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RESUMO 
 
 

FONSECA, Renato Tavares. Efeitos do treinamento pliométrico e de força sobre a impulsão 
vertical, percepção subjetiva de esforço, dor muscular de início tardio e potência muscular 
em jovens jogadores de futebol de campo. 2021. 60 f. Tese (Doutorado em Ciências do 
Exercício e do Esporte) – Instituto de Educação Física e Desportos, Universidade do Estado 
do Rio de Janeiro, Rio de Janeiro, 2021. 
 

O treinamento pliométrico (TP) e de força muscular (TF), são aplicados em jovens 
jogadores de futebol e geralmente possuem alta intensidade. Ambos produzem aumentos sobre 
a impulsão 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 é uma revisão sistemática, publicada no periódico RETOS que selecionou 
10 artigos, onde três destes, realizaram intervenções mistas, ou seja, o TP associado a outros 
métodos, incluindo o TF, sobre a IV e outras variáveis. Os outros sete artigos utilizaram o TP, 
como intervenção 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 
variáveis. 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 três encontraram efeitos (p<0,05) sobre o SH 
(bipodal e unipodal), assim como sobre outras valências físicas. No estudo 2, publicado no 
periódico 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 aquático 
(TPA). As sessões de treinos utilizaram o salto em profundidade (SP), ambos com o mesmo 
volume, sobre as respostas de IV e dor muscular de início tardio (DMIT). Os resultados 
demonstraram que tanto o TPS, quanto o TPA, produziram resultados (p<0,05) sobre a IV, 
entretanto com redução (p<0,05) sobre a DMIT, observado somente no TPA. O estudo 3, 
submetido ao periódico Biology of Sports foram utilizados 2 grupos experimentais, que 
participaram de intervenções 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 elevação (TE), a percepção 
subjetiva de esforço (PSE), a DMIT, além do pico de potência muscular absoluta (PPA) e 
relativa (PPR) em jovens jogadores de futebol. Neste estudo 3, somente no GTF, foram 
observadas diferenças (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 e o 
PPR. Nas comparações intragrupos sobre a PSE e a DMIT, ocorreram aumentos (p<0,05) sobre 
os 3 grupos, mas na análise intergrupos, somente os voluntários 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 e a DMIT podem ter influenciado os resultados (p>0,05) sobre o 
GTP na avaliação da IV, através do SCM. Ocorreram correlações (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 força. Impulsão vertical. 

Adolescentes. Percepção subjetiva de esforço. 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 Ciências do Exercício e do Esporte) – Instituto de Educação Física 
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 VJ, 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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INTRODUÇÃO 

 

 

O futebol é um tipo de esporte com características de ações intermitentes que possui 

movimentos explosivos como corridas de velocidade, saltos, mudanças de direção, utilizados 

nas disputas de bolas e finalizações, dentre outras ações técnicas. Estas ações requerem potência 

e força dos músculos dos membros inferiores (MOHR et al., 2016), valências 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 anaeróbico e a 

potência anaeróbica dos músculos das extremidades dos membros inferiores têm sido 

identificados como fatores cruciais para o desenvolvimento do jogo (CAMPILLO et al., 2015). 

A implementação de treinos neuromusculares, com utilização de estratégias de treinamento de 

força, pliometria e velocidade, durante a maturação, são eficazes para promover o 

desenvolvimento físico de jovens jogadores de futebol (RUMPF et al., 2013).  

O treinamento pliométrico (TP) é um método que busca o desenvolvimento da potência 

muscular, que tem sido utilizado como uma estratégia específica de treinamento para o esporte 

(BIANCHI et al., 2018; FLAVIO et al., 2018). No TP ocorre uma curta ação muscular 

excêntrica, realizada pelo alongamento dos músculos que realizam a frenagem do movimento, 

onde imediatamente a seguir ocorre uma contração concêntrica destes mesmos músculos, 

também conhecido como o ciclo alongamento-encurtamento muscular (CAE), com a utilização 

do armazenamento de energia potencial elástica (JLID et al., 2019). 

O TP tem sido preconizado como um método apropriado para alcançar melhorias de 

desempenho da impulsão vertical no futebol (MARKOVIC; MIKULIC, 2010; MOHR et al., 

2016; JLID et al., 2019). O método possui efeitos positivos sobre a performance desta variável, 

quando utilizado em alta intensidade em jogadores de futebol (CAMPILLO et al., 2015). Esta 

sequência de intensa contração excêntrica, produzida durante o alongamento dos músculos e a 

imediata contração muscular concêntrica ocorrida a seguir, durante o encurtamento destes, 

produz um aumento substancial sobre a altura do salto vertical, devido ao armazenamento de 

energia potencial elástica nas fibras musculares e aos processos de ativação do reflexo de 

estiramento (MAKARUK et al., 2014).  

Além do TP, o treinamento de força (TF), é usualmente aplicado para o 

desenvolvimento do sistema musculoesquelético de jovens jogadores de futebol 

(PANAGOULIS et al., 2020). Esse tipo de treinamento é estabelecido como um método eficaz 
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para o desenvolvimento da aptidão musculoesquelética e é recomendado para melhorar a saúde 

e o desempenho (FORT-VANMEERHAEGHE et al., 2016). A rotina de treinamento objetiva 

aumentar os níveis de força e de hipertrofia muscular (MERLA et al., 2010). Estudos anteriores 

têm explorado as relações entre a força absoluta e algumas variáveis da performance atlética de 

jogadores de futebol de campo (De HOYO et al., 2016; HAMMAMI et al., 2018).  

Um aumento na força de contração muscular dos membros inferiores, permitem uma 

maior aceleração e velocidade, que são bases para habilidades fundamentais no futebol 

(PENAILILLO et al., 2016). Segundo Ortega et al. (2020), vem sendo encontradas correlações 

entre a força máxima de agachamento, a impulsão vertical (IV) e a performance dos sprints de 

10-m a 30m. Além disso, uma maior potência pode ser produzida, aumentando a velocidade de 

execução da força, que será manifestada em maior velocidade no momento da execução do 

gesto esportivo (PENAILILLO et al., 2016). 

Os efeitos positivos do TF sobre a IV e as habilidades relacionadas à 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 potência muscular e a performance de habilidades motoras de atletas 

adolescentes (GONZALEZ-BADILLO et al., 2015). Embora o TF possua uma longa história 

no treinamento esportivo, o mais eficiente e apropriado método para o seu desenvolvimento 

permanece controverso. Isso ocorre devido a uma série de fatores que compõem a carga do TF 

(ex: % de 1RM, número de séries e repetições, tipo e ordem dos exercícios, duração dos tempos 

de intervalo entre as séries e o número de repetições e a velocidade de execução) e que as 

adaptações neuromusculares e estruturais serão diferentes, de acordo com os programas com 

que cada treinamento é conduzido (PAREJA-BLANCO et al., 2014). 

O desenvolvimento da potência é um foco primário de muitos programas de 

condicionamento da força muscular (DAWES; LENTZ, 2012). Em modalidades esportivas 

intermitentes, como o futebol, a força, a potência e a velocidade são consideradas variáveis 

essenciais para a performance atlética (CRONIN; SLEIVERT, 2005). Ainda segundo 

(DAWES; LENTZ, 2012), existem alguns caminhos para aumentar as respostas de potência e 

a velocidade. Uma recomendação destes autores é aumentar tanto a força absoluta e relativa, 

através de uma combinação de treinamento de resistência muscular dos membros inferiores, 

levantamento de carga para o aumento da força máxima e o treinamento pliométrico, o que 

consequentemente tenderá também a desenvolver um maior peak de potência absoluta (PPA) e 

relativa (PPR) durante a realização da impulsão vertical (IV).  
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 A potência pode ser expressa como resultado da força multiplicada pela velocidade. 

Embora a habilidade para produzir força é importante para a aceleração, esta força precisa ser 

aplicada rapidamente para maximizar a performance. Estudos anteriores indicaram que existe 

uma significante relação entre a potência de membros inferiores e a aceleração, valências físicas 

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, variável muito utilizada nos esportes que necessitam de 

grande potência 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 

percepção subjetiva de esforço (PSE), ajuda a controlar as repostas individuais dos atletas em 

diferentes sessões de treinos. A avaliação do stress fisiológico suportado pelo atleta, 

determinado como carga interna (CI), deve ser associada às cargas externas (CE) a que o mesmo 

é submetido. O resultado do treinamento é a consequência de ambos os estímulos e as análises 

das CI e CE podem proporcionar informações úteis para avaliar os efeitos do treinamento 

(CASAMICHANA et al., 2013; SCOTT et al., 2013). 

 Entretanto, apesar dos métodos de controle do treinamento e da eficiência sobre o 

aumento da potência muscular e da IV, o TP possui também aspectos negativos, particularmente 

em sua fase inicial, quando da aplicabilidade com alta intensidade, envolvendo contrações 

excêntricas repetidas, que produzem as dores musculares de início tardio (DMIT) (HODY et 

al., 2019).  

Quando esta atividade não é habitual ou é nova, é comum principalmente aos jovens 

atletas, experimentarem os sinais e sintomas de aumento da PSE e DMIT, que podem 

permanecer por vários dias, após os estímulos dos exercícios utilizados nas sessões de 

treinamento, o que costuma afetar as suas performances físicas (LE GALL et al., 2010). A 

DMIT é conhecida por reduzir a função de contratilidade e causar fadiga muscular, resultante 

de micro traumas teciduais iniciados pela alta tensão produzida pelas contrações excêntricas e 

mais exacerbada pela subsequente resposta inflamatória (POLGLASS et al., 2019).  

Na lesão também ocorre um aumento de enzimas, consideradas uma das causas da 

ruptura do tecido muscular (HODY et al., 2019). Várias são as teorias para a DMIT, mas quase 

todas elas citam que há um aumento significativo dos leucócitos, pois são eles que atuam na 

defesa de materiais estranhos que entram no corpo, migrando até o tecido afetado (BOMPA, 

2016). No tecido afetado monócitos se tornam macrófagos e são responsáveis pela remoção de 
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tecido necrótico. Também há um aumento de glóbulos brancos, o que sugere uma inflamação, 

que é uma resposta aos exercícios realizados (DE HOYO et al., 2016). 

Após um estresse mecânico, substâncias vasodilatadoras são liberadas pelo tecido 

injuriado, em seguida ocorre adesão e migração de leucócitos do sangue para o local danificado 

onde nas primeiras horas os neutrófilos iniciam a regeneração do tecido e após 6 horas, 

monócitos migram para o local e no tecido são convertidos em macrófagos, liberando 

subprodutos os quais são os possíveis sinalizadores da dor (OWENS et al., 2018). A DMIT está 

associada ao processo inflamatório responsável pelo reparo do tecido danificado. O tempo entre 

o estímulo, liberação de subprodutos e a sinalização dos receptores de dor podem explicar o 

porquê do surgimento tardio da dor (DAMAS et al., 2016).  

Quando os exercícios utilizados neste período são de alta intensidade e maior volume, 

podem ocorrer danos musculares decorrentes que podem reduzir a performance dos 

adolescentes durante a realização das atividades propostas no futebol (SÖHNLEIN et al., 

2014). Devido a um menor nível de força muscular apresentado pela maioria dos jovens 

jogadores, quando comparados a atletas adultos treinados no futebol, poderá levar os primeiros 

a produzirem um maior nível de fadiga aguda e residual após a participação destes, mesmo em 

uma única partida, caracterizado pelo declínio na performance física destes jovens durante 

algumas horas e alguns dias após a realização de um evento desta natureza (MICHAILIDIS et 

al., 2013).  

Esse declínio na performance pode ser atribuído ao aumento da magnitude dos 

distúrbios fisiológicos. Isso pode ser verificado pela maior elevação nas taxas de DMIT 

muscular nas primeiras 24h após um jogo ou uma competição, em que os atletas podem 

apresentar um peak de elevação destas taxas entre 24 e 48h, tendendo a retornar aos níveis 

basais somente após 72h pós esforço de alta intensidade (MAGALHÃES et al., 2010). 

  Assim sendo, a realização de estudos envolvendo a aplicabilidade do TP e do TF sobre 

a IV e as variáveis de performance relacionadas à potência muscular, principalmente por ser 

esta valência física uma das mais exigidas na prática do futebol associada às respostas de PSE 

e DMIT em jovens jogadores de futebol, poderiam trazer informações muito importantes para 

se evitar sobrecargas físicas. Isso pode contribuir para a adequação de volumes e intensidades 

de treinamento visando adquirir um melhor condicionamento físico, assim como auxiliar na 

prevenção de lesões sobre os jovens atletas atuantes no futebol brasileiro.  

Diante do exposto, a presente tese está organizada em três estudos. O primeiro estudo 

publicado no periódico RETOS, filiada à Federación Española de Asociaciones de Docentes de 

Educación Física (FEADEF), tratou de uma revisão sistemática que abordou os “Efeitos do 
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treinamento pliométrico sobre a IV de atletas de futebol de campo na faixa etária dos 15 aos 18 

anos”, assim como, a outras variáveis de desempenho associadas à potência muscular de 

membros inferiores. Esta revisão objetivou identificar os efeitos de diferentes tipos de treinos 

pliométricos realizados isoladamente ou associados a algum outro método de treinamento, 

dentre eles, a força muscular, principalmente sobre a IV e outras variáveis de desempenho, 

como a aceleração, a velocidade, a agilidade e às mudanças de direção, em jovens jogadores 

desta modalidade.  

O segundo estudo se refere a um artigo publicado na Human Movement, com o título 

“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 aquático. 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 percepções 

subjetivas de DMIT relatadas pelos participantes do experimento.  

O terceiro estudo realizado, submetido ao periódico 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 variáveis, como o 

tempo de elevação do solo (TE), o PPA e PPR, assim como, sobre a PSE e a DMIT em jovens 

jogadores de futebol de campo na faixa etária entre 16 e 18 anos, após 6 semanas de intervenção 

experimental.  
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1 ESTUDO 1: EFEITOS DO TREINAMENTO PLIOMÉTRICO SOBRE A IMPULSÃO 

VERTICAL EM ATLETAS DE FUTEBOL DE CAMPO NA FAIXA ETÁRIA DE 15 

A 18 ANOS: UMA REVISÃO SISTEMÁTICA1 
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2 ESTUDO 2: THE EFFECT OF AQUATIC AND LAND PLYOMETRIC TRAINING 

ON THE VERTICAL JUMP AND DELAYED ONSET MUSCLE SORENESS IN 

BRAZILIAN SOCCER PLAYERS 
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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 (r=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 



34 
 

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 VJ, 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; α 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 (PTG), the second in the strength training group (STG), and the third in the control group 

(CG), alternately and consecutively, until all participants were allocated in one of the groups 
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[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) 175.9 ± 5.8 174.2 ± 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 VJ 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 × 60 cm; Elite Jump, S2 Sports, São 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 

1st 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 

5th 2 4 10 3’ 40 80 160 608 

6th 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 1st 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 2nd 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 90º 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 
 

Week Days Sets Repetitions Interval 
Semi-squats 
(Repetitions) 

Semi-squats 
(day) 

Semi-squats 
(week) 

Load 
(1RM) 

Semi-squats  
(Total 

movements) 

1st 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 

5th 2 5 6 3’ 30 60 120 80% 554 

6th 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 
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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, d=1.42) and RPP (p=0.005, d=1.42).  

 

Table 4. Countermovement jump (CMJ) 
 

 PTG STG CG 

 pre post pre post pre post 

VJ 
(cm) 

34.97 ± 2.97 37.62 ± 3.61 34.26 ± 6.27 38.41 ± 4.98* 34.10 ± 5.02 34.33 ± 3.09 

ET 
(ms) 

1.07 ± 0.62 0.92 ± 0.51 1.02 ± 0.88 0.53 ± 0.37 1.06 ± 0.43 1.04 ± 0.79 

APP 
(W) 

2927.07 ± 371.43 3044.19 ± 378.14 2876.75 ± 303.19 3190.67 ± 338.49* 2919.93 ± 325.90 2900.46 ± 491.65 

RPP 
(W/Kg) 

44.78 ± 2.68 46.67 ± 3.77 43.00 ± 3.34 47.75 ± 5.01* 43.50 ± 3.70 43.25 ± 4.56 

 
Note: *p<0.05 pre vs. post, intragroup comparisons; 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): VJ/PTG#; APP/STG#; RPP/STG#; († Moderate Effect): RPP/PTG†; APP/PTG†; ET/PTG†; 
VJ/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 

VJ (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 
(W) 

2890.74 ± 293.17 3140.66 ± 323.28 2916.36 ± 402.65 3190.67 ± 338.49* 2896.13 ± 322.76 2929.93 ± 345.59 

RPP 
(W/Kg) 

43.22 ± 1.48 47 ± 5.20 42.62 ± 3.54 47.75 ± 5.01* 42.5 ± 3.25 42.25 ± 3.45 

 
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): VJ/PTG#; VJ/STG#; RPP/STG#) - († 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 6th week for DOMS and RPE. 

VAS and ABS questionnaires were answered by the STG, too, 24h before the 1st training with 

a low baseline average of DOMS and after the 6th week. A baseline average of RPE was found 

before the 1st 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 × STG#; (RPE) = PTG × CG#; (DOMS) = PTG × STG#; (DOMS) = PTG 
× 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 
 
  VJ  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 
 

  VJ  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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CONCLUSÃO DA TESE 

 

 

 A utilização dos diferentes métodos de TP e do TF sobre a IV e as diversas variáveis 

associadas parecem estar correlacionadas a vários 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 biomecânica dos movimentos 

realizados nas intervenções, o desenvolvimento da potência muscular absoluta e relativa 

individual, os níveis 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 potência muscular, quando realizado com um 

número pequeno de repetições durante as séries, na maior velocidade possível, 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 miotendíneas, principalmente dos músculos do 

quadril, joelhos e tornozelos, mais submetidos às contrações excêntricas 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 não possuírem às adaptações neurais e musculares adequadas para realizarem os tipos de 

treinamento aplicados com as respectivas metodologias apresentadas.  

Este estudo, poderá servir como fonte de consulta para auxiliar na elaboração de 

programas de treinamento pliométrico e de força muscular, a serem realizados com mais 

segurança por diversos profissionais que atuam na área do treinamento físico, como 

preparadores físicos, fisioterapeutas, fisiologistas e até mesmo treinadores, que gostam de 

introduzir componentes físicos em seus treinos técnicos, principalmente nas categorias de base 

com jovens jogadores de futebol de campo, com objetivo de se buscar a melhor performance 

possível mas também, com a preocupação em prevenir possíveis lesões, que envolvam o 

sistema músculo esquelético dos membros inferiores destes jovens atletas em formação. 

A realização dos 3 estudos apresentados nesta tese, também podem servir de consulta 

para elaboração de trabalhos acadêmicos relacionados à área do treinamento físico e da 

prevenção de lesões e que poderão contribuir na formação acadêmica de diversos profissionais 

relacionados à esta importante área de atuação no esporte.  
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Entretanto, novas pesquisas envolvendo diferentes tipos de treinos pliométricos que 

utilize diferentes números de repetições e que possam ser realizados a partir de alturas variadas 

para a execução dos saltos, preferencialmente com jovens jogadores que já tenham 

preferencialmente realizado uma maior etapa de adaptação neural e estrutural muscular, 

deverão ser elaboradas. A realização de estudos que também acompanhem as respostas 

bioquímicas sobre os marcadores de lesão, 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 às respostas de PSE e DMIT, o que poderá trazer 

informações ainda mais precisas sobre os efeitos destes tipos de treinamento de alta intensidade 

nas categorias de base. 

 Ainda são poucos os clubes de futebol no Brasil que utilizam estes recursos tecnológicos 

com os jovens jogadores de suas categorias inferiores, com o objetivo de oferecer maior 

excelência científica no acompanhamento de respostas fisiológicas, já que o alto custo dos 

equipamentos destinados a estes fins, são priorizados para o futebol profissional, quando na 

verdade, deveriam ser também utilizados na formação física de jovens atletas, que precisam de 

maior atenção 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 A – Parecer Consubstanciado do CEP 
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ANEXO B – Escala de Borg Visual Analógica (VAS) 

 

 

Fonte: CABRAL, 2020. 
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ANEXO C – Escala de intensidade da dor – Representação da dor 

 

 

 

Fonte: TIBANA et al, 2019.  
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ANEXO D – Escala de Esforço Percebido Modificado de Borg 

 

 

Fonte: ESCALA de Borg adaptada, 1982. 
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ANEXO E – Respostas da Percepção Subjetiva de Esforço – PSE 

 

 

 
Fonte: AINSWORTH et al, 2011. 


