporte.



AGRADECIMENTOS

Agradeg¢o imensamente primeiro a Deus, por ter me proporcionado alcangar a este
importante momento, que busco desde o inicio da minha trajetéria académica. Agradecer
também a todos os meus familiares, em especial a minha mae, dona Edilce, que sempre foi a
grande responsavel em estar ao meu lado, me orientando durante toda a minha infancia e
adolescéncia, enquanto o meu querido pai, seu Hélio, trabalhava pelo sustento da casa e pela
amizade e carinho que sempre demonstrou por mim. Ao meu avo sr. Detinho (in memorian),
que me chamava carinhosamente de “doutor”, quando eu era crianga e que sempre ajudou a
minha mae na dificil tarefa de educar os seus netos, além da minha avo Clarice (in memorian),
que sempre estava ao meu lado. Agradeco também a minha querida e doce companheira esposa,
Renata, que sempre esteve ao meu lado, com muito carinho, paciéncia e compreensdo e que
junto aos nossos filhos, Clarissa e Raphael, sempre foram as minhas grandes fontes de
inspiracgao pela busca deste objetivo em minha vida, e também ao meu irmao Wellington, que
também sempre me incentivou a trilhar e a alcangar os meus objetivos.

Gostaria também de agradecer ao meu grande amigo Rodrigo Vale, que por ironia do
destino, ap6s havermos concluido juntos a graduacdo em educacio fisica e havermos realizado
também juntos o TCC para a conclusdo do curso na UFRJ, anos depois, nos encontramos no
mestrado, na UCB e que me abriu as portas, para acessar ao doutorado na UERJ, seguindo eu
todos os tramites obrigatorios destinados aos candidatos a ingressarem no programa € que
tornou-se 0 meu braco amigo, como meu orientador e grande incentivador para concluir esta
importante etapa de realizacdo da minha vida académica e pessoal.

Agradecer também a todos os docentes do programa, que sempre me trataram com muito
respeito e profissionalismo, em especial ao amigo Rodolfo Alkimin e também a Juliana, que na
parceria junto ao laboratorio, sempre trouxeram uma palavra de otimismo, com muita alegria e
carisma nos encontros na universidade. Agradecer também ao Gustavo Casimiro, pelo apoio
junto ao laboratdrio de fisiopatologia, que junto a sua equipe, em muito me ajudou na coleta
dos dados dos jovens atletas de futebol que participaram deste terceiro e ultimo estudo da tese.

Finalizando, gostaria de agradecer muito aos componentes da minha banca
examinadora, que ja me ajudaram bastante na qualificagdo com varios conselhos que serdo
finalizados na defesa da Tese e também a todos os meus amigos, em especial ao compadre

Larry, que sempre esteve ao meu lado nos momentos alegres mas também nos mais dificeis



momentos que atravessei, no que se refere a doenca do meu pai, assim como também a minha

sogra Linda, que também sempre me incentivou na busca dos meus objetivos.



Obrigado a vida e a tudo que conspira a favor do amor... Que os caminhos que trilhei sirva
como fonte de inspiracdo... para todas as pessoas € em especial para os meus filhos, na busca
pelos seus objetivos, sempre com a honestidade e a honra que os dignifiquem como SERES

HUMANOS!!!

(Autoria propria)



RESUMO

FONSECA, Renato Tavares. Efeitos do treinamento pliométrico e de for¢a sobre a impulsao
vertical, percep¢do subjetiva de esforgo, dor muscular de inicio tardio e poténcia muscular
em jovens jogadores de futebol de campo. 2021. 60 f. Tese (Doutorado em Ciéncias do
Exercicio e do Esporte) — Instituto de Educac¢ao Fisica e Desportos, Universidade do Estado
do Rio de Janeiro, Rio de Janeiro, 2021.

O treinamento pliométrico (TP) e de forca muscular (TF), sdo aplicados em jovens
jogadores de futebol e geralmente possuem alta intensidade. Ambos produzem aumentos sobre
a impulsao vertical (IV), mas também podem gerar danos musculares, quando executados por
atletas mais jovens e desabituados a estes tipos de treinamento. Foram desenvolvidos nesta tese,
3 estudos: o estudo 1 € uma revisao sistematica, publicada no periodico RETOS que selecionou
10 artigos, onde trés destes, realizaram intervenc¢des mistas, ou seja, o TP associado a outros
métodos, incluindo o TF, sobre a IV e outras varidveis. Os outros sete artigos utilizaram o TP,
como intervengdo isolada, sem estar associada a nenhum outro tipo de treinamento. Em dois
artigos, ocorreram efeitos (p<0,05) sobre a IV bilateral e unilateral, assim como sobre outras
variaveis. Em um dos artigos, somente houve aumento (p<0,05) sobre a IV, quando o TP esteve
associado ao TF. Nos outros sete artigos que utilizaram o TP isoladamente, quatro deles
produziram efeitos (p<0,05) sobre a IV, outros trés encontraram efeitos (p<0,05) sobre o SH
(bipodal e unipodal), assim como sobre outras valéncias fisicas. No estudo 2, publicado no
peridédico Human Movement foram utilizados dois métodos de TP, sobre dois diferentes grupos,
um que realizou o treinamento diretamente sobre o solo (TPS) e o outro no ambiente aquatico
(TPA). As sessoes de treinos utilizaram o salto em profundidade (SP), ambos com o mesmo
volume, sobre as respostas de IV e dor muscular de inicio tardio (DMIT). Os resultados
demonstraram que tanto o TPS, quanto o TPA, produziram resultados (p<0,05) sobre a IV,
entretanto com redugdo (p<0,05) sobre a DMIT, observado somente no TPA. O estudo 3,
submetido ao periddico Biology of Sports foram utilizados 2 grupos experimentais, que
participaram de intervengdes diferentes, sendo um que realizou o TF, denominado (GTF) e o
outro o treinamento pliométrico (GPT), além de um grupo controle (GC). O objetivo do estudo
foi verificar os efeitos do TP e do TF sobre a IV, o tempo de elevacdo (TE), a percepgao
subjetiva de esforco (PSE), a DMIT, além do pico de poténcia muscular absoluta (PPA) e
relativa (PPR) em jovens jogadores de futebol. Neste estudo 3, somente no GTF, foram
observadas diferencas (p<0,05) sobre a IV, através do salto com contramovimento (SCM) e do
salto sem contramovimento (SSC), assim como sobre o PPA e o PPR. O GTP produziu aumento
(p<0,05) sobre a IV, somente através do SSC, mas com resultados (p>0,05) sobre o PPA ¢ o
PPR. Nas comparag¢des intragrupos sobre a PSE e a DMIT, ocorreram aumentos (p<0,05) sobre
os 3 grupos, mas na andlise intergrupos, somente os voluntarios do PTG apresentaram um
aumento (p<0,05) comparado ao STG e ao GC, com valores mais elevados de PSE e DMIT.
Estes aumentos sobre o PSE ¢ a DMIT podem ter influenciado os resultados (p>0,05) sobre o
GTP na avaliagdo da IV, através do SCM. Ocorreram correlagdes (p<0,05) no SCM e no SSM,
envolvendo o PPA e o PPR com a IV e entre o PPA e o PPR.

Palavras-chave: Treinamento pliométrico. Treinamento de for¢a. Impulsdo vertical.

Adolescentes. Percepgao subjetiva de esfor¢co. Dor muscular. Futebol.



ABSTRACT

FONSECA, Renato Tavares. Effects of plyometric and strength training on vertical jump,
rating of perceived exertion, pain, and muscular power in young male soccer players. 2021.
60 f. Tese (Doutorado em Ciéncias do Exercicio e do Esporte) — Instituto de Educagao Fisica
e Desportos, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, 2021.

The plyometric training (PT) and muscle strength training (ST) are applied in young
field soccer players and usually have high intensity. Both can to produce an increase in
performance on vertical jump (VJ), but these methods also can to produce muscle damage,
especially when performed by younger athletes who are not yet adapted to these types of
training. In this thesis, 3 studies were developed. The first study is a systematic review,
published in the journal RETOS, that selected 10 articles, where three of these articles
performed mixed interventions, with the application of PT with other methods, including ST,
on the VJ and other variables. The other seven articles used PT as an isolated intervention,
without being associated with any other type of training. It was found in two articles, effects
(p<0.05) on bilateral and unilateral VJ, as well as, about other variables. In one of the articles,
there was only an increase (p<0.05) on VJ, when the PT was associated with the ST. In the
other seven articles that used PT alone, four produced effects (p<<0.05) on the VJ, the other 3
articles found effects (p<<0.05) on the horizontal jump (HJ) (bipedal and unipedal), as well as
about other physical valences. The second study, published in the journal Human Movement,
two PT methods were used, on two different groups, one that performed training directly on the
ground (GPT) and the other in the aquatic environment (APT). The sets of training were
performed through the deep jump (DJ), both of them, with the same volume, on the responses
of VJ and the late onset muscle pain (DOMS). The results showed that the both of groups
produced results (p<0.05) on VJ, however with a reduction (p<0.05) on DOMS, observed only
in ATP. In third study, submitted to the journal Biology of Sport, had the formation of 2
experimental groups, that participated in different interventions, one that performed the strenght
training (ST), called (STG) and the other that performed the plyometric training (PTG), in
addition to one control group (CG). The aim of the study was to verify the effects of PT and ST
on VI, elevation time (ET), rating of perceived exertion (RPE), pain (DOMS), in addition to
muscle absolute power’s peak (APP) and muscle relative power’s peak (RPP) in young soccer
players. In this study, only in the GTF, differences were observed (p<0.05) on the VJ, through
the CMJ and the jump without countermovement (SJ), as on the APP and the RPP. The PTG
produced an increase (p<0.05) on VJ, only through SJ, but without significant results on APP
and RPP. In intragroup comparisons on RPE and DOMS, there were increases (p<0.05) over
the three groups, but in the intergroup analysis, only PTG volunteers showed an increase
(p<0.05) compared to STG and CG, with higher elevation on RPE and DOMS. The increases
on the RPE and the DOMS may have influenced the results (p>0.05) observed in the PTG on
evaluation of the VJ, through the CMJ. There were correlations (p<0.05) both in the CMJ and
in the SJ, involving the PPA and PPR with the IV and between the PPA and the PPR.

Keywords: Plyometric training. Strength training. Vertical jump. Adolescents. Rating of

perceived exertion. Muscle pain. Soccer.
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INTRODUCAO

O futebol ¢ um tipo de esporte com caracteristicas de agdes intermitentes que possui
movimentos explosivos como corridas de velocidade, saltos, mudancas de diregdo, utilizados
nas disputas de bolas e finalizag¢des, dentre outras a¢des técnicas. Estas acdes requerem poténcia
e forga dos musculos dos membros inferiores (MOHR et al., 2016), valéncias consideradas
muito importantes para a performance de jovens jogadores desta modalidade (FLAVIO et al.,
2018; FERLEY et al., 2020).

A performance neuromuscular (HAUGEN et al., 2013), o metabolismo anaerdbico e a
poténcia anaerdbica dos musculos das extremidades dos membros inferiores t€ém sido
identificados como fatores cruciais para o desenvolvimento do jogo (CAMPILLO et al., 2015).
A implementacao de treinos neuromusculares, com utilizagdo de estratégias de treinamento de
forca, pliometria e velocidade, durante a maturacdo, sdo eficazes para promover o
desenvolvimento fisico de jovens jogadores de futebol (RUMPF et al., 2013).

O treinamento pliométrico (TP) ¢ um método que busca o desenvolvimento da poténcia
muscular, que tem sido utilizado como uma estratégia especifica de treinamento para o esporte
(BIANCHI et al., 2018; FLAVIO et al., 2018). No TP ocorre uma curta acdo muscular
excéntrica, realizada pelo alongamento dos musculos que realizam a frenagem do movimento,
onde imediatamente a seguir ocorre uma contracdo concéntrica destes mesmos musculos,
também conhecido como o ciclo alongamento-encurtamento muscular (CAE), com a utilizagao
do armazenamento de energia potencial elastica (JLID et al., 2019).

O TP tem sido preconizado como um método apropriado para alcangar melhorias de
desempenho da impulsdo vertical no futebol (MARKOVIC; MIKULIC, 2010; MOHR et al.,
2016; JLID et al., 2019). O método possui efeitos positivos sobre a performance desta variavel,
quando utilizado em alta intensidade em jogadores de futebol (CAMPILLO et al., 2015). Esta
sequéncia de intensa contracdo excéntrica, produzida durante o alongamento dos musculos e a
imediata contragdo muscular concéntrica ocorrida a seguir, durante o encurtamento destes,
produz um aumento substancial sobre a altura do salto vertical, devido ao armazenamento de
energia potencial elastica nas fibras musculares e aos processos de ativagdo do reflexo de
estiramento (MAKARUK et al., 2014).

Além do TP, o treinamento de forca (TF), ¢ usualmente aplicado para o
desenvolvimento do sistema musculoesquelético de jovens jogadores de futebol

(PANAGOULIS et al., 2020). Esse tipo de treinamento ¢ estabelecido como um método eficaz
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para o desenvolvimento da aptiddo musculoesquelética e ¢ recomendado para melhorar a saude
e 0 desempenho (FORT-VANMEERHAEGHE et al., 2016). A rotina de treinamento objetiva
aumentar os niveis de forca e de hipertrofia muscular (MERLA et al., 2010). Estudos anteriores
tém explorado as relacdes entre a forca absoluta e algumas varidveis da performance atlética de
jogadores de futebol de campo (De HOYO et al., 2016; HAMMAMI et al., 2018).

Um aumento na for¢a de contragdo muscular dos membros inferiores, permitem uma
maior aceleragdo e velocidade, que sdo bases para habilidades fundamentais no futebol
(PENAILILLO et al., 2016). Segundo Ortega et al. (2020), vem sendo encontradas correlagdes
entre a forca maxima de agachamento, a impulsao vertical (IV) e a performance dos sprints de
10-m a 30m. Além disso, uma maior poténcia pode ser produzida, aumentando a velocidade de
execucdo da forca, que serd manifestada em maior velocidade no momento da execugdo do
gesto esportivo (PENAILILLO et al., 2016).

Os efeitos positivos do TF sobre a IV e as habilidades relacionadas a velocidade, vem
sendo amplamente estudados (GONZALEZ-BADILLO et al., 2015; De HOYO et al., 2016;
HAMMAMI et al., 2018; PANAGOULIS et al., 2020). O TF vem demonstrando efeitos
benéficos sobre a poténcia muscular e a performance de habilidades motoras de atletas
adolescentes (GONZALEZ-BADILLO et al., 2015). Embora o TF possua uma longa historia
no treinamento esportivo, o mais eficiente e apropriado método para o seu desenvolvimento
permanece controverso. Isso ocorre devido a uma série de fatores que compdem a carga do TF
(ex: % de 1RM, ntimero de séries e repetig¢des, tipo e ordem dos exercicios, duragdo dos tempos
de intervalo entre as séries € o numero de repeticoes e a velocidade de execucdo) e que as
adaptagdes neuromusculares e estruturais serdo diferentes, de acordo com os programas com
que cada treinamento ¢ conduzido (PAREJA-BLANCO et al., 2014).

O desenvolvimento da poténcia ¢ um foco primario de muitos programas de
condicionamento da forca muscular (DAWES; LENTZ, 2012). Em modalidades esportivas
intermitentes, como o futebol, a forca, a poténcia e a velocidade sdo consideradas varidveis
essenciais para a performance atlética (CRONIN; SLEIVERT, 2005). Ainda segundo
(DAWES; LENTZ, 2012), existem alguns caminhos para aumentar as respostas de poténcia e
a velocidade. Uma recomenda¢ao destes autores ¢ aumentar tanto a forca absoluta e relativa,
através de uma combinacdo de treinamento de resisténcia muscular dos membros inferiores,
levantamento de carga para o aumento da forca maxima e o treinamento pliométrico, o que
consequentemente tendera também a desenvolver um maior peak de poténcia absoluta (PPA) e

relativa (PPR) durante a realizacdo da impulsdo vertical (IV).
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A poténcia pode ser expressa como resultado da forca multiplicada pela velocidade.
Embora a habilidade para produzir forca ¢ importante para a aceleragdo, esta forca precisa ser
aplicada rapidamente para maximizar a performance. Estudos anteriores indicaram que existe
uma significante relagdo entre a poténcia de membros inferiores e a aceleracao, valéncias fisicas
importantes para o aumento da IV (SAEZ DE VILLAREAL et al., 2012; PAREJA-BLANCO
et al., 2014; GONZALEZ-BADILLO et al., 2015; MUEHLBAUER et al., 2019).

O TP, quando utilizado com adequado controle do volume e da intensidade de carga,
produz um aumento eficaz sobre a IV, variavel muito utilizada nos esportes que necessitam de
grande poténcia muscular, como no caso do futebol (CHELLY et al., 2010; SEDANO et al.,
2011; MUEHLBAUER et al., 2019). O monitoramento da carga de treinamento, através da
percepcao subjetiva de esfor¢o (PSE), ajuda a controlar as repostas individuais dos atletas em
diferentes sessdes de treinos. A avaliagdo do stress fisioldgico suportado pelo atleta,
determinado como carga interna (CI), deve ser associada as cargas externas (CE) a que o mesmo
¢ submetido. O resultado do treinamento ¢ a consequéncia de ambos os estimulos e as analises
das CI e CE podem proporcionar informagdes Uteis para avaliar os efeitos do treinamento
(CASAMICHANA et al., 2013; SCOTT et al., 2013).

Entretanto, apesar dos métodos de controle do treinamento e da eficiéncia sobre o
aumento da poténcia muscular e da IV, o TP possui também aspectos negativos, particularmente
em sua fase inicial, quando da aplicabilidade com alta intensidade, envolvendo contra¢des
excéntricas repetidas, que produzem as dores musculares de inicio tardio (DMIT) (HODY et
al., 2019).

Quando esta atividade ndo ¢ habitual ou é nova, ¢ comum principalmente aos jovens
atletas, experimentarem os sinais e sintomas de aumento da PSE e DMIT, que podem
permanecer por varios dias, apos os estimulos dos exercicios utilizados nas sessdes de
treinamento, o que costuma afetar as suas performances fisicas (LE GALL et al., 2010). A
DMIT ¢ conhecida por reduzir a fungdo de contratilidade e causar fadiga muscular, resultante
de micro traumas teciduais iniciados pela alta tensdo produzida pelas contragdes excéntricas e
mais exacerbada pela subsequente resposta inflamatoéria (POLGLASS et al., 2019).

Na lesdo também ocorre um aumento de enzimas, consideradas uma das causas da
ruptura do tecido muscular (HODY et al., 2019). Varias sdo as teorias para a DMIT, mas quase
todas elas citam que hd um aumento significativo dos leucdcitos, pois sdo eles que atuam na
defesa de materiais estranhos que entram no corpo, migrando até o tecido afetado (BOMPA,

2016). No tecido afetado mondcitos se tornam macréfagos e sdo responsaveis pela remocao de
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tecido necrético. Também ha um aumento de glébulos brancos, o que sugere uma inflamagao,
que ¢ uma resposta aos exercicios realizados (DE HOYO et al., 2016).

ApoOs um estresse mecanico, substancias vasodilatadoras sdo liberadas pelo tecido
injuriado, em seguida ocorre adesdo e migragao de leucocitos do sangue para o local danificado
onde nas primeiras horas os neutréfilos iniciam a regeneracdo do tecido e apds 6 horas,
mondcitos migram para o local e no tecido sdo convertidos em macrdéfagos, liberando
subprodutos os quais sao os possiveis sinalizadores da dor (OWENS et al., 2018). A DMIT esta
associada ao processo inflamatorio responsavel pelo reparo do tecido danificado. O tempo entre
o estimulo, liberagdo de subprodutos e a sinalizagdo dos receptores de dor podem explicar o
porqué do surgimento tardio da dor (DAMAS et al., 2016).

Quando os exercicios utilizados neste periodo sdo de alta intensidade e maior volume,
podem ocorrer danos musculares decorrentes que podem reduzir a performance dos
adolescentes durante a realizagdo das atividades propostas no futebol (SOHNLEIN et al.,
2014). Devido a um menor nivel de for¢a muscular apresentado pela maioria dos jovens
jogadores, quando comparados a atletas adultos treinados no futebol, podera levar os primeiros
a produzirem um maior nivel de fadiga aguda e residual apds a participacdo destes, mesmo em
uma unica partida, caracterizado pelo declinio na performance fisica destes jovens durante
algumas horas e alguns dias apos a realizagdao de um evento desta natureza (MICHAILIDIS et
al., 2013).

Esse declinio na performance pode ser atribuido ao aumento da magnitude dos
disturbios fisiologicos. Isso pode ser verificado pela maior elevacao nas taxas de DMIT
muscular nas primeiras 24h apds um jogo ou uma competi¢do, em que os atletas podem
apresentar um peak de elevagdo destas taxas entre 24 e 48h, tendendo a retornar aos niveis
basais somente apds 72h pds esforco de alta intensidade (MAGALHAES et al., 2010).

Assim sendo, a realizagdo de estudos envolvendo a aplicabilidade do TP e do TF sobre
a IV e as variaveis de performance relacionadas a poténcia muscular, principalmente por ser
esta valéncia fisica uma das mais exigidas na pratica do futebol associada as respostas de PSE
e DMIT em jovens jogadores de futebol, poderiam trazer informa¢des muito importantes para
se evitar sobrecargas fisicas. Isso pode contribuir para a adequagido de volumes e intensidades
de treinamento visando adquirir um melhor condicionamento fisico, assim como auxiliar na
prevencao de lesdes sobre os jovens atletas atuantes no futebol brasileiro.

Diante do exposto, a presente tese estd organizada em trés estudos. O primeiro estudo
publicado no periodico RETOS, filiada a Federacion Espafola de Asociaciones de Docentes de

Educacion Fisica (FEADEF), tratou de uma revisao sistematica que abordou os “Efeitos do
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treinamento pliométrico sobre a IV de atletas de futebol de campo na faixa etaria dos 15 aos 18
anos”, assim como, a outras varidveis de desempenho associadas a poténcia muscular de
membros inferiores. Esta revisao objetivou identificar os efeitos de diferentes tipos de treinos
pliométricos realizados isoladamente ou associados a algum outro método de treinamento,
dentre eles, a forga muscular, principalmente sobre a IV e outras varidveis de desempenho,
como a aceleragdo, a velocidade, a agilidade e as mudangas de dire¢do, em jovens jogadores
desta modalidade.

O segundo estudo se refere a um artigo publicado na Human Movement, com o titulo
“Effect of Aquatic and Land Plyometric Training on the Vertical Jump and Delayed on-set
Muscle Soreness in Brazilian Soccer Players”, que abordou a aplicabilidade do treinamento
pliométrico realizado em diferentes ambientes, ou seja, o treino pliométrico tradicional
realizado diretamente sobre o solo e o treino pliométrico realizado no ambiente aquatico. Nesse
estudo, ambos os grupos experimentais utilizaram o salto em profundidade (DJ), com o mesmo
volume aplicado, sobre a IV, avaliada através do CMJ e do SJ e as respectivas percepgoes
subjetivas de DMIT relatadas pelos participantes do experimento.

O terceiro estudo realizado, submetido ao periédico Biology of Sports, intitulado
“Effects of plyometric and strength training on vertical jump and rating of perceived exertion,
pain and muscular peak power in young male Brazilian soccer players”, objetivou verificar os
efeitos do TP e do TF sobre as respostas de IV, através do CMJ e SJ e suas varidveis, como o
tempo de elevacao do solo (TE), o PPA e PPR, assim como, sobre a PSE ¢ a DMIT em jovens
jogadores de futebol de campo na faixa etaria entre 16 ¢ 18 anos, apds 6 semanas de intervengao

experimental.
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1 ESTUDO 1: EFEITOS DO TREINAMENTO PLIOMETRICO SOBRE A IMPULSAO
VERTICAL EM ATLETAS DE FUTEBOL DE CAMPO NA FAIXA ETARIA DE 15
A 18 ANOS: UMA REVISAO SISTEMATICA1

JUZN, Mk, P UK E-40
€ Copprapht Kindrarisie Erpatl de dsvcsces e Dacenms dy o Floca (FLUNF) | 0N Edcale. imprers: LM Edicivm Wink: T088-2000 e angi

Efeitos do treinamento pliométrico sobre a impulsio vertical em atletas de fuichol de campo na
faixa etiria de 15 a I8 anos: uma revisio sistemitica
Efectos del entrenamiento pliométrico sobre ol empuje vertical en jugadores de fithal en el grupo
de edad de 15 a 18 afios: una revisidn sistemditica
Effects of plyometric training on vertical jump in soccer players between 15 and 18 vears old: a
systematic review
® 850 enntn Tavares Fonseca, *Julians Brondio Pinto de Castro, ®* Andressa Oliveira Barros dos Sanios. *Gustavo
Casimiro Lopes, *Rodolfo de Alkmim Moreim Nones, * **Rodrigo Gomes de Sowa Valke
*Liniviersailade do Estado do Rio de Janino {Brasil ), **Universidade Esthean de 58 (Brasil)

Resuma. Introducie: O indsamento pliomsétnco (TP} & nomobmente wilizado visasdo a melhora da mmpulsso vertical (IV) ¢ o
desempenbo fiseo die jogsdores die futebol mas categorias di base. Objetiva: Verificar os efittos do TP soboe a IV om atletas de finebol de
campo na faixa etina de 13 2 18 anos de idade, Méodos: Fst nevisfo sistermidncs sepur as recomendacbes PRISMAL A pesquisa fin
realizads nas bases crenti feas LILACS (via BVS), MEDLINE (via Pubed), Cochrane, SciELO, Seopus, ScienceDirect, Web of Science,
CIMAHL e SPORTDisos. A qualidade nwetodel busca dos artiges fin avalads pels escala de Jadaid A andlise do rsco de vids fin efetuada
ateavis da ferramenita Coclrane. Resuliados: Um iotal de 186 estsdos foram encontrados; sendo selecionados. [0antiges. dos quais 7
il zarem o TP oo wna das imlervengbes ¢ 3 abonloram algum tpo de TP sseciado com outmos métodos, O T, coms Qe varsyvel
ot asspetado & outros métodos, prodeen sumentos sobee a PV Cosclasdo: O TP se apeesentou como wma feramenta efetva para
aumieniter i [V en pogadoress de flstebol de carmpo nn fiica etbia de 132 18 anos, entretanto outros estudis envolvendo diferentes meétodos
de intervengio devem ser realizados.

Palavras-chave: Tremamento phométneo, Salto vemeal, Adolescente, Desenmpentso., Futishol de campo.

Resumen, Introducerba: El entrenamzento plaossérice [EP) s usa nomualmente pos megorar o empuge vertcal (V) y el rendiniento
Fisacr de hos futholistas en las cateporias de base. Objetivo: Verficar los efiectos del EP sobine el EV en jugadonss de fithol on el grupo de
edud de 15 3 18 afos. Mivodos: Esta revision sistemndtica sigiid las recomendacsones PEISMA, La bingueds se epecuid on las bases de
datos LILACS (a través de BVE), MEDLINE (a traves de PubMed), Cochrane, ScELD, Scopus, SaenceDirect, Web of Science,
CINAHL y SPORT Discus. La calidad metdikigics de los articulos se evalud mdmme b escala de Jadad. Para el andlisis del rissgo de
g se Uil [ bermamieits Cochnine, Besuliados: S&E’u.uhhuuh i bital e 16h estudios, de los cimles se sdlecaondnan [ articulos,
7 que utilhizaron la P coose una de [ inteevencionis v 3 sbordaron alydn tipo de EF asociado a otros meétodos. Bl EP, com la nice
varighle o socdo con otres mékodos, produp incremenses sobre ln EV. Conclussin: EF se presentd como um hernmments efactivi panma
pumerniar el EY en jugadores de flithol an o prupo de edad de 15 2 18 afios, sin embargo, se deben realizar nss estudios que mvolucren
difirentes métodin die meEcrvenciin.

Palabras eluve: Entrennmicnto plomdéince, Sallo vertical, Adoléescente, Rendimmiento, Filithol die campao.

Abstraet, Introduction: Plyomelric trdmng (PT) s normally used © mmprove vertical jump (V1) and physical perfommanes of seccer
players imthe basic catepories. Obgective: To verify e elfecs of PT on VI in seocer players between 13 and 18 years old. Methods: This
systennitic revaew fiolkowisd the PRISMA recommendations. The seanch was carnied out on the scientific bases of LILACS {va BVS),
MEDLINE (via PubMead), Cochrne, SGELQ, Seopus, SaenceDaneet, Wb of Scienee, CINAHL, and SPORTDiscus. The saethodolngieal
quadity’ of the artsclis wis sssessal vamg the Radad scale. The sk of bias amalysis was analyred nsang the Cochrane ool Resuhis: From
the 16 gtadies found, 10 arteles were selected, of which 7 used PT as one of the intervientions and 3 sddressed semie type of PT
assneated with other methods: TP as the only vanable or pssociated with other methods produced ineneases over V1, Conclusaon: PT
was presented as an effective ool 1o increase the VI i soceer players between 15 and 18 vears old, however, other studies mvolving
diffierent mezrvention methods should be perfimmed.

Keywirds: Mlyomelne teaning, Vertical juinp, Adolescenl, Performanee, Socoer.

Intridugdn

O futchol & considerado um dos espeticulos mais
seompanhados dentre os espertes do mundo (Delgado &
Gomez, 118} Em um esporte competitivo, o futchol moder-
no enfrenta miftiplos desafios, de acordo com a natureza e a
dindmica do jogo, motivando os pesquisadores a investigar
padriies ¢ indicadores de rendimento (Pamda & Yargas, 2020),

Frchs rocapeane: 21-0-30. Frka ds scepisin: 01-10-20
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Uma pantida de fitebol & caracterizadn por esforgos mbermi-
tentes de alta intensidade com breves periodos de
recuperagio|Delgado & Gomez, 2018, [ Mascio & Bradley,
2011 3). Durante o jogo, sio constanics comidas rapidas, sal-
tos, transigies ofensivas ¢ defensivas e atividades em dupla
(Yanci & Camara, 2016)

A utilzagio do remamento plicmétnco (TF) em crescido
em populandade | Delpado & CGémez, 201 8). A aplicacio deste
método ocoire em diversos csportcs, como o futcbol
{Markovic & Mikulic, 2000} Nesse sentido, o TP se tormou
uma ferramenta efetiva no aumentoda poténcia muscular de
membros miferores, que <o imporintes para a performance
de vanivels desporirvas, inchindo os saltos, gue sio muito



utilizadeos na dindmica do jogo de fiebol & que envolvem as
respostes sobre a mpalsdo vertical (1V) (Jurado-Lavannt,
Femindez-Garcia, & Alvaro-Cnz, 201 3).

O TP & um método de treinamenio hastame populer e
envolve sequéncias de saltos para o condicionamento fisico
de atbetss e'ou ndividuos saudavers (Shmam, Paraviie, &
Bragrn, 2017; Mobret al.. 2016 Fonsecaetal, 2017, Bianchi,
Coratella, Dello Iacono, & Beato, 2019; Ramirez-Campillo et
al, 201%; Jhid etal, 201%; Muchlbaveretal., 201%). O TP pode
ser utilizado como um método adequado para methorar o
desempenhoda [V no fistebol (Markeovie & Mikile, 20105 A
eficacia da pliometria pode estar relacionada & uma géo
muscubar especifica coshecida como ciclo do alongamente-
encurtamento {CAE) (Ramirez-Compille et af., 2015).

Esta sequéncia de intensa contragio exeéntrica produzida
durante o alongaments dos misculos dos membros infene-
res ¢ a imediats contragdo muscular concéntrica ocomida a
sejruir, durante o encurtamento dos mdscolos, produz um
aumentto substancial sobre o alivn do salto vertical (5V)
{Fonseca etal., 201 7; Sofién etal., 2021). lsso ocomre devido
a0 armazenamenio de energia potencial elastica nas fibras
musculares ¢ os processos de ativagdo do reflexe de
estimmento| Makanuk, Crapbick, Saoewicz, & Sadowsks, 114}

O TP pode ser realizado de acordo com diferentes téeni-
cas ¢ tem como base a utilizacio do CAE, estimulado duran-
te o realimacio dos saltos. e caractenzado pela contragio
excéntrica dos mitsculos dos membros infeniores envolvidos
na dindmica do movimento, seguida pela imediata contragio
concéntrica destes mesmos misculos, que efetuaram antes
a contragio muscolar excéntrica com o objeivo do aumento
da IV (Jlid ctal, 2009; Muchlbauer cth., 2019).

A eficiéncin da IV pode ser av atravis dos sallos
o contramvirnento { SCM ) e som contramovimento (S5C).
Ambas os saltos devem ser realizados com as méos fixas na
regifio do quadnl para que ndo oo a mterferéneia da agdo
dos membros superiores nos resubtados sobre 2 1Y Shimamn,
Parsvlie, & Bragazei, 2017; Moreno. 20200, Os S5C, quando
somente 4 contracho coneéntncs ¢ efetuada através do
mesmi grupamento muscubar, devem ser avaliados tambem
com as mios do individue apoisdas na regido pébvica
(Makaruk et al., 2014 lid etal., 200% Romero-Moraleds,
Lipez-Rosillo, Gonzilez-Garcia, & Morcncos, 2020).

(s efeitos do TP podem depender de varidveis que
inciuem volume, frequéncis, dursqdn de cads protocodn, assim
comi o periodo de treinamento em que as sessbes sdo apli-
cadas ¢ a3 caracteristicas de condicionamento dos jogadores
de futebol (Coratells, Chemello, & Schena, 2016). As
catralegias de nenamento sugerem 3 inclusdo de um esti-
mulo de treinamento intenso € nde especifico para o fstebol,
como 1o ciso da pliometria. que envolve a realizacio de
saltns, também utilizados em outras modalidedes esportivas
{Jurado-Lavenant, Ferndndes-Garcia, & Abvaro-Crue, 2013).
Estes estimubos, quande integrados ao programa comver-
cional de treinamento no fotebal, apresentam o potencial de
T methoras, principatmente; no SV, onde o desempenhbo
& positivo durante as etapas do moturago, produzindo
ganhos de performance especificos para este esporte
{Villarreal, Suarez-Arones; Haff, & Ferete, M1 5;
Femindez-Aljoe, Garcia-Femindez, & Gastélum-Cuadras,
).

Entretanto. as principais estratégias referentes ao TP vi-
sandn o aumento da IV adaptada & performance de jogadores
de finebol na faixa evriz de 158 18 anos amda nio estdo
mutte esclareeidas ne feratura cientifica{ Moran et al.. 2016).
Diessa forma. estudos desta natureza podem proporcicnar
mais alternativas ¢ opedes de trenamento para sta faixa de
idade. Sendo assiny, o ohjetive do presente estudo foi analisar
os efizitos do TP sobre a [V em jogadores de finebol de
campo na faixe etiria dos 15 aos 18 anos de idade.

Mlistnds

Estratégia de busca ¢ selegio de extudos

A presente revisdo sistemdtica de literatura foi
desenvolvida & pamir das onenmgdes dos Principais Itens
para Relatar Revisbes Sistemiticas ¢ Meta-andlises { Prefered
Reporting fems fir Sistemotic Reviews amd Meta-Anafizes
- PRISMA}) (Galvio, Pansani, & Harrad, 2015). A busca foi
renlizada sem o utilizacio de filiros de dats ou de idioma no
perindode 17 a 19 marpo de 2020 nas segumtes hases: LILACS
{via BVS), MEDLINE {via PubMed), Cochrane, SciELO,
Scopus, ScienceDirect, Web of Science. CINAHL e
SPORTDiscus.

Foram inchikdos estudos expenimentais controlados e
randomizados { ECR), realizados com atletas de fusebol do
sean masculing na tixa etira de 15 a 14 mos de idade, que
foram submetidos & pratica de treinamento pliométrico,
associado o nEo 8 outres métodos de treinamento, cuja o
desfecho principal foi o desempenho sobre o salio vertical
Foram excluides artigos de revisdo e cstudos que ndo
analesaram a vaniavel impulsio veriical,

Foram utilizados os seguintes termos baseados na con-
suita aos Descritores em Ciéncias da Satde (DeCS) e Medioa!
Subject Headings (MeSH): aExercises, « Plvometric
Exerciven, « Adolescentn, wSoccers o scus respeciivos
sinonimos. Ma frase de busca, foram utilizados os operndo-
res booleanos s ANDw {entre os descritores) e «DR» (entre
05 sinomimes). As referéncias extraidas com a utihzacio dos
termos de pésquisa foram exportadas para uma biblioteca
compartilhada do EndNote. Dois pesquisadores
independentes realizaram andlise dos timlos e resumos e,
posterormente, dos texios completos dos srigos, Quaisquer
divergéncias em cada etapa foram envisdas para um terceiro
pesguisador.

Oualidade metodoligica das extudas

A escals de Jadad etal { 1%9) fioi utilizada par determi-
nar a qualidade metodologica dos estudos selecionados. Os
critérios metodolégicos mclueny: 13) O estudo foi desenito
coimo sendo randomizada;, |} A rendomizagho foi abordada
de forma cometa; 2a) O estudo selecionado apresentou um
julgemento dupfo-cego: 2b) O cegamento foi realizads de
forma adequada; 3) A perda amostral do cstudo foi descrita
pelos autores. Mo caso em que os itens Lo, 2o e 3 foram
observados, o estudo onalisado obteve | ponto por itlem. Se
& randomizagdo descrita no item [b e o cegamento msendo
oo item 2b foram encontrados, os estudos receberam outro
ponto por cada item especificamente. Entretanto, nos casos
dos dtens 1b & 2b ndo serem encontmdos, o estudo perde |
ponto referente oy itens 1a e 2a, respectivamente. Nessa

17



escaln, os escores sio pontuados de 0 até 5, Esmudos com
escores < 3 sho classificados como de menor quabdade
metodologica.

Risco de viés dos estiidos

A ferramenta de colaboragio Cochrane foi utilizada para
analisar o tisco de viés em eada estudo incluido nesta revisio
sisterndtica. Essa fermmenta, que analisa o risco de viés de
ECR, possui sete dominios: |) Geragho dasequéneia aleatdria;
2) Deultagho de alocacho; 3) Ocultagdo deavaliadores e par-
ucipantes; 4) Ocultacio de avaliadores de resultados; 5)
Resultados incompletos; 6) Relatdrios de resultados
seletivos: 7) Relatbrie sobre outras fontes de viés. Cada
dominio deve ter o rseo de viés classificado come valton,
wincerton ol whanxon (Carvalho, Silva, & Grande, 2013).

Extracho dos dados

Foram extraidos os seguintes dados dos estudos
selecaonados: nlmero de participantes (n) dos grupos
experimentais {GE) ¢ controle | GC), idade, tipo de intervencio,
volume de treinamento (duraciio ¢ frequéneia semonal ), re-
sultados pré ¢ pos-miervengio.

Resultados

No total, 166 estudos foram encontrados seguindo a
estratgia de pesquisa proposta (LILACS = (; MEDLINE =
13: Cochrane = 56; SciELO = (; Scopus = 63; SuenceDirect =
{1 Web of Scieace = 10; CINAHL = 12; SPORTDiscus =10).
Apds o uso dos enténos de seleglo, 10 ECR foram incluidos
neste estudo (Figura 1),
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A tabela | apresenta a caractenzagie dos participantes
do estudo, onde um total de 120 jogadores participaram dos
GE, o qgue perfez uma média de 12 atletas por estudo
stlecionado. Os GC apresentaram |07 participantes, com Lima
média de 10,7 individuos por estudo analisado. Nototal, 227
jovens jogadores de futebol fizeram parte dos estudos. A
média peral de idade e o desvio padrio dos voluntinos for
de 16,88 40,69 anos.
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A qualidade metodologica dos estudos selecionados &
mostrada na tabeta 2. Cinco estudos foram classificados como
de menor qualidade metodoligica, enquanto ¢ineo foram
constderados como de maior qualidade mefodoldgica no gue
se refere a0 processo de randomizacho. Seguimdo o geragdo
da sequéncia aleatdria spresentada na tabela 3, dentre os
que apresentaram menor qualidade metodoldgica, estio os
estudos de Granacher, Prieske, Majewski, Bisch ¢
Muehlbauer{2015), Villarreal etal. (2015), Lonrcoet al. (2016),
Forseca etal, (2017) e Hurnmami Gaamours, Shephund e Chelly
(2019). Amda de acordo com o mesmo critério, o8 estudos
que foram classificados como de maior qualidade
metodoligica, foram os de Loturco etal. (2015), Beato et al.
(2017), Campillo etal. (2018), Bianchi et al. (2019) ¢ Ribeiro et
al (2019}
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Atabela 3 mostra a avaliaclo do nsco de viés dos estudos
selecinados. Todos o estudos foram classificados como
risco de viés mecerto de acordo com o ferramenta de
colaboraclo Cochrane,
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A tabela 4 apresenta as caracteristicas metodologicas e
o8 prncipais resultados dos estudos incluidos na presente
revisho. Os 7 primeiros estudos utilizaram o TP como
intervengdio, sem associaclo com outros métodos € avaliaram
diferentes tipos de saltos representados pelo SCM, 55C e
salte horzontal (SH) em todos os resuliados apresentados,
além de outras vanidveis de desempenho (Granacher et al.,
2015; Lotureo et al, 2015; Loturco etal., 2016; Fonseca etal.,
2017; Bianchietal., 2019; Hammami et al,, 2019: Ribeiroetal.,
2019). Os outros 3 estudos (Villarreal etal., 201 5; Beato etal,
2018; Ramirez-Campillo etal., 2018) realizaram intervencdes
tistas, envolvendo algum tipo de treinamento pliométrico,
assoeiado com outros métodos, como o de aceleraciio, de
resisténcia de forca, fundamentos do futebol & mudangas de
diregdoe também comparados comoutros GE ou GC,

O periodo de mterventio dentre os estudos selecionados
varion de 5 a 9 semanas. A frequéneia de tremamento
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testar a funciio neuromuscular $30 0 SCM, 0 55M e
o Salto em Profindidade {Moreno, 2020}, Na maioria
dos esmdos, o TP produzin aumento sobre a IV, As
nlerven;ies mistas tambéim proporcionanam efertos
positivoes sobre a IV, conforme observados nos
estudos de Villarreal et al. (2015), Beato et al. (2017),
Campilloet al. (2018) e Hammanmi et al. (2019), A se-
guir, sdo apresentados os estudos incluidos na
revisio agrupados de scordo com os tipos de
intervenglies e as varidvers analisadas.,

Intervengies Mistas - Associagde do TP com
aiitros midtodes de trelnametite

Dientre as intervengdes que produzirm resulis-
dos significativos sobre as variveis de desempenho
analisadas, s mtervengbes mistas que envolveram
aunlizagio do TP associado a outros métodos, dentre
eles o treinamentode forga (TF) realizado por Ramirez-
Compillo etal, (2018} e o TP associado d acelercin,
ao drible ¢ ao chute, elaborade por Villarreal et al.
{2005}, apresentaram resultados positivos sobre 1o-
das as variiveis analisudis.

Ramirez-Campilloetal. (2018) encontraram wm
aumento sobre o SCM somente quando o
tremamento pliométrico foi associndo a alguma
vandvel de forga, como no caso da utilizagio do
treinamento pliométrico e de forga bilateral (TPCR, ).
Neste estudo, dois prupes foram submetidos aos

centimettr me mars: * pel0f

apresentou variagho de 2 a 6 sessdes de treinos realizados
semnanalmente. Instrumentos de alia teenologia foram utiliza-
dos nos métodos de avaliachio (3 fitas métricas digitais, 3
plataformas de forga, 5 plataformas de salto/contate, 2
portdes com raos infravermelhos ¢ 5 aparelhos de
fotocélulns).

Dentre as avaliagdes, cinco varidvers de desempenho
fistco (1V, SH, velocidade, agilidade e mudangas de diregho)
foram observadas. Dentre as avaliagdes reahzadas, a IV fora
de maior verificagio com 15 procedimentos, sendo nove
através do método SCM. cmeo por intermédio do SSC euma
com a teenica de Abalakov, em que o atleta também realiza o
SCM, entretanto, coma utilizacio da elevagio dos membros
superiores acima da cabega.

A segurida varidvel de desempenho mais utilizada nas
avalingdes foi a velocidade, que envolveu cinco avalingbes
pira distincia de 30m. trés testes de 40m, duas avalingdes de
5m e somente um procedimento de 20m. As varidveis
agilidade, coordenngdo (caracterizadas pelas rdpidas
mudancas de direchio), @ o SH foram avalindas trés vezes em
cadla teste. Os saltos nplos honzentas (realizados através
de saltos unipodais) foram observados em duas avahagdes,
tendoa velocidade do chute com a bola, a iinica variavel que
envolveu um fundamento do futebol e que fioi avaliada
somente Wi vez,

Diiscussio

O obgetivo desta revislo sistematica foo verificar os efeltos
do TP sobre a IV em atletas de fiutebol de campo na faixa
etria de 15 18 anos. Os saltos verticais mais utilizados para

mesmos tipos de trtamento associados, compostos
por um TF pam os extensores & flexores do joelho e por um
tretnamento que incluiram exercicios de SH em um total de 8
semangs. A diféerenca entre 0s grupos em que Wm gnipo
utilizou os saktos umlaterats e o outro de forma bilateral, onde
algumas sessdes de tremos téenicos de futebol foram
substituidas pelos treinos de SH.

Um Gnico cstudo da presente revisio sistematica
comparon o3 efeitos do treinemento pliométrico associado
dis téenicas dos fundamentos do futebol, gue incluiu
scelersclio, drible e chute. O grupo controle somente realizou
tremnos de motina de futebol sobre vaniaveis motoras que
inclufram os movimentos dos jogadores com e sem a bola,
além da verificacio da IV (Villarreal et al., 201 5). Os resulta-
dos encontrados confirmaram as hipdteses de que a
combinaglio de exercieios thenicos de futebol ¢ TP, associado
atremnos de rotina no futebol, aumentou de forma significati-
vaa IV ea performance da velocidade do chute em jogadores
miciantes na faixa etiria utilizeds nesta pesquisa, observa-
dos na pratica do futebol,

Treinamento pliométrico como intervengio isolada so-
bre diferentes varidveis de desempenho

O TP realizado isoladamente entre os GE (Granacher et
al., 2015; Loturco etal., 201 5; Fonsecaetal,, 2017: Hammami
etal., 2019) proporcionou sumentos sobre a IV No estudo de
Bianchi et al. {2019), foram comparados os efeitos do
tremnamento phiomérice como vanivel independente, reali-
zadocom bamo volume, 1+/sem (GT1), comalto volume, 2=/
sem (GT2), sobre os resultados dos testes de salto em
distineia (SH) realizado com os dois pés. o teste de salio
triplo (ST umipodal, a cornda de velocidade de 10,30 ¢ 40m
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e o teste de mudancas de direcko (MDD). O reinamento
produzit melhora sgnificativa na performance de ambos os
grupos envolvidos, com aumento sobre o SH {1amanho do
efieito [dff=1.040,77). ST umpodal direito (o=0.3240.28), 5T
unipodal esquerdo (d=0.4640.32) ¢ velocidade de 10m
{d=0a241 0.

Notrabatho realizado por Beato etal. (2018), for utilizado
um protocolo de TP e o protocolo MDD, Ambos os métodis
foram realizados sobre um dos gropos, que se submeten sos
dois tipos de intervengdes simultaneamente. ol seja, o MDD-
TP & um outro grupo, g for submetido somente ao método
MDD, que ohjetivou também venficar as respostas sobre os
sprtiiis de velocidade de 10, 30 ¢ 40m, o SH, 0 ST unipodal ¢
o MDD, 2=/sem, apds 6 semanas de treinamento. Nio foram
observadas mudangas sigmificativas na performance pré e
pos-teste de ambos os grupos (MDD-TP & MDD). Entretan-
to, hotive aimmento no SH, assom como no sprint de 10m,
apresentando semelhanca com os resultados encontrados
no estudo de Bianchi etal, (2019).

Estudos que avaliaram o IV airovés do salto com
conframovimenio (SCM)

A varidvel SCM foi analisada em oito diferentes estudos
{Granacher etal, 2015; Lotureo etal., 2015; Villarreal etal.,
2015; Lotureo et ak., 2016; Fonseca etal , 2017; Hammanmi et
al., 2019; Ramirez etal., 2018; Ribewroetal, 2019), Todavia,
somente Hammon et al, {2019) encontraram aumentos signi-
ficativis sobre 0 SCM, quando utilizaram o treinsmento de
contraste, ou seja, a realizacio do TP associado ao TF, pois
a realizaclo isolada do TP ndo apresenton resultados positi-
vios sobre 0 SCM. 1sso também ocorren no estudo de Ribeiro
etal. (2019} sobre o IV, tanto no SCM. quants no S8C. apds
sete semaras de aplicabilidade combmada de tremamento
pliométrico vertical e honzontal.

Contrasiamente a Hammami etal. (2019) e Ribero et al,
{2019), a eficacia da aplicabilidade de infervengdes que
envolveram somente o TP e que obliveram resultados signi-
ficativos sobrea IV, avaliados através do SCM foi identifica-
da em trés outros estudos (Lotureo etal, 2015; Granacher e
al, 20135; Fonseca et al, 201 7}, realizados dentroda farka etiria
estipulada nesta revisio. com jogadores de futehol através
do SCM.

Mo estudo de Loturco et al. {2013) foram utilizados dois
GE, durante cinco semanas, 2#/sem, onde um dos grupos se
stbmeten ao treinamento de salto vertical (TSV), denomina-
do (Gl )e o outro a tremamento de salto horizontal (TSH),
identificado como (GI2). O que mais se evidenciou neste
estudo fod que, mesmo na auséncia de um treinamento espe-
cifico para a velocidade, ambos 0s tpos de treinos (TSV e
TSH) foram efetivos em desenvolver esta habilidade especi-
frca em ambos 05 grupos,

Segundo Lotureo et al. {2015), o GII produziu efeitos
sigmificativos, nio apenas sobre o SV, mas também sobre o
SH, além dos beneficios sobre os aspectos mecinicos ob-
servados na corrida de velocidade, evidenciada pelas
adaptaches cinemiticas especificas proporeionada por cada
mélodo de tremamento nas diferentes fases da corrida. Além
disso, conforme hipotetizado pelos sutores, o G apresentou
adaptagbes superiores sobre o SV, verificado através do SCM,
enguanto o GI2 demonstron maior aumento somente sobre a

distineia do SH, devidoas semelhancas na biomecinica dos
movimentos de ambas as habilidades motoras,

Estudos gue avafiaram a IV através do salte sem
contramovimento (S5C)

0 35C éaoutra varidvel motora dependente, que utiliza
somente a fase concéntrica da contragiio, ou seja, € aguela
que rifio recruts o CAE, que earseteriza o SCM. O S5C fou
analisado por quatro autores nesta revislo sistemdtica
{Lotureo etal, 2016: Harnimarni etal, 2019; Ramirez-Campillo
ef al, 2018; Ribeire et al, 2019). Dentre esses esiudos,
somente Hammarni etal. (201%)e Remirez-Campilloetal. (2018)
encontriram resultados positivos sobre a IV, atmviés do SCC.
Entretanto, o estudo de Ribesro et al. (2019), apesar de ndo
ter encontrado um aumento estatisticamente significativo,
tarmbém apresentou uma tendineia de aumento sobre a IV,
atruvis do SSC e do SCM.

Este aumento encontrado no estudo de Hammuami et al.
{2019), ormndo apenas do TF de contraste, composto de um
exercicio de meio-agachamento com 70 a 90% de uma
repeticho maxima (| RM), realizado 4+ /sem, durante § seina-
nas, nia comparaclo mtragrupo, corrobora com o estudo de
Ramurez-Campilloetal. (2018), que utilizanm o mesmo perio-
do de tempo e frequéneia semanal que o protocolo de
treinamento de Hammam et al. (2019). Adicionalmente,
Ramirez-Campallo etal. (2018) utilizaram exercicios de forca
puri os extensores e flexores de joelho, realizados em 3 séries
de 10 repeticties com 70% de 1RM associados 2o TP how-
zontal unilateral e bilateral.

Treinamento pliométrico Im:‘.mdn em ambientes ¢
superficies instavels

Noestudo de Fonseca et al. (2017), que realizou, durante
6 semanas, 2+/sem, 2 protocolos de treinamento de saltos
em profundidade. partindo de um plinto com 50cm de alura
para ambos os grupos, sendo um em forma de TP realizado
diretuimente sobre o solo (TPS) ¢ de trémos pliométncos
executado emambientes mstiveis, como na howa (TPA), em
uma piscing com profundidade de Im. Foram encontradas
semelhangas nos resultados de 1V, quando comparados ao
estudo de Granacher et al. (2013}, que utilizon treinos
pliométricos sobre diferentes tipos de superficies, sendo um
grupo de saltos sobre uma base estivel também realizada
diretamente sobre o solo {treinamento plioméirico sobre
superficie estivel — TPSE} e outro grupo sobre superficies
instiveds (treinamento pliométrieo sobre superficie instivel
— TPSI). © TPSI utilizou, principalmente, sesstes de
tremamento atlético ¢ de reabalitacio com Airex”, Balance
Bean Airex®, Balance Pad Thera-Band®, Stability Trainer,
Togu®, Aero Step.

km ambos 08 estudos foram encontrados resultados
semelhantes significativos sobre a [V, venificada através do
SCM, sobre ambos 0s GE, ou seji, sobre 0 TPS no estudo de
Fonseca et al. {2017) e no TPSE verificado na pesquisa de
Granacher etal {2015), onde ambos o8 prupos realizaram os
respectivos tremameéntos sobre superficies estives.

Entretanto, no que se refere & comparaclio da perfor-
mance da [V em superficies instveis, aravés do SCM,
somente sobre o grupo de TPA, no estudo realizado por
Fonseca et al. (201 7), ocormeram resultados significativos, na
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comparacho intrgrupo e timbém quando comparado so GC.
Contrarinmente, no estudo de Granacher et al. (2013) nio
foram encontradas diferencas significativas na IV, sobre o
grupo TPSI na andlise intragrupe.

Como pontos positivos desta reviso, pode-se destacar
a apresentagdo de diferentes estudos envolvendo a
imtervencio com o TP isoladamente ou de forma associada
com outros métodos de treinamento ¢ gue demonstraram
resultados posiivoes sobre a [V e outras vandveis fisicas,
conforme observado nas pesquisas selecionadas.

Limitagdes do Estude

Dentre as limitagbes deste estudo, encontram-se a
inelusiio de estudos com diferentes volumes de tremamento,
prncipalmente o que se refere ao nlmero total de semanas
¢ o frequénea semanal de treinos, o que pode ter interfenido
em alguns resultados encontrados. Conforme apresentado
anferiormente, ¢inco &rligos apresentaram Lma menor
qualidade metodologica (Granacher etal., 2015; Villarreal et
al., 2015; Loturco et al., 2016; Fonseca etal., 2017: Hammami
et al., 2019). Estes estudos foram classificados desta forma
devido ao riseo incerto em relagio 4 geracio de uma
sequéncia aleatbria, assim como no que diz respeito 4
possibilidade de ocultagio do alocagdio, além de ndo ter
ocormido 0 cegamento dos participanies e dos profissionais
envolvidos nos respectivos estudos. Entretanto, todos estes
artigos citados acima apresentaram uma maior gqualidade
metodolégica porgue relataram a randomizaglio e g perda
amestral de forma detathada.

Conclusfio

Autlizacho do TP como lnica vandvel ou associade a
oufros métodos de treinamento insendos no presente revisio
comubor com outros estidos gue também utilizaram treinos
de saltos isoladamente ou agregados a oulras intervenghes,
que igualmente produziram aumentos sigmificativos sobrea
IV em atletas de futebol na faxa etiria dos 15 a0s 1% anos. No
presente estudo, outras respostas positivas foram encon-
tradlas ém vandves como a velocidade de sprint e a agilidade
devido ao TP Dessa forma, o TP se spresentou como uma
ferramenta efetiva para aumentar a IV ¢ o desempenho de
varidveis associadas & poténein de membros inferiores em
jogadores de fitebol de campo nesta faixa de idade especifi-
ca.

Recomendam-se novas mvesligagdes experimentins com
maior padronizacho ¢ mams ngor metodoldgico, que envolvam
a associacio do TP com outres métodos de intervengdo em
diferentes fases da periodizacio de treinamento. Novos
estudos com o objetivo de se adequar o treinamento para
cada etapa da maturagiio, visando alcangar uma maior
exceléncia para o desenvohamento das aptiddes fisicas, cada
vez mais exigidas na formaclo e na evolugio do fitebol de
campo, também devem ser mais investigados dentre os
jogadores das categorias de base, desta importante
modalidade esportiva de dmbito mundial.
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ABSTRACT

Purpose. To compare the effects of aquatic and land plyometric training on the vertical jump (VJ) and delayed onset
muscle soreness (DOMS) in soccer players.

Methods. Twenty-four male soccer players aged 16-18 years (16.53 £ 0.5 vears) were randomly divided into three groups:
agquatic plyometric training (APT) (r = 8; age: 16.4 = (0.4 years; body mass: 68.3 £ 7.54 kg, height: 179.75 + 8.13 cm); land
plyometric training (LPT) (n = 8; age: 16.5 + 0.5 vears; body mass: 68.2 + 7.8 kg: height: 177.0 + 74 cm}; and control group
(n =18 age: 16.7 £ (0.6 vears; body mass: 61.2 £ 6.5 kg; height: 171.43 £ 5.75 cm), not performing any jump program. An
identical training program was applied for 6 weeks, totalling 944 jumps. The VI was evaluated on a leap jump platform
and the Visual Analogue Scale measured the change in DOMS perception.

Results. There was a significant increase in the VI height in hoth experimental groups (LPT and APT) (p < 0.05). A signifi-
cant reduction in DOMS perception was verified for the APT group in comparison with the LPT group (p < 0.05) hetween
the first and last week of training. The foot contact time significantly decreased (p < 0.05) in the APT group from pre- to post-
test. Significant improvements (p < 0.05) were observed in the tlight time and jump speed from pre- to post-test in both LPT
and APT groups.

Conclusions. APT can increase the VI height and reduce DOMS perception in soccer players.

Key words: land plyometric training, muscular pain perception, vertical jump, aguatic plyometric training, soccer

INTRODUCTION

A soccer match is characterized by intermittent high-
intensity efforts with brief recovery periods [1]. During
a soccer game, the prevalence of sprints, jumps, tackles,
and dual plays is high [2]. The neuromuscular perfor-
mange [3], the anaerobic metabolism, and, specifically,
the anaerobic power of the lower extremities have heen
pointed out as crucial factors for the match outcome [4].

Plyometric training (PT) has a positive effect on
maximal-intensity exercise in soccer players [5]. One

possible mechanism explaining the efficacy of plyo-
metrics can be related with a specific musele action
called stretch shortening cyele (SSC). This sequence
of intense eccentric (stretch) and concentric (shortening)
contractions of a muscle produces substantial improve-
ments in jump height owing to energy storage-recoil
processes and stretch reflex activation [6].

PTin the form of vertical countermovement jumps
on a solid surface is frequently used in studies as a way
of provoking exercise-induced muscle damage (EIMD)
in the knee extensors [7-9). The effects o EIMD hegin
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approocimately 6 hafter exercise, peak at 24-72 h, and
subside 47 days after exercise [10-12]. Musde damage
is mainly induced by mechanical stress and distur-
bances of calcium homeostasis, and a perception of
discomfort within the muscle may he developed [10].
Although most PT sessions take place on land, there
is increasing interest in aguatic-based exercise, The
aquatic environment provides a non-impact medium that
produces litthe strain on muscle, bones, and connective
tissue when compared with land activities [13-15].
Water reduoces the effects of gravity because of the
bumvancy of the body and the increased density of water
compared with air [16]. Buoyancy may proffer an up-
ward thrust acting om any partially or fully immersed
object in the direction opposite to gravity [17]. Aquatic
PT (APT) has been indicated (o reduce the symptoms
of EIMD as compared with land PT (LPT) [18].
Bobinson et al. [19] and Shiran etal. |20] have com-
pared the effects of APT and LPT on muscle damage.
Both studies demonstrated that an accurately designed
APT program could provide comparable training im-
provements with an LPT program with less delaved on-
set muscle sorencss (DOMS). IF APT produces similar
enhancements of performance as LPT with the benefit
of reducing muscle stress, APT might be an alterna-
tive to traditional PT for the enhancement of physical
petformance. Thus the efficiency of APT and LPT on
drop jump ability and DOMS needs to be investigat-
ed more thoroughly [5].
Therefore, the purpose of the present study was to
compare the effects of APT and LPT on the vertical

jumnp (V) and DOMS in soccer players.
MATERIAL AND METHODS
Participants

The stody investigated 24 male soccer athletes from
the youth and junior soccer teams of a soccer club in
the 1" division of the state of Rio de Janeiro, Brazil,
who had competed for at least 2 vears and were 16-
18 years old (16,53 + 0.5 years). All participants were
still actively playing soccer during the current research,
The participants were divided into 2 experimental
groups and 1 control group (CG). The experimental
groups performed APT (n = & age: 16.4 + 0.4 vears;
body mass: 68.3 + 7.54 kg: height: 179.75 + 813 cm)
and LPT (n = & age: 16.5 * (1.5 years; body mass:
68.2 + 7.8 kg; height: 1770 £ T4 cm). The CG{n=8;
age: 16.7 = (L6 years: body mass: 61.2 = 6.5 kg
height: 171.43 = 5.75 cm} did not participate in any
PT program,

The inclusion criteria required that the athletes had
a competitive background, had taken part in contin-
uous training for at least 3 months before the study,
and had not suffered from a knee injury within the
previous 2 years. Athletes who had had any type of knee
surgery within the previous 2 years were excluded
from the study.

The present study was performed in accordance with
the Resolution 466,12 of the National Health Couneil
and the Declaration of Helsinki. The Research Ethics
Committer of the Castelo Branco University approved
the study under the number 00182008, All partici-
pants signed an informed consent form prior to tak-
ing part in the study.

Procedures

The subjects were instructed not to perform any
phyvsical exercise within the 48 hbefore the tests. Each
plaver was tested for all conditions in a single visit to
the club before the beginning of wraining. Firstly, the
same researcher {intra-class correlation coefficient >
(.90) collected the following anthropometric data of
all individuals: (a) total body mass, with the use of elec-
tromic scabes (model BAL-150PA, 135 Techline, Brazil;
seale of 0.1 kgl (b) height, with a stadiometer (model
136 E210, Wiso, Brazil; scale of 0.01 m and o) distance
of the superinr-anterior supra iliac to the bottom of the
pool, which corresponded to the immersion levels, with
an anthropometric measuring tape (Cescorf Anthro-
pometrics Equipment LTDA, Braxl; scale of (101 m).

In all conditions, the individuals practiced for 5 min
a set of submaximal countermovement jumps, drops
from a 50-cm box, and drop jumps before the VI test
to familiarize themseboes with the equipment.

Experimenial design

The VI test hegan with a drop jump departing from
a 5(l-cm high bench. Knees were extended at 180° and
hands were fixed close (o the suprailiac hip region.
The drop jump consisted of jumping off a bench, when
the participants accomplished a fall characterized with
e foot forward, the other knee bent, and the body
impelling down. Therefore, the participants executed
a Vi starting from a standing position with the trunk
erect |21].

The jumps were performed on an Axon contact
platform with the dimensions of 60 % 70 cm. The plat-
form allows to determine the height of a jump by timing
the length of the participant’s [Might. and the jump
height was assessed from the speed of the vertical



Table 1. Aquatic and land plyometric training protocol
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take-off from the centre of gravity. In the study by
Toumi et al. [21]. photoelectric emitters and recep-
tors inside the jump platform started the count of the
athlete time in the air with the moment when the
athlete lost contact with the floor and the light beams
reached the receptors.

The height of VI was calculated on the basis of
the ﬂ:ﬂwhg formula:

height =g - * - &7

where ‘g’ is the gravitational acceleration (9.81 m/s’)
and *(" is the time spent in the air, in seconds [22].

Plyometric training

In order to emphasize the proper execution tech-
nigue in drop jump protocols, 2 F'I:i.im.in:uyhmi]-
farization sessions were undertaken before the meas-
urements. Both APT and LPT groups trained twice
a week, on non-consecutive days, during 6 weeks, ap-
plving anky dmpjmlpaTl‘u: LFT pccurred on a soc-
cer field, the same environment in which the athletes
must perform, and boxes of the same dimensions were
used. The participants wore shoes appropriste for
jumping on land.

The APT was performed in a pool with a depth of
1 m with water temperature set at 28 + 1°C, containing
two baxes (30 cm height, separated by | m). In the basis
thh:huxmiannlﬂialmunp!uyuithala]hvuiﬂm
mlﬂmmnufﬂmhnminﬂubdlnmufﬂi:mewth—
ot Fluctuating or sliding. The athletes performed drop
jumped to the ground between the boxes, and then
jumped onto the second box. The same protocol was
then reversed to complete one repetition, The CG did

‘Numberof days  Mumber of series  Interval time  Total number of  Total number of  Total number of

jumps per series  jumps perday  jumps per week
16 48 96

z0 6 120
16 B4 128
20 a1 160
20 100 200
24 120 240
= E u44

not perform any kind of jump program during this
]:reriud. undergoing just technical soccer training.

Tahle 1 presents the protocol of the APT and the LPT.
The protocols were hased on the results of 58 studics
concerning PT. 8 of which involved drop jumps in the
meta-analysis [23].

Dela}'ud onset muscle soreness

The DOMS of the knee extensors was assessed in
earh participant throngh the Visoal Analogue Scale
[24]. The scale was numbered from 1 to 10 jon the
reverse side of the sliding scale), with 1 representing
nnnumdrpuuuzmanﬂlﬂhldicnﬂnglhaiﬂl:mux-
cle was very, very sore to move. With hands on hips
and squatting to an approximate knee angle of 907,
the volunteers should indicate the level of perceived
soreness on the rating scale. This corresponded to the
location of the perceived muscle soreness on the con-
rim:umﬂmtt&m@mhmhnmumdmnfu]lym
previous studies [11, 25, 26], The reliability coefficient
for a repetitive measurement in DOMS was (.98 [24].

Statistical analysis

The data were analvsed with the use of the IBM
SPS5 Statistics 20 for Windows and presented as
a mean and standard deviation. The Shapiro-Wilk and
Levene's tests were applicd to verify the normality
and variance homogeneity of the data, respectively.
The ANOVA with reprated measures was emploved
in groups’ factors (APT, LPT, and CG) and time {(pre-
and post-test), followed by the Bonferroni post-hoc
test to identify possible differences. In addition, the
size effect (d) was caloulated 1 analyse the resulis mag-
nitude of the present study. The study adopted p < 0.05
as the significance level.

25
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Ethical approval

The research related to human use has been com-
plicd with all the relevant national regulations, insti-
tutional policies and in accordance the tenets of the
Helsinki Declaration, and has been approved by the
authors” institutional review board or equivalent com-
mittee.

RESULTS

The sample of the study presented a distribution
close to the normal curve and the groups were similar
at the beginning of the research in all variables ana-
Iysed. The ANOVA with repeated measures showed an
interaction between groups and the moments before
and after the intervention (Wilk's lambda = (1.384; F =
8.539: p < (.001)

Figure 1 shows the analysis of the VI height among
the studied groups. The VI height significantly in-
ereased (p < 0.05) from pre- to post-test in both experi-
mental groups (LPT and APFT). In the inter-group com-
parisons, a significant increase was ohserved (p < (L05)
in the VI height in LPT and APT groups when com-
pared with CG in the post-test. The effect size in the
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Figure 1. Analvsis of vertical jump height
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Figure 2. Analysis of foot contact time

APT (d ypp = 5.37 = 0.82) amd LPT (d, ., = 3.48 > LBZ)
was strong for the V1 and indicated an improvement
in results in a substantial number of participants. In
the CG, the effect size was poor {dy = 0.21 < 0.30).
Figure 2 presents the analysis of the foot contact
time on the ground among the p‘n‘upu.'l']leﬁuduuu—

tact time significantly decreased (p < [L05) from pre-
to post-test in the APT group. In the 1 -EIOUp Com-
parisons, a significant decrease was ohserved (p < (U05)
in the ﬁ:ulnunh:ttiumhl.ﬂPTgmup“dmnmmpﬂrnd
with LPT group and CG in the post-test. The effect
size in the APT (dr = 340 > 0.B2) and LPT (dyyp =
1.26 = (1.B2) was strong for the foot contact time and
indicated an improvement in results in a substantial
number of participants. In the CG, the effect size was
poor {dog = 0.22 < 0.30).

Table 2 presents intra- and inter-group compari-
sons in the flight time and jump speed variables. Sig-
nificant improvements (p < (.05} were ohserved in the
flight time and jump speed from pre- to post-test in

Table 2. Analvsis of the flight time and jump speed
in the sample

Mean + 8D Mean = 80

Variable (roup
Flight CG 53217 + 6.36 G55.67 = A.81
time

LPT 56175+ 592 AUS.G4 + 941"
(m/sh :

APT 54444 +1533 62389 + 15.62*

cG 2.72 + 003 275+ 04
Jump
speed LET 2.61 + 0.04 200 + (L0G*
tms) AFT 247 + 0.22 321 + 019"
0 - control grow

P
LPT - land plyometric training
APT - aquatie plyomeiric training
* p < 005 pre-test va, post-test
* APT post-test vs. UG post-test

Tabbe 3. Analysis of muscle soreness perception
in LFT amnd APT groups

Mean £ 5D Mean + 50
Ciepip { pre-test) {posi-test)
LPT 1.83 + 0.56 1.50 + 050
APT 1.61 = 102 019 + 0.21**

LPT - land plyometric training
APT - aquatic plyometric training
* p < 005 pre-test v, post-test

* APT post-test va, LPT post-test
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hoth experimental groups (LPT and APT). In the inter-
group comparisons, there was a significant increase
(p = (0L,05) in flight ime and jump velocity in APT when
compared with CG in the post-test. The effect size
watk stronger in the APT group than in the LPT group
(e e > dypr > 0.80) for the variables of flight time and
jump speed.

The responses of the groups concerning muscle
soreness perception were compared between the first
and last week of training. A significant reduction in
DOMS was found in the post-test results (p < (0LO01)
of the APT group when compared with the LPT group.
The effect size was strong in the APT (d, - > 0.80)
and moderate in the LPT group (d;pr < 0.80). This
indicates an improvement in results {Table 31

DISCUSSION

The results of the present study showed signifi-
cant differenices in the VI in the intervention groups
(APT and LPT) when compared with CG. Sohnlein et
al. |27] obtained similar results. They found signifi-
cant improvernents (p < (L05) in the performance of
the standing long jump (+ 7.3%), which requires greater
muscular power of the quadriceps, similar to what
happens in V.I. The elite soccer players (n = 18: age:
13.0 + (0.8 yrears) also presented an increase in per-
formance in the 20-m sprint time (23.2%; p < (.05),
aglity time (26.1%: p= 0.05), multiple 5 bounds (+ 11.8%;
p = 0.05) related to speed after 16 weeks of PT, with
2 sessions per week.

A study by Miller ot al [28] also demonstrated,
after 6 weeks of PT, significant changes, increasing
the V1 height, strength, and muscular power answers.
Apcording to Campillo ot al, |29], the LPT appears to
contribute to the performance in the V) and in kick-
ing in soccer plavers. Thus, incorporating phomet-
rics into the VI can produce significantly different
results regarding this motor ability [30].

Martel et al. [31], after 4 weeks of training, ob-
served that inereases in Vi were similar in APT and
LPT groups. However, between weeks 4 and 6, the APT
group erthanced an additional 8%, whereas the control
group showed no further increases. Concentric peak
torgque during knee extension and fexion improved
significantly after 6 weeks in both groups. The re-
sulls concerning the increase of VI noted in the APT
and LPT groups when compared with CG in the studies
by Miller et al. [28] and Martel et al. [31] are similarto
those for the VI in both groups in the present study.
The training period (6 weeks) of the present study
was the same as applicd by both mentioned authors.

Lavanant et al. [18] reported a significant increase
in muscle power in the group undergoing aguatic
training. Fahricius [17] observed that the group that
trained in the land ohtained significant development
in the tests of speed, agility, and power of lower limbs.
However, the agquatic training group showed signifi-
cant improvement in V. height and horizontal jump
distance. These imestigations corroborate the results
of the present study in which the inter-group com-
parisons presented a significanm increase (p <= (.035)
in the VI height in APT and LPFT groups when com-
pared with CG in the post-test. The significant in-
crease proved in the APT group {p < (L05) in intra-group
wertical impulsion and in comparison with the CG
group probably nocurred owing to the resistance of-
fered by the water during the concentric phase of the
VI, which may have contributed to an increase in the
muscular power of the quadriceps among these soc-
cet plavers.

Increased resistangg to movement through the
water (drag) imvolves itional muscle activation to
overcome the resistance and produce the same move-
ment that is more casily genemted in the air [32], Aquatic
exrroise provides strength gains through the increased
encrgy needs of the body working in an agquatic envi-
ronment [33]. According to Louder et al. [34], addi-
tionally, acute investigations into kinetic differences
between land- and aquatic-based movement suggest
potential clinical and performance benefits for move-
ments performed in the water.

Decreased amounts of foree applied (load) experi-
enced during landing in APT, facilitating a faster
transition from eccentric to concentric activity may
oceur [17]. Fabricius |17] reported that LPT cansed
heavier loads (no buovancy effect) at lower velocities
and a longer amortization phase, improving strength
but not power. In the study by Colado et al. [16], buoy-
ancy of water reduced the weight, stretch reflex, and
amount of eccentric loading experienced during APT,
facilitating the concentric muscular component of
a plyometric jump, and theoretically shortening the
amaortization phase of a plvometric task.

In the present study, the foot contact time signifi-
cantly decreased (p < (L05) from pre- to post-test in the
APT group. In the inter-group comparisons, a signifi-
cant decrease (p < (L05) was also ohserved in the foot
contact time in APT group when compared with LPT
group and CG in the post-test. This reduction in post-
training contact time in the APT group found in the
present study probably decreased the impact force on
the soil in the group. Triplett et al. [13] reported that
the landing impact force decreased by 44.8% when
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jumping in water. The total jump time was shorter
(p = 0L05) for the aguatic jumps, whereas the time
required to reach peak concentric force was not sig-
nificantly different from the land jumps, despite the
greater resistance to movement in the agquatic envi-
monment.

In another study [17], APT improved leg power,
which can be explained bry the use of buavancy and {hiid
resistance. Buovaney reduces the total body mass of
the partivipant, for faster total jump time and theoreti-
cally reduced ground contact time. The fluid resist-
ance produces a greater concentric contraction of the
S5C. In the present study, significant improvements
(p = 0.05) were observed in the flight time and jump
specd from pre- to post-test in both experdmental groups
(LPT and APT). In the inter-group comparisons, there
was a significant increase (p < (0L05) in flight time
and jump velocity in AFT when compared with CG in
the post-test, which can be explained by the use of buoy-
ancy and fInid resistance that probably could raise
the leg power of the soccer players in favour of the
APT group.

The magnitude of the buovant force is always equal
to the weight of the fluid displaced by the immersed
ohject [35). Buoyancy has a direct influence upon an
ohject immersed in water, decreasing the effects of
gravity [36]. According to Triplett et al. [13] and Dono-
ghue et al. [14], this could be estimated for the proper-
ties of water, specifically, where the buovancy provided
owing to fluid density compared with air density re-
duces significantly (by 33-54%; p < 0.05) the ground
reaction forces (GRF) in water compared with land
for all exercises. This was consistent with previous
research |13, 14] that found reductions of 45% and 59%
in peak GRF during single- and double-leg squat jumps
in aguatic environment at the level of the xiphoid
Process.

The reduction in contact time noted in fvour of
the APT group (p < 0L05) in the present study prob-
ahly decreased the impact force on the soccer play-
ers, even with a lower depth of water, when compared
with that used in the studies previously mentioned
13, 14]. According to Miller et al. [37], some studies
have shown that both shallow-water and deep-water
training have benefits depending on the type and pur-
pose of raining. In the present study, the water sur-
face was at the level of the iliac crest of the partici-
pants. This depth seemed to be sufficient, since it
presented a significant reduction {p < (L05) in the
DOMS reports when compared with the LPT group.
It suggests a decrease in the impact on the APT group,
since the high vertical GRFs have been identified as

the main causes of soccer injury, owing to the stress
that they exert on the musculoskeletal svstem [2]

Among the effects of PT in the aguatic environ-
ment. it is important to highlight the results of land-
ing phases of the drop jump and the subjective per-
Etptiﬁ'l of DOKS, since this tvpe of training generates
a great eccentric load. Increasing immersion leads to
a decrease in the landing phase (p < 0.001). with the
decrease in peak forces between immersions being
greater with decper immersion levels [35]. In the pre-
sent study, the immersion level of 1-m depth seems to
hive been efficient becanse of the significant reduoe-
tion (p < 0.03) in the DOMS responses observed in
the AFT group when compared with the LPT group.

Aguatic training becomes an important training
strategy as it allows recreational athletes to maintain
their performance in the Vi with the decrease of DOMS
|38]. In the present study, the APT groap obtained
a significant increase in vertical impulsion (p < (.05},
similar to LPT group and higher than CG, but with a
significant reduction in DOMS in the post-test re-
sults (p < 0.05) when compared with the LPT.

The results obtained in the studies by Triplett et al.
|13}, Donoghue et al. [14], Colado et al. [16), Lavanant
et al. [18], and Robinson et al. [19] with jumps per-
formed directly on the ground presented higher suh-
jective perception of DOMS after 48 and 96 h of train-
ing sessions becanse of the increase in the training
load. These resulis differ from the findings of Miller
et al. [28] and the present study, which indicated sig-
nificantly higher subjective perception of DOMS (p <
(L.05) in the group that performed jumps on the land
as compared with the group of jumps performed in
the water and with the O after 6 weeks of training,

The significant reduction of the DOMS (p < (LO5),
found in the APT group compared with the LPT group
in the present study, may have oceurred owing 1o the
reduction of impact in the aguatic training. This was
also observed in the study by Fabricis [17], presenting
significantly reduced (by 33-54%) GRF in water for all
exercises (p < (L05). This was consistent with provious
rescarch that proved reductions of 45% and 59% in
peak GRF during single- and double-leg squat jumps
in water at the level of the xiphoid process [13, 16].

Niclson [39] showed significant reductions in the
impact force that could be attributed to the buoyancy
foree experienced by the body. This lower rate of force
development (RFD) impact suggests reductions in the
stress to the musculoskeletal system [40]. In another
study, the impact foree and impact force development
rate were two parameters that indirectly indicated
the stress level that the musculoskeletal system receives
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[41]). Theretore. agquatic jumps could generate less joint
stress becanse impact force RFD can be 80% slower
in water than on dry land |13].

The peak responses of the reaction foree against the
land observed in several studses |2, 13, 14, 16, 35] indi-
cated a reduction in DOMS responses and some muscle
injury markers in the groups of jumps performed in
water when compared with those performed divectly
on the land. The present study did not evaluate the peak
of the reaction force against the land. This could be con-
sidered as its imitation, since the information could
contribote to the comparative anabvses of APT and LPT.

CONCLUSIONS

The PT program emploved in the present study
proved to be efficient, as it provided a significant in-
crease of Vi in hoth training groups (APT and LPT).
Hiowever, the APT group achieved a reduction in the
time of contact with the land and the responses of the
DOMS when compared with the results abtained in
the LFT group.

Aguatic environment may constitule an alterna-
tive to be used by soccer athletes and physically active
individuals at different stages of training; with the
objective of increasing the performance of vertical im-
pulsion, with reduction of the impact and the DOMS.
These comditions can prevent injuries resulting from PT.

It is recommended that studies investigate the ef-
fects of PT on creatine kinase, the peak of the reaction
force against the land, the specific location of pain,
and the intensity of possible inflammatory conditions
of the involved muscles aroused by training. These
variahles may contribute to the prevention of moscular
imjurics.
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Effects of plyometric and strength training on vertical jump, rating of perceived
exertion, pain, and muscular peak power in young male Brazilian soccer players

ABSTRACT:

This study analyzed the effects of plyometric and strength training on vertical jump (VJ), rating
of perceived exertion (RPE), delayed-onset muscle soreness (DOMS), and absolute (APP) and
relative (RPP) muscle peak power in young male soccer players. The groups were randomly
divided into strength (STG), plyometric training (PTG), and control group (CG). VJ was
analyzed using a jumping platform. DOMS and RPE were analyzed with the Borg’s Visual
Analogue Scale (VAS) and the Adapted Borg Scale (ABS), respectively. Only the STG showed
improvements in countermovement jump (CMJ) (p=0.038, d=0.66). The STG presented too, an
increase in squat jump (SJ) (p=0.005, d=2.12), as in APP (p=0.008, d=1.42) and RPP (p=0.005,
d=1.42). The PTG showed improvements in SJ (p=0.049, d=1.07), but only STG showed an
increase (p<0.05) in APP (3190.67 + 338.49 W) and RPP (47.75 £ 5.01 W/Kg). In the
intragroup comparations, it was observed on STG and PTG an increase (p<0.05) in RPE and
DOMS. Between groups, the PTG presented differences (p<0.05) compared with STG and CG,
with a higher increase on RPE and DOMS. The CMJ test presented strong correlations between
APP and VJ (=0.426, p=0.031), RPP and VJ (r=0.757, p=0.001), and APP and RPP (r=0.674,
p=0.001). There were positive correlations in SJ between APP and VJ (r=0.414, p=0.030), RPP
and VJ (r=0.740, p=0.001) and between APP and RPP (r=0.608, p=0.001). The STG promoted
an increase in both types of jumps, with a greater APP and RPP and a lower RPE and DOMS
in the young soccer players.

Keywords: plyometric training, muscle strength, vertical jump, adolescent, DOMS, soccer.

INTRODUCTION

Soccer is an intermittent sport with frequent activity changes. This game demands a high
number of explosive movements such as accelerations, decelerations, changes of direction as
well as jumps, impacts, shots, and tackles [1]. These actions require power and strength of the
lower limb’s muscles, valences considered important for the performance of young players of
this modality [2, 3].

Vertical jumping ability is widely used in sports settings as an objective index for the
reliable evaluation of lower limb power in young athletes [4]. There is also evidence that
vertical jumping ability is an essential element in the performance of several fundamental skills

in various team sports (e.g., volleyball, basketball, and soccer) [5].
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However, VJ height is one of the most sensitive measures to quantify training-related
fatigue and athletic performance in elite athletes. The smallest worthwhile change (SWC) is
considered essential in “progressive statistics” to judge meaningful performance fluctuations
[6].

The implementation of neuromuscular training, using strength, plyometric, and speed
training strategies, during maturation, are effective in promoting the physical development of
young soccer players [7]. During a soccer match, muscle power and strength are critical
physical factors for successful participation. Plyometric activities are widely implemented as a
training methodology for enhancing functional sports performance [8].

Typical plyometric exercises include the countermovement jump (CMJ), which is a
jump that uses the eccentric and concentric phases of muscle contraction, and the drop jump
(DJ), which are jumps done from a higher height towards the ground. The DJ uses different
movement patterns than the CMJ due to shorter contact time and there is a greater contribution
of the stretch-shortening cycle (SSC) mechanism for the DJ [9]. Studies have examined the
effect of plyometric, strength, and neuromuscular training on general and on specific
performance in youth soccer players [10-16].

The participation in strength training (ST) programs seems to induce large gains in
strength and moderate improvements in speed and other factors related to soccer’s performance
[14—17]. ST is also usually applied to the development of the musculoskeletal system of young
soccer players, including the squat jump (SJ), which uses only the concentric phase of muscle
contraction [15].

The SJ is one of the exercises most frequently used to develop the quadriceps muscle’s
concentric strength since it can improve both lower extremity power and specific sport physical
performances [16]. Previous investigations have explored the relationships between absolute

strength and several predictors, such as relative strength, muscle resistance, and muscle power
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of athletic performance in male soccer players [16—18]. Maximal strength, as measured by the
one-repetition maximum (1RM) back squat, was highly correlated with improved sprint
performance, change of direction speed, and vertical jump (VJ) height in adolescent male soccer
players [16, 17].

Thus, improving power is a primary focus of many strength and conditioning programs
[19]. There are ways to improve power and speed. One recommendation is to improve both
absolute and relative strength through a combination of lower-body resistance training,
weightlifting, and plyometric training [19].

The implementation of well-structured methods of training may improve strength,
speed, change of directions, and skill performance of young soccer players [10, 12, 13].
However, high demands of physical effort tend to promote a greater risk of muscle injuries,
which are associated with sports that promote accelerations, rapid decelerations, jumps, cuts,
spins, or kicks, which can produce a physical performance reduction, as observed in soccer.
Nevertheless, it is not clear yet, that young soccer players demonstrate the same favorable
changes in some physical performances and physiological responses to strength and plyometric
training programs, separately. Therefore, the present study aimed to analyze the effects of
plyometric and ST program on VI, rating of perceived exertion (RPE), delayed-onset muscle

soreness (DOMS), and absolute and relative peak power in young male soccer players.

MATERIALS AND METHODS

This is an experimental study, with two different types of intervention, applied to
different training groups. The following inclusion criteria were adopted: (a) be male; (b) age
between 16 and 18 years old which correspond to the final stage of maturation; (c) have not
suffered any muscle injury in the last 2 years; (c) not having any muscle damage diagnosed on

the lower limbs in the last 6 months; (d) never having participated in any systematic plyometric
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and muscle ST program before; (e) not to be competing throughout the study period. The
exclusion criteria will be: (a) to be considered physically unfit by a medical evaluation; (b)
present any type of acute or chronic pathological condition that could be aggravated during the
battery of tests or the proposed intervention; (c) using anti-inflammatory or hormone
replacement drugs; (d) obtain less than 75% presence in activities during the intervention
period; The participants were asked to abstain from any physical conditioning program during

this study. None of the subjects were taking any medications or nutritional supplements.

The G*Power 3.1 software estimated the need for a total of 27 soccer players, divided
into 3 groups of 9 participants each. As input, were informed statistical test: ANOVA with
repeated measurements and within-between interaction; effect size of 0.25; a of 0.05; power of
0.95; number of groups = 3; number of measurements = 2; correlation coefficient among
repeated measures = 0.5. The magnitude of the smallest worthwhile change (SWC) was used
for the analysis of exercise performance due to its singular specificity for small sample size, the

practical relevance of the changes, and the typical error of measurements.

All procedures were conducted according to the Declaration of Helsinki and
Resolution 466/12 of the Brazilian National Health Council. This study was approved by the
Research Ethics Committee of the Rio de Janeiro State University (process number: 4.626.823).

Before participation in the study, the parents of the young soccer players were informed
about the procedures of the study (including risks and benefits) and that the authors were
committed to maintaining confidentiality of the data. The parents signed an informed consent
form and the young soccer players signed an assent form.

The groups were randomly distributed through a simple draw using the random
function of the Excel software [20]. The first drawn was allocated in the plyometric training
group (PTQG), the second in the strength training group (STG), and the third in the control group

(CQ), alternately and consecutively, until all participants were allocated in one of the groups



36

[20]. The volunteers of the CG only participated in lower intensity technical training, during
the same period of the STG and PTG, without having participated in any physical training
program during the study period.

However, before the procedures, 2 young soccer players were removed from the study
due to muscle injuries. One of them was in the STG and the other was in the CG. Hence, a total
of 25 soccer players were included in the selection of the groups. The groups were thus divided

in PTG (n=9), STG (n=8), and CG (n = 8). Table 1 presents the characteristics of the groups.

Table 1. Individual characteristics of the groups

Variables PTG STG CG

Age (years) 17.3+£0.7 17.4+£0.5 17.3£0.5
Height (cm) 1759+ 5.8 1742 £5.1 174.6 £7.9
Body mass (kg) 65.4+£6.3 67.2+8.0 68.3+8.0

Note: PTG = plyometric training group; STG = strength training group; CG = control group.

The subjects were tested in two different types of jumps: CMJ and SJ, with three
consecutive jumps during each test, totaling six vertical jumps for each voluntary. The
instruction given to the volunteers was as follows: “jump as high as you can” for both tests. At
first, the young soccer players performed the CMJ, followed by the SJ, both with the hands
fixed on the hips. They performed 3 jumps, with an interval of two minutes between each
attempt, with an interval of five minutes between the CMJ and SJ test [21].

The initial knee flexion angle was not specified, but all the subjects performed the CMJ
test between 60 e 90° of knee flexion. The athletes were instructed to execute a downward
movement followed by a complete extension of the knees to determine the countermovement
amplitude to avoid changes in jumping coordination. In the SJ, athletes were required to remain

in a static position with a 90° knee flexion angle for 3-second before jumping, without any
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preparatory movement. The highest jump from the three attempts was used for data analysis.
The VI height, the flight time, as well the absolute and relative power were evaluated. Pre- and
post-training measurements were made two days before and one day after the completion of the
programs [21].

The soccer players performed the tests on a contact platform with a sampling rate of
1,000 Hz (60 x 60 cm; Elite Jump, S2 Sports, Sdo Paulo, Brazil). The validation of the Elite

Jump contact was done after using a force platform as the criterion to measure VJ height [6].

INTERVENTION PROCEDURES
Plyometric Training

The evaluators received training one week before the beginning of the intervention to
minimize the occurrence of errors during the procedures. All sessions of the interventions were
done in the morning, after all of the players have informed that followed all the guidelines in
the food recall given by the researchers before the start of the training.

The soccer players used two benches with a height of 50 cm each. The benches were
positioned at 1 meter between each other. Before the start of the intervention, PTG performed
30 minutes of a brief adaptation, with the accomplishment of 1 set of 10 repetitions of the drop
jump (DJ). The hands were supported in the pelvic girdle region, during the jumps, which were
performed from an upper plane towards the ground. The jumps were performed from a superior
plane, over one of the benches directing the body towards the ground, through the initial
projection of one of the limbs, to contact both feet at the same time on the ground, for the
immediate execution of VJ towards the other bench ahead (DJ). The same procedure was
performed from there towards the initial bench, completing one repetition [22].

The program lasted 6 weeks for each experimental group and was done twice a week,

where the number of repetitions was counted after the round-trip cycle (from the number of
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foot contacts on the ground), which were performed at the highest possible speed. The program
was designed based on a systematic review, which involved the analysis of the 22 studies with

DJ exercises [21]. The plyometric training program is described in table 2.

Table 2. Plyometric Training Program

Week Days Sets Repetitions Interval Jumps/repetition Jumps/day Jumps/week Total of Jumps

It 2 3 8 2 24 48 96 96
2nd 2 3 8 2 24 48 96 192
3rd 2 4 8 2 32 64 128 320
4th 2 4 8 2 32 64 128 448
5t 2 4 10 3 40 80 160 608
6 2 4 10 3 40 80 160 768

Strength Training

The determination of maximum dynamic voluntary muscle strength was performed
using the 1 repetition maximum (RM) in the high bar parallel back squat, according to the
procedures before the intervention [23]. In the 1% practice session’s test, the STG performed a
general warm-up of five minutes, with the high bar parallel back squat, where the players
performed 2 sets of 5 repetitions of underloaded parallel squats (around 50% of body mass).
On the 2™ practice session’s test, the subjects were tested to determine the maximum load for
each player of this group. The maximum load that the volunteer could support with the bar
resting on the shoulders, starting from the standing position up to 90° of hips and knee flexion,
and immediately after it, to rise this load with the bar on the same position, extending
completely the knees without any help, determined the 1RM load for each player. An interval
of 3 minutes was performed between the attempts until the highest lifted load was achieved

[23].
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In the program, the participants completed 1 repetition only when the 2 lower limbs
were alternately directed forward during the half-squat, completing 1 roundtrip performed at

low speed by the members of the STG. The ST program is presented in table 3.

Table 3. Strength Training Program

Semi-squats ~ Semi-squats Semi-squats Load Semi-squats

Week Days Sets Repetitions Interval (Repetitions) (day) (week) (IRM) moglézﬁ;ts)
I 2 3 8 2 24 48 96 60% 96
2nd 2 3 8 2 24 48 96 70% 192
3rd 2 5 6 2 30 60 120 70% 312
4th 2 5 6 2 30 60 120 80% 434
5t 2 5 6 3 30 60 120 80% 554
6 2 5 6 3 30 60 120 90% 674

The researches were submitted to a training period to correctly apply the anchoring of
the Borg’s Visual Analogue Scale (VAS) and the Adapted Borg Scale (ABS) [24], respectively.
The participants were submitted to a program of sensitization to the responses of DOMS and
RPE for one week before to answer the questionnaires. The VAS has a score ranging from 0 to
10, with the following grading: 0 = absence of pain; 1-2 = minimal pain; 3—5 = moderate pain;
7-8 = severe pain; 9—10 = extreme pain. The RPE has a score from 0 to 10, where: 0 = rest; 1
= extremely light; 2 = very light; 3 = too light; 4 = light; 5 = mild moderate; 6 = moderate; 7 =

moderate-intense; 8 = intense; 9 = very intense; 10 = exhaustive [24].

Statistical Analysis

The data were presented in a descriptive way using mean and standard deviation.
Normality and sphericity of data were determined using Shapiro-Wilk and Bartlett tests,
respectively. Repeated measures ANOVA was applied to STG, PTG, and CG (pre and post-

test) for intra- and intergroup comparisons, followed by the adjusted Bonferroni post-hoc test



40

to identify possible differences. The Pearson correlation test was used to analyze the
associations between the variables of the study. The effect size (d) was calculated to analyze
the magnitude of the results. It was used for interpretation: < 0.2: weak; 0.2—0.79: moderate; >
0.8: strong. The SWC was calculated by 0.6 multiplied by Standart Deviation (SD), with
relevant results to high and low fitness level subjects, when the score is between - 0,6 and +
0,6. The significance level was set at p<0.05 for all tests. Data were analyzed by the SPSS

Statistics 23.

RESULTS

Considering the SWC responses, at first glance, this analysis could suggest that PT and
ST promoted effects of low magnitude with 0.6 SWC. Based on statistical proposals, for
amateur or recreational fitness level of participants, the 0.6 SWC should be considered. The

CMJ comparisons are presented in table 4. Only STG showed an increase on the CMJ (p=0.03,

d=0.66), as on APP (p=0.008, ¢=1.42) and RPP (p=0.005, d=1.42).

Table 4. Countermovement jump (CMJ)

PTG STG CG

pre post pre post pre post
Xin) 3497+2.97 37.62 +3.61 3426+6.27 38.41+£4.98" 34.10+5.02 34.33 +3.09
ET 1.07 £0.62 0.92+£0.51 1.02 £ 0.88 0.53+0.37 1.06 £ 0.43 1.04+£0.79
(ms)
APP 2927.07+£371.43 3044.19+378.14 2876.75+303.19  3190.67 £338.49° 2919.93+32590  2900.46 + 491.65
(W)
RPP 4478 £2.68 46.67 +£3.77 43.00 +3.34 47.75+5.01" 43,50 +3.70 4325 +4.56
(W/Kg)

Note: *p<0.05 pre vs. post, intragroup comparisons; PTG = plyometric training group; STG = strength training
group; CG = control group; VI = vertical jump; cm = centimeters; ; ET = elevation time; ms = milliseconds; APP
= absolute muscle peak power; W = watts; RPP = relative muscle peak power; W/Kg = watts per kilogram; Effect
size (# Strong Effect): VI/PTG"; APP/STG"; RPP/STG"; (T Moderate Effect): RPP/PTG'; APP/PTG"; ET/PTG;
VIJ/STG. In the intergroups comparison, there were no significative differences.
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The SJ comparisons are observed in table 5. Both groups presented increases in SJ
(PTG: p=0.04, d=1.07; STG: p=0.005, d=2.12), but only in STG occurred an increase in APP

(p=0.046, d=0,56) and RPP (p=0.010, d=1.23).

Table 5. Squat jump (SJ)

PTG STG CG
pre post pre post pre post

VIJ (cm) 30.98 +3.34 34.56 + 3.89* 31.19+2.70 36.90 + 5.73* 31.36 +3.58 31.92 +3.64
ET (ms) 0.71 £0.26 0.87 £0.54 0.75+0.29 0.53+0.37 0.71+£0.17 0.93 +0.28
APP 2890.74 +£293.17  3140.66 £323.28  2916.36 +402.65 3190.67 +338.49*  2896.13+322.76  2929.93 + 345.59
(W)

?NP/E ) 4322 +1.48 47 +£520 42.62+3.54 4775 +5.01* 42.5+3.25 4225 +3.45

g

Note: *p<0.05 pre vs. post; intragroup comparations; PTG = plyometric training group; STG = strength training
group; CG = control group; VJ = vertical jump; cm = centimeters; ET = elevation time; ms = milliseconds; APP
= absolute muscle peak power; W = watts; RPP = relative muscle peak power; W/Kg = watts per kilogram; Effect
Size (# Strong Effect): VI/PTG*; VI/STG*; RPP/STG") - (1 Moderate Effect): RPP/PTG'; APP/STG'; ET/PTG;
SWC/PTG?. In the intergroup comparisons, there were no significant differences.

The table 6 shows intragroup and intergroup comparisons of the RPE and DOMS, on
STG and PTG. The PTG presented a low baseline average of DOMS before the training and a
low baseline average RPE but a higher increase at the end of the 6™ week for DOMS and RPE.
VAS and ABS questionnaires were answered by the STG, too, 24h before the 1% training with
a low baseline average of DOMS and after the 6 week. A baseline average of RPE was found
before the 1% training and 24h after the last one. It was found lower responses of both perceived

scales in the STG compared to the PTG.

Table 6. Intragroup and intergroups comparisons of RPE and DOMS

PTG STG CG

Pre Post Pre Post Pre Post

RPE 0.33 £0.50 7.00 £0.71%# 0.37 £0.52 3.75+£0.89" 0.88 £0.60 3.88 £0.64"
DOMS 0.44 £ 0.53 5.89+£0.93"# 0.38+0.52 3.88 £0.64" 0.50 £0.53 3.50 £0.87"
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Note: RPE = rating of perceived exertion; DOMS = delayed-onset muscle soreness. *p<0.05, pre vs. post; p<0.05,
comparations intergroups: (RPE) = PTG x STG"; (RPE) = PTG x CG"; (DOMS) = PTG x STG*; (DOMS) = PTG
x CG*,

In table 7, it was observed correlations between APP and VJ, RPP and VJ, as between

APP and RPP in CMJ.

Table 7. Correlations between the results on the CMJ test

\2) ET APP
ET r 0.375
p-value 0.065
APP r 0.426* -0.123
p-value 0.031 0.558
RPP r 0.757* 0.371 0.674*
p-value <0,001* 0.068 <0,001*

Note: VJ = vertical jump; ET = elevation time; APP = absolute muscle peak power; RPP = relative muscle peak
power; * p<0.05.

In table 8, it was observed positive correlations between APP and VJ, RPP and VJ, as

between APP and RPP in SJ.

Table 8. Correlations between the results on the SJ test

\2l ET APP
ET r 0.234
p-value 0.261
APP r 0.414* 0.169
p-value 0.030%* 0.420
RPP r 0.740% 0.137 0.608*
p-value <0,001* 0.515 0.001%

Notes: VJ = vertical jump; ET = elevation time; APP = absolute muscle peak power; RPP = relative muscle peak
power * p<0.05.
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DISCUSSION

This study compared the effects of a plyometric and ST program on VJ, RPE, and
DOMS correlated with the absolute and relative muscle peak power in young soccer players.
The results observed on VJ, showed in table 4, showed that only in STG occurred a significative
increase (p<0.05) on CMJ. In another study about the changes in explosive strength
performance in sub-20 Brazilian soccer players, with a period of intervention similar to our
study (i.e., after 8 weeks of training), it was possible to observe an increase of 5.56 + 1.85%
(p=0.01) on CMJ [25].

In the current study, the STG produced an increase of 4.15 cm on CMJ after 6 weeks of
training, which is equivalent to 10.8%. The higher increase on CMJ in our study compared with
the results of Hespanhol et al. [25] may have been produced by the half-squat movements,
performed by the STG, that is similar to the biomechanical movement of the CMJ.

In this study, the STG showed an increase (p<0.05) on the APP and the RPP, which
seems to demonstrate a greater efficiency of the ST on muscle peak power. In another study
about the velocity-based training of lower limb to improve absolute and relative power outputs
in concentric phase of half-squat in soccer players, the training protocol increased RPP (47.5 +
2.6; p<0.001) and APP (1507.8 &+ 206.1; p<0.001), after 2 training sessions per week for 10
weeks [26]. These results corroborate with the increase of the post-test values, founded on the
RPP and the APP in STG in the current study, even with a shorter training time.

Another research comparing the effects of plyometric and isometric training on dynamic
and isometric force-time characteristics concluded that only the isometric training resulted in
improved relative muscle peak strength of endurance runners [27]. In the present study, only
the STG showed an increase (p<0.05) on the APP and the RPP, which corroborates with the
results of this previous study [27] since the ST also produced a greater increase (p<0.05) over

the absolute and relative muscle peak power of young soccer players. This probably could also
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have produced an increase over the relative muscle peak strength, in the present study, if this
variable had also been evaluated.

Some studies have reported significant decreases in VJ ability on CMJ height after
inducing fatigue in the lower limbs by requesting the subjects to sequentially extend/flex their
knees in some programs of training [28, 29]. In the present study, the higher number of jumps
in the PTG (768 jumps), compared to the STG program (674 half-squats movements), may have
contributed to not having a significant increase in CMJ among PTG volunteers, probably due
to the greater RPE observed through the ABS scale [24] and the DOMS collected through the
VAS [24].

It could be observed a significant increase (p<0.05) on RPE and DOMS on the members
of the PTG when compared with the STG and the CG. In another study about the effects of
lower body muscular fatigue on VJ, it was identified that muscle fatigue typically occurs after
high-intensity exercise or prolonged bouts of physical activity [30].

Probably, the lower result in VJ observed in the PTG in CMJ test, compared with the
STG test, might have been influenced by the fatigue due to the great increase in the result of
the RPE and DOMS found in PTG, probably due to the greater landing impact force produced
by the DJ, which also occurred in another study that used this same type of jump to verify the
effects of aquatic (APT) and land plyometric training (LPT). The group that performed the LPT
presented a higher subjective perception of DOMS compared with the APT group [22].

The results in this study could probably explain one of the main reasons that the
plyometric training did not produce the expected effect on the CMJ, due to the performance of
the PTG has been done through DJ on a solid surface, where some studies showed that this
method is one of the causes of exercise-induced muscle damage (EIMD) in the knee extensors,

on eccentric contractions [31-34].
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Fatigue can be defined as a decline in tension capacity or force output after repeated
muscle contractions [31]. This may result in negative effects on an individual’s overall
performance. The VJ height is one of the most sensitive markers of fatigue to monitor elite
athletes [35, 36]. For instance, the CMJ height has shown to be progressively reduced over a 7-
week training block in youth rugby players, who were considered “overloaded” by their
concomitant participation in college and representative teams [36]. In the present study,
although the CMJ height, after 6 weeks, did not show a reduction in PTG, there was not a
significant increase between pre and post-test.

The DJ used in PTG with a greater number of jumps (768), compared with a lower
number of half-squat movements performed by the STG (674), could have contributed to the
higher increase (p<0.05) observed on the RPE and DOMS in the PTG compared with the STG
and the CG, in the current study.

The higher progressive evolution of neuromuscular performance presented in SJ,
principally for the STG, probably contributed to the positive results on ET. In this present study,
it was possible to observe an increase (p<0.05) on ET between pre-test (0.70 = 0.43 ms) and
post-test (0.84 = 0.35 ms). However, in CMJ, occurred a reduction in ET, between pre-test (1.25
+ 0.77 ms) and post-test (0.92 £+ 0.48 ms).

In another study, significant correlations were found between lower-body strength and
performance, especially the relative muscle strength of soccer players [37]. This study found
strong correlations between absolute and relative muscle peak power with VJ in the STG group.
Other scientific studies [38, 39] also reported significant correlations between maximal strength
and an increase in VJ performance in male soccer athletes.

These findings contrast with another study that found a moderate relationship between

absolute muscle strength and VJ height [40]. Based on the results of these investigations, it
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appears that improving absolute muscle strength might bring more benefits if it also enhances

the relative muscle strength in this population.

Limitations of the study

New studies must be conducted with different training protocols and including
biochemical responses of muscle injury markers to verify other correlations with RPE and
DOMS. In our study, we collected blood samples with this intention, however, due to the
coronavirus pandemic, it was not possible to access the analyses. It would be important to
investigate more deeply the relationships between the SWC measures and actual variables in

sports performance, in both individual and team sports, like soccer.

Conclusions

The ST produced an increase on VJ, through the CMJ and SJ, while the PT promoted a
significative elevation, only in SJ. The ST promoted a greater APP and RPP and lower RPE
and DOMS in the young soccer players. The results obtained by the STG in the CMJ and the
SJ were an interesting training alternative to develop a greater APP and RPP among young
soccer players, too. Different methods of PT must be tested, with a lower impact on the land to
obtain higher results on VJ with lower responses of RPE and DOMS to prevent injuries among

young soccer players.
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CONCLUSAO DA TESE

A utilizag¢ao dos diferentes métodos de TP ¢ do TF sobre a IV e as diversas variaveis
associadas parecem estar correlacionadas a varios fatores que podem influenciar as respostas
da performance atlética de jovens jogadores de futebol de campo. Dentre eles, o tipo de
treinamento, o volume e a intensidade de carga aplicada, a biomecanica dos movimentos
realizados nas intervencdes, o desenvolvimento da poténcia muscular absoluta e relativa
individual, os niveis de PSE e de DMIT encontrados e até o TE a partir do solo parecem
influenciar os resultados.

O TF, enfatizando o maior ganho de poténcia muscular, quando realizado com um
numero pequeno de repeti¢des durante as séries, na maior velocidade possivel, com um tempo
de intervalo e intensidade de carga adequada e reproduzindo os movimentos de semi-
agachamento alternado de membros inferiores com a barra, parece produzir resultados com
maiores aumentos sobre a IV, quando comparado ao TP.

O TP realizado com um maior volume e a partir dos saltos de maior altura, como no SP,
aumenta a sobrecarga sobre as estruturas miotendineas, principalmente dos musculos do
quadril, joelhos e tornozelos, mais submetidos as contragdes excéntricas durante a fase de
aterrisagem no solo e que apresentaram maiores respostas sobre a PSE e a DMIT sobre os
jovens jogadores pertencentes a estes grupos. Isso provavelmente ocorreu devido ao fato destes
ainda nao possuirem as adaptagdes neurais € musculares adequadas para realizarem os tipos de
treinamento aplicados com as respectivas metodologias apresentadas.

Este estudo, poderd servir como fonte de consulta para auxiliar na elaboragdo de
programas de treinamento pliométrico ¢ de forca muscular, a serem realizados com mais
seguranca por diversos profissionais que atuam na area do treinamento fisico, como
preparadores fisicos, fisioterapeutas, fisiologistas e até mesmo treinadores, que gostam de
introduzir componentes fisicos em seus treinos técnicos, principalmente nas categorias de base
com jovens jogadores de futebol de campo, com objetivo de se buscar a melhor performance
possivel mas também, com a preocupacdo em prevenir possiveis lesdes, que envolvam o
sistema musculo esquelético dos membros inferiores destes jovens atletas em formacao.

A realizacdo dos 3 estudos apresentados nesta tese, também podem servir de consulta
para elaboracdo de trabalhos académicos relacionados a area do treinamento fisico e da
prevengao de lesdes e que poderdo contribuir na formagao académica de diversos profissionais

relacionados a esta importante drea de atuag@o no esporte.
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Entretanto, novas pesquisas envolvendo diferentes tipos de treinos pliométricos que
utilize diferentes nimeros de repeticdes e que possam ser realizados a partir de alturas variadas
para a execucdao dos saltos, preferencialmente com jovens jogadores que ja tenham
preferencialmente realizado uma maior etapa de adaptacdo neural e estrutural muscular,
deverdo ser elaboradas. A realizagdo de estudos que também acompanhem as respostas
bioquimicas sobre os marcadores de lesdo, decorrentes do TP e do TF, assim como os exames
de imagem como a termografia e a ultrasonografia, também se tornam importantes,
principalmente se forem correlacionados as respostas de PSE e DMIT, o que poderé trazer
informagdes ainda mais precisas sobre os efeitos destes tipos de treinamento de alta intensidade
nas categorias de base.

Ainda sao poucos os clubes de futebol no Brasil que utilizam estes recursos tecnologicos
com os jovens jogadores de suas categorias inferiores, com o objetivo de oferecer maior
exceléncia cientifica no acompanhamento de respostas fisioldgicas, ja que o alto custo dos
equipamentos destinados a estes fins, sdo priorizados para o futebol profissional, quando na
verdade, deveriam ser também utilizados na formacao fisica de jovens atletas, que precisam de
maior atencdo nesta importante etapa do desenvolvimento maturacional, que se tornam

fundamentais para o seu futuro neste esporte de muita competitividade como o futebol.
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ANEXO B - Escala de Borg Visual Analogica (VAS)

Fonte: CABRAL, 2020.
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ANEXO C - Escala de intensidade da dor — Representagdo da dor

EVA
Fscala de Dor
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Fonte: TIBANA et al, 2019.
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ANEXO D - Escala de Esfor¢o Percebido Modificado de Borg

ESCALA DE ESFORCO PERCEBIDO

0,5 minimo

muitd fraco

fraco
- moderado

Fonte: ESCALA de Borg adaptada, 1982.
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ANEXO E — Respostas da Percepgao Subjetiva de Esfor¢co — PSE

Escala PSE Percepcao Subjetiva do Esforgo

ATIVIDADE VIGOROSA
7.8 I Ne limite do descanfortdvel. Falta de ar, consige falar uma
frase,

Fonte: AINSWORTH et al, 2011.



